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EDITORIAL

Prediction of gestational diabetes mellitus: are we ready 
for a biomarker lead screening strategy for GDM?

S. V. Madhu1

© The Author(s), under exclusive licence to Research Society for Study of Diabetes in India 2022

Gestational diabetes mellitus (GDM) is known to be associ-
ated with adverse pregnancy outcomes and more importantly 
with a substantial future metabolic risk for both the mother 
and the offspring [1]. It is also well established that recog-
nition and timely management of GDM is associated with 
significant reductions in these risks. Strategies such as uni-
versal screening of all pregnant women for GDM have now 
been adopted in several countries and have also been rec-
ommended in government-approved guidelines for GDM in 
our country. By adopting such strategy, it has been reported 
that over 70% of GDM women can be identified at their first 
antenatal visit [2]. Appropriate management of these women 
during pregnancy followed by suitable lifestyle interventions 
in the mother in the postpartum period can go a long way 
in halting the spiraling burden of type 2 diabetes mellitus 
in our country.

While efforts at the detection and management of GDM 
during and after pregnancy through universal screening 
strategies are laudable, opportunities for intervention in early 
first trimester pregnancy may still be lost. Recognition of 
risk factors for GDM early in pregnancy that could reliably 
predict GDM in the second trimester in those who are not 
already detected with GDM could form the basis of a useful 
cost-effective biomarker lead GDM screening strategy. Early 
detection of women at risk for GDM would also help put in 
place a focused antenatal care model that allows targeted 
nutrition and lifestyle interventions in the first trimester to 
prevent GDM besides providing for greater surveillance and 
prompt management of GDM. However, this would only be 
possible if a suitable biomarker could be discovered, which 
is easy to measure and predicts GDM with a high degree of 
accuracy and consistency. The quest for such a biomarker 

such biomarker has led to extensive research in this area over 
the last couple of decades.

In gestational diabetes mellitus (GDM), risk predic-
tion has traditionally been based mostly on maternal his-
tory and clinical risk factors. These clinical risk prediction 
tools for GDM are useful and have been validated in large 
populations. However, sensitivity and specificity have been 
inadequate and they may not optimally identify high-risk 
pregnancies [2]. Biomarkers can help improve risk predic-
tion and facilitate early intervention that could prevent and 
effectively manage GDM.

Biomarkers for prediction of GDM have included inflam-
matory markers and adipocytokines [3–5] such as adiponec-
tin, leptin, and hsCRP; nutritional biomarkers; markers of 
endothelial dysfunction like tissue plasminogen activator 
(TPA), FGF 21 and glycosylated fibronectin [6] and lipids; 
proteomics-based biomarkers [7]; multianalyte models of 
biomarkers [8]; metabolomic biomarkers [9] in GDM based 
on NMR; and genetic markers such as microRNAs [1].

In a recent systematic review [10], it was reported that 
circulating adiponectin had a pooled diagnostic odds ratio 
(DOR) of 6.4, a sensitivity of 64.7%, and a specificity of 
77.8% for predicting future GDM. A recent study from North 
India [11] observed that first-trimester adiponectin was the 
strongest predictor of GDM. Receiver operating character-
istic curves revealed that a cut-off value of adiponectin of 
9.1 μg/mL in the first trimester was associated with a sensi-
tivity of 100% and specificity of 95.6% in predicting GDM 
in Indian patients. The study concluded that this might be a 
very useful biomarker of GDM among Asian Indians. The 
detection rate of GDM improved from 58% in screening by 
maternal factors alone to 68% if these were combined with 
serum visfatin and adiponectin measurements [12]. Leptin 
appears to have a role in the inflammation and pathophysiol-
ogy of GDM. Hyperleptinemia in early pregnancy appears to 
be predictive of an increased risk to development of GDM 
later in pregnancy independent of maternal obesity [2]. A 
recent meta-analysis evaluating eight prospective studies 
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found that leptin levels in the first or early second trimester 
were significantly higher (7.25 ng/mL) in women who later 
developed GDM compared to those in women who did not 
[5]. However, the confounding influence of BMI/adiposity 
and gestational weight gain on leptin levels limits its role as 
a reliable biomarker. GDM risk prediction based on other 
adipocytokines has not been very encouraging. The combi-
nation of low SHBG and high hsCRP had a good predictive 
value for detection of GDM with sensitivity 74% and speci-
ficity 76% [5]. The role of altered lipid metabolism in early 
pregnancy for the prediction of GDM independent of BMI 
and insulin-resistant phenotypes has not been adequately 
explored. A multianalyte maternal serum biomarker [8] 
which was evaluated as a universal screening test for GDM 
had a high (87%) detection rate and a low false positivity 
(< 1%). Proteomics-based [7] and metabolomics-based tests 
[9] have also been developed but results were inconsistent. 
Proteomic methods are too complex and expensive for rou-
tine clinical use [2].

The current issue features several manuscripts which have 
evaluated different biomarkers in GDM. Guleroglu et al. [13] 
reported significant differences in oxidative stress mark-
ers as well as markers of oxidative DNA damage and pro-
apoptosis in 69 GDM women with 21–42 weeks gestation 
when compared with those with non-GDM pregnant women. 
Similarly, Argun et al. [14] have shown significantly higher 
levels of endotrophin, a newly discovered adipocytokine, in 
second-trimester GDM subjects compared to those in nor-
mal pregnant women which correlated well with fasting and 
1-h post-OGTT glucose values and HOMA-IR. Yang et al. 
[15] from China demonstrated a low-grade inflammatory 
state in a small set of diagnosed GDM women who were 
shown to have significantly higher levels of IL2, IL6, and 
hsCRP than non-GDM pregnant women. While the find-
ings of these studies point to possible pathogenetic links 
between inflammation, oxidative stress, and adipocytokines 
to GDM, they need to be confirmed in larger studies. In 
terms of prediction, these studies are of limited value as 
all 3 studies have been done in diagnosed second-trimester 
GDM patients. To serve as biomarkers for prediction of 
GDM, significant associations will need to be demonstrated 
between first trimester measurements of one or more of these 
markers and GDM diagnosed later in the 2nd trimester in 
well-designed longitudinal studies of women followed up 
through different trimesters of pregnancy. The evaluation of 
first-trimester total cholesterol and postprandial triglyceride 
levels as biomarkers for prediction of future GDM which 
were also included in the current issue [16] is one such pro-
spective longitudinal study which has reported that simple 
lipid parameters such as total cholesterol and postprandial 
triglyceride levels estimated at 11–13 weeks gestation could 
be useful in identifying women at risk for future GDM. 
The study concludes that a combination of elevated fasting 

cholesterol and postprandial triglyceride (PPTg) levels at an 
early stage of gestation can significantly predict future GDM 
in Indian women. If replicated, appropriate lifestyle strate-
gies could be instituted early in pregnancy to prevent GDM. 
The incremental benefit of lipid measurements over existing 
clinical parameters and glucose measurements should also 
be evaluated to understand their additional value in GDM 
risk prediction.

Recent studies have also indicated that miRNA profiling 
in the first trimester or early second trimester can predict 
GDM. Most promising of these are mir29a, mir 132, and mir 
222 [1]. However, as is the case for other biomarkers, these 
positive findings from small studies need to be confirmed 
in larger longitudinal studies. Also, low-cost assays for the 
same need to be developed which could be put to routine 
use [2]. Recently, machine learning or artificial intelligence 
methods using demographic variables and previous labora-
tory results have been applied to improve predictive power 
[17]. Deep learning and fog computing methods have also 
shown promise [18].

There are a number of candidate biomarkers that are 
being evaluated for GDM risk prediction. Models of predic-
tion have also been developed with multiple markers [19, 20] 
and so have risk scoring systems with variable success [21].

Overall, adding inflammatory and other biomarkers 
to clinical GDM risk prediction markers has not resulted 
in clinically important improvements in prediction so far 
despite a demonstrable increase in sensitivity and specificity 
[1]. It has also been said that prediction was better for obese 
GDM than for non-obese GDM and different biomarkers 
may be needed for both [2]. A recent study concluded that 
simple clinical models [22] for prediction of GDM when 
combined with early pregnancy glucose measurements per-
formed best in predicting GDM. Unless we are able to find 
a biomarker which improves accuracy in a clinically mean-
ingful way and is affordable and convenient, the strategy of 
future risk prediction of GDM will have a limited scope and 
universal screening will continue to be the best strategy for 
the detection and management of GDM. Biomarkers will 
need to perform substantially better than clinical markers 
in predicting GDM and pregnancy outcomes to warrant a 
change in strategy.
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Abstract
Hypertension and diabetes mellitus (DM) are two of the leading lifestyle diseases in the Indian and South Asian populations that 
often co-exist due to overlapping pathophysiological factors. Obesity, insulin resistance, inflammation, and oxidative stress are 
thought to be some common pathways. Up to 50% of hypertensive cases in India are diagnosed with type 2 diabetes mellitus 
(T2DM), which defines the need for a comprehensive guideline for managing hypertension in diabetic patients. These RSSDI 
guidelines have been formulated based on consultation with expert endocrinologists in India and Southeast Asia, acknowledg-
ing the needs of the Indian population. Ambulatory blood pressure monitoring and office and home-based blood pressure (BP) 
monitoring are recommended for the early analysis of risks. Cardiovascular risks, end-organ damage, and renal disorders are the 
primary complications associated with diabetic hypertension that needs to be managed with the help of non-pharmacological and 
pharmacological interventions. The non-pharmacological interventions include the nutrition education of the patient to reduce 
the intake of salt, sodium, and trans fats and increase the consumption of nuts, fresh fruits, vegetables, and potassium-rich foods. 
It is also recommended to initiate 50 to 60 min of exercise three to four times a week since physical activity has shown to be more 
beneficial for hypertension control in Indian patients than dietary modulation. For the pharmacological management of hyperten-
sion in patients with T2DM, angiotensin II receptor blockers (ARBs) are recommended as the first line of therapy, demonstrating 
their superiority over other antihypertensive agents such as ACEi. However, most of the global hypertension guidelines recommend 
initiation with combination therapy to achieve better BP control in most patients and to reduce the risk of adverse events. For com-
bination therapy, calcium channel blockers (CCBs) are recommended to be administered along with ARBs instead of beta-blockers 
or diuretics to avoid the risk of cardiovascular events and hyperglycaemia. Among the CCBs, novel molecules (e.g. cilnidipine) are 
recommended in combination with ARBs for better cardiovascular and reno-protection in diabetic hypertensive patients.

Keywords Diabetes mellitus · Hypertension · Macrovascular complication · Treatment
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eGFR Estimated glomerular filtration rate
eNOS Endothelial nitric oxide synthase
HBPM Home blood pressure monitoring
HFrEF Heart failure with reduced ejection 

fraction
HMOD  Hypertension-mediated organ damage
HTN Hypertension
KDIGO  Kidney Disease Improving Global 
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KDOQI  Kidney Disease Outcomes Quality 

Initiative
LMIC Low- and middle-income countries
LV Left ventricular
MACCE  Major adverse cardiac and cerebrovas-

cular events
MHSBP  Morning home systolic blood pressure
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OSA Obstructive sleep apnoea
PAD Peripheral arterial disease
PE Preeclampsia
RAAS Renin–angiotensin–aldosterone 

system
RAS Renin–angiotensin system
RCT Randomized controlled trial
ROS Reactive oxygen species
RSSDI Research Society for the Study of 

Diabetes in India
SBP Systolic blood pressure
SGLT2 inhibitors  Sodium–glucose cotransporter 2 

inhibitors
SNA Sympathetic nerve activity
SPC Single-pill combination
SUA Serum uric acid
T2DM Type 2 diabetes mellitus
TIA Transient ischaemic attack
UACR Urine albumin–creatinine ratio
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WHO World Health Organization

Introduction

Currently, hypertension is a major public health issue in India, 
causing over 1.6 million annual deaths accounting for 10.8% 
of the total mortalities and 4.6% of the disability-adjusted life 
years [1]. Both conditions’ co-existence is common in the 
middle and older age groups across all geographic and soci-
odemographic groups in India [2]. A crucial consideration 
for the management of hypertension in Indian subjects is the 
management of risk factors, which can be achieved through a 
combination of treatment approaches [3]. To manage the co-
existing diseases, there is a need for detailed guidelines that 

consider the safety and efficacies of various treatment agents 
in patients with DM. This guideline by the Research Society 
for the Study of Diabetes in India (RSSDI) provides a detailed 
account of the standard, approved, and novel treatment agents 
to be used in India for controlling hypertension in patients 
with DM and for managing and reducing the risks of associ-
ated complications and organ damage. It also will describe 
lifestyle modification strategies and dietary approaches rec-
ommended for patient education, which is a pressing need for 
the Indian population [4]. This guideline focusses only on the 
management of hypertension in diabetic patients. Discussion 
on the non-pharmacological or pharmacological management 
of diabetes and special populations like pregnancy may not be 
in the purview of this guideline.

Definition of hypertension

Hypertension or systemic arterial hypertension refers to per-
sistently high blood pressure in the systemic arteries beyond 
140 mmHg [5]. ACC/AHA guidelines have changed the 
range to 130/80; however, Indian Guideline of Hyperten-
sion IV (IGH IV) guideline defines hypertension as systolic 
blood pressure (SBP) of≥140 mmHg and/or diastolic blood 
pressure (DBP) of ≥ 90 mmHg [6].

Classification of blood pressure

Blood pressure is defined as the pressure exerted on the 
blood vessels due to blood flow. Measurement of systolic 
pressure refers the pressure in arteries when the heart beats 
while the diastolic pressure refers the pressure in arter-
ies when the heart rests between beats. A pressure below 
120/80 mmHg is normal for all age groups. Table 1 shows a 
classification of normal and elevated blood pressure. When 
the BP levels of the patient are far beyond the normal and 
range higher than 180/120 mmHg, they are in a state of 
hypertensive crisis (as referred by AHA) requiring immedi-
ate medical attention [6].

Other criteria based on office, ambulatory (ABPM), and 
home blood pressure (HBPM) measurements are shown 
in Table 2.

Types of hypertension

Based on causative factors

Primary or essential hypertension

• Primary hypertension is mostly asymptomatic and is 
diagnosed based on repeated BP measurements or com-
munity screening [5].
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• Positive family history because of involvement of mul-
tiple genes and their allelic variants [5]

• Up to 60% of the population above 60 years of age is 
more susceptible to primary hypertension [7].

• Indian patients with primary hypertension are mostly 
unaware of their status and remain undetected. Hence, 
the Ministry of Health and Family Welfare Guidelines 
have advised that patients with positive risk factors 
such as obesity, diabetes mellitus, previous history of 
cardiovascular disease, patients above 60 years, and 
current smokers must be screened regularly [8].

Salt‑sensitive hypertension

• Patients’ response to salt due to the genetic build-up 
is one of the described factors for the development of 
essential hypertension. Not all individuals demonstrate 
a rise in BP due to the intake of a salt-rich diet.

• Salt sensitivity is a crucial element in the pathophysiol-
ogy of hypertension. It is involved in both mechanisms of 
hypertension: (a) increased pulse volume and inability to 
excrete sodium in the urine and (b) endothelial dysfunc-
tion and increased peripheral resistance.

• Salt-sensitive hypertension is presented by a signifi-
cant increase or decrease in the BP levels of the patient 
depending on the salt content of the diet [9].

• In Indian patients, salt intake has been a significant bar-
rier to managing hypertension, as the average intake is 
as high as 13.8 g per day [4].

• Approximately 17–30% of cases of hypertension and associ-
ated cardiovascular conditions have been attributed to high 
salt consumption in India [4]. It also increases the risk of 
endothelial dysfunction and renal function decline [9]

  The possible mechanism by which excess salt intake 
contributes to hypertension involves its effects on cardiac 
output. Excessive salt intake leads to an expansion of 
extracellular volume in the presence of sodium, which 
causes an increase in the cardiac output, increasing the 
cardiac workload. Reduction of dietary salt intake, thus, 
has a positive effect and is thus recommended in Indian 
patients [10].

Secondary hypertension

• Secondary hypertension is often due to an identifiable reason 
showing sudden worsening of BP. It is secondary to other 
diagnoses such as aldosteronism, reno-vascular hyperten-
sion, renal disease, and obstructive sleep apnea (OSA) [5].

• The prevalence of secondary hypertension is about 5–10% 
of hypertensive cases, wherein 2–3% cases are reno-paren-
chymal hypertension, and 1–2% are reno-vascular [11].

• As per the International Society of Hypertension, the fol-
lowing signs and symptoms should suggest the possibil-
ity of secondary hypertension [12]:

Muscle weakness/tetany
Cramps, arrhythmias
Hypokalemia
Pulmonary edema
Sweating
Palpitations
Frequent headaches (pheochromocytoma)
Snoring, daytime sleepiness (obstructive sleep apnea)

• Across all adult ages, renal disease, reno-vascular hyper-
tension, aldosteronism, and OSA represent the most com-
mon causes of secondary hypertension.

• In patients with secondary hypertension, besides blood 
pressure assessment, further investigations should 
include blood investigations for the sodium, potassium, 
serum creatinine, estimated glomerular filtration rate 

Table 1  Various blood pressure 
categories and definitions of 
hypertension grade [6]

Blood pressure category Systolic mmHg (upper 
number)

Diastolic mmHg 
(lower number)

Normal Less than 120 and Less than 80
Elevated 120–129 and Less than 80
High blood pressure (hypertension) stage 1 130–139 or 80–89
High blood pressure (hypertension) stage 2 140 or higher or 90 or higher
High blood pressure (hypertension) stage 3
OR hypertensive crisis

Higher than 180 and/or Higher than 120

Table 2  Office, ambulatory (ABPM), and home blood pressure 
(HBPM) measurements [6]

SBP/DBP, mmHg

Office BP ≥140 and/or≥90
ABPM
   24-h average ≥130 and/or≥80
   Daytime (or awake) average ≥135 and/or≥85
   Nighttime (or asleep) average ≥120 and/or≥70
 HBPM ≥135 and/or≥85
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(eGFR), lipid profile, and fasting glucose levels, along 
with urinalysis.

• Clinical recommendations in practice for the evaluation of 
hypertension are for early detection of secondary hyperten-
sion, for prevention of hypertension-mediated organ damage 
(HMOD) and associated cardiovascular complications [13].

• Young adults prone to secondary hypertension should be 
assessed for renal parenchymal disease [14].

Based on disease severity

Resistant hypertension

• Patients in whom hypertension remains unmanaged despite 
being treated with 3 or more antihypertensive medications, 
including diuretics, are classified to have treatment-resistant 
hypertension after ruling out non-adherence to treatment 
and sub-optimal choices in antihypertensive therapy [5].

• It affects about 10% of the population and is associated 
with a high risk of cardiovascular disorders, end-organ 
damage, and all-cause mortality [12].

• Patients with resistant hypertension must be screened for 
secondary causes with the help of lab investigations that 
have been outlined above as per guidelines by the Inter-
national Society of Hypertension.

Hypertension in special populations

Isolated systolic hypertension

• In elderly patients, isolated systolic hypertension is the 
predominant type that carries a significant cardiovascular 
or cerebrovascular risks, leading to significant morbidity 
and mortality [15].

• Approximately 60% of individuals above the age of 
60 years have isolated systolic hypertension, and its prev-
alence is expected to rise substantially in the future [15].

• The incidence of isolated systolic hypertension is lower 
among generalized adult age groups in India, with 5.1% 
of men and 3.6% of women being diagnosed in North 
India as per the findings of a community cross-sectional 
survey conducted in the year 2010 [16]. However, iso-
lated diastolic hypertension has also been identified in 
parts of rural India, which has a much higher prevalence 
of 70%, according to another cross-sectional survey of 
3148 adults [17].

• Overall, Asian populations have been identified to be at 
a greater risk of systolic hypertension when compared 
with Western counterparts putting, which increases the 
risk of cardiovascular disorders, renal functional decline, 
and mortality [18].

Gestational hypertension: In pregnant women, hyper-
tension with or without the diagnosis of preeclampsia is 
termed gestational hypertension, which increases the risk 
of maternal mortality and fetal abnormalities [19].

Refer to Table 3 for the diagnosis and blood pressure 
range for various types of hypertension [20].

Other sub‑types of hypertension

White coat hypertension

• White coat hypertension, also called isolated clinic 
hypertension, is characterized by elevated office BP read-
ings but normal out-of-the-office values [1].

• Ambulatory blood pressure monitoring is recommended 
for the diagnosis of white coat hypertension. Patients 
with office BP values at least 20/10 mmHg higher when 
compared with their ambulatory values are positive for 
white coat hypertension [21].

• In Indian patients, the risk of white coat hypertension 
is higher among younger populations compared to the 
elderly [21].

Table 3  Types of hypertension with a blood pressure range [20]

Type of hypertension Description Blood pressure range

Essential hypertension (most common type) Chronic elevation in blood pressure with no 
underlying disease

Both systolic and diastolic blood pressures are 
elevated at more than 140/90 mmHg

Secondary hypertension (second most com-
mon type)

Chronic elevation in blood pressure due to 
underlying pathology (mostly due to renal 
problems)

Both systolic and diastolic blood pressure are 
elevated at more than 140/90 mmHg

Isolated systolic hypertension Common in the elderly due to the loss of elas-
ticity of major arteries

The systolic blood pressure is higher than 
140 mmHg, while the diastolic blood pres-
sure is close to the normal range

Resistant hypertension When more than three different antihyper-
tensive agents are prescribed, including a 
diuretic, and blood pressure remains elevated

Both systolic and diastolic blood pressures are 
elevated at more than 140/90 mmHg
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Masked hypertension

• Masked hypertension, or isolated ambulatory hyperten-
sion, refers to a state where the patient has normal office 
readings but elevated out-of-the-office BP levels [5, 22].

• It is diagnosed with the help of office blood pressure 
monitoring and ambulatory monitoring.

• The risk of masked hypertension is not related to the age 
group of patients in the Indian population.

• Overall, patients who are receiving appropriate treatment 
for the management of hypertension are at a lower risk of 
masked hypertension [23].

Refer to Table 4 for the diagnosis of masked and white 
coat hypertension.

Global and Indian scenarios of hypertension

• As per WHO, worldwide, about 1.13 billion people have 
hypertension. Among them, two thirds are from low- and 
middle-income countries (LMICs). The percentage of 
adults having hypertension is higher in LMICs (31.5%) 
than in high-income countries (28.5%) [24].

• A systemic analysis of population-based studies from 
90 countries showed the age-standardized prevalence of 
hypertension was slightly higher in men (31.9%) than in 
women (30.1%) [25].

• As the Global Burden of Diseases 2016, 1.63 million 
deaths in India were attributed to hypertension. This was 
108% higher than in 1990 [26].

• The fourth National Family Health Survey reported 
hypertension in 13.8% of men vs. 8.8% of women aged 
15–49 and 15–54, respectively [26].

• In India, about 33% and 25% of urban and rural resi-
dents, respectively, are hypertensive. Among them, over 
50–75% are unaware of their hypertensive state [27].

Prevalence of hypertension in patients 
with diabetes

• The prevalence of hypertension is higher in patients with 
diabetes mellitus (DM), with 50% of cases of hyperten-
sion also being diagnosed with type 2 diabetes mellitus 
(T2DM) [28].

• This risk is marked in the elderly population, who are 
at a greater risk of complications, including macro- and 
microvascular diseases due to the co-existence of DM 
and hypertension [29].

• In India, an increase in the coexistence of diabetes and 
hypertension is being reported. Patients with diabetes 

showed 1.5–2.0 times higher prevalence of hypertension 
than those without diabetes [30].

Good blood pressure measurement and its 
significance

Office blood pressure measurement

Blood pressure measurement in the office or clinic is a 
standard diagnostic test for hypertension and follow-up. A 
minimum of 2–3 office visits at 1–4-week intervals (depend-
ing on the BP level) is required to confirm the diagnosis of 
hypertension. Diagnosis must be performed in the first visit 
if BP is≥180/110 mmHg with an evidence of cardiovascular 
disease (CVD). Figure 1 shows recommendations for Office 
BP measurement.

An automated oscillometric upper-arm cuff device (vali-
dated) is recommended for BP measurement. To measure 
BP, the cuff bladder must be wrapped so that it covers 80% 
of the arm circumference of the patient and 40% of the 
width. Accurate positioning of the patient is most crucial 
for precisely monitoring his/her BP levels. AHA recom-
mends measuring blood pressure while the patient sits 
upright with legs uncrossed and arms supported. The cen-
tre of the cuff on the upper arm must be at the level of the 
right atrium of the patient, which lies at the midpoint of the 

Table 4  Criteria for the diagnosis of white coat hypertension and 
masked hypertension in clinical practice [21]

• White-coat hypertension (isolated clinical hypertension)
   ○ Untreated patients with elevated office BP ≥140/90 mmHg and

24-h ambulatory BP<130/80 mmHg and
      Awake ambulatory BP <135/85 mmHg and
      Sleep ambulatory BP <120/70 mmHg

• Masked hypertension
   ○ Untreated patients with office BP <140/90 mmHg and
      24-h ambulatory BP≥130/80 mmHg and/or
      Awake ambulatory BP ≥135/85 mmHg and/or
      Sleep ambulatory BP ≥120/70 mmHg

• Pseudo- or false-resistant hypertension because of the white-coat 
effect

   ○ Treated patients with elevated office BP ≥140/90 mmHg and
      24-h ambulatory BP<130/80 mmHg and
      Awake ambulatory BP <135/85 mmHg and
      Sleep ambulatory BP <120/70 mmHg

• Masked uncontrolled hypertension
   ○ Treated patients with office BP <140/90 mmHg and
      24-h ambulatory BP≥130/80 mmHg and/or
      Awake ambulatory BP ≥135/85 mmHg and/or
      Sleep ambulatory BP ≥120/70 mmHg
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sternum. Chair positioning and pillows as support must be 
made to achieve the desired level.

Ambulatory blood pressure and home BP 
measurement

Ambulatory BP monitoring (ABPM) provides a 24-h 
account of the patient’s state and is useful for diagnosing pri-
mary and secondary hypertension and differentiating it from 
the white coat and masked subtypes [31]. ABPM is accurate 
in predicting the risk of cardiovascular disease and mortality 
[31]. BP level measurement using home or ambulatory BP 
monitoring is recommended in patients with office BP clas-
sified as high-normal BP or grade 1 hypertension (systolic 
130–159 mmHg and/or diastolic 85–99 mmHg) (Table 5).

Blood pressure monitoring in patients with diabetes

• ABPM is recommended for patients with DM and hyper-
tension to reduce the risk of post-treatment complications 
and improve BP control [36]. In elderly patients, it is 
recommended to opt for a standing position during blood 
pressure monitoring [37].

• In a systematic review of 95 randomized control trials 
(RCTs), it was stated that for patients with hypertension 
and diabetes mellitus, the blood pressure target must be kept 
close to 120 to 130 mmHg to reduce the risk of stroke [38].

• In a clinical trial of 244 subjects with uncontrolled SBP 
and DM, it was found that home blood pressure monitor-
ing alleviated the risk of cardiovascular disorders due to 
the reduction of BP by 9 mmHg and better control of BP 
fluctuations during the day [39]. More than half of the 
patients achieved better adjustment of antihypertensives 
with the help of home blood pressure monitoring [39].

• As per the American Diabetes Association (ADA) rec-
ommendations, blood pressure must be monitored at 
every office visit in patients with DM [40]. In patients 
with elevated BP, multiple readings must be taken to 
diagnose hypertension [36].

• If automated devices are used during office measurement 
of BP, the machine must be calibrated and validated regu-
larly. Generally, a 5- to 10-mmHg variation from a tradi-
tional sphygmomanometer is expected [36].

Digital mediums being used for blood pressure 
measurement in India

Digital semiautomatic and fully automatic devices have 
been introduced in India for ABPM [40]. While it has the 
advantage of reducing the risk of human errors, especially 
in busy clinics, there is a mistrust related to the use of 
digital monitoring devices among the clinicians, primar-
ily because they are not formally validated and, thus, have 
a range of error [40]. Population-based studies in India 

Fig. 1  Recommendations for 
office blood pressure measure-
ment [12]
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indicate that an aneroid sphygmomanometer must be pre-
ferred over digital devices since their readings are more like 
a traditional mercury-based sphygmomanometer, the most 
reliable device. However, digital mediums can be preferred 
for home-based measurement for higher patient comfort, 
which has a specificity of 80% and a sensitivity of 67.7% in 
the Indian population [41].

Hypertension and diabetes: the relationship

A complex cause–effect relationship between hypertension 
and diabetes involves obesity, visceral adiposity, and insu-
lin resistance as the probable main pathogenic factors [42] 
(Fig. 1). Hypertension and diabetes are the consequence of 
metabolic syndrome. Inflammatory markers such as C-reac-
tive protein are elevated in patients with DM or hyperten-
sion, indicating that both the conditions are associated with 
low-grade inflammation and genetic factors such as single 
nucleotide polymorphisms [43]. Insulin being a pleiotropic 
hormone has a role in developing hypertension, diabetes, 
and metabolic syndrome [44].

In patients with DM and hypertension, the risk of iso-
lated systolic hypertension is the highest due to autonomic 
neuropathy (Fig. 2) [38]. They have a higher baseline heart 
rate and are at an increased risk of cardiovascular disor-
ders (CVDs) [37]. Furthermore, nocturnal BP elevation is 
not significant in these patients, but they face greater day 
fluctuations [37].

The incidence of resistant hypertension (RH) is higher 
among people with diabetes than in the general or hyper-
tensive population.

The peculiar presentation of hypertensive patients 
with DM reflects the need for specific guidelines. Indian 
guidelines need to be more comprehensive in terms of 
patient education and consideration of dietary factors so 
that the overall risk and burden of hypertensive disorders 
is reduced in patients with DM. This objective is addressed 

in present guideline, which provides recommendations 
related to the use of various antihypertensive combinations 
and treatments in patients with DM along with dietary and 
lifestyle changes as well as the need for monitoring.

Hypertension‑mediated/related conditions

Hypertension, diabetes, and cardiovascular 
disorders

Hypertension is common among patients with diabetes 
mellitus and so is the risk of cardiovascular complications 
(Fig. 3). Hypertension alleviates the risk of atherosclerotic 
cardiovascular disease (ASCVD), heart failure, and micro-
vascular complications. In subjects with diabetes, ACSVD 
significantly increases the morbidity and mortality [36].

It has been observed that the management of hyper-
tension in patients with DM lowers the risk of ASCVD 
events. With every 10 mmHg decrease in systolic BP, the 
risk of complications of DM is reduced by 12%, and the 
associated mortality is reduced by 15%. The risk of MI in 
these patients is reduced by 11%, and microvascular com-
plications are reduced by 13% [46]. This states the sig-
nificance of good blood pressure management in patients 
with DM, especially those at a high risk of cardiovascular 
complications.

Hypertension‑mediated organ damage

Undesired changes in the structure and function of arteries 
or organs lead to hypertension-mediated organ damage, a 
critical marker of cardiovascular (CV) disease. Higher inci-
dences of all-cause death and CV events including ischemic 
heart disease, ischemic stroke, hemorrhagic stroke, car-
diac death, and major adverse cardiac and cerebrovascu-
lar events (MACCE) may be observed. Nephropathy is the 

Fig. 2  Relationship between 
hypertension and diabetes
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most common form of organ damage seen in hypertensive 
patients. European Society of Cardiology guidelines for 
hypertension recommend basic screening of HMOD in all 
hypertensive patients [47].

Hypertension and chronic kidney disease

Hypertension is closely linked with chronic kidney disease 
because a sustained state of elevated BP worsens kidney 
function (Fig. 4) [48]. The pathophysiology of CKD and 
hypertension is complex. A loss of kidney function worsens 
blood pressure or vice versa.

Tight control of BP reduces the risk of chronic kidney 
disease by attenuating the pathophysiological pathways that 
contribute to eGFR progression and loss of kidney func-
tion [49]. Along with antihypertensive medications, dietary 
management, including salt restriction, forms the mainstay 

in the management of BP in CKD patients [50], which has 
been discussed in the dietary recommendations made by 
RSSDI ahead.

Proteinuria/microalbuminuria and end‑organ 
damage

• Microalbuminuria or proteinuria is a major risk factor 
for renal disease progression, and it is also a powerful 
marker of cardiovascular disease and all-cause mortal-
ity [51]. For early diagnosis and better management of 
albuminuria with the help of sensitive tests such as albu-
min-to-creatinine ratio (UACR) is recommended for the 
avoidance of these complications [52].

• UACR is the key to early diagnosis of chronic kid-
ney disease (CKD) in patients with diabetes mellitus 
because the patient is generally asymptomatic at this 

Fig. 3  Diabetes and hyperten-
sion predispose to cardiovascu-
lar disease [45]

Fig. 4  Pathophysiological rela-
tionship between hypertension 
and chronic kidney disease [49]
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stage, and their glomerular filtration rate (GFR) is also 
close to normal [52].

• American Diabetes Association (ADA), Kidney Disease 
Improving Global Outcomes (KDIGO), and US Kidney 
Disease Outcomes Quality Initiative (KDOQI) recom-
mend at least annual screening for UACR in patients with 
diabetes mellitus [52].

• Indian guidelines recommend that all patients with hyper-
tension must be screened for the presence of kidney dis-
ease at the time of their diagnosis and regularly thereafter 
[53]. Along with UACR, serum creatinine measurement 
and calculation of eGFR are also recommended [54].

• Urine protein-to-creatinine ratio (UPCR) is an accurate 
method to quantify proteinuria for the diagnosis of preec-
lampsia (PE), the onset of hypertension accompanied by 
significant proteinuria after 20 weeks of gestation [55].

Hypertension and coronary/peripheral artery 
disease

Globally, peripheral arterial disease (PAD), coronary artery 
disease (CAD), and cerebrovascular disease (CVD) are lead-
ing causes of morbidity and mortality [56]. Patients with 
cerebrovascular complications, including ischemic and 
hemorrhagic stroke, observed increased systolic hyperten-
sion more frequently. Post hoc analysis of the INternational 
VErapamil-SR/Trandolapril STudy (INVEST) demonstrated 
that among hypertensive CAD patients, concomitant PAD 
indicates a worse prognosis for adverse cardiovascular out-
comes than CAD over a mean follow-up of 2.7 years [57].

Hypertension‑associated erectile dysfunction

Hypertension and erectile dysfunction (ED) are related 
diseases with a common denominator, i.e. endothelial 
dysfunction. Changes in the endothelium-derived factors 
can lead to an increase in vascular smooth muscle (VSM) 
contraction [58]. Hypertension induces vascular changes 
that affect pudendal arteries and penile vasculature lead-
ing to reduced blood circulation to the penis [59]. High 
blood pressure or antihypertensive treatment can also lead 
to ED. Antihypertensive drugs like diuretics, beta-block-
ers, and centrally acting agents negatively affect erectile 
function. At the same time, calcium antagonists and ACE 
inhibitors are neutral [60].

Hypertension and heart failure

There is a direct correlation between increased blood pres-
sure and the risk of developing heart failure. Patients with 
blood pressure greater than or equal to 160/100 mmHg have 
a doubled risk of heart failure than those with blood pressure 
less than 140/90 mmHg [61]. High blood pressure can also 
lead to high prevalence of atrial fibrillation [62], ventricular 
arrhythmias [63], and a sixfold greater risk of myocardial 
infarction [64], and subsequent heart failure with reduced 
ejection fraction (HFrEF). High BP increases the left ven-
tricular (LV) afterload and peripheral vascular resistance, 
which causes diastolic dysfunction followed by concentric 
or eccentric LV hypertrophy (Fig. 5) [65].

Fig. 5  Different stages of hyper-
tensive heart disease
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Hypertensive retinopathy

Choroidopathy, retinopathy, and optic neuropathy are hyper-
tension-related ocular diseases [66]. Hypertensive retinopa-
thy occurs because the retinal vessels are damaged due to ele-
vated blood pressure. Angiotensin-converting enzyme allele 
deletion increases the risk of hypertensive retinopathy [67]. 
Higher plasma leptin level was reported to be associated with 
hypertensive retinopathy and vascular endothelium damage 
[68]. A study showed that serum uric acid (SUA) concentra-
tion and hypertensive retinopathy are significantly associated. 
For every 1 mg/dL increase in SUA, there was a significant 
6% higher probability of hypertensive retinopathy [69].

Communities study of atherosclerosis risk showed that 
the incidence of stroke was two- to fourfold higher in 
patients with moderate hypertensive retinopathy, independ-
ent long-term hypertension, cigarette smoking, and dyslipi-
demia [70].

Long‑term effects of hypertension

Patient with hypertension having abnormal BP is at high risk 
of transient ischemic attack (TIA) [71]. Not only first TIA, 
but hypertension is also a risk factor for recurrent TIA and 
stroke. A study in TIA patients (N = 1707) showed that 58% 
of patients had a history hypertension while 75% of them 
had SBP > 140 mmHg following the onset of TIA [72, 73].

Normotensive people after stroke can have high blood 
pressure—acute hypertensive response perhaps due to auto-
nomic nervous system dysfunction and/or abnormal cerebro-
vascular reactivity [74].

Hypertension might increase the risk of Alzheimer’s 
disease (AD). The pathology linking hypertension to Alz-
heimer’s disease is intracranial atherosclerosis, possibly 
limiting cerebral blood flow and/or dampening perivascular 
clearance [75]. A cross-sectional study in < 60 years of age 
group individuals showed all-cause dementia, mixed Alz-
heimer’s/vascular dementia, and Alzheimer’s disease with 
elevated SBP and those on antihypertensive medication [76].

For all the above disease situations, recommended BP 
thresholds for treatment are shown in Table 6.

Hypertension: risk factors

Several factors predisposing hypertension vary from coun-
try to country and between urban and rural region of same 
place. An Indian community-based cross-sectional study 
reported tobacco and alcohol consumption, overweight, obe-
sity, and abdominal obesity as risk factors associated with 
HTN [78]. Old age and physical inactivity are independent 
risk factors for hypertension. Different epidemiologic and 
clinical studies showed sleep-related breathing disorders 
(SRBD) (obstructive sleep apnea (OSA) and habitual snor-
ing) as independent risk factors for essential hypertension 
[79].

Table 7 [80] shows the cardiovascular risk assessment 
based on risk factors. Patient with grade 1 hypertension can 
be at low risk to high risk depending upon risk factors. Men 
above 50 years, non-smoking, and non-obese with grade 1 
HTN may be at low risk, whereas smoking men are at mod-
erately to higher risk of HTN. Diabetic patients irrespective 
of other factors are at high risk of HTN.

Table 6  Summary of office blood pressure thresholds for treatment [32]

Age group Office SBP treatment threshold (mmHg) Office DBP 
treatment 
threshold
(mmHg 

Hypertension +diabetes +CKD +CAD +Stroke/TIA  

18-65years ≥140 ≥140 ≥140 ≥140 ≥140 ≥90 

65-79 years ≥140 ≥140 ≥140 ≥140 ≥140 ≥90 

≥80 years ≥160* ≥160 ≥160 ≥160 ≥160 ≥90 

Office DBP 

treatment 

threshold 

(mmHg 

≥90 ≥90 ≥90 ≥90 ≥90 

*As per NICE guideline (2019)≥ 150 mmHg [77]
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Methodology

The RSSDI guidelines for the management of hypertension 
in diabetics have been formulated in consultation with expert 
endocrinologists and diabetologists in India and Southeast 
Asia for making recommendations for the management of 
hypertension, along with strategies to reduce the risks for 
HMOD and cardiovascular complications. These recommen-
dations were supported by literature evidence and clinical 

overview obtained from existing Indian and international 
guidelines. Literature evidence included data and recom-
mendations from Indian, international, and South Asian 
journals, gathered based on extensive literature research, pri-
marily conducted in PubMed and Cochrane libraries. After 
a thorough quality assessment, published RCTs, system-
atic reviews, meta-analysis papers, cross-sectional studies, 
cohort studies, and expert opinion papers were considered 
and included. The first draft having recommendations was 

Table 7  Assessment of cardiovascular risk in patients with hypertension based on the number of risk factors
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Hypertension
disease staging

Other riskfactors,  

HMOD, or disease

BP  (mmHg) grading

High normal

SBP 130-139

DBP 85-89

Grade 1 

SBP 140-159

DBP 90-99

Grade 2 

SBP 160-179

DBP 100-109

Grade 3 

SBP ≥ 180

DBP ≥ 110

Stage 1 

(uncomplicated)

No other risk factor Low risk Low risk Moderate risk High risk

1 or 2 risk factors Low risk Moderate risk Moderate
to high risk

Moderate
to high risk

≥ 3 risk factors Low to
moderate risk

High risk

Stage 2 

(asymptomatic disease)

HMOD, CKD 

grade 3, or diabetes

mellitus without organ 

Moderate
to high  

risk

High risk High risk High to
very high

risk

Stage 3

(Established disease)

Established CVD,  

CKD grade ≥ 4, or 

diabetes mellitus  

with organ damage

Very High
Risk

Very High
Risk

Very High
Risk

High risk

High riskModerate
to high risk

Very High
Risk

 damage
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prepared and circulated among RSSDI panellists to gather 
suggestions for improvements. All the authors provided writ-
ten recommendations for improvements in each section fol-
lowing the rigorous review of the document based on their 
expertise in the field (Tables 8 and 9). The draft was revised 
to address the identified gaps and was sent out to the authors 
for further review and feedback. Since all the expert authors 
approved the recommendations made in the second draft, it 
was finalized and sent out for publication.

Management/treatment

RSSDI recommendations for the management 
of hypertension in patients with diabetes mellitus

Summary of evidence

Dietary and lifestyle recommendations A nutrition educa-
tion program is recommended for patients with DM and 

hypertension to reduce the risk of metabolic syndrome com-
plications [81].

• In the RCT of 51 participants, it was found that the knowl-
edge of food portion control for weight reduction, educa-
tion about healthier food choices, individualized meal plan-
ning, understanding of the glycemic index and glycemic 
loads of different food items and their importance in blood 
glucose control, recognition of the food pyramid, and its 
use in meal planning for BP control assisted in the improve-
ment of metabolic factors in patients with DM [81].

• In a systematic review of 198 studies for BP manage-
ment in diabetic patients in low- and middle-income 
countries, it was stated that self-management and con-
trol through patient education are crucial for managing 
CVD risk factors [82]. Nutritional interventions that 
facilitate glycaemic and blood pressure control are rec-
ommended [81, 82].

• In the RCT of 40 patients with DM and hypertension, 
it was noted that Dietary Approaches to Stop Hyperten-
sion (DASH) diet and increased walking duration helped 
reduce ABPM values [83]. This dietary plan promotes 

Table 8  Levels of recommendation based on the type of literature evidence

Level Type of evidence

I Systematic review (with homogeneity) of RCTs OR RCTs with a large sample size depicting significant results
II Systematic review (with homogeneity) of cohort studies OR small-scale RCTs with unclear results OR consistent recommendations from 

multiple consensus guidelines (more than 2 national/international guidelines) OR randomized observational studies
III Individual cohort studies or clinical studies without randomization OR “outcomes” research OR cross-sectional studies OR evidence 

gathered from existing consensus guidelines
IV Systematic review (with homogeneity) of case–control studies OR individual case–control studies OR guidelines with improper evi-

dence/lack of consensus OR retrospective analysis of patient data
V Case series OR independent case study observations OR expert opinion without explicit critical appraisal based on standard principles or 

narrative reviews or literature reviews without systematic analysis

Table 9  Grades of recommendation for guiding practice implications for the physicians

Grade Descriptor Quantifying evidence Implications for practice

A Strong recommendation Level I evidence with consistent findings from multi-
ple studies of levels II, III, and IV

Clinicians should follow grade A recommendations 
unless a clear and compelling rationale for an alter-
native approach is defined

B Recommendation Levels II, III, and IV evidence with consistent find-
ings but lack of level I evidence

Clinicians should follow grade B recommendation 
while remaining alert to newly published evidence 
and sensitive to patient preferences

C Option Levels II, III, and IV evidence with inconsistent 
findings

While considering grade C evidence for individual 
practice, clinicians should be flexible in their deci-
sion-making approach, patient preferences and peer 
opinions should have a substantial influencing role

D Option Level V evidence: little or no systematic empirical 
evidence

For grade D evidence, the physician must consider 
all options in their decision making and be alert to 
newly published evidence that clarifies the benefit 
versus harm of the selected approach; patient prefer-
ence should have a substantial influencing role
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higher consumption of whole grains, fat-free or low-
fat dairy products, fruits, vegetables, poultry, fish, and 
nuts, along with reduced intake of saturated fat, total fat, 
cholesterol, and sodium and high intake of potassium, 
calcium, magnesium, fibre, and protein [79, 84]. DASH 
diet, in consideration of the taste preferences of Indian 
patients, is recommended for hypertensive control in 
DM patients.

• For the prevention of CVDs in patients with DM and 
hypertension, it is recommended that physicians must 
work closely with the patients to identify potential bar-
riers and support them in reaching their target BP and 
HbA1c goals [84].

• Regular exercise or walking is recommended along 
with dietary control in patients with hypertension and 
DM [83, 85]. In the RCT of 94 Indian participants, 
it was affirmed that physical activity had a greater 
impact on BP control when compared with dietary 
salt restriction [86]. Therefore, brisk walking for 50 to 
60 min, three to four times a week was recommended 
for effective BP management [86]. Yoga and salt 
restriction were also effective for Indian patients but 
had a lower impact than physical activity [86]. Alcohol 
intake was to be decreased or avoided [54]. Smoking 
cessation should be advised to all patients. Cessation 
therapies should be provided for patients who wish to 
quit smoking [54]. Combining these approaches would 
achieve maximal benefits for patients with co-existing 
disease [86].

• Worksite interventions are effective for reducing SBP, 
diastolic blood pressure (DBP), and blood glucose lev-
els in obese Asian subjects at risk of metabolic condi-
tions [87]. These interventions must be planned in the 
form of multidisciplinary sessions by including physi-
cians, nutritionists, and physical trainers to guide the 
patient [87].

Recommendations
• Pharmacological therapy with lifestyle modifications should be 

initiated in patients with confirmed office-based BP>140/90 mmHg
• A target value of 120 to 130 mmHg must be achieved in patients 

with co-existing DM and hypertension through a combination of 
dietary and lifestyle interventions, including a low sodium diet, 
plenty of fresh fruits, vegetables, and whole grains along with regu-
lar physical activity (grade A)

• Brisk walking as a physical form of activity, having sessions for 
50–60 min three to four times a week, is more effective than dietary 
salt restriction and yoga and must be recommended in patients 
(grade B)

• Nutrition education about the role of diet and knowledge of healthy 
food choices is crucial for self-management of BP in diabetic 
patients (grade A)

Overview of treatment options for the management of 
hypertension in patients with diabetes mellitus

• Initial treatment for diabetes depends on the sever-
ity of hypertension with a regimen that includes cal-
cium channel blockers (CCBs), angiotensin II receptor 
blocker (ARB)/ACE inhibitors, and diuretics, beta-
blockers for compelling indications [54]. Real-world 
studies consider ACE inhibitors or ARBs as the first-
line treatment agents for diabetic hypertensive patients 
depending on their treatment response and tolerance 
profiles [88].

• Clinical evidence suggests that single-pill combination 
(SPC) containing two or more antihypertensive agents 
(with complementary MOA) offers potential advantages 
over free drug combinations [89].

• Thiazides may also be used for the first-line treatment, 
but these must be administered alongside ACEi or ARBs 
[90].

• The drug’s clinical effects must be evaluated before 
the selection of any treatment agents, particularly 
ARBs [91]. The selection of treatment agents must 
be based on the patient’s profile, especially in those at 
the risk of end organ damage due to multiple comor-
bidities [91].

Antihypertensive drug therapy for the management of 
hypertension in diabetic patients

1. Blockers of the renin–angiotensin–aldosterone system 
(RAAS): angiotensin-converting enzyme inhibitors 
(ACEi) and angiotensin receptor blockers (ARBs)

• ARBs and ACEi are the most widely used antihy-
pertensive drugs because of their similar effects on 
cardiovascular outcomes.

• ARBs help in reducing the cardiovascular and cer-
ebrovascular risks and renal complications, hence 
minimizing the morbidity and mortality risks in 
patients with hypertension [92].

• ARBs are safer, tolerant, and more efficacious than 
ACEi for BP control [89, 92, 93]. In the RCT of 1600 
patients, telmisartan facilitated greater BP reduction 
than ramipril [92]. ARBs have been found to have 
maximal reno-protective effects when compared 
with other classes of drugs [26]. The risk towards 
side effects is also lower with these agents compared 
with ACEi that induce cough [89]. Therapy having 
a combination of an ARB and an ACE inhibitor is 
not recommended as it is associated with an excess 
of adverse renal events [93].
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• ARBs are administered in combination with other 
agents such as calcium channel blockers (CCBs) or 
thiazide diuretics to reduce the risk of CVDs and 
renal disorders in patients with DM [89, 93].

• In diabetic hypertensive patients, telmisartan and 
losartan are the most effective choice of ARBs to 
reduce cardiovascular risk factors [91]. Telmisartan 
must be selected as the first-line ARB agent in dia-
betic patients because of its beneficial impacts on 
fasting blood glucose and insulin levels [91]. In those 
at a higher risk of stroke, losartan must be preferred, 
whereas telmisartan is recommended in patients hav-
ing a history of atrial fibrillation [91].

• German registry “EARLY” reported that a signifi-
cantly greater proportion of patients in the azil-
sartan group achieved the target blood pressure 
of < 140/90 mmHg compared to ACEi [94].

• In RCT of 204 Indian patients, it was found that the 
efficacy and safety of azilsartan are like telmisar-
tan. Thus, it can be selected as an alternative drug in 
patients based on its availability [92].

• ACEi may be preferred as first-line treatment agents 
in patients with diabetic hypertension as an alter-
native to ARBs [95]. Both these agents effectively 
reduce the risk of CVDs in high-risk patients, 
although ARBs are more efficacious [92–96].

• Both ARBs and ACEi effectively reduce the risk of 
end-stage renal disease [97].

• Azilsartan is a suitable agent for antihypertensive 
therapy in CKD patients. A 20-mg dose of azilsartan 
has demonstrated potent antiproteinuric effects com-
pared with other agents such as candesartan [98]. 
An 80-mg dose is effective for controlling SBP and 
DBP in office and ambulatory settings [99]. Azilsar-
tan improved diastolic function of the left ventricle 
in patients with heart failure with preserved ejection 
fraction (HFpEF) [100].

• While ACEi also achieved this clinical benefit, a more 
beneficial impact was observed with ARBs [101].

• A single-centre study including 133 hypertensive 
subjects diagnosed with COVID-19 infection showed 
a lower rate of admission to semi-intensive/intensive 
care units when patients were treated with RAAS 
inhibitor (32% using ARBs and 30% using ACEi) 
[102]. Suppose target blood pressure values are not 
achieved with either of the therapies. In that case, 
the addition of a thiazide diuretic is indicated as a 
second-line agent [95].

• A meta-analysis containing 7 studies compared 
ACEi/ARB alone and in combination therapy with 
sodium–glucose cotransporter 2 (SGLT2) inhibitors 
in T2DM patients. The analysis reported that combi-
nation therapy with SGLT2 inhibitors could achieve 

better control of blood pressure and estimated glo-
merular filtration rate (eGFR) [103].

2. Beta-blockers

• Beta-blockers are used for the initial management of 
BP in diabetic patients in cases with a previous his-
tory of CVDs such as myocardial infarction, heart 
failure, coronary artery disease, or stable angina [95].

• Beta-blockers and CCBs are not used independently. 
They are only indicated as a part of combination ther-
apy with ARBs or ACEi in patients with DM [95].

• Recent clinical trial showed that the use of beta-
blockers increases the risk of cardiovascular events 
in patients with DM due to the promotion of a hypo-
glycemic state. Hence, its use is not recommended 
in patients with co-existing DM and hypertension 
unless absolutely indicated [104].

• Beta-blockers are combined with other classes of 
antihypertensive drugs for treating hypertension in 
specific situations like heart rate control, sympto-
matic angina, post-myocardial infarction, HFrEF, 
and as an alternative to RAAS in young hypertensive 
women with a pregnancy plan or of child-bearing 
potential [105].

3. Calcium channel blockers

• Several RCTs have confirmed that CCBs can reduce 
cardiovascular morbidity and mortality.

• CCBs are potent, first-line blood pressure-lowering 
drugs with minimal contraindications [106].

• A meta-analysis including 147 RCTs involving 464,164 
participants confirmed a significant reduction in risk of 
coronary events (20–25%) and stroke (30–45%) with 
all the five BP lowering agents. CCBs had a more pro-
nounced preventive effect on stroke [107].

• CCBs can be used alongside ARBs as a part of com-
bination therapy for the management of hypertension 
in diabetic patients.

• The vasodilatory effect of CCBs on vascular smooth 
muscle cells is attributed to their inhibitory effect 
on calcium entry through L-type calcium channels. 
Recently, novel CCBs are preferred due to their 
added pleiotropic benefits above their antihyperten-
sive action. Certain CCBs block the activity on N- 
and L-type calcium channels and hence show addi-
tional benefits of lowering cardiovascular events and 
renal injury [106].
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The role of the novel CCB — cilnidipine in diabetic 
hypertension:

• Cilnidipine is a novel and unique dihydropyridine cal-
cium channel blocker that has inhibitory actions on both 
L-type and N-type calcium channels. Intracellular Ca2+

overload is associated with atrial fibrillation. Cilnidipine 
restricts this overload and activates eNOS which regu-
lates cardiac function [108].

• CCBs are used alongside ARBs as a part of combination 
therapy for the management of hypertension in diabetic 
patients.

• As per a prospective observational trial, single-pill 
combination treatment with ARB plus cilnidipine helps 
in reducing morning home systolic blood pressure 
(MHSBP), in elderly patients [109].

• Cilnidipine is preferred in hypertensive patients with DM 
because it improves insulin sensitivity through its vasodila-
tor effects [110]. Besides its antihypertensive effect, cilnidi-
pine has improved insulin sensitivity along with various 
reno-protective and cardioprotective benefits, thus making 
it the choice of DHP-CCB in hypertension with DM [111]. 
Refer to Fig. 6 for the mechanism of action of cilnidipine.

• Amlodipine and cilnidipine are equally efficacious in 
reducing blood pressure; however, the incidences of 
pedal edema are lower with cilnidipine associated than 
amlodipine [112].

• When administered at a dosage of 5–20 mg/day, based 
on the patient’s clinical profile, cilnidipine facilitates BP 
reduction and helps reduce heart rate and serum triglyc-
eride levels in Indian patients, suggestive of cardiopro-
tective benefit [113].

• Independent of blood pressure reduction, 8-week treat-
ment with cilnidipine 5–10 mg/day improved left-ven-
tricular systolic function [114].

• Cilnidipine is more tolerable in Indian patients and must 
be preferred in those with proteinuria or pedal edema 
[115, 116].

Thus, cilnidipine should be the preferred CCB in diabetic 
hypertensives due to its reno-protective and cardioprotec-
tive benefits and better safety and tolerability profile (pedal 
edema) over other CCBs.

4. Diuretics

• Low-dose thiazides have demonstrated their suc-
cess in mild to moderate cases of hypertension, but 
its function is depleted if the sodium intake of the 
patient is above 8 g/day, indicating the relevance of 
dietary salt restriction and its use [118].

• Low doses, i.e. 12.5 to 25 mg/day of chlorthalidone 
or hydrochlorothiazide, or 1.25 mg/day of indapa-
mide, minimize metabolic complications and their 
antihypertensive effects [119].

• Hydrochlorothiazide lowers pulse pressure by 4 to 
6 mmHg due to the greater effect on systolic than on 
diastolic blood pressure [120].

• Thiazide-like diuretics such as chlorthalidone 
demonstrated superior blood pressure reduction in 
patients with resistant hypertension [121, 122].

• Diuretics such as hydrochlorothiazide are not rec-
ommended in patients with diabetic hypertension 

Fig. 6  Mechanism of action of 
cilnidipine in the lowering of 
blood pressure in hypertensive 
patients [117]
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because of its potential to elevate fasting blood glu-
cose and HbA1c levels [123].

• A systematic review of 26 RCTs indicated that low 
doses of thiazide might avoid glycemic changes [124]. 
However, the strength of this finding is low since evi-
dence against low-dose hydrochlorothiazide has been 
stated by another meta-analysis of 368 studies [125].

• While diuretics are not commonly used to man-
age hypertension in patients with DM, their use is 

indicated in certain specialized cases [126], such as 
elderly patients with existing CVDs [118].

• In a crossover trial, the use of potassium-sparing diuret-
ics such as spironolactone reduced BP by−8.7 mmHg 
for reaching the target levels in patients with resistant 
hypertension, compared to other two treatments, i.e. 
doxazosin and bisoprolol [127].

• A low dose of spironolactone is recommended in 
those whose serum potassium is < 4.5 mmol/L and 

Table 10  Guideline comparison for hypertension treatment [129]

Guideline Population Goal BP mmHg Initial management

2014 hypertension guideline Diabetes <140/90 ACEi, ARB or CCB, thiazide-type 
diuretics

CKD <140/90 ACEi or ARB
ESH/ESC 2013 Diabetes <140/85 ACEi or ARB

CKD no proteinuria <140/90
CKD +proteinuria <130/90

CHEP 2013 Diabetes <130/80 ACEi or ARB with additional CVD 
risk, ACEi, ARB, thiazide

CKD <140/90 ACEi or ARB
ADA 2013 Diabetes <140/80 ACEi or ARB
ESC/ESH 2018 CAD, CKD, diabetes ≤140/90 ACEi or ARB+CCB or diuretic-

dual combination for CAD)
ACEi/ARB+CCB OR ACEi/

ARB +diuretic (or loop diuretic-
dual combination for CKD)

ACEi/ARB+CCB/diuretic-dual 
combination for diabetes

ISH 2020 CKD <130/80 mmHg (<140/80 in 
elderly patients)

RAS inhibitors as first line; CCBs 
and diuretics can be added

KDIGO 2012 CKD no proteinuria ≤140/90 ACEi or ARB
CKD +proteinuria ≤130/80

KDIGO 2021 RRT (CKD G1T-G5T) ≤130/80 CCB or ARB

Table 11  Major drug combinations with efficacy results

Combination Type of patients % Change in relative risk

Two RAS blockers/ACE inhibitor 1 ARB or 
RAS blocker 1 renin inhibitor [131]

High-risk diabetic patients More renal events

ACE inhibitor and diuretic Stroke or TIA [132] −28% strokes (p<0.001)
Diabetes [133] −9% micro-/macrovascular events (p=0.04)
Hypertensive;>80 years [134] −34% CV events (p<0.001)

ARB and diuretic Hypertensive; ≥70 years [135] −28% non-fatal strokes (p=0.04)
CCB and diuretic Hypertensive [136] −27% CV events (p<0.001)
ACE inhibitor and CCB Older with isolated systolic hyperten-

sion (ISH) [137]
−37% CV events (p<0.004)

Beta-blocker and diuretic Older with ISH [138] −36% strokes (p<0.001)
Older hypertensive [139] −40% CV events (p=0.003)

ARB and CCB Older with ISH [140] 14% reduction in BP
Hypertensive [141] Lower incidences of CV events (risk ratio [RR], 

0.80; 95% confidence interval [CI], 0.70–0.91; 
p<.001)
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eGFR is >45 mL/min/1.73 m2 to achieve BP targets 
[127, 128].

Guideline comparison of blood pressure goals and rec-
ommended drug options in different populations has been 
mentioned in Table 10.

5. Combination therapies

• Drug combinations including ARB plus cilnidipine 
or ARB plus hydrochlorothiazide effectively reduce 
nocturnal BP fluctuations [125]. However, due to the 
risk of glycemic variability, ARB plus cilnidipine 
must be considered even in patients with nighttime 
BP fluctuations, rarer in patients with co-existing 
diabetes and hypertension [123–125].

• A combination of ARB and CCB must also be pre-
ferred over beta-blockers because of the potential 
of the latter to cause adverse cardiovascular events 
(Table 11) [105].

Safety considerations for hypertensive management in dia‑
betic patients

• When treatment agents such as blockers of the renin–
angiotensin–aldosterone system (RAAS) are being used 
to manage BP in patients with DM, close monitoring of 
kidney functions and the levels of electrolytes are recom-
mended [38].

• Frequent monitoring of potassium and creatinine is rec-
ommended in patients treated with aldosterone antago-
nists, such as spironolactone. Monitoring of serum potas-
sium levels in patients on combination therapy is stated 
to reduce the risk of hyperkalemia [38].

• An observational study in diabetes patients concluded 
that CCB, when added to ACEi/ARBs, is associated with 
reno-protective and cardioprotective outcomes compared 
to thiazide diuretics [130].

Recommendations: which treatment therapy to use and when
• Individual profile of the patient and their response to the treatment 

must be evaluated for the selection of the most suitable treatment 
agent for hypertensive management (grade A)

• ARBs, either alone or in combination with CCBs, can be used for 
BP control in diabetic patients (grade A)

• Combination therapy of ARB and CCB is recommended to be initi-
ated in hypertensive patients for better BP control, reducing risks of 
complications, and better patient adherence (grade B)

• ARBs must be preferred over ACEi in diabetic patients with hyper-
tension, telmisartan or azilsartan being selected as the first-line 
agent (grade B)

• In patients at the risk of CVDs, renal disorders, or cerebrovascular 
disorders, combination therapy must be preferred for the reduction 
of patient mortality (grade B)

• Calcium channel blockers must be preferred over beta-blockers 
and thiazides in combination therapy with ARBs. Cilnidipine is a 
comparatively more effective and safer novel molecule as compared 
to conventional CCBs for Indian diabetic hypertensive patients 
(grade A)

• The use of beta-blockers and thiazide diuretics must be avoided 
in patients with DM and hypertension because of their potential 
to cause cardiovascular events and hyperglycaemia, respectively 
(grade A)

• Monitoring of electrolyte levels, serum potassium, and creatinine 
levels, as well as regular evaluation of kidney function, is recom-
mended for patients with diabetic hypertension based on the choice 
of treatment agents and their risk profile (grade B)

Data on the global approvals of molecules of each class For 
the selection of the treatment agent necessary on the individ-
ual clinical profile of the patient, it is essential to understand 
the treatment indications of various FDA-approved drug 
labels, which have been summarized in Tables 11 and 12.

Management of hypertension in patients with CKD

• In patients at the risk of CKD, it is recommended to main-
tain blood pressure values below 130/80 mmHg for renal 
and cardioprotection in patients under 60 years [52].

• National Institute for Health 2014 and Care Excellence 
guideline recommends a goal blood pressure of<140/90 
in a patient with CKD while < 130/80 mmHg in patients 
with an albumin creatinine ratio of ≥ 70 mg/mmol [146].

• 2012 KDIGO guideline recommendation for blood pres-
sure goals in diabetic and non-diabetic patients with non-
dialysis dependent CKD is mentioned in Fig. 7 [147].

  Combination therapy is mostly recommended for 
achieving these target BP levels in these patients [115]. 
It is useful for managing patients who are unresponsive 
to the use of a single drug agent [148].

• SPC with cilnidipine (10 mg) and ARB (80 mg) was 
seen to be effective in reducing BP values in patients 
with sympathetic hyperactivity [39]. Control of sympa-
thetic activity is one of the treatment goals in hyperten-
sive patients with DM and CKD to reduce cardiovascular 
risks. This SPC was also effective in reducing diurnal 
and nocturnal blood pressure fluctuations in patients with 
DM. Thus, SPCs are recommended [109, 125]. Cilnidi-
pine has been clinically proven effective for morning 
hypertension and white-coat hypertension, closely asso-
ciated with sympathetic overdrive.
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• Due to its N-type calcium channel blockade and unique 
sympatholytic activity, cilnidipine offers cardiovascular 
benefits apart from its antihypertensive action. In a study 
involving hypertensive patients (n=2920), treatment with 
cilnidipine and angiotensin receptor blocker showed sig-
nificant reductions in heart rate, particularly in those with 
a higher baseline heart rate [149] (Tables 13 and 14).

• In patients with microalbuminuria/proteinuria, treatment 
with cilnidipine is recommended when CCBs are used 

in combination therapy [150, 151]. Compared to other 
drugs, such as amlodipine, cilnidipine facilitates UACR 
reduction and helps in decreasing albumin excretion in 
hypertensive patients [149, 150]. It is a preferred agent in 
patients with proteinuria, sympathetic overactivity, and 
pedal edema. It is a better treatment agent than amlodi-
pine for hypertensive patients [109, 150].

• In a clinical trial of 50 patients with diabetic nephropa-
thy, it was found that 12-week treatment with cilnidipine 

Table 12  FDA- and DCGI-approved drug labels for hypertension management in diabetic patients

Indications

FDA-approved drug
 Telmisartan For hypertensive management in patients with CVD risk factors and diabetes patients with end-

organ damage [142]
 Azilsartan In patients with DM and hypertension for BP control [93]
 Olmesartan Management of hypertension in diabetic patients with other comorbidities such as chronic kidney 

disease, cerebrovascular events, heart failure, and ischaemic heart disease [143]
 Captopril Management of hypertension in patients with impaired renal function, presence of diabetic 

nephropathy, myocardial infarction, and left ventricular dysfunction [144]
DGCI-approved drug [145]
 Cilnidipine tabs. 5 mg, 10 mg For treatment of mild to moderate hypertension
 Amlodipine besylate IP Eq. to amlodipine 

10 mg+indapamide SR 1.5 mg tablet
For the treatment of mild to moderate hypertension

 Combination drug containing -
Cilnidipine:10 mg
 Olmesartan medoxomil IP (20 mg/40 mg)
Chlorthalidone IP (12.5 mg)

For the treatment of essential hypertension

 Combination drug containing -
 Losartan potassium IP (50 mg)
 Amlodipine besylate IP
Eq. to amlodipine (5 mg)
 Hydrochlorothiazide IP (12 mg)

For the treatment of hypertension in patients who are not managed with the help of dual therapy

 Combination drug containing -
Olmesartan medoxomil (20 mg)
 Amlodipine besylate (5 mg)

For mild to moderate hypertension

 Combination drug containing -
 Olmesartan medoxomil (20 mg)
 Ramipril (5 mg)

For treatment of essential hypertension

Fig. 7  2012 KDIGO guidelines 
on the management of hyperten-
sion in diabetic/non-diabetic 
CKD patients
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led to a significant reduction in estimated GFR values 
and serum creatinine levels [125]. Six months of treat-
ment with the drug helped significantly control albumin 
excretion [150, 151].

• Thiazide diuretics can be used if GFR is greater than or equal 
to 40 mL per minute per 1.73 m2, while loop diuretics are 
used in GFR≤40 to 50 mL per minute per 1.73 m2 [115].

• A combination of ACEi and ARBs reduces urinary albu-
min excretion compared to monotherapy; however, they 
are associated with a further risk to the kidney and hence 
are not recommended [152].

Oral antidiabetic agents that exert reno-protection:

• Combining SGLT2 with ACEi + ARB inhibitor reduced 
composite kidney outcome (CKO) among T2DM patients 
with CKD [161].

• Evidence suggests that DPP-4 inhibitors and SGLT2 inhibi-
tors exert reno-protective effects in patients with diabetes.

Management of resistant hypertension

• Early diagnosis of resistant hypertension with the help 
of ABPM is recommended to avoid end-organ damage 
in patients [32, 126].

• Initial treatment with ARBs along with CCBs is recom-
mended [126]. In patients with resistant hypertension, 

additional treatment agents such as diuretics are recom-
mended since patients may be unresponsive to standard 
combination therapies [5, 126]. Refer to Fig. 8 for treat-
ment selection and management in patients with resistant 
hypertension.

Novel concepts in hypertension and future 
treatment molecules

• Growing significance of central aortic blood pressure:

In the pathogenesis of cardiovascular disease, central 
(aortic and carotid) pressures are gaining more relevance 
than peripheral pressures. The left ventricle encounters the 
aortic systolic pressure during systole (afterload), while the 
aortic pressure during diastole determines coronary perfu-
sion. Ideally, central aortic pressures should be measured 
directly using invasive devices, but there are numerous 
methods available currently to derive the central pressures 
by analysing the applanated radial and carotid pulses or 
carotid distension waves. Higher augmentation index (AI) 
is linked with coronary artery disease (CAD).

Central pressure correlates with cardiovascular risk in 
apparently healthy subjects as well. Carotid systolic BP is 
an independent determinant of left-ventricular wall thick-
ness, and late systolic augmentation of the central pressure 

Table 13  Indications of individual drug classes based on guidelines and clinical studies [6]

1Option for patients without heart failure or impaired LV function in patients with contraindications to beta-blockers (Danish Verapamil Infarc-
tion Trial II–DAVIT)[153]
2If ACEi not tolerated
3First-line antihypertensive agent in adult kidney transplant recipients
4A meta-analysis of 13 studies with 1789 subjects randomized to CCBs
*Compelling indications for antihypertensive drugs are based on benefits from outcome studies or existing clinical guidelines; the compelling 
indication is managed in parallel with the BP
^Drug abbreviations: ACEI angiotensin-converting enzyme inhibitor, BB beta-blockers, ARB angiotensin receptor blocker, Aldo ANT aldosterone 
antagonist, CCB calcium channel blocker
#Conditions for which clinical trials demonstrate the benefit of specific classes of antihypertensive drugs

Compelling indication* Recommended drugs^ Clinical trials basis#

Diuretic BB ACEI ARB CCB ALDO ANT

Heart failure ■ ■ ■ ■ ■ ACC/AHA Heart failure Guidelines, MERIT-HF, COPER-
NICUS, CIBIS, SOLVD, AIRE, TRACE, ValHEFT, 
RALES

Postmyocardial infraction ■ ■ ■2 ■1 ■ ACC/AHA Post-MI Guideline, BHAT, SAVE, Capricorn, 
EPHESUS

High coronary disease risk ■ ■ ■ ■ ALLHAT, HOPE, ANBP2, LIFE, CONVINCE
Diabetes ■ ■ ■ ■ ■ NKF-ADA, Guideline, UKPDS, ALLHAT
Chronic kidney disease ■ ■ ■3 KDIGO 2021, NKF Guideline, Captopril Trial, RENAAL, 

IDNT, REIN, AASK
Recurrent stroke prevention ■ ■ ■4 PROGRESS
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waveform may denote an increase in left ventricular mass 
index, independent of age and BP.

Study suggests that non-invasively determined central 
pulse pressure is a better predictor of incident cardiovascular 
disease than does the corresponding brachial pulse pressure, 
which may be because of a more accurate representation 
of the vascular load on the left ventricle. There is growing 
evidence that central BP may provide incremental value over 
and above peripheral BP in firmly confirming the cardiovas-
cular risk. The CAFE Study was the first randomized, pro-
spective event-based study which mentioned that central BP 
and related indices may be a useful guide to treatment [163].

• Future treatment molecules:

Several novel drugs such as peptide- and non-peptide-
based therapeutic agents that may function as RAAS inhib-
itors have been emerging to manage hypertension in dia-
betic patients. For personalized treatment of hypertension 
in patients with DM, the use of artificial intelligence tech-
nologies such as gene sequencing mechanisms, genomics, 
transcriptomics, proteomics, and metabolomics is increasing 
in clinical practice towards understanding the disease patho-
genesis for early recognition of possible end-organ damage, 
detection of the treatment response of the patient, and their 
monitoring [164, 165].

Currently, among the existing CCBs, cilnidipine is a 
promising molecule, effective in BP reduction and its multi-
ple pleiotropic benefits, and a good choice for use as a com-
bination therapy for hypertension management in patients 
with DM [150, 151, 166–168]. As anticipated in the future, 
the use of other conventional CVD risk reduction drugs 

such as statins and immunosuppressants such as mycophe-
nolate mofetil may also expand in clinical practice [169]. 
While new drugs shall continue to emerge, the use of CCBs, 
ARBs, and ACEi will persist in the future. At the same time, 
beta-blockers and thiazide agents may need more studies to 
understand their usage in this sub-set of patients [170].

Summary

Key messages: For the management of hypertension in 
patients with DM (Fig. 9), it is essential to understand the 
clinical profile of the patient to select the most suitable treat-
ment agents that do not add to any risks.

1. Definition of hypertension. As per the Indian Guideline 
of Hypertension IV (IGH IV), hypertension is defined 
as systolic blood pressure (SBP) of ≥ 140 mmHg and/or 
diastolic blood pressure (DBP) of ≥ 90 mmHg.

2. Type of hypertension. Primary hypertension is mostly 
asymptomatic, while secondary hypertension is due 
to various underlying pathologies. Uncontrolled BP, 
despite the usage of 3 antihypertensive drugs, is referred 
to as “resistant hypertension”.

3. Epidemiology and risks. Over 1 billion people suffer from 
hypertension globally, which is expected to rise up to 1.5 
billion by 2025. Up to 50% of cases of hypertension are 
also diagnosed with type 2 diabetes mellitus (T2DM). 
Hypertension presents as a major risk factor for heart fail-
ure, CVD, CKD, PAD, ED, and end-organ damage.

4. Blood pressure measurement. For patients with DM and 
hypertension, 24-h ambulatory blood pressure monitoring is 
recommended to maintain BP targets of~120–130 mmHg. 

Fig. 8  Therapeutic approach in 
resistant hypertension [162]
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The use of an aneroid sphygmomanometer must be pre-
ferred over digital devices; however, digital machines may 
be preferred for home-based measurement. Blood pressure 
thresholds vary with age and comorbid conditions.

5. Hypertension and diabetes: the relationship. There is a 
complex cause–effect relationship between hypertension 
and diabetes, which predisposes the patients to increased 
risks of cardiovascular complications.

6. Non-pharmacological management of hypertension in 
diabetic patients. Lifestyle modifications may delay the 
need for pharmacological interventions or can comple-
ment the BP lowering effect of drugs. A low sodium 
diet, a physical activity, and a healthy diet are recom-
mended to manage hypertension in diabetic patients.

7. Pharmacological management of hypertension in diabetic 
patients. ARBs are recommended as the choice of therapy 
preferably in combination with CCBs to manage hyper-
tension and its resulting complications. For combination 
therapy, newer CCBs (e.g. cilnidipine) along with ARBs 
are recommended. Cilnidipine is a novel, effective, and safe 
CCB, which is established for its reno-protective benefits. 
Combination therapy of ARBs with thiazide-like diuretics 
also reduces the risk of renal disorders. While telmisartan 
can be the first-line ARB for treatment of diabetic hyperten-
sives due to its beneficial effects on fasting blood glucose 
and insulin levels, alternatively, azilsartan, with a similar 
safety and efficacy profile, is also recommended. Thiazide-
like diuretics can be preferred in elderly patients with exist-
ing CVDs. ACE inhibitors may be used as an alternative 
to ARBs for CVD risk reduction in high-risk patients. 
Beta-blockers may be preferred in patients with a previous 
history of CVDs and as an alternative to RAS blockers 
in pregnant women. Hypertension is a strong, modifiable 
risk factor for the macrovascular and microvascular com-

plications of diabetes. Strong evidence from clinical trials 
and meta-analyses supports targeting blood pressure reduc-
tion to at least140/90 mmHg in most adults with diabetes. 
Lower blood pressure targets may be beneficial for selected 
patients with high cardiovascular disease risk if they can be 
achieved without undue burden, and such lower targets may 
be considered on an individual basis. In addition to lifestyle 
modifications, multiple medication classes are often needed 
to attain blood pressure goals.
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Abstract
Background Currently, gestational diabetes mellitus (GDM) is a major public health concern with a higher risk of adverse
pregnancy outcomes for both the mother and the fetus. The present study was aimed to estimate the pooled prevalence of
GDM in Bangladesh in order to assist public health policymakers.
Methods We systematically searched different electronic databases like PubMed, Scopus, Embase, Google Scholar, and the
national journal databases for studies on the prevalence of GDM in Bangladesh published up to May 2021. We used a random-
effects model to estimate the pooled prevalence of GDM and the odds ratio (OR) with the corresponding 95% confidence interval
(CI).
Results This meta-analysis included eight studies with a total of 6948 pregnant women participants. Six studies were conducted
in an urban setting, one in a rural setting, and one in both settings. The pooled estimated prevalence of GDM in Bangladesh was
13% (95% CI: 7.0–21). The results of subgroup analysis revealed that the prevalence was significantly higher in older pregnant
women than in the younger pregnant women (OR: 2.37, 95% CI: 1.22–4.60, p=0.01), and women who were overweight or obese
had a significantly higher prevalence than women with normal body weight (OR: 1.88, 95% CI: 1.18–2.99, p=0.007).
Conclusion The prevalence of GDM in Bangladesh was higher than the global prevalence of GDM as well as the prevalence of
GDM in South Asian countries.

Keywords Bangladesh . Gestational diabetesmellitus . Meta-analysis . Prevalence

Introduction

Gestational diabetes mellitus (GDM) is defined as any degree
of glucose intolerance with onset or first recognition during
pregnancy and occurs when the pancreatic functions of a
woman are insufficient to overcome the diabetogenic environ-
ment of pregnancy [1, 2]. GDM is one of the foremost causes
of mortality and morbidity for both the mother and the fetus
across the world, and it is increasing at an alarming rate [3].
Pregnant women with GDM are at risk of developing gesta-
tional hypertension, cesarean section, premature rupture of
fetal membranes, infection, and premature birth [4, 5].
Furthermore, mothers with a history of GDM are more likely
to develop type 2 diabetes melli tus (T2DM) and

cardiovascular diseases (CVDs) later in life [6]. The newborn
babies of GDM mothers are at risk of having macrosomia,
suffering from congenital anomalies, and developing neonatal
hypoglycemia, and T2DM later in life [7]. As a result, the
rising trend in the prevalence of GDM in recent years has
become a worldwide public health burden.

In a report by the International Diabetes Federation in
2017, about 21.3 million (16.2%) of live births had hypergly-
cemia and the majority of these (86.4%) were due to GDM
[8]. The estimated worldwide prevalence of GDM is 10.13%
[9] and varies from 1 to 28% in different areas of the world
based on the characteristics of the population studied and the
different diagnostic criteria of GDM [10]. The prevalence of
GDM in Europe is 5.4% [11] and 14.0% in high-risk women
of Africa [12], whereas the prevalence of GDM in Asia varies
from 0.7 to 51.0% [13–15], and the vast difference in preva-
lence rates could be due to differences in ethnicity [15], diag-
nostic criteria [16], screening approaches [17], and population
characteristics such as maternal age, socioeconomic status,
and body composition [18].
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Bangladesh, a densely populated developing country in
South Asia, has a high birth rate, as well as a high infant
mortality rate and a high low birthweight rate [19]. This
makes it important to determine the prevalence of GDM
in Bangladeshi women. Like other Asian countries, the
prevalence of GDM has been increasing in Bangladesh.
Some population-based studies conducted in Bangladesh
revealed an increasing trend of GDM prevalence ranging
between 6.8 and 12.9% [19, 20]. According to recent stud-
ies conducted at a tertiary level hospital in Bangladesh, the
prevalence of GDM in Bangladesh is 36.6% and 35.5%
based on WHO 1990 and WHO 2013 diagnostic criteria,
respectively [21, 22]. The history of abortion, neonatal
death, and stillbirth were found to be higher among GDM
mothers than among non-GDM mothers [23]. There are
individual studies in this area, but so far, no comprehensive
analysis has been conducted to report the pooled prevalence
of GDM in Bangladesh. Therefore, the present study was
carried out to explore the current prevalence trend of GDM
in Bangladesh, which may help health policymakers in im-
plementing appropriate measures for better screening and
control of GDM.

Methods

Literature search strategy

This systematic review study was conducted on the preva-
lence of GDM in Bangladeshi pregnant women according to
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [24] (Supplementary
file 1). Different electronic databases like PubMed, Scopus,
Embase, Google Scholar, and the national journal databases of
Bangladesh Journals Online were comprehensively searched
to find relevant studies on Bangladeshi women up to
May 2021. The keywords like ‘prevalence’, ‘epidemiology’,
‘gestational diabetes mellitus’, ‘gestational diabetes’, ‘preg-
nancy-induced diabetes’, ‘diabetes in pregnancy’, ‘hypergly-
cemia in pregnancy’, ‘diabetic pregnancy’, and ‘Bangladesh’
were used to get the relevant studies. Moreover, the native
journals that could not be accessed online were searched man-
ually, and unpublished studies were retrieved from the library
of Noakhali Science and Technology University, Bangladesh.
The complete lists of diagnostic criteria for GDM are listed in
Table 1.

Inclusion and exclusion criteria

The listed inclusion criteria were as follows: (1) studies
with pregnant women living in Bangladesh; (2) studies
reporting the prevalence of GDM; (3) studies conducted
on pregnant women regardless of gestational age, sample

size, and study setting; (4) standard diagnostic guidelines
were followed for the diagnosis of GDM; (5) study must be
published in a peer-reviewed journal in English; and (6)
reported studies were available in full text (not editorial,
commentary, or abstract for conferences). A reported study
published in another language other than English and con-
taining only qualitative data was excluded from this sys-
tematic analysis.

Data extraction

Based on our study protocol, the extraction of data was done
systematically and independently by two investigators (RB
and SR) from eligible studies after screening the titles and
abstracts, and removing duplicated studies according to the
eligibility criteria. The following information was extracted
from each study: author(s) name, study design, study setting,
publication year, year of data collection, sample size, gesta-
tional age, age of pregnant women, screening method (one
and/or two steps), GDM screening criteria, and prevalence
of GDM.

Quality assessment

The Newcastle-Ottawa Scale was used to assess the quality of
the included studies, which is mainly based on the following
three major components: (1) a clear and appropriate study title
with selective objectives/aim/research question; (2) a valid
methodology with a comprehensive description of sample
size, collection of data, and screening method of GDM; and
(3) applicability of outcomes. The studies that met the above-
mentioned criteria were labelled as ‘high quality’ with low
risk of bias. The quality assessment process was carried out
by two independent reviewers. Any kind of disagreements
was solved by the team.

Data analysis

Meta-analysis was performed by the application of the statis-
tical software ProMeta 3. A random-effects model
(DerSimonian-Laird) was used to pool the prevalence and
odds ratio (OR) assessed from individual studies with a 95%
confidence interval (CI). The existence of heterogeneity
among the studies was evaluated using both the Cochrane
chi-square Q-test and I2 index with its resultant p-value. A
value of I2 which is 25%, 50%, and 75% was used to define
the heterogeneity of low, medium, and high, respectively.
Finally, the funnel plot was used to assess the possible publi-
cation bias graphically and formally by Begg’s and Egger’s
test (significant at p<0.05).
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Results

Search result

A total of 185 studies were initially identified through various
database searching. After the removal of duplicate records,
additional screening, and analysis of the titles and abstracts,
25 articles were retrieved for further assessment. Twenty-five
studies as full text were evaluated, and 10 articles were includ-
ed for quantitative review. Among 10 studies, eight studies
were selected for systematic review andmeta-analysis, and the
remaining two studies were excluded since they only looked

at risk factors for GDM in Bangladesh. Fig. 1 demonstrated
the overall process of the literature search, screening, and el-
igibility assessment of the study articles.

Characteristics of included studies

A total of eight studies reported the prevalence of GDM in
Bangladesh, and the features of the included studies are pre-
sented in Table 2. A total of 6948 pregnant women from the
rural and urban settings of Bangladesh were included in the
analysis. The included studies were conducted throughout
2001–2017. Among the studies, the smallest sample size

Table 1 Screening criteria for the diagnosis of GDM

Organization Year OGTT No. of abnormal values
for diagnosis (≥1)

Fasting
mmol/l (mg/dl)

1 H
mmol/l (mg/dl)

2 H
mmol/l (mg/dl)

3 H
mmol/l (mg/dl)

WHO 2013 75 g ≥ 1 5.1 (92) 10.0 (180) 8.5 (153) -

WHO 1999 75 g ≥ 1 7.0 (126) - 7.8 (140) -

ADA 2010 75/100 g ≥ 2 5.3 (95) 10.0 (180) 8.6 (155) 7.8 (140)

IADPSG 2010 75 g ≥ 1 5.1 (92) 10.0 (180) 8.5 (153) -

CC 1982 100 g ≥ 2 5.3 (95) 10.0 (180) 8.6 (153) 7.8 (140)

EASD 1996 75 g ≥ 1 7.0 (126) 11.0 (198) 9.0 (172) -

NDDG 1979 100 g ≥ 2 5.9 (105) 10.6 (190) 9.2 (165) 8.1 (145)

O'Sullivan 1964 100 g ≥ 2 5 (90) 9.1 (165) 8.05 (145) 6.9 (125)

ADA American Diabetes Association, CC Carpenter-Coustan, EASD European Association for the Study of Diabetes, H hour, IADPSG International
Association of the Diabetes and Pregnancy Study Groups, NDDG National Diabetes Data Group, OGTT Oral Glucose Tolerance Test, WHO World
Health Organization

Fig. 1 Flowchart depicting the
literature search and study
selection according to PRISMA
guidelines
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was 100 [25] and the largest sample size was 3447 [20]. The
age range of the participants was 15–45. Studies were con-
ducted on pregnant women in their 12th to 40th gestational
weeks. Six studies were conducted in urban areas [25–30],
whereas only one study was reported in a rural area [19],
and one study covered both rural and urban areas [20].
Regarding the study design, four were cross-sectional [20,
25, 27, 28], one was cross-sectional followed by cohort type
[29], one was prospective analytical [30], one was population-
based [19], and one was hospital-based observational study
[26]. It was observed that the settings of the majority of studies
were in the hospitals where the sampling frame was either
antenatal clinics/centres or outdoor departments, and only
one study was community-based. In terms of diagnostic
criteria, five studies [19, 25, 26, 28, 30] followed World
Health Organization (WHO) criteria 1999, one used
American Diabetes Association (ADA) criteria [27], one used
modified Carpenter-Coustan (CC) criteria [29], and one used
both WHO 1999 and new ADA criteria [20]. Out of eight
studies, six studies [19, 25–30] employed the most commonly
used one-step screening strategy, whereas only one study [20]
used a two-step screening approach. In terms of quality, all
studies were rated as high quality and had a total quality score
of not less than 7 based on the Newcastle-Ottawa Scale
(Table 2).

Meta-analysis

The pooled estimated prevalence of GDM in Bangladesh was
13% (95% CI: 7.0–21) (Fig. 2). The results of subgroup anal-
ysis among the included studies based on age and body mass
index (BMI) are presented in Fig. 3. In a subgroup analysis,
older pregnant women (age >30 years) had a significantly
higher prevalence of GDM than younger pregnant women
(age <30 years) (18.31% vs. 11.56%; OR: 2.37, 95% CI:
1.22–4.60, p=0.01). The prevalence of GDM in overweight
or obese pregnant women was 20.45%, which was significant-
ly higher than that of women who had a normal body weight
(13.84%, OR: 1.88, 95% CI: 1.18–2.99, p=0.007). The visu-
ally observed funnel plot shows no evidence of an asymmet-
rical pattern and indicates no publication bias (Fig. 4). Finally,
this was confirmed by the quantitative analysis using Begg’s
test (p=0.998) and Egger test (p=0.535).

Discussion

To the best of our knowledge, this is the first systematic re-
view and meta-analysis to summarize the current prevalence
of GDM in Bangladesh. This review included a total of eight
studies with 6948 participants from the rural and urban areas
and we found that the overall pooled prevalence of GDM in
Bangladesh was 13%. Ta
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The pooled prevalence of GDM in Bangladesh was
higher than the global pooled prevalence of GDM
(10.13%) [9]. The outcomes of meta-analysis from the rel-
evant studies of other South Asian countries reported that
the prevalence of GDM was 11.4%, 8.8%, and 7.7% for Sri
Lanka, India, and Pakistan, respectively [10]. The reported
prevalence rates of GDM in Eastern Asian countries like
China, Japan, South Korea, and Taiwan were 12.6%,
2.8%, 10.5%, and 6.51%, respectively [31]. This preva-
lence of GDM in Bangladesh was also found to be higher
than that in European countries (5.4%) but lower than that
in African countries (14.0%) [32, 33]. Therefore, it is con-
firmed that the prevalence of GDM varies significantly by

region and is higher in developing countries. This could be
because developed countries have better facilities and ade-
quate screening for GDM compared to the huge population,
lack of proper health care facilities, and poor economic and
social status in Bangladesh, and also because of the use of
various diagnostic criteria for GDM, presented in Table 2.
Age, body mass index (BMI), poor dietary habits, and life-
style conditions were identified as major risk factors for the
rising trend of GDM in Bangladesh and other South Asian
countries.

The findings of subgroup analysis showed that the prev-
alence of GDM was significantly higher in older pregnant
women (18.31%) than in women with overweight and

Fig. 2 Forest plot of pooled
prevalence of GDM in
Bangladesh

Fig. 3 Random-effects analysis of GDM in subgroups using the forest plot (A) between age groups and (B) between normal weight and overweight/
obese groups
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obesity (20.45%). Consistent with this study, a study from
China reported a 2-fold higher prevalence of GDM among
older pregnant women than younger women, and a 2.1-fold
higher incidence of GDM in pregnant women with over-
weight or obese than that of women with normal body
weight [34]. Obesity is widely recognized as a major risk
factor for the development of diabetes and GDM [35, 36].
According to Saldana et al. [37], the prevalence of GDM
was significantly higher in women with a higher BMI and
higher pre-pregnancy weight than in women with normal
body weight. A recommended weight increase during preg-
nancy is 6–11 kg for women with normal body weight.
Furthermore, it is now known that maternal age has a sig-
nificant influence on the increased risk of GDM [38].
According to the ADA, the lowest prevalence of GDM
was observed among pregnant women over the age of 25
[39], and pregnancy in young age groups below 16 years
old is considered a high-risk pregnancy with adverse out-
comes such as anemia, hypertensive disorders, and GDM
[40].

However, despite the merits of our study, there are sev-
eral limitations to this meta-analysis. Firstly, only eight
studies were included in the meta-analysis, and they only
contributed to 6948 patients out of the 165 million popula-
tion of Bangladesh. Secondly, the study participants were
mostly from urban areas, and the reported prevalence of
GDM in pregnant women in rural areas is rare, which will
have an impact on the total prevalence of GDM in
Bangladesh. Thirdly, most of the studies were limited to
the hospital-based setting, not to nationwide studies.

Finally, we have no information on tribal or ethnic commu-
nities in our study as their food habits and cultures are
different from native.

Conclusion

This study provides an estimation of the prevalence of GDM
in Bangladesh. Our study shows that the pooled estimation of
the prevalence of GDM was 13%, indicating that Bangladesh
has a higher prevalence of GDM than the worldwide preva-
lence of GDM. Therefore, more attention should be paid to the
prevention and control of GDM.
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Abstract
Purpose Endotrophin is a newly discovered adipokine, and its clinical utility in diagnosing gestational diabetes mellitus 
(GDM) remains unclear. We aimed to investigate the possible association between endotrophin and GDM and determine its 
correlation with maternal metabolic parameters.
Methods Screening and diagnosis for GDM were carried out between the 24th and 28th weeks of gestation. The study 
included 50 patients with GDM and 37 healthy pregnant women. Endotrophin was assayed by a commercially available 
enzyme-linked immunosorbent assay kit.
Results The endotrophin level was significantly higher in the GDM group compared to uncomplicated pregnancies 
(121.98 ± 104.08 vs 72.5 ± 76.2, p < 0.05). Furthermore, the fasting glucose, fasting insulin, and HOMA-IR values of and 
plasma glucose levels obtained at 1 and 2 h after 75 g oral glucose administration were significantly higher in the GDM 
group than in the control group (p < 0.05). The Spearman analysis showed a statistically significant correlation between the 
endotrophin level and the fasting glucose, first-hour glucose, fasting insulin, HOMA-IR, and pre-pregnancy and current body 
mass indexes (BMI) in the GDM group (p < 0.05).
Conclusion Although oral glucose tolerance test (OGTT) is still the gold standard in the diagnosis of GDM, considering 
the technical difficulties and disadvantages of OGTT, endotrophin measurement at 24–28 weeks of pregnancy in healthy 
risk-free pregnant women seems to be an appropriate approach to limit the use of OGTT.

Keywords Endotrophin · Gestational diabetes mellitus · Adipokine · Hyperglycemia

Introduction

Although adipose tissue was considered to be a static 
amount of fat for a long period of time, it is now recog-
nized as the largest endocrine organ secreting a large number 
of bioactive proteins called “adipokines” [1]. Adipokines 
are involved in different metabolic processes from insulin 

sensitivity and insulin secretion to appetite control, fat dis-
tribution, energy expenditure, inflammation, regulation of 
adipogenesis, and chemoattraction of immune cells into 
adipose tissue. Impaired adipokine secretion causes gesta-
tional diabetes mellitus (GDM) by contributing to changes 
in glucose homeostasis during pregnancy [2, 3]. Since adi-
pokines influence key pathways involved in the pathophysi-
ology of GDM, such as insulin resistance, pancreatic β-cell 
dysfunction, and body weight gain, researchers have recently 
focused on the effects of various adipokines on the develop-
ment of this metabolic disorder [4, 5].

Endotrophin is a newly discovered adipokine, a soluble 
proteolytic fragment of the α3 chain of microfilamentous 
interstitial type VI collagen, which is composed of α1, 
α2, and α3 constituent chains and expressed in connective 
tissues and prominently in adipose tissue [6]. Endotrophin is 
associated with various biological processes. This cleavage 
product of collagen VI has been shown to be effective both 
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in the pathways of cancer development, such as fibrosis, 
angiogenesis, inflammation, and epithelial-mesenchymal 
transition, and in various metabolic functions, including 
insulin sensitivity, energy balance, food intake, and 
adipose tissue inflammation [7–9]. Different studies 
have demonstrated that endotrophin causes increased 
insulin resistance by triggering fibrosis and inflammation 
in pathologically relevant pathways in an “unhealthy” 
adipose tissue environment [8–12]. In a study conducted to 
investigate the different metabolic effects of endotrophin, 
higher endotrophin levels were observed in patients 
with high insulin resistance [12]. However, it has been 
reported that high fasting glucose levels do not induce 
an increase in endotrophin levels independent of insulin 
resistance. Similarly, obese patients with insulin resistance 
have been shown to have higher levels of endotrophin 
than obese individuals with normal insulin sensitivity. 
In an experimental model, blocking endotrophin with a 
neutralizing antibody improved metabolic adverse effects 
and effectively reversed metabolic dysfunction. It was 
also observed that overexpression of endotrophin led to 
abnormal lipid metabolism and hence ectopic steatosis [10].

GDM, defined as the onset or initial recognition 
of abnormal glucose tolerance during pregnancy, is 
considered a pre-diabetic condition characterized by 
an enormous insulin resistance and insufficient insulin 
compensation [13, 14]. Although the global prevalence 
of hyperglycemia in pregnancy is estimated at 17%, this 
rate is predicted to increase over time, possibly due to 
the accelerating frequency of obesity [15]. While the 
crucial functions of endotrophin in metabolic disorders 
have been characterized, its direct effects on GDM, the 
metabolic disturbance of pregnant women, remains to be 
elucidated. To our knowledge, there is a lack of data on 
serum endotrophin levels in GDM. To address this gap, 
this study aimed to investigate the possible association 
between endotrophin and GDM and to determine the 
correlation of this adipokine with maternal metabolic 
parameters.

Material and methods

Study design

This cross-sectional study was conducted at Medipol Mega 
University Hospital with 87 pregnant women aged 22 to 
42 years, who were referred to the internal medicine outpa-
tient clinic from the obstetrics and gynecology department 
between December 2019 and July 2020. During our study, a 
total of 278 pregnant women were examined, and all preg-
nant underwent 75 gr oral glucose tolerance test (OGTT) at a 
routine visit between the 24th and 28th weeks of pregnancy. 

The diagnosis of GDM was made based on the abnormality 
of one or more of the following plasma glucose parameters: 
(1) fasting plasma glucose ≥ 92 mg/dl, (2) first-hour blood 
sugar ≥ 180 mg/dl in OGTT, and (3) second-hour blood 
sugar ≥ 153 mg/dl in OGTT were obtained according to the 
criteria of the International Association of Diabetes and 
Pregnancy Study Groups [16]. Patients with a history of pre-
gestational diabetes mellitus; documented chronic diseases 
such as malignancy, liver disease, chronic inflammatory dis-
eases, hypertension, hypothyroidism, and acute medical con-
ditions (pulmonary embolism, pneumonia, trauma, surgery, 
etc.); multiple pregnancies; malformed fetuses; and those 
abusing drugs or alcohol were not included in the study. 
At least, the patient group consisted of 50 pregnant women 
diagnosed with GDM. Thirty-seven healthy pregnant women 
with normal OGTT results were included in the study as a 
control group.

The height and weight of the participants were 
measured, and their body mass indexes (BMI) were 
calculated by dividing body weight by the square of height 
(kg/m2) and recorded as current BMI. The pre-pregnancy 
BMIs of the participants were calculated by obtaining 
the height and weight data from the hospital database 
and recorded. In all cases, the blood pressure was also 
measured with a sphygmomanometer after 10 min of rest 
and recorded.

Ethical approval and patient consent

All patients were given detailed information that the study 
was not part of their treatment and their informed consent 
was obtained. The study was approved by the Ethics Com-
mittee of the university (10,840,098–604.01.01-E.3374 
number: 76) and conducted in accordance with the princi-
ples of the Declaration of Helsinki.

Blood sample test

Blood samples were taken from the patients after 10 to 
12 h of fasting to assess biochemical parameters on the day 
of OGTT screening. Laboratory data, including the levels 
of serum insulin, total cholesterol (TC), triglyceride (TG), 
high-density lipoprotein-cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C), were recorded. 
Homeostatic model assessment of insulin resistance 
(HOMA-IR) was calculated using the following formula:

During routine blood tests, an extra tube of EDTA 
blood was collected from the participants and centrifuged 
at 1000 × g for 15 min, and the obtained sera were stored 
at − 80 °C until endotrophin analyses.

fasting glucose (mg∕dl) × fasting insulin (uIU∕ml) ∕ 405 (17)
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Measurement of serum endotrophin

Serum endotrophin levels were measured using a com-
mercially available human double-antibody sandwich 
enzyme-linked immunosorbent assay kit (catalog number 
201–12-9305, Sunred Biological Technology, Shanghai, 
China). The results were expressed as nanograms per 
milliliter (ng/ml). The intra-assay coefficient of varia-
tion (CV) of endotrophin is < 10%, and the inter-assay CV 
is < 12%. The sensitivity of endotrophin is 1.398 ng/ml. 
The standard curve range for the endotrophin ELISA kit 
is 1.5–300 ng/ml. These values are based on the human 
endotrophin ELISA kit instruction of the manufacturer.

Statistical analysis

Data were collected by a relevant clinical physician, 
transferred to Microsoft Excel program, edited, and 
prepared for statistical analysis. Statistical analysis was 
performed using the Statistical Package for the Social 
Sciences (SPSS) software v. 26.0. In the patient group, 
age, gestational age, first- and second-hour glucose vari-
ables, HOMA-IR, fasting insulin, and current BMI were 
normally distributed (p > 0.05), while other variables 
were not normally distributed (p < 0.05). In the control 
group, while age, gestational age, fasting and second-hour 
glucose, TC, LDL-C, HDL-C, fasting insulin, and cur-
rent BMI variables were normally distributed (p > 0.05), 
other variables were not normally distributed (p < 0.05). 
Parametric tests were used in the analysis of normally 
distributed variables, and non-parametric tests were used 
in the analysis of non-normally distributed variables. The 
chi-square and Shapiro–Wilk tests were used to check 
the normality assumption. Differences between the study 
groups were accessed using the Mann–Whitney U test, 
T test, Wilcoxon test, and correlations with Spearman’s 
test. The receiver operating characteristics (ROC) curve 

analysis was performed to identify the cut-off values of 
the studied parameters. Differences of p < 0.05 were con-
sidered to be statistically significant.

Results

The demographical and clinical characteristics of the 
participants are shown in Table 1. Fifty patients diagnosed 
with GDM and 37 healthy pregnant women were included 
in the study. No significant difference was found between 
the GDM and control groups in terms of age, gestational 
age, systolic or diastolic blood pressure, and current BMI 
(p > 0.05). On the other hand, the pre-pregnancy BMI was 
significantly higher in the GDM group compared to the 
control group (p < 0.05).

The biochemical laboratory data of the study participants 
are summarized in Table 2. The serum endotrophin levels of 
the GDM group were statistically significantly higher than 
those of the controls (p < 0.05). Furthermore, there was a 
significant difference between the GDM and control groups 
in terms of the fasting, first-hour and second-hour glucose 
levels at 75 gr OGTT, HOMA-IR, and fasting insulin levels. 
Fasting, first-hour and second-hour glucose levels at 75 gr 
OGTT, HOMA-IR, and fasting insulin levels of the GDM 
group were significantly higher than those of the control 
group (p < 0.05).

Table 3 demonstrates the relationships between the serum 
endotrophin level and other variables. When we analyzed the 
correlation between the variables and endotrophin in the control 
group, the HOMA-IR and fasting insulin values had a moder-
ate degree of positive correlation with the endotrophin levels 
(p<0.05). As for the GDM group, there was a very strong posi-
tive correlation between the endotrophin level and the fasting 
glucose level and HOMA-IR (p<0.05). In addition, there was 
a weak degree of positive correlation of endotrophin with the 
first-hour glucose level, diastolic blood pressure, pre-pregnancy 
BMI, current BMI, and fasting insulin level (p<0.05).

Table 1  Clinical characteristics of the GDM and control groups (mean ±SD/median-range)

*Statistically significant at 0.05. GDM, gestational diabetes mellitus; SBP, Systolic blood pressure; DBP, diastolic blood pressure; BMI, body 
mass index

Control group
n=37 (42.5%)

GDM group
n=50 (57.5%)

Total p

Age (years) 30.57±4.93/31–19 31.1±4.73/31–17 30.87±4.8/31–20 0.612
Gestational age at sampling (weeks) 25.8±1.49/25.86–5.57 26.21±1.48/26.07–6 26.04±1.49/26–6.57 0.197
SBP (mmHg) 110.27±10.65/114–36 110.24±7.38/110–30 110.25±8.86/110–36 0.549
DBP (mmHg) 69.89±6.49/70–25 69.62±5.62/70–20 69.74±5.97/70–25 0.788
BMI (kg/m2)

  Pre-pregnancy 24.75±5.55/22.8–22.1 26.28±4.08/25.3–17.36 25.63±4.79/24.98–22.1 0.025*
  Current, at sampling 27.41±5.26/26.56–20.81 28.72±4.26/28.18–19.94 28.16±4.73/27.47–20.81 0.206
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In the ROC analysis to determine the serum endotrophin 
level of the GDM group, the area under the curve (AUC) 
was calculated as 0.688 (95% CI 0.574–0.803) (Fig. 1). For 
the GDM group, at the cut-off value of ≥ 25.99 (calculated 
by the Youden index), the sensitivity, specificity, positive 
predictive, and negative predictive values of endotrophin 
were 88%, 43.2%, 67.7%, and 72.7%, respectively, with an 
accuracy of 69%.

Discussion

With the groundbreaking discovery of the first adipokines 
over two decades ago, adipose tissue began to be rec-
ognized as an endocrine organ. Since then, many more 
adipokines have been identified, and considerable pro-
gress has been made on the knowledge of how adipose 
tissue communicates with other organs of the body to 

Table 2  Biochemical characteristics of the GDM and control groups (mean ±SD/median-range)

*Statistically significant at 0.05. GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test; TC, total cholesterol; LDL-C, low-den-
sity lipoprotein cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin 
resistance

Control group GDM group Total p

75 gr OGTT (mg/dl)
  Fasting glucose 85.66±6.22/85.6–24.2 97.25±12.46/96–72 92.32±11.74/91–72 0.000*
  First hour 135.46±31.35/146–111.3 197.83±24.76/193.5–123 171.31±41.5/175–187.6 0.000*
  Second hour 106.54±20.24/102.7–78 157.96±29.57/156–137 136.09±36.38/135–180.5 0.000*

TC (mg/dl) 254.86±48.99/257–206 234.22±56.97/225.5–234 243±54.4/241–237 0.080
LDL-C (mg/dl) 144.24±39.22/138–181.4 126.6±44.25/115.5–215 134.1±42.86/126–215 0.057
TG (mg/dl) 169.08±54.38/159–204 198.8±89.54/176.5–491 186.16±77.61/165–491 0.135
HDL-C (mg/dl) 74.49±15.7/72–72 68.99±16.57/69–74 71.33±16.34/70.9–83 0.085
HOMA-IR 2.80±1.53/2.61–6.24 4.13±1.85/3.80–8.72 3.56±1.84/3.18–8.78 0.000*
Fasting insulin (mIU/ml) 13.19±6.73/12.00–27.00 17.06±6.91/16.00–29.00 15.41±7.07/14.00–29.00 0.007*
Endotrophin (ng/ml) 72.5±76.2/29.16–269.96 121.98±104.08/115.72–404.51 100.94±95.96/53.29–414.91 0.003*

Table 3  Relationship of the endotrophin values with the investigated variables and results of the Spearman-Pearson correlation analysis (r (p))

*Statistically significant at 0.05. GDM, gestational diabetes mellitus; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, tri-
glyceride; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; 
HOMA-IR, homeostasis model assessment of insulin resistance

Total Control group GDM group

Age (years) 0.16 (p=0.146) 0.11 (p=0.502) 0.22 (p=0.121)
Gestational age (weeks) 0.08 (p=0.474) −0.10 (p=0.556) 0.21 (p=0.140)
75 gr OGTT (mg/dl)

  Fasting glucose 0.50 (p=0.000*) 0.25 (p=0.144) 0.91 (p=0.000*)
  First-hour glucose 0.11 (p=0.315) −0.01 (p=0.964) 0.33 (p=0.021*)
  Second-hour glucose 0.13 (p=0.216) 0.08 (p=0.647) 0.24 (p=0.096)

TC (mg/dl) −0.10 (p=0.356) 0.05 (p=0.759) −0.20 (p=0.156)
LDL-C (mg/dl) −0.07 (p=0.494) 0.11 (p=0.531) −0.21 (p=0.134)
TG (mg/dl) 0.13 (p=0.219) 0.14 (p=0.396) 0.17 (p=0.228)
HDL-C (mg/dl) −0.19 (p=0.078) −0.18 (p=0.280) −0.23 (p=0.115)
SBP (mmHg) 0.15 (p=0.170) 0.24 (p=0.149) 0.06 (p=0.677)
DBP (mmHg) 0.24 (p=0.027) 0.18 (p=0.279) 0.34 (p=0.017*)
BMI (kg(m2)

  Pre-pregnancy 0.21 (p=0.049*) 0.23 (p=0.168) 0.30 (p=0.033*)
  Current 0.22 (p=0.040*) 0.18 (p=0.282) 0.33 (p=0.021*)

HOMA-IR 0.59 (p=0.000*) 0.52 (p=0.001*) 0.85 (p=0.000*)
Fasting insulin (mIU/ml) 0.40 (p=0.000*) 0.50 (p=0.002*) 0.37 (p=0.008*)
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maintain systemic homeostasis. Some of the adipokines 
contribute to insulin resistance, especially in the last half 
of pregnancy. Recent research has suggested that meta-
bolic mediators from adipose tissue may play a role in the 
development of GDM. In this study, we aimed to inves-
tigate the potential alteration of endotrophin in pregnant 
women with GDM. We primarily showed that the serum 
endotrophin levels in pregnant women with GDM were 
clearly increased compared to the healthy pregnant con-
trols. Our second aim was to determine the possible rela-
tionship between endotrophin and metabolic parameters. 
In the GDM group, endotrophin was positively correlated 
with the fasting glucose level and plasma glucose levels 
obtained at 1 h after 75 g oral glucose administration, fast-
ing insulin levels, HOMA-IR values, and pre-pregnancy 
and current BMI scores. To our knowledge, this is the 
first study investigating endotrophin levels in pregnancies 
complicated by GDM.

Extracellular matrix is a dynamic structure that provides 
stability for tissues and organisms and transmits differentia-
tion, growth, and migration signals to neighboring cells [17]. 
Collagen type VI is one of the major extracellular matrix 
proteins in various connective tissues such as skin, cartilage, 
skeletal muscle, and adipose tissue. Collagen type VI is a 
triple-helix molecule composed of α1, α2, and α3 constitu-
ent chains and has a microfilamentous structure. During the 
formation of microfilaments, the triple helical nucleus of this 
type VI collagen is released proteolytically from the propep-
tide. Finally, by the cleavage of the C-terminal propeptide 

of the α3 chain, a newly identified adipokine, endotrophin, 
arises [11].

Endotrophin is involved in various biological processes 
[18]. In the field of tumor physiopathology, endotrophin 
has been identified as a potent tumor promoting factor that 
is produced and released in abundance from adipocytes 
[18–20]. Besides the vital function of endotrophin in tumor 
development, as an adipocyte-derived and obesity-related 
factor, endotrophin seems to act as a driver of metabolic 
degradation since it has crucial effects on adipose tissue 
dysfunction. In experimental studies, endotrophin has been 
demonstrated to negatively modulate various metabolic 
functions, such as energy balance, food intake, and insulin 
sensitivity [12, 21]. Collagen type VI-deficient ob/ob mice 
and mice fed a high-fat diet exhibit improved glucose toler-
ance and insulin sensitivity [21]. It has been reported that the 
overexpression of endotrophin, especially in adipose tissue, 
disrupts the proper function of adipocytes, and thus leads to 
systemic metabolic dysfunction, while the suppression of 
endotrophin by a neutralization antibody ameliorates insu-
lin sensitivity and adipose tissue inflammation [12]. This 
correlates well with our findings indicating that the endo-
trophin levels were higher in the GDM group compared to 
the healthy pregnant women [11, 12, 14]. In another human 
study, it was reported that diabetic patients had higher endo-
trophin levels. However, this increase in endotrophin levels 
was found to be associated with higher insulin resistance 
rather than fasting glucose levels [12]. Taking together 
the current evidence on the role of endotrophin in glucose 
homeostasis and higher plasma endotrophin concentrations 
in patients with GDM, it can be suggested that endotrophin 
may play a role in the GDM pathogenesis.

When we analyzed the correlation between endotrophin 
and HOMA-IR within the two groups, although there was 
a much stronger correlation in the GDM group compared 
to the control group, we concluded that endotrophin was 
correlated with HOMA-IR in both groups. This result is not 
surprising in light of the fact that endotrophin serves as a 
powerful co-stimulator of existing pathological processes, 
leading to increased insulin resistance. It has also been 
reported that plasma endotrophin can be used as a biomarker 
in predicting the effectiveness of thiazolidinedione therapy 
that increases insulin sensitivity [11]. More importantly, 
when the correlation table obtained from this study was 
examined, it was observed that fasting blood glucose and 
first-hour blood glucose, which are two of the three OGTT 
parameters, were correlated with endotrophin only in the 
GDM group. Although there is no consensus among health-
care professionals on screening methods for GDM world-
wide, and glycemic thresholds have not been standardized 
across different guidelines, OGTT remains the “gold stand-
ard” for the diagnosis of GDM. However, OGTT has disad-
vantages such as not being reproducible, being expensive, 

Fig. 1  ROC curve graph of the endotrophin level
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time consuming, and quite laborious and inconvenient for 
patients. In addition, it has not been adjusted for body weight 
and its differential predictive value varies due to the variable 
prevalence of GDM by ethnicity [22]. Recently, there has 
been discussion to avoid OGTT as a diagnostic test for GDM 
in pregnant women. According to our results, the correla-
tion of endotrophin with fasting and first-hour blood glucose 
levels suggests that, given the numerous problems of the 
OGTT, it may be a suitable candidate for reducing the use 
of OGTT, at least in healthy pregnant women without risk 
factors for GDM.

Obesity is spreading worldwide, and it is estimated that 
nearly 50% of women at reproductive age are overweight 
or obese [23]. Among pregnant women, the prevalence of 
obesity exceeds 16% [24]. Maternal obesity is associated 
with short- and long-term negative health consequences 
for both the mother and the child [16]. Obesity and GDM 
are often coexisting conditions. In previous studies, it was 
demonstrated that pre-pregnancy weight gain increased 
the risk of GDM, and compared to women with a normal 
BMI, the risk of developing GDM was three times higher in 
obese women [25–28]. We indicated that the pre-pregnancy 
BMI was significantly higher in the GDM group compared 
to non-diabetic pregnant women. Moreover, we showed a 
positive correlation between endotrophin levels and pre-
pregnancy and current BMI in the GDM group. From this 
point of view, increased endotrophin levels secondary to the 
growing adipose tissue before and during pregnancy seem 
to contribute to the development of GDM.

In the current literature, despite numerous studies evaluat-
ing the role of adipokines in GDM [6, 29], the association 
between endotrophin, GDM, and BMI remains elusive. One 
of the additional contributions of the current study to the 
literature on GDM is that we demonstrated a statistically 
significant increase in endotrophin levels in parallel with 
the increased BMI values   found in pre-pregnancy and the 
24–28th weeks of the gestation. Given this argument, we 
can address two possibilities to explain this situation. The 
first is that high amounts of endotrophin are secreted from 
accreted adipose tissue in patients with a high BMI. This 
possibility becomes even more likely with the detection of 
increased endotrophin levels in the non-pregnant population 
with a high BMI [12]. On the other hand, this positive cor-
relation being significantly higher in the GDM group com-
pared to the non-diabetic pregnant group leads to a second 
hypothesis, which suggests that the significantly elevated 
endotrophin values    of the patients with GDM with increased 
BMI levels may have been due to not only the increase in 
adipose tissue but also impaired glucose metabolism and 
increased insulin resistance. The most important indicator of 

this situation is that increased endotrophin values showed a 
much higher positive correlation with fasting blood glucose 
and HOMA-IR in the GDM group compared to the control 
group. Considering that increased BMI, which is accepted 
as an indicator of increased adiposity, is an important and 
preventable risk factor for GDM development in pregnant 
women, understanding the role of adipose tissue in GDM 
can provide new information about its pathophysiology and 
may even offer a novel strategy for the treatment of impaired 
glucose metabolism and insulin resistance in obese GDM 
patients based on anti-endotrophin therapy in future.

Another important data obtained from the results of our 
study is that while the endotrophin values had a sensitiv-
ity of up to 88% in the differentiation between the healthy 
and GDM groups, the specificity values were lower. This 
shows that endotrophin is very effective in detecting GDM, 
but it may produce false-positive results in some healthy 
individuals. Therefore, considering the technical difficulties 
of OGTT that we have pointed before, the need for OGTT 
applied to all pregnant women at 24–28 weeks may be elimi-
nated for risk-free pregnant who are below the cut-off value 
we found for endotrophin.

Some limitations of our study that should be considered 
are the small sample size and assessment of maternal endo-
trophin levels only in the second trimester of pregnancy. 
Furthermore, another limitation of the current study is the 
lack of adequate scientific evidence on endotrophin in the 
literature to compare with our results.

In conclusion, the most significant contribution of this 
study to the literature is that it clearly demonstrated signifi-
cantly increased serum endotrophin levels are in pregnancies 
complicated with GDM and revealed the positive correlation 
of endotrophin with fasting blood glucose and HOMA-IR. 
Taking together the results of our study, it can be suggested 
that endotrophin may play a role in the GDM pathogen-
esis. In addition, although OGTT is still the gold standard 
in the diagnosis of GDM, considering the technical difficul-
ties and disadvantages of OGTT, endotrophin measurement 
at 24–28 weeks of pregnancy in healthy risk-free pregnant 
women seems to be an appropriate approach to limit the 
use of OGTT. Further studies in larger patient groups are 
required to improve our insights into the relationship of this 
mysterious adipokine with the pathophysiology of GDM and 
to increase our knowledge of its clinical use in patients with 
GDM.
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Abstract
Aim We aimed to compare the values of selected biomarkers of oxidative stress, 8-isoprostane (8IsoP), advanced oxidation
protein products (AOPP), and 8-hydroxy-2′-deoxyguanosine (8OHdG) and pro-apoptosis, cytokeratin 18 M30 (CK18 M30), in
women with normal glucose tolerance (NGT) and gestational diabetes mellitus (GDM).
Methods The study included the following: NGT group, including pregnant women who were healthy and did not have a
diabetic pregnancy (n=83) and GDM group, including pregnant women with GDM (n=69). The inclusion criteria were the
following: being between the ages of 18–42, gestational age being 24–41 weeks, and the absence of labor. We collected perinatal
clinical characteristics and measured serum 8IsoP, AOPP, 8-OHdG, and CK18 M30.
Results Prepregnancy body mass index and gestational weight gain and rate of cesarean delivery of the GDM group were
significantly higher compared to the NGT group (p<0.05). Compared to the NGT group, the median values of serum 8IsoP,
AOPP, 8OHdG, and CK18M30 in the GDM group were found as increased significantly [8IsoP: 194.5 (121.8–255.9) vs. (153.1
(123.7–178.5); (p=0.023)]; [AOPP: 3.7 (1.7–8.9) vs. (2.1 (0.8–6.4); (p=0.036)]; [8OHdG: 11.8 (6.9–31.3) vs. (6.8 (1–28.2);
(p=0.042)]; and [CK18 M30: 2.4 (1.4–5.4) vs. (1.8 (1.13.6); (p=0.044)].
Conclusions Women with GDM have increased oxidative stress presented by serum oxidized protein, lipid, and DNA biomark-
ers and pro-apoptosis demonstrated by CK18M30. This supports the role of oxidized biomolecules in the pathogenesis of GDM.
With piling data related to biomarkers changed into women with GDM, it will be possible to clarify the pathophysiology of GDM
and its comorbidities.

Keywords Gestationaldiabetesmellitus .Oxidative stress .Pro-apoptosis . 8-Isoprostane .Advancedoxidationproteinproducts .

8-Hydroxy-2′-deoxyguanosine . Cytokeratin 18M30

Introduction

Diabetes is the most common medical complication of preg-
nancy that causes significant maternal and fetal morbidity [1].
There are several types of diabetes mellitus (DM) grouped on
the basis of pathogenic process, including type 1 diabetes
mellitus (T1DM), characterized with insulin requirement, type
2 DM (T2DM), characterized with insulin resistance; these are
known as pregestational diabetes in perinatological perspec-
tive, and additionally, gestational diabetes mellitus (GDM),
encountered during second half of pregnancy. It is predicted
by the International Diabetes Federation that 2.2% of all
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peptide in addition to formation of modified, denaturated, and
non-functioning proteins revealed by intensified proteolysis
reactions, leading to increased levels of advanced oxidation
protein products (AOPP). Also, hyperglycemia in pregnant
women can cause the development of oxidative DNA modi-
fication, which may be observed as an elevated level of 8-
hydroxy-2′-deoxyguanosine (8-OhdG) [14].

Studies support that cytokeratin 18 (CK18) is an important
protein involved in the cell death pathway. Types of cell
death, apoptosis, and autophagy, are important physiological
and pathophysiological processes used in the cell in response
to abnormal cellular events such as endoplasmic reticulum
(ER) stress and oxidative stress [15]. During cell death, the
release of CK18 into the extracellular compartment takes
place where they can be measured in body fluids. Both the
whole CK18 protein (CK18 M65) and the caspase 3-cleaved
fragment (CK18 M30) can be detected by biochemical
methods. With CK18 M65, total cell death can be assessed,
while with CK18 M30, specific caspase-3 dependent
(apoptotic) cell death may also be determined. There is a po-
tential of CK 18M30 being a biomarker of disease states [16].

To achieve a better understanding of the clinical presenta-
tion and pathogenesis of diabetic states in pregnancy, it is
necessary to select high-risk pregnant women with a potential
for the development of severe DM-related morbidities and
mortality, and examine the correlation among the concentra-
tions of 8IsoP, AOPP, 8-OHdG, and CK18 M30 and the re-
lationship of these biomarkers with clinical characteristics of
women with GDM. The aim of this study was to compare the
values of selected biomarkers of oxidative stress, 8IsoP,
AOPP, and 8-OhdG and pro-apoptosis, CK18M30, in women
with or without GDM.We chose to assess a broader spectrum
of oxidative stress biomarkers to cover different types of cel-
lular damage under the influence of DM.

Material and methods

Study groups

The study groups were the following: normal glucose tolerance
(NGT) group, including pregnantwomenwhowere healthy and
did not have a diabetic pregnancy (n=83) and GDM group, in-
cluding pregnant women with GDM (n=69). The inclusion
criteria were the following: being between the ages of 18–42,
gestational age being 24–41 weeks, and absence of labor. The
exclusion criteria are multiple pregnancy, pregestational diabe-
tes, preeclampsia, congenital fetal infections, fetal congenital
malformations, pregnancy without an interval of 1-year, those
with severe systemic disease and chronic drug use, and those
having findings of infection and inflammation.

The diagnosis of GDM was made when any of the follow-
ing at least one of the three criteria of 75g, 2-h oral glucose
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pregnancies may be due to pregestational diabetes mellitus
(PGDM) [2]. The most common complications in women
with PGDM are macrosomia, cesarean delivery, preeclamp-
sia, congenital anomaly, and stillbirth [3]. Gestational diabetes
mellitus is a glucose intolerance condition that appears for the
first-time during pregnancy and improves with delivery. The
prevalence of GDM is increasing all over the world due to
maternal obesity and advanced maternal age. The worldwide
prevalence of GDM is estimated to be 9.3% and 25.5% [4].

Diabetic problems developing during pregnancy result in
significant morbidity and mortality, leading to significant
healthcare delivery costs concerning maternal and infant
health. Although there are few studies to elucidate the molec-
ular mechanisms underlying the development of diabetes
complications, the exact pathophysiology of the events in
pregnancies with DM has not been elucidated. In this context,
one of the main mechanisms is the pathophysiological chang-
es associated with oxidative stress. Oxidative stress develops
when the rate of free radical formation exceeds the strength of
antioxidant defense systems that combat the toxic effects of
free radicals. Free radical species are physiological compo-
nents that also have important beneficial effects on biological
homeostasis, but when their production is excessive and in-
creases beyond the body’s antioxidant capacity, they evolve
into a harmful state in the form of oxidative stress [5–8].
Oxidative stress causes an important upstream for the devel-
opment of insulin resistance as well as diabetes complications
and induces pathophysiological molecular mechanisms, lead-
ing to the operation of a number of deleterious pathways that
lead to insulin resistance and aggravation of DM [9].

Various studies have shown that a diabetic state causes the
development of a wide variety of oxidative stress–related pro-
cesses [6–8] and proapoptotic changes [10, 11] in the human
body. Studies have shown that women with DM have more
oxidative stress products and less antioxidant products than
normal pregnant women. In women with DM, excess glucose
is auto-oxidized, which is involved in the generation of free
radicals [12].

Understanding the pathophysiology of DM-related events
during pregnancy, research activities depending on several
biomarkers continue to increase for the development of more
successful predictive, diagnostic, and prognostic biomarkers.

Massive cellular damage caused by excessive oxidative
stress can be presented by the assessment of damaged pro-
teins, lipids, and DNA. Lipid peroxidation leads to the pro-
duction of the end products, including 8-isoprostane (8IsoP),
which is derived from free radical-catalyzed, nonenzymatic
oxidation of arachidonic acid and is considered to be an accu-
rate, stable, and sensitive biomarker of endogenous lipid per-
oxidation [13].

Besides lipid peroxidation, protein oxidation is also pre-
sented under diabetic conditions. Oxidative stress can increase
the development of protein cross-linking, fragmentation of the



tolerance test (OGTT) thresholds were met or exceeded:
fasting 92 mg/dL, 1-h 180 mg/dL, or 2-h 153 mg/dL at 24–
28 weeks of gestation [17].

Study population characteristics recorded included mater-
nal age, gravidity, parity, ethnicity (native, emigrant), educa-
tion levels (literate, primary school, secondary school, high
school, higher education), family history of DM (yes or no),
smoking status (yes or no), requiring assisted reproductive
technology for conception (yes or no), pre-pregnancy body
mass index, weight gain during pregnancy, single deepest
pocket amniotic fluid, requirement of pharmacological treat-
ment in GDMwomen (diet or insulin), mode of delivery (vag-
inal or cesarean), gestational age at delivery (week), the ratio
of fetal gender (female or male ), newborns birthweight,
Apgar scores at 1 and 5 min, cord blood pH, and the ratio of
NICU admission (yes or no).

Blood collection and analysis

From each study participant, fasting blood samples were collect-
ed when they attended for their second and third trimester ante-
natal visits. Maternal hematological and biochemical tests were
performed. SerumAOPP, 8-OhdG, CK18M30, and 8IsoPwere
determined using commercial enzyme-linked immunosorbent
assay (ELISA) kits (BT LAB, China) according to the manufac-
turer’s protocol. Serum samples were not diluted with those kits,
and the standards were serially diluted from starting concentra-
tions of 48 ng/mL down to 1.5 ng/mL for AOPP, from 1280 ng/
L d to 40 ng/L for 8IsoP, from 128 to 4 ng/L for 8-OhdG, from
16 to 1ng/mL for CK18 M30, in the sample diluent supplied
with the kit. The intra- and inter-assay coefficient of variation for
the assays ranged between 8 and 10%.

Statistical analysis

Analysis of data was conducted with the IBM SPSS v23
(IBM, USA). Graphical presentations were prepared by using
the GraphPad Prism v9 (GraphPad, San Diego, CA, USA).
Descriptive analyses of numerical data as mean, standard de-
viation, median and interquartile range, and percentage were
presented. After the normality test was done with
Kolmogorov-Smirnov test, comparisons of parametric data
with t-test and comparison of non-parametric data with
Mann–Whitney U test were done. If the p value was below
0.05 after the analysis of the data, it was considered that there
was a significant difference as a result of the comparison.

Results

The demographic and baseline clinical characteristics of the
GDM and NGT groups are presented in the Table 1. The
median ages of GDM group were significantly higher than

that of the NGT group (31 (19–42) vs. 27 (18–42), respective-
ly; p<0.05). There were no significant differences with regard
to the gravidity, parity, the ratios of being literate and having
secondary education, and the ratio of smoking between the
study groups (p>0.05). The ratios of family history of DM,
being native citizen, and the having natural pregnancies were
significantly higher in the GDM group than that of the NGT
group (p<0.05). We found significantly higher values in the
preconception BMI, gestational weight gain, and single
deepest pocket of amniotic fluid in the GDM group compared
to the NGT group (p<0.05). In the GDM group, the ratio of
insulin treatment was 46%. The ratio of cesarean delivery was
higher in the GDM group than that of the NGT group
(p<0.05). There were no significant differences between the
study groups regarding the gestational age at delivery, the
ratio of female newborns, Apgar scores at 1 and 5 min, cord
blood pH, and the ratio of NICU admission (p>0.05). The
mean birth weight in the GDM group was significantly higher
than that of the NGT control (3549.1±591.0 vs. 3130.7
±434.1, respectively; p<0.05).

Table 2 shows the maternal hematological and biochemical
finding of the GDM and NGT groups. The mean white blood
cell count value and the median neutrophil to lymphocyte
ratio, aspartate aminotransferase, and lactate dehydrogenase
values in the GDM group were significantly lower than that
of the NGT group (p<0.05). The median values of fasting
plasma glucose, HbA1c, and triglyceride were significantly
higher than that of the NGT group (p<0.05). There were no
significant differences between the study groups regarding the
mean values of hemoglobin, hematocrit, platelet, high-density
lipoprotein cholesterol, and low-density lipoprotein cholester-
ol (p>0.05). The median values of platelets to lymphocyte
ratio, creatinine, and alanine aminotransferase were found as
similar in the study groups (p>0.05).

Figures 1, 2, 3, 4 present the median values of serum 8IsoP,
AOPP, 8OhdG, and CK18 M30 in the NGT and GDM groups.
The median value of serum 8IsoP in the GDM group was sig-
nificantly higher compared to the NGT group [194.5 (121.8–
255.9) vs. (153.1 (123.7–178.5); (p=0.023)]. We found that the
median value of serum AOPP in the GDM group was signifi-
cantly higher than that of the NGT group [3.7 (1.7–8.9) vs. (2.1
(0.8–6.4); (p=0.036)]. The median value of serum 8OHdG in the
women in GDM group was significantly higher compared to the
NGT group [11.8 (6.9–31.3) vs. (6.8 (1–28.2); (p=0.042)]. We
found that the median value of serum CK18 M30 in the GDM
group was significantly higher than that of the NGT group [2.4
(1.4–5.4) vs. (1.8 (1.13.6); (p=0.044)].

Discussion

Women in the GDM group were older and they had more
family history of DM in our study. Also, they had higher
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values of pre-pregnancy BMI, higher values of fasting plasma
glucose, HbA1c, and triglyceride. The women in the GDM
group had a higher gestational weight gain than that of the

NGT group. We found significantly higher median values of
serum 8IsoP, AOPP, 8OhdG, and CK18 M30 in the GDM
group compared to the NGT group.

Table 1 Maternal baseline
clinical characteristics of the
GDM and NGT groups

NGT (n=83) GDM (n=69) P value

Maternal age (years) 27 (18–42) 31 (19–42) 0.001

Gravidity 3 (1–7) 3 (1–8) 0.751

Parity 2 (0–5) 2 (0–5) 0.880

Ethnicity, n (%) 0.001

Native 56 (67.5%) 64 (92.8%)

Emigrant 27 (32.5%) 5 (7.2%)

Education, n (%) 0.009

Literate 25 (30.1%) 7 (10.1%)

Primary school 33 (39.8%) 29 (42%)

Secondary school 14 (16.9%) 25 (36.2%)

High school 10 (12%) 6 (8.7%)

Higher education 1 (1.2%) 2 (2.9%)

History of DM in family, n (%) 0.001

Yes 13 (15.7%) 34 (49.3%)

No 70 (84.3%) 35 (50.7%)

Smoking, n (%) 0.762

Yes 5 (6%) 5 (7.2%)

No 78 (94%) 64 (92.8%)

ART pregnancy, n (%) 0.026

Yes 0 (0%) 4 (5.8%)

No 83 (100%) 65 (94.2%)

Pre-pregnancy BMI (Kg/m2) 26.6 (19–45.5) 34.4 (22.2–53.4) 0.001

Gestational weight gain (kg) 10 (2–25) 10 (0–29) 0.031

SDP amniotic fluid (mm) 30 (0–90) 46.5 (0–180) 0.001

Pharmacological treatment, n (%)

Diet 39 (54%)

Insulin 30 (46 %)

Mode of delivery, n (%) 0.038

Vaginal 35 (42.2%) 18 (26%)

Cesarean 48 (57.8%) 51 (74%)

Gestational age at delivery (week) 39 (28–41) 38 (25–41) 0.847

Fetal gender, n (%) 0.704

Female 48 (57.8) 42.(60%)

Male 35 (42.2%) 27 (40%)

Birth weight (g) 3130.7±434.1 3549.1±591.0 0.001

Apgar score

At 1 min 9 (5–9) 9 (2–9) 0.817

At 5 min 10 (6–10) 10 (6–10) 0.707

Cord blood pH 7.34 (6.96–7.49) 7.34 (7.2–7.5) 0.77

NICU admission, n (%) 0.69

Yes 10 (12%) 16 (23%)

No 73 (88%) 53 (77%)

Data were presented as mean with standard deviation, median with range, or number (%) as appropriate. NGT,
normal glucose tolerance; DM, diabetes mellitus; ART, assisted reproductive technology; BMI, body mass index;
SDP, single deepest pocket; NICU, neonatal intensive care unit
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In parallel with the increasing obesity rates worldwide, the
frequency of all diabetes types in pregnancy continues to in-
crease. While the gestational form of diabetes is more com-
mon during pregnancy, the T2DM form of the pregestational
form has become more common than T1DM [18]. DM in-
creases the perinatal risks faced by the mother and infant in
general, proportionally to the degree of hyperglycemia, but
also associated with the chronic complications and

comorbidities of diabetes. In general, the specific risks of di-
abetes in pregnancy include a variety of serious events such as
spontaneous abortion, fetal anomalies, preeclampsia, fetal
death, macrosomia, birth injuries, increased cesarean delivery
rates, neonatal hypoglycemia, hyperbilirubinemia, and neona-
tal respiratory distress syndrome, among others. In addition,

Table 2 Maternal hematological
and biochemical finding of the
GDM and NGT groups

NGT (n=83) GDM (n=69) P value

WBC (103 uL) 12.7±4.3 10.9±3.1 0.006

Hb (g/dL) 11.1±1.4 11.4±1.3 0.202

Hct (%) 33.6±3.9 33.3±6.5 0.715

PLT (103 uL) 219±63.7 223±70 0.750

PLR 130 (1.2–322.5) 116 (0-260) 0.117

NLR 5.8 (0–35.3) 3.9 (0-18.6) 0.022

Fasting plasma glucose (mg/dL) 82 (60–126) 95 (70-225) 0.001

HbA1c (%) 5.2 (4.3–6.1) 5.8 (4.3-9.7) 0.001

Creatinine (mg/dL) 0.48 (0.3–0.72) 0.45 (0.3-0.8) 0.589

AST (IU/L) 17 (9–45) 16 (5-37) 0.013

ALT (IU/L) 10 (7–40) 11 (7-40) 0.914

LDH (IU/L) 253 (159–445) 187 (133-449) 0.001

Triglyceride (mg/dL) 198 (106–597) 239 (79-435) 0.002

HDL-C (mg/dL) 59.3±15.4 59.4±17.2 0.985

LDL-C (mg/dL) 114.7±37.1 105±46.8 0.215

Data were presented as mean with standard deviation or median with range as appropriate. NGT, normal glucose
tolerance; DM, diabetes mellitus;WBC, white blood cell count; Hb, hemoglobin; Hct, hematocrit; PLT, platelet;
PLR, platelets to lymphocyte ratio;NLR, neutrophil to lymphocyte ratio;HbA1c, hemoglobin A1C; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; IU, international unit; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol

Fig. 1 Median values of serum 8IsoP in the NGT and GDM groups. Data
are expressed as median with interquartile range (25–75%). *Mann–
Whitney test revealed significantly higher median serum 8IsoP in the
GDM group compared to NGT group (p=0.023)

Fig. 2 Median values of serum AOPP in the NGT and GDM groups.
Data are expressed as median with interquartile range (25–75%). *Mann–
Whitney test revealed significantly higher median serum AOPP in the
GDM group compared to NGT group (p=0.036)
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when there is DM during pregnancy, obesity, hypertension,
and T2DM can be seen more in babies later in life. Compared
to PGDM, when good glucose control can be achieved with
diet (and insulin if necessary), it is possible to reduce maternal
and fetal risks to acceptable levels in GDM cases [18].

Hyperglycemia due to abnormal glucose metabolism plays
a key role in the development of GDM and T2DM. Chronic
persistent hyperglycemia is known to play a role in the

development of micro- and macro-vascular complications,
which are known to occur through a number of mechanisms
including oxidative stress and inflammation. As a result of the
oxidative stress caused by hyperglycemia, ROS are known to
damage DNA, lipids and proteins, and the degree of damage
or injury is related to the duration and severity of the hyper-
glycemia [7]. It is thought that oxidative stress, inflammation,
and insulin resistance, which interact in the pathophysiology
of T2DM, determine the clinical picture of the disease with the
help of disorders in insulin secretion, glucose utilization, and
hepatic glucose metabolism and increased pro-inflammatory
cytokines [7].

Recently, the role of oxidative stress in diabetic pregnan-
cies has attracted the attention of investigators [12], although
their value for the prediction and diagnosis of diabetic preg-
nancies has not been systematically characterized. Various
studies have supported that oxidative stress changes in parallel
with insulin resistance and plays a central role in the short- and
long-term effects of DM, with research results showing that
biomarkers, including protein, lipid, and DNA damage prod-
ucts are high in body fluids taken from diabetic individuals
[19].

8IsoP, a family of compounds produced from arachidonic
acid in membrane phospholipids via a free radical–catalyzed
mechanism, have been used as the most reliable markers of
in vivo lipid peroxidation resulting from oxidative stress [20].
Kapustin et al. determined the serum levels of 8IsoP,
nitrotyrosine, and total antioxidant capacity in pregnant wom-
en with different types of DM. They found that elevated 8-
isoprostane levels were observed in all patients with DM, but
this biomarker’s maximum value had been seen in T1DM and
T2DM on insulin groups. They concluded that DM activated
oxidative stress might lead to the development of adverse
perinatal outcomes [21]. In a prospective study conducted to
compare the levels of oxidative stress biomarkers between
pregnancies with GDM and pregnancies, they examined the
maternal blood that was collected at gestational age 24–28
weeks and at early labor and they also collected fetal cord
blood to analyze the levels of 8IsoP, TNF-α, and IL-10.
They reported that maternal serum 8Isop and TNF-α levels
were significantly higher in the GDM group at 24–28 weeks
and at early labor. They suggested that GDMwas significantly
associated with inflammatory process when compared to nor-
mal pregnancies, but the biomarkers in the cord blood as well
as maternal and neonatal outcomes in GDM were not signif-
icantly different [22].

AOPP is a group of oxidized proteins that occurs when
oxidation overload is encountered and can be used as a bio-
marker of both oxidative stress and inflammation because
proteins, being present and abundant in cells, plasma, and
most tissues, are the major targets of oxidants. It is also more
stable than biomarkers that measure lipid oxidation products
[23]. In a study evaluating maternal circulating levels of

Fig. 3 Median values of serum 8OHdG in the NGT and GDM groups.
Data are expressed as median with interquartile range (25–75%). *Mann–
Whitney test revealed significantly higher median serum 8OHdG in the
GDM group compared to NGT group (p=0.042)

Fig. 4 Median values of serumCK18M30 in the NGT andGDMgroups.
Data are expressed as median with interquartile range (25–75%). *Mann–
Whitney test revealed significantly higher median serum CK18 M30 in
the GDM group compared to NGT group (p=0.044)
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oxidant/antioxidant biomarkers in women with GDM and pre-
eclampsia and with uncomplicated pregnancies between at
gestational weeks of 24 and 36, the authors found that antiox-
idant defense biomarkers were decreased in women with
GDM and preeclampsia that the levels of AOPP were in-
creased in women with GDM, but not with preeclampsia
[24]. Li et al. examined plasma markers of oxidative stress
during the second and third trimester of pregnancy in patients
with GDM with 8-iso-prostaglandin F2α, AOPP, protein car-
bonyl, glutathione peroxidase-3, and paraoxonase-1 at 16–20
weeks, 24–28 weeks, and 32–36 weeks of gestation [25].
Numerous studies indicate that AOPP are significantly in-
creased in patients with DM with or without complications
[24–27].

8-OHdG is frequently used in oxidative stress studies as it
is a valuable biomarker for evaluating DNA oxidation [23].
Many studies have found a link between diabetes and oxida-
tive stress by measuring various biomarkers including DNA
damage and lipid peroxidation products. Free radicals are
thought to play a key role in the initiation and progression of
diabetes complications, as they damage lipids, proteins, and
DNA. Qiu et al. conducted a study examining the predictive
value of maternal urinary 8-OHdG in pregnant women with a
gestational age of less than 20 weeks to determine the devel-
opment of GDM. According to their findings, high levels of
urine 8-OHdG in early pregnancy might be associated with
increased GDM risk [28].

During cell death both in vitro and in vivo, the soluble
fraction of CK18 can be released extracellularly [15]. A recent
study has shown that CK18 is involved in the regulation of
transcription of a number of genes in the NF-κB pathway and
certain apoptosis pathways [29]. Besides caspase-induced ap-
optosis, CK18 can also be released in other types of cell death.
For example, CK18 is known to increase during pyroptosis,
non-lethal apoptosis processes independent of caspase activa-
tion, or secondary lysis following programmed cell death [30].
Karakus et al. investigated the serum levels of endothelin-1
(ET-1), CK 18 M30, and angiopoietins (Ang) 1-2 in patients
with preeclampsia or HELLP syndrome, and normal controls
in a cross-sectional study. They found that in HELLP syn-
drome, ET-1, CK 18 M30, and Ang-2 were higher compared
to healthy or preeclamptic pregnancies, and they suggested
that serum CK 18 M30 levels were being a promising test
for the prediction or differential diagnosis of HELLP syn-
drome in PE patients [31].

There are limitations of this study. Firstly, it was a cross-
sectional study with biomarkers measured only at one time
point in second half of pregnancy, which could not unveil
their altered levels throughout the pregnancy. Secondly, the
sample size was relatively small. Well-designed prospective
studies with larger sample size are needed in our future work.
Other limitation that needs to be mentioned is fact that all the
data were collected from a single center. However, it is novel

in being the first study that investigates biomarkers of oxida-
tive stress and pro-apoptosis in the same clinical settings in
women with GDM. However, these shortcomings do not
change the fact that the measured biomarkers are worthy
of attention in GDM diagnosis. As summarized in a new
review examining the diagnostic value of biomarkers mea-
sured from the second trimester to delivery in women with
gestational diabetes, few of the more than 100 studies,
most of which measure biomarkers with maternal blood
analysis, biomarkers such as leptin, ficolin3/adiponectin
ratio, or chemerin/fatty acid binding protein ratio, could
diagnose GDM with a sensitivity and specificity of over
80%. The heterogeneity of methods used in the included
articles to diagnose GDM and to assess the biomarkers is a
limitation that precluded meta-analysis and allowed only
narrative synthesis [32, 33].

In conclusion, women with GDM have increased levels of
biomarkers of oxidized protein, lipid, and DNA and pro-
apoptosis in maternal blood, and they develop abnormal oxi-
dative stress- and pro-apoptosis-related changes that can re-
duce their ability to compensate for cellular stresses. This
supports the role of oxidized biomolecules in the pathogenesis
of GDM. With piling data related to biomarkers that changed
in women with GDM, it will be possible to clarify the patho-
physiology of GDM and its comorbidities. Ongoing future
studies need to focus on whether it is possible to make more
successful early GDM screening and diagnosis with the search
of new biomarkers involved in the pathophysiology of GDM,
with a promising efficacy to replace the OGTT used in current
GDM screening.
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Abstract
Background/objective Early detection and prompt treatment of GDMwill go a long way in reducing the burden of T2DM. This
study was undertaken to evaluate whether abnormal lipid profile including fasting as well as postprandial triglycerides, fasting
total cholesterol, LDL cholesterol, and HDL cholesterol at 12 weeks of gestation (first trimester) may be used as simple predictive
risk markers for developing GDM at a later stage.
Methods It was a prospective case-control study carried out in 45 subjects with GDM and selected equal number of age and BMI
matched non-GDM subjects. A mixed meal consisting of two plain parathas and 20-g butter was given to all the subjects to
evaluate 4-h triglyceride levels. Lipid levels were measured in all subjects at 11–13 weeks of gestation. At 24–28 weeks, all
subjects were screened for GDM using a standardized oral glucose tolerance test.
Results The study found significantly higher levels of fasting cholesterol, LDLc, and PPTg levels in subjects in their first
trimester in those with GDM compared to those without GDM. Logistic regression analysis revealed higher odds of GDM with
increasing 4-h PPTg levels {OR=1.01(1.001-1.02), p=0.02} and fasting cholesterol [OR=1.02 (1.001-1.03), p=0.001]. The ROC
curve generated for the combined model of total cholesterol and PPTg has a higher area under the curve as compared to other
parameters.
Conclusion A combination of elevated fasting cholesterol and PPTg levels at an early stage of gestation can significantly predict
future GDM.

Keywords Gestational diabetesmellitus . Total cholesterol . Postprandial triglycerides . HDL cholesterol . Biomarker

Introduction

Gestational diabetes mellitus (GDM) is growing as a major
public health issue as its prevalence varies from 3.8 to 21% in
different parts of the world including India [1–4]. GDM

imposes adverse effects on both maternal and fetal health
[5]. Subjects with GDM remain susceptible to progress to type
2 diabetes mellitus (T2DM) and hence are major contributors
in the escalation of the prevalence of T2DM [3]. Early detec-
tion and prompt treatment of GDM will go a long way in
reducing this burden, and hence early screening with appro-
priate biomarkers has been the subject of intense research.
Risk factors, such as higher age [6], obesity [7], family history
[8], fasting insulin [9], HOMA-IR [9], serum adiponectin [10],
leptin [11], SHBG [12], and lipid levels [13] which are also
established risk factors for T2DM, have been found to be
associated with increased risk of GDM. Increased insulin re-
sistance, decreased insulin secretion, and altered insulin sig-
naling have been reported as hallmarks of pregnancy owing to
the underlying altered hormonal milieu [12]. However, the
exact phenomenon underlying the onset of GDM is not fully
understood. Recently, few studies have shown higher lipid
levels, more specifically postprandial triglycerides (PPTg) as
an early phenomenon associated with the onset of insulin
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resistance and with an increased risk of T2DM [14]. PPTg
may also be associated with the risk of GDM as its pathogen-
esis is believed to be similar to T2DM. Althoughmany studies
have evaluated fasting lipid profile (total cholesterol, triglyc-
eride, HDLc, LDLc, and Tg/HDLc) as an early marker for
GDM, the results failed to show consistency [13, 15–21].
There are no studies, to the best of our knowledge, evaluating
the role of PPTg levels as a predictor of GDM. Intolerance to
the standardized high fat load in GDM subjects which some-
times stimulates nausea and vomiting could be a major limi-
tation in using fat challenge to study postprandial lipids. This
study was undertaken to evaluate whether abnormal lipid pro-
files including fasting as well as postprandial triglycerides,
fasting total cholesterol, LDLc, and HDLc at 12 weeks of
gestation (first trimester) may be used as simple predictive
risk markers for developing GDM at a later stage.

Materials and methods

It was a prospective case-control study carried out in the
Department of Endocrinology and Department of Obstetrics
& Gynaecology at University College of Medical Sciences &
GTB Hospital. Ethical clearance was obtained from postgrad-
uate review committee of University college of Medical
Sciences and written consent was obtained from all the study
participants. A total of 450 antenatal females with a singleton
pregnancy with 11–13 weeks of gestation were recruited in
the study. Written informed consent was obtained from all the
participants. Women with overt diabetes mellitus were ex-
cluded from the study. Subjects were called in the morning
for a fat challenge test following the overnight fasting of 10–
12 hours. All the women who underwent the fat challenge test
were asked to come at 24–28 weeks of gestation for an OGTT
to diagnose GDM. After OGTT, we identified 45 subjects
with GDM and selected an equal number of age and BMI-
matched subjects in the control group (non-GDM subjects).
These groups were formed from the 450 subjects who were
recruited in the study 11–13 weeks ago. In fat challenge test, a
mixed meal consisting of two plain parathas and 20-g butter
(Amul) was given to all the subjects. This contained a total of
396 kcal which came mainly from 22.8-g fat, 31.4-g carbohy-
drate, and 5.3-g protein. 2-ml blood samples were collected in
the fasting state just before the meal, i.e., at 0 h, for fasting
lipids including TGs and 1 ml again after 4 h of fat challenge
to assess postprandial TGs response. GDM was characterized
on the basis of International Association of Diabetes and
Pregnancy Study Group (IADPSG) criteria [1].

Biochemical estimation

Plasma glucose was estimated using glucose oxidase/
peroxidase method using Randox kit (catalogue number

GL2614), serum triglyceride by the method of Werener and
Gabriesulsen using Randox Kit(catalog number TR3823), to-
tal cholesterol by Allen et al. method (catalogue number
CH8019), and HDL-cholesterol by third generation direct
homogeneous assay (catalogue number CH 3811). All the
samples were evaluated in duplicate as per standard labora-
tory practices. LDL-cholesterol and VLDL-cholesterol were
calculated by Friedewald’s equation.

Statistical analysis

All the data were represented as mean ± SD. p value ≤0.05
was considered statistically significant. Study parameters
were compared using an independent t test. Logistic regres-
sion analysis was applied for lipid levels in the first trimester
to predict the risk of GDM. ROC curves were generated for
lipid parameters. The statistical analysis was performed using
SPSS 20.0.

Results

The study included 45 subjects with GDM and equal number
of age and BMImatched non-GDM subjects. The mean age of
subjects in the GDMgroup was 25.31 ± 3.12 years and in non-
GDM group was 24.16 ± 3.0 years. The mean BMI of the
study subjects was 24.75±2.76 kg/m2. Different lipid param-
eters were analyzed concerning the risk of GDM.

The study found significantly higher levels of fasting cho-
lesterol, LDLc, and PPTg levels in subjects in their first tri-
mester in those with GDM compared to those without GDM.
However, there was no significant difference in any other lipid
parameter between the groups (Table 1). Serum insulin was
higher in the GDM group but was not significantly different as
compared to the non-GDM group.

The relative risk calculation on 75th percentile value of
different lipid parameters at 95% confidence intervals is given
in Table 2.

Logistic regression analysis revealed higher odds of GDM
with increasing 4-h PPTg levels [OR=1.01(1.001–1.02),
p=0.02] and fasting cholesterol [OR=1.02(1.001–1.03), p=0.001].

Based on the ROC curve, we found that a cut-off value of
157mg/dl of fasting cholesterol at an early stage of pregnancy
can predict the risk of GDM with 76% sensitivity and speci-
ficity. Similarly, a cut-off value of 107 mg/dl for LDL and
143mg/dl for PPTg can be used as early predictors for GDM
as shown in Table 3 and Figure 1. The ROC curve generated
for the combined model of total cholesterol and PPTg has a
higher area under curve as compared to that of both the pa-
rameters independently. Also, at a 20% false positivity rate,
the detection rate of total cholesterol and combined model of
total cholesterol and PPTg were more than 70%. Further ROC
generated for all the quartiles of the data set for cholesterol
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revealed that the third quartile ROC has 0.86 AUC and a cut-
off value of 173 mg/dl of cholesterol has predicted GDMwith
81% sensitivity and 100% specificity (Figure 2).

Discussion

The present study found significantly higher levels of total
cholesterol, LDL cholesterol, and postprandial triglyceride
levels at 11–13 weeks of gestation in those who were later
diagnosed with GDM at 25–28 weeks of gestation as com-
pared to that of those who remained normal glucose tolerant.
PPTg levels were significantly higher despite the observation
that fasting Tg levels were similar in both groups. Fasting total
cholesterol and LDL cholesterol levels were strong predictors
of GDM followed by PPTg. ROC curve analysis showed
fasting total cholesterol as a highly sensitive and specific test
at an early stage of pregnancy to predict the risk of GDM. The
results were enhanced further when we used the combined
model consisting of total cholesterol, LDL cholesterol, and
postprandial triglyceride as a predictor.

This is the first prospective cohort study, to the best of our
knowledge, which has evaluated PPTg as a biomarker to pre-
dict GDM risk alone and in combination with other 1st-
trimester lipid parameters. However, the strength of this pre-
diction was next only to fasting total and LDL cholesterol
which emerged as stronger predictors of GDM. The relatively
modest effects of PPTg in predicting the risk of GDM despite
several studies suggesting that they are strong predictors for
T2DM [22–24] may be due to several factors. Firstly, the

amount of fat used in this study was much lower, i.e., 22.8
gm as compared to 62.5 g used in standard fat tolerance tests
performed in previous studies in T2DM subjects [23].
Secondly, the mixed meal consisting of Parathas and butter
instead of the whipped cream used earlier could also have
affected postprandial Tg responses. These changes were nec-
essary as the pregnant patients could not tolerate the usual fat
meal. It is also possible that lipid responses in pregnancy may
be different than in the nonpregnant state. Despite these lim-
itations, postprandial Tg levels when combinedwith total cho-
lesterol and LDL cholesterol levels significantly increased the
area under the curve in ROC prediction analysis for GDM.

We did not observe any significant difference in terms of
fasting triglycerides at 11–13 weeks of gestation. This indi-
cates that PPTg levels increase earlier than fasting triglycer-
ides levels and may be more useful as a biomarker to predict
GDM. Daniel et al. in 2004 found in their prospective study
that each 20mg/dl increase in triglyceride levels was associat-
ed with a 10% increase in GDM risk [25]. In another study by
Lai et al, it was demonstrated that the higher midtrimester TG
levels were accompanied by higher glucose in subjects with
GDM [26]. Only one study has elucidated the status of 5-h
postprandial triglyceride levels in GDM subjects; however,
they did not have any control group in their study to compare
the difference in PPTg levels [27]. The increase in PPTg at
11–13 weeks of gestation indicates that it has a role in the
development of GDM. Earlier it has been demonstrated that
higher PPTGs levels were associated with a higher risk of
diabetes both in human and animal models [14, 22, 28–30].
However, their role in the prediction of GDM has not been

Table 2 Risk of GDM on the
basis of 75th percentile value of
different 1st-trimester lipid
parameters

Lipid parameters Relative risk Confidence interval p value Estimated value on
75th percentile (mg/dl)

Fasting total cholesterol 3.51 1.41–8.79 <0.001 >216

Fasting LDLc 3.50 1.41–8.74 <0.001 >144

Fasting HDLc 1.2 0.71–2.01 0.31 <33

Fasting triglycerides 1.3 0.78–2.39 0.16 >131

Postprandial triglycerides (4 h) 1.58 0.87–2.89 0.07 >173

Table 1 Comparison of lipid
parameters in the first trimester
between the GDM and non-GDM
groups

Parameters GDM mean ± SD Non-GDM mean ±SD p value

Fasting total cholesterol (mg/dl) 227.20±115.42 146±45.21 <0.001

Fasting triglycerides (mg/dl) 124.69±60.99 106.07±35.24 0.082

Fasting LDLc (mg/dl) 161.89±113.32 85.23±45.52 <0.001

Fasting VLDLc (mg/dl) 24.94±12.60 21.12±7.04 0.08

Fasting HDLc (mg/dl) 40.53±8.55 38.95±8.67 0.387

Postprandial-TG’S (4 h) 176.42±73.41 137.88±43.90 0.008

FastingTg/HDLc 3.22±2.87 2.87±1.23 0.17

PPTg/HDLc 4.57±2.57 3.70±1.57 0.06
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evaluated before. A few earlier studies which correlated
fasting TGs and TAGs with GDM have found conflicting
results. Whereas few of them have reported elevated levels
of TAGs and TGs among GDM patients [31], others have
failed to demonstrate significant differences from non-GDM
pregnant women [32, 33]. Emet et al. did not observe positive
associations between GDM and fasting TGs [32]. Similarly,
Rizzo et al. did not find any differences in the concentration of
fasting TGs between GDM women and controls at 24–28
weeks of gestation [33] in a smaller sample size. However,
most of these studies used fasting TGs measured at 24–28
weeks and not in the 1st trimester which could have allowed
GDM prediction.

Our findings report a higher level of total cholesterol and
LDL cholesterol levels at an early stage of gestation that
might be associated with a higher risk of GDM. Similarly,
some studies have demonstrated that women who devel-
oped GDM had a higher concentration of fasting cholesterol
at an early stage of gestation [15, 16, 34]. However, other
studies with a design such as ours wherein early lipid
markers were evaluated to predict the risk of GDM were
unable to display any significant changes in terms of cho-
lesterol and LDL cholesterol [13, 17, 19]. The differences
may be attributed to the difference in ethnicity of the sub-
jects and different time point of sample collection while
some studies were cross-sectional. There are different

Table 3 ROC curve indices for lipid parameters

Test results variable Area under curve p value Value (mg/dl) Sensitivity
(%)

specificity
(%)

Detection rate
for false
positive
rate of
10% (95% CI)

Detection rate
for false positive
rate of
20% (95% CI)

Total Cholesterol 0.81 .001 157 76 76 71 (0.72–0.90) 73 (0.72–0.90)

LDL-c 0.80 .001 107 71 80 64 (0.70–0.89) 71 (0.70–0.89)

PPTG 0.64 .026 143 60 56 22 (0.52–0.75) 38 (0.52–0.75)

Combined (total cholesterol, PPTG) 0.844 .001 --- ---- ---- 69 (0.76–0.92) 78 (0.76–0.92)
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hypotheses provided in this context as to how elevated early
trimester lipids could be associated with a higher risk of
GDM. One proposed mechanism behind this may be that
cholesterol levels increase in pregnancy due to enhanced
synthesis of cholesterol-based hormones such as oestradiol,
prolactin, human somatomammotropin, cortisol, and pro-
gesterone all of which result in insulin resistance and are
diabetogenic [35]. Excessive synthesis of cholesterol-
based hormones might result in increased lipid synthesis
resulting in fat accumulation and lipotoxicity [35].
Excessive lipid accumulation may lead to elevated oxida-
tive stress, which further correlates with insulin resistance
[36]. Also, lipotoxicity may lead to the direct destruction of
the function of & e_x1D6FD; cells of the pancreas [37].
The reduction in lipoprotein lipase activity in pregnancy
also increases circulating triglycerides postprandially
which promotes ectopic lipid accumulation, lipotoxicity,
and insulin resistance [38]. Hence, measurements of lipid
levels could be an early marker of the diabetogenic potential
of these pregnancy-related hormones. The particularly im-
pressive performance of fasting 1st trimester total choles-
terol levels in our study which further enhance on combin-
ing with PPTg levels suggests that at least among Asian
Indians, this parameter may be a useful marker for predic-
tion of risk of GDM.

Total cholesterol can be measured with ease, and its assay
is substantially cost-effective; it can be considered as a reliable
early biomarker for predicting GDM later in pregnancy.
Combining total cholesterol, and PPTg level at 4 h after a
modest fat challenge can significantly enhance the predictive
efficacy of early trimester lipids for the prediction of GDM.

Conclusion

A combination of elevated fasting cholesterol and PPTg levels
at an early stage of gestation can significantly predict future
GDM.
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Abstract
Background Gestational diabetes mellitus (GDM) initiates when a woman’s pancreas could not act appropriately to bypass 
the diabetogenic condition during pregnancy. It is increasing across the world, including Bangladesh. Triglycerides (TG) 
and high-density lipoprotein-cholesterol (HDLC) are strongly connected with insulin resistance in pregnant women.
Objectives Observation of the role of lipid profiles and TG/HDL cholesterol ratio associated with fasting glucose in GDM 
subjects.
Methods In this experiment, a total of 232 individual subjects consisting of 132 GDM-positive and 100 GDM-negative 
pregnant women were examined and observed from 24 to 28 weeks of their pregnancy period. For this study, we had collected 
blood samples from selected women before and after breakfast and analyzed blood glucose level, triglyceride cholesterol 
level, HDL, low-density lipoprotein (LDL), and TG/HDL ratio.
Results TG and LDL-cholesterol were significantly higher (p<0.001) in GDM individuals (220.95±67.4 and 149.54±32.4, 
respectively) than those of the non-GDM (160.98±59.67 and 129.18±34.18, respectively). On the contrary, HDL-cholesterol 
level was comparatively lower in GDM-positive women than non-GDM subjects. In this case, the optimum cut-off point was 
3.8 for the TG/HDL-C ratio with 62% sensitivity and 78% specificity by oral glucose tolerance test (OGTT).
Conclusion Significantly (p < 0.001) higher TG/HDL ratio was found in GDM women compared with those in non‐GDM. 
TG/HDL ratios are independently associated with the risks of GDM, which might be a good marker in predicting GDM risk.

Keywords Triglycerides · High-density lipoprotein-cholesterol · Gestational diabetes mellitus · Pregnancy · Oral glucose 
tolerance test

Introduction

GDM is defined as the incidence of glucose intolerance dur-
ing pregnancy. This incidence has become a burning prob-
lem worldwide [1]. Type 2 diabetis and obesity have a strong 

correlation with GDM, and 5% of total pregnancies are 
related to GDM [2–4]. Women of the Indian subcontinent 
are more prone to GDM than white women of other coun-
tries [5]. The percentage of GDM in Bangladeshi women is 
around 15%, leading to type 2 diabetes in 10% of the identi-
fied cases within 10 years [6]. About 7% of total pregnancies 
become complicated due to GDM, leading to 200,000 plus 
cases annually in the USA [7]. A study on Asian women 
showed GDM incidence rate of 9.2% [8]. There are several 
reasons behind the development of GDM, among which the 
most prominent causes include polycystic ovary syndrome 
(PCOS), hypertension or pregnancy-related hypertension, 
strong family history of diabetes, obesity 25 + ages, persis-
tent glucosuria, and a GDM in a previous pregnancy [9]. 
Even many women are living with type 2 diabetes; how-
ever, a small group is also included in the rare type, i.e., 
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monogenetic and mitochondrial diabetes which was previ-
ously misclassified as type 1 or type 2 diabetes. GDM is usu-
ally predicted as a physiological state of insulin resistance, 
regulated by the high percentage of diabetogenic steroid hor-
mones. Their combined function decreases the sensitivity of 
insulin receptors within target tissues [10]. Various studies 
suggest that the patients having insulin resistance as well as 
type 2 diabetes have ectopic lipid and lipoprotein profile, 
such as lower high-density lipoproteins (HDLs), elevated 
triglycerides (TGs), and higher low-density lipoproteins 
(LDLs) [11]. In Bangladesh, a number of women do not 
show interest in testing lipid profile during pregnancy due 
to ignorance, and approximately more than 50% of pregnant 
women do not test their lipid profile in the first 3 months of 
pregnancy. However, predicting the incidence of GDM in 
later pregnancy is possible through the fasting glucose level 
test [12]. As there is a relationship between TG levels and 
glucose tolerance during early pregnancy [11, 13], the work 
designated to measure the triacylglycerol, LDLs, HDLs, 
and to evaluate the LDL-C/HDL-C, and TG/HDL-C ratio 
of GDM-positive pregnant women to correlate the incidence 
of higher triglyceride in GDM condition.

Methods

Study design and population

This cross-sectional research was driven in the Department 
of Obstetrics and Gynecology in collaboration with the Bio-
chemistry and Cell Biology Department of the Bangladesh 
University of Health Sciences (BUHS) hospital. The dura-
tion of the study was from April 2018 to April 2019. A 
total of 232 pregnant women were included in this study. 
All subjects were picked from the Department of Gyne-
cology and Obstetrics, BUHS hospital. The subjects were 
screened at 24–28 weeks of their pregnancy and maternal 
age of 20–50 years and followed for the next 4 weeks of 
pregnancy. Informed consent was taken from all of the inter-
ested participants who fulfilled the inclusion criteria of the 
study. The inclusion criteria of the study were screening of 
women with 24–28 weeks of pregnancy and maternal age 
of 20–50 years with no pre-existing diabetes mellitus. In 
contrast, exclusion criteria were pregnancy with known type 
1 and type 2 diabetes, and any other previously recorded 
medical disorders including hyperlipidemia, hypertension, 
cardiovascular diseases (CVD), liver cirrhosis, chronic renal 
failure as well as anemia, and endocrine disorders.

Sociodemographic features

Information regarding basic socioeconomic and demo-
graphic features (e.g., education, occupation, and monthly 

income) of the participants has been collected verbally. Fam-
ily income classification was made according to 2006 GNI 
per capita and was calculated using the WB Atlas method 
(The Daily Star, 2011).

Subject screening and sample collection

GDM was diagnosed following the procedure described in 
the latest revision of the American Diabetes Association’s 
guidelines [14]. Briefly, the plasma glucose of the partici-
pants was measured after taking 100 g of glucose orally. The 
participant was suspected of GDM if fasting plasma glucose 
was > 95 mg/dl, blood sugar > 180 mg/dl 1 h after glucose 
intake, and blood sugar > 155 mg/dl 2 h later.

Venous blood (~ 6 ml) was collected from the subjects in 
the early morning before breakfast (8.00–9.00 a.m.). They 
were then provided glucose (75 g in 300 ml of water) to 
drink and requested not to take any other meal, and the sec-
ond blood sample (~ 3.00 ml venous blood) was collected 
after 2 h of glucose intake in a plain tube and kept for 30 min 
to be clotted. Then centrifuged for 10 min at 3000 rpm, and 
upper transparent serum portion was separated by pipette. 
The samples were preserved at 40℃ and serum was frozen 
at − 30℃. Then blood glucose levels, triglyceride, choles-
terol, HDL cholesterol, and LDL cholesterol were measured 
following the standard procedure.

Analytical methods

The test analysis was done using a clinical chemistry ana-
lyzer (Dimension RxL siemens, USA). Serum glucose and 
TG were measured by Glucose oxidase (GOD/PAP)/GLUC 
Flex reagent cartridge (Cat No: DF 40, UK) and GPO-PAP/
TGL Flex reagent cartridge (Cat No: DF 69A), respectively. 
Serum cholesterol and HDL-C were measured by CHOD-
PAP/CHOL Flex reagent cartridge (Cat No: DF 27, UK) and 
AHDL Flex reagent cartridge (Cat No: DF 488, UK). On 
the other hand, serum insulin was determined by an ELISA 
method (Cat No: EIA-2935, DRG-International, Germany). 
The homeostasis model assessment of the insulin resistance 
(HOMA-IR) method was applied to calculate insulin resist-
ance index.

Statistical analysis

SPSS version 16.0 was used for statistical analysis. Data 
were expressed as mean ± SD, median (range), and/or num-
ber where appropriate. Student’s unpaired t test was used 
to compare two groups. Correlation analysis between nor-
mally distributed variables was examined by the Pearson’s 
correlation test. Sensitivity and specificity were calculated 
by the McNemar Chi-square test for early detecting the dis-
ease group where p value of < 0.05 was taken as a level of 
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significance [15]. The result was expressed as parametric 
test, mean ± SD, and number (%). For detecting the risk 
of GDM, the ROC curve (receiver operating characteristic 
curve) was built to examine sensitivity and specificity.

Results

Sociodemographic status of the study subjects

Among the examined 232 subjects, 132 subjects were GDM 
and 100 subjects were non-GDM. The sociodemographic 
variables including education, employment, and monthly 
income of the participants were analyzed for this study and 
summarized in Table 1. Regarding education level, it was 
observed that the illiteracy rate was higher for the non-GDM 
participants (47%) than the GDM participants (21.2%). In 
addition, both the GDM and non-GDM participants showed 
that the majority of them were housewives (92.4% and 93%, 
respectively). In the case of monthly family income, it was 
found that more than half of the respondents’ income level 
was below 6000 BDT both in GDM and non-GDM groups 
(57.6% and 61%, respectively).

Clinical characteristics of the study subjects

Clinical characteristics of GDM and non-GDM subjects are 
illustrated in the Table 2. It was observed, among all the 
variables, that only BMI significantly (p < 0.001) differed 
in GDM subjects (25.13 ± 3.72) than that of non-GDM sub-
jects (23.54 ± 2.06). But, in the case of age, gestational age, 
parity, systolic blood pressure, diastolic blood pressure, and 

mean blood pressure, there were no significant (p > 0.05) 
differences between GDM and non-GDM subjects.

Glycemic and lipidemic status of the study subjects 
(n = 232)

Table 3 showed the glycemic and lipidemic status of the study 
subjects, where both the serum fasting blood glucose (SFBG) 
and serum 2 h after blood glucose (SFBG 2 h) were significantly 
(p=  <0.001) higher in GDM subjects compared to those in the 
non-GDM. On the other hand, HDL-cholesterol was significantly 
(p=  <0.001) higher in non-GDM subjects, and total cholesterol 
and LDL-cholesterol significantly (p=  <0.001) increased in the 
GDM subjects. Moreover, TG/HDL-cholesterol ratio and TG/
LDL-cholesterol ratio also significantly (p=  <0.05) differed 
between GDM and non-GDM subjects.

Table 1  Sociodemographic status of the study subjects (n=232)

The result was expressed as a parametric test, mean±SD, and num-
ber (%), whereas appropriate, p=0.05, was considered as statistically 
significant. Significant test was calculated by the Student’s t test. 
GDM, gestational diabetes mellitus, Non GDM, non-gestational dia-
betes mellitus. Family income classification was made according to 
2006 GNI per capita and was calculated using the WB Atlas method 
(The Daily Star, 2011). Income, monthly family income in Bangla-
deshi Taka (BDT)

Variable Mean±SD p-Value

Education GDM (n =132) Non-GDM (n=100) <0.001
  Illiterate 28 (21.2%) 47 (47%)
  SSC 13 (9.8%) 13 (13%)
  Graduate 91 (69%) 40 (40%)

Occupation
  Housewife 122 (92.4%) 93 (93%) <0.002
  Service 10 (7.6%) 7 (7%)

Income (BDT)
  (<6000) 76 (57.6%) 61 (61%) <0.001
  (>6000) 56 (42.4%) 30 (30%)

Table 2  Clinical characteristic of the study subjects (n=232)

Results are expressed as mean ±SD. Significant level calculated by 
Student’s t test. p value <0.05 as significant level. BM, body mass 
index; SB, systolic blood pressure; DBP, diastolic blood pressure; 
MBP, mean blood pressure

Variable Mean ±SD p value

GDM Non-GDM

Age (years) 29.84±3.75 29.78±4.62 0.901
BMI (Kg/m2) 25.13±3.72 23.54±2.06 0.001
Gestational age (years) 1.76±0.42 1.79±0.40 0.655
Parity 1.40±0.49 1.36±0.48 0.522
SBP (mm of Hg) 113.29±11.7 113.55±13.16 0.877
DBP (mm of Hg) 74.43±7.32 74.60±7.23 0.862
MBP (mm of Hg) 88.3±7.94 87.58±8.50 0.461

Table 3  Glycemic and lipidemic status of the study subjects (n=232)

Results are expressed as mean±SD. Significant level calculated 
by Student’s t test. p value <0.05 as significant level, serum fasting 
blood glucose level, serum 2 h after glucose level. S TG, serum tri-
glyceride; S T Chol, total cholesterol; HD, high-density lipoprotein, 
LDL, low density lipoprotein; TG/HDL, triglyceride/high-density 
lipoprotein–cholesterol ratio; TG/LDL, triglyceride/ low-density lipo-
protein–cholesterol ratio)

Variable Mean ±SD p value

GDM Non-GDM

SFBG (mmol/dl) 7.88±7.94 5.22±0.81 0.001
SFBG 2 h (mmol/dl) 10.45±2.78 6.27±0.78 0.001
Triglycerides (mg/dl) 220.95±67.4 160.98±59.67 0.001
Total cholesterol (mg/dl) 211.12±40.42 193.08±59.67 0.001
HDL-cholesterol (mg/dl) 39.44±7.39 43.83±6.73 0.001
LDL-cholesterol (mg/dl) 149.54±32.4 129.18±34.18 0.001
TG/HDL-cholesterol ratio 5.75±1.88 3.68±1.63 0.001
TG/LDL-cholesterol ratio 1.60± .68 1.37±1.63 0.022
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The coefficient of correlation of TG/HDL ratio 
with other confounding variables

Table 4 showed the coefficient correlation of TG/HDL 
cholesterol ratio with other confounding variables (age, 
education, gestational age, parity, BMI, MBP, and SFBG 
2 h). There was significant positive relation with BMI 
(0.980/0.002), SFBG (0.569/0.050), and SFBG 2 h level 
(0.651/0.001) in GDM subjects. On the other hand, the 
non-GDM subjects had no significant relation with them.

Coefficient of correlation of TG/LDL ratio with other 
confounding variables

Coefficient correlations of TG/LDL cholesterol ratio with 
other confounding variables (age, education, gestational 
age, parity, BMI, MBP, fasting blood sugar, 2 h after glu-
cose) are presented in Table 5. There was significant posi-
tive relation with age, BMI, SFBG, and SFBG 2 h in GDM 
subjects. On the other hand, the non-GDM subjects showed 
a negative correlation with mean blood pressure (0.057).

Sensitivity and specificity of TG/HDL and TG/LDL 
ratio to predict the risk of GDM

Sensitivity and specificity were examined to detect the risk 
of GDM. The optimal cut-off value analyzed for TG/HDL-C 
with GDM was 3.8 in the 75th percentile with the sensitiv-
ity 62%, specificity 82%, PPV (positive predictive value) 
67%, and NPV (negative prediction value) 66%, respectively. 
Another predictor, TG/LDL ratio, found 75th percentile, and 
optimum cut-off value was 1.5 and sensitivity 60%, specific-
ity 72%, PPV 70%, and NPV 60%, respectively (Table 6).

Discussion

GDM can have severe consequences for both mother and 
fetus during pregnancy and perinatal period, and through-
out the future life span [8]. There is an increased chance 
of babies from GDM mothers suffering from DM or car-
diovascular diseases (CVD) in adult life (known as fetal 
programming of adult disease) [16, 17]. On the other hand, 
latent DM or CVD can be triggered during pregnancy and 
can be chronic or recurrent even after the postpartum 
period. It is now known that the incidence and risk fac-
tors for diseases of the fetus or later life born from GDM 
mother vary significantly from population to population 
[17]. Thus, it is important to investigate these factors in 
different ethnic, social, and cultural backgrounds. This 
study sought to address the important risk factors for GDM 
among diverse populations.

The results of this study showed significant differences 
between the GDM and non-GDM individuals regarding TG, 
HDL-C, LDL-C levels, and TG/LDL-C ratio, and TG/HDL 
ratio. Various studies have shown similar results and con-
firmed the occurrence of hyperlipidemia in complex preg-
nancies with gestational diabetes [18–20]. In our experiment, 
TG level was significantly higher in women with GDM com-
pared to those without GDM (p =  < 0.001). Again, GDM 
subjects showed significantly (p =  < 0.001) more elevated 
total cholesterol and LDL cholesterol values but lower HDL 
cholesterol values comparing with non-GDM subjects.

In the current study, the correlation analysis has shown 
the significant positive correlation of GDM subjects with 
age (p-0.003), BMI (p=  <0.050), fasting blood glucose level 
(p=0.038), and after 2 h blood glucose level (0.028). The find-
ings and parameters of Barat et al. are entirely similar to our 
result [21]. Maryam et al. [22] found the TG and HDL levels 
in GDM, and non-GDM individuals were statistically differ-
ent. Here, TG levels were higher with lower HDL serum levels 

Table 4  Coefficient of correlation of TG/HDL ratio with other con-
founding variables

Results are expressed as coefficient of correlation calculated by para-
metric Pearson’s correlation analysis” p value<0.05 as significant 
level. BMI, body mass index; MBP, mean blood pressure, S, serum

Variable GDM (r/p) Non-GDM (r/p)

Age (years) 0.072/0.409 0.093/0.357
Education 0.009/0.914 0.074/0.621
Gestational age (years) 0.084/0.341 0.080/0.426
Parity 0.063/0.473 0.154/0.127
BMI (Kg/m2) 0.980/0.002 0.054/0.596
MBP (mm of Hg) 0.584/0.048 0.078/0.438
SFBG (mmol/dl) 0.569/0.050 0.009/0.928
SFBG 2 h (mmol/dl) 0.651/0.001 0.015/0.882

Table 5  Coefficient of correlation of TG/LDL ratio with other con-
founding variables

Results are expressed as coefficient of correlation calculated ‘r’ by 
parametric Pearson’s correlation analysis” p value<0.05 as sig-
nificant level. BMI, body mass index; MBP, mean blood pressure; S, 
serum

Variable GDM (r/p) Non-GDM (r/p)

Age (years) 0.972/0.003 0.005/0.960
Education 0.059/0.502 0.064/0.524
Gestational age (years) 0.100/0.253 0.038/0.708
Parity 0.122/0.165 0.144/0.153
BMI (Kg/m2) 0.569/0.050 0.129/0.200
MBP (mm of Hg) 0.076/0.387 −0.191/0.057
SFBG (mmol/dl) 0.667/0.038 0.184/0.067
SFBG 2 h (mmol/dl) 0.014/0.018 0.014/0.889
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(p=  <0.0001). Furthermore, cholesterol levels in women with 
GDM were non-significantly lower than non-GDM (p=0.239), 
and LDL serum levels were significantly lower in subjects with 
GDM. Wang et al. [23] found similar levels of total choles-
terol and LDL-C between most of the women with GDM or 
without GDM. However, in this research, LDL-C levels were 
significantly different (p=  <0.0001). Inversely, Russell et al.
[22] found that total cholesterol levels in the GDM group were 
lower than in the control group, but this difference was not 
statistically significant (p=0.239).

Many studies, including Donovan et al. [24], have sug-
gested that women with GDM have increased levels of LDL-C 
and total cholesterol, which are partially similar to the present 
study. This variation may occur due to rational differences or 
environmental effects on the selected individuals. Further-
more, obesity can be an essential factor, as the percentage of 
many hormones, including insulin, can alter cholesterol and 
LDL levels [25–27]. It was found that obesity in women can 
lead to low HDL and high TG levels [28]. On the other hand, 
smoking has a significant effect on increasing cholesterol and 
LDL levels [29, 30], which was observed in European coun-
tries where smoking practice is very common [31, 32].

Some important findings related to this work have confirmed 
a significant increase in serum lipid profile, including the con-
centration of TG/LDL-C and TG/HDL ratios in GDM-infected 
mothers compared to healthy pregnancies [33, 34]. Our study 
results showed that TG/HDL-cholesterol was significantly 
(p =  < 0.001) higher (5.75) in GDM subjects as compared 
to non-GDM subjects (3.68). Another marker showed TG/
LDL-cholesterol also had significant difference (p=  <0.022) 
between GDM subjects (1.60) and non-GDM subjects. The area 
under the ROC curve of TG/HDL-C to detect GDM was 0.786 
(95% CI, 0.590–0.865). The optimal cut-off point proposed by 
the ROC analysis for TG/HDLC and GDM was 3.8, with sen-
sitivity and specificity of 62% and 82%, respectively. Another 
one was the TG/LDL ratio which had an optimum cut-off value 
of 1.5 with sensitivity and specificity of 60% and 72%, respec-
tively. The positive and negative predictive values of the TG/
HDL-C were 4.4% and 79.1%, respectively. An almost similar 
result was observed by Jameshorani [35]. Finally, we suggest 
that lipid profiling might be a good tool for risk assessment of 
gestational diabetes in individuals, especially the TG/HDL ratio 
can work as a marker to identify gestational diabetes.

The limitation of our study is that a small number of 
participants were selected for the study, and they were 

confined to a particular region of our country, and they may 
not be representative for the general population of the whole 
country. Moreover, we lacked some potential information 
required for the intensive conclusion. Therefore, to elucidate 
the pinpoint conclusion, further investigation is needed using 
a large number of samples from diverse sources, including 
different races, ethnic groups, locations, and age groups.

Conclusion

Among all the complications during pregnancy, GDM is a com-
monly occurring disease in recent times. TG to HDL-C ratio is 
an indicator of GDM. As the TG/HDL-C ratio is associated with 
insulin resistance, different lipid ratios have been used to predict 
the risk of different GDMs. In this cross-sectional case–con-
trol study, the TG/HDL ratios (3.8) were significantly higher 
in women with GDM compared to those with non-GDM. In 
conclusion, we can say that there is a relationship of gestational 
diabetes with the HDL-C and the TG ratio. Therefore, lipid pro-
filing during pregnancy is strongly recommended as it can help in 
immediate management strategies to prevent the harmful effects 
of hyperlipidemia related to GDM pregnancy.
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Abstract
Aim Gestational diabetes mellitus (GDM) is associated with a higher risk of postpartum type 2 diabetes mellitus and a series of
complicates, such as adverse obstetric and perinatal outcome. We aimed to evaluate cytokines profile in women with GDM.
Materials and methods Based on a 75g oral glucose tolerance testing (OGTT), the participants were divided into two groups:
GDM (n=28) and normal glucose tolerance (NGT) (control group, n=20). Flow cytometry was used to assess serum cytokines.
The levels of glycosylated hemoglobin (HbA1c), glucose, and high-sensitive C-reactive protein (hsCRP) were measured.
Results HsCRP, interleukin (IL)-2, and IL-6 were higher in GDM group as compared with the NGT group. HsCRP and IL-6
concentrations positively correlated to Hb1Ac and OGTT. A number of cytokines (such as IL-10, IL-8, IL-12p70, INF-γ, IL-4,
IL-17, and IL-10) might exhibited beneficial effects against GDM.
Conclusions Our results showed that the GDM patients developed a low-grade inflammatory state and presented a disorder of
cytokines . These observations suggest that dysregulation of concentrations of pro- and anti-inflammatory cytokines in pregnancy
is associated with GDM development.

Keywords Gestational diabetesmellitus . High-sensitive C-reactive protein . Cytokines . IL-2 . IL-6

Introduction

Gestational diabetes mellitus (GDM) is a condition of disor-
dered glucose metabolism, which is first occurring or recog-
nized during pregnancy. Worldwide, GDM affects up to 25%
of all pregnancies [1], and is usually associated with obesity,
oxidative stress, endothelial function, and β-cell dysfunction
[2–4]. Moreover, metabolic adaptations such as nutrient-
stimulated insulin responses during pregnancy do not fully
compensate in GDM, suggesting a predisposition to type 2
diabetes or an extreme manifestation of normally metabolic
alterations [5]. Besides perinatal complications, GDM is al-
ways associated with a higher risk to develop cardiovascular
disease and even cancer in the future [6].

Obesity is a basic risk factor for GDM, and is linked to a
chronic low-grade inflammatory state [7]. White adipose

tissue (WAT) is considered an endocrine organ, which excess
accumulated in individuals could secret a serious of active
molecules and further disrupts immune homeostasis [8].
Several studies have identified cytokines, act as immune me-
diators and regulators, could favor or compromise the normal
pregnancy outcomes [9]. Furthermore, C-reactive protein
(CRP) is an acute phase reactant produced by hepatocytes in
response to injury and inflammation, Even CRP within
healthy reference range, it is strongly associated to BMI, met-
abolic syndrome, and coronary heart disease [10, 11]. Thus,
CRP could act as a marker of systemic low-grade inflamma-
tory state. Recently, several studies support that the unbal-
anced production of anti- and pro-inflammatory cytokines is
involved in the initiation and progression of GDM [12–14].
Pro-inflammatory cytokines such as tumor necrosis factor
(TNF)-α, IL-6, IL-2, and IL-1β have been found increased
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in some cases with GDM [15–17], whereas anti-inflammatory
properties such as IL-4 and IL-10 were also closely associated
with the pathophysiology of diabetes mellitus [18, 19]. The
role of cytokines in the etiology of GDM, however, has yet to
be investigated due to a plethora of controversial reports [20].

In this regard, our study has been designed to characterize
the cytokines profile in patients with GDM compared to nor-
mal pregnancy women. Besides, we also aimed to investigate
the relationships among glucose levels and cytokine expres-
sion in serum, attempt to better understand the mechanisms of
GDM and provide a potential way for monitoring pregnancy
participant’s immune state.

Materials and methods

Study population and clinical samples

The study involving 48 consecutive pregnant women referred
to the obstetric clinic in the Third Affiliated Hospital of
Guangzhou Medical University for 24 to 28 weeks’ gestation
screening, including 28 women with GDM and 20 healthy
pregnant women with NGT (control group). Morning fasting
blood samples were obtained from all the participants in two
tubes. Serum from the tube without anticoagulant was sepa-
rated by centrifugation. Fasting glucose (OGTT-0h), Hb1Ac,
and hsCRP were measured within 2h. Additional samples
collected in tube with the anticoagulant ethylenediamine tetra
acetic acid (EDTA) were centrifuged immediately and stored
at −20°C for cytokines detection. Then, all the participants
screened for GDMusing a 75-gram, 2-h oral glucose tolerance
test (OGTT). Serum samples were collected and measured at
1-h (OGTT-1h) and 2-h (OGTT-2h) post-OGTT.

According to the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) standard [21], a diagno-
sis of GDM was made if met one or more of the following
criteria: fasting glucose level ≥ 5.1 mmol/L, 1-h glucose level
≥ 10.0 mmol/L, and 2-h glucose level ≥ 8.5 mmol/L. The
normal control group included healthy pregnant women, with
normal 75g OGTT range. Exclusion criteria were as follows:
existing chronic medical conditions that have the potential to
affect acute phase markers (injury, infectious diseases, auto-
immune diseases). The study was approved by the Ethics
Committee and all subjects gave written informed consent.

Measurement of serum glucose, high-sensitive C-reactive
protein (hsCRP), and HbA1c

Serum samples for glucose tests, hsCRP, and HbA1c were
prepared by centrifugation at 380g for 10 min at room tem-
perature after coagulation. Serum glucose and high-sensitivity
CRP (hsCRP) were measured using Roche Biochemicals
(Roche, Germany). HbA1c was analyzed using high-

performance liquid chromatography (HPLC) automated he-
moglobin analyzer (Tosoh G7, Japan).

Cytokines analyses

The plasma levels of cytokines were quantitatively deter-
mined within a week. A total of 12 cytokines (IL-1β, IL-2,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-17, TNF-α,
IFN-γ, IFN-α) were detected on a flow cytometer (BD,
USA) by using a multiple microsphere flow immunofluores-
cence cytokine detection kit (Raisecare Biotechnology Co.,
Ltd., Qingdao, China) according to the manufacturer’s
instructions.

Statistical analysis

Statistical analyses were conducted using GraphPad Prism
(version 8.0) and Statistical Package of Social Science
(SPSS version 23.0). Data were expressed as a mean ± stan-
dard deviation (SD) when the variables distributed normally
(Shapiro-Wilk test) or a median with interquartile range. Data
were analyzed using either Student t-test or non-parametric
Mann-Whitney U tests for comparison. Spearman’s correla-
tion coefficient (r) was used to evaluate the bivariate correla-
tion between cytokines and metabolic parameters. p-value <
0.05 was considered to be statistically significant.

Results

Clinical characteristics of the groups studied

The basic clinical characteristics of the groups studied are
summarized in Table 1. A total of 48 pregnant women were
enrolled in the study. Based on the OGTT results, the patients
were divided into 2 groups: GDM (n=28) and NGT (n=20).
Age of GDM group was significantly higher than in NGT
group [33.50 (31.00–36.80) versus 29.50 (27.00–32.00)
years, p = 0.004), as expected. The GDM group had signifi-
cantly higher glucose levels at OGTT-0h (p = 0.000), OGTT-
1h (p = 0.000), and OGTT-2h (p = 0.000) compared to the
NGT group. The HbA1c of GDM group was also significantly
higher than that of NGT group (p =0.000).

The serum levels of cytokines and inflammatory
maker in patients with and without GDM

The comparisons of cytokines and inflammatory maker
(hsCRP) between GDM group and NGT group are presented
in Table 2. Results showed that pregnant women with GDM
had significant higher hsCRP (p=0.002), IL-2 (p = 0.026), and
IL-6 (p = 0.004) levels. Comparisons for other cytokines dem-
onstrated no significant difference.
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Correlations between serum levels of cytokines and
metabolic indices

Significant correlations between cytokines and metabolic met-
rics were obtained in the participants and presented in Table 3.
HsCRP levels were positively to correlated to HbA1c (r =
0.494, p = 0.000), OGTT-0h (r = 0.327, p = 0.023), OGTT-
1h (r = 0.379, p = 0.008), and negatively with IFN-γ (r =
−0.361, p = 0.012), IL-4 (r = −0.373, p =0.009), and IL-17
(r = −0.303, p = 0.036). IL-10, IFN-γ, IL-8, and IL-12P0
levels correlated negatively to OGTT-0h (r = −0.379, p =
0.008, r = -0.310, p = 0.032, r = −0.314, p = 0.03, and r =

−.301, p = 0.038, respectively). IL-6 levels positively corre-
lated to Hb1Ac (r = 0.303, p =0.036), OGTT-1h (r = 0.407, P
=0.004), as well as OGTT-2h (r = 0.292, p = 0.044).

Discussion

Hyperglycemia induces oxidative stress in individuals,
leading to a range of illnesses. The offspring of maternal
patient exposed to hyperglycemia tended to have more
allergies and even suffer neurological damage. Previous
studies have indicated that an increase of the expression
of pro-inflammatory factors caused by GDM, which in

Table 1 Clinical characteristics
according to glycemic tolerance
status

NGT (n=20) GDM (n=28) p-value

Age (years) 29.5 ( 27.0–32.0 ) 33.50 ( 31.00–36.80 ) 0.004

Fasting glucose (mmol/L) 4.35±0.32 4.75±0.36 0.000

OGTT-1h (mmol/L) 6.44±1.50 9.89±1.17 0.000

OGTT-2h (mmol/L) 5.89±0.93 8.93±1.01 0.000

HbA1c (%) 5.00 (4.83-5.00) 5.65 (5.50-6.00) 0.000

NGT, normal glucose tolerance; GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test; HbA1c,
glycosylated hemoglobin

Continuous variables were expressed as mean ± SD with normal distribution and median (interquartile range)
without normal distribution. Parametric data were analyzed by using the two-sided Students t-test and non-
parametric data were analyzed by using the Mann–Whitney U test

Statistically significant with p-value < 0.05

Table 2 Serum levels of cytokines and hsCRP studied in patients with
and without GDM

Cytokines NGT (n=20) GDM (n=28) p-value

hsCRP (mg/L) 2.67 (1.18–4.20) 5.32 (2.95–10.88) 0.002

IL-5 (pg/ml) 24.44 (15.82–28.83) 21.86 (14.59–30.58) 0.892

IFN-α (pg/ml) 3.15 (1.81–11.82) 2.69 (1.12–10.05) 0.170

IL-2 (pg/ml) 2.01 (1.44–3.23) 3.01 (2.17–5.24) 0.026

IL-6 (pg/ml) 5.68 (3.22–15.51) 18.18 (5.61–31.26) 0.004

IL-1β (pg/ml) 0.73 (0.46–11.36) 0.99 (0.43–22.24) 0.867

IL-10 (pg/ml) 0.78 (0.49–1.17) 0.80 (0.47–1.32) 0.942

IFN-γ (pg/ml) 7.50(1.42–17.21) 3.80 (0.03–19.74) 0.550

IL-8 (pg/ml) 10.18 (6.70–13.50) 10.58 (5.61–14.70) 0.925

IL-17 (pg/ml) 0.99 (0.43–1.88) 0.88 (0.36–1.93) 0.810

IL-4 (pg/ml) 1.18 (0.76–1.70) 0.98 (0.71–1.30) 0.517

IL-12P70 (pg/ml) 1.94 (1.32–2.82) 1.81 (1.17–2.53) 0.594

TNF-α (pg/ml) 7.60 (3.76–9.85) 5.60 (0.027–13.78) 0.482

NGT, normal glucose tolerance; GDM, gestational diabetes mellitus; IL,
interleukin; hsCRP, high-sensitivity C-reactive protein; IFN, interferon;
TNF, tumor necrosis factor

All the results were presented as median (interquartile range) and the
Mann-Whitney U test was used for comparisons because of non-normal
distribution

Statistically significant with p-value < 0.05

Table 3 Speaman rank correlations between serum cytokines and
metabolic indices in all subjects analyzed together

rs p-value

hsCRP&HbA1c 0.494 0.000

hsCRP&OGTT-0h 0.327 0.023

hsCRP&OGTT-1h 0.379 0.008

hsCRP&IFN-γ −0.361 0.012

hsCRP&IL-4 −0.373 0.009

hsCRP&IL-17 −0.303 0.036

OGTT-0h and IL-10 −0.379 0.008

OGTT-0h and IFN-γ −0.310 0.032

OGTT-0h and IL-8 −0.314 0.030

OGTT-0h and IL-12P70 −0.301 0.038

IL-6 and Hb1Ac 0.303 0.036

IL-6 and OGTT-1h 0.407 0.004

IL-6 and OGTT-2h 0.292 0.044

IL, interleukin; hsCRP, high-sensitivity C-reactive protein; IL, interleu-
kin; IFN, interferon;OGTT, oral glucose tolerance test;HbA1c, glycosyl-
ated hemoglobin

Spearman’s correlation analysis was applied to determine the correlation
of two non-normally distributed variables

Statistically significant with p-value < 0.05

644 Int J Diabetes Dev Ctries (December 2022) 42 (4):642–646



turn leads to substantially irreversible islet damage. Thus,
women with GDM carry a higher risk for development of
type 2 diabetes mellitus in future [22].

In this study, the patients with GDM recognized be-
tween the 24th and 28th week of gestation had signifi-
cantly higher hsCRP levels than normal pregnancy
women. CRP is the most commonly used marker for
evaluation of bacterial infection and some inflammatory
conditions. Numerous studies have related elevated CRP
level, but remained within the suggested reference range
(0–10.0 mg/L), to higher BMI, obesity, lipids, and car-
diovascular events. In the present study, the hsCRP lev-
el demonstrated the similar results that most GDM sub-
jects (n=22) were under the suggested reference range
but markedly higher than the NGT patients, suggesting
a systemic low-grade inflammatory state. HsCRP in this
study was also positively associated with OGTT-0h,
OGTT-1h, and Hb1Ac, in good agreement with previ-
ous reports [23]. In addition, the range of hsCRP sug-
gested a low-grade systemic inflammation among GDM
patients.

Several mechanisms may link CRP with metabolic syn-
drome. Since IL-1, IL-6, and TNF-α are the main modu-
lators of CRP [24], serum levels of these pro-inflammato-
ry, which promote the production of CRP, were reported
raised in obese individuals. In our previous work, the pre-
pregnancy BMI of GDM was markedly higher than nor-
mal pregnancy women as many studies showed. Obesity-
induced chronic low-grade inflammation is strongly asso-
ciated with the development of insulin resistance and oth-
er severe complications. These findings are in agreement
with the data observed in our GDM cohort, in which IL-2
and IL-6 are higher in GDM group compared with NTG
group. Although IL-2 and IL-6 were significantly in-
creased in GDM group, there was no significant correla-
tion between them and circulating hsCRP. However, the
CRP was observed negatively correlated to anti-
inflammatory cytokine (such as IL-4), IL-17, and IFN-γ.
IL-17 has been reported to have pro-inflammatory and
anti-inflammatory effects, may exert protective effects in
the deve lopment of au to immune di sease [25] .
Nevertheless, the role of IL-17 in GDM still remains un-
clear and further investigation is needed.

On the other hand, anti-inflammatory cytokines such as IL-
4, IL-5, TGF-α, and IFN-γ showed a downward trend in
GDM subjects, but the difference between groups did not
reach statistical significance, possibly due to small sample size
and large standard deviation. Furthermore, we obtained the
significant negative associations of IL-10, IFN-γ, IL-8, and
IL-12p70 with fasting glucose level, but not with 1h and nor
2h serum glucose. The reason for this may need further inves-
tigation. On the basis of these findings, it can be hypothesized

that these cytokines might have protective effect against insu-
lin resistance.

A limitation of our study was the small size of patients, and
larger sample size is needed to further confirm these findings.
Second, we cannot exclude some maternal factors risk of
GDM, such as no data on the OGTT before pregnancy.
Finally, the current study only focused on women during 24
to 28 weeks’ gestation. Therefore, the profile of cytokines in
early pregnancy and postpartum requires further investigation
to elucidate. Although the potential relationship of cytokines
and underlying mechanisms with disordered glucose metabo-
lism were not investigated in this study, the results of our
study provide an alternative metabolic related cytokines or
insulin-sensitive monitoring markers. However, up to the mo-
ment, this is one of the few studies that analyzed such a large
variety of immunological factors in the peripheral blood of
women with and without GDM.

Conclusions

Evidence suggested of that chronic inflammatory state asso-
ciated with several metabolic disturbances. In this regard, it is
worth characterizing the dysregulated cytokines in the women
with GDM. Therefore, this acritical provides information re-
garding a series of cytokines changes to help understand the
circling immune response to GDM. We screened the most
differentially expressed cytokines between the GDM group
and non-GDM group, and hsCRP, IL-2 and IL-6 are signifi-
cantly increased in patients with GDM during 24 to 28 weeks’
gestation. And IL-10, IFN-γ, IL-8, and IL-12p70 might act as
protective factors against GDM development. Due to the lim-
itations of this study, more studies are needed to verify the
relationship between cytokines levels and prenatal and post-
natal glucose metabolism in GDM patients.
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Abstract
Background There are numerous guidelines defining the diagnostic strategy of gestational diabetes mellitus, but majority 
of them do not suggest follow-up beyond 28 weeks. Hence, this study was done to find the prevalence of abnormal glucose 
tolerance in the third trimester of pregnancy and to reinforce the importance of repeat screening in the third trimester of 
pregnancy.
Methods Four hundred sixty-eight antenatal women with normal first- and second-trimester screening tests were subjected 
to a repeat screening for gestational diabetes with 75 g oral glucose tolerance test (OGTT), at 32 to 34 weeks of gestation. 
Maternal and fetal outcomes were analyzed.
Results Of the total 468 antenatal women, 16.8% had decreased gestational glucose tolerance (DGGT) and 7.69% had 
gestational diabetes mellitus (GDM) diagnosed for the first time in the third trimester. Family history of diabetes was the 
significant risk factor for the development of GDM (p value = 0.006). There was no statistically significant difference in the 
maternal outcomes. Among neonatal outcomes, incidence of low APGAR score at 1 min and NICU admission for manage-
ment of various complications were significantly high in women with abnormal glucose tolerance (p value = 0.0015).
Conclusion Since the incidence of detection of glucose intolerance was significantly high, our study implies the importance 
of screening in the third trimester of pregnancy, although there was not much difference in the adverse obstetric and neonatal 
outcomes.

Keywords Abnormal glucose tolerance · Gestational diabetes mellitus · Third trimester screening

Introduction

Gestational diabetes mellitus (GDM) is defined as impaired 
glucose tolerance with onset or first recognition during preg-
nancy associated with various maternal, fetal, and neona-
tal complications [1]. Screening and diagnosis of such an 
important disease have evolved over the years with different 
global bodies suggesting different approaches. There is a 
wide variation in the prevalence of GDM worldwide because 
of the demographic characteristics such as race, ethnicity, 

and the difference in screening and diagnostic methodology 
used. The global prevalence on average is 17% but varies 
between < 5% in some European countries to a staggering 
27% in Southeast Asia [2]. Hence, screening is universal in 
most Southeast Asian countries.

India is one of the epicenters for the global burden of 
GDM. The prevalence of GDM in India is 19.19% accord-
ing to IADPSG criteria, and by WHO criteria, 10% [3]. 
Although the prevalence of GDM kept on increasing in 
India, there was no uniform consensus on best practices for 
screening and diagnosis until a few years back.

In February 2018, the Ministry of Health and Family 
Welfare (MoHFW) released guidelines for the diagno-
sis of GDM in India based on the Diabetes in Pregnancy 
Study Group of India (DIPSI) recommendations. As per the 
guidelines, universal screening of all pregnant women with 
non-fasting 75 g of oral glucose tolerance test (OGTT) at 
first antenatal contact is recommended. If negative, a sec-
ond test should be repeated at 24–28 weeks of gestation [4]. 
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If negative, no further testing is recommended thereafter 
although DIPSI suggested a repeat testing at 32–34 weeks 
of gestation [5].

This is in line with most guidelines which do not recom-
mend testing in the third trimester when the diabetogenic 
maternal hormones such as progesterone, human placental 
growth factor, and human placental lactogen are found in 
their highest levels [6–10]. It could be proposed that undi-
agnosed late-onset glucose intolerance might be associated 
with adverse perinatal outcomes as seen in two cases of late 
stillbirth in our institution, which were retrospectively attrib-
uted to late-onset hyperglycemia.

Hence, the current study on third-trimester screening for 
gestational diabetes was initiated to find out the prevalence 
of late-onset glucose intolerance and to compare their obstet-
ric and neonatal outcomes with women with normal glucose 
tolerance (NGT).

Materials and methods

This was a prospective analytical study carried out at PSG 
Institute of Medical Sciences and Research, a tertiary health-
care referral institution between March 1, 2018, and Febru-
ary 28, 2019. The sample size was calculated based on the 
incidence of GDM diagnosed in our institution, which was 
approximately 12%.

Four hundred sixty-eight antenatal women with a sin-
gleton pregnancy who presented to our outpatient depart-
ment between 32 and 34 weeks of gestation with normal test 
results for diabetes screening in the first and second trimester 
were randomly selected and included in the study. Women 
with pre-gestational diabetes, women on steroid therapy, and 
those with other medical disorders were excluded from the 
study.

Blood samples collected after 2 h of OGTT were cen-
trifuged and analyzed by the hexokinase method using 
commercial Randox kits run on an automated Randox day-
tonal clinical chemistry analyzer. A 2-h plasma glucose 
level ≥ 140 mg/dL was taken as GDM; values between 120 
and 139 mg/dL were taken as decreased gestational glucose 
tolerance (DGGT). Collectively, they were grouped under 
abnormal glucose tolerance (AGT). A 2-h plasma glucose 
level < 120 mg/dL was taken as normal glucose tolerance 
(NGT).

Women diagnosed with AGT were initially offered medi-
cal nutrition therapy (MNT) if the 2-h plasma glucose level 
was < 200 mg/dL for a period of 2 weeks. Women with 
plasma glucose levels ≥ 200 mg/dL were directly started on 
insulin therapy with or without oral hypoglycemic agents 
(OHA) as per MoHFW guidelines [4]. Fasting and 2-h 
postprandial plasma glucose levels were monitored every 

2 weeks and the treatment was continued or modified as per 
plasma glucose levels until delivery.

The sociodemographic characteristics, risk factors, 
obstetric outcomes such as gestational age at delivery, 
preterm labor, and mode of delivery were studied in both 
groups, i.e., AGT vs. NGT. The neonatal outcomes analyzed 
in the two groups include birth weight, complications such 
as birth asphyxia (APGAR < 7 at 1 and 5 min), hypoglyce-
mia, hyperbilirubinemia, hypernatremia, intracranial hemor-
rhage, respiratory distress syndrome, sepsis, NICU admis-
sion, and perinatal death.

All the statistical analyses were carried out in R package 
version 4.0.2. Chi-square test was used for categorical vari-
ables and Student’s t test was used for continuous variables. 
Logistic regression analysis was done to determine associa-
tion of risk factors with late-onset GDM.

Results

Of the 468 women who underwent non-fasting 75 g OGTT 
between 32 and 34 weeks of gestation in our study, 75.4% 
(n = 353) had normal glucose tolerance, 16.9% (n = 79) had 
decreased gestational glucose tolerance (DGGT), and only 
7.7% (n = 36) had GDM.

Table 1 shows maternal demographic characteristics. 
The mean maternal age at delivery was comparable in both 
groups. The mean body mass index (BMI) was higher in 
the AGT group and was statistically significant (24.44 vs 
23.31, p value = 0.012). Of the women in AGT, 41.7% were 
overweight or obese (BMI ≥ 25) compared to 33.7% in the 
NGT group.

Table 2 represents the distribution of various risk factors 
in our study population. The majority of women in both 
groups were primigravida. There was no difference in the 
occurrence of any of these risk factors except for a family 
history of GDM which was found to be significant for the 
development of AGT in the third trimester after adjusting for 
confounders like age and BMI (p value = 0.0155*).

Tables 3 and 4 refer to the various obstetric and neonatal 
outcomes. The mean gestational age at delivery was similar 
in both groups which was 38 weeks. Although statistically 
not significant, the percentage of women having preterm 
births was higher in the AGT group (7.9% vs. 5.4%). There 
was no difference in the mode of delivery with approxi-
mately 60% of women having normal vaginal delivery in 
both groups.

The mean birth weight at delivery was similar in both 
groups. LGA (birth weight > 90th centile) occurred more 
frequently in the AGT group (6.1% vs. 4.5%) whereas SGA 
(birth weight < 10th centile) was seen frequently in NGT 
group (14.5% vs. 9.6%).But they were not statistically 
significant.
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The rate of admission to NICU for management of vari-
ous neonatal complications was significantly high in the 
AGT group (p value=0.0023). The most common indication 
for NICU admission in this group was hyperbilirubinemia. 
The incidence of birth asphyxia, i.e., APGAR score < 7 at 
1 min, was higher in AGT group, which was statistically 

significant (p value = 0.0359). But there was no difference 
in the APGAR score at 5 min. The other neonatal compli-
cations such ashypoglycemia, electrolyte imbalances, and 
neonatal trauma did not differ in both groups. There were no 
cases of respiratory distress syndrome, sepsis, and neonatal 
mortality in the AGT group in our study.

Table 1  Maternal demographic 
characteristics

NGT, normal glucose tolerance; AGT, abnormal glucose tolerance; SD, standard deviation; BMI, body 
mass index.
*p value<0.05.

Maternal 
characteristics

Category NGT AGT p value

n (%) Mean SD n (%) Mean SD

Age Total 353 (100) 25.89 3.83 115 (100) 26.38 4.16 0.2682
≤29 years 293 (83) 24.67 2.86 90 (78.3) 24.7 2.8 0.9433
≥30 years 60 (17) 31.85 1.93 25 (21.7) 32.44 2.08 0.231

BMI Total 353 (100) 23.31 4.09 115 (100) 24.44 4.17 0.012*
≥25 kg/m2 119 (33.7) 27.73 3.15 48 (41.7) 28.37 3.02 0.2236
<25 kg/m2 234 (66.3) 21.06 2.28 67 (58.3) 21.62 2.06 0.0572*

Table 2  Maternal risk factors

NGT, normal glucose tolerance; AGT, abnormal glucose tolerance; GDM, gestational diabetes mellitus; 
PCOS, polycystic ovary syndrome.
*p value<0.05.

Risk factor Category NGT (n=353) AGT (n=115) OR (95% CI) p value

N % n %

Parity Primigravida 236 67 80 70 0.71 (0.42–1.2) 0.1782
Multigravida 117 33 35 30

Family H/O DM Yes 59 17 33 29 0.54 (0.33–0.89) 0.0155*
No 294 83 82 71

Hypothyroidism Yes 93 26 31 27 0.95 (0.59–1.54) 0.8455
No 260 74 84 73

PCOS Yes 8 2 6 5 0.46 (0.15–1.38) 0.167
No 345 98 109 95

Previous H/O GDM Yes 8 2 3 3 0.95 (0.25–3.67) 0.9402
No 345 98 112 97

Table 3  Obstetric and neonatal outcomes

NGT, normal glucose tolerance; AGT, abnormal glucose tolerance; OR, odds ratio.
*p value<0.05.

Outcomes NGT (n=353) AGT (n=115) OR (95% CI) p value

n (%) Mean SD n (%) Mean SD

Gestational age at delivery (weeks) 353 (100) 38.3 1.38 115 (100) 38.1 1.14 1.09 (0.93–1.27) 0.3034
Preterm deliveries (weeks) 19 (5.4) 34.52 1.72 9 (7.9) 35.77 0.45 0.25 (0.04–1.65) 0.1506
Birthweight (kg) 353 (100) 2.92 0.39 115 (100) 2.95 0.39 0.84 (0.49–1.44) 0.5128
LGA (>90th centile) (kg) 16 (4.5) 3.83 0.2 7 (6.1) 3.78 0.2 0.98 (0.03–2.92) 0.4271
SGA (<10th centile) (kg) 51 (14.5) 2.28 0.2 11 (9.6) 2.24 0.3 2.65 (0.2–35.02) 0.4597
APGAR<7 at 1 min 36 (10.2) 6.63 0.93 12 (10.4) 5.75 1.95 1.31 (1.02–1.68) 0.0359*
APGAR<7 at 5 min 7 (1.9) 6.57 0.79 4 (3.5) 5 2.16 2.65 (0.63–11.27) 0.1858
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Discussion

The incidence of GDM in the third trimester in the present 
study is 7.7%, which is in addition to the cases diagnosed 
until 28 weeks of gestation. This is less than the 13.5% rate 
reported by Fonseca et al. in a similar study done between 
32 and 36 weeks of gestation using the IADPSG criteria 
[11]. A comparison between DIPSI and IADPSG criteria 
to diagnose GDM done in the Indian population noted that 
the diagnosis in almost 22.3% of women might be missed 
when using DIPSI criteria [12]. This could explain the vast 
difference in the incidence.

The systematic review and meta-analysis performed 
by Lee et al. identified age ≥ 25, BMI ≥ 25 kg/m2, multi-
party ≥ 2, previous history of GDM, macrosomia, family 
history of diabetes, PCOS, and pregnancy-induced hyper-
tension as significant risk factors for the development of 
GDM in the Asian population [13]. In our study, majority 
of women were primigravida (approximately 70%) and 
although women diagnosed with AGT weighed higher 
than the women with NGT at the time of diagnosis, there 
was no difference in the distribution of overweight/obese 
women (BMI ≥ 25 kg/m2) between these groups. A family 
history of diabetes mellitus was present in 29% of women 
with AGT which was the only statistically significant risk 
factor. Interestingly, none of the women was diagnosed 
with hypertensive disorders of pregnancy during preg-
nancy and postpartum until discharge. Although the previ-
ous history of GDM is a high-risk factor for the diagnosis 
of GDM, it is not reflected in our study possibly due to 
screening and diagnosis at early gestations [14].

Various adverse obstetric and neonatal outcomes are 
associated with GDM diagnosed before 28 weeks of gesta-
tion [1]. This study attempted to investigate the rate of these 
complications in women diagnosed with new-onset abnor-
mal glucose tolerance in the third trimester and whether they 
significantly differed from the women with normal glucose 
tolerance. In the study by Fonseca et al., the rate of cesarean 
section was found to be significantly higher in women with 
AGT diagnosed in the third trimester [11]. The higher rate 
of cesarean section (CS) reported in a similar study done by 
Shindo et al. was explained by the performance of scheduled 
cesarean section for macrosomia to prevent shoulder dysto-
cia [15]. This is in contrast to our study where there was no 
difference in the mode of delivery between the two groups. 
The mean birth weight (2.9 kg) did not differ between both 
groups. Only 6.1% of babies born to women with AGT were 
LGA with the mean birth weight among the LGA babies 
being 3.78 kg. The mean GA at delivery in the AGT group 
was also 38 weeks. This could be explained by the late onset 
of hyperglycemia leaving less time to adversely impact these 
outcomes. The strict management of GDM instituted upon 
diagnosis, our department policy of offering induction of 
labor at 38 weeks for women on medical management of 
GDM and at 40 weeks for women on medical nutrition ther-
apy, could be the other possible explanations for the low 
incidence of macrosomia, therefore the low CS rate.

Arbib et al. analyzed the adverse perinatal outcomes 
associated with third-trimester abnormal OGTT through a 
retrospective cohort study [16]. Apart from the increased 
incidence of LBW in neonates of mothers with GDM, no 
other neonatal outcome was reported to have statistical sig-
nificance. Our study shows that neonates born to mothers 

Table 4  Obstetric and neonatal outcomes

NGT, normal glucose tolerance; AGT, abnormal glucose tolerance; OR, odds ratio; LSCS, lower segment caesarean section; NICU, neonatal 
intensive care unit.
*p value<0.05.

Outcomes Category NGT (n=353) AGT (n=115) OR (95% CI) p value
n (%) n (%)

Mode of delivery Normal vaginal delivery 214 (61) 68 (59) - -
Operative vaginal delivery 34 (10) 10 (9) 1.10 (0.52–2.36) 0.799
Emergency LSCS 68 (19) 25 (22) 0.87 (0.51–1.49) 0.6171
Elective LSCS 37 (10) 12 (10) 1.03 (0.51–2.1) 0.9324
NICU admission 15 (4) 15 (13) 0.31 (0.14–0.65) 0.0023*

Neonatal complications Hyperbilirubinemia 17 (5) 12 (10) 0.19 (0.02–1.81) 0.1501
Hyperbilirubinemia and hypernatremia 1 (0) 2 (2) 0.09 (0.003–2.18) 0.1383
Hypernatremia 4 (1) 0 (0) 0 (0–4.86) 0.9903
Intracranial hemorrhage 1 (0) 0 (0) 0 (0–123.7) 0.9951
Parietal cephalhematoma 2 (1) 0 (0) 0 (0–17.02) 0.9931
Respiratory distress syndrome 3 (1) 0 (0) 0 (0–7.77) 0.9918
Sepsis 1 (0) 0 (0) 0 (0–123.78) 0.9952
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with AGT have low APGAR scores at 1 min and frequently 
require NICU admission for the management of various 
complications, the most common being hyperbilirubinemia.

To our knowledge, there are no studies on the adverse out-
comes associated with late-onset hyperglycemia diagnosed 
using the DIPSI criteria. But extrapolating the results of this 
study to the general population worldwide will be limited as 
the DIPSI criteria have been unique to the Indian population. 
Although there was not much difference in the adverse outcomes 
in our study groups (AGT vs NGT), it is worthwhile to mention 
that the outcome might be different when the comparison is 
restricted to women with GDM alone. Also, the impact of late-
onset hyperglycemia on long-term metabolic outcomes is still 
unclear and will require further investigation.

Conclusion

There are not many studies that investigated the adverse out-
comes associated with third-trimester abnormal OGTT using the 
DIPSI criteria. The incidence of new-onset GDM in the third tri-
mester in this study (7.7%) did not differ much from the nation’s 
incidence of GDM diagnosed before 28 weeks (10–14%) [4]. 
Although there was not much difference in the adverse obstetric 
and neonatal outcomes, we tend to miss identifying an impor-
tant disease with long-term implications on both maternal and 
child health in a significant number of women when skipping 
screening in the third trimester [17, 18]. Hence, it is worthwhile 
to investigate the same with a larger sample size.
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Abstract
Purpose of the study This study aimed to investigate whether persistently high 1-h postchallenge glucose (PG) levels in a 
75 g oral glucose tolerance test (75 g OGTT), as well as persistently low 1-h PG levels, are a risk factor for reclassification 
from normal glucose tolerance (NGT) into impaired glucose tolerance (IGT) and type 2 diabetes mellitus (T2DM) among 
participants continually observed for 11 years.
Methods This single-center retrospective study used the electronic records of all participants undergoing Ningen Dock 
(health checkup) at Kiryu Kosei General Hospital between 2008 and 2018. In 2008, 361 of 523 participants who received 
Ningen Dock had NGT. Of the 361 participants, 109 received 75 g OGTT yearly for 11 years (2008–2018), and 72 of these 
109 participants showed either persistently high 1-h PG (> 155 mg/dL) or persistently low 1-h PG (< 155 mg/dL) levels. 
These 72 participants with NGT were analyzed to observe the 1-h PG effect on glucose tolerance alteration for 11 years. 
They were divided into persistently low 1-h PG (N = 50) and persistently high 1-h PG (N = 22) groups.
Results In the low 1-h PG group, 49 participants remained to have NGT, and the remaining 1 was reclassified as having 
IGT. In the high 1-h PG group, 8 remained to have NGT, whereas 10 and 4 were reclassified as having IGT and T2DM, 
respectively.
Conclusion High 1-h PG levels may be a risk factor for reclassification from NGT into IGT or T2DM, but not the low 1-h 
PG levels.

Keywords 75 g oral glucose tolerance · 1-h postchallenge glucose level in 75 g oral glucose tolerance · Type 2 diabetes 
mellitus · Impaired glucose tolerance · Normal glucose tolerance

Introduction

The 1-h postchallenge glucose (PG) level in a 75 g oral glu-
cose tolerance test (75 g OGTT) is reportedly important in 
predicting the reclassification of patients from normal glu-
cose tolerance (NGT) into type 2 diabetes mellitus (T2DM) 
[1]. Patients who initially have NGT may also be reclas-
sified to impaired glucose tolerance (IGT), and predicting 
this reclassification facilitates clinicians in providing the 
appropriate treatment or prevention. In this study, we aimed 
to investigate whether persistently elevated 1-h PG levels, 
as well as persistently low 1-h PG levels, are a risk factor 
for reclassification from NGT into IGT and T2DM among 
participants who were continually observed for 11 years.
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Materials and methods

In this single-center retrospective study, we used the 
electronic records of all participants who underwent 75 g 
OGTT and glycated hemoglobin (HbA1c) measurement 
during their Ningen Dock (health checkup) at Kiryu Kosei 
General Hospital between 2008 and 2018.

On day 1 of hospitalization, study participants were 
requested to fast overnight (for 12 h). On day 2, blood 
samples were drawn at 8:00 AM and 2 h after the oral 
administration of 75  g of glucose as the 75  g OGTT. 
Within < 1 h after venous blood samples were collected 
into tubes containing ethylenediaminetetraacetic acid 
(EDTA) and fluoride, plasma was separated from the cells. 
Then, plasma glucose concentration was determined by a 
hexokinase method using the Synchro CX4/CX5 glucose 
analyzer (Beckman Instruments, Fullerton, CA). Both 
intra- and inter-assay coefficients of variation were < 2% 
at < 7  mmol/L. HbA1c in blood samples collected in 
EDTA was assessed by high-performance liquid chroma-
tography (Bio-Rad DIAMAT, Ivry-sur-Seine, France), 
with a normal value range of 4.5–6.5%.

In this study, NGT, IGT, and T2DM were defined 
as < 110, < 110, and < 126 mg/dL for the fasting plasma 
glucose (FPG), < 140, 140–200, and ≤ 200 mg/dL for the 
2-h PG, and < 6.2%, 6.2–6.5%, and < 6.5% for the HbA1c 
(normal range as NGT: 4.6–6.2%), respectively.

In 2008, 523 participants received Ningen Dock, of which 
361 had NGT according to the 75 g OGTT and HbA1c level 
results. Using the data of these participants, we evaluated the 
factors affecting the 1-h PG levels through the analysis of 
variance. Of the 361 participants, 109 received 75 g OGTT 
yearly for 11 years (2008–2018), and 72 of these 109 par-
ticipants had either persistently high 1-h PG (> 155 mg/dL) 
or persistently low 1-h PG (< 155 mg/dL) levels. A patient 
was considered to have a high 1-h PG level when the upper 
range in 1-h PG for the transition from NGT to T2DM was 
8.6 mmol/L or 154.8 mg/dL [1].

We then evaluated the 72 participants with NGT to 
observe the effect of 1-h PG on glucose tolerance altera-
tion for 11 years. These participants were further divided 
into persistently low 1-h PG (N = 50) and persistently high 
1-h PG (N = 22) groups.

The ethics committee at Kiryu Kosei General Hospi-
tal approved our study, which conformed to the Declara-
tion of Helsinki (as 2–K015). Every Ningen Dock, the 
participants were asked whether they agree to use their 
Ningen Dock’s data for future clinical study and presenta-
tion. Thus, all of the eligible participants provided written 
informed consent prior to participation.

After Ningen Dock, the physician explained to the 
participants their medical results. These participants also 

received suggestions and advice regarding necessary diet 
and lifestyle modifications, as well as abnormal results, 
by a registered nurse, a registered dietician, and their 
physician.

Statistical analysis

All statistical data were analyzed using SPSS 10.0 (SPSS 
Inc., Chicago, IL, USA). All numerical values are expressed 
as means ± SD. Multiple comparisons of the variables were 
conducted using Dunnett’s test. In addition, we used the Wil-
coxon rank-sum test (for non-normally distributed data) and 
the analysis of variance for comparing continuous variables 
according to group, and the chi-square test for categorical 
variables. All tests for significance and the resulting p values 
were two-sided, with a level of significance at 5%.

Results

Characteristics of participants in 2008

Table 1 summarizes the characteristics of the 361 NGT 
participants in 2008. Age, height (HT), body weight 
(BW), body mass index (BMI), abdominal circumference, 
serum creatinine (SCr), triglyceride (TG), low-density 

Table 1  Multivariate analysis of factors that affect 1- and 2-h PG lev-
els

Summarized results of the multivariate analysis of the factors affect-
ing 1- and 2-h PG levels. 1-h PG 1-h post challenge glucose level in 
75  g oral glucose tolerance test, 2-h PG 2-h postchallenge glucose 
level in 75 g oral glucose tolerance test

1-h PG<155 155<1-h PG p

Sex (M/F) 35/15 17/5
Age 53.7±7.7 56.2±7.9 N.S
BL 165.7±8.6 166.1±9.6 N.S
BW 63.8±11.2 64.8±12.5 N.S
BMI 23.1±3.1 23.3±3.0 N.S
SBP 117.5±14.3 127.5±10.9 <0.01
DBP 73.9±9.3 78.7±7.4 <0.01
Waist circumference 85.1±8.6 86.2±8.1 N.S
SCr 0.8±0.2 0.8±0.2 N.S
TG 131.2±115.4 130.4±64.6 N.S
HDL-c 68.5±19.4 57.4±14.8 <0.01
LDL-c 132.0±30.0 123.7±25.8 N.S
UA 5.6±1.4 6.0±1.4 N.S
FPG 92.3±8.1 95.7±7.1 <0.05
2-h PG 107.1±21.6 115.9±19.5 N.S
Hb 14.4±1.3 14.6±1.3 N.S
HbA1c 5.1±0.3 5.2±0.3 <0.05

653



1 3

International Journal of Diabetes in Developing Countries (December 2022) 42 (4):652–656

lipoprotein cholesterol (LDL-c), uric acid (UA), 2-h PG 
level (in a 75 g OGTT), and hemoglobin (Hb) levels were 
not significantly different between the persistently low 
and persistently high 1-h PG groups. Conversely, the lev-
els of systolic blood pressure (SBP; p < 0.01), diastolic 
blood pressure (DBP; p < 0.01), high-density lipoprotein 

cholesterol (HDL-c; p < 0.01), FPG (p < 0.05), and HbA1c 
(p < 0.05) significantly differed between such groups.

Analysis of multiple comparisons for factors 
affecting the 1‑h PG level

Multiple comparisons for factors affecting the 1-h PG level 
were analyzed in 361 participants diagnosed with NGT 
according to the results of 75 g OGTT and HbA1c levels 
in 2008 (Table 1). Age (p < 0.0001, p < 0.0001) and the 
levels of SBP (p = 0.0002, p < 0.0001), TG (p = 0.0056, 
p = 0.0003), FPG (p < 0.0001, p < 0.0001), and HbA1c 
(p < 0.0001, p < 0.0001) independently affected both the 1- 
and 2-h PG levels, respectively (Table 2). Sex (p = 0.4451, 
p = 0.0118) and the total cholesterol levels (p = 0.01944, 
p = 0.08522) weakly influenced 1- and 2-h PG levels, 
respectively. However, BMI, DBP, abdominal circumfer-
ence, HDL-c level, LDL-c level, and UA level did not 
influence both PG levels.

Change in 1‑h PG levels between 2008 and 2018

As described earlier, 72 participants showed continu-
ously either high (> 155 mg/dL) or low (< 155 mg/dL) 
1-h PG levels yearly for 11 years. As shown in Fig. 1, the 
1-h PG level remained > 155 mg/dL in the high 1-h PG 
group (N = 22) and < 155 mg/dL in the low 1-h PG group 
(N = 50) throughout the entire observation period. Thus, 
the 1-h PG values in the high group were consistently 
higher than those in the low group during the observation 
period (p < 0.01).

Table 2  Characteristics of participants in 2008

The characteristics of the participants were compared between par-
ticipants with persistently high (> 155  mg/dL) and persistently low 
(<155 mg/dL) 1-h PG levels. HT height (cm), BM body weight (kg), 
BMI body mass index (kg/m2), SBP systolic blood pressure (mmHg), 
DBP diastolic blood pressure (mmHg), SCr serum creatinine (mg/
dL), TG triglyceride (mg/dL), HDL-c high-density lipoprotein cho-
lesterol (mg/dL), LDL-c, low-density lipoprotein cholesterol (mg/
dL), UA uric acid (mg/dL), FPG fasting plasma glucose (mg/dL), 
1-h PG 1-h postchallenge glucose level in 75 g oral glucose tolerance 
test (mg/dL), 2-h PG 2-h postchallenge glucose level in 75 g oral glu-
cose tolerance test (mg/dL), Hb hemoglobin (g/dL), HbA1c glycated 
hemoglobin (%)

1-h PG 2-h PG

Age <0.0001 <0.0001
SBP 0.0002 <0.0001
TG 0.0056 0.0003
FPG <0.0001 <0.0001
HbA1c (NGSP) <0.0001 <0.0001
Sex 0.4451 0.0118
Total cholesterol 0.01944 0.08522
BMI 0.6145 0.55158
DBP 0.49654 0.75783
Abdominal circumference 0.98182 0.3317
HDL-c 0.1424 0.28321
LDL-c 0.06843 0.17571
UA 0.40548 0.33127

Fig. 1  Changes in 1-h PG 
levels. A total of 72 participants 
showed either persistently high 
1-h PG (>155 mg/dL) or per-
sistently low 1-h PG (<155 mg/
dL) levels yearly for 11 years. 
The high 1-h PG group 
remained to have>155 mg/dL 
(red circle and line, N=22), and 
the low 1-hPG group remained 
to have<155 mg/dL (black cir-
cle and line, N=50). *p<0.01 
-h PG, 1-h postchallenge glu-
cose level in 75 g oral glucose 
tolerance test (mg/dL)

654



1 3

International Journal of Diabetes in Developing Countries (December 2022) 42 (4):652–656

Transition of glucose tolerance condition from NGT 
after 11 years

In the low 1-h PG group, 49 participants remained to have 
NGT, while only 1 was reclassified as having IGT after 
11 years (Fig. 2). In the high 1-h PG group, 8 participants 
remained to have NGT, whereas 10 and 4 were reclassified 
as having IGT and T2DM, respectively, after 11 years.

Discussion

In this clinical study, risk factors such as BMI, DBP, 
abdominal circumference, and the levels of total cho-
lesterol, HDL-c, LDL-c, and UA, which are linked to 
both atherosclerosis and metabolic syndrome, were not 
independent risk factors for 1-h PG levels. Conversely, 
age, SBP, FPG, and HbA1c were independent risk fac-
tors affecting both the 1- and 2-h PG levels. Meanwhile, 

sex was an independent risk factor for 2-h PG alone, and 
total cholesterol for 1-h PG alone. Thus, unexpectedly, 
some factors affected both the 1- and 2-h PG levels inde-
pendently, and some of them behaved differently as risk 
factors for 1- and 2-h PG levels. Therefore, 1- and 2-h PG 
cannot always be controlled together.

A 1-h PG level of > 155 mg/dL might predict the reclas-
sification from NGT into T2DM [1]. Although early-phase 
insulin secretion is reportedly impaired in 1-h PG [2], our 
study did not evaluate insulin levels at 75 g OGTT. There-
fore, we cannot confirm whether different insulin responses 
or insulin sensitivities can lead to the different outcomes of 
glucose tolerance condition in NGT participants with either 
persistently high or low 1-h PG levels. Nevertheless, consid-
ering that age, HT, BW, BMI, and abdominal circumference 
were not significantly different between the high and low 1-h 
PG groups, these groups might not have marked differences 
in terms of peripheral insulin action.

Large-scale epidemiological studies conducted in 
other populations, including Koreans [3], Israelis [4], 
Japanese [5], Chinese [6], Native Americans [7], Asian 
Indians [8], Peruvians [9], and Thais [10], confirmed 
that 1-h PG is strongly and independently with incident 
diabetes. The huge difference between our study and 
the previous studies is that we evaluated participants 
with either persistently high 1-h PG (> 155 mg/dL) or 
persistently low 1-h PG (< 155 mg/dL) level, which was 
confirmed by 75 g OGTT results obtained yearly for 
11 years (2008–2018).

Such results revealed that persistently high 1-h PG lev-
els might be a risk factor for reclassification into IGT and 
T2DM from NGT. Meanwhile, persistently low 1-h PG lev-
els may not be a substantial risk factor for the same reclas-
sification. Considering that SBP, FPG, and HbA1c levels 
were significantly different between the high and low 1-h PG 
groups, this difference might partially explain the difference 
in the transition of glucose tolerance condition from NGT 
after a period of 11 years.

As described above, every after Ningen Dock, all of the 
participants were explained on their medical results by their 
physician. They also received suggestions and advice about 
necessary measures for diet and lifestyle modifications, as 
well as abnormal data, by a registered nurse, a registered 
dietician, and their physician annually. Although occupa-
tion and economic status differed between participants, all of 
the participants were recommended to consistently practice 
healthy lifestyle measures, such as appropriate diet, smoking 
cessation, and BW reduction, as emphasized every year dur-
ing Ningen Dock throughout the observation period.

As shown in Table 1, BW, BMI, and waist circumference 
were statistically not different between the high and low 1-h 
PG groups. Thus, as a baseline, interests in health seemed 

Fig. 2  Reclassification of glucose tolerance from NGT over an 
11-year period in participants with either low or high 1-h PG levels. 
The upper image (labeled as “High 1-h PG”) represents the reclas-
sification from NGT into IGT and T2DM in participants with high. 
1-h PG levels (>155 mg/dL). The lower image (labeled as “Low 1-h 
PG”) represents the reclassification from NGT into IGT in partici-
pants with low 1-h PG levels (<155 mg/dL). Each number represents 
the number of participants 1-h PG, 1-h postchallenge glucose level in 
75 g oral glucose tolerance test; NGT, normal glucose tolerance; IGT, 
impaired glucose; T2DM, type 2 diabetes mellitus
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to be similar between the two study groups. However, given 
that Ningen Dock is costly, this clinical study mainly inves-
tigated patients who could afford Ningen Dock, suggesting 
a certain grade of bias.

Meanwhile, this clinical study has limitations that warrant 
discussion. Although this clinical study contains a strong 
point such that the participants consistently underwent 75 g 
OGTT yearly for 11 years (2008–2018), our sample size was 
small (N = 78), with a limited range on ethnicities, age, sex, 
and weight. Thus, our results are not fully generalizable. A 
study involving a larger cohort with a wider range of demo-
graphics and a multicenter study design is required to verify 
the current results.

In conclusion, persistently high 1-h PG levels may be 
a risk factor for reclassification into IGT and T2DM from 
NGT, but not the persistently low 1-h PG levels.
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Abstract
Introduction Formal stimulation tests for β-cell secretory reserve, like glucagon stimulation test (GST) or mixed meal 
tolerance test, are cumbersome, hence, difficult to use in clinical practice. C-peptide response at 2-h following usual meal, 
measured simultaneously with plasma glucose, may be used as an alternative.
Methods We compared C-peptide at 2-h post usual meal (uCP) with C-peptide at 6 min in GST (gCP), and C–peptide at 
90 min following standardized mixed meal (Sustacal®) (sCP) in 112 participants, of which 64.3% had T2DM, 12.5% had 
T1DM, and the remaining 23.2% had other forms of diabetes (LADA, FCPD, MODY, PNDM).
Results Correlations between uCP & gCP and uCP & sCP were assessed in different groups and subgroups. We found either 
very strong or moderately strong correlation in each categories except in T2DM treated with OAD, where gCP showed fair 
correlation with uCP. In the receiver operating characteristic (ROC) curves of uCP to define insulin dependence (gCP and 
sCP thresholds of < 1.8 ng/mL) and to differentiate insulin-requiring from non-insulin-requiring diabetes using equivalent 
threshold, AUC 0.967 (95% CI, 0.934–1.000) for gCP<1.8 ng/ml; and 0.993 (95% CI, 0.983–1.002) for sCP<1.8 ng/ml was 
found. uCP cut-off of < 1.8 ng/ml had a sensitivity of 94–100% and specificity of 93% for insulin dependency, with 93–95% 
of patients being identified correctly.
Conclusions uCP is a valid, cost-effective, and practical alternative to gCP or sCP in resource restricted settings, where 
glucagon and standardized mixed meal are not easily available, and adds to the cost of the diagnostic test.

Keywords Glucagon stimulation test · Standardized mixed meal · Post-usual meal C-peptide · Stimulated C-peptide · β-cell 
reserve

Introduction

C-peptide estimation, a reliable method of evaluating β-cell 
secretory reserve, is widely used in management of patients 
with diabetes mellitus (DM). Assessment of endogenous 

insulin secretion is often required in clinical practice to 
characterize the type of DM, particularly in children and 
adolescents, and to identify responsiveness to oral anti-
diabetic agents (OADs), in patients reluctant to take insu-
lin. C-peptide may be measured in fasting state or follow-
ing formal stimulation tests, like glucagon stimulation test 
(GST) or after standardized mixed-meal (SMM); stimulated 
C-peptide, however, is preferred over fasting value [1].

The prototypical mixed-meal (MM) tolerance test 
(MMTT), often considered the “gold-standard,” is invasive, 
and intensive due to frequent venous sampling, required to 
measure area under the curve (AUC) C-peptide, in addi-
tion to measurement of peak C-peptide immunoreactivity. 
Single 90-min SMM stimulated C-peptide value has subse-
quently been proposed as an effective alternative to MMTT 
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[2]. The SMM preparations, widely used in clinical trials 
are Sustacal® and Boost®, which are not available in many 
countries, and the fixed-calorie administered through these 
test meals, irrespective of body habitus, may not provide 
adequate stimulus for every patient. The drawbacks of GST 
are the need for intravenous (IV) injection, and cost of gluca-
gon that adds to the total expenditure of the test. C-peptide 
assessment in non-fasting or “random” samples, following 
oral or IV glucose, after sulfonylurea (SU), or after adminis-
tering “custom-made” MM with broadly similar nutritional 
content to that of SMM, has been used as substitutes [3]. 
Assessment of “stimulated” C-peptide following usual meal, 
a person consumes seems clinically more prudent outside 
major research trials.

Estimation of venous plasma glucose (VPG) at 2-h 
post habitual meal is done routinely in day to day practice; 
simultaneous estimation of C-peptide provides “stimulated” 
C-peptide value in addition to the post-prandial plasma 
glucose (PPPG) concentrations. The number of venipunc-
ture thus is reduced, and the PPPG also helps to interpret 
the C-peptide value, making this protocol practical and 
patient-friendly.

We compared C-peptide concentrations following usual 
meal (uCP) with glucagon stimulated C-peptide (gCP), and 
post-SMM C-peptide (sCP) values in patients with different 
types of diabetes, aiming to establish uCP as a valid, cost-
effective, and practical alternative to gCP or sCP in resource 
restricted settings. To the best of our knowledge, none of the 
studies performed so far, compared uCP both with gCP and 
sCP in a single cohort of different types of diabetes.

Materials and methods

This cross sectional study was performed between Janu-
ary 2019 and December 2019, and was approved by the 
ethical committee of the institute [Memo No. MMC/IEC-
2019/193/1(12) dated 28/01/2019]. Patients with established 
DM, willing to volunteer for the study, and not having any 
one of the exclusion criteria, seen during this period, were 
included irrespective of the type of DM. Informed written 
consent was obtained from each of the participants.

Patients with primary OAD failure, positive anti-glutamic 
acid decarboxylase (GAD) antibody, and/or positive anti-
islet antigen 2 (IA-2) antibody, with/without past history of 
documented diabetic ketoacidosis (DKA) was considered 
as Type 1 DM (T1DM), those with positive anti-GAD and/
or anti-IA2 antibody with secondary OAD failure (hav-
ing documented normoglycemia for at least 6 months with 
OADs) was considered as latent autoimmune diabetes in 
adults (LADA), and those with dilated main pancreatic 
duct (MPD) with multiple ductal calculi, without history of 
alcohol intake was considered as fibrocalculous pancreatic 

diabetes (FCPD). We included patients with T1DM early 
in the course of the disease (newly diagnosed or less than 
3 years duration), patients with T1DM beyond their pro-
posed “honeymoon period” (more than 5 years duration), 
type 2 DM (T2DM) with relatively shorter duration (newly 
diagnosed or diagnosed within 5  years), long standing 
T2DM (more than 10 years duration), patients of LADA, 
FCPD, maturity-onset diabetes of the young (MODY), and 
permanent neonatal diabetes mellitus (PNDM). The patient 
with PNDM had mutation in the insulin gene with primary 
OAD failure without DKA. Two patients with MODY had 
agenesis of the body and tail of pancreas, bilateral multiple 
renal cysts, hypomagnesemia, and hyperuricemia, sugges-
tive of MODY type-5, and one had mutation of hepatocyte 
nuclear factor (HNF)-1α gene (MODY type-3). The total 
cohort was divided into three groups, T1DM, T2DM, and 
others, the latter included patients with LADA, FCPD, 
MODY, and PNDM. Patients with severe co-morbidities 
(stage 3, 4, 5 chronic kidney disease, chronic liver disease, 
chronic heart failure, chronic obstructive pulmonary dis-
ease), severely ill patients [systemic inflammatory response 
syndrome (SIRS), sepsis, patients with DKA or idiopathic 
hyperosmolar hyperglycemic state (IHHS), malignancy, 
acquired immunodeficiency syndrome (AIDS), active tuber-
culosis], and pregnant females were excluded.

Detailed history was obtained and all patients underwent 
thorough clinical examination. Following baseline biochemi-
cal investigations including glycated hemoglobin (HbA1c), 
stimulated C-peptide measurements were performed subse-
quently on 3 consecutive days, following usual meal (uCP) 
on day 1, with SMM (sCP) on day 2, and post-glucagon 
(gCP) on day 3. C-peptide was estimated only if simultane-
ous VPG was more than 90 mg/dl, in samples drawn after 
stimulation tests.

Ongoing anti-hyperglycemic agents were continued 
till previous night in all the three occasions (usual meal, 
glucagon, Sustacal). uCP and sCP were measured following 
scheduled morning dose of anti-hyperglycemic agent(s), if 
any, eliminating any possible confounding effect. It helped 
us to quantify maximum C-peptide response with insu-
lin secretagogues in type 2 DM, FCPD, or MODY, which 
in turn could identify people who were likely/unlikely to 
respond to OADs. Such an effort was made for two reasons. 
First, C-peptide response following secretagogues helped us 
to counsel those needle-phobic patients whether they were 
going to achieve satisfactory glycemic control with oral 
agents or not. Second, in clinical practice, post-meal glucose 
is measured after usual meal on usual medications, to adjust 
OAD dosage. We applied the same logic to quantify C-pep-
tide response following insulin secretagogues, and thus, to 
identify OAD responders. Stimulated C-peptide response 
(irrespective of the method use) without OAD could have 
misidentified OAD responders as OAD non-responders.
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Stimulation tests

With usual meal

Patients consumed their habitual meals at scheduled time of 
the day. Ongoing anti-hyperglycemic agents were admin-
istered on usual times. Samples were withdrawn 2-h after 
starting of the largest meal (lunch).

With SMM

We used Sustacal® (Nestle Health Sciences, Colombo, Sri 
Lanka), that contains 456 kcal/100 g of powder (47% carbo-
hydrate, 35% fat, 16% protein, and dietary fiber 2%). A total 
of 1.4 g/kg (6 ml/kg) of the formula was administered up 
to a maximum of 86 g (360 ml) after an overnight fast. The 
patients were instructed to continue their scheduled dose of 
OAD and insulin till the night before, and also the morning 
dose of OAD and insulin, if any. Samples were withdrawn 
at 90 min.

With glucagon

The GSTs were carried out in the morning after an overnight 
fast skipping the scheduled morning dose of anti-diabetic 
agents. A bolus dose of 1 mg of biosynthetic glucagon 
hydrochloride (GlucaGen®, Novo Nordisk, Denmark) was 
given IV. Samples were withdrawn 6 min after injection.

VPG was measured using the glucose oxidase method, 
HbA1c by high-performance liquid chromatography (HPLC) 
in Biorad D-10 system, and serum C-peptide by electro-
chemiluminescence immunoassay in cobas e 411 analyzer 
(Roche, Basel, Switzerland) within 6 h of venipuncture. 
The average inter- and intra-assay coefficient of variations 
(CV) was less than 5% in this platform. The concentration 
of C-peptide was reported in ng/ml (3 ng/ml = 1 nmol/L).

Statistical analysis

Data was entered in Microsoft spreadsheet and then ana-
lyzed. All statistical analyses were conducted with the 
IBM® SPSS® Statistics ver. 26.0 software (SPSS, Chicago, 
IL). Values of C-peptides were not normally distributed, so 
data was expressed as median and interquartile range (IQR). 
We assessed the correlation between uCP & gCP and uCP 
& sCP using Spearman’s rank correlation coefficient (rs). 
Values of 0.8 or higher suggested very strong correlation, 
between 0.6 and 0.8 indicated moderate correlation, while 
that between 0.3 and 0.6 indicated fair correlation. We also 
performed Bland–Altman analysis to evaluate the agreement 
among these three stimulatory methods. The standard devia-
tion (SD) of all the individual differences was calculated as 
a measure of variability from which the limits of agreement 

(LOA) were determined. LOA represent the range of values 
in which agreement between methods fell within ± 2 SD for 
95% of the sample. Bias and precision estimates of ±0.6 ng/
ml (this value is accepted as a cut-off of absolute insulin 
deficiency, hence, any change up to 0.6 ng/ml may be con-
sidered clinically insignificant) and±3.0 ng/ml (this value is 
considered as the cut-off of “normal” cell-response), respec-
tively, were established a priori as the maximum parameters 
that would indicate acceptable agreement between methods 
and precision of the difference. This study aimed to establish 
a stimulatory protocol for assessing β-cell reserve that is not 
only easy to perform but also to look for insulin dependence, 
hence deciding on management strategy. Accuracy, thus, was 
of utmost importance, and we therefore chose a stringent 
criterion for agreement.

Receiver operating characteristic (ROC) curves were con-
structed to compare the ability of uCP with that of gCP and 
sCP, for the already established stimulated C-peptide cut-off 
value of 1.8 ng/ml to discriminate insulin dependency from 
OAD responsivity. The areas under the ROC curves were 
calculated. An AUC of 0.5 indicated no discriminating value 
of the test. An AUC exceeding 0.7 carried a discriminating 
strength of statistical significance, while value exceeding 
0.8 indicated excellent discrimination. We then assessed the 
utility of uCP in correctly identifying patients with insulin 
dependency in relation to established threshold of gCP and 
sCP (<1.8 ng/ml). The maximum sensitivity and specificity 
of uCP were obtained from the ROC curves and using the 
Youden index.

We also assessed the influence of concomitant VPG on 
stimulated C-peptide. Fisher’s exact test was used for fre-
quencies. p < 0.05 was considered significant.

Results

The entire cohort of 112 participants (40 males and 72 
females) was divided into 3 groups: T1DM (n = 14, 12.5%), 
T2DM (n = 72, 64.3%), and others (n = 26, 23.2%), which 
consisted of 16 patients with LADA, 6 patients with FCPD, 
3 patients with MODY, and 1 patient with PNDM. Total 
of 30 patients of the entire cohort had autoimmune diabe-
tes. Mean age of the study population was 38.61 (±15.16) 
years (range, 3–73 years). Among patients with T1DM, 2 
had disease duration of more than 5 years. Forty patients 
with T2DM had been diagnosed with diabetes within 
5 years, while remaining 32 patients had disease duration 
of 10 years or more. All patients with T1DM and “other” 
forms of diabetes were on insulin, while 16 patients with 
T2DM were on insulin therapy. The mean HbA1c was 8.35 
(± 2.11) % overall, while mean HbA1c for T1DM, T2DM, 
and others groups were 9.53 (±2.84) %, 7.90 (±1.51) %, and 
9.02 (± 2.97) % respectively.
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The median values of stimulated C-peptide by three dif-
ferent methods among the different groups and subgroups 
have been summarized in Table 1 and Fig. 1. The numerical 
values of stimulated C-peptide were highest with SMM in 
all groups and subgroups.

The correlation between uCP, gCP, and sCP have been 
shown in Table 2. For T1DM group, we found a very strong 
correlation between uCP & gCP (rs, 0.845) and uCP & sCP 
(rs, 0.831). For T2DM group, the correlation was moder-
ately strong between uCP & gCP (rs, 0.631), and very strong 
between uCP & sCP (rs, 0.817). The correlations were also 

very strong in patients allocated in the others group (rs, 
0.885 for uCP & gCP; 0.934 for uCP & sCP). The findings 
were not much different in the various subgroups we looked 
at. We found moderately strong or very strong correlation 
between these tests in all the subgroups except in T2DM 
patients on OAD; in that subgroup, fair correlation was 
obtained between uCP & gCP (rs, 0.408), and also between 
gCP & sCP (rs, 0.540). All the correlations were statistically 
significant.

The Bland–Altman analysis has been summarized in 
Table 3, and the Bland–Altman plots are shown in Fig. 2. 

Table 1  C-peptide response 
(ng/ml) by the three different 
stimulatory methods in different 
groups and subgroups (n=112). 
Data is expressed in median 
(IQR)

Subgroups uCP gCP sCP

T1DM (n=14) 0.34 (0.09–0.72) 0.26 (0.17–0.95) 0.42 (0.12–1.11)
T2DM (n=72) 6.00 (3.37–8.56) 5.82 (3.56–8.18) 7.20 (4.87–8.56)

T2DM≤5 years (n =40) 6.74 (5.17–8.56) 6.69 (4.26–7.98) 7.32 (5.58–9.08)
T2DM≥10 years (n =32) 4.88 (2.95–9.08) 5.29 (3.25–8.66) 6.01 (3.61–8.23)

T2DM with BMI<23 kg/m2 (n=42) 6.71 (3.17–8.88) 5.64 (3.95–8.47) 7.19 (4.89–9.41)
T2DM with BMI≥23 kg/m2 (n=30) 5.84 (5.10–7.15) 6.56 (3.41–8.04) 7.21 (4.74–8.10)

T2DM on insulin (n=16) 2.07 (1.15–3.12) 3.57(1.9–5.21) 4.42 (1.96–5.04)
T2DM on OAD (n =56) 6.74 (5.31–8.91) 6.92 (4.91–8.33) 7.44 (6.33–9.08)

Others (n =26) 1.37 (0.17–2.42) 1.63 (0.21–2.15) 1.73 (0.43–2.61)
Autoimmune diabetes (n =30) 0.20 (0.10–1.17) 0.25 (0.17–1.73) 0.59 (0.19–1.86)

Non-autoimmune diabetes (n =82) 5.60 (3.09–7.62) 5.60 (3.34–7.86) 7.01 (4.02–8.40)

Fig. 1  Clustered boxplot showing median stimulated C-peptide (with IQR) values among different groups and subgroups of the study population 
(n=112). Small circles denote “outliers” and stars denote “far outliers”
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Both in T1DM and others group, the LOAs were small 
enough to suggest that uCP can be used with confidence in 
place of either gCP or sCP. However, in the T2DM group, 
the LOAs were large to indicate that uCP cannot be used 
as an alternative to either the gCP or to the sCP for clinical 
purposes. This was likely due to significant differences in 
uCP, gCP, and sCP values in 16 patients in the T2DM group. 
All these patients were on OAD, and though the C-peptide 
values, obtained by three methods were widely separated, 
the lowest values were much higher than the established cut-
off of insulin dependency (1.8 ng/ml), making this particular 
findings in Bland–Altman analysis clinically irrelevant.

We took uCP cut-off of less than 1.8 ng/ml to denote 
insulin dependency and found AUC of 0.967 (95% CI, 
0.934–1.000) for gCP < 1.8 ng/mL, and 0.993 (95% CI, 
0.983–1.002) for sCP < 1.8 ng/mL (Fig. 3). Taking GST as 
reference, we found uCP cut-off of < 1.8 ng/mL having a 
sensitivity of 94% and specificity of 93% to denote insu-
lin dependence. Ninety-three percent of patients were cor-
rectly classified to have insulin dependence. On the other 
hand, considering sCP of < 1.8 ng/ml as reference, uCP 
of < 1.8 ng/ml had a sensitivity of 100% and specificity 
of 93% for insulin dependency with 95% of patients being 
correctly classified. No statistically significant association 

Table 2  Correlation between 
C-peptide values by three 
different stimulatory methods in 
different groups and subgroups 
of the study population 
(n=112)

p<0.05 is significant (2-tailed)

Subgroups gCP and sCP gCP and uCP sCP and uCP

T1DM (n=14) rs 0.969 rs 0.845 rs 0.831
p <0.000 p <0.000 p <0.000

T2DM (n=72) rs 0.715 rs 0.631 rs 0.817
p <0.000 p <0.000 p <0.000

T2DM≤5 years (n=40) rs 0.654 rs 0.701 rs 0.678
p <0.000 p <0.000 p <0.000

T2DM≥10 years (n=32) rs 0.768 rs 0.650 rs 0.879
p <0.000 p <0.000 p <0.000

T2DM with BMI<23 kg/m2 (n=42) rs 0.655 rs 0.606 rs 0.853
p <0.000 p <0.000 p <0.000

T2DM with BMI≥23 kg/m2 (n=30) rs 0.857 rs 0.693 rs 0.761
p <0.000 p <0.000 p <0.000

T2DM on insulin (n=16) rs 0.976 rs 0.833 rs 0.762
p <0.000 p <0.000 p 0.001

T2DM on OAD (n=56) rs 0.540 rs 0.408 rs 0.665
p <0.000 p 0.002 p <0.000

Others (n=26) rs 0.863 rs 0.885 rs 0.934
p <0.000 p <0.000 p <0.000

Autoimmune diabetes (n=30) rs 0.848 rs 0.847 rs 0.864
p <0.000 p <0.000 p <0.000

Non-autoimmune diabetes (n=82) rs 0.786 rs 0.722 rs 0.858
p <0.000 p <0.000 p <0.000

Table 3  Bland–Altman analysis for agreement between uCP & gCP and uCP & sCP in three groups

aSD standard deviation (random variation from the two different methods)
bBias mean difference in values obtained with the two different methods (systematic variation between methods)
cLOA limits of agreement around the bias

Groups Analysis method SDa Biasb (±2SD) 95% C.I. for the bias Lower LOAc (95% CI) Upper LOAc (95% CI)

T1DM uCP relative to gCP 0.687 0.003 (±1.374) −0.357–0.363 −1.994-−0.748 0.754–2.000
uCP relative to sCP 0.335 0.265 (±0.670) 0.089–0.441 −0.710-−0.101 0.631–1.240

T2DM uCP relative to gCP 2.708 0.216 (±5.416) −0.409–0.842 −6.284-−4.117 4.550–6.717
uCP relative to sCP 1.610 0.918 (±3.220) 0.546–1.290 −2.950-−1.658 3.494–4.782

Others uCP relative to gCP 0.755 −0.010 (±1.510) −0.300–0.280 −2.021-−1.016 0.997–2.002
uCP relative to sCP 0.465 0.299 (±0.930) 0.120–0.477 −0.942-−0.322 0.919–1.539
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Fig. 2  Bland–Altman plots in three groups. Red lines denote mean, maroon lines denote LOA (mean±2SD), and green lines denote line of 
equality. Dots denote scattered points

Fig. 3  Receiver operating characteristic (ROC) curves showing ability of uCP to define insulin dependence using equivalent thresholds 
(<1.8 ng/mL). a for gCP (b) for sCP
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between stimulated C-peptide responses in any of the meth-
ods with concomitant VPG was found.

Discussion

Though different stimulatory methods are being used to 
assess β-cell secretory reserve, each of these tests has its 
own limitations. The two formal stimulation tests, GST and 
SMM have been compared earlier, and SMM was found to 
be more reproducible and better tolerated than GST for the 
assessment of β-cell function in patients with T1DM [4]. 
Similarly, in non-insulin dependent DM, C-peptide response 
with MM was comparatively higher than glucagon, and the 
responses demonstrated modest correlation [5]. The higher 
C-peptide following MM in comparison to glucagon stimu-
lation likely represents the β-cell stimulatory effects of gut-
derived peptides and micronutrients present in the meal.

However, the recommended SMM formulations, used in 
large trials are not freely available in most of the countries, 
and a number of custom-made preparations, differing widely 
in their energy and macronutrient contents have been used 
as alternatives. For example, one study from Denmark used 
a meal that consisted of one soft boiled egg, half a slice of 
rye bread with butter, two slices of white bread with butter, 
15 g cheese, 20 g jam, 200 ml skimmed milk and tea or cof-
fee [5]. MM used in Nigeria to evaluate β-cell response in 
T2DM contained a sandwich made from whole wheat bread, 
fried tomatoes, lettuce, onions, and 1% fat milk added to a 
cup of tea [6]. A Brazilian study administered a stimulus 
consisting of 200 ml of 2% cow milk and seven crackers to 
assess endogenous insulin secretion in a cohort of T1DM 
[7]. A Dutch study compared two different meals with com-
parable total energy content and macronutrient composition 
and found no difference in estimates of β-cell function; the 
MM consisted of 150 g Egg McMuffin, 50 g croissant, 10 g 
butter, 15 g jam, 200 ml full fat milk, 20 ml cream, and 
11 ml lemon flavored concentrated syrup and the liquid meal 
contained 1 sachet Calshake vanilla, 240 ml full-fat milk, 
20 g sunflower oil, 5 g Fantomalt powder, and 27 g Protifar 
Plus [8]. Commercially available formulations like 160 ml 
of Fortisip Compact have also been used [9].

As different formulations have been found to be effective 
in stimulating β-cells, and preparing such meals are lot more 
cumbersome than using usual meals, we compared habitual 
meals during formal stimulation tests. In our study, the cor-
relations between uCP and sCP in all groups and subgroups 
were statistically significant and clinically relevant. Similar 
observation was also established in an earlier study, compar-
ing 90 min C-peptide response following SMM with random 
non-fasting C-peptide (sample was taken within 5-h of a 
meal between 9 a.m. and 5 p.m.) in insulin-treated patients 
[9]. This is the only study we came across that compared 

SMM with usual meal, though the authors relied on random 
C-peptide.

We also established statistically significant and clini-
cally meaningful correlation between uCP and gCP in all 
groups and subgroups. This finding was concordant with 
previously published studies that came across strong cor-
relation between post meal C-peptide and post glucagon 
C-peptide, both in insulin-treated and non-insulin treated 
diabetes [10–13]. However, none of these studies, except 
one (Koskinen et al.) looked at agreement between these 
stimulatory methods, and relied only on correlation coeffi-
cients [12]. We performed Bland–Altman analysis and found 
agreements in T1DM and others group, and not in T2DM 
group. However, the finding in the latter was not clinically 
relevant; in addition, we found the difference between uCP 
and gCP statistically insignificant when we performed Wil-
coxon’s signed-rank test in that particular group to assess 
the significance of the differences between paired measure-
ments. Post-meal C-peptide could effectively discriminate 
between insulin-requiring and non-insulin-requiring patients 
in all these studies including ours. We noted that the overall 
sensitivity of uCP of less than 1.8 ng/ml to denote insulin 
dependency was 94–100% and specificity of 93% irrespec-
tive of VPG, consistent with findings obtained from earlier 
studies [9].

Chronic hyperglycemia might impair endogenous insu-
lin secretion after a meal load, but has little effect on GST; 
hence, post-meal C-peptide might get underestimated, and 
GST supposedly is the best stimulatory test when HbA1c 
is 9.0% or more [14]. However, we could not find such an 
association in T1DM and others group with mean HbA1c of 
9.53% and 9.02% respectively. Glucotoxicity and lipotoxic-
ity are known to interfere with β-cell secretory reserve. The 
stimulation tests in our study were performed in consecu-
tive day; hence, we can confidently rule out confounding 
effects of chronic hyperglycemia in interpretation of correla-
tion between these tests. The mean HbA1c (8.35%) in this 
particular cohort was consistent with the overall glycemic 
control of the diabetes population in India, ranging from 7.7 
to 8.9% in the recently performed population based studies 
[15, 16]. Majority of our patients are to be evaluated with 
this degree of background hyperglycemia and our findings 
shall give confidence to the treating physicians.

C-peptide values are considered “stimulated,” when 
concurrently measured plasma glucose is more than 
144 mg/dl, and this “random” C-peptide, irrespective of 
last meal was found to be superior to gCP in differenti-
ating T1DM from T2DM [17, 18]. Acute normalization 
of plasma glucose (90–100 mg/dl) was found to reduce 
endogenous insulin secretion, following GST in non-
insulin treated patients with long standing hyperglycemia 
(HbA1c:10.2%) [17]. However, we could not find statisti-
cally significant association between C-peptide response 
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and concomitant VPG in any of the three stimulatory tests, 
suggesting adequate β-cell stimulation depends on factors 
other than glucose. Similar observation has also been 
noted in earlier studies [19]. The insulinotropic effect of 
glucagon is independent of ambient plasma glucose, and 
the rise in insulin concentration occurs earlier than rise in 
plasma glucose following intravenous glucagon [20]. Sim-
ilarly, rise in gut-derived hormones including incretin hor-
mones or other micronutrients (leucine, arginine) present 
in the meal may themselves act as insulin secretagogues, 
in addition to potentiating the response to glucose [21]. 
Though we did not find any association between C-peptide 
concentrations and simultaneous VPG, C-peptide estima-
tion should not be performed if VPG is less than 90 mg/
dl, as endogenous insulin secretion ceases at a glycemic 
threshold of 80–85 mg/dl [22].

Our study had certain limitations. First, we evaluated 
112 participants with different types of diabetes, which 
may not be sufficient to draw a firm conclusion. The larg-
est study so far which compared random C-peptide with 
gCP, for classification of diabetes based on C-peptide cut-
off, enrolled 1093 patients [18]. However, strength of the 
cohorts in all the earlier studies that looked into the corre-
lation between different stimulatory methods was less than 
76 except one with 142 [9–13]. This particular study may 
be considered as a pilot study. We are very much interested 
to replicate this study involving larger population in future. 
Second, we continued OADs, like SU and gliptins, during 
the stimulation tests, which might have affected C-peptide 
responses. Third, we measured uCP at 120 min and sCP 
at 90 min. C-peptide following oral stimulation peaks at 
variable time points and might have interfered with results.

To conclude, 120-min C-peptide response following usual 
meal is an effective and valid alternative to formal stimula-
tion tests. The SMM preparations are not available in India, 
and making a standardized custom-made preparation is cum-
bersome in routine practice. Glucagon injection is difficult to 
procure, costly, and requires IV administration. PPPG at 2 h 
after usual meal is a standard of care in patients with diabe-
tes; simultaneous C-peptide measurement at the same time 
point makes uCP a practical way of evaluating β-cell reserve.
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Abstract
Aims To evaluate the relationship between anthropometric indices, including abdominal volume index (AVI), waist-to-hip 
ratio (WHR), waist-to-height ratio (WHtR), conicity index (C index), body mass index (BMI), body roundness index (BRI), 
body adiposity index (BAI), A body shape index (ABSI) and cardiovascular risk factors, and their abilities to predict meta-
bolic syndrome (MetS) in adults.
Methods A cross-sectional study of 76,915 participants (30,912 females and 46,003 males) aged between 14 and 100 years 
was conducted. AVI, WHR, WHtR, BMI, conicity index (C index), BRI, BAI, and ABSI were measured and calculated. 
Pearson correlation analysis and linear regression analysis were used to examine the relationship between anthropometric 
indicators and the components of MetS, while binary logistic regression analysis was used to assess the relationship between 
anthropometric indicators and overall MetS. The receiver operating characteristic curve (ROC) was used to analyze and 
calculate the area under the curve (AUC). Then, a 95% confidence interval (95% CI) was calculated to evaluate the ability 
of anthropometric indicators to predict MetS and determine the optimal cutoff value of each anthropometric indicator. The 
optimal cutoff value was determined by the Youden index.
Results MetS prevalence was 21.71% in males and 9.5% in females. Participants with MetS were older and had higher values 
of glucose, triglyceride, low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), systolic blood pressure (SBP), 
diastolic blood pressure (DBP) than those without MetS. The high-density lipoprotein cholesterol (HDL-C) values of males 
and females with MetS were lower than the values found in those without MetS. Mean values of all anthropometric indica-
tors in men and women with MetS were significantly higher than the mean values in those without MetS. After adjusting 
for age, alcohol consumption, and smoking, anthropometric indexes AVI, WHR, WHtR, C index, BMI, and BRI were all 
associated with cardiovascular risk factors (p<0.001). Among men over the age 60 years old, an AVI cutoff of 16.0 predicted 
MetS with a sensitivity of 74.70% and a specificity of 84.90%. The area under the ROC curve was 0.84 (p< 0.001). Among 
women over the age of 60 years, an AVI cutoff of 12.8 predicted MetS with a sensitivity of 90.13% and a specificity of 
63.72%. The area under the ROC curve was 0.80 (p < 0.001). Among men aged 30–60 years, an AVI cutoff of 16 predicted 
MetS with a sensitivity of 80.44% and a specificity of 82.36%. The area under the ROC curve was 0.85 (p< 0.001). Among 
women aged 30–60 years, an AVI cutoff of 12.82 predicted MetS with a sensitivity of 87.72% and a specificity of 83.47%. 
The area under the ROC curve was 0.90 (p<0.001). Among men under the age of 30 years, an AVI cutoff of 16.22 predicted 
MetS with a sensitivity of 87.97% and a specificity of 88.65%. The area under the ROC curve was 0.92 (p< 0.001). Among 
women under the age of 30 years, an AVI cutoff of 12.79 predicted MetS with a sensitivity of 95.92% and a specificity of 
93.79%. The area under the ROC curve was 0.97 (p < 0.001). AVI showed the strongest ability to distinguish MetS across 
genders and different age groups.
Conclusion AVI, WHR, WHtR, BMI, C index, and BRI were all associated with cardiovascular risk factors. The anthro-
pometric index is a useful screening tool for MS, its components, and cardiovascular risk factors. Among all the indices 
examined, AVI can best distinguish MetS.

Keywords Abdominal volume index · Anthropometric index · Cardiovascular risk factors · Metabolic syndrome
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Introduction

Cardiovascular disease (CVD) is the leading cause of 
death in the world, and its prevalence varies with terri-
tory and culture. The prevalence, morbidity, and mortality 
of CVD are on the rise in China, and CVD is the number 
one leading cause of death, with percentages as 44.60% 
and 42.51% of total deaths in rural and urban areas [1]. 
The mortality rate from CVD in rural areas has exceeded 
and continued to exceed the urban level since 2009. The 
increasing burden of CVD has become a major public 
health concern. In this sense, the prevention of CVD 
has become a public health priority, especially for those 
considered at high cardiovascular risk. Clinically, effec-
tive strategies must be developed to fully identify these 
patients.

Metabolic syndrome (MetS) describes a cluster of con-
ditions that pose as risk factors for CVD and other ill-
nesses such as type 2 diabetes and stroke. It has become 
a major health problem in both developing and devel-
oped countries, with prevalence rising globally. Accord-
ing to the National Cholesterol Education Program [2], 
MetS is made up of the presence of any three or more of 
the following conditions: (a) blood glucose greater than 
5.6 mmol/L (100 mg/dL) or drug treatment for elevated 
blood glucose 2; (b) high-density lipoprotein (HDL) cho-
lesterol < 1.0 mmol/L (40 mg/dL) in men, < 1.3 mmol/L 
(50 mg/dL) in women or drug treatment for low HDL-C; 
(c) blood triglycerides > 1.7 mmol/L (150 mg/dL) or drug 
treatment for elevated triglycerides; (d) waist circumfer-
ence > 102 cm in men, or > 88 cm in women; (e) blood 
pressure > 130/85 mmHg or drug treatment for hyperten-
sion. Individuals meeting at least three of the five com-
ponents of MetS are considered as having the condition. 
People with MetS have a higher risk of insulin resistance, 
low levels of chronic inflammation, and oxidative stress 
[3]. MetS can also contribute to the early development of 
coronary heart disease (CHD) [4]. Therefore, it is crucial 
to identify MetS early and determine which anthropomet-
ric indicators have the highest predictive ability for MetS.

The use of methods to determine body composition 
began in the 1940s and has been extended to various 
methods as indicators of health status, treatment pro-
gress, and functional status in medicine and research. The 
measurements and indices make it easy for researchers to 
use anthropometry as a method of assessing cardiovas-
cular risk because it is simple to measure, low cost, and 
clinically applicable. Additionally, they provide invalu-
able information on risk factors that can help prevent and 
treat diseases. Perissinotto et al. [5] found that non-path-
ological factors, such as age, sex, and geographical area, 
may influence anthropometric measurement and should be 

considered. Anthropometric indices have been the focus of 
much research on obesity, cardiovascular health, and dis-
eases. However, certain issues such as the possible redis-
tribution of fat [6], the selection of the most appropriate 
statistical method, and the optimal measurement technique 
are all important factors to consider for meaningful meas-
urement in any given population.

The assessment of obesity was extrapolated from anthro-
pometric measurements. With the increasing prevalence 
of obesity, the development of a reliable anthropomet-
ric obesity index has become an important public health 
issue. Obesity not only closely reflects the risk of glucose 
metabolism disorders but identifying it also helps clinicians 
advise patients on health promotion and awareness. Body 
mass index (BMI), an anthropometric parameter, is the most 
commonly used index for assessing overweight and obe-
sity. It has long been used to assess obesity because of its 
simplicity, ease of calculation, and clear association with 
mortality and obesity-related complications. However, BMI 
alone does not reflect the amount or the distribution of body 
fat that comes from the variation in any given population 
under study, including factors such as age, sex, ethnicity, and 
type of obesity. While overall obesity is measured by BMI, 
measurements of waist circumference (WC) and hip circum-
ference (HC) and their associated ratios have been identified 
as better indicators of body size and obesity-related risks. 
A common form of abdominal obesity is the waist-to-hip 
ratio (WHR), a ratio calculated by dividing WC over HC, 
or WC, and overall obesity is measured by body mass index 
(BMI). WHR [7] is determined by dividing waist circumfer-
ence by hip circumference. It is used to describe how body 
fat is distributed, and if it is concentrated centrally or in the 
limbs. Both overall obesity and poor body fat distribution 
are independently associated with the development of type 
2 diabetes mellitus (DM). Central obesity as assessed by 
WHR or WC is a better indicator of type 2 diabetes risk 
than BMI is. Sometimes weight gain or loss causes similar 
changes in WC and HC without changing the final ratio. For 
the reason, WHR is not very useful in assessing changes in 
weight change. Also, WC does not account for variations in 
height. Therefore, it may underestimate the risks in short 
people, while overestimating the risks of tall people. While 
both WHR and WC are based on longitudinal measurements, 
the reliability of the estimation of central obesity by WC and 
WHR might also be affected in individuals whose umbilical 
line falls below the buttocks and the pendulum abdomen.

To address these issues, the abdominal volume index 
(AVI) [8] is developed as an anthropometric obesity assess-
ment. As the name implies, it measures total volume. It is 
a theoretical estimate of total abdominal volume, includ-
ing abdominal fat and adipose tissue volume as measured 
between the pubic symphysis and the xiphoid process, and 
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is calculated by using WC and HC according to the formula 
[2 cm (WC) 2 + 0.7 cm (WC-HC) 2]/1000. The formula is 
derived from the formula for calculating the volume of a 
cylinder and the volume formula of a cone. It is easier to 
estimate volume with the AVI formula than to estimate the 
volume with a truncated cone. Women’s fat distribution 
is mainly concentrated in the lower body, while men are 
mainly distributed in the upper body. The geometric figures 
of the obesity pattern in women and men are upright and 
inverted cones, respectively. The obesity pattern based on 
which AVI is calculated is similar to calculating the volume 
of a truncated cone. The advantage of using AVI to estimate 
abdominal volume is that it predicts the possible occurrence 
of both obesity patterns. Overseas studies [9] have found 
it to be a reliable measurement, closely linked to impaired 
glucose tolerance (IGT) and type 2 diabetes (DM). How-
ever, studies on AVI and its ability to predict other diseases 
including cardiovascular risk factors are still rare.

Conicity index (C index) is an indicator of abdominal 
obesity proposed by Ruperto et al. [10], based on geometric 
reasoning models. It is built upon the fact that the less fat indi-
viduals have in the center, the closer they resemble a cylinder. 
However, if individuals accumulate fat around the waist, their 
body shape seems to shift from the cylinder to the tip cone. 
The C index has no units and ranges theoretically from 1.00 
(perfect cylinder) to 1.73 (double cone, namely two cones, 
where the base is the same). It is obtained by using WC, height, 
and weight of any given individual according to the follow-
ing formula: “WC (m) / (0.109×

√

weight [kg]∕height [m]).”
Compared with WHR, the C index adjusts for the height as 
well as the weight of the individual, and can directly compare 
abdominal fat across individuals and even across different 
populations without requiring hip measurement [11].

There is growing evidence suggesting that abdominal 
fat plays a role in the development of MetS. Developing 
new anthropometric indicators to evaluate abdominal fat 
is thus necessary. To address this issue, several new meas-
urements have been developed including the body adipos-
ity index (BAI) by Bergman and colleagues [11], the A 
body shape index (ABSI) by Krakauer and Krakauer [12], 
and the body roundness index (BRI) by Thomas and col-
leagues [13]. These indices aim to estimate body fat dis-
tribution. BMI is known to have limited accuracy, as its 
value may differ for men and women with similar percent-
ages of body fat. To make up for this deficiency, Bergman 
et al. proposed that BAI as an indicator for evaluating 
body fat composition. It is calculated based on height 
and HC and shows a high correlation with adult body fat 
percentage (BF%) [11]. BAI can be used to reflect the 
percentage of body fat of adult men and women of dif-
ferent races without numerical correction. ABSI [14] is 
an index that standardizes WC by BMI and height, while 
ABSI assesses visceral, abdominal, and general obesity 

at the same time, and is a better predictor of premature 
death than WC and BMI [15]. BRI is based on a new 
geometric model that quantifies a person’s body shape 
independently of height. It can predict body fat percent-
age and visceral adipose tissue and can be used as a visual 
tool for health assessment.

Finally, waist-to-height ratio (WHtR) is also an indica-
tor of abdominal obesity and has been used to assess meta-
bolic disorders in studies. WHtR shows that individuals’
WC should not exceed half their height, and show better 
sensitivity in assessing health risks than measurements of 
isolated WC in different populations.

There is no complete agreement on the best anthropo-
metric indicators for assessing MetS status and risk. The 
best measure of obesity as a predictor of cardiometabolic 
risk remains elusive. Due to differences in race, genetic 
makeup, diet and lifestyle, culture, and economic condi-
tions between foreign and domestic populations, more 
research is needed in the Chinese population. Additionally, 
the diversity of anthropometric methods, particularly the 
newly proposed AVI and other anthropometric indicators, 
and their ability to predict MetS remain controversial and 
have not been widely analyzed or studied. The purpose 
of this study was to assess the relationship between AVI 
and cardiovascular risk factors and to compare the ability 
of AVI and other anthropometric indicators in predicting 
MetS in adults.

Methods

Data collection

A cross-sectional study of 76,915 participants (30,912 
females and 46,003 males) aged between 14 and 100 years 
was conducted between December 2013 and December 
2014 in the metropolis of Chengdu city in west China, 
the details of which had been documented elsewhere [16]. 
Inclusion criteria were that the participant was a resident 
of metropolitan Chengdu and willing to participate in the 
study. Exclusion criteria were the following: unwilling 
participants, patients with severe heart, liver and kidney 
diseases, malignant tumors, mental disorders, persons 
unable to take care of themselves, persons diagnosed with 
eating difficulties, pregnant women, and persons with 
physical disabilities. Demographic information includ-
ing sex, age, medical history (hypertension or diabetes 
mellitus), family history, smoking status (current smoking 
defined as≥ 20 cigarettes/month for≥ 6 months), drink-
ing status (current alcohol use defined as at least once/
week for≥6 months), and other relevant information were 
collected.
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Anthropometric assessment

Body weight, height, blood pressure, WC, and HC were 
measured and recorded by skilled nurses. All participants 
were requested to stand upright with arms hanging freely 
in light clothing without shoes. All measurements were 
taken using inelastic tape on the skin. WC was measured 
straight at the midpoint between the last rib and the iliac 
crest to the nearest 0.1 cm at the end of a normal breath 
[16]. The average of three measurements was recorded. HC 
was measured at the widest portion of the buttock. Height 
was measured by a nonelastic ruler to the nearest 0.5 cm. 
Weight was measured to the nearest 0.1 kg in light clothing 
and without shoes using a Weight scale (Wujin, RGT-120, 
Wujin Medical Equipment Co. Ltd., Jiangsu, China). Blood 
pressure was measured seated, by a sphygmomanometer 
(Yuyue, GB3053-93, Yuyue Medical Equipment Co., Ltd., 
Jiangsu, China) on the right arm after a 5-min rest. The 
mean of two measurements with at least a 1-min interval 
was taken. Anthropogenic indices were calculated by the 
following formulas:

Laboratory measurements

Blood samples were drawn from the antecubital vein after 
fasting for more than 12 h. Without being placed in the 
freezer, the blood samples were centrifuged at 3000 rpm 
for 10  min and then tested. Fasting plasma glucose 
(FPG), total cholesterol(TC), high-density lipoproteins 
cholesterol (HDL-C), low-density lipoproteins choles-
terol (LDL-C), triglycerides (TG), Cystatin C (Cys-c), 
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), γ-glutamyltransferase (γ-GGT), total bili-
rubin (TB), direct bilirubin (DB), serum uric acid (UA), 
serum creatinine (Scr), and blood urea nitrogen (BUN) 
were analyzed by a biochemical autoanalyzer (ROCHE 
Cobas 8000, ROCHE Diagnostics, Basel, Switzerland) 
at the Department of Clinical Laboratory Diagnostics, 
West China Hospital Sichuan University [16]. TB and 
DB were assayed by the Vanadate oxidase method. FPG 

BMI = weight∕height2(kg∕m2).
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concentrations were assayed by the hexokinase method. 
TGs in plasma were analyzed by glycerol oxidation. TC 
was assayed by means of the enzymic method. HDL-C 
and LDL-C were analyzed by homogeneous enzyme col-
orimetry. ALT, AST, and γ-GGT were measured through 
the enzyme rate method. UA and BUN were measured by 
means of the enzyme coupling method. Cystatin C (Cys-
c) was assayed by emulsion enhanced immune projection 
turbidimetry. Scr was measured by means of the picric 
acid method.

Diagnostic criteria for MetS and its components

MetS was diagnosed when the participant shows the pres-
ence of three or more following factors according to the 
National Cholesterol Education Program-Adult Treatment 
Panel III(NCEP-ATPIII)criteria [2]: abdominal obesity: 
WC≥ 90 cm in men or WC≥ 80 cm in women; Increased 
TG≥150 mg/dL (1.7 mmol/L); Decreased HDL-C, defined 
as HDL-C < 40 mg/dL (1.03 mmol/L) in male or < 50 mg/
dL (1.29 mmol/L) in female; blood pressure≥ 130/85 or 
receiving treatment; fast blood glucose (FBG)≥ 100 mg/
dL (5.6 mmol/L), or type 2 diabetes mellitus or receiving 
treatment.

Statistical analysis

The normality of the distribution was evaluated using 
the Kolmogorov–Smirnov test. Results were expressed 
as a number (percentages) or mean ± standard devia-
tions. IBM SPSS v24.0 (SPSS Inc., Chicago, USA) was 
used for statistical analysis. Student’s t-test was used 
to assess mean differences between males and females. 
Comparisons of means were assessed by analysis of 
variance (ANOVA), followed by Tukey’s test. Pearson 
correlation analysis and linear regression analysis were 
used to examine the relationship between anthropo-
metric indicators and the components of MetS, while 
binary logistic regression analysis was used to assess 
the relationship between anthropometric indicators and 
MetS. The receiver operating characteristic curve (ROC) 
and the area under the Curve (AUC) of the ROC were 
designed to assess the abilities of the anthropometric 
indexes to predict MetS, and determine the cutoff points 
for each indicator. Cutoff points were got after calculat-
ing the Youden’s index (sensitivity + specificity-1). The 
AUC was compared using MedCalc by DeLong et al.’s 
[17] (version 13.0; MedCalc Software, Mariakerke, 
Belgium). Statistical significance was considered at 
p < 0.05.
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Results

Basic information on cardiovascular risk factors 
and anthropometric indicators

Table 1 shows baseline characteristics of 76,915 partici-
pants with a mean age of 44.36 years ± 12.51 years (59.81% 

for males and 40.19% for females). Among these, 12,927 
individuals (16.81%) are with MetS, while 63,988 subjects 
(83.19%) are without MetS. The prevalence of MetS was 
found to be 21.71% in males and 9.5% in females. Partici-
pants with MetS are older and have higher values of FBG, 
TG, LDL-C, TC, SBP, DBP, PP, heart rate, cystatin C, UA, 
Scr, BUN, ALT, AST, GGT, TB, and IB than those without 

Table 1  Baseline characteristics of participants and their cardiovascular risk factors and anthropometric indicators

*p>0.05, other p<0.05
BMI body mass index, DBP diastolic blood pressure, HDL-c high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, TG
triglyceride, MetS metabolic syndrome, SBP systolic blood pressure, AVI abdominal volume index, WC waist circumference, WHR waist hip 
ratio, WHtR waist height ratio, BRI body roundness index, ABSI a body shape index, BAI body adiposity index, TB total bilirubin, IB indirect 
bilirubin, DB direct bilirubin, ALT alanine aminotransferase, AST aspartate amino transferase, GGT gamma-glutamyl transpeptidase, PP pulse 
pressure, BUN blood urea nitrogen, Scr serum creatinine, FBG fast blood glucose

Characteristics Total (n=76,915) Male (n=46,003) Female (n=30,912)

No MetS MetS No MetS MetS No MetS MetS

(n=63,988) (n=12,927) (n=36,014) (n=9989) (n=27,974) (n=2938)

Age (years) 43.16±12.24 50.33±12.13 44.24±12.59 48.62±11.63 41.77±11.61 56.15±11.99
FBG (mmol/L) 5.13±0.82 6.32±1.91 5.20±0.95 6.37±2.00 5.04±0.60 6.15±1.56
TG (mmol/L) 1.41±1.07 2.74±1.94 1.65±1.24 2.89±2.04 1.10±0.7 2.22±1.45
LDL-C (mmol/L) 2.79±0.76 3.05±0.84 2.91±0.76 3.02±0.83 2.65±0.74 3.13±0.87
HDL-C (mmol/L) 1.54±0.40 1.22±0.31 1.39±0.35 1.17±0.28 1.73±0.38 1.38±0.33
TC (mmol/L) 4.77±0.88 5.16±1.00 4.83±0.88 5.14±0.98 4.70±0.87 5.22±1.04
SBP (mmHg) 110.95±14.33 127.25±15.03 113.98±13.94 126.84±14.63 107.06±13.87 128.65±16.22
DBP (mmHg) 72.57±9.20 82.93±9.58 74.72±9.23 83.84±9.42 69.80±8.39 79.83±9.48
PP (mmHg) 38.38±10.16 44.32±13.1 39.25±10.33 43±12.44 37.26±9.84 48.83±14.24
Heart rate (beat/min) 71.88±8.89 73.12±8.74 70.96±8.93 72.74±8.5 73.05±8.69 74.42±9.39
cystatin C (mmol/L) 0.84±0.14 0.92±0.17 0.90±0.14 0.94±0.16 0.77±0.12 0.88±0.18
Uric acid (mmol/L) 337.77±87.59 399.63±91.61 387.21±75.39 421.65±85.13 274.12±55.1 324.75±70.91
Scr (mmol/L) 75.79±16.11 81.01±15.96 85.77±12.53* 85.66±13.81* 62.95±9.94 65.22±12.23
BUN (mmol/L) 4.98±1.28 5.25±1.34 5.22±1.28 5.29±1.35 4.67±1.22 5.13±1.33
ALT (mmol/L) 25.77±18.95 37.85±24.96 31.40±21.20 41.13±25.77 18.52±12.23 26.68±17.97
AST (mmol/L) 145.42±20.55 151.66±20.01 155.25±18.53 156.45±18.89 132.77±15.46 135.35±14.29
GGT (mmol/L) 28.47±39.21 57.25±66.01 36.91±47.66 64.47±69.04 17.61±19.58 32.72±46.82
TB (mmol/L) 14.18±5.91 14.46±5.94 15.27±6.33 15.00±6.12 12.77±4.98* 12.63±4.83*
IB (mmol/L) 9.98±4.38 10.42±4.50 10.72±4.74* 10.78±4.67* 9.02±3.66 9.2±3.62
DB (mmol/L) 4.20±1.83 4.04±1.76 4.55±1.94 4.22±1.77 3.75±1.58 3.43±1.6
AVI 12.68±2.78 16.91±2.65 14.06±2.42 17.5±2.41 10.90±2.12 14.89±2.45
WC 78.58±9.06 91.52±7.29 83.20±7.42 93.22±6.42 72.63±7.34 85.72±7.08
WHR 0.85±0.07 0.93±0.05 0.88±0.05 0.94±0.05 0.80±0.06 0.90±0.06
WHtR 0.48±0.05 0.55±0.04 0.50±0.05 0.55±0.04 0.46±0.05 0.55±0.05
Conicity index 1.18±0.08 1.26 ±0.06 1.20±0.06 1.26±0.06 1.14±0.08 1.24±0.08
BMI 23.04±2.97 27.03±2.79 24.09±2.78 27.38±2.64 21.69±2.64 25.83±2.93
BRI 3.07±0.92 4.47±0.89 3.33±0.84 4.47±0.83 2.73±0.90 4.46±1.08
BAI 26.59±3.15 28.52±3.43 25.53±2.74 27.64±2.79 27.96±3.12 31.53±3.67
ABSI 0.076±0.004 0.079±0.004 0.077±0.004 0.079±0.004 0.075±0.005 0.079±0.005
HBP history (%) 4.63% 23.05% 5.79% 21.24% 3.12% 29.20%
DM history (%) 1.56% 9.42% 2.24% 9.34% 0.69% 9.70%
Smoking (%) 29.81% 43.15% 51.80% 55.51% 1.50% 1.12%
Drinking (%) 44.97% 60.78% 73.22% 76.68% 8.59% 6.71%
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MetS. Participants with MetS had lower HDL-C and DB 
values than those without MetS. Both women and men with 
MetS had significantly higher mean values for all anthro-
pometric indicators than those without MetS. There was no 
statistical difference in Scr and IB values between men with 
and without MetS. There was no statistical difference in TB 
value between women with and without MetS. Both men 
and women who have MetS are significantly older than those 
who do not have MetS. Participants with MetS had higher 
mean values of anthropometric indices than those without 
MetS (all p < 0.05). Participants with MetS had higher TG, 
TC, LDL-C, FBG, SBP, DBP, PP, and LDL-C than those 
without MetS (all p < 0.05). Participants with MetS were 
more likely to have a history of hypertension and diabetes 
than those without MetS (p < 0.05). Interestingly, among 
female participants, those without MetS have higher smok-
ing and drinking rates than their counterparts with MetS. 
Among male participants, those with MetS have higher 
drinking and smoking rates than their counterparts without 
MetS.

Prevalence of MetS overall and by number of its 
components across gender and age groups

Table 2 shows that the prevalence of MetS in the study 
sample is 16.81%, while the value is at 21.71% for men 
and 9.5% for women. Of the total 76,915 participants, 
9527 participants (12.39%) are under 30 years old, 58,655 
participants (76.26%) are between 30 and 60 years old, 

and 8733 participants (11.35%) are over 60 years old. 
MetS prevalence rate is 4.18% (n = 398) in those under 
30 years old, 16.83% (n = 9870) in those aged 30–60 years 
old, and 30.45 (n = 2659) in those over 60 years old. MetS 
prevalence rate increases with age (p < 0.05). Among the 
MetS components, increasing WC accounts for 27.40% 
of the total number of participants (n = 21,076), hyper-
triglyceridemia 31.22% (n = 24,011), low HDL-C 15.63% 
(n = 12,019), hypertension 40.36% (n = 31,042), and 
hyperglycemia 21.47% (n = 16,668), while 33.38% of the 
study participants (n = 25,676) show no abnormal MetS 
components (which are increased WC, hypertriglyceri-
demia, decreased HDL-C, high blood pressure, elevated 
glycemia). As the number of MetS abnormal components 
increases, the percentage within the population falls. There 
are statistically significant differences in the prevalence of 
MetS across genders and age groups. The prevalence of 
MetS increases with the increase of age.

Distribution of anthropometric indices in different 
age groups

The values for all anthropometric indices increase with 
the increase in age within our study sample, for both the 
male and female population, with statistically significant 
differences across age groups (p < 0.001; Table 3). There 
were significant differences among different age groups 
(p < 0.001; Table 3).

Table 2  Relationship between the MetS prevalence overall and by number of its components across genders and age groups

MetS metabolic syndrome

Gender Age n MetS preva-
lence

MetS component numbers

0 1 2 3 4 5

Male <30 4727 349 (7.38%) 2109 (44.62%) 1397 (29.55%) 722 (15.27%) 342 (7.24%) 125 (2.64%) 32 (0.68%)
30–60 35,709 8146 (22.81%) 7827 (21.92%) 9435 (26.42%) 8534 (23.90%) 6165 (17.26%) 2976 (8.33%) 772 (2.16%)
≥60 5567 1494 (26.84%) 660 (11.86%) 1671 (30.02%) 1626 (29.21%) 1067 (19.17%) 449 (8.07%) 94 (1.69%)
Total 46,003 9989 (21.71%) 10,596 

(23.03%)
12,503 

(27.18%)
10,882 

(23.65%)
7574 (16.46%) 3550 (7.72%) 898 (1.95%)

Female <30 4800 49 (1.02%) 3571 (74.40%) 918 (19.13%) 227 (4.73%) 59 (1.23%) 23 (0.48%) 2 (0.04%)
30–60 22,946 1724 (7.51%) 11,200 

(48.81%)
6245 (27.22%) 3202 (13.95%) 1480 (6.45%) 625 (2.72%) 194 (0.85%)

≥60 3166 1165 (36.80%) 309 (9.76%) 702 (22.17%) 886 (27.98%) 762 (24.07%) 368 (11.62%) 139 (4.39%)
Total 30,912 2938 (9.50%) 15,080 

(48.78%)
7865 (25.44%) 4315 (13.96%) 2301 (7.44%) 1016 (3.29%) 335 (1.08%)

Total <30 9527 398 (4.18%) 5680 (59.62%) 2315 (24.30%) 949 (9.96%) 401 (4.21%) 148 (1.55%) 34 (0.36%)
30–60 58,655 9870 (16.83%) 19,027 

(32.44%)
15,680 

(26.73%)
11,736 

(20.01%)
7645 (13.03%) 3601 (6.14%) 966 (1.65%)

≥60 8733 2659 (30.45%) 969 (11.10%) 2373 (27.17%) 2512 (28.76%) 1829 (20.94%) 817 (9.36%) 233 (2.67%)
Total 76,915 12,927 (16.81%) 25,676 

(33.38%)
20,368 

(26.48%)
15,197 

(19.76%)
9875 (12.84%) 4566 (5.94%) 1233 (1.60%)
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Correlation between anthropometric indices 
and cardiovascular risk factors

Table 4 shows results from Pearson correlation analysis 
between anthropometric indicators and components of 
the MetS. We find that the values of AVI, WHR, WHtR, 
C index, BMI, BRI, BAI, and ABSI all correlate with 

cardiovascular risk factors (p < 0.05). All the correlations 
are statistically significant, but the correlation coefficients 
are small. Among anthropometric indices, AVI shows the 
greatest positive correlation with DBP, TG, and VLDL, 
and the greatest negative correlation with HDL-C. WHtR 
shows the greatest correlation with TC, SBP, and LDL-C, 
and WHR shows the greatest correlation with FBG.

Table 3  Distribution of 
anthropometric indices in 
different age groups

ABSI a body shape index, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, 
BRI body roundness index, C index conicity index, MetS metabolic syndrome, WC waist circumference, 
WHR waist-hip ratio, WHtR waist-to-height ratio

Total Male Female

n Mean ±SD n Mean ±SD n Mean ±SD

AVI <30 9527 11.67±3.07 4727 13.52±2.93 4800 9.85±1.88
30–60 58,655 13.53±3.13 35,709 14.98±2.73 22,946 11.28±2.27
≥60 8733 14.31±2.97 5567 14.8±2.89 3166 13.44±2.89
Total 76,915 13.39±3.18 46,003 14.81±2.8 30,912 11.28±2.45

CI <30 9527 1.14±0.07 4727 1.17±0.06 4800 1.11±0.07
30–60 58,655 1.19±0.08 35,709 1.22±0.06 22,946 1.15±0.07
≥60 8733 1.24±0.08 5567 1.24±0.07 3166 1.23±0.09
Total 76,915 1.19±0.08 46,003 1.22±0.07 30,912 1.15±0.08

WC <30 9527 74.94±10.1 4727 81.23±8.98 4800 68.75±6.76
30–60 58,655 81.24±9.81 35,709 85.92±8.02 22,946 73.95±7.66
≥60 8733 83.85±8.94 5567 85.39±8.56 3166 81.14±8.96
Total 76,915 80.76±10.03 46,003 85.38±8.31 30,912 73.88±8.27

WHR <30 9527 0.81±0.07 4727 0.85±0.05 4800 0.77±0.05
30–60 58,655 0.86±0.07 35,709 0.90±0.05 22,946 0.81±0.06
≥60 8733 0.90±0.06 5567 0.91±0.06 3166 0.88±0.07
Total 76,915 0.86±0.07 46,003 0.89±0.06 30,912 0.81±0.07

WHtR <30 9527 0.45±0.05 4727 0.48±0.05 4800 0.43±0.04
30–60 58,655 0.50±0.05 35,709 0.51±0.05 22,946 0.47±0.05
≥60 8733 0.53±0.06 5567 0.52±0.05 3166 0.53±0.06
Total 76,915 0.49±0.06 46,003 0.51±0.05 30,912 0.47±0.06

BMI <30 9527 21.93±3.47 4727 23.65±3.48 4800 20.24±2.49
30–60 58,655 23.92±3.20 35,709 25.02±2.97 22,946 22.21±2.77
≥60 8733 24.23±3.09 5567 24.40±3.01 3166 23.92±3.21
Total 76,915 23.71±3.29 46,003 24.8±3.07 30,912 22.08±2.93

BRI <30 9527 2.59±0.92 4727 2.96±0.94 4800 2.21±0.72
30–60 58,655 3.33±1.00 35,709 3.62±0.92 22,946 2.87±0.93
≥60 8733 3.91±1.11 5567 3.81±1.02 3166 4.07±1.25
Total 76,915 3.30±1.05 46,003 3.58±0.96 30,912 2.89±1.05

BAI <30 9527 25.66±3.06 4727 24.80±3.00 4800 26.51±2.88
30–60 58,655 26.91±3.12 35,709 26.02±2.79 22,946 28.30±3.11
≥60 8733 28.34±3.91 5567 26.82±3.08 3166 31.02±3.79
Total 76,915 26.92±3.28 46,003 25.99±2.88 30,912 28.3±3.35

ABSI <30 9527 0.075±0.004 4727 0.076±0.004 4800 0.074±0.005
30–60 58,655 0.077±0.004 35,709 0.078±0.004 22,946 0.075±0.005
≥60 8733 0.079±0.005 5567 0.079±0.005 3166 0.079±0.005
Total 76,915 0.077±0.005 46,003 0.078±0.004 30,912 0.075±0.005
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Multiple linear regression analysis of MetS 
components and anthropometric indices

After adjusting for age, alcohol consumption, and 
smoking, anthropometric indices AVI, WHR, WHtR, C 

Table 4  Correlation between 
anthropometric indices and 
cardiovascular risk factors

p<0.05 for all values
ABSI a body shape index, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, 
BRI body roundness index, C index conicity index, DBP diastolic blood pressure, FBG fasting blood glu-
cose, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SBP systolic 
blood pressure, TC total cholesterol, TG triglyceride, VLDL very low-density lipoprotein, WHR waist-hip 
ratio, WHtR waist-to-height ratio

AVI WHR WHtR CI BMI BRI BAI ABSI

SBP 0.385 0.366 0.392 0.302 0.380 0.390 0.155 0.190
DBP 0.395 0.347 0.354 0.269 0.387 0.351 0.083 0.151
FBG 0.235 0.252 0.248 0.208 0.213 0.249 0.082 0.150
TC 0.164 0.186 0.196 0.162 0.159 0.190 0.097 0.119
TG 0.359 0.352 0.333 0.266 0.343 0.328 0.058 0.165
HDL-C −0.485 −0.452 −0.414 −0.327 −0.471 −0.403 −0.019 −0.181
LDL-C 0.219 0.233 0.236 0.193 0.216 0.227 0.087 0.130
VLDL 0.359 0.352 0.333 0.266 0.343 0.328 0.058 0.165

Table 5  Multiple linear 
regression analysis of MetS 
components and anthropometric 
indices

*p>0.05, elsewhere p<0.05
ABSI a body shape index, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, 
BRI body roundness index, C index conicity index, DBP diastolic blood pressure, FBG fasting blood glu-
cose, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SBP systolic 
blood pressure, TC total cholesterol, TG triglyceride, WHR waist-hip ratio, WHtR waist-to-height ratio

β SBP DBP Glucose TC TG HDL-C LDL-C

AVI 0.109 0.136 0.065 −0.061 0.097 −0.295 0.148
WHR 0.065 0.095 0.065 −0.062 0.104 −0.265 0.146
WHtR 0.105 0.107 0.060 −0.047 0.111 −0.274 0.149
CI 0.042 0.073 0.048 −0.039 0.078 −0.193 0.106
BMI 0.140 0.135 0.055 −0.055 0.100 −0.313 0.160
BRI 0.109 0.106 0.064 −0.048 0.112 −0.264 0.143
BAI 0.073 0.028 0.011 0.016* 0.058 −0.074 0.048
ABSI −0.006* 0.030 0.032 −0.024* 0.050 −0.092 0.056

Table 6  ROC curve analysis of different anthropometric indices to predict MetS components in male participants

p<0.05
ABSI a body shape index, AUC area under the curve, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, BRI body 
roundness index, CI confidence interval, C index conicity index, HDL-C high-density lipoprotein cholesterol, MetS metabolic syndrome, ROC
receiver operating characteristic, WC waist circumference, WHR waist-hip ratio, WHtR waist-to-height ratio

Abdominal obesity Hypertriglyceridemia Hyperglycemia Hypertension Low-HDL

AUC 95% CI AUC 95% CI AUC 95% CI AUC 95% CI AUC 95% CI

AVI 1.000 1.000–1.000 0.686 0.681–0.691 0.630 0.624–0.635 0.651 0.646–0.656 0.664 0.658–0.67
WHR 0.878 0.875–0.882 0.672 0.668–0.677 0.649 0.643–0.654 0.635 0.630–0.640 0.639 0.632–0.645
WHtR 0.955 0.953–0.956 0.683 0.678–0.687 0.650 0.644–0.655 0.658 0.653–0.663 0.653 0.647–0.66
CI 0.878 0.874–0.881 0.622 0.616–0.627 0.616 0.61–0.622 0.609 0.603–0.614 0.585 0.579–0.592
BMI 0.900 0.897–0.903 0.688 0.683–0.693 0.621 0.616–0.627 0.648 0.643–0.653 0.677 0.671–0.683
BRI 0.955 0.953–0.956 0.683 0.678–0.687 0.650 0.644–0.655 0.658 0.653–0.663 0.653 0.647–0.66
BAI 0.771 0.767–0.776 0.607 0.602–0.613 0.595 0.589–0.601 0.612 0.607–0.617 0.590 0.583–0.597
ABSI 0.738 0.734–0.743 0.557 0.551–0.562 0.576 0.570–0.582 0.558 0.552–0.563 0.521 0.514–0.528
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index, BMI, and BRI are all associated with cardiovascular 
risk factors (Table 5; p < 0.001), while ABSI and BAI are 
not. BAI values correlate with all cardiovascular risk 
factors with the exception of TC. ABSI values correlate 
with all the cardiovascular risk factors with the exception 
of SBP and TC. Anthropometric indices are negatively 
correlated with HDL-C. With the exception of BAI and 
ABSI, all the other indices are negatively correlated with 
TC.

ROC curve analysis of different anthropometric 
indices to predict MetS components

Tables  6 and 7 show results from the ROC analysis 
results of anthropometr ic indices predicting the 
presence of MetS components. These component 
indicators are abdominal obesity, hypertriglyceridemia, 
hyperglycemia, hypertension, and low HDL-cholesterol. 
AVI had an obvious differential effect on abdominal 
obesity, with an AUC value of 1.00 for both sexes. In 
addition, the values of WHR, WHtR, C index, BMI, 
and BRI are also able to identify abdominal obesity 
with AUC values above 0.90, while the AUC values 
for BAI and ABSI are above 0.80, but below 0.90. 
For hypertriglyceridemia, the highest AUC values 
correspond to BMI for men, WHtR, and BRI for women 
(0.688 for men, 0.747 for women). For hyperglycemia, 
the highest AUC values for males and females 
correspond to WHtR and BRI (0.650 for males, 0.712 
for females). For hypertension, the highest AUC values 
for men and women correspond to BRI and WHtR 
(0.658 for men, 0.701 for women). For low HDL-C, the 
highest AUC for men and women correspond to BMI 
(0.677 for men, 0.696 for women).Ta
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Table 8  Logistic analysis of MetS and anthropometric indices

ABSI a body shape index, AVI abdominal volume index, BAI body 
adiposity index, BMI body mass index, BRI body roundness index, 
CI confidence interval, C index conicity index, MetS metabolic syn-
drome, WC waist circumference, WHR waist-hip ratio, WHtR waist-
to-height ratio

B Sig Exp(B) 95% CI for EXP(B)

Lower Upper

AVI 0.584 0.000 1.793 1.774 1.813
WHR 21.962 0.000 3.452E+09 2.156E+09 5.526E+09
WHtR 30.188 0.000 1.289E+13 7.185E+12 2.314E+13
BMI 0.460 0.000 1.585 1.570 1.599
CI 14.614 0.000 2.223E+06 1.560E+06 3.166E+06
BRI 1.484 0.000 4.412 4.287 4.540
BAI 0.257 0.000 1.293 1.283 1.302
ABSI 121.589 0.000 6.391E+52 4.378E+50 9.330E+54
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Logistic analysis of MetS and anthropometric 
indices

Results from binary Logistic regression analysis (Table 8) 
show that anthropometric values in the study population 
independently correlate with MetS even after adjusting for 
age, gender, drinking, and smoking.

ROC curve analysis of anthropometric indicators 
for MetS in the general population

Table 9 shows that AVI among all the anthropometric indi-
ces has the largest AUC and thus the strongest ability to 
predict MetS.

ROC curve analysis of anthropometric indices 
to identify MetS aged≥60 years

Results from ROC curve analysis in Table 10 and Fig. 1A, 
and Table 11 and Fig. 1B show that AVI has the largest 
AUC in those aged≥ 60 years. Among men over the age 
of 60 years, an AVI cutoff of 16 predicted MetS with a 

sensitivity of 74.70% and a specificity of 84.90%. The area 
under the ROC curve is 0.84 (p < 0.001). Among women 
over the age of 60 years, an AVI cutoff of 12.8 predicted 
MetS with a sensitivity of 90.13% and a specificity of 
63.72%. The area under the ROC curve is 0.80 (p < 0.001).

ROC curve analysis of anthropometric indices 
to identify MetS in participants aged 30–60 years

Results from ROC curve analysis in Table 12 and Fig. 1C, 
and Table 13 and Fig. 1D show that AVI has the largest area 
under the curve in participants aged 30–60 years. Among 
men in this age group, an AVI cutoff of 16.0 predicts MetS 
with a sensitivity of 80.44% and a specificity of 82.36%. 
The area under the ROC curve is 0.85 (p < 0.001). Among 
women aged 30–60 years, an AVI cutoff of 12.82 predicted 
MetS with a sensitivity of 87.72% and a specificity of 
83.47%. The area under the ROC curve is 0.90 (p < 0.001).

ROC curve analysis of anthropometric indices 
to identify MetS in participants aged < 30 years old

Results from ROC curve analysis in Table 14 and Fig. 1E, 
and Table 15 and Fig. 1F show that AVI has the largest AUC 
in the participants aged < 30 years. Among men in this age 
group, an AVI cutoff of 16.22 predicts MetS with a sen-
sitivity of 87.97% and a specificity of 88.65%. The area 
under the ROC curve is 0.92 (p < 0.001). Among women 
aged < 30 years, an AVI cutoff of 12.79 predicts MetS with 
a sensitivity of 95.92% and a specificity of 93.79%. The area 
under the ROC curve is 0.97 (p < 0.001).

AVI showed the strongest ability to predict MetS among 
different genders and age groups.

Discussion

This is the first large-scale cross-sectional study compar-
ing eight anthropometric indices (AVI, WHR, WHtR, CI, 
BMI, BRI, BAI, ABSI) with cardiovascular risk factors and 
MetS. Our results show that AVI, among the eight indices 

Table 9  ROC curve analysis of anthropometric indicators for MetS in 
the general population

ABSI a body shape index, AVI abdominal volume index, BAI body 
adiposity index, BMI body mass index, BRI body roundness index, 
CI confidence interval, C index conicity index, MetS metabolic syn-
drome, WC waist circumference, WHR waist-hip ratio, WHtR waist-
to-height ratio

AUC p 95% confidence interval

Lower bound Upper bound

AVI 0.888 0.000 0.885 0.891
WHR 0.842 0.000 0.838 0.845
WHtR 0.874 0.000 0.871 0.877
BMI 0.862 0.000 0.859 0.865
CI 0.811 0.000 0.808 0.815
BRI 0.874 0.000 0.871 0.877
BAI 0.779 0.000 0.776 0.783
ABSI 0.745 0.000 0.741 0.749

Table 10  ROC curve analysis 
of anthropometric indices 
to identify MetS in men 
aged≥60 years

Youden index Cutoff AUC p Sen Spe PPV NPV LR+ LR−

AVI 0.60 >16 0.84 <0.0001 74.70 84.90 64.47 90.15 4.95 0.30
WHR 0.39 >0.91 0.76 <0.0001 73.29 65.36 43.70 86.96 2.12 0.41
WHtR 0.50 >0.537 0.82 <0.0001 73.43 76.41 53.31 88.69 3.11 0.35
CI 0.37 >1.24 0.75 <0.0001 73.76 63.49 42.56 86.84 2.02 0.41
BMI 0.44 >25.08 0.79 <0.0001 72.62 71.62 48.42 87.70 2.56 0.38
BRI 0.50 >4.09 0.82 <0.0001 73.16 76.90 53.74 88.65 3.17 0.35
BAI 0.27 >27.39 0.68 <0.0001 60.44 66.49 39.82 82.09 1.80 0.59
ABSI 0.12 >0.07 0.59 <0.0001 92.97 18.83 29.58 87.96 1.15 0.37
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examined, correlates more strongly with cardiovascular risk 
factors and MetS, and it has the strongest ability to predict 
MetS. This result provides a new means by which to screen 
for cardiovascular risk factors and MetS.

This study reveals that the prevalence rate of MetS was 
16.81% in a sample of 76,915 participants, which is similar 
to the results in a group of Chinese Singaporeans (16.8%) 
[18]. This may be attributed to the fact that both studies 
focus on participants of Chinese ethnicity. It is reported that 
Indians and Malays have higher MetS prevalence rates than 
the Chinese. In our study, among the population which meets 
the criteria for MetS, the most commonly occurring com-
ponent of MetS is hypertension (40.36%), while the least 

common is reduced HDL-cholesterol (15.63%). The same 
components are identified in the study by Ceolin and col-
leagues in a group of 60–100 year-olds from Brazil. This is 
the same as the results of Ceolin et al [19].

In our study sample, the AVI of those under the age of 
30 years has the largest area under the ROC curve in both 
male and female populations, consistent with the results of 
Perona and colleagues [20]. Their study identifies AVI as 
well as WC as the most powerful discriminating anthropo-
metric indicators of MetS in Spanish adolescents. Studies 
have shown that WC and AVI can predict MetS in adoles-
cents, but only when using the International Diabetes Feder-
ation Diagnostic Criteria [21]. In line with these findings, in 

Fig. 1  A–F ROC curve analysis 
of anthropometric indices to 
identify MetS across gender and 
age group
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our study, we find similar patterns in people under 30 years 
old using NCEP-ATP diagnostic criteria for MetS.

In a study on postmenopausal women in Brazil, research-
ers find that anthropometric indices including WC, WHtR, 
BMI, BAI, and CI have different degrees of correlation 
with MetS [22]. Compared with the percentage of body fat 
derived from dual-energy X-ray absorptiometry (DXA), 
which is considered as the gold standard, indicators of 
central obesity (such as WC and WHtR) are more strongly 

correlated with MetS. In that study, their cutoff values for 
predicting MetS were 88 cm for WC, 0.57 cm/cm for WHtR, 
26.85 kg/m2 for BMI, 36.34% for BAI, and 1.24 units for 
C index. In our study, although we do not employ DXA 
to measure body fat composition, similarly, we find ABSI 
and WHtR to be more strongly correlated with MetS. The 
cutoff value of predicting MetS in women over 60 years old 
is 79 cm for WC, 0.531 cm/cm for WHtR, 22.99 kg/m2 for 
BMI, 30.68% for BAI, and 1.22 units for C index. The area 

Table 11  ROC curve analysis 
of anthropometry indices 
to identify MetS in women 
aged≥60 years

ABSI a body shape index, AVI abdominal volume index, AUC area under the curve, BAI body adiposity 
index, BMI body mass index, BRI body roundness index, CA crude accuracy, C index conicity index, LR+

positive likelihood ratio, LR− negative likelihood ratio, MetS metabolic syndrome, NPV negative predic-
tive value, PPV positive predictive value, SEN sensitivity, SPE specificity, WC waist circumference, WHR
waist-hip ratio, WHtR waist-to-height ratio

Youden index Cutoff AUC p Sen Spe PPV NPV LR+ LR−

AVI 0.54 >12.8 0.80 <0.0001 90.13 63.72 59.12 91.73 2.48 0.15
WHR 0.38 >0.87 0.75 <0.0001 76.14 62.32 54.05 81.77 2.02 0.38
WHtR 0.47 >0.531 0.78 <0.0001 78.80 68.37 59.19 84.71 2.49 0.31
CI 0.34 >1.22 0.72 <0.0001 73.05 60.57 51.89 79.43 1.85 0.44
BMI 0.38 >22.99 0.75 <0.0001 83.78 53.97 51.45 85.11 1.82 0.30
BRI 0.47 >3.96 0.78 <0.0001 78.80 68.37 59.19 84.71 2.49 0.31
BAI 0.23 >30.68 0.66 <0.0001 64.21 58.77 47.55 73.82 1.56 0.61
ABSI 0.16 >0.07 0.61 <0.0001 89.36 26.74 41.53 81.19 1.22 0.40

Table 12  ROC curve analysis 
of anthropometric indices to 
identify MetS in men aged 
30–60 years

Youden index Cutoff AUC p Sen Spe PPV NPV LR+ LR−

AVI 0.63 >16.04 0.85 <0.0001 80.48 82.34 57.39 93.45 4.56 0.24
WHRR 0.43 >0.9 0.79 <0.0001 77.39 65.92 40.16 90.80 2.27 0.34
WHtR 0.53 >0.528 0.83 <0.0001 76.49 76.77 49.32 91.70 3.29 0.31
CI 0.38 >1.22 0.75 <0.0001 75.12 63.24 37.65 89.58 2.04 0.39
BMI 0.47 >25.53 0.81 <0.0001 77.90 68.87 42.51 91.34 2.50 0.32
BRI 0.53 >3.9 0.83 <0.0001 76.72 76.57 49.18 91.76 3.27 0.30
BAI 0.29 >26.48 0.70 <0.0001 63.95 64.91 35.01 85.90 1.82 0.56
ABSI 0.17 >0.07 0.59 <0.0001 88.94 27.77 26.68 89.47 1.23 0.40

Table 13  ROC curve analysis 
of anthropometric indices to 
identify MetS in women aged 
30–60 years

ABSI a body shape index, AVI abdominal volume index, AUC area under the curve, BAI body adiposity 
index, BMI body mass index, BRI body roundness index, CA crude accuracy, C index conicity index, LR+

positive likelihood ratio, LR− negative likelihood ratio, MetS metabolic syndrome, NPV negative predic-
tive value, PPV positive predictive value, SEN sensitivity, SPE specificity, WC waist circumference, WHR
waist-hip ratio, WHtR waist-to-height ratio

Youden index Cutoff AUC p Sen Spe PPV NPV LR+ LR−

AVI 0.71 >12.82 0.90 <0.0001 87.82 83.47 30.15 98.83 5.31 0.15
WHR 0.56 >0.83 0.85 <0.0001 83.35 72.47 19.74 98.17 3.03 0.23
WHtR 0.65 >0.497 0.89 <0.0001 86.08 78.53 24.57 98.58 4.01 0.18
CI 0.47 >1.16 0.80 <0.0001 81.73 64.94 15.92 97.77 2.33 0.28
BMI 0.57 >23.24 0.86 <0.0001 83.87 73.44 20.42 98.25 3.16 0.22
BRI 0.65 >3.3 0.89 <0.0001 86.08 78.53 24.57 98.58 4.01 0.18
BAI 0.37 >29.13 0.74 <0.0001 70.71 66.13 14.50 96.53 2.09 0.44
ABSI 0.30 >0.07 0.66 <0.0001 72.51 57.36 12.14 96.25 1.70 0.48
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under the curve of AVI is superior to that of WHtR, showing 
a stronger ability for predicting MetS.

In this study, we also assess the ability of anthropometric 
indicators to distinguish MetS. The results suggest that all 
anthropometric indexes are capable of significantly differ-
entiating individuals with MetS from those without MetS. 
Since there is a strong correlation between insulin resist-
ance and dyslipidemia in visceral obesity, it is important to 
have a high discriminability of obesity index in predicting 
MetS [23]. Different studies have evaluated anthropometric 
indicators that best predict metabolic risk factors in different 
ethnic groups, but the results are inconsistent. There is no 
consensus on the best predictor of MetS or its major com-
ponents. For instance, previous studies have shown that WC 
can predict MetS better than BMI, WHR, and WHtR [24] 
[21]. However, a cross-sectional study of the Chinese adult 
population reports that WC, WHR, and BMI are equiva-
lent indicators in distinguishing MetS [25]. Another study 
concludes that BMI may be a better indicator for screening 
Chinese men aged 40 and over for obesity, dyslipidemia, 
and other risk factors, while WHtR may be more suitable 
for Chinese women, especially those aged 70 and over [26]. 
Our study indicates that AVI was a better predictor of MetS 
than BMI in men and women of all ages.

Young people tend to be more active than older people 
are, and a greater proportion of their weight is attributable to 
muscle rather than fat. Thus, BMI is not an effective meas-
ure of body fat composition, and it is unlikely to be used 
as a MetS screening indicator in younger populations. A 
prospective cohort study on the 1552 Qatari adult popula-
tion demonstrates that WC has better predictive power for 
MetS compared to other indices such as BMI and WHR 
[27]. Quaye et al.’s study [28] in a population of 160 appar-
ently healthy normoglycemic normotensive adults showed 
a better correlation between BMI and WC, with MetS and 
other cardiovascular risk factors than do AVI, BAI, and C 
index. The AUCs that BMI and WC predict MetS and its 
components, as they are larger than that of AVI, BAI, and 
C index. However, after accounting for gender differences, 
the AUCs that AVI and C index predict MetS in women, 
while BMI is still the optimal indicator in men. In this study, 
some anthropometric indicators are found to be associated 
with cardiovascular risk factors, which are similar to the 
results of Yang, et al. [24], Sinaga et al. [29], Tian et al. [30], 
Lawrence Quaye et al. [28], among other studies. However, 
our study notes that the AUC of AVI is the largest among 
all indices examined, and is the best predictor for the MetS. 
The AUC of C index predicts MetS in all females, but its 

Table 14  ROC curve analysis 
of anthropometric indices 
to identify MetS in male 
aged<30 years

Youden index Cutoff AUC p Sen Spe PPV NPV LR+ LR−

AVI 0.77 >16.22 0.92 <0.0001 87.97 88.65 38.19 98.93 7.75 0.14
WHR 0.56 >0.87 0.85 <0.0001 83.09 72.82 19.59 98.18 3.06 0.23
WHtR 0.70 >0.513 0.91 <0.0001 86.53 83.12 29.01 98.72 5.13 0.16
CI 0.48 >1.2 0.81 <0.0001 75.93 72.50 18.04 97.42 2.76 0.33
BMI 0.66 >26.17 0.90 <0.0001 82.52 83.67 28.72 98.36 5.05 0.21
BRI 0.70 >3.6 0.91 <0.0001 86.53 83.12 29.01 98.72 5.13 0.16
BAI 0.45 >25.25 0.80 <0.0001 84.81 60.37 14.57 98.03 2.14 0.25
ABSI 0.22 >0.07 0.61 <0.0001 77.08 44.88 10.03 96.09 1.40 0.51

Table 15  ROC curve analysis 
of anthropometric indices 
to identify MetS in female 
aged<30 years

ABSI a body shape index, AVI abdominal volume index, AUC area under the curve, BAI body adiposity 
index, BMI body mass index, BRI body roundness index, CA crude accuracy, C index conicity index, LR+

positive likelihood ratio, LR− negative likelihood ratio, MetS metabolic syndrome, NPV negative predic-
tive value, PPV positive predictive value, SEN sensitivity, SPE specificity, WC waist circumference, WHR
waist-hip ratio, WHtR waist-to-height ratio

Youden index Cutoff AUC p Sen Spe PPV NPV LR+ LR−

AVI 0.90 >12.79 0.97 <0.0001 95.92 93.79 61.86 99.55 15.45 0.04
WHR 0.69 >0.79 0.93 <0.0001 97.96 71.35 26.42 99.70 3.42 0.03
WHtR 0.85 >0.483 0.96 <0.0001 95.92 89.12 48.08 99.52 8.82 0.05
CI 0.57 >1.14 0.86 <0.0001 85.71 70.85 23.59 97.93 2.94 0.20
BMI 0.84 >23.37 0.95 <0.0001 93.88 90.49 50.90 99.29 9.87 0.07
BRI 0.85 >3.05 0.96 <0.0001 95.92 89.12 48.08 99.52 8.82 0.05
BAI 0.60 >28.76 0.85 <0.0001 79.59 80.47 29.97 97.41 4.08 0.25
ABSI 0.25 >0.07 0.63 <0.0001 59.18 65.40 15.23 93.85 1.71 0.62
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value is lower than that of BMI. Such as, AVI is the optimal 
indicator to predict MetS.

Mamtani and Kuljiarni [31] found no correlation between 
CI and fasting and postprandial glucose, while in this study, 
it was found that CI was correlated with fasting blood glu-
cose, with a correlation coefficient of 0.208 (p<0.05), which 
was still correlated after adjusting for age, gender, smok-
ing, and drinking. Motamed [32] and Wang [33] et al. found 
that CI and AVI performed better in women after gender 
stratification.

In the AVI formula, when WC is lower than HC, an 
increase in HC will lead to an increase in AVI [32]. Since 
HC of women is larger than WC, an increase in HC usually 
leads to an increase in AVI. Thus, the predictive ability of 
AVI for the two genders will be different. As shown in this 
study, the ability of AVI in women to predict MetS is greater 
than that in men. AVI demonstrates good differentiation 
ability in MetS screening. As such, in addition to the more 
classic obesity indicators of WC, WHR, and WHtR, the 
newer AVI can also be considered as an appropriate obesity 
index for MetS screening. Previous studies show that AVI is 
closely associated with impaired glucose tolerance and type 
2 diabetes [32]. The obesity patterns we calculated for AVI 
are similar to the truncated cones of lower-body obesity in 
women and upper body obesity in men. The advantage of 
estimating abdominal volume with AVI is that it predicts 
what is likely to happen with both patterns. Meanwhile, the 
belly volume underestimated by the AVI formula is likely to 
be minimal and does not affect the overall volume estimate.

Mamtani and Kulkarni [31] report no correlation between 
C index and fasting or postprandial glucose. However, in 
this study, we find that the C index is correlated with fast-
ing blood glucose, with a correlation coefficient of 0.208 
(p<0.05), even after adjusting for age, gender, smoking, and 
drinking status. Both Motamed et al. [32] and Wang et al. 
[33] find that C index and AVI perform better in predicting 
MetS in women after accounting for gender differences.

Differences in results between studies can be attributed 
to differences in anthropometric characteristics between eth-
nicities and nationalities. With regard to ethnic differences, 
a study on a Kazak sample of adults in Xinjiang China sug-
gests that WHtR was a better indicator screening MetS in 
Kazak men and women [34], compared to our finding of AVI 
to be the best predictor of MetS in men and women. These 
differences may be attributed to racial differences and the 
use of different diagnostic criteria [35, 36]. Concerning dif-
ferences between countries, a study of Korean men at MetS 
screening reports that WHtR shows greater discrimination 
compared to BMI. They find WHR to be the best screening 
tool and is more effective than either BMI or WC in screen-
ing for adult metabolic risk factors [37], compared with AVI 
in our study. The San Antonio Heart Study [38] in non-His-
panic whites and Mexican–American reports that BMI and 

WC have similar predictive effects for MetS development. 
The variations of findings may be related to different char-
acteristics of obesity based on ethnicity [39].

AVI has a good differentiation ability in MetS screening. 
Therefore, besides WC, WHR, and WHtR, AVI can also be 
considered as the appropriate obesity index for MetS screen-
ing. AVI is extrapolated from anthropometry and is closely 
related to impaired glucose tolerance and type 2 diabetes [8].

Moreover, studies in China showed that the overall bur-
den of CVD in China has significantly increased, with obvi-
ous regional differences [40]. In this study, we note that AVI 
has a strong MetS discrimination ability in a sample of urban 
residents in west China. Taken together the advantages of 
AVI and results from our study, it is of great practical signifi-
cance to be able to use AVI for MetS screening in Chengdu 
metropolitan area.

In our study, we note that the means of BAI in women 
are higher than that of men; the BAI values increase with 
the increase of age, with the highest value over 60 years of 
age. The reason may come from changes in body composi-
tion in postmenopausal women. Decreased estrogen produc-
tion leads to increased age-related obesity and metabolic 
disorders. Women of this age group show less physical 
activity, which may lead to decreased thigh muscle mass 
and increased visceral fat accumulation [41]. In the normal 
distribution of male and female adipose tissue, women tend 
to accumulate excess fat in the lower buttocks (thighs and 
buttocks). Later, they tend to accumulate excess fat in the 
upper body, giving rise to central obesity [42]. In addition, 
women naturally store fat under the skin, while men store 
fat in the gut.

In our study, we report that ABSI shows the lowest AUC 
across genders and different age groups in predicting MetS, 
indicating that ABSI is the weakest predictor of MetS in the 
population. Zhou et al. [17] find that ABSI and C index are 
the weakest indicators of MetS in middle-aged and elderly 
maintenance hemodialysis patients in China. This is simi-
lar to our findings on ABSI. Similarly, Zhang et al.’s study 
[43] report that ABSI shows the lowest AUC in discriminat-
ing MetS and most cardiometabolic risk factors. Therefore, 
ABSI could not be used as an alternative index.

Our study utilizes an anthropometric approach to pre-
dict the optimal cutoff point for MetS, which can be eas-
ily used in clinical practice. We find that the critical value 
of other anthropometric indicators with exception of ABSI 
can be used to identify MetS. Additionally, some anthro-
pometric indicators, such as BAI, predict MetS in women 
more strongly than in men. As such, applying the measures 
selectively, such as using the BAI for women only, taking 
into account gender differences in clinical practice is crucial 
and more efficient.

This study has some limitations. First, this is a cross-
sectional study that provides less evidence over time than 
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results from longitudinal or randomized epidemiological 
studies. The cross-sectional nature of the design does not 
allow for the direction of the assessment of risk factors 
and health outcomes. Further cohort studies are needed 
to confirm the findings. Second, because the study is con-
ducted in a single ethnic group, caution should be exer-
cised in extending these results to other ethnic groups. 
Well-designed longitudinal studies across different ethnic 
groups are needed to extend our findings. Despite the limi-
tations, we believe our study sample size is substantially 
large, to contribute significantly to the current literature 
on identifying anthropometric indices that can most effec-
tively predict MetS.

Conclusion

AVI, WHR, WHtR, BMI, C index, and BAI are anthropo-
metric indices significantly associated with cardiovascular 
risk factors. Anthropometric indices are useful screening 
tools for MetS or its components, and cardiovascular risk 
factors. Of all the anthropometric indices studied, AVI is 
the best index in distinguishing MetS.
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Abstract
Background /purpose Leptin—a protein hormone that plays vital role in the regulation of glucose homeostasis and 
insulin sensitivity, involved in regulating the circadian rhythms of gonadotropic, thyrotropic and adrenal axes in the 
endocrine system. This cross-sectional study was undertaken to correlate serum leptin levels and other demographic 
and biochemical parameters between prediabetic cases and control subjects of Kashmiri population. Furthermore, 
association of serum leptin levels with various demographic and biochemical parameters along with insulin resistance 
in pre-diabetic subjects was elucidated. In our study, pre-diabetic cases (n = 212) and healthy controls (n = 196) were 
enrolled.
Methods All study subjects underwent anthropometric assessment. Serum samples of all study subjects were analysed for 
biochemical parameters employing the principle of spectrophotometry and leptin levels using sandwich enzyme-linked 
immunosorbent assay (ELISA). Insulin levels of prediabetic cases were deduced by chemiluminescent micro particle immu-
noassay (CMIA) technology and thereby calculating their insulin resistance.
Results The cases had statistically increased leptin levels, lipid profile and obesity as compared to controls (p ≤ 0.05). Our 
study, showed a positive correlation between elevated leptin levels and increased lipid levels (total cholesterol, triglycerides; 
TG and very low density lipoproteins-cholesterol; VLDL-C) in prediabetics (p < 0.001).
Conclusion Beyond adiposity, leptin levels may increase the risk of pre-diabetes in Kashmiri population. Since the secretion, 
estimation and measurements of leptins are modest in contrast to insulin levels; therefore, leptin levels can also be included 
in the routine measurement as an indicator of metabolic syndrome and/or T2DM.

Keywords HOMA IR · Insulin sensitivity · Leptin · Pre-diabetes · Type 2 diabetes mellitus

Introduction

Leptin is an adipokine, a hormone comprising of 167 amino 
acids produced in the adipocytes and to a lesser extent in 
other tissues including the placenta of a pregnant woman. 
Primarily responsible for regulating the body weight by 
the attainment of balance between food intake and energy 
expenditure, under normal physiological conditions, leptin 
plays vital role in the regulation of glucose homeostasis and 

insulin sensitivity. It has also been seen that leptin has mul-
tiple roles in the immune and endocrine systems in bone 
formation, fertility, tissue remodelling and inflammation [1]. 
Leptin is also involved in regulating the circadian rhythms of 
the gonadotropic, thyrotropic and adrenal axes in the endo-
crine system [2, 3].

Located on chromosome 7 in humans, leptin was first 
identified as the product of a gene designated OB (obese) 
in the lab mice. Mouse models with mutant (inactive) 
form of the gene (ob/ob) exhibited metabolic disturbances 
similar to as seen in diabetics: constant state of starvation, 
increased cortisol levels, inability to stay warm, severe 
obesity, reproductive failure and insulin-resistance. When 
injected with leptin, such mutant ob/ob mice ate less, lost 
weight and increased their locomotor activity and thermo-
genesis [4–6].

Leptin regulates the energy expenditure and the intake 
of food by way of communicating with central nervous 
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system via its receptor Ob-Rb [4–6]. Acting on the recep-
tors in the arcuate nucleus of the hypothalamus that is 
known to regulate the feeding behaviour, leptin in turn 
causes the release of anorexigenic peptides, including 
α-Melanocyte-stimulating hormone that is formed from 
its polypeptide precursor POMC (pro-opio melanocortin). 
POMC acts in the brain to eat less. Leptin also stimulates 
the nervous system thereby increasing blood pressure and 
heart rate. It also leads to uncoupling of mitochondrial 
oxidative phosphorylation with consequent thermogenesis 
[7].

As per the World Health Organization (WHO), prediabe-
tes has been defined as a state of intermediate hyperglyce-
mia using two parameters, impaired fasting glucose (IFG) of 
6.1–6.9 mmol/l (110–125 mg/dl) and impaired glucose toler-
ance (IGT) of 7.8–11.0 mmol/l (140–200 mg/dl) after taking 
75 g of oral glucose load based on a 2-h oral glucose tolerance 
test (OGTT) [8]. American Diabetes Association (ADA) has 
same cut-off value for IGT (140–200 mg/dl) but the cut-off 
value for IFG is lower (100–125 mg/dl) and has additional 
criteria of glycated hemoglobin (HbA1C) (5.7–6.4%) for defin-
ing prediabetes [9].

For the perfect regulation of energy homeostasis in the 
brain, the functions of leptin and insulin signalling are 
very critical. Although, the relationship between leptin 
and insulin has been studied but is sometimes controver-
sial. Some studies have not been able to show the direct 
effect of leptin on the energy homeostasis, whereas some 
researchers have focussed on the relationship between the 
two that share the properties of adiposity signals. Secre-
tion of both leptin as well as insulin is affected by the 
total amount of fat deposits including the short-term 
changes in the energy balance. Leptin reduces appetite 
and affects both insulin resistance and lipid metabo-
lism, and these effects are independent of energy intake 
in humans [10]. Recombinant leptin (metreleptin) has 
been shown to improve insulin sensitivity and decreases 
hepatic and circulating triglycerides independent of food 
intake [10]. Mechanisms governing the role of insulin are 
fully elucidated but secretion of leptin is not fully under-
stood. Insulin secretion is actively stimulated in response 
to meals whereas the secretion of leptin is not [11]. Obese 
individuals have been found to have elevated concentra-
tions of leptin as well as insulin, and they appear to be 
resistant to the loss of appetite [11, 12]. There are con-
troversial results from the studies relating leptin levels 
and diabetes [13–16].

In this context, the present study was undertaken to cor-
relate serum leptin levels between cases and controls and 
study the association of elevated leptin levels with various 
demographic and biochemical characteristics of pre-diabetic 
and healthy individuals belonging to the ethnic population of 
Kashmir.

Material and methods

Study design

It was a cross-sectional study conducted by the Depart-
ment of Biochemistry in collaboration with the Depart-
ment of Medicine, Government Medical College Sri-
nagar and Associated SMHS and Super Speciality 
Hospital.

Study subjects and sample size

A total of two hundred and twelve (n = 212) pre-dia-
betic patients, (both obese and non-obese) attending 
Department of Medicine, Government Medical College 
Srinagar and Associated SMHS and Super Speciality 
Hospital, were enrolled for the present study over a 
period of 1 and a half years from June 2018 to Decem-
ber 2019. Prediabetes criteria used in this study are in 
confirmation with ADA guidelines; Fasting glucose: 
100–125 mg/dl (6.1–7.0 mmol/l) or 2-h glucose fol-
lowing ingestion of 75 g glucose load: 140–200 mg/
dl (7.8–11.0 mmol/l) [8, 9]. Controls (n = 196) were 
randomly selected from a pool of healthy volunteers 
who visited the hospital for health check-up during the 
same period and enrolled in the study. All the controls 
were having fasting blood sugar levels of < 100 mg/
dl and oral glucose tolerance test (OGTT) i.e. glu-
cose levels after 2  h of ingestion of 75  g glucose 
load: < 140 mg/dl.

Anthropometric measurement

All prediabetic patients and healthy controls underwent 
anthropometric assessment that included measurement of 
weight and height. Weight was measured without shoes 
using digital scales in an upright position and recorded to 
the nearest of 0.1 kg. Height was measured again without 
shoes in standing position using stadiometer to the nearest 
0.1 cm. Body mass index (BMI) was calculated as per the 
formula:

BMI is an index of adiposity and calculated was 
classified as per international classification given 
by WHO [17]. Individual with BMI of < 18.5 kg/m2

was considered underweight; 18.5–24.99 kg/m2 as 
normal; 25–29.99 kg/m2 as preobese; 30–34.99 kg/
m2 as obese class I; and 35–39.99  kg/m2 as obese 
class II [17].

BMI in
Kg

/

m2 =
Weight(Kg)

Height
(

m2
)
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Sample collection, lipid profile and estimation 
of blood glucose

05 ml of venous blood sample was drawn from each pre-
diabetic patient and control subject after an overnight 
fast of at least 08–12 h. Samples were centrifuged, and 
estimation of glucose (by hexokinase G-6-PDH method), 
total cholesterol (cholesterol dehydrogenase method), TG 
(by coupled enzymatic reactions), low density lipopro-
tein-cholesterol and high density lipoprotein-cholesterol 
(LDL-C and HDL-C using cholesterol esterase, cholesterol 
oxidase, peroxidase and 4-aminoantipyrine) was done. 
Samples were processed and analysed on ARCHITECT-
C-4000 fully automated biochemistry analyser (Abbott, 
USA) in the Biochemistry Diagnostic Laboratory, SMHS 
Hospital Srinagar within 1–2 h after collection. VLDL 
levels were calculated using conventional Friedewald 
formula [18]. The normal values of included parameters 
were as follows: fasting blood glucose, 100–126 mg/dl; 
total cholesterol, ≤ 200 mg/dl; TG, ≤ 200 mg/dl; LDL-
C, ≤ 120 mg/dl; HDL-C, ≥ 40 mg/dl (M) and ≥ 50 mg/dl 
(F) and VLDL-C, ≤ 30 mg/dl.

Estimation of fasting insulin levels

Insulin levels (µIU/ml) of prediabetic patients were meas-
ured using chemiluminescent micro particle immunoassay 
(CMIA) technology with flexible assay protocols, referred 
to as Chemiflex. Insulin Kit used was ARCHITECT insulin 
reagent kit (Abbott, USA), and samples were quantitatively 
analysed on ARCHITECT i1000 fully automatic immunoas-
say analyser (Abbott, USA) within few hours from sample 
collection following the package-insert instructions. Insulin 
levels of > 5 µIU/ml are considered to be normal [19].

Insulin resistance (IR)

HOMA-IR (homeostatic model assessment–insulin resist-
ance) was used to evaluate insulin resistance of prediabetic 
patients using the formula:

HOMA − IR =
fasting serum insulin(�IU∕ml)×fasting plasma glucose(mg∕dl)

405
  

[20]
Following HOMA score was used as reference for clas-

sification of insulin resistance: (a) < 1.9 = insulin sensitive, 
(b) 1.9 to 2.9 = low IR and (c) > 2.9 = significant IR [20].

Estimation of serum leptin levels

Serum separated from the samples was stored at−20 °C till 
the estimation of leptin levels. Serum leptin levels (ng/ml) 
of prediabetic patients and control subjects were measured 

by sandwich enzyme-linked immunosorbent assay (ELISA) 
using Direct Biochem Diagnostic kit (DBC Inc., Canada) with 
0.5 ng/ml sensitivity following the package instructions. 3.7 
to 11.1 ng/ml was taken as reference normal range for female 
gender and 2.0 to 5.6 ng/ml for males of all age groups. The 
sensitivity of the leptin assay was less than 0.1 ng/ml [21].

Statistical analysis

The data was described as mean ±SD. Analysis was done by 
Student’s t test, Mann–Whitney U test and F test (ANOVA). 
Multivariate analysis was done for the correlating leptin lev-
els between cases and controls using multiple logistic regres-
sion analysis. p ≤ 0.05 was considered significant. Data was 
analysed using SPSS v. 20.0.

Results

Characteristics of cases and controls

A total of two hundred and twelve (n = 212) prediabetic 
patients were taken for the study. These included 12.2% 
of patients with ≤ 18  years of age and 87.8% patients 
with > 18  years of age. The mean age of cases was 
37.28 ± 19.7 with a range of 15.0–70.0 years as compared 
to 37.4 ± 19.8 with a range of 15.0–78.0 years in controls 
(p = 0.1). One hundred fifty-two (71.7%) were females and 
60 (28.3%) were males. Cholesterol levels were normal in 
73.6% patients as compared to only 26.4% of patients having 
elevated cholesterol levels. Triglycerides were also normal in 
87.7% of patients. On evaluation of BMI, most of the patients 
were falling in pre-obese category (41.5%). Almost 91% of 
enrolled patients had mild HOMA IR. Leptin levels were 
normal in 80.0% of patients and elevated in 20.0% of patients. 
Apart from cases, a total of 196 controls were also included 
for the study which were matched for age, gender and dwell-
ing with cases (p>0.05). All the controls were non-diabetic 
with normal lipid profile and normal BMI. Only 2.0% of con-
trols had elevated leptin levels. Demographic and biochemi-
cal characteristics of the study subjects are given in Table 1.

Leptin levels in cases vs controls

When leptin levels were compared between cases and con-
trols, 80.0% and 20.0% of cases had normal and elevated 
leptin levels respectively as compared to 98.0% and 2.0% 
of controls with normal and elevated leptin levels respec-
tively. This difference was found to be statistically sig-
nificant (p < 0.001) (Table 1). The mean leptin levels of 
cases in ng/ml was 6.28 ± 2.92 as compared to 5.52 ± 1.98 
in controls (p = 0.02). Leptin levels in cases and con-
trols of female gender were 6.5 ± 2.91 and 5.8 ± 1.96 
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respectively (p = 0.004) and male gender were 5.55 ± 2.85 
and 4.6 ± 1.74 respectively (p < 0.0001); therefore, a sta-
tistical significance was noted between leptin levels of 

cases and controls with or without stratification of gender 
(Table 2).On multivariate analysis using multiple logis-
tic regression, leptin levels were significantly elevated 

Table 1  Demographic and 
biochemical characteristics of 
pre-diabetic cases and controls 
included in the study

TG, triglycerides; LDL-C, low-density lipoproteins-cholesterol; HDL-C, high-density lipoproteins-choles-
terol; VLDL-C, very low-density lipoproteins-cholesterol; BMI, body mass index; HOMA IR, homeostatic 
model assessment–insulin resistance
The bold signifies statistically significant p values

Characteristics Cases
(n=212)

Controls
(n=196)

χ2 p value

n % n %

Gender
Male 60 28.3 51 26.0 0.27 0.6
Female 152 71.7 145 74.0
Age group
≤18 years 26 12.2 25 12.8 0.02 0.9
>18 years 186 87.8 171 87.2
Dwelling
Rural 104 49.1 96 49.0 0.01 1.0
Urban 108 50.9 100 51.0
BMI (Kg/m2)
Normal 76 35.8 196 100 29.5 ≤0.05
Underweight 02 1.0 00 00
Preobese 88 41.5 00 00
Obese class I 24 11.3 00 00
Obese class II 22 10.4 00 00
Total cholesterol (mg/dl)
Normal 156 73.6 196 100 58.05 <0.001
Elevated 56 26.4 00 00
TG (mg/dl)
Normal 128 60.3 196 100 95.7 <0.001
Elevated 84 39.7 00 00
LDL-C (mg/dl)
Normal 122 57.5 196 100 104.6 <0.0001
Elevated 90 42.5 00 00
HDL-C (mg/dl)
Normal 135 63.6 196 100 85.7 <0.001
Low 77 36.4 00 00
VLDL-C (mg/dl)
Normal 138 65.1 196 100 81.5 <0.0001
Elevated 74 34.9 00 00
Leptin levels (ng/ml)
Normal 170 80.0 192 98.0 32.1 <0.0001
Elevated 42 20.0 04 2.0
Insulin (µIU/ml)
Normal 190 89.6 -
Low 22 10.4
HOMA IR
Insulin sensitive 166 78.3 -
Low IR 26 12.2
Significant IR 20 9.5
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in prediabetic cases compared to controls when adjusted 
for age, gender, BMI and lipid parameters (p < 0.0001) 
(Table 3).

Mean levels of biochemical parameters in cases vs 
controls

The mean fasting blood sugar levels (mg/dl) of cases 
was 119.6 ± 2.36 (112.0–125.0) as compared to 

83.1 ± 4.4 (70.0–92.0) in controls, and the difference 
was statistically significant (< 0.0001). The mean 
BMI (Kg/m2) of the cases was 27.1 ± 5.5 (18.2–51.9) 
as compared to 21.6 ± 1.47 (18.6–24.5) in controls 
(< 0.0001). A statistical signif icance was noted 
between cases and controls in terms of mean levels of 
total cholesterol, TG, LDL-C, HDL-C and VLDL-C 
(p < 0.0001). The mean fasting insulin levels (µIU/ml) 
of cases was 10.8 ± 1.2 (0.27 to 55.26). Mean HOMA 

Table 2  Levels of various 
biochemical parameters of pre-
diabetic cases and controls in 
terms of mean±SD

TG, triglycerides; LDL-C,low-density lipoproteins-cholesterol; HDL-C, high-density lipoproteins-choles-
terol; VLDL-C, very low-density lipoproteins-cholesterol, BMI, body mass index, HOMA IR, homeostatic 
model assessment–insulin resistance

Parameters Cases
mean±SD
(range)

Controls
mean±SD
(range)

p value

Fasting blood sugar(mg/dl) 119.6±2.36 83.1±4.4 <0.0001
(112.0–125.0) (70.0–92.0)

BMI (Kg/m2) 27.1±5.5 21.6±1.47 <0.0001
(18.2–51.9) (18.6–24.5)

Total cholesterol (mg/dl) 182.5±39.1 159.6±11.9 <0.0001
(96.0–258.0) (123.0–189.0)

TG (mg/dl) 220.0±62.5 173.4±12.5 <0.0001
(117.0–358.0) (150.0–195.0)

HDL-C (mg/dl) 46.5±8.8 59.9±8.2 <0.0001
(27.0–78.0) (41.0–69.0)

LDL-C (mg/dl) 122.4±35.0 72.0±2.3 <0.0001
(45.0–198.0) (27.0–102.0)

VLDL-C (mg/dl) 43.81±12.4 34.6±2.5 <0.0001
(23.4–71.6) (30.0–39.0)

Leptin levels (ng/ml) 6.28±2.92 5.52±1.98 0.002
(2.7–15.2) (2.2–11.2)

Leptin levels in females (ng/ml) 6.5±2.91 5.8±1.96 0.004
(2.7–15.2) (2.2–10.03)

Leptin levels in males (ng/ml) 5.55±2.85 4.6±1.74 <0.0001
(2.7–14.7) (2.2–11.2)

Insulin levels (µIU/ml) 10.8±1.2 -
(0.27–55.26)

HOMA IR 1.47±0.7 -
(0.03–13.6)

Table 3  Association of serum 
leptin levels as continuous 
variable between prediabetic 
cases and controls

*Unadjusted OR (95% CI) and p value
**OR (95% CI) and p value adjusted for gender, age and dwelling
***OR (95% CI) and p value adjusted for gender, age, dwelling and BMI
****OR (95% CI) and p value adjusted for gender, age, dwelling, BMI and lipid parameters

Serum leptin levels in prediabetic cases vs. controls

Model 1* Model 2** Model 3*** Model 4****
1.92 (1.6–2.17) 1.96 (1.7–2.22) 0.53 (0.458–0.615) 0.57 (0.451–0.721)
0.52 (0.46–0.599) 0.51 (0.45–0.58) 1.8 (1.6–2.3) 1.7 (1.4–2.2)
p<0.0001 p<0.0001 p<0.0001 p<0.0001

687



International Journal of Diabetes in Developing Countries (December 2022) 42 (4):683–693

1 3

IR was found to be 1.47 ± 0.7 (0.03 to 13.6). Levels of 
various biochemical parameters of pre-diabetic cases 
and controls in terms of mean ± SD are described in 
Table 2.

Stratification analysis with respect to leptin levels

Table 4 depicts the association of elevated leptin levels with 
various demographic and biochemical characteristics of 

Table 4  Association of elevated 
leptin levels with various 
demographic and biochemical 
characteristics of pre-diabetics 
included in the study

TG, triglycerides; LDL, low-density lipoproteins; HDL, high-density lipoproteins; VLDL, very low-density 
lipoproteins; BMI, body mass index; HOMA IR, homeostatic model assessment–insulin resistance
The bold signifies statistically significant p values

Characteristics Cases
n=212 (%)

Leptin levels of cases
(n=212)

OR (95% CI) p value

Normal
170 (80.0%)

Elevated
42 (20.0%)

Gender
Male 60 (28.3) 48 (28.2) 12 (28.6) Ref 0.95
Female 152 (71.1) 122 (71.8) 30 (71.4) 0.98 (0.46–2.1)
Age group
≤18 years 26 (12.2) 20 (11.7) 06 (14.2) Ref 0.7
>18 years 186 (87.8) 150 (88.3) 36 (85.8) 0.8 (0.3–2.1)
Dwelling
Rural 104 (49.1) 88 (51.7) 16 (38.0) Ref 0.1
Urban 108 (50.9) 82 (48.3) 26 (62.0) 1.73 (0.87–3.5)
BMI (Kg/m2)
Normal 76 (35.8) 58 (34.2) 18 (42.9) Ref
Underweight 02 (1.0) 01 (0.6) 01 (2.4) 3.2 (0.2–54.1) 0.8
Preobese 88 (41.5) 72 (42.4) 16 (38.1) 0.7 (0.3–1.5) 0.4
Obese class I 24 (11.3) 18 (10.5) 06 (14.2) 1.07 (0.3–3.1) 0.8
Obese class II 22 (10.4) 21 (12.3) 01 (2.4) 0.2 (0.02–1.4) 0.06
Total cholesterol (mg/dl)
Normal 156 (73.6) 140 (82.3) 16 (38.0) Ref <0.001
Elevated 56 (26.4) 30 (17.7) 26 (62.0) 7.4 (3.5–15.9)
TG (mg/dl)
Normal 128 (60.3) 120 (70.5) 08 (19.0) Ref <0.001
Elevated 84 (39.7) 50 (29.5) 34 (81.0) 10.08 (4.4–24.7)
LDL-C (mg/dl)
Normal 122 (57.5) 102 (60.0) 20 (47.6) Ref 0.1
Elevated 90 (42.5) 68 (40.0) 22 (52.4) 1.6 (0.8–3.2)
HDL-C (mg/dl)
Normal 116 (54.7) 93 (54.7) 23 (54.7) Ref 0.4
Low 96 (45.3) 77 (45.3) 19 (45.3) 1.0 (0.5–1.9)
VLDL-C (mg/dl)
Normal 138 (65.1) 128 (75.2) 10 (23.8) Ref <0.001
Elevated 74 (34.9) 42 (24.8) 32 (76.2) 9.6 (4.4–22.1)
Insulin (µIU/ml)
Normal 190 (89.6) 154 (90.5) 36 (85.7) Ref 0.3
Low 22 (10.4) 16 (19.5) 06 (14.3) 1.6 (0.5–4.3)
HOMA IR
Insulin sensitive 166 (78.3) 134 (78.8) 32 (76.2) Ref
Low IR 26 (12.2) 18 (10.6) 08 (19.0) 0.5 (0.2–1.3) 0.1
Significant IR 20 (9.5) 18 (10.6) 02 (4.8) 2.1 (0.5–9.7) 0.2
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prediabetic patients included in the study. It was observed 
that 17.7% (30 of 170) of patients with normal leptin lev-
els were having elevated cholesterol levels as compared 
to 62.0% (26 of 42) of patients with elevated leptin levels 
along with elevated total cholesterol levels (p < 0.001). Out 
of 170 patients with normal leptin levels, only 50 (29.5%) 
patients were found to have elevated TG levels as compared 
to 34 out of 42 (82.1%) patients with elevated TG level 
and elevated leptin levels (p < 0.001). 24.8% (42 of 170) 
of patients with normal leptin levels were having elevated 
VLDL-C (very low density lipoprotein-cholesterol) levels 
compared to 76.2% (32 of 42) of patients with elevated lep-
tin levels having elevated VLDL-C levels (p=0.04). We did 
not find any significant association between elevated leptin 

levels and other demographic and biochemical character-
istics of study patients (p > 0.05) (Table 4). Association of 
elevated leptin levels with various demographic and bio-
chemical characteristics of controls (healthy individuals) is 
contained in Table 5. Significance of elevated leptin levels 
was not noted with any of the demographic and biochemical 
parameters of control subjects.

Discussion

Diabetes is one of the most common chronic diseases with 
425 million people living with it in 2017 [22] and is the 
fourth leading cause of death in the developed world [22]. 

Table 5  Association of elevated 
leptin levels with various 
demographic and biochemical 
characteristics of controls 
(healthy individuals) included 
in the study

TG, triglycerides; LDL, low-density lipoproteins; HDL, high-density lipoproteins; VLDL, very low-density 
lipoproteins; BMI, body mass index; HOMA IR, homeostatic model assessment–insulin resistance

Characteristics Controls
n=196 (%)

Leptin levels of controls
(n=196)

OR (95% CI) p value

Normal
192 (100.0%)

Elevated
04 (00.0%)

Gender
Male 51 (26.0) 51 (26.5) 00 (00.0) Ref 0.7
Female 145 (74.0) 141 (73.5) 04 (100.0) 1.8 (0.2–16.0)
Age group
≤18 years 25 (12.8) 25 (13.0) 00 (00.0) Ref 0.9
>18 years 171 (87.2) 167 (87.0) 04 (100.0) 0.7 (0.08–6.8)
Dwelling
Rural 96 (49.0) 95 (49.4) 01 (25.0) Ref 0.6
Urban 100 (51.0) 97 (50.6) 03 (75.0) 2.9 (0.3–28.7)
BMI (Kg/m2)
Normal 196 (100.0) 192 (100.0) 04 (100.0) Ref
Underweight 00 (00.0) 00 (100.0) 00 (100.0) 38.6 (2.1–70.8) 0.06
Preobese 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8) 0.06
Obese class I 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8) 0.06
Obese class II 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8) 0.06
Total cholesterol (mg/dl)
Normal 196 (100) 192 (100.0) 04 (100.0) Ref 0.06
Elevated 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8)
TG (mg/dl)
Normal 196 (100.0) 192 (100.0) 04 (100.0) Ref 0.06
Elevated 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8)
LDL-C (mg/dl)
Normal 196 (100.0) 192 (100.0) 04 (100.0) Ref 0.06
Elevated 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8)
HDL-C (mg/dl)
Normal 196 (100.0) 192 (100.0) 04 (100.0) Ref 0.06
Low 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8)
VLDL-C (mg/dl)
Normal 196 (100.0) 192 (100.0) 04 (100.0) Ref 0.06
Elevated 00 (00.0) 00 (00.0) 00 (00.0) 38.6 (2.1–70.8)
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Pathological dysregulations eventually leading to diabe-
tes are in most of the individuals preceded by prediabetes, 
which being an early phase and opportunity for the adoption 
of preventive interventions [23]. Prediabetes will progress 
to overt type 2 diabetes (T2DM) in approximately 25% of 
subjects within 3–5 years, and as many as 70% of individu-
als with prediabetes will develop overt diabetes within their 
lifetime [23]. In the USA, an estimated 88 million adults 
aged 18 years or older had prediabetes in 2018 [24]. People 
with prediabetes are also at an increased risk of developing 
cardiovascular diseases (CVD) [23].

Largely formed by white adipose cells, the adipokine-lep-
tin has a multiplicity of central and peripheral actions that are 
mainly associated with the regulation of energy balance food 
intake and metabolism [25, 26]. From the time when the lep-
tin was discovered in 1994 to its latest approval as a licenced 
medicine in the USA and Japan, much remains to be done 
in order to explain the role of this adipose-derived hormone 
in biotic functions and to optimise its use for the benefit of 
human health. For this purpose, studying different sections of 
the population is imperative in addressing the factors affect-
ing the levels of leptin in various ethnic populations.

To the best of our understanding, globally, this is one of 
the few case–control studies to elucidate the relationship 
of leptin levels with various demographic and biochemi-
cal parameters including insulin resistance of prediabetic 
cases and healthy controls [27–30]. In addition, this is prob-
ably the first study of this kind from Kashmir valley (North 
India). Leptin levels were elevated in cases as compared to 
controls as per our observation, and we found a significant 
association between elevated leptin levels and increased risk 
of prediabetes in both men and women (p ≤ 0.05) (Tables 1
and 2). Although not many studies have been undertaken to 
understand the relationship between leptin levels and predia-
betes, our finding is consistent with previous studies done 
so far [28–30]. It is also consistent with some longitudinal 
studies on the effects of increased leptin concentrations on 
diabetes in Caucasian and Japanese American populations 
[31, 32]. Leptin may play a role in the pathophysiology of 
diabetes, possibly by suppressing insulin secretion [33]. 
Although some studies have reported no association between 
plasma leptin levels and diabetes [34], the inverse relation 
has also been reported by two studies [35–37].

On stratification with respect to demographic factors 
like gender, age and dwelling, interestingly, the leptin lev-
els were not significantly associated with gender (p > 0.05). 
Although, there is considerable variability in serum leptin 
concentrations among individuals, the gender difference 
and pattern of sexual dimorphism in serum leptin levels is 
well established with circulating leptin levels systematically 
higher in females than in males [38, 39]. In vitro studies 
showed that both estradiol and dexamethasone increased lep-
tin release in incubations of adipose tissue samples obtained 

from female, but not male, donors [40]. Previous studies 
have described the negative correlation of testosterone with 
serum leptin levels independent of body fatness [41]. We 
did not find any significant association of age and dwell-
ing with leptin levels of prediabetic cases (p > 0.05). Based 
on previous studies, which equally reported that leptin is 
reduced [42, 43], unchanged [44, 45] or even increased [46] 
during ageing, the relationship between age and leptin is 
not yet clear. It is well established that ageing affects body 
composition, such as reduced muscle strength and increased 
fat depots, which might be related at least in part to changes 
in serum leptin levels and/or its pattern of secretion [47]. No 
previous study has reported the correlation between leptin 
levels and dwelling per se.

In our study, elevated leptin levels were significantly 
associated with elevated cholesterol, TG and VLDL lev-
els (p ≤ 0.05). It is well-established that leptin affects lipid 
metabolism, but whether these effects are a result of direct 
leptin action on the liver has not been fully addressed. 
Hepatic leptin action can modulate the amount of triglyc-
erides available for incorporation into each VLDL particle 
through the effects of leptin on increasing fatty acid oxi-
dation [48]. Previously, leptin levels were found to be sig-
nificantly and positively correlated with serum lipoproteins 
[49]. Both leptin and adiponectin levels have been shown to 
affect atherosclerotic changes in T2DM [50]. Furthermore, 
there is an excess triglyceride accumulation in adipose tis-
sue, muscle pancreas and liver due to attenuation of leptin 
sensitivity in the brain resulting in impaired insulin sensi-
tivity and secretion [51]. In one of the previous studies, the 
leptin-prediabetes associations were independent of lipid 
levels [30].

Higher levels of leptins (hyperleptinemia) are positively 
correlated with BMI and other measures of obesity and this 
state is commonly referred to as leptin resistance [52–54]. 
But interestingly, on evaluation of BMI in our study, most 
of the patients were falling in pre-obese category (41.5%) 
but no significant association of elevated leptin levels was 
associated with obesity (BMI) thus emphasising the fact that 
leptin-prediabetes associations cannot be totally explained 
by comprehensive measures of adiposity.

Although in our study, we did not find any correlation 
between insulin levels and leptins but a positive correlation 
of leptin levels with fasting insulin levels in humans have 
been found previously [55, 56]. Leptin production is further 
stimulated due to decreased inhibition of insulin secretion 
resulting in hyperinsulinemia. In line with our study, the 
studies conducted by Mancini et al. and Erturk et al. reported 
no significant correlation between leptin and HOMA IR [57, 
58]. In contradiction to our study, most studies found a sig-
nificant association between HOMA IR and leptin in their 
populations [59–61]. However, some studies reported incon-
sistent results [62, 63].
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Towards positive side, our study included prediabetic 
patients instead of diabetics which minimised several 
sources of confusing variables, such as unmeasured meta-
bolic alterations, drug treatment effect or other subclinical 
pathology as a result of diabetes that might make secretion 
and effects of leptin ambiguous. Although this is among 
the largest study of this kind in Kashmiri population, the 
sample size of our study is modest, and large sample size 
would be needed to further consolidate the results.

Conclusion

Our findings strengthen the concept that there is an obvious 
significant correlation between increased mean leptin levels, 
increased mean lipid levels and mean BMI with risk of pre-
diabetes when compared to controls suggesting that leptin 
could be an additional biomarker for identifying individuals 
at high risk of prediabetes among Kashmiri population. In 
prediabetics, increased leptin levels are significantly associ-
ated with dyslipidemia but not with other markers of obesity 
such as BMI suggesting that leptin levels influence adiposity 
to a significant extent in prediabetics. Continuous follow-up 
of these subjects will help to estimate the usefulness of leptin 
as a predictor of prediabetes and progress to type 2 diabetes.
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Abstract
Objective Diabetes increases the risk for cancers. However, whether it is associated with hematologic malignancies is not 
clear. The present study investigated the association between diabetes and acute lymphocytic leukemia (ALL), acute myeloid 
leukemia (ML), non-Hopkin lymphoma (NHL), and multiple myeloma (MM).
Methods Newly diagnosed adult cancer patients were recruited consecutively from our clinical database. Peoples from a local 
enterprise were recruited to create a small-scale population-based dataset. We compared the diabetes prevalence between 
the cancer patients and the local people; an increase in diabetes prevalence in the cancer patients suggests an association 
between diabetes and the cancer(s).
Results We found that the prevalence of diabetes was 19.7%, 21.3%, 12.5%, and 12.0% in ALL, AML, NHL, and MM, 
respectively, which was higher than that (9.1%) in the local people. Despite that there were more male than female cancer 
patients, there were more female than male diabetic patients. The increase in diabetes prevalence occurred in ALL and NHL 
patients aged 18 to 39 years old as well as in AML patients over 40. In MM patients, the increase in diabetes prevalence 
(18.6%) occurred only in females. Approximately 70% of the diabetic patients were undiagnosed before the diagnosis of the 
blood cancer. Approximately half of the pre-existing diabetic patients had anti-diabetic treatment, with over 70% of them 
still had poor glycemic control.
Conclusions Our results suggest that diabetes is associated with ALL, AML, NHL, and MM, at least in adult patients.

Keywords Diabetes · Acute lymphocytic leukemia · Acute myeloid leukemia · Non-Hopkin lymphoma · Multiple 
myeloma · Association

Introduction

Both diabetes and cancer are common non-communicable 
diseases with increasing prevalence. According to the Global 
Report on Diabetes from the World Health Organization, the 
prevalence of diabetes has increased from 4.7% in 1980 to 
8.5% in 2014, with 422 million adults diagnosed with the 
disease. It is estimated that 451 million adults had diabetes in 
2017, with almost half of all people living with undiagnosed 
diabetes [1]. Cancer is the second leading cause of death 
world-wide. According the statistics from the World Health 
Organization, cancer caused approximately 9.6 million 
deaths, or one in six deaths, in 2018 [2]. Diabetes and can-
cer cast enormous socioeconomic burden to societies. More 
60 years ago, concurrent diabetes and cancer in patients had 
already been noted in clinical setting. However, it remained 
inconclusive of whether the two diseases are associated 
until recent decades when diabetes and cancer are highly 
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prevalent. In the past decades, epidemiological studies 
showed that diabetes was associated with the occurrence of 
various cancers such as those in the liver, pancreas, stomach, 
colorectum, kidney, and breast. It is postulated that the pre-
diabetic and diabetic states increase the risk for cancer. How-
ever, those presented results were not clear and sometimes 
conflicting [3]. In relevance to hematologic cancers, more 
recently, Castillo and co-workers performed a meta-analysis 
based on 13 case–control and 13 cohort studies, and found 
that diabetes was associated with NHL (p < 0.01), leukemia 
(p = 0.02), and possibly myeloma (p = 0.08) [4]. Yan et al. 
reported that type 2 rather than type 1 diabetes is associated 
with leukemia [5]. In a large insurance database in Taiwan, 
diabetes was found to be associated with NHL in both male 
and female groups [6]. Analysis on databases from Shanghai 
also revealed that patients with diabetes had an increased 
risk for NHL [7]. Wang et al. performed a meta-analysis on 
35 cohort studies, and found a moderate increase in risk of 
NHL in types 1 and 2 diabetes, which was more significant 
in Asians [8]. Data from another meta-analysis supported the 
view that diabetes increases the risk for NHL, and further 
pointed out that male diabetic patients were more likely to 
develop NHL than females [9]. However, there are studies 
which showed that diabetes does not increase the overall 
risk for blood cancer, even in large database [10]. Diabetes 
might not only modify the cancer risk but also the cancer 
course. Indeed, diabetes and pre-diabetic state are associ-
ated with poorer prognosis of chronic lymphocytic leuke-
mia [11], NHL [12], and myeloma [13]. On the other hand, 
anti-diabetic treatment, in particular by metformin, not only 
reduces the risk for lymphoma [14] but also improves the 
prognosis of lymphoma [15] and myeloma [16]. Although 
it is possible that metformin reduces cancer risk in diabetes 
by improving the metabolic profile, it has been shown to 
directly act on cancer cells. The compound inhibits in vitro 
cancer cell proliferation, migration, and invasion as well as 
induces apoptosis and autophagy [17], which inhibits the 
tumorigenesis and tumor progression [18]. In relevance to 
leukemia, some believed that metformin could be used to 
treat leukemia [19]. However, there was also evidence that 
metformin had neutral effect on leukemia, and yet, there was 
possibility that long-term use of the drug might increase the 
cancer risk [20].

The published meta-analyses were performed on limited 
number of original studies completed in different time and 
geographic location. The heterogeneity may affect the analy-
sis outcome, as differences in genetic composition and life 
style may produce biases [4]. Anti-diabetic drugs, in particu-
lar metformin, are found to modify cancer risk, thus, includ-
ing study before and after the common use of metformin 
in meta-analysis may produce bias. Moreover, hematologic 
cancers are heterogeneous and inclusion of acute lympho-
cytic or myeloid leukemia in analysis, rather only leukemia, 

might provide more informative insights. Thus, more origi-
nal studies are required for a better view on the relationship 
between diabetes and hematologic malignancies. The present 
study examined the prevalence of diabetes in newly diag-
nosed adult patients with acute myeloid leukemia (AML), 
acute lymphocytic leukemia (ALL), NHL, or multiple mye-
loma (MM) to assess the association between diabetes and 
the blood malignancies. The subjects were recruited from 
our region and the influence of the use of metformin was 
minimized, which was believed to avoid the biases which 
might be produced by the current meta-analyses.

Research design and methods

Approval for the study was obtained from the Clinical Ethics 
Committee of Linyi People’s Hospital which is the major 
regional hospital with a catchment population of 1.29 mil-
lion with typical demographic and social class distribu-
tions. Most of the inhabitants are eastern Chinese in origin. 
Because of the lack of a long-term health care financing 
policy, the majority of people in this region do not have 
medical insurance for chronic diseases, such as cancer and 
diabetes. As a result, most of these patients seek medical 
care at the public hospitals where only nominal fees are 
charged. The cancer patients aged from 18 years or above, 
who were hospitalized between 2015 and 2020, were con-
secutively recruited. We recruited 1050 local people to cre-
ate a small-scale population-based survey dataset in 2019.

AML, ALL, and NHL were diagnosed and classified 
according to the 2016 WHO criteria [21, 22]. MM was diag-
nosed and classified according to the criteria by the 2014 
International Myeloma Working Group [23]. Fasting blood 
samples were taken for biochemical assays. For the cancer 
patients, blood samples were taken on the diagnosis of can-
cer before any clinical treatment. Diabetes was evidenced 
when fasting plasma glucose ≥ 126 mg/dL (7.0 mmol/L) 
[24]. Those with diabetes history were also included in the 
diabetes group, even though they had achieved satisfactory 
glycemic control. In the study, the patients with AML, ALL, 
NHL, and MM were 622, 416, 789, and 392, respectively. 
The subjects randomly recruited outside the hospital for the 
estimation of diabetes prevalence were 1052. Soon after 
admission of the patients, fasting blood samples were taken 
to the biochemical analyses. For the subjects recruited from 
outside the hospital, who were involved in the survey for 
the estimation of diabetes prevalence, fasting blood samples 
were taken for the determination of the metabolic profile.

Fasting blood glucose levels were measured using a 
hexokinase method. Plasma levels of total cholesterol and 
triglyceride were assayed enzymatically using commercially 
available reagents (Beckmancoulter; Beckman Instrument, 
USA). HDL-cholesterol was detected using the selective 
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Table 1  Demographic data of the adult patients with ALL, AML, NHL, or MM

Cancer type Clinical parameter Adult patients with ALL, AML, NHL, or MM

Overall (n=2219) Men (n=1266) Women (n=911) Non-diabetic Diabetic

AML Age (95% CI) 51.71 (50.48 to 
52.93)

52.43 (50.75 to 
54.12)

50.89 (49.11 to 
52.66)

50.39 (48.98 to 
51.81)

57.23 (55.00 to 
59.47)***

Fasting plasma 
glucose (mmol/L) 
(95% CI)

6.33 (6.15 to 6.51) 6.26 (6.01 to 6.51) 6.40 (6.14 to 6.67) 5.52 (5.45 to 5.58) 9.63 (9.04 to 
10.22)***

Total cholesterol 
(mmol/L) (95% 
CI)

3.71 (3.60 to 3.82) 3.57 (3.43 to 3.72) 3.88 (3.71 to 4.05)* 3.73 (3.60 to 3.85) 3.63 (3.37 to 3.89)

Low-density lipo-
protein (mmol/L) 
(95% CI)

2.31 (2.23 to 2.40) 2.23 (2.12 to 2.34) 2.42 (2.29 to 2.55)* 2.32 (2.23 to 2.42) 2.26 (2.06 to 2.46)

High-density lipo-
protein (mmol/L) 
(95% CI)

0.89 (0.86 to 0.92) 0.86 (0.83 to 0.90) 0.93 (0.87 to 0.97)* 0.91 (0.86 to 0.94) 0.83 (0.78 to 0.88)

Triglycerides 
(mmol/L) (95% 
CI)

1.51 (1.41 to 1.61) 1.40 (1.29 to 1.52) 1.65 (1.48 to 1.82)* 1.50 (1.39 to 1.62) 1.57 (1.38 to 1.76)

ALL Age (95% CI) 41.98 (38.99 to 
44.97)

43.29 (38.96 to 
47.62)

40.38 (36.22 to 
44.54)

41.00 (37.82 to 
44.18)

47.57 (38.19 to 
56.95)

Fasting plasma 
glucose (mmol/L) 
(95% CI)

5.70 (5.34 to 6.01) 5.82 (5.29 to 6.35) 5.56 (5.06 to 6.06) 5.11 (4.94 to 5.27) 9.28 (8.04 to 
10.52)***

Total cholesterol 
(mmol/L) (95% 
CI)

4.08 (3.77 to 4.39) 4.14 (3.72 to 4.56) 4.02 (3.54 to 4.50) 4.08 (3.73 to 4.44) 4.13 (3.28 to 4.98)

Low-density lipo-
protein (mmol/L) 
(95% CI)

2.60 (2.36 to 2.84) 2.67 (2.38 to 2.96) 2.54 (2.16 to 2.92) 2.59 (2.32 to 2.86) 2.74 (2.11 to 3.37)

High-density lipo-
protein (mmol/L) 
(95% CI)

0.88 (0.80 to 0.96) 0.84 (0.72 to 0.96) 0.91 (0.81 to 1.02) 0.90 (0.81 to 0.99) 0.81 (0.59 to 1.03)

Triglycerides 
(mmol/L) (95% 
CI)

1.92 (1.40 to 2.43) 1.66 (1.5 to 1.8) 1.74 (1.53 to 1.93) 1.66 (1.52 to 1.80) 1.83 (1.52 to 2.14)

NHL Age (95% CI) 57.63 (56.22 to 
59.03)

57.56 (55.78 to 
59.35)

57.73 (55.43 to 
60.04)

57.43 (55.88 to 
58.98)

58.84 (55.58 to 62.1)

Fasting plasma 
glucose (mmol/L) 
(95% CI)

5.71 (5.53 to 5.88) 5.64 (5.43 to 5.84) 5.83 (5.51 to 6.16) 5.15 (5.08 to 5.23) 9.13 (8.46 to 
9.80)***

Total cholesterol 
(mmol/L) (95% 
CI)

4.16 (4.00 to 4.34) 3.99 (3.78 to 4.20) 4.50 (4.25 to 4.75)* 4.21 (4.04 to 4.39) 3.74 (3.25 to 4.23)

Low-density lipo-
protein (mmol/L) 
(95% CI)

2.69 (2.58 to 2.80) 2.62 (2.48 to 2.76) 2.82 (2.64 to 3.00) 2.71 (2.60 to 2.83) 2.49 (2.17 to 2.81)

High-density lipo-
protein (mmol/L) 
(95% CI)

1.11 (1.04 to 1.18) 1.11 (1.01 to 1.21) 1.10 (1.01 to 1.20) 1.14 (1.06 to 1.22) 0.83 (0.73 to 0.93)*

Triglycerides 
(mmol/L) (95% 
CI)

1.40 (1.28 to 1.52) 1.44 (1.27 to 1.60) 1.33 (1.17 to 1.49) 1.41 (1.28 to 1.54) 1.30 (1.00 to 1.61)
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inhibition method. LDL-cholesterol was measured using a 
surfactant method. All biochemical variables were measured 
using an autoanalyzer (Beckmancoulter AU5821; Beckman 
Instrument, USA) at the biochemical laboratory of the Linyi 
People’s Hospital. Fasting blood samples were centrifuged 
(3000 rpm, 10 min) to obtain serum fraction. Exactly 1.2-µl 
serum was loaded onto the automatic analyzing machine 
each time, separately, for the quantification of glucose, 
HDL-C, LDL-C, and total cholesterol, using the primary 
and secondary wavelengths at 340 nm and 660 nm, 600 nm 
and 700 nm, and 540 nm and 600 nm, respectively. Exactly 
1.6-µl serum was loaded to determine the level of triglyc-
eride at the primary and secondary wavelengths at 660 and 
800 respectively.

All data for continuous variables are expressed as mean 
(95% confidence interval) and were assessed using Student’s 
t-test. χ2 test was performed for analyzing proportions. The 
statistical analyses were performed using the Statistical 
Package for Social Sciences version 26 (SPSS, Chicago). A 
p value < 0.05 was considered to be statistically significant. 
We also confirmed all methods were performed in accord-
ance with the relevant guidelines and regulations.

Results

Table 1 shows the clinical data of the patients with ALL, 
AML, NHL, or MM. The prevalence of diabetes was 19.7%, 
21.3%, 12.5%, and 12.0% in ALL, AML, NHL, and MM 

patients, respectively (Table 2; Fig. 1), which was higher 
than that (9.1%) in our local people and that (8.7% and 
9.7%) in two recent national surveys (Table 3; Fig. 2). As 
shown in Table 2 and Fig. 1, there were more male than 
female patients in all the four cancer groups, with the male 
to female ratio of 1.24:1, 1.13:1, 1.74:1, and 1.43:1 in the 
ALL, AML, NHL, and MM patients, respectively. In con-
trast, the prevalence of diabetes was higher in the female 
than male cancer patients, although the difference did not 
reach a statistically significant level upon our sample size. 
Moreover, the increase in diabetes prevalence occurred in 
ALL and NHL patients aged 18 to 39 years old, and in AML 
patients aged over 40. In MM patients, the increase in dia-
betes prevalence (18.6%) occurred in female patients, rather 
than in a specific age group. In the cancer patients, approxi-
mately 70% of the diabetes cases were undiagnosed before 
the diagnosis of the cancer. Approximately half of the pre-
existing diabetic patients had anti-diabetic treatment, with 
over 70% of them still had poor glycemic control.

Discussion

AML is the most common leukemia in adults, with more 
male than female patients [26], which accounts for around 
1.3% of all new cancer cases in the USA in 2015 [27]. The 
development of ALL shows a bi-model feature, with one 
peak at children and the other at around 50 years old. In 
a Chinese population, the incidence of ALL was 0.63 per 

Date are expressed in mean (95% confidence interval)
*p<0.05; ***p<0.001, compared between males and females or diabetic and non-diabetic patients

Table 1  (continued)

Cancer type Clinical parameter Adult patients with ALL, AML, NHL, or MM

Overall (n=2219) Men (n=1266) Women (n=911) Non-diabetic Diabetic

MM Age (95% CI) 61.69 (60.73 to 
62.65)

61.24 (59.91 to 
62.57)

62.34 (60.97 to 
63.7)

61.75 (60.7 to 62.8) 61.28 (58.92 to 
63.63)

Fasting plasma 
glucose (mmol/L) 
(95% CI)

5.77 (5.57 to 5.97) 5.79 (5.50 to 6.07) 5.74 (5.47 to 6.01) 5.25 (5.18 to 5.33) 9.54 (8.46 to 
10.63)***

Total cholesterol 
(mmol/L) (95% 
CI)

3.82 (3.63 to 4.01) 3.62 (3.41 to 3.84) 4.12 (3.76 to 4.45)* 3.84 (3.63 to 4.04) 3.71 (3.20 to 4.21)

Low-density lipo-
protein (mmol/L) 
(95% CI)

2.34 (2.19 to 2.49) 2.20 (2.03 to 2.36) 2.55 (2.28 to 2.81)* 2.35 (2.19 to 2.51) 2.24 (1.88 to 2.61)

High-density lipo-
protein (mmol/L) 
(95% CI)

0.96 (0.92 to 1.01) 0.94 (0.88 to 1.00) 0.99 (0.93 to 1.06) 0.97 (0.92 to 1.01) 0.90 (0.74 to 1.06)

Triglycerides 
(mmol/L) (95% 
CI)

1.40 (1.28 to 1.51) 1.32 (1.16 to 1.47) 1.51 (1.33 to 1.69) 1.35 (1.24 to 1.47) 1.74 (1.20 to 2.27)*
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100,000 people, with the male:female ratio of approximately 
1.5:1 [28]. Although AML in adults is less common com-
pared with ALL, it represents a devastating clinical con-
dition. The increase in prevalence and improved therapy 
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Fig. 1  Prevalence of diabetes in our adult patients with ALL, AML, 
NHL, or MM. A The prevalence of diabetes in all patients as well 
as male and female patients. B The prevalence of diabetes in our 
patients according to different age groups. *p<0.05, ***p<0.001, 
compare to the prevalence of diabetes in our survey in our local popu-
lation and those reported in two national surveys (Fig. 2). The diag-
nosis criteria of diabetes used in our study and the national surveys 
are the same
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outcome has increased the number of patients with NHL. 
From a population-based database in Taiwan, the incidence 
of MM is estimated to be 1.83 per 100,000 people, with 
more male than female patients [29]. Despite that diabetes is 
now known to increase the risk for various cancers, whether 

the metabolic disease is associated with these hematologic 
malignancies still remains inconclusive. Our results showed 
that diabetes prevalence was increased in all of the patients 
with ALL, AML, NHL, or MM, suggesting that diabetes is 
associated with the four hematologic malignancies, in par-
ticular ALL and AML. In our study, most diabetes cases 
were undiagnosed before the diagnosis of the blood cancer, 
and majority of the patients with diabetes history had poor 
glycemic control, which indicates that our results are not 
confounded by anti-diabetic treatment, but may truly reflect 
the impact of metabolic disorder on the risk for the blood 
cancers. The people living with undiagnosed diabetes are 
at serious risk for developing cancer, including the hemato-
logic malignancies.

Similar to the previous observations in the literature, we 
found that there were more male than female patients with 
the blood cancers, suggesting an increased susceptibility to 
the blood cancers in males. In contract, in the ALL, AML, 
NHL, and MM patients, there were more female than male 
diabetic patients, although the difference did not reach a sta-
tistically significant level upon the sample size. However, 
the female:male ratio in the diabetic patients was signifi-
cantly increased compared to that in the non-diabetic can-
cer patients (p = 0.004), if patients with ALL, AML, NHL, 
or MM were combined. In a report on pancreatic cancer, 
the authors showed that the number of female diabetic 
patients was significantly higher than that of diabetic males 
(p = 0.008) [30]. Thus, the association of diabetes with can-
cer might have a female preponderance.

Commonly, researchers analyze cancer prevalence in 
diabetes to assess the impact of diabetes on cancer risk. 
In the present study, we analyzed the diabetes prevalence 
in cancer patients to reflect the disease association. Such 
strategy, although uncommon, did have been employed by 
investigators [30], which can also produce informative data. 
There are possible biases in our analysis. Firstly, the sam-
ple size is limited, which may not be adequate for revealing 
the disease association correctly, and may be able for fully 
documenting the characters of the association (i.e., female 
preponderance).

Whether and how diabetes promotes cancer develop-
ment remains unknown. Overweight and lifestyle were both 
confounding factors, and high glucose and insulin use were 
speculated to favor tumorigenesis via various mechanisms. 
TET2, a tumor suppressor which can repress leukemia pro-
gression, is a substrate of the AMP-activated kinase (AMPK) 
which phosphorylates TET2 at serine 99 and thereby stabi-
lizes it for tumor repression. However, in the case of diabe-
tes, increased glucose level impedes AMPK-mediated phos-
phorylation at serine 99, which results in the destabilization 
and degradation of TET2, which links diabetes to cancer 
[31]. In genetically modified experimental models, centro-
some amplification is sufficient to cause tumorigenesis. 
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Fig. 2  The prevalence of diabetes in our local population and in 
national surveys. A The prevalence of diabetes in our local popula-
tion and those reported in the two national surveys. B The prevalence 
of diabetes in our local population and reported in a national survey 
according to the age groups. There was no significant difference in 
the prevalence of diabetes between our local population and the pop-
ulation recruited for the national surveys. The numbers of male and 
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thus, only the data of diabetes prevalence of diabetes in different age 
groups from the national survey 1 were shown and used in the statisti-
cal analysis
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It would be interesting to investigate whether centrosome 
amplification is a biological link between diabetes and blood 
malignancies, since centrosome amplification occurs in cells 
with centrosome amplification can form tumors in recipient 
animals and mice spontaneously develop tumors, suggest-
ing that centrosome amplification can cause tumorigenesis. 
Centrosome amplification occurs in myelodysplastic syn-
dromes [32], leukemia [33], lymphoma [34], and myeloma 
[35]. Diabetes lowers the level of leukemia inhibitory factor 
that can induce differentiation and inhibits proliferation of 
leukemic cells [36, 37], which is also candidate mechanism. 
Alternatively, the association between diabetes and leuke-
mia might reflect their shared etiological mechanisms rather 
than a promoting effect of diabetes on tumorigenesis. Let-7 
is a family of non-coding microRNAs that include Let-7a 
to g, Let-7i, and miR-98. In leukemia, several let-7 family 
members (let-7a to f) were upregulated and associated with 
a high grate of the cancer [38, 39]. On the other hand, let-7 
can act as an essential factor to regulate glucose metabolism 
[40]. Lin28/let-7 is a self-renewal system [41], in which let-7 
is inhabited by Lin28. In muscle cells, both Lin28a knock-
down or let-7 over-expression result in insulin resistance 
and impaired glucose [40]. Thus, Let-7 might be a common 
etiological factor for diabetes and leukemia.

Conclusion

Our results showed that many diabetic patients remained 
undiagnosed with poor glycemic profile. Diabetes was over 
presented in patients with ALL, AML, NHL, and MM, 
which was more obvious in the female than that in the male 
cancer patients. It is suggested that diabetes increases the 
risk for these hematologic cancers in adults, in particular 
in the females.
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Abstract
Background Although monogenic diabetes accounts for a small proportion of diabetes cases, accurate diagnosis may sig-
nificantly change treatment. This study aimed to contribute to knowledge about the genotype-phenotype relationship in 
monogenic diabetes.
Methods This study used data from a tertiary centre in Turkey. Genetic analysis outcomes for 36 patients were evaluated. 
The panel included 23 genes related to maturity-onset diabetes of the young (MODY), neonatal diabetes, and some genes 
related to hyperglycemic hypoglycemia. The next-generation sequencing method was used after DNA isolation from the 
peripheral blood.
Results Mutations were identified in 19 (52.8%) of 36 patients. Of the 19 mutations, 7 (36.8%) were new mutations. A total 
of 20 cases met the MODY clinical criteria, and mutations were identified in 11 (55%) of them. In total, nine patients had 
more than one mutation. Mutations were identified on the ABCC8 (n = 7), PDX1 (n = 6), GLIS3 (n = 6), ZFP57 (n = 5), 
GCK (n = 4), HNF1A (n = 3), GLUD (n = 3), and HNF4A, KLF11, NKX2-2, and INSR genes (n = 1 each).
Conclusion Our findings highlight a broad clinical and genetic spectrum of MODY, and genetic analysis may provide a better 
understanding of diabetes and improve the individualised treatment approach.

Keywords MODY · Neonatal diabetes · Monogenic diabetes · Next-generation sequencing

Introduction

Nearly 90% of diabetics have type 2 diabetes mellitus (DM) 
and 5–10% have type 1 DM. Type 1 and type 2 DM have 
no single genetic cause. Variations causing an increase in 
risk, and some reducing risk, were identified, and a multi-
genetic effect was reported. However, a genetic variation 
may be identified as the true cause of DM in 2–5% of dia-
betics [1–4]. Monogenic DM cases comprise maturity-onset 

diabetes of the young (MODY), neonatal DM (NDM), and 
some rare diabetic syndromes. The most common is MODY. 
NDM is rare, as reported in 1 per 90,000 live births in 
Europe [5]. Monogenic diabetic forms should be suspected 
in cases without classic type 2 DM or type 1 DM clinical 
findings or diabetics with intense family history, and genetic 
studies should be planned.

NDM is generally defined as DM emerging in the first 6 
months after birth. Temporary or permanent types may be 
present. The most common causes of NDM are KCNJ11, 
ABCC8, and INS heterozygous gene mutations. Homozygote 
INS mutations may create a clinical course very similar to 
type 1 DM [6]. Some other genes had also been identified to 
cause NDM. NDM has a lower heritability rate than MODY 
[7].

The term “MODY” was first used in 1975 [8]. However, 
mutations responsible for this DM form were revealed in 
the 1990s [9]. With the use of new-generation sequencing 
devices in recent years, recognising genes related to dis-
ease has increased. Finally, 14 MODY-related genes were 

* Ersen Karakilic 
ersenkarakilic@comu.edu.tr

1 Department of Internal Medicine, Division of Endocrinology 
and Metabolism, Faculty of Medicine, Canakkale Onsekiz 
Mart University, 17100 Canakkale, Turkey

2 Department of Medical Genetics, Faculty of Medicine, 
Çanakkale Onsekiz Mart University, Canakkale, Turkey

3 Faculty of Medicine, Canakkale Onsekiz Mart University, 
Canakkale, Turkey

/ Published online: 17 November 2021 



International Journal of Diabetes in Developing Countries (December 2022) 42 (4):703–712

1 3

identified. However, not all the 14 forms of ‘MODY’ are 
indeed true MODY.

Whether some rare MODY types like MODY 7,8,9,11 
are indeed MODY is debatable [10].

Especially for diabetics under 45 years old, the fre-
quency of MODY reaches up to 5%, and 80% of these 
cases were misdiagnosed as type 1 DM or type 2 DM 
[11]. Genetic confirmation of the diagnosis of MODY may 
lead to managing more appropriate treatment approaches. 
While some monogenic DM forms respond to sulfonylu-
rea treatment very well, newer drugs such as DPP4 and 
SGLT2 inhibitors are also being studied to manage MODY 
[10]. Identification of new MODY mutations and reporting 
of their clinical data contribute to a better understanding of 
the MODY phenotypes and may provide developing more 
improved therapeutic approaches.

In this article, we present analysis results of a gene 
panel including 23 genes and the clinical characteristics of 
cases. This study aimed to contribute to knowledge about 
the genotype-phenotype relationship in monogenic DM.

Methods

This single-centre study included 36 patients whose gene 
analysis was performed between January 2018 and Decem-
ber 2019. Analyses were performed in a University Medi-
cal Genetic laboratory with the new-generation sequencing 
method after DNA isolation from the peripheral blood. 
Results were assessed with Ion reporter v. 5.6 and IGV 
software. The panel included genes related to MODY 
and NDM and some genes related to hyperinsulinemic 
hypoglycemia.

The pathogenicity of the mutations was classified accord-
ing to the American College of Medical Genetics and 
Genomics criteria [12]. The Clinvar, HGMD, and Varsome 
databases were also used to assess mutations. In silico analy-
sis was also performed using SIFT, MutationTaster, Human 
Splicing Finder, Mutation Assessor, and Polyphen2software. 
GERP score, DANN score, and GnomAD frequency were 
also employed for the assessment of variations.

In this study, the following 23 genes were investigated: 
HNF1A, GCK, HNF4A, PDX1, HNF1B, NEUROD1, KLF11, 
ZFP57, PAX4, INS, BLK, ABCC8, KCNJ11, RFX6, HADH, 
SLC16A1, FOXP3, G6PC2, NEUROG3, GLIS3, NKX2-2, 
GLUD1, and INSR.

The clinical history and laboratory results of the patients 
were obtained from the hospital records. MODY’s clinical 
diagnosis was defined as follows: DM diagnosis at a young 
age, positive family history (autosomal dominant inheritance 
observed in at least two or three generations), absence of 
C-peptide negativity, and lack of β-cell autoimmunity [13].

Statistical data analysis used SPSS version 23.0 soft-
ware (IBM Corp., Armonk, NY, USA). The mean and 
standard deviation values were used for descriptive 
statistics.

Results

Thirty-six patients referred for the genetic study were 
assessed in this study. Of all the participants, 25 were 
female (69.5%), and 11 were male (30.5%). The mean age 
was 31.4 ± 15.5 years.

Thirty patients had analysis requested with suspicion of 
monogenic DM, two paediatric patients had hypoglycemia 
suspicion, and the reason for analysis could not be identi-
fied in four patients.

Nineteen different variants were detected in 19 of 36 
cases. Nine patients had more than one variant. Seven 
variants were novel. Thirteen of the mutations were inter-
preted as variant of uncertain significance, likely patho-
genic or pathogenic. A total of 20 cases met the MODY 
clinical criteria, and mutations were identified in 11 (55%) 
of them. Four mutation-positive cases with diabetes did 
not meet all of the MODY criteria. The other four patients 
with the mutation also did not fully meet the DM diag-
nostic criteria. Of the 16 patients with negative mutation 
analysis, nine met the clinical criteria for MODY and were 
considered to have mutation-negative MODY (Figure 1). 
One patient with hyperinsulinemic hypoglycemia was 
identified to have a mutation of the HADH gene, but he 
was not evaluated in the analyses of this study.

Mutations were present on HNF1A in three patients, 
HNF4A in one, KLF11 in one, PDX1 in six, ABCC8 in 
seven, GLIS3 in six, XFP57 in five, GCK in four, GLUD1
in three, NKX2-2 in one, and INSR in one. The clinical 
features of the cases are shown in Table 1, and database 
analyses of the detected mutations are shown in Table 2.

Glucokinase (GCK) mutation

Four patients had GCK mutations. One of the patients was 
28 years old and was diagnosed with DM at age 13. The 
HbA1c value was 6.8% with diet alone. The two other 
patients were a mother and daughter in family B. Both 
were not using pharmacologic agents for DM treatment. 
The mother had HbA1c value of 6.9%, while the daughter 
had 7.1%. The fourth patient had GCK and ABCC8 muta-
tions. The patient was 4 years old and diagnosed with DM 
at age 2. HbA1c value was 6.4% with diet alone. There was 
no family history of DM.
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HNF1A mutation

Three patients had HNF1A mutation. One of the patients 
with HNF1A mutation had anti-GAD positivity, and the 
C-peptide was at unmeasurably low levels, so she was diag-
nosed with type 1 DM. The other two patients with HNF1A
mutation were a mother and a daughter. The daughter was 
33 years old and had no DM with an HbA1c of 5.1%. The 
mother was 64 years old without DM.

Family A

Family A was identified to have multiple gene mutations. 
Genetic analysis was performed for seven family members, 
and six were identified to have mutations. The proband was 
23 years old and diagnosed with DM 4 years ago. Her last 
HbA1c was 5.3% with diet alone. The proband’s mother was 
46 years old and had DM for 15 years with HbA1c of 6.8% 
under both insulin and oral anti-diabetic (OAD) treatment. 
The mother had diabetic polyneuropathy and coronary artery 
disease. A sibling of the proband, diagnosed at age 16, had 
DM for 5 years. The HbA1c value was 6.5% with insulin and 
OAD treatment. Another sibling was diagnosed at age 17 
and had DM for 8 years, and his HbA1c value was 4.8% with 
insulin treatment alone. The maternal aunt of the proband 
was 42 years old and had DM. Another maternal aunt of the 
proband was 40 years old without a DM diagnosis.

KLF11 mutation

A new mutation was identified on the KLF11 gene in a 
57-year-old woman diagnosed with DM at age 10. Her last 
HbA1c value was 8.0% with OAD and insulin treatment. She 

had diabetic proliferative retinopathy and diabetic polyneu-
ropathy. There was a family history of MODY with typical 
three generations.

NKX2‑2 mutation

A new mutation was identified on the NKX2-2 gene in a 
43-year-old patient diagnosed with DM 6 years ago. The 
HbA1c value was 7.5% with OAD treatment alone. There 
was a typical family history of MODY.

HNF4A mutation

One patient had HNF4A mutation. Simultaneous GLIS3
mutation was also identified. The patient was 23 years old 
and diagnosed with DM 7 years ago. The HbA1c value was 
10.1% with OAD treatment alone. There was a typical family 
history of MODY.

ABCC8 mutation

All seven patients with the ABCC8 mutation also had a 
mutation in another gene. Three different mutations were 
identified for the ABCC8 gene, and two of these were new 
mutations.

INR mutation

A new mutation was identified for the INR gene in a 4-year-
old patient with DM diagnosis at age 2. She was receiving 
basal and bolus insulin treatment, and the last HbA1c value 
was 7.7%. The mother or father had no DM.

Fig. 1  Distribution of analyzed 
cases according to mutation 
status and diagnosis
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Table 1  Mutation results and 
clinical data of the patients

DM diabetes mellittus, HbA1c last glycosylated haemoglobin, Tre treatment, Comp Complicatio

Patient number Variant Clinic status Family Salient features

P1 ABCC8 c.2116+39T>A
GLIS3 c.1056G>C
GLUD1 c.200T>C
PDX1 c.246T>C

DM (+) A Age: 23 Tre:Diet
HbA1c: %5.3

P2 ABCC8 c.2116+39T>A
GLUD1 c.200T>C
PDX1 c.246T>C
ZFP57 c.1103A>T

DM (+) A Age: 16 Tre:OAD+insulin
HbA1c: %6.5

P3 GLIS3 c.1056G>C
PDX1 c.246T>C
ZFP57 c.1103A>T

DM (+) A Age: 17 Tre:insulin
HbA1c: %5.8

P4 ABCC8 c.2116+39T>A
PDX1 c.246T>C
ZFP57 c.1103A>T

DM (-) A

P5 ABCC8 c.2116+39T>A
GLIS3 c.1056G>C
PDX1 c.246T>C
ZFP57 c.1103A>T

DM (+) A Age: 29 Tre:Diet
HbA1c: %6.5

P6 ABCC8 c.2116+39T>A
GLIS3 c.1056G>C
PDX1 c.246T>C
ZFP57 c.1103A>T

DM (+) A Age: 31 Tre:OAD+insulin
Comp: neuropathycoroner 

arter disease
HbA1c: %6.8

P7 GCK c.91A>T p.k31* DM (+) B Age:20 Tre:Diet
HbA1c: %6.9

P8 GCK c.91A>T p.k31* DM (+) B Age:6 Tre:Diet
HbA1c: %7.1

P9 HNF1A c.1108-27C>T DM (-) C
P10 HNF1A c.1108-27C>T DM (-) C Tre:Diet

HbA1c: %5.1
P11 KLF11 c.514G>A DM (+) - Age:10 Tre:Diet+insulin

Comp: retinopathy
Neuropathy
HbA1c: %8

P12 GCK c.895G>C DM (+) - Age: 13 Tre:Diet
Comp: neuropathy
HbA1c: %6.8

P13 NKX2-2 c.*73G>A DM (+) - Age: 35 Tre:OAD
HbA1c: %7.5

P14 HNF4A c.725G>A
GLIS3 c.1585C>G

DM (+) - Age: 16 Tre:OAD
HbA1c: %10.1

P15 ABCC8 c.1259T>G
GCK c.547G>A

DM (+) - Age: 2 Tre:Diet
HbA1c: %6.4

P16 GLIS3 c.893C>A T1 DM - Tre: Insulin
HbA1c: %7.8

P17 HNF1A c.1108-27C>T T1 DM - Tre: Insulin
HbA1c: %7.5

P18 ABCC8 c.1332+4delC
GLUD1 c.1568G>A

DM (-) -

P19 INSR c.1777G>T T1 DM - Age: 2 Tre:Insulin
HbA1c: %7.7
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GLIS3 mutation

One patient had a new mutation on the GLIS3 gene. How-
ever, this patient was considered type 1 DM based on clinical 
findings and undetectable C-peptide levels.

Mutation‑negative MODY

Nine patients did not have mutations but with clinical fea-
tures that met the MODY criteria. The mean age was 40 ± 
11.5 years, and the mean age at diagnosis was 29.4 ± 7.9 
years. The mean of the last HbA1c value was 10.0% ± 3.1%, 
and the mean body mass index was 26.6 ± 3.0 kg/m2.

Discussion

Our study investigated the results of a panel containing 
genes that might cause monogenic DM from a single cen-
tre in Turkey. Of the 36 patients investigated, 19 different 
mutations were detected, 7 of which were novel. A total of 
20 patients fully met the clinical criteria for MODY, and 
11(%55) of these patients had mutations. A recent study 
in Turkey reported a mutation identification rate of 65% in 
43 children [14]. However, the mutation identification rate 
may vary according to the inclusion criteria for the analy-
sis. Expanding the criteria used to request genetic analysis 
may decrease the positivity rates to 10–20% [13]. A recent 
multi-centre study identified a lower mutation positivity rate 
of 17.6% in 204 cases from Mediterranean countries [15].

Although genetic studies on monogenic DM have 
increased, novel genes could not be identified except for 
the neonatal period. However, the allelic spectrum of the 
known genes continues to expand. Some of the new vari-
ants detected do not meet all of the classic MODY criteria, 
adding a new perspective to MODY [16]. These variants 
suggest that monogenic diabetes, and some other types of 
diabetes may share a common genetic spectrum. We also 
identified variants in four diabetic cases that did not fully 
meet the MODY criteria. However, these variants may be 
benign or de novo mutations, as well as they can also be 
considered to support this new perspective. One patient with 
HNF1A mutation was interpreted as type 1 DM because of 
C-peptide negativity and anti-GAD antibody positivity. One 
patient with GLIS3 mutation had intense insulin require-
ments and low C-peptide level. Another pediatric case with 
INSR mutation was accepted as type 1 DM because of a 
lack of family history and clinical findings. One patient had 
ABCC8 and GCK mutation; however, indeterminate MODY 
was recognised due to a lack of family history.

Of the mutations identified in our study, four were GCK
gene mutations. GCK mutations cause MODY type 2 and are 
associated with mild DM. Elevated fasting blood sugar can Be
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be detected since birth; however, no significant progression 
is expected over the years [9]. Pharmacological treatment for 
those with GCK mutations may not help in lowering blood 
sugar [18]. The diagnoses were made during childhood in 
this study, and the serum glucose levels were not very high. 
Patients had mild progression of DM and were managed 
with diet and lifestyle changes. Two patients (mother and 
daughter; P7, P8) had mild DM findings despite having 
c.91A>T non-sense mutations. Similarly, those with het-
erozygous non-sense or frameshift mutations of the GCK
gene may have mild progression of clinical DM [18].

P12, with family history and mild serum glucose eleva-
tion, meet the typical MODY type 2 diagnosis. The iden-
tified GCK c.895G>C variant was previously reported as 
pathological.

P15 was the case that identified the GCK and ABCC8 
mutations together mentioned above but was considered 
indeterminate MODY due to the absence of family his-
tory. The identified GCK c.895G>C variant was previously 
reported as pathological. The ABCC8 c.1259T>G variant 
was interpreted as pathogenic in most in silico analyses, but 
this patient’s clinical course was consistent with MODY type 
2.

HNF1A mutation was identified in three patients. HNF1A
mutations cause the frequently encountered MODY type 3 
[19]. One of these patients (P17) had been interpreted as 
type 1 DM due to C-peptide negativity and positive anti-
GAD antibody. This patient had HNF1A c.1108-27C>T 
mutation in the intronic region, which was considered 
benign. The other two patients were a mother and daugh-
ter (P9, P10) with HNF1A c.1108-27C>T intronic region 
mutation. One of these patients had pre-DM emerging only 
with weight gain. These cases did not fully meet the DM 
diagnostic criteria; analysis was requested because of a fam-
ily history of severe DM. These two cases were considered 
in the non-DM group, and this mutation was interpreted as 
benign because of the lack of obvious DM diagnosis.

We identified the KLF11 gene mutation, a rare cause of 
MODY, in P11. KLF11 regulates PDX1 transcription in 
pancreatic beta cells [9]. Our 57-year-old patient had been 
diagnosed with DM at age ten and did not have adequate 
blood sugar control despite both OAD and intensive insulin 
treatment. She also had diabetic neuropathy and proliferative 
retinopathy. Very few cases were related to KLF-11 mutation 
[20]. A study screening patients with obesity reported that 
one patient had a KLF11 variant. The 16-year-old patient 
was reported to have hyperlipidemia accompanied by mild 
DM progression [21]. Considering that our patient had com-
plicated DM, KLF11 mutations might be associated with 
severe disease progression.

In family A, mutations were identified in six of seven 
patients analysed, and five had DM (P1, P2, P3, P5, P6). 
Interpreting the phenotype-genotype correlation was difficult 

because multiple mutations were identified in this family. 
This family may be considered PDX1 mutation associ-
ated with MODY type 4, but family analysis showed that 
patient–healthy individual segregation was partly consist-
ent with the PDX1 c.246T>C variant. This mutation was 
assessed as VUS. All six family members with the muta-
tion had c.246T>C synonymous variant on the PDX1 gene. 
The PDX1 gene is an important transcription factor gene for 
pancreas development and beta-cell maturation. MODY type 
4 families are scarce. Generally, affected family members 
are diagnosed at a young age, and the majority may require 
insulin [10]. Autoantibodies against PDX1 may also cause 
type 1 DM [22]. The identified PDX1 variant was not found 
in the Clinvar database, and it was assessed as likely benign 
in the Varsome database. However, it was predicted to affect 
the splice region in the Human Splicing Finder database.

The ABCC8 c.2116+39T>A variant identified in five 
members of the family A (P1, P2, P4, P5, and P6) was in 
the intronic region and not reported in the Clinvar database. 
This gene codes sulfonylurea receptor 1 (SUR1) subunits in 
the ATP-susceptible potassium channel and thus plays a role 
in regulating insulin secretion [23]. ABCC8 mutations were 
first associated with MODY type 12 in 2012, and it may also 
cause NDM [24]. MODY type 12 families may be obese 
and overweight. They respond well to sulfonylurea treatment 
[25]. In this study, the family members had average weight. 
Additionally, it was predicted not to affect the splice region 
in the Human Splicing Finder database, and this mutation 
was assessed as VUS.

The GLIS3 c.1056G>C variant is also identified in four 
family A members. GLIS3 is a member of the GLIS fam-
ily of Krüppel-like zinc finger transcription factors. It is 
dominantly expressed in the pancreas, thyroid, and kidneys. 
Mutations in GLIS3 cause an NDM syndrome character-
ised by congenital hypothyroidism and polycystic kidney. 
Variants are reported at high rates among those with type 1 
DM and type 2 DM. It works with the PDX1 gene in insulin 
gene transcription control [26]. However, this GLIS3 gene 
mutation was not detected in P2, who has moderate DM. 
Clinvar database reported this mutation in a neonate with 
DM and congenital hypothyroidism and interpreted as VUS. 
This variant was not predicted to affect the splice region in 
the Human Splicing Finder database, and this mutation was 
assessed as VUS.

Another variant identified in family A was a c.1103A>T 
missense variant on the ZFP57 gene. The ZFP57 gene 
codes a transcription factor necessary to adequately sus-
tain methylation during early embryonic development. 
ZFP57 mutations are reported to be associated with mul-
tiple locus-imprinting disorders in transient NDM [27]. 
However, the phenotype effect of this gene on the juvenile 
and adult periods is unknown. The ZFP57 c.1103A>T 
variant was reported as VUS in the Varsome database and 
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was predicted to affect the splicing region in the Human 
Splicing Finder database. However, this variant was not 
detected in the proband but was detected in the non-dia-
betic P4. It was interpreted as benign in most in silico 
analyses.

Additionally, two of the five family A members with DM 
were identified to have GLUD1 c.200T>C variant. GLUD1
ensures the synthesis of glutamate dehydrogenase, a mito-
chondrial matrix enzyme included in the tricarboxylic acid 
cycle. Mutations were associated with familial hyperinsu-
linemic hypoglycemia [28]. Most in silico analyses assessed 
this mutation as pathogenic.

In family A, possible mutations on other unexamined 
genes may be associated with DM development. Multiple 
mutations may also have an additive effect on DM progres-
sion [29].

HNF4A c.724G>A mutation was identified in P14. 
HNF4A encodes a nuclear transcription factor. Patho-
genic mutations are associated with MODY type 1. 
HNF4A mutations comprised 7.5% of MODY cases in a 
new study from Mediterranean countries, including Tur-
key [15]. MODY type 1 cases were generally diagnosed 
in the young adult period, progressed over time, and may 
require multiple OAD or insulin treatments [30]. P14 was 
diagnosed in the adolescent period and had high HbA1c 
levels despite intense treatment. The identified mutation 
was interpreted as pathogenic in most in silico analyses. 
This patient also had c.1585C>G missense mutation on 
the GLIS3 gene. This variant was interpreted as pathologi-
cal in most in silico analyses.

P16 had GLIS3 c.893C>A variant. This variant is gener-
ally interpreted as VUS, while it was assessed as benign in 
the Clinvar database. This patient was diagnosed with type 
1 DM due to intense insulin treatment, C-peptide negativity, 
and lack of family history.

P13 was identified to have c.*73G>A intronic region 
mutation on the NKX2-2 gene. This gene is a transcription 
factor gene related to pancreas development. Mutations are 
associated with NDM [31]. This patient met the MODY 
clinical criteria; however, he was diagnosed with DM in 
adulthood. This variant is interpreted as LB; however, it is 
in the 3′ untranslated region and may have acted by altering 
the gene’s RNA stability and expression level.

P18, without DM, had ABCC8 c.1332+4delC intronic 
region deletion. Some cases are assessed as benign and VUS 
in the Clinvar database. According to the Human Splicing 
Finder prediction algorithm, this mutation is predicted to 
affect splicing. However, it was not considered to affect DM 
development because P18 had no DM. This patient was also 
identified to have GLUD1 c.1568 G>A missense mutation. 
A case of hyperammonemia hyperinsulinemia syndrome was 
reported in the Clinvar database. However, the clinical find-
ings of this patient were not consistent with hypoglycemia.

P19 was identified to have INSR c.1777G>T missense 
mutation. INSR gene mutations may cause severe insulin-
resistant syndromes and hyperinsulinemic hypoglycemia 
[32]. However, no clinical case has been reported. P19 
was diagnosed with DM at age 2 years and has used insu-
lin since then. Her mother and father did not have DM. 
Clinical findings were not consistent with insulin resist-
ance. The C-peptide level was slightly low, but autoanti-
body tests could not be obtained. The diagnosis was not 
definite for this patient, but she was considered to have 
type 1 DM.

Although we analysed all 23 MODY-related genes in all 
cases, our major limitation was the limited number of cases 
from a single centre. Another limitation is that mutations in 
the deep intronic regions of the regulatory sequences and 
large copy changes could not be detected due to the limita-
tion of our method.

Conclusion

This study analysed data from a single centre in Tur-
key and aimed to contribute to the phenotype-genotype 
correlation in monogenic DM. We detected some new 
mutations and reviewed the clinical findings of previ-
ously known mutations. We found that a mutation can 
be detected in only half of clinically diagnosed MODY 
patients, and some mutation carriers do not have all of 
the classic MODY traits. These findings highlight a broad 
clinical and genetic spectrum of monogenic DM. Detect-
ing new genes and new mutations is critical for a better 
understanding this form of DM and may improve the indi-
vidualised treatment approach.
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Abstract
Background Type 2 diabetes (T2D), one of the most common metabolic diseases, is the result of insulin resistance or 
impaired insulin secretion due to mitochondrial dysfunction. Mitochondrial DNA (mtDNA) polymorphisms play an important 
role in the physiological and pathological characteristics of T2D. However, their mechanism is poorly understood.
Methods To directly identify candidate mtDNA variants associated with T2D at the genome-wide level, we constructed 
forty libraries from ten patients with T2D and thirty control individuals for deep sequencing. We characterized their mtDNA 
atlas, analysed their single nucleotide polymorphisms (MtSNPs) and screened potential mtDNA mutation sites associated 
with T2D.
Results We found ten mtDNA polymorphisms at nucleotides 489 T > C, 3105AC > A, 3107 N > C, 8701A > G, 9540 T > C, 
10398A > G, 10400C > T, 10873 T > C, 12705C > T and 14783 T > C that showed a significant difference between patients 
and control subjects.
Conclusion Therefore, our results characterize the mtDNA atlas of patients with T2D and further demonstrate that mtDNA 
variants participate in the pathophysiology of T2D and other diseases. In addition, mtDNA variants may be candidate 
molecular biomarkers of T2D and may be valuable for early diagnosis of T2D in the future.

Keywords Type 2 diabetes · Mitochondrial DNA · Single nucleotide polymorphisms · Molecular biomarkers

Introduction

Type 2 diabetes (T2D) is one of the most common meta-
bolic diseases that is characterized by sustained hypergly-
cemia, resulting from impaired insulin secretion or insulin 

resistance in most patients [1, 2]. It was estimated that 
approximately 451 million people had diabetes worldwide in 
2017, and the number of patients with diabetes will increase 
to 693 million by 2045, of which T2D accounts for approxi-
mately 90% [1, 3]. As a result of physical inactivity and poor 
diet, the number of children, adolescents, and younger adults 
with T2D has increased dramatically around the world, and Chunhong Li, Yueying Xiang and Yanyan Zhang contributed 
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about half of all people with T2D are undiagnosed. Recently, 
some studies indicated that mitochondria regulate insulin 
secretion from pancreatic β cells, and their dysfunction was 
associated with the occurrence of T2D [4–7]. Moreover, 
they have identified a great number of mitochondrial DNA 
(mtDNA) variants from patients with T2D, which affect the 
development of diabetes [4].

In practice, mitochondrial dysfunction might also play a 
role in the pathogenesis of insulin resistance, and their single 
nucleotide polymorphisms (MtSNPs) were associated with 
T2D [4, 8, 9]. Some experimental evidence has indicated 
that the mtDNA 16189C variant may increase the risk of 
T2D in Asians [9], but the 16,184–16,193 variant of the 
poly-C tract does not have a major influence on T2D [10]. 
The mtDNA mutations at 1310, 1438 and 12,026 were asso-
ciated with type 2 diabetic patients in the Japanese popula-
tion [11]. Matsunaga and colleagues found that the Mt5178A 
genotype may be unrelated to the etiology of T2D but has an 
antiatherogenic effect in type 2 diabetic patients [12]. Tawa-
ta’s group indicated that the mtDNA mutation at 14,577 T/C 
is probably a major pathogenic mutation for T2D. Remark-
ably, mtDNA ND1 gene mutations at nt3316 (G>A), nt3394 
(T > C) and 3426 (A > G) might reveal the pathophysiology 
of T2D together with other genetic and environmental fac-
tors [13]. Furthermore, other mtSNPs also have also been 
implicated in the physiopathological process of T2D, such 
as C16270T, C16320T, C5178A, and T16189C [2, 14, 15]. 
However, their mechanism is poorly understood.

Here, to directly identify candidate mtDNA variants asso-
ciated with T2D at the genome-wide level, we constructed 
forty libraries from ten patients with T2D and thirty control 
subjects for deep sequencing. Subsequently, we character-
ized their mitochondrial DNA atlas and analysed their sin-
gle nucleotide polymorphisms (MtSNPs) and insertions and 
deletions (InDels), and screened potential mtDNA variants 
associated with T2D. Our research finds some differential 
mutation sites that may be candidate molecular biomarkers 
of T2D, which may be valuable for early diagnosis of T2D.

Materials and methods

Human samples and DNA extraction

We have clinically identified and diagnosed all participants 
according to the diabetes diagnostic criteria of the World 
Health Organization, and they have no positive family his-
tory [16]. Then, we selected 10 patients with T2D as the 
subjects of the study and collected their blood samples. They 
had an average fasting plasma glucose ≥ 8.02 mmol/L, and 
blood glycosylated hemoglobin level of ≥ 9.29% (Table 1). 
The 30 control subjects had no history of T2D and were 
matched with the disease group in age, region and gender 

ratio as much as possible. Written informed consent was 
obtained from all donors. Subsequently, genomic DNA was 
extracted from all donors using a Magbead Blood DNA Kit 
(CWBIOTech, CW2361S) according to the manufacturer’s 
methods. The present study was performed in accordance 
with the Helsinki Declaration and was approved by the Eth-
ics Committee of Shenzhen People’s Hospital.

Mitochondrial DNA sequencing

After total genomic DNA extraction, mitochondrial 
DNA capture of all participants was performed as previ-
ously reported, with minor modifications [17]. Briefly, the 
genomic DNA was randomly fragmented by a Bioruptor 
Pico (Diagenode, B01060001) into 150–200-bp fragments. 
The sheared products were detected by an Agilent 2100 Bio-
analyzer system (Agilent, G2939AA). The ends of the DNA 
fragments were repaired and an Illumina Adaptor was added 
(Fast Library Prep Kit, iGeneTech, Beijing, China). Pre-PCR 
was performed after adapter ligation. Products were puri-
fied using Agencourt AMPure XP beads (Beckman, p/n 
A63880). After the sequencing library was constructed, the 
mitochondrial genome was captured with an AI-Mito-Cap 
Kit (iGeneTech, Beijing, China) and sequenced on an Illu-
mina NovaSeq 6000 sequencer (Illumina, San Diego, CA) 
with 150-base paired-end reads.

SNPs and InDels detection and annotation

The advanced bioinformatics analysis began with raw 
data generated from the NovaSeq6000 platforms. The 
sequence signatures with adapter ligation and low qual-
ity and containing > 5 unknown bases were removed to 
obtain clean sequences, which were subjected to further 
analysis. The clean sequences were aligned to the human 
reference genome (UCSC hg19) by a Burrows-Wheeler 
Aligner (BWA) [18], and the alignment results were saved 
in BAM format files. For further advanced analysis of the 

Table 1  Clinical and biochemical characteristics of the patients with 
type 2 diabetes

Characteristic Value

Gender (males/females) 7/3
Age (years) 58.10±4.00
HbA1c (%) 9.29±0.59
Fasting plasma glucose (mmol/l) 8.02±0.97
Serum C-peptide (µg/L) 2.75±1.73
Total cholesterol (mmol/l) 4.98±0.54
Triglycerides (mmol/l) 2.64±0.49
HDL-C (mmol/l) 0.862±0.06
LDL-C (mmol/l) 2.85±0.30
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final BAM files, single nucleotide polymorphisms (SNPs) 
were detected by GATK [19] and insertion and deletions 
(InDels) were detected by SAMtools [20]. Then, the muta-
tion types of SNPs and distribution of InDels were analysed 
by GraphPad Prism (Version 8.0.1). Finally, ANNOVAR and 
snpEff software (Version 4.3i) were used for annotation and 
classification, and after the annotation database was con-
structed, the mutation sites would be annotated for gene and 
function according to the corresponding database [21]. The 
pathogenicity prediction for the mtDNA variants was further 
analysed using the American College of Medical Genetics 
and Genomics and the Association for Molecular Pathology 
standards and guidelines (ACMG/AMP guidelines) [22] and 
dbNSFP at Ensemble VEP (Variant Effect Predictor) [23] 
which produces prediction scores for different algorithms 
like SIFT, PolyPhen 2.0, CADD, and FATHMM.

Statistical analysis of candidate mtDNA variants

To systematically analyse potential mtDNA variants associ-
ated with T2D at the genome-wide level, the frequency of 
mtDNA mutation sites between the cases and the control 
group was evaluated by t test and χ2 test. Statistical analyses 
of mtDNA variants were performed using SPSS 21.0, and 
the level of significance was set at p < 0.05.

Results

Analysis of mitochondrial DNA sequencing data

Mitochondrial DNA was captured from ten patients with 
T2D and sequenced on the NovaSeq6000 platform. The 
raw reads with adapters, low quality and unknown bases 
were removed, and we collected clean read data for further 
bioinformatics analysis. In total, we obtained an average of 
1.78-M raw reads and 268.46-Mb raw bases for each indi-
vidual (Table 2). A Phred quality score is a method to evalu-
ate the quality of sequencing data. Qphred was defined as 

base mass, and the e indicated the sequencing error rate. 
They have a relationship as follows: Qphred=  −10 log10(e), 
and we found that the Qphred was greater than 85% for each 
sample. Upon further statistical analysis for clean reads, we 
identified an average of 1.26-M clean reads for each indi-
vidual, which accurately aligned to the reference genome 
(UCSC hg19) (Table S1). The distribution of mitochondrial 
target regions of the ten patients is shown in Table S2.

Profiling of mitochondrial DNA SNPs and InDels

MtDNA polymorphisms are associated with various com-
plex hereditary disorders and may be candidate molecular 
biomarkers for diseases [2, 4]. We systematically detected 
SNPs and InDels of ten patients with T2D. In total, we iden-
tified 34, 32, 41, 43, 35, 38, 42, 42, 46 and 36 SNPs for 
T2D-1, T2D-2, T2D-3, T2D-4, T2D-5, T2D-6, T2D-7, T2D-
8, T2D-9 and T2D-10, respectively, the majority of which 
were in target regions. Interestingly, most of SNPs were het-
erozygous and were G > A and C > T, which contributed to 
identification of candidate molecular biomarkers (Fig. 1). 
Similarly, of the InDels, we identified 3, 3, 4, 1, 1, 1, 3, 1, 
2 and 5 InDels for T2D-1, T2D-2, T2D-3, T2D-4, T2D-5, 
T2D-6, T2D-7, T2D-8, T2D-9 and T2D-10, respectively, 
the majority of which were identified as small insertions or 
deletions (Fig. 2).

Identification of candidate mtDNA variants

Samples from a total of 10 patients with T2D and 30 con-
trols were used to screen candidate mtDNA variants and 
aligned to the human reference genome (UCSC hg19). 
We found mtDNA mutations of T2D patients at nucleo-
tides 489 T > C, 3105AC > A, 3107 N > C, 8701A > G, 
9540  T > C, 10398A > G, 10400C > T, 10873  T > C, 
12705C > T and 14783 T > C by comparing them with 
the controls. Their variants were considered SNPs and 
showed a significant difference. There were seven muta-
tions at nucleotides 489 T > C, 8701A > G, 9540 T > C, 

Table 2  Analysis of sequencing 
data from the ten patients with 
type 2 diabetes

No Sample name Raw reads (M) Raw bases (Mb) Clean reads (M) Clean bases (Mb) Qcrate (%)

1 T2D-1 1.9 286.86 1.87 254.29 88.65
2 T2D-2 1.56 234.81 1.53 211.31 89.99
3 T2D-3 1.67 252.51 1.65 219.25 86.83
4 T2D-4 1.7 256.29 1.68 228.75 89.25
5 T2D-5 1.66 250.21 1.63 222.49 88.92
6 T2D-6 1.89 284.75 1.86 250.1 87.83
7 T2D-7 1.62 244.63 1.6 217.65 88.97
8 T2D-8 1.9 286.31 1.87 245.72 85.82
9 T2D-9 2.08 313.52 2.05 274.22 87.46
10 T2D-10 1.82 274.72 1.79 248.99 90.63
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10398A > G, 10400C > T, 10873 T > C, 12705C > T and 
14783 T > C that had significantly higher mutation fre-
quencies among T2D patients, while the polymorphisms 
3105AC > A and 3107 N > C had a lower frequency among 
T2D patients than controls (Table 3). In addition, the path-
ogenicity prediction results for the ten candidate mtDNA 
variants are shown in Table 4, and they were reclassi-
fied into two categories: “BA1”, and “PM2”. However, 
these candidate mtDNA variants are rarely reported to be 

directly related to type 2 diabetes, and further cohort vali-
dation and function are still required.

Discussion

T2D is a complex and multifactorial disease that is affected 
by the factors of genetic and environmental factors, and is 
maternally inherited [1, 24–26]. Several studies had reported 

Fig. 1  Profiling of mitochondrial single nucleotide polymorphisms (MtSNPs) of ten patients with T2D. The x-axis denotes mtSNP types of 
patients with T2D, and the y-axis indicates the numbers of these mutation types
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that mtDNA variants were associated with T2D pathophys-
iology and were involved in the development of disease 
[27–29]. Moreover, mtDNA variants can contribute to single 
and multi-system diseases such as Alzheimer’s disease [28], 
Parkinson disease [30], myoclonic epilepsy and ragged-red 
fibre disease [31]. In the present study, we identified all 
mitochondrial DNA polymorphisms from a group of T2D 
patients and characterized their atlas of SNPs and InDels 
by target region capture sequencing. With the advancement 
of high-throughput sequencing technology, target region 

sequencing is an effective and systemic method to detect 
specific regions and has been successfully applied in renal 
oncocytoma and neurodegenerative diseases for mitochon-
drial DNA sequencing [17, 32]; its capture efficiency is 
higher than that of traditional methods. Our results further 
demonstrate that this high-throughput sequencing technol-
ogy may be a useful tool to study these common inherited 
diseases.

To further screen the mtDNA variants in T2D, we system-
atically identified their mitochondrial DNA polymorphisms. 

Fig. 2  Profiling of insertions and deletions (InDels) of ten patients with T2D. The horizontal axis represents the position of reads, and the verti-
cal axis indicates the numbers of the mutation types
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Then, we found that their SNP types were G > A and C > T, 
the majority of which were identified as small insertions or 
deletions, which may be the focus of the next T2D study. 
We also identified ten mtDNA mutations that showed a sig-
nificant difference. The polymorphism 3243A > G was first 
reported in 1992 and proved to be a pathogenetic factor for 
T2D [25]. However, we did not detect this mtDNA muta-
tion among those that showed a significant difference in our 
study. Except for the mtDNA polymorphism 489 T>C [33], 
other polymorphisms are not reported to be related to T2D, 
including mtDNA polymorphisms 3105AC>A, 3107 N>C, 
8701A > G, 9540  T > C, 10398A > G, 10400C > T, 
10873 T > C, 12705C > T and 14783 T > C, which may be 
candidate molecular biomarkers associated with T2D. How-
ever, the candidate mtDNA variants were screened based 
on the ten patients with T2D and thirty control individuals 
sequencing dataset through bioinformatics analysis. Their 
disease protective value needs to be verified through the sub-
sequent analysis results from different cohort and platform, 
and integrally validate its accuracy on the other datasets. 

In addition, the following are limitations for the samples in 
this study: firstly, we have limited number of patients with 
T2D in the department of endocrinology of Shenzhen Peo-
ple’s Hospital; secondly, we have very restricted criteria for 
volunteer recruitment, and all participants were clinically 
identified and diagnosed according to the diabetes diagnostic 
criteria of the World Health Organization. People who do 
not meet those criteria will be excluded in this study. There-
fore, this was a reason that the sample size of T2D group is 
smaller. And this part of the work still needs further study.

Interestingly, some experimental evidence has indi-
cated that these mtDNA polymorphisms have association 
with the path mechanism of other diseases. The mtDNA 
polymorphism 8701A > G was previously reported to affect 
mitochondrial matrix pH and intracellular calcium dynam-
ics, and mtDNA polymorphisms 9540 T > C, 10398A > G, 
and 12705C > T have a relationship with cancer [34, 35]. 
The mtDNA polymorphism 10398A > G was involved in 
the occurrence and development of various diseases such as 
cancer, neurodegenerative disorders and metabolic diseases 
[36–39]. This polymorphism had a significant association 
with systemic lupus erythematosus (SLE) patients, and it 
was found that T cells of SLE patients were prone to necrosis 
when ATP is depleted [40]. In addition, Alsbeih and col-
leagues believe that the nonsynonymous A10398G in ND3 
may lead to suboptimum mitochondrial respiratory activity 
[41], which may provide some support for the susceptibility 
to T2D. These results suggested that the majority of mtDNA 
variants functioned in different ways to control various bio-
logical processes, affecting the development of T2D.

Conclusion

In summary, our results reveal and characterize the mtDNA 
atlas of patients with T2D and further support that mtDNA 
variants participate in the pathophysiology of T2D and other 
diseases. Our findings further demonstrate that mtDNA 

Table 3  The candidate mtDNA variants between controls and 
patients with type 2 diabetes

*p value less than 0.05 was considered statistically significant

Types Gene 
name

T2D (n, 
%)

Controls 
(n, %)

χ2 p value*

489 T>C RNR1 6 (60.00) 6 (20.00) 3.968 0.046
3105AC>A RNR2 10 (10.00) 16 (53.33) 7.719 0.007
3107 N>C RNR2 10 

(100.00)
16 (53.00) 7.179 0.007

8701A>G ATP6 6 (60.00) 6 (20.00) 3.968 0.046
9540 T>C COX3 6 (60.00) 6 (20.00) 3.968 0.046
10398A>G ND3 8 (80.00) 10 (33.00) 4.848 0.028
10400C>T ND3 6 (60.00) 6 (20.00) 3.968 0.046
10873 T>C ND4 6 (60.00) 6 (20.00) 3.968 0.046
12705C>T ND5 7 (70.00) 9 (30.00) 3.472 0.062
14783 T>C CYTB 6 (60.00) 6 (20.00) 3.968 0.046

Table 4  The ten candidate mtDNA variants and their pathogenicity prediction scores

Types Gene name Gene ID Mitomap status Mitomap frequency SIFT PolyPhen CADD FATHMM ACMG

489 T>C RNR1 / Reported 25.82% / / / / BA1
3105AC>A RNR2 / / 0.00006 / / / / PM2
3107 N>C RNR2 / / / / / / / PM2
8701A>G ATP6 ENSG00000198899 / 32.99% 0.39 1.14 −0.52 −0.27 BA1
9540 T>C COX3 / / 32.97% / / / / /
10398A>G ND3 ENSG00000198840 Reported 43.97% 0.57 1.99 −0.81 −0.42 BA1
10400C>T ND3 / / 21.32% / / / / /
10873 T>C ND4 / / 32.95% / / / / /
12705C>T ND5 / Reported 41.12% / / / / /
14783 T>C CYTB / Reported 21.31% / / / / /
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variants may be candidate molecular biomarkers of T2D 
and may be valuable for early diagnosis of T2D in the future.

Abbreviations T2D:  Type 2 diabetes; mtDNA:  Mitochondrial 
DNA; InDels:  Insertions and deletions; SNPs:  Single nucleotide 
polymorphisms
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Abstract
Aim The aim of this study was to investigate the sociodemographic and clinical characteristics of the patients using con-
tinuous subcutaneous insulin infusion (CSII) therapy. We reported the effects of CSII therapy on some clinical parameters.
Materials and methods One hundred twenty-seven patients using CSII therapy were enrolled in the study. A total of 102 
patients were included after 25 cases were excluded due to inadequate data. Sociodemographic, clinical, and laboratory 
characteristics were obtained from the hospital database.
Results In our study, no relationship was found between educational level and the effective use of carbohydrate counting 
and diabetes complications. After switching to CSII therapy, patients’ glycated hemoglobin (HbA1c) levels were reduced 
to 8.2% (5.3–14) at their last visit (p = 0.005). Also, total daily insulin dosage with 48 IU/day (7.3–180) was significantly 
decreased to 40 IU/day (15–276) after CSII therapy (p= 0.001). CSII therapy was significantly associated with less episodes 
of diabetic ketoacidosis at the last visit than at the initiation of CSII therapy (p = 0.033).
Conclusion Switching to CSII therapy can improve glycemic control, reduce insulin dosage requirements, and improve 
patient quality of life by reducing episodes of diabetic ketoacidosis.

Keywords Continuous subcutaneous insulin infusion · Educational levels · Glycemic control · Insulin dosage · 
Complications of diabetes mellitus

Introduction

The frequency of using CSII therapy increases in patients 
with type 1 and type 2 diabetes [1]. Because of the efficacy 
in achieving target levels of glycated hemoglobin (HbA1c) 
that has been shown in some studies, it has been used as an 
alternative to multiple daily insulin (MDI) therapy [2, 3]. 
In CSII therapy, basal insulin is supplied in a continuous 
infusion with a rapid (lispro, aspart, glulisine) or short act-
ing (regular) insulin. The patients trigger the boluses before 
meals and blood glucose excursions outside the target range 
[4]. By mimicking physiological insulin release, it leads to 
greater flexibility in meals and activities and improves the 
quality of life.

Although indications for CSII therapy are more clear for 
type 1 diabetes mellitus, it is not distinct for patients with 
type 2 diabetes mellitus. Patients’ desire to improvement 
of life quality, high activity levels that require changes in 
insulin doses, recurrent hypoglycemic episodes and planning 
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a pregnancy, not meeting the glycemic goal, and dawn phe-
nomenon are among the indications for CSII therapy [5]. 
Furthermore, some devices used with CSII therapy can 
receive glucose data from continuous glucose monitoring 
(CGM) devices, and others use that data and adjust basal 
rate delivery. Continuous glucose monitoring systems can 
facilitate optimal glycemic control.

The CSII therapy offers flexibility for patients their daily 
activities, leisure time, and diet than the patients on MDI and 
enables them to meet their personalized needs in manage-
ment of diabetes [6]. A review of 74 studies shown that the 
CSII therapy provided better glycemic control and quality 
of life in both children and adults as compared to multiple 
daily injections of insulin [7]. Bayrakdar et al. showed that 
patients using CSII therapy have shown better quality of 
life scores than patients with MDI therapy in their study 
(p = 0.001) [8]. Furthermore, many studies have demon-
strated that CSII therapy has been more effective in blood 
glucose regulation [2, 9, 10]. Misso et al. found that switch-
ing the therapy to CSII therapy resulted in a 0.3% increase 
in HbA1c [3]. However, Carlsson et al. found that CSII 
therapy was associated with 0.4% lower HbA1c levels after 
1–2 years [11]. CSII therapy can delay the onset and slow 
progression of diabetes-associated complications, including 
retinopathy, nephropathy, and neuropathy by intensive gly-
cemic control [12].

In this study, we aimed to explore the sociodemographic 
and clinical characteristics of the patients using CSII ther-
apy. We also focused on the effects of the CSII therapy on 
some clinical-laboratory parameters like HbA1c levels, insu-
lin dose requirements, the experience of diabetic ketoacido-
sis, lipid parameters, and chronic complications related to 
diabetes mellitus.

Materials and methods

This retrospective study enrolled 127 patients using CSII 
therapy and attended the Endocrinology department between 
January 2008 and December 2020. After a comprehensive 
review, 25 cases were excluded from the study due to inad-
equate data. A total of 102 patients were included. Differ-
entiation of two types of diabetes mellitus was based upon 
a combination of the clinical presentation, family history, 
age, and body habitus. The diagnosis was often supported by 
laboratory studies such as antibodies, insülin, and C-peptide 
levels. The circulating, islet-specific pancreatic autoantibod-
ies against glutamic acid decarboxylase 65 (GAD65) was 
measured. Also, low levels of C peptide levels which was 
measured after acute disease was indicator of the type 1 
diabetes. Before starting CSII therapy, all of the patients 
were using at least four injections a day. One patient had type 
2 diabetes mellitus with recurrent hypoglycemic episodes 

while 101 patients had type 1 diabetes mellitus with the 
following reasons for CSII therapy: poor metabolic control 
despite intensified insulin treatment, presence of low insulin 
requirements, the desire to have a more flexible lifestyle, 
correction of the dawn phenomenon, reduction of hypogly-
cemic emergencies, and improvement of the quality of life. 
Sociodemographic characteristics of the patients, total daily 
insulin doses, incidence of hypoglycemic attacks, episodes 
of diabetic ketoacidosis, HbA1c levels, lipid profile, usage of 
carbohydrate counting and glucose monitoring system, and 
presence of macrovascular and microvascular complications 
were all reported from data collected throughout clinic visits 
retrospectively.

Patients in the study were using same older sensor aug-
mented insulin pumps and glucose monitoring systems.

The study protocol was approved by ethics committee of 
Uludag University Faculty of Medicine (2021–6/67).

Statistics

Statistical analyses were performed using the SPSS software 
version 15. The variables were investigated using visual and 
analytical methods to determine whether or not they are nor-
mally distributed. Descriptive analysis was presented using 
medians and interquartile range for non-normally distrib-
uted and ordinal variables. The Chi-square test or Fisher’s 
exact test, where appropriate, was used to compare these 
proportions in different groups. Non-parametric tests were 
conducted to compare the non-normally distributed and ordi-
nal variables. The Wilcoxon test was used to compare the 
change in the HbA1c levels, lipid profile, need of total daily 
insulin dosage, and episodes of diabetic ketoacidosis after 
switching to CSII therapy.

Results

A total of 102 patients were included in the study. The 
median age of the patients was 28 (20–44) years. Seventy-
one patients (69.4%) were female. Sociodemographic and 
clinical characteristics of the patients are presented in 
Table 1. The median age of the patients at the diagnosis of 
diabetes mellitus was 12 (3–26) years. Cases of educational 
level with less than high school were 6.9% of the cases, edu-
cational level with high school were 53.9%, and educational 
level with university and above were 39.2% of the cases. 
Only one patient had type 2 diabetes mellitus, and recurrent 
hypoglycemic events were the indications for CSII therapy 
in these patients. Majority of the patients with type 1 diabe-
tes mellitus desired to use CSII therapy because of recurrent 
hypoglycemic events.

The median HbA1c level was 9% (5.8–16.5) at the begin-
ning of the CSII therapy. (48.1 % ) of cases had a HbA1c 
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level above 9; 25.9% of them had a HbA1c level between 
7.5 and 9%, and 25.9% of them had a HbA1c level below 
7.5%. The median duration of CSII therapy was 2 (1–10) 
years (Table 1). CSII therapy was discontinued in 10 cases 
during the follow-up period: 2 patients due to trouble using 
the pump, 1 case due to ketoacidosis triggered by air bubbles 
preventing insülin transmission, and 7 cases due to unknown 
reasons.

Fourteen cases (13.7%) started to use glucose monitor-
ing system simultaneously with CSII therapy. All the cases 
included in the study had received education in carbohydrate 
counting, but 13 (12.7%) of the cases had been using carbo-
hydrate counting effectively. Thirty-four patients (33.3%) did 
not experience any problems with CSII therapy. The prob-
lems encountered by the patients were air bubbles affecting 
insülin delivery, diabetic ketoacidosis, no improvement of 
hypoglycemic events, and having difficulty in using CSII 
therapy (Table 1).

Thirty-three patients (32.4%) had diabetic nephropathy, 
24 patients (23.5%) had diabetic neuropathy, and 19 patients 
(18.6%) had diabetic retinopathy. Also, six patients (5.9%) 
had macrovascular complications. Patients with microvascu-
lar complications had higher levels of HbA1c than without 
microvascular complications, which was not statistically 
significant (respectively; HbA1c levels; 9.2 (6.6–16.5), 
8.8 (6.10–13.2), p = 0.061). But, there was no association 
between the levels of HbA1c and development of macrovas-
cular complications (p = 0.760).

Patients with higher levels of education were female 
(p = 0.049); 62.5% of patients with university and above 
educational level were female, and 70.9% of patients with 
high school level were female. Patients who had educational 
level with university and above used carbohydate counting 
more efficiently than educational level with less than high 
school and with high school patients, but this difference was 
not statistically significant (respectively; 53.8%, 20%, 50%, 
p = 0.418). However, there was no association between the 
usage of glucose monitoring system and educational levels 
of the patients. When we analyzed the association between 
educational levels of the patients and age of the diagnosis 
with diabetes mellitus, duration of the CSII therapy, need 
of total daily insulin dosage, lipid profile, and episodes of 
diabetic ketoacidosis at baseline and at the last visit of CSII 
therapy, we could not find any significant association.

It was seen that there was no association between the edu-
cational levels and development of macrovascular complica-
tions of diabetes mellitus. But higher rate of diabetic retinop-
athy, neuropathy, and nephropathy was seen in patients with 
less than high school education level than in patients with 
high school and above education level that was statistically 
insignificant (respectively p = 0.707, p = 0.390, p = 0.162).

After switching to CSII therapy, patients’ median HbA1c 
levels were reduced to 8.2% (5.3–14) at their last visit, 
which was statistically significant (p = 0.005). Patients who 
started to use glucose monitoring system simultaneously 
with CSII therapy had lower HbA1c levels than patients 

Table 1  Sociodemographic and clinical characteristics of the patients

HbA1c, glycated hemoglobin, CSII, continuous subcutaneous insulin infusion

Parameters Results

Age (years) 28 (20–44)
Gender [female-n(%)/male-n(%)] 71 (69.4)/31(30.4)
Age at the diagnosis of diabetes mellitus (years) 12 (3–26)
Educational level (n-%) Less than high school 7 (6.9)

High school 55 (53.9)
University and above 40 (39.2)

HbA1c levels (%) ≤7.5% 48.1
7.5–9% 25.9
≥9% 25.9

Duration of CSII therapy (years) 2 (1–10)
Using glucose monitoring system (n-%) 14 (13.7)
Using carbohydrate counting effectively (n-%) 13 (12.7)
Problems related to using CSII therapy (n-%) No problems 34 (33.3)

Problems with air bubbles disturbing insülin delivery 13 (12.7)
Experience of diabetic ketoacidosis 1 (0.97)
No improvement of hypoglycemic events 2 (1.94)
Difficulty in using 2 (1.94)
Others 9 (8.73)
Unknown 41 (40.2)
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without glucose monitoring system at the last visit of CSII 
therapy, which was not statistically significant [respectively; 
8.25% (6.4–12.1), 8.9% (6–16.5), p = 0.152]. Also, the total 
daily insulin dosage with 48 IU/day (7.3–180) was signifi-
cantly decreased to 40 IU/day (15–276) after CSII therapy 
(p = 0.001). However, the lipid profile [triglyceride, total 
cholesterol, low-density lipoprotein (LDL), high-density 
lipoprotein (HDL)] measured at the start of CSII therapy 
and measured at the last visit during CSII therapy did not 
vary significantly. CSII therapy was associated with less 
episodes of diabetic ketoacidosis at the last visit than at the 
initiation of CSII therapy, which was statistically significant 
(p = 0.033) (Table 2). Hypoglycemic events were decreased 
in the majority of patients; however, two patients discon-
tinued CSII therapy due to ongoing hypoglycemic attacks.

Discussion

CSII therapy has been shown to improve general health, 
quality of life, and treatment satisfaction of patients [13]. 
CSII is a preferable with lower daily insulin requirements, 
reduced risk of hypoglycemia, and better patient satisfac-
tion [14]). Continuous subcutaneous insulin infusion therapy 
has been also known to be effective treatment for improving 
glycemic control [15]. DeVries et al. found a reduction of 
hemoglobin A1c at 0.84% at 16 weeks in patients with poor 
glycemic control after switching to CSII therapy [10]. This 
study supported that switching to CSII therapy resulted in a 
statistically significant decrease in patients’ median HbA1c 
levels and similar to the study of DeVries et al., patients 
with HbA1c levels above 9% constituted the majority of our 
study’s participants. In contrast, Bruttomesso et al. demon-
strated no difference on HbA1c levels between CSII therapy 
and MDI therapy [16]. Weissberg et al. also showed that 
there has been a significant reduction of HbA1c with the 
CSII therapy in a meta-analysis. The reduction of HbA1c 
was found to be consistent with the use of CSII therapy for 

more than 1 year in this meta-analysis (p = 0.001) [17]. In 
our study, the median duration of using CSII therapy was 2 
(1–10) years, and 96.6% of the patients had been using CSII 
therapy for more than 1 year. According to Hoogma et al., 
hypoglycemic events were on the rise in patients using MDI 
therapy [9]. In this study, majority of the patients intended to 
use CSII therapy because of recurrent hypoglycemic events 
and during CSII therapy only two patients had no improve-
ment in hypoglycemic events.

Many studies demonstrated that requirements of insulin 
dosage were significantly lower in patients receiving CSII 
therapy [9, 10, 16, 18]. This study also found that total daily 
insulin dosage was significantly decreased after CSII therapy 
(p = 0.001). Although, DeVries et al. found no difference in 
ketoacidotic episodes between CSII therapy and MDI ther-
apy, in our study, less episodes of diabetic ketoacidosis were 
seen after switching to CSII therapy, which was statistically 
significant (p = 0.033).

In addition, Almogbel et al. showed a significant decrease 
in the levels of triglyceride, total cholesterol, and LDL levels 
with CSII therapy [19]. Moreover, Schreiver et al. reported 
significant decreases in LDL cholesterol, total cholesterol, 
triglycerides, and VLDL cholesterol levels within 2–4 weeks 
of CSII therapy [20]. In this study, we could not find sig-
nificant change in lipid parameters after switching to CSII 
therapy. This may be due to the lower percentage of partici-
pants who had dyslipidemic LDL, total cholesterol, triglyc-
eride, and HDL cholesterol levels when the CSII therapy 
was started.

Glycemic control is one of the important predictors of com-
plications related with diabetes mellitus [21–23]. Clinical stud-
ies have shown that controlling hyperglycemia lowers the risk 
of developing microvascular complications [24]. In our study, 
patients with microvascular complications had higher levels of 
HbA1c than without microvascular complications as similar 
in literature (p=0.061). Nonetheless, there was no association 
between the levels of HbA1c and development of macrovas-
cular complications (p=0.760). This may be due to the fact 

Table 2  Comparison of 
some clinical and laboratory 
parameters at the beginning of 
CSII therapy and at the last visit 
during CSII therapy

CSII, continuous subcutaneous insulin infusion, HbA1c, glycated hemoglobin, LDL, low density lipopro-
tein, HDL, high density lipoprotein
A p-value of less than 0.05 was considered to show a statistically significant result

Parameters At baseline of CSII 
therapy

At the last visit p
value

HbA1c (%) 9 (5.8–16.5) 8.2 (5.3–14) 0.005
Total daily insulin dosage (IU/day) 48 (7.3–180) 40 (15–276) 0.001
Triglyceride (mg/dL) 88 (13–776) 89 (32–564) 0.122
Total cholesterol (mg/dL) 187 (17–299) 179 (92–303) 0.316
LDL (mg/dL) 109 (58–177) 105 (36–254) 0.284
HDL (median-mg/dL) 55 (30–90) 54 (21–105) 0.296
Episodes of diabetic ketoacidosis (n-%) 30 (29.4) 21 (32.3) 0.033
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that macrovascular complications are more multifactorial. The 
United Kingdom Prospective Diabetes Study (UKPDS) found 
that intensive blood glucose control alone did not reduce mac-
rovascular complications significantly [25]. Also, Gaede et al. 
suggested that the risk of macrovascular complications could 
be reduced when glucose, blood pressure, and lipid levels were 
targeted simultaneously [26].

The combination of a CSII system with a continuous glu-
cose monitoring (CGM) system is another very promising 
therapeutic option. Floyd et al. had shown that CGM was 
associated with lower HbA1c levels than self-monitoring 
blood glucose [27]. In our study, patients using glucose 
monitoring system simultaneously with CSII therapy had 
lower HbA1c levels than patients without glucose monitor-
ing system at the last visit of CSII therapy, which was not 
statistically significant (p = 0.152).

This study also emphasized identifying the patients’ 
sociodemographic characteristics which can be associated 
with improved glycemic control, complications related to 
diabetes, and clinical parameters. Patients with educational 
level university and above, used carbohydate counting 
more efficiently than patients with lower levels of educa-
tion which was not statistically significant (p = 0.418). 
Although, Gomez et al. demonstrated that metabolic control 
was improved with a higher educational level, we found no 
association between the educational levels of the patients 
and glycemic control [28]. Interestingly, higher rate of the 
diabetic retinopathy, neuropathy, and nephropathy was seen 
in patients with educational level lower than high school 
than others that was statistically insignificant (p = 0.162).

There were some limitations of the study. Firstly, the eco-
nomic burden on healthcare insurance systems affects wider 
use of insulin pumps and also use of glucose monitoring 
system. The type of insulin pump and the generation of glu-
cose sensors decide the accuracy and outcomes. The patients 
in our study were using the same older sensor augmented 
insulin pumps, and only 13.7% of the cases were using glu-
cose monitoring system. We could not determine the glucose 
variability which may be associated with diabetic complica-
tions because of socioeconomic factors. Secondly, due to 
retrospective nature of the study, we could not determine 
self-monitoring of the blood glucose levels of the patients. 
Thirdly, we failed to take account of changing in body mass 
index of the patients, in physical activity after switching to 
CSII therapy which can affect the complications and labora-
tory parameters.

Conclusion

Continuous subcutaneous insulin infusion therapy leads 
to better glycemic control with lower insulin require-
ments, reduced HbA1c levels, and less episodes of diabetic 

ketoacidosis than MDI therapy. CSII can thus be consid-
ered a valuable therapy option in adult patients with diabetes 
mellitus.
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Abstract
Introduction Diabetes is one of metabolic diseases. In the patients with diabetes, glucose uptake is decreased and fibroblast 
growth factor 21 (FGF-21) plays an important role in glucose uptake. Also, Sirtuin 1 (SIRT1) is a protein regulating glucose 
and fat metabolism. Therefore, this study was performed to determine the effect of 12 weeks of exercises in water on serum 
levels of SIRT1 and FGF-21, glycemic index, and lipid profile in women with type 2 diabetes.
Materials and methods For this purpose, 40 women with type 2 diabetes (with mean age of 43 years old and body mass 
index (BMI) of 31 kg/m2) were randomly divided into control (n = 20) and experimental (n = 20) groups. The exercise pro-
gram was performed in water for 12 weeks, with an intensity of 45–65% of maximum heart rate. Blood samples were used 
for pre-test and post-test to evaluate serum levels of SIRT1 and FGF-21, glycemic index, and lipid profile. Then, data were 
analyzed using paired-samples t-test and independent-samples t-test at significance level of p < 0.05.
Results The results of statistical analysis showed that the water exercise program significantly increased serum levels of 
FGF-21, SIRT1, and high-density lipoprotein cholesterol (HDL-C) in women with type 2 diabetes. In contrast, this type of 
exercise significantly reduced resistance to insulin, glucose, insulin, total cholesterol, triglycerides, and low-density lipo-
protein cholesterol (LDL-C).
Conclusion Based on results of the present study, it seems that exercise in water may play an effective role in glucose homeo-
stasis and reduction of body fat mass, by increasing levels of SIRT1 and FGF-21 and it should be considered to prevent from 
development of type 2 diabetes. It can also be used as a type of exercise recommended by sports and health professionals 
in these people.

Keywords Training · SIRT1 · FGF-21 · Glycemic index · Diabetes

Introduction

Diabetes is the most common chronic disease and one of the 
most important health, medical, and economic problems in 
the world leading to about 4 million deaths annually [1]. It 
has been estimated that prevalence of diabetes will increase 
from 9.3% in 2019 to 10.2% in 2030 [1]. Diabetes causes 
major changes in most systems of the body and causes 

immediate or late complications of the disease. This dis-
ease leads to complications, such as cardiovascular compli-
cations, nephropathy, hypertension, and retinopathy [2]. The 
patients with diabetes have low levels of SIRT1 and FGF-21 
[3]. SIRT1 is a nicotinic adenosine-dependent deacetylating 
protein in the nucleotide (nicotinamide adenine dinucleo-
tide (NAD)/nicotinamide adenine dinucleotide + hydrogen 
(NADH)) regulating glucose/fat metabolism through its 
deacetylation activity on many substrates and has a positive 
effect on pancreatic beta cells. Insulin secretion protects cells 
from oxidative stress and inflammation and plays an impor-
tant role in insulin signaling in fat and muscle cells [4]. It is 
also involved in function and biosynthesis of mitochondria 
and improvement of aerobic metabolism; thus, suppression 
of SIRT1 causes systemic inflammation, increases oxida-
tive stress, and decreases aerobic metabolism [5]. Given that 
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mitochondrial function is beyond boundaries of cells and 
regulates communication between cells and tissues, then it 
influences physiology of the organism; therefore, mitochon-
drial dysfunction is a major cause of many diseases, such as 
diabetes and neurodegenerative diseases [2]. Mitochondrial 
biogenesis causes the body to undergo various physiological 
conditions including the increase in the ability of skeletal 
muscles after exercise and normal tissue response to thyroid 
hormone [6]. Therefore, a decrease in SIRT1 levels may 
be one of the main mechanisms of disease progression [7]. 
SIRT1 also positively regulates insulin secretion in beta-
pancreatic cells and protects cells from oxidative stress and 
inflammation [3].

FGF-21 is one of the most important and well-known 
hepatokines for improving glucose metabolism in the 
liver, skeletal muscle, and adipose tissue [8] and plays an 
important regulatory role in glucose and fat metabolism 
in humans. It also stimulates glucose uptake in adipocytes 
by inducing glucose transporter 1 (GLUT-1) and inhibits 
glucagon secretion by pancreatic alpha cells [9]. Labora-
tory studies on FGF-21 level have reported that FGF-21 
signaling cascade requires fibroblast growth factor recep-
tors (FGFR) and β-Klotho cofactors, and that fibroblast 
growth factor receptors 1–4 (FGFR1-4) and β-Klotho were 
highly expressed in liver, adipose, and pancreatic tissues 
[10]. When β-Klotho binds to FGF-21, insulin sensitivity 
and glucose metabolism are stimulated thus, controlling 
glucose [10]. Recently, FGF-21 has been shown to act as a 
hormone regulating glucose tolerance [11] and is increased 
in metabolic disorders, such as diabetes, obesity, fatty liver, 
and metabolic syndrome. It is also positively correlated 
with body mass index (BMI) and insulin resistance and 
has attracted a lot of attention as a promising molecule for 
treatment of obesity and type 2 diabetes [8, 12]. Research 
has shown that FGF-21 increases glucose uptake separately 
from insulin in adipocytes [13]. This stimulatory effect is 
mediated by FGF-21 through GLUT 1 expression, modulat-
ing the increase in insulin-independent glucose uptake into 
adipocytes [13]. It seems that FGF-21 can have therapeutic 
potential and can be used as a useful agent for treatment of 
metabolic diseases, such as diabetes. The effect of physi-
cal activity on beta cell’s function and diabetes has been 
reported in several studies [14, 15]. Activation of SIRT1 
during exercise to increase oxidative capacity induces mito-
chondrial biogenesis [14]. Exercise causes extensive changes 
in cellular metabolism and NAD + to NADH ratios [15]. 
Regular exercise restores SIRT1 levels in the kidneys and 
liver, normalizes cellular metabolism, and reduces severity 
of disease [15]. In a study, Hong et al., (2016) concluded that 
performing 40 min of exercise in water for 12 weeks signifi-
cantly increased SIRT1 levels [16]. SUWA et al. reported a 
positive correlation between physical activity, SIRT1 activa-
tion, and glucose metabolism, and particularly, they showed 

that low-intensity exercise increased expression of SIRT1 
and the glucose transporter 4 (GLUT4) [17]. Sarga et al. also 
found that endurance training increased SIRT1 levels [18]. 
The results of studies on the effects of exercise on FGF-21 
level are also contradictory. Some studies have reported the 
elevated serum levels of FGF-21 following physical activ-
ity, whereas in the study by Besse-Patin et al., 8 weeks of 
endurance training had no effect on serum levels of FGF-21 
[19]. On the other hand, Yang et al. (2011) reported that 
serum FGF-21 levels were decreased in obese women after 
3 months of physical activity [20]. Since physical activity 
has significant effects on metabolic disorders caused by obe-
sity, type 2 diabetes, and heart disease, the effect of physical 
activity on FGF-21 levels has recently been considered [11]. 
It has been shown that 8 weeks of physical activity leads 
to the increase in FGF-21 levels [11]. Also, a decrease in 
physical activity reduces energy expenditure and can play a 
role in development of overweight. According to the previ-
ous research, the reduced physical activity and weight gain 
both lead to insulin resistance, which is a defining factor 
in development of type 2 diabetes [21]. Among sports, the 
effect of water sports on SIRT1 and FGF-21 levels has been 
less studied so far. Water is an environment that provides 
the necessary resistance to needs of each person, then it 
causes muscle activity and involvement of larger muscle 
groups to overcome resistance, and it can be very important 
in increasing mechanical pressure on muscles. Also, unlike 
other sports, water sports cause involvement of both upper 
and lower limbs and increase metabolism in the body [22].

Given that in the people with diabetes, the liver cannot 
convert glucose to glycogen or, if needed, releasing it into 
bloodstream in the form of glucose, this adds to the chal-
lenge of controlling blood glucose. On the other hand, the 
possibility for development of fatty liver due to high insulin 
resistance and FGF-21 and SIRT1 levels plays an important 
role in reducing insulin resistance and increasing glucose, 
but so far, there has been no report on the effect of exercise 
in water on SIRT1 and FGF-21 levels in the patients with 
diabetes. Now the question is: Does exercise in water influ-
ence SIRT1 and FGF-21 levels, glycemic index, and lipid 
profile in women with type 2 diabetes? Therefore, this study 
was done to investigate the effect of exercise in water on 
serum levels of SIRT1 and FGF-21, glycemic index, and 
lipid profile in women with type 2 diabetes.

Methodology

The present quasi-experimental pretest–posttest and applied 
study was performed on the women with type 2 diabetes in 
Urmia City (West Azerbaijan Province, Iran) aged between 
40 and 45 years old. Eighty people announced their willing-
ness to participate in the study through making calls and 
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referral to the Urmia Diabetes Association, of which 40 eli-
gible subjects who had no history of regular exercise during 
the previous 2 years voluntarily participated as subjects of 
the study. Inclusion criteria were having type 2 diabetes, 
fasting glucose above 126 mg/dL, glycosylated hemoglobin 
between 6.5 and 9.9%, treatment with oral hyperglycemia 
drugs and diet (without insulin injection), having no history 
of any regular exercise, and the ability to exercise in the 
water. Exclusion criteria also included having any cardio-
vascular, respiratory, neuropathy, retinopathy, other chronic 
diseases and musculoskeletal disorder, unwillingness to par-
ticipate in research, consumption of dietary supplements, 
and lack of regular attendance at training sessions.

Method of data collection

Level of physical activity of the subjects was determined by 
a general physical activity questionnaire. Also, before imple-
mentation of the research protocol, the necessary examina-
tions of all the subjects were performed under supervision of a 
specialist and the participants were asked about not taking any 
dietary supplements and then, they were allowed to enter the 
research based on the specialist’s opinion. Before starting the 
study, in a briefing session of all the programs, correct way of 
performing the exercises and the possible risks were explained 
to the participants. In this form, it was emphasized that par-
ticipation and withdrawal from the study by the volunteer are 
completely free and optional and all the information of the vol-
unteer is completely confidential and the results of the research 
will be published in the form of general and group information, 
which was a limitation of this study. The subjects did not have 
strict control over their diet, so they were asked not to change 
their usual daily diet and to avoid taking any extra food and 
supplements. Subjects were randomly divided into experimen-
tal and control groups (N=20) after getting acquainted with 
the training programs. During the study period, 8 subjects 
were excluded from the study due to not attending more than 
3 consecutive sessions, traveling, and non-participation in the 
post-test; thus, finally, each group included 20 people.

Aerobic capacity and body composition 
of the subjects using a treadmill

Aerobic capacity was determined using treadmill (Techno-
Gym S.p.A, Class: RUNRACE 1400HC, Italy) and body 
composition analysis was recorded using a pneumatic com-
posite device made in South Korea (InBody 720). Bruce pro-
tocol treadmill was used to measure aerobic capacity using 
the following equation.

VO2max = 14.76 − 1.379(time) + 0.451(Time) − 0.012(time)

In this protocol, working pressure is increased by chang-
ing speed and slope percentage. In the first stage of the test 
(0–3 min), people start running with a speed of 1.7 mph.At 
the beginning of the second stage (4–6 min), the slope is 
increased by 2% and the speed is increased to 2.5 mph. In 
the next stage of the test, the slope is elevated by 2% and the 
speed is increased by 0.8 or 0.9 mph and continues until the 
subject becomes exhausted [23].The subjects’ BMI ranged 
from 25 to 30 kg/m2.

Exercise protocol

In the present study, all training steps were performed for 
the experimental group in the pool and in a shallow water 
area. The training program in each session lasted 1 h. Each 
water training session had three stages: step 1: Adapting to 
the water environment and warming up (15 min) including 
stretching movements in all joints and major muscle groups, 
walking forward, backward, sideways, standing on the heel, 
and jogging in the water. The second stage, the training stage 
(30 min) included weight transfer from front to back, fast 
walking in the water, walking sideways, imitating movement 
of a football shot, imitating throwing ball by hand in front 
of the body, moving legs closer and closer to the hands, and 
then, standing and squatting from center of the body. The 
third stage consisted of stretching, deep breathing, and float-
ing exercises (15 min). These exercises were performed in an 
indoor pool with a water temperature between 26 and 28 °C 
[23]. The water training protocol included a gradual increase 
in training intensity. For this purpose, during 12 weeks, the 
training period was increased as it approached the end of 
the study. For controlling training intensity, the maximum 
heart rate was used and for obtaining the maximum heart 
rate of the subjects, the 220-age formula was used. During 
the training period, the heart rate started from 45% of the 
maximum heart rate and at the end of the training, it was 
increased to 65% of the maximum heart rate so that, the 
number of training sessions in the first 4 weeks included 3 
sessions per week with an intensity of 45% of the maximum 
heart rate and in the second 4 weeks, it was increased to 4 
sessions with an intensity of 55% of the maximum heart rate 
and in the third 4 weeks, it was increased to 5 sessions per 
week with an intensity of 65% of the maximum heart rate 
[23]. This training protocol was also implemented according 
to the recommendation by the American college of sports 
medicine (ACSM) for the elderly [23]. For controlling inten-
sity of exercise, heart rate was measured 3 times per session 
including before and after the main exercises in water, and 
once during cooling using a Polar heart rate monitor made 
in Finland.

729



International Journal of Diabetes in Developing Countries (December 2022) 42 (4):727–734

1 3

Laboratory analysis

For analyzing the research variables, 10 ml of blood was 
taken from brachial vein of each individual’s left hand 
after 12 h of fasting in the pre-test (beginning of the study) 
and post-test (48 h after the last training session in order 
to eliminate the effects of the last training session) in labo-
ratory conditions and the blood sample was immediately 
poured into anticoagulant tubes containing EDTA (ethyl-
ene diamine tetraacetic acid). After collecting the samples, 
the tubes containing blood samples were centrifuged at 
3000 rpm for 20 min and the isolated serum was stored in 
a − 70 °C freezer to measure blood factors. Blood sampling 
was performed between 8 and 11 am to observe circadian 
rhythm of hormone secretion. For measuring the amount 
of SIRT1, Casabayo kit (China) was used with a sensitiv-
ity of less than 0.039 ng/mL and a coefficient of change in 
the test less than 8, and coefficient of change outside the 
test of 10%. Serum levels of FGF-21 were measured using 
enzyme-linked immunosorbent assay (ELISA) method and 
assay kit ((ZellBio) GmbH, Ulm, Germany) with a sensi-
tivity of 2.5 pg/mL, coefficient of change in the test less 
than 10%, and coefficient of change outside the test less 
than 12%. Blood glucose levels were measured using a 
special glucose kit made by Pars Azmoon Company (Iran) 
with a sensitivity of 5 mg/dL, coefficient of change within 
the test of 1.49%, and the coefficient of change outside 
the test of 0.69%. Insulin levels were measured by the 
ELISA kit (MERCODIA, Sweden) with a sensitivity of 
1 mU/L, coefficient of change within the test of 3.2%, and 
the coefficient of change outside the test of 2.8%. Insulin 
resistance was determined by hemostasis model assess-
ment (HOMA) based on fasting blood glucose in mmol/L 
at fasting insulin concentration in mL/L divided by a fixed 
number of 22.5 [24].

Also, cholesterol was measured using a kit made by Pars 
Azmoon Company (Iran) with a sensitivity of 5 mg/dL, coef-
ficient of change within the test of 0.64%, and the coefficient 
of change outside the test of 9.5%. Level of triglycerides was 
measured using a kit made by Pars Azmoon Company with a 
sensitivity of 5 mg/dL, coefficient of change within the test 
of 1.47%, and the coefficient of change outside the test of 
1.06%. High-density lipoprotein (HDL) was measured using 
a Pars Azmoon kit with a sensitivity of 1 mg/dL, coefficient 
of change within the test of 0.82%, and the coefficient of 
change outside the test of 1.08%. LDL-C was also measured 
using Pars Azmoon kit with a sensitivity of 1 mg/dL, coef-
ficient of change within the test of 0.67%, and the coefficient 
of change outside the test of1.45%.

(Plasma insulin (microunits∕dL) ∗ plasma glucose (mmol∕L))∕22.5

= insulin resistance

Statistical methods

Shapiro–Wilk test was used to check normality of data dis-
tribution, according to which normal distribution of the data 
was confirmed. Correlated pairs t-test was used to compare 
the results within the group and independent-samples t-test 
was used to evaluate the results between groups. All the sta-
tistical analyses were performed by SPSS software version 
23 at a significant level of 5%.

Results

First, the hypothesis of normal distribution of the data was 
tested and confirmed by Shapiro–Wilk test. Also, for further 
confirming the assumption that the two groups were identi-
cal at the beginning of the training cycle, the independent-
samples t-test was used. The results of this test showed no 
significant difference in none of anthropometric variables 
including age, height, weight, fat percentage, BMI, and max-
imum oxygen consumption (Table 1). On the other hand, 
the results of the correlated pairs t-test showed that among 
anthropometric variables, weight, fat percentage, and BMI 
were significantly reduced in the post-test compared to the 
pre-test in the experimental group. However, in the control 
group, a slight increase was observed in these variables in 
the post-test, but this increase was not statistically significant 
(Table 1).

The results of the paired-samples t-test showed that 
12 weeks of training in water significantly increased serum 
levels of SIRT1, FGF-21, and HDL in women with type 2 
diabetes compared to baseline conditions. Also, it signifi-
cantly reduced weight, BMI, body fat percentage, and levels 
of triglyceride, total cholesterol, insulin resistance, glucose, 
insulin, and LDL compared to baseline conditions, while 
no significant difference was observed in the control group 
(p > 0.05).

Also, the results of independent-samples t-test showed a 
significant difference in mean values of SIRT1 (p = 0.000), 
FGF-21 (p = 0.000), body fat percentage (p = 0.001), tri-
glyceride (p = 0.001), glucose (p = 0.000), BMI (p = 0.001), 
(p = 0.000) HDL-C, LDL-C (p = 0.002), cholesterol 
(p = 0.001), insulin (p = 0.000), and insulin resistance 
(p = 0.002) between the experimental and control groups 
(p < 0.05) (Table 2).

Discussion

The present study was conducted to evaluate the effect of 
12 weeks of training in water on serum levels of SIRT1, 
FGF-21 and insulin resistance index, and lipid profile in 
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women with type 2 diabetes. Our results showed that exer-
cise in water increased serum level of SIRT1 in women with 
type 2 diabetes. A number of studies have investigated the 
effect of different sports exercises on these indicators in the 
past, some of which are consistent with the present study 
[22, 25] and some are inconsistent [26]. Little et al. reported 
that HIIT training for 2 weeks in 7 young men increased 
SIRT1 levels [25]. Despite the above results, findings of 

some previous studies have indicated that SIRT1 levels did 
not change significantly after exercise. Gurd et al. showed no 
change in SIRT1 level after 6 weeks of HIIT training with 
90% of oxygen intensity [26]. This discrepancy between 
the findings can be attributed to the type of training, inten-
sity of training, type of subjects, and level of readiness of 
individuals. In fact, researchers have suggested that exer-
cise increases expression and levels of SIRT1 by depleting 

Table 1  Mean, standard deviation, and independent t-test results

*Significance relative to pre-test values in each group using paired t-test (p<0.05)

Variables Groups Count Pre-test Post-test Levene test Independent t-test
p-value p-value

Age (years) Control 20 4.4±43.5 - 0.817 0.386
Experimental 20 8.3±43.7 -

Height (cm) Control 20 3.3±168.8 - 0.414 0.276
Experimental 20 6.2±168.4 -

Weight (kg) Control 20 2.42±86.82 0.4±86.79 0.702 0.994
Experimental 20 0.44±86.83 *0.78±82.4

Body fat percentage (%) Control 20 0.34±25.5 0.3±28.3 0.364 0.436
Experimental 20 2.3±28.62 *2.4±26.8

BMI (weight/height squared) Control 20 1.4±30.78 0.4±29.1 0.836 0.969
Experimental 20 4.3±30.31 *0.3±27.06

Table 2  Intragroup and 
intergroup changes in SIRT1, 
FGF-21, glycemic index, and 
lipid profile in control and 
experimental groups

*Significance relative to pre-test values
#Significance compared to the water exercise group

Variables Groups Count Pre-test Post-test Intragroup changes Intergroup 
group 
changes

p-value p-value

SIRT1
(ng/mL)

Control 20 7.35±0.8 7.32±0.1 0.221 0.000*
Experimental 20 7.31±0.11 9.61±1.15# 0.000*

FFG21
(Pg/mL)

Control 20 249±0.8 249.3±2.1 0.559 0.000*
Experimental 20 249.4±2.12 269.6±0.8# 0.000*

Insulin
(IU/L)

Control 20 10.32±0.1 10.49±0.31 0.455 0.002*
Experimental 20 10.3±0.1 9.3±0.14 0.000*

Glucose
(Mmol/L)

Control 20 90.69±0.43 90.7±0.52 0.453 0.000*
Experimental 20 90.59±0.42 82.4±0.7 0.001*

HOMA-IR Control 20 45.2±0.13 45.5±0.48 0.833 0.001*
Experimental 20 45.2±0.17 34.2±0.51 0.002*

TG (mg/dL) Control 20 128.1±0.57 128.01±3.51 0.914 0.000*
Experimental 20 128.1±3.54 111.1±0.56 0.001*

TC (mg/dL) Control 20 172.2±1.5 171.5±1.03 0.392 0.001*
Experimental 20 171.1±1.15 161.7±1.1 0.001*

LDL-C (mg/dL) Control 20 101.96±0.66 102.22±0.6 0.648 0.000*
Experimental 20 102.06±0.62 91.51±0.95 0.002*

HDL-C (mg/dL) Control 20 42.5±0.63 42.54±1.51 0.270 0.002*
Experimental 20 42.28±0.59 47.85±3.48 0.000*
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cellular charge through phosphate- and calcium-dependent 
pathways and activity of AMP-activated protein kinase 
(AMPK)- and calmodulin-dependent kinase enzymes [26]. 
SIRT1 is involved in reactive oxygen species (ROS) produc-
tion and inflammation so that, SIRT1 level is decreased by 
increasing inflammation and ROS production, and its activ-
ity is impaired. Another reason for the increase in SIRT1 
level observed in the present study is reduction of ROS and 
inflammation caused by diseases, such as diabetes and obe-
sity, because it has been confirmed that exercise increases 
the body’s antioxidant capacity and this factor reduces 
inflammation and ROS [22, 27]. Increasing the SIRT1 index 
in the body increases mitochondrial biogenesis and elevates 
athletic performance [25]. This factor increases maximum 
oxygen consumption (VO2MAX), increases capacity and 
amount of enzymes in beta-oxidation cycle, and adapts the 
body to using less from body’s sugar reserves and instead 
using more from body’s fat reserves [22]. These factors can 
be considered as reasons for weight loss and reduction of 
body fat percentage observed in this study.

SIRT1 deacetylates and activates a wide range of 
metabolic regulators including PGC-1, thereby inducing 
mitochondrial biogenesis. SIRT1 expression is decreased 
in the people suffering from the decreased insulin sensi-
tivity. Overexpression of SIRT1 is associated with the 
improved insulin sensitivity [28]. Therefore, it has been 
suggested that SIRT1 activation is probably a new method 
for prevention and treatment of type 2 diabetes that is 
associated with the improved glucose homeostasis and the 
decreased insulin resistance [2, 29]. It also has a positive 
role in pathway of insulin signaling in fat cells and mus-
cle tissues and is involved in function and biosynthesis 
of mitochondria and improves aerobic metabolism and 
also its expression is associated with the improved insulin 
sensitivity [7]. SIRT1 also increases lipolysis, inhibits 
lipogenesis, and is involved in reverse cholesterol trans-
port [3]. The present study showed significant decrease 
in LDL-C and triglycerides in the experimental group but 
no change was observed in the control group. Consistent 
with the present study, Oberbach et al. reported a signifi-
cant reduction in triglycerides and LDL-C after 4 weeks 
of aerobic exercise [30]. Also in the present study, choles-
terol was reduced and HDL-C was significantly increased. 
These results were consistent with the results of Kadglou 
et al. They reported a significant decrease in LDL-c and 
cholesterol as well as a significant increase in HDL-C 
after 16 weeks of aerobic exercise with an intensity of 
50–85% VO2max [31]. Also, the results were inconsistent 
with the results of research by Bello et al. They did not 
observe any significant change in HDL-C after 8 weeks of 
aerobic exercise with an intensity of 50–75% of maximum 
heart rate and suggested a longer duration of training for 
a significant change in these parameters [32].

Systemic induction of FGF-21 prevents obesity, lowers 
glucose and insulin resistance, and decreases triglyceride 
and low-density lipoprotein (LDL) levels [33]. FGF-21 is 
a metabolic hormone secreted from liver and muscle tis-
sues in response to various physiological and pathological 
stressors, such as autophagy, mitochondrial dysfunction, 
drug intoxication, and exercise [24]. In the present study, it 
was found that 12 weeks of exercise in water significantly 
increased serum levels of FGF-21 in women with type 2 
diabetes compared to baseline conditions. There was also a 
significant difference between the experimental and control 
groups. FGF-21 has been shown to be positively correlated 
with changes in serum free fatty acid (FFA) levels. Various 
studies have investigated the metabolic effects of exercise 
and stated that these exercises stimulate oxidation of fatty 
acids; thus, this type of exercise is able to increase lipoly-
sis of adipose tissues and their transfer to bloodstream and 
their oxidation in muscle tissue [24, 34]. Therefore, in the 
present study, an increase in FGF-21 level after performing 
exercise in water could be associated with an increase in 
transport of fatty acids in bloodstream (to transfer FFA to 
muscle tissue for catabolism) [35]. The exact mechanism 
regarding the effect of exercise in water on FGF-21 level has 
not yet been determined, but it has been shown that FGF-21 
has a significant positive relationship with physical activity 
so that, after a period of physical activity, its serum level is 
increased. Regular exercise increases sensitivity to FGF-21 
by increasing aerobic capacity [36]. Kim and Song (2017) 
in their study noted that resistance training increased level 
of FGF-21 in skeletal muscle of obese mice with diabetes 
[37]. Also, Fassihi et al. (2020) in their study concluded that 
intermittent exercise increased expression of FGF-21 in the 
patients with diabetes [10]. Toloui Azar et al. (2018) also 
reported that high-intensity intermittent exercise increased 
FGF-21 level in inactive obese women [24]. It has been 
stated that the increase in training duration is also one of 
the factors influencing expression of FGF-21 protein. In a 
longer study, Dolui et al. (2016) showed that 8 weeks of aer-
obic exercise with an intensity of 60–75% of the target heart 
rate for 30–45 min significantly increased serum levels of 
FGF-21 [38]. This similarity in results of this study to those 
of the present study can be attributed to training modality, 
intensity, and duration of training, because duration and 
intensity of training stimulate homeostasis of muscle tissue 
and are effective in secretion of myokines [24, 39]. Among 
effective signaling mechanisms, one can mention activation 
of the protein kinase B (AKT) signaling pathway due to 
muscle contraction, which increases FGF-21 level in muscle 
[40]. But in contrast to the present study, Kong et al. (2016) 
showed that 5 weeks of exercise did not significantly change 
serum level of FGF-21 in obese women [41]. The difference 
in the results of these studies with the present study can be 
attributed to the differences in the studied groups, number 
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of subjects, intensity, and type of exercise. Laboratory stud-
ies on FGF-21 level have reported that the FGF-21 sign-
aling cascade requires FGFR and β-Klotho cofactors, and 
that FGFR1-4 and β-Klotho were highly expressed in liver, 
adipose, and pancreatic tissues [10]. When β-Klotho binds 
to FGF-21, insulin sensitivity and glucose metabolism are 
stimulated, thus controlling blood sugar [42].

The β-Klotho is an essential cofactor for FGF-21 activity. 
Binding of β-Klotho to FGF-21 increases insulin sensitivity 
and glucose metabolism, thus controlling blood sugar [43]. 
Therefore, FGF-21 is probably increased after exercise and 
has a positive effect on improving glucose and insulin resist-
ance by inducing glucose in adipocytes through stimulating 
GLUT4 expression and inhibiting glucagon secretion from 
the pancreas [10]. Also in the present study, reduction of fat 
percentage and weight and improvement of lipid profile and 
insulin resistance were reported after 12 weeks of training 
in water. One of improvement mechanisms in these anthro-
pometric indices is the increase in SIRT1 and FGF-21 levels 
in the training group because these indices have a positive 
effect on fat metabolism [44], and improve it by changing 
content and activity of glycolytic and aerobic enzymes, 
increasing GLUT4 level in skeletal muscle and also, increas-
ing activity of β-hydroxyl coenzyme dehydrogenase (a key 
catalyst for lipid oxidation) [8]. Like other studies, there 
were some limitations in the present study including the lack 
of control over the diet and stress level of the subjects, as 
well as small sample size. Therefore, according to the results 
of the present study and the results of other studies, it is sug-
gested to conduct extensive studies with larger sample size 
and longer duration in this field. It is also recommended to 
use sports exercises in welfare centers and healthcare centers 
to improve complications of diabetes in the patients.

Conclusion

According to the results of the present study and considering 
that in the patients with diabetes, it is difficult to maintain 
strength and function due to blood sugar-related problems 
and disturbance of the body’s metabolic activity, perform-
ing exercise in water can be effective when there is no 
other option available. Finally, based on the results of this 
study and similar cases, exercise in water is recommended, 
as a physiological stimulant, improving factors related to 
metabolic health, cardiovascular health, aerobic capacity, 
enhancing strength and performance, and ultimately, reduc-
ing inflammatory factors and inflammation in the patients 
with diabetes.
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Abstract
Aims Increasing evidence has shown that selenoprotein P levels are elevated in type 2 diabetes mellitus and are associated 
with insulin resistance and release. This study aimed to determine if there was a connection between selenoprotein P levels 
and metabolic parameters in patients with diabetes with microvascular complications.
Methods Serum selenoprotein P concentrations were measured by ELISA in 44 patients with diabetes with complications 
and 36 patients with diabetes without complications.
Results There was no statistically significant difference in selenoprotein P levels between the groups [1.9 (0.9–2.6) and 1.9 
(0.8–2.4) ng/mL, respectively, p = 0.565]. Selenoprotein P, glucose, glycosylated hemoglobin, C-reactive protein, triglycer-
ides, total cholesterol, and low-density lipoprotein cholesterol levels were not statistically significantly correlated in patients 
with complications. However, there was a significant correlation with high-density lipoprotein cholesterol (r = − 0.401, 
p = 0.042).
Conclusions We did not find high selenoprotein P levels in patients with complications, but its inverse association with 
high-density lipoprotein cholesterol indicates that it may play a role in developing cardiovascular disease in this community 
of patients.

Keywords Selenoprotein P · Microvascular complications · Diabetic complications · Diabetes mellitus

Introduction

Diabetes mellitus (DM), which has a mortality rate of about 
4.2 million people globally, affects over 500 million people 
aged 20 to 79 years. It is expected to impact more than 750 
million people in the next 25 years [1]. Diabetes, which is 
considered an epidemic, will continue to be a significant 
health and economic challenges both now and in the future 
as industrialization and food habits improve. The most com-
mon form of diabetes is included in the physiopathology of 
insulin resistance in the tissues in type 2 diabetes mellitus 

(T2DM). Hyperglycemia caused by insulin resistance can 
lead to micro- and macrovascular complications. Microvas-
cular complications, such as nephropathy, neuropathy, retin-
opathy, and ischemia, account for the majority of complica-
tions and are associated with morbidity and mortality [2]. 
Effective treatments and hyperglycemia-controlling diets can 
dramatically reduce the risk of complications because the 
complications are usually permanent. Although such effec-
tive treatments can reduce microvascular complications by 
50–76% [3], they may increase mortality by causing adverse 
events such as hypoglycemia [4].

The liver releases a group of proteins called hepatokines 
into the circulation, which affect carbohydrate and lipid 
metabolism. There is evidence that hepatokines play a role in 
T2DM [5]. Selenoprotein P (SeP; encoded by SELENOP) is 
a hepatokine mainly produced by the liver. SeP, also used as 
a diagnostic parameter for blood selenium status, functions 
as a selenium supply protein in the body [5–7]. The high 
level of SeP in patients with diabetes and the fact that the 
administration of high concentrations of SeP causes insu-
lin resistance in tissues and a decrease in insulin secretion 
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from the pancreas make it a diabetogenic protein [8, 9]. 
Experimental administration of SeP neutralizing antibodies 
resulted in improvements in glucose metabolism and insulin 
resistance and release [9]. It has been reported that initial 
SeP concentrations are a more reliable test for predicting 
glucose intolerance that will develop after 4 years compared 
with diabetes parameters such as HOMA-IR, age, glyco-
sylated hemoglobin (HbA1c), and fasting plasma glucose 
[10]. It was reported that high SeP levels in patients with 
DM were also associated with inflammation and atheroscle-
rosis [11].

The fact that SeP causes insulin resistance and reduces 
pancreatic insulin secretion has made it a possible target for 
diabetes treatment [8]. If a relationship exists between SeP 
and diabetes complications, it will contribute to the preven-
tion or treatment of complications. However, we found no 
studies in the literature indicating a relation between SeP and 
the complications of diabetes. Therefore, this study aimed 
to evaluate whether there was a relationship between the 
microvascular complications of T2DM and SeP.

Methods

Study population

In this cross-sectional study, 44 patients with T2DM with 
complications, and 36 age- and sex-matched patients with 
T2DM without complications who presented to the internal 
diseases outpatient clinic were included. Pregnant women, 
patients with chronic diseases other than diabetes, and those 
taking selenium and other supplements for the last 6 months 
were excluded from the study. All patients were evaluated 
for diabetic complications through clinical examinations and 
specific laboratory tests.

Of the patients with complications, 12 had nephropa-
thy, six had neuropathy, seven had retinopathy, and six had 
ischemia. Twelve patients had more than one complication, 
six had nephropathy and neuropathy, two had nephropathy 
and retinopathy, one had retinopathy and ischemia, one had 
nephropathy, retinopathy and ischemia, one had neuropathy, 
retinopathy and ischemia, and one person had neuropathy, 
nephropathy, retinopathy, and ischemia.

Laboratory analysis

Venous blood samples were obtained from all patients from 
the forearm in the morning after 8–10 h of fasting. Blood 
was collected in plain tubes and allowed to clot for 30 min 
before being centrifuged for 10 min at 2000 g. Approxi-
mately 0.5 mL of the serum was transferred to microcentri-
fuge tubes and stored at −80 °C until the SeP levels were 

measured. Routine biochemical tests were immediately 
performed. HbA1c levels of the blood samples collected 
in K2EDTA tubes were studied. Urine albumin, protein, 
and creatinine tests were performed in the first urine in the 
morning.

Glucose, creatinine, lipid parameters [low-density 
lipoprotein (LDL) cholesterol, high-density lipoprotein 
(HDL) cholesterol, total cholesterol, and triglycerides], 
C-reactive protein (CRP) in serum, creatinine, protein, 
and albumin in urine were studied in an autoanalyzer 
(AU5840; Beckman Coulter, CA, USA) using routine 
laboratory methods. HbA1c was measured using high-
performance liquid chromatography (HPLC) (Premier 
Hb9210; Trinity Biotech, Co. Wicklow, Ireland). Urine 
protein/creatinine and urine albumin/creatinine ratios 
were obtained by calculation.

Serum SeP concentrations were measured using com-
mercially available enzyme-linked immunosorbent assay 
(ELISA) kits (Elabscience, Beijing, China) using the sand-
wich-ELISA method. The test was conducted according 
to the kit instructions. The optical density was measured 
spectrophotometrically at 450 nm using a microplate reader 
(SPECTROstar Nano, BMG Labtech).

Statistical analysis

According to the data distribution, results were expressed 
as mean ± SD or median (25th–75th percentile). The nor-
mality of the data was determined using the Kolmogo-
rov–Smirnov and Shapiro–Wilk tests. Student’s t test was 
used for parametric data, and the Mann–Whitney U test was 
used for non-parametric data to compare the two groups. 
Chi-square analysis was used to compare categorical results. 
The Kruskal–Wallis test was conducted to compare the dif-
ferences between more than two groups. The Mann–Whitney 
U test was performed to test the significance of pairwise 
differences using Bonferroni correction to adjust for mul-
tiple comparisons. The relationship between SeP and other 
parameters was assessed using Spearman’s non-parametric 
correlation test. All statistical analyses were performed 
using the SPSS for Windows, version 21.0 statistical pack-
age (SPSS, Chicago, IL). p values <0.05 were considered 
statistically significant.

Results

Comparisons of anthropometric measurements and bio-
chemical parameters between the complication group 
and the without complication group are summarized 
in Table 1. There were no statistically significant dif-
ferences in serum SeP levels between the DM groups 
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with and without complications. In patients with com-
plications, waist circumference (p = 0.009), waist-to-hip 
ratio (p = 0.012), HbA1c (p = 0.038) and serum creati-
nine (p = 0.008) values were significantly higher than in 
patients without complications. However, there were no 
statistically significant differences in diabetes duration, 
systolic and diastolic blood pressures, body mass index 
(BMI), and lipid parameters between patients with and 
without complications.

The results of correlation analysis between SeP and 
other parameters in the complicated group are sum-
marized in Table 2. Only HDL cholesterol was nega-
tively correlated with SeP (r = − 0.401, p = 0.042) 
(Fig. 1).

Anthropometric measurements and laboratory param-
eters according to the type of complications are summa-
rized in Table 3. There was no statistically significant 
difference in SeP values between the patients with and 
without complications. As expected, urinary protein/cre-
atinine and urine albumin/creatinine ratios were signifi-
cantly higher in patients with nephropathy than in patients 
without complications (p < 0.001, p < 0.001, respectively). 
Only the duration of diabetes was significantly longer in 
patients with retinopathy than in patients without compli-
cations (p = 0.003). There was no statistically significant 
difference in any parameter in patients with ischemia and 
neuropathy. Patients with more than one complication had 

significantly higher HbA1c levels than patients without 
complications (p = 0.001). In addition, these patients had 
significantly higher urine protein/creatinine and albumin/
creatinine (p < 0.001, p < 0.001, respectively) than patients 
without complications.

Table 1  Laboratory 
characteristics and 
anthropometric data of the 
groups

The values are presented as mean±SD or median (25th and 75th percentiles). The values in boldface indi-
cate a statistically significant (p < 0.05)
BMI, body mass index; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; SeP, selenoprotein P; TA, tension arterial

Parameters Patients with complication 
n=44

Patients without complica-
tion n=36

p value

Age 61.9±9.4 59.4±10.7 0.261
Sex, F/M 20/24 20/16 0.369
Waist circumference (cm) 111.5±11.9 105.7±6.9 0.009
Waist to hip ratio 0.99±0.07 0.95±0.07 0.012
BMI (kg/m2) 33.5 (29.5-38.5) 32.7 (29.5-36.8) 0.588
Systolic TA (mmHg) 134.5±18.6 133.5±20.4 0.843
Diastolic TA (mmHg) 81.2±11.2 79.1±11.6 0.465
Duration of diabetes (month) 122 (72-195) 120 (48-180) 0.149
SeP (ng/mL) 1.9 (0.9-2.6) 1.9 (0.8-2.4) 0.565
Glucose (mg/dL) 150 (133-195) 146 (118.5-178) 0.287
HbA1c (%) 8.5±1.5 7.8±1.6 0.038
Creatinine (mg/dL) 1.0±0.4 0.8±0.2 0.008
CRP (mg/dL) 0.4 (0.2-0.7) 0.2 (0.1-0.6) 0.092
Triglycerides (mg/dL) 145 (107-204) 148 (107-216) 0.829
Total cholesterol (mg/dL) 196±45 193±45 0.992
LDL cholesterol (mg/dL) 115±37 109±34 0.596
HDL cholesterol (mg/dL) 44 (40-56) 46 (42-56) 0.253

Table 2  Correlation of SeP with other parameters in the patients with 
complication

See Table 1 for abbreviations. The value in boldface indicate a statis-
tically significant (p < 0.05)

Parameters Correlation coefficient 
(r)

p value

Duration of diabetes 0.027 0.869
Waist circumference − 0.251 0.109
Waist to hip ratio − 0.075 0.639
BMI − 0.226 0.149
Glucose 0.062 0.690
HbA1c 0.152 0.326
CRP − 0.333 0.096
Protein/creatinine ratio 0.093 0.612
Albumin/creatinine ratio 0.136 0.377
Triglycerides 0.257 0.205
Total cholesterol − 0.080 0.699
LDL cholesterol − 0.112 0.585
HDL cholesterol − 0.401 0.042
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Discussion

Our aim in the present study was to evaluate whether 
SeP, which is stated to be diabetogenic, had a relationship 
with microvascular complications seen in patients with 
T2DM. Our study revealed that serum SeP concentra-
tions in patients with diabetic with complications were 
not different from those without complications. As far as 
we know, it is the first study to examine SeP levels in such 
a population.

Serum SeP levels are elevated in people with diabetes, 
and according to both experimental and clinical research, 
SeP induces insulin resistance [8, 11–13]. Misu et al., in an 
experimental study, reported that hepatic SeP expression 
and serum SeP concentrations increased in DM and SeP 
levels were positively correlated with fasting plasma glu-
cose and HbA1c levels. They also showed that when they 
gave high doses of SeP to primary hepatocyte cell cultures 
and mice, SeP increased insulin resistance by disrupting 
insulin signaling [8]. Zhang et al. showed that serum SeP 
concentrations were higher in people with uncontrolled dia-
betes (HbA1c > 7%) in a study of 176 patients with T2DM 
and 142 healthy people [13]. Unlike this study, serum SeP 
levels in the complicated group with uncontrolled diabetes 
were comparable to those in the patients without complica-
tions in our study. Yang et al. found that serum SeP concen-
trations increased in proportion to the disease status in three 
groups of 100 individuals, including non-DM, prediabetes, 
and DM groups [11]. However, in their study, SeP concen-
trations were not different between patients with prediabetes 
and those who developed diabetes. Our study found no dif-
ference in SeP concentrations in the complication phase, 
the more advanced form of diabetes, which supports this 
viewpoint.

There are also studies in the literature reporting that 
serum SeP is not associated with diabetes. Altınova et al. 

showed that SeP levels in pregnant women with gestational 
diabetes were not different from healthy and non-pregnant 
women [14]. Another study found that SeP did not differ 
between healthy and people with T2DM in a small number 
of study groups [15].

High HbA1c is a valuable marker for DM diagnosis and 
monitoring, indicating insufficient glucose control for at 
least 2-3 months. High HbA1c levels are also associated 
with micro and macrovascular complications and mortal-
ity in DM [16]. The literature on the relationship between 
HbA1c and SeP is contradictory, with studies finding posi-
tive [8] and negative [15] correlations, as well as studies 
finding no association [14]. In our study, HbA1c levels 
were higher in the complicated group as expected, but 
there was no correlation between HbA1c and SeP levels.

Dyslipidemia is common in diabetes. High triglycer-
ides, cholesterol, and low HDL levels play an essential role 
in developing atherosclerosis in individuals with diabetes 
[17]. Although the precise cause of low HDL in diabetes is 
unknown, it is thought to be caused by an increase in HDL 
catabolism due to insulin resistance [18]. In our study, 
patients with complications had lower HDL levels, and 
there was a negative correlation between SeP and HDL. 
However, there was no correlation between SeP and HDL 
in patients without complications (data not shown). This 
inverse relationship between SeP and HDL in the com-
plicated group suggests that elevated SeP levels may be 
associated with an increased risk of cardiovascular dis-
ease, common in people with diabetes. In contrast to our 
results, in a large prospective study, Schomburg et al. [19] 
reported that low SeP levels were a predictor of cardio-
vascular disease and death. They attributed this to factors 
other than HDL, such as the antioxidant property of SeP. 
Furthermore, only about 11% of the participants in their 
study had diabetes.

Our study has several limitations. Apart from the low 
number of patients in the complications group, the presence 
of metformin-receiving patients in the study groups could be 
confusing because metformin inhibits the expression of SeP 
mRNA in the liver, lowering SeP levels [20]. Thus, SeP lev-
els in patients who received metformin treatment may have 
been affected. Although it is not well established if feeding 
low or high in selenium may lead to various pathological 
conditions, in our study, the dietary habits of the patients 
were not questionned. Another thing to consider is the lack 
of detailed validation of the SeP ELISA assay in order to 
obtain a more accurate level of SeP levels in serum [21].

Our findings indicate that SeP, which has previously 
been identified as a diabetogenic protein, has no relation-
ship with the microvascular complications of diabetes. 
However, the inverse correlation between SeP and HDL 
in patients with diabetes with complications suggests that 

Fig. 1  Scatter plot of HDL cholesterol and SeP in the patients with 
complication
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SeP may play a role in the development of cardiovascu-
lar disease in patients with diabetes, but this relationship 
should be evaluated with more comprehensive studies.
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Abstract
Purpose Diabetic retinopathy is the leading cause of vision loss and impairment in developed countries. Inflammation is 
considered one of the main reasons for the progression of diabetes complications. We investigated the relationship of mono-
cyte/high-density lipoprotein-cholesterol ratio (MHR) with type 2 diabetes mellitus (T2DM) and diabetic retinopathy (DR).
Methods A total of 118 T2DM patients, 60 of whom had DR, and 58 age- and sex-matched healthy controls were included 
in this cross-sectional study. MHR was calculated by blood sampling after a complete ophthalmologic examination on all 
subjects.
Results MHR was higher in T2DM patients with DR compared to both the control group and without DR (p=0.018). There 
was a significant positive correlation between MHR and DR (r=0.256 p=0.004). Additionally, MHR was an independent 
predictor of DR according to multivariate regression analysis (OR=1.197, p=0.009). DR could be predicted with 92% sen-
sitivity and 84% specificity when MHR was 16.05, whereas DR predicted with 100% sensitivity and 98% specificity when 
MHR was 23 in ROC curve analysis (AUC: 0.356, 95% CI 0.251–0.460, p = 0.008).
Conclusion This study showed that patients with T2DM may be more likely to develop DR when they have high MHR values. 
Based on these results, clinicians can also use MHR as a new laboratory marker to predict DR.

Keywords Diabetes mellitus · Diabetic retinopathy · Inflammation · Oxidative stress · Monocyte to high-density lipoprotein 
cholesterol ratio

Introduction

Diabetes mellitus (DM) is a systemic disease characterized 
by vascular and neuropathic complications and is becoming 
an increasing problem worldwide [1]. Diabetic retinopathy 
(DR) is the most common complication of DM and is the 
primary cause of vision loss and impairment in developed 
countries [2, 3]. The pathogenesis of DR is complex and 
inflammation plays an essential role in the development and 
progression of DR, along with many factors such as hyper-
glycemia and hypertension [4–7].

Circulating monocytes migrate to tissues and turn into 
macrophages and dendritic cells and are involved in antimi-
crobial defense mechanisms. They also produce inflamma-
tory cytokines and contribute to local and systemic inflam-
mation. They play a role in many diseases with inflammatory 
mechanisms such as atherosclerosis [8].

High-density lipoprotein cholesterol (HDL-c) prevents 
atherosclerosis by transporting cholesterol from peripheral 
tissues to the liver [9]. Also, HDL-c protects endothelial 
functions, has an antioxidant effect, and modulates inflam-
mation [10].

Until now, it has been shown that the monocyte/HDL-c 
ratio (MHR) is an important marker of inflammation and 
oxidative stress in many inflammation-related diseases, 
especially cardiovascular diseases [11–13]. The reason 
why the MHR shows inflammation strongly is due to the 
anti-inflammatory and antioxidant effects of HDL-c as well 
as the pro-inflammatory effects of monocytes. It has been 
reported that MHR can also be a biomarker for vascular and 
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neuropathic complications of type 2 DM (T2DM) [14, 15]. 
However, as far as we know, there are not enough studies on 
MHR and DR.

This study aims to evaluate the relationship between DR 
and MHR values in T2DM patients.

Methods

Study population

This cross-sectional study was conducted between Febru-
ary 2020 and June 2020 in Ordu University Training and 
Research Hospital, Internal Medicine, and Ophthalmology 
Clinic. A total of 118 patients, 60 of whom had DR and 
diagnosis of T2DM, were included in the study. The control 
group consisted of 58 healthy individuals who were matched 
in terms of age and gender. Participants who accepted to par-
ticipate in the study were questioned in terms of age, gender, 
hyperlipidemia, smoking, family history, chronic diseases, 
and medications used.

Smokers, chronic alcoholics, patients with infection, 
hematological disease, acute or chronic renal failure, chronic 
liver disease, cardiovascular disease, solid or malignant 
tumors, and chronic inflammatory diseases were excluded 
from the study. Our study was approved by the local ethics 
committee and was conducted in accordance with the ethical 
principles defined in the Declaration of Helsinki. A written 
informed consent form was obtained from all participants 
before the study.

Clinical examination and biochemical analysis

The diagnosis of T2DM was made according to the Ameri-
can Diabetes Association guidelines [16]. After a complete 
ophthalmological examination was applied to all partici-
pants, the diagnosis of retinopathy was made by fundus 
photographs, fluorescein angiography, and optical coherence 
tomography. The Diabetic Eye Care Guideline was used for 
DR diagnostic criteria [17].

Venous blood samples were taken after an overnight fast. 
All biochemical analyses were studied freshly in our hospi-
tal. ARCHITECT c8000 clinical chemistry analyzer (Abbott, 
IL, USA) was used to analyze creatinine, HDL-c, low-
density lipoprotein cholesterol (LDL-c), total cholesterol, 
triglyceride, and C-reactive protein (CRP) concentrations. 
Complete blood count was analyzed using the CELL-DYN 
Ruby automated hematology analyzer (Abbott, IL, USA). 
Neutrophil/lymphocyte ratio (NLR), monocyte/lymphocyte 
ratio (MLR), platelet/lymphocyte ratio (PLR), and MHR 
were calculated and recorded for each participant.

Statistical analysis

In all statistical analyses, SPSS 26.0 Statistical Package Pro-
gram for Windows (SPSS Inc., Chicago, IL, USA) was used. 
The Shapiro-Wilk test was used to evaluate the distribution of 
data. The Kruskal-Wallis test, one-way ANOVA, and Fisher’s 
exact test were used to compare the groups. The numeric vari-
ables as mean± SD and median (minimum-maximum) and the 
categorical variables as number and percent were expressed. 
Point biserial was applied to evaluate the correlation between 
the presence of DR and other parameters. Logistic regression 
analysis was used to calculate predictors of DR. MHR cut-
off value was calculated by receiver operating characteristic 
(ROC) curve analysis to predict DR. A p-value of <0.05 was 
accepted as statistically significant.

Results

The study was conducted on 176 subjects, of whom 46 (26.1%) 
were males and 130 (73.9%) were females. Insulin use, hemo-
globin, neutrophil, HbA1c, creatinine, HDL-c, and MHR were 
statistically different when the groups were compared in terms 
of age, gender, drug use, hemogram, and biochemical param-
eters (Table 1). In post hoc analysis, there was a significant 
difference between group 1 and group 2 in terms of Hba1c, 
HDL-c. It was found that there were differences in neutrophil, 
HDL-c, and MHR between group 1 and group 3, and there 
was a difference between group 2 and group 3 in terms of 
neutrophil, HbA1c, and creatinine (Table 1).

Considering whether there is a correlation between DR and 
age, hemogram, biochemical parameters, and MHR, positive 
correlation with neutrophil, HbA1c, creatinine, NLR, and 
MHR (r= 0.251 p= 0.005; r= 0.423 p= 0.001; r= 0.256 p= 
0.005; r=0.108 p=0.005, r= 0.256 p= 0.004, respectively) 
and a negative correlation with HDL-c (r = −0.299 p = 0.001) 
were found (Table 2).

As a result of the regression analysis, HbA1c and MHR 
were found to be independent predictors of DR (Table 3).

ROC curve analysis for MHR is shown in Figure 1. Accord-
ingly, the area below the ROC value of MHR to distinguish 
DR was 0.657, and p = 0.003 significance value. The best 
cutoff value was 10.27, with a sensitivity of 65.2% and a speci-
ficity of 58.3%.

Discussion

In the present study, there was no difference in MHR 
between T2DM patients without DR and healthy sub-
jects; however, MHR was higher in patients with T2DM 
with DR compared to healthy control subjects and without 
retinopathy patients. Also, MHR was determined to be an 
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independent predictor of DR. To the best of our knowledge, 
this study is the first to show the relationship between DR 
and MHR.

Many epidemiological studies have reported that DM is 
associated with chronic inflammation and endothelial dys-
function (ED) [18, 19]. Chronic inflammation and ED are 
two contributing causes of the development and progression 
of microangiopathic and macroangiopathic complications 
seen in DM [6]. DR is the most common microangiopathic 
complication of DM. Increasing evidence indicates that sys-
temic inflammation plays an essential role in the develop-
ment and progression of DR in the early and later stages 
of DR by inducing the formation of new blood vessels and 
macular edema [20], damaging the glial cross and caus-
ing neuronal loss [21]. The relationship between DR and 
blood inflammatory index has been previously demonstrated 
[22–24]. In addition, studies have also found that many 
inflammatory cytokines such as tumor necrosis factor-α 
and vascular endothelial growth factor are increased in the 
systemic circulation in patients with DR [25].

Monocytes and macrophages are cells that play a primary 
key role in the synthesis and release of pro-inflammatory and 
pro-oxidant cytokines [26]. Macrophages that differentiate 
from activated monocytes that secrete cytokines, growth fac-
tors, and interleukins adhere to the outer surface of the reti-
nal capillaries and disrupt the blood-retinal barrier in DR. 
Therefore, the retinal pigment epithelium acts as a gateway 
for monocytes that directly or indirectly damage the retina 
[27, 28]. Despite these known contributions of monocytes in 
DR development, studies have shown that there is no direct 
relationship between the monocyte count in the blood and 
DR [24, 29]. Our study supports this evidence for monocyte 
count and DR.

HDL-c carries cholesterol from peripheral tissues to the 
liver, prevents the harmful effects of LDL-c, and reduces 
LDL oxidation [9]. Besides, HDL-c inhibits monocyte 
activities, prevents the differentiation of monocytes to mac-
rophages, and limits the inflammatory response. It prevents 
ED by removing cholesterol from lipid-loaded macrophages 
in atherosclerotic lesions. Thanks to these properties, HDL-c 

Table 1  Baseline characteristics 
and laboratory parameters of 
the groups

Data are expressed as mean ± standard deviation, median (min-max), number (percentage)
p<0.05 significant values are written in bold
*There is no difference between the same letters. There is a difference between the different letters
HDL-c high-density lipoprotein cholesterol, LDL-c low density lipoprotein cholesterol, CRP C-reactive 
protein, NLR neutrophil-to-lymphocyte ratio, MLR monocyte-to-lymphocyte, PLR platelet-to-lymphocyte 
ratio, MHR monocyte-to-HDL-c ratio

Control group (group 1)
n=58

Without diabetic 
retinopathy (group 
2)
n=58

With diabetic retin-
opathy (group 3)
n=60

p value

Age, years 63.06±9.41 60.16±8.68 63.39±8.46 0.180
Gender, male, n (%) 16 (%27.5) 10 (%17.2) 20 (%33.3) 0.127
Insulin use 20 (%34.4) 36 (%60) 0.006
Statin use 12 (%20.6) 20 (%33.3) 0.124
Hemoglobin, g/dl 13.80 (10.6–15.5)a 13.1 (8.2–16) 12.9 (10.5–15.8) 0.092
White blood cell, 103 µl 6.44 (4.01–11.05) 6.68 (2.89–9.56) 7.03 (4.55–11.9) 0.154
Neutrophil, 103 µl 3.40 (1.52–6.94)a 3.74 (1.36–6.52)a 4.3 (2.23–8.94)b 0.049*

Lymphocyte, 103 µl 2.11 (1.01–3.97) 2.1 (1.18–3.44) 2.19 (0.94–4.27) 0.848
Monocyte, 103 µl 0.51 (0.31–0.94) 0.48 (0.26–1.42) 0.46 (0.31–0.95) 0.798
Platelet, 103 µl 269 (131–449) 262(128–351) 233(139–466) 0.770
HbA1c, % 5.7 (5.4–6.1)a 7.5 (5.5–12.9)b 8.3 (5.3–14.7)c 0.001*

Creatinine mg/dl 0.77 (0.56–1.30)a 0.75 (0.51–1.08)a 0.84 (0.47–2.9)b 0.009*

Total cholesterol, mg/dl 199 (134–297) 200 (98–310) 196 (92–306) 0.644
Triglycerides, mg/dl 128 (42–411) 140 (55–670) 147(64–407) 0.202
HDL-c, mg/dl 50 (39–99)a 45 (28–75)b 44 (29–57)b 0.001*

LDL-c, mg/dl 126.96±35.08 122.91±40.20 116.86±36.84 0.456
CRP, mg/dl 0.17 (0.0–5.36) 0.3 (0.0–9.1) 0.19 (0–3.76) 0.398
NLR 1.62 (0.74–4.24)a 1.71 (0.10–3.29)a 1.96 (0.94–5.32)b 0.013*

MLR 0.23 (0.1–0.55) 0.22 (0.02–1.20) 0.22 (0.11–0.51) 0.989
PLR 117.3 (38.5–296) 113.8 (66.6–201.5) 115.4 (52.2–272.5) 0.793
MHR 9 (4.8–22.3)a 10 (4.7–20.4)a 12.9 (6–23.7)b 0.018*
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has antiatherosclerotic, antioxidant, anti-inflammatory, 
and antithrombotic effects [9, 10]. Studies on whether the 
HDL-c level is a risk factor for the development of DR in 
DM patients present conflicting results. Some studies state 
that there is no association between DR and HDL-c [30, 
31], while others argue that high HDL-c level is a risk factor 
for DR [32]. Lyons et al.’s study with 988 people showed 
that low HDL-c levels are a risk factor for DR [33]. In our 
study, HDL-c levels were found to be higher in the control 
group compared to the other two groups, while there was no 
significant difference between T2DM with DR and without 
DR groups. These findings suggest that this apparent com-
plexity for the relationship between DR and HDL-c may 
be influenced by differences in other risk factors such as 
hypertension and hyperglycemia.

Considering the pro-inflammatory effects of the mono-
cyte-macrophage system and the anti-inflammatory effects 
of HDL-c, it makes sense to combine these two parameters 
as an inflammatory marker in a single index (MHR). Pre-
vious studies have shown that MHR is associated with 
many inflammatory diseases, primarily cardiovascular 
diseases [12–15]. MHR has also been studied in DM and 
its complications, and an association of high MHR with 
peripheral neuropathy, a common complication, has been 
proven [14]. Also, Karatas et al. [15] and Onalan’s [34] 
studies have shown a high MHR level relationship with 
nephropathy, a microvascular complication in DM, and it 
has been suggested that MHR may be a biomarker for dia-
betic nephropathy. This high correlation of MHR with DM 
complications is due to its being a useful marker of both 
inflammation and vascular ED. In our study, high MHR 
rates were observed in T2DM patients with DR, but not in 
others, suggesting that MHR can be used as a marker of 
inflammation and ED for the development of DR.

The counts of leukocytes including neutrophils, lym-
phocytes, monocytes, basophils, and eosinophils are used 
as classical inflammatory markers, especially in car-
diovascular diseases. In recent years, the ratios of these 
parameters (NLR, MLR, PLR, etc.) have been defined as 
new inflammatory markers and are frequently studied in 
inflammation-related diseases [35]. Our study has shown 
that neutrophil count and NLR value are high in DR, and 
previous studies on this issue also support our findings 
[22, 36].

This study has some limitations. First of all, this study 
had a small sample size. DR grading could not be done 
because sufficient patients could not be reached. Indicating 
whether there is a difference between non-proliferative and 
proliferative DR would have made this study more valu-
able. Secondly, creatinine levels in the DR group were sta-
tistically higher, although within clinically normal limits. 
While we are not sure whether this affected the results, it 
might have been better for the health of the study to have 
creatinine levels similar to other groups.

Table 2  Correlation of presence of diabetic retinopathy with other 
parameters

HDL-c high-density lipoprotein cholesterol, LDL-c low density lipo-
protein cholesterol, CRP C-reactive protein, NLR neutrophil-to-lym-
phocyte ratio, MLR monocyte-to-lymphocyte, PLR platelet-to-lym-
phocyte ratio, MHR monocyte-to-HDL-c ratio

r p value

Age, years 0.092 0.294
Hemoglobin, g/dl −0.168 0.060
White blood cell, 103 µl 0.221 0.012
Neutrophil, 103 µl 0.251 0.005
Lymphocyte, 103 µl −0.053 0.558
Monocyte, 103 µl −0.009 0.924
Platelet, 103 µl −0.040 0.650
HbA1c% 0.423 0.001
Creatinine mg/dl 0.256 0.005
Total cholesterol, mg/dl −0.092 0.296
Triglycerides, mg/dl 0.014 0,879
HDL-c, mg/dl −0.299 0.001
LDL-c, mg/dl −0.103 0.249
CRP, mg/dl 0.032 0.719
NLR 0.108 0.005
MLR 0.001 0.994
PLR −0.061 0.497
MHR 0.256 0.004

Table 3  Univariate and 
multivariate logistic regression 
analyses to identify possible 
predictors of diabetic 
retinopathy

NLR neutrophil to lymphocyte ratio, MHR monocyte to HDL-c ratio

Univariate analysis Multivariate analysis

Odds ratio %95 CI p Odds ratio %95 CI p

HbA1c 1.991 1.293–3.067 0.002 1.614 1.244–2.094 0.001
Neutrophil count 5.413 0.912–5.064 0.104
Creatinine 6.873 0.728–64.878 0.092
NLR 1.372 0.818–2.303 0.231
MHR 1.188 1.018–1.386 0.028 1.197 1.046–1.368 0.009
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Conclusıon

MHR was not higher in T2DM patients without DR than 
that in the control group. However, T2DM patients with 
DR had higher MHR values than the other two groups. 
There is a positive correlation between MHR and DR. 
Based on these results, MHR could be a biomarker for DR.
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Abstract
Introduction Teleophthalmology for diabetic retinopathy seems to be a cost-effective, accurate, and reliable method for 
screening for diabetic retinopathy.
Aims To study the cost-effectiveness of a novel telemedicine-based digital retinal imaging teleophthalmology performed by 
a locally trained nurse compared to conventional ophthalmologic fundus examination of diabetic patients for early diagnosis 
of diabetic retinopathy.
Materials and methods We compared the cost of evaluation of diabetic retinopathy in a total of 3090 patients. These were 
grouped based on the conventional approach of evaluation (n = 1500) and compared with the teleophthalmology (n = 1590) 
approach. The diabetic patients were examined through teleophthalmology by a trained nurse using the Forbes 3nethra fundal 
camera, and these fundal images were transferred by iCloud to a specialized retina center.
Results In total, 18.2% (n = 562) patients were diagnosed with diabetic retinopathy (DR). Of these, 8.7% had mild non-
proliferative diabetic retinopathy (NPDR), 4.8% had moderate NPDR, 3.8% had severe NPDR, and 0.9% had PDR. The total 
cost of conventional telemedicine-based digital retinal imaging was approximately INR 550 which in contrast was less than 
half to the total cost of conventional dilated fundus examination by an ophthalmologist (INR 1400).
Conclusion Our cost analysis indicates that telemedicine-based diabetic retinopathy screening is economical (INR 550 as 
compared to INR 1400) than conventional retinal examination.

Keywords Teleophthalmology · Diabetic retinopathy · Microvascular complication · Cost-effective tool

Introduction

Telemedicine enables taking health care to remote areas 
where delivery of specialized expert services was a logis-
tic and infrastructural nightmare. Teleophthalmology relies 
entirely on streaming visual images from the patient sitting 
at any geographical location to a qualified ophthalmologist 
for expert advice for the screening and diagnosis, therapeu-
tic management planning, and follow-up of different eye 
diseases.

In the contemporary era, digital innovations that include 
artificial intelligence (AI), 5th-generation (5G) telecommu-
nication networks, and the Internet of Things (IoT) have the 
immense potential for creating an inter-dependent ecosys-
tem. These would eventually offer newer opportunities to 
develop new models of eye care [1].

Diabetic retinopathy (DR) capacity building has been pos-
tulated as a suitable model. This has been documented for 
the Indian scenario which can be performed through trained 
optometrists for a coordinated screening in India [2]. Ophthal-
mology has now evolved and rapidly emerged with the adop-
tion of internet by the masses providing numerous economic 
and health benefits [3, 4]. Diabetic retinopathy is one of the 
main contributors to blindness in India. Early screening of this 
complication can prevent blindness and hence most guidelines 
recommend regular screening for diabetic retinopathy in all 
individuals with diabetes. There is growing evidence estab-
lishing the role of teleophthalmology in screening for diabetic 
retinopathy and addressing the comorbidities of diabetes [5–7]. 
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Tele-screening for diabetic retinopathy is fast emerging as a 
cost-effective, accurate, and reliable method for diabetic retin-
opathy screening. It appears that in an advanced nation like 
Singapore, artificial intelligence for teleophthalmology-based 
diabetic retinopathy screening is a cost-effective tool [8].

Among the various field of medicine, telemedicine for the 
differentiation to transmit medical information electronically 
to improve patients’ health status has been found to be espe-
cially beneficial for its cost-effectiveness for the diagnosis 
of diabetic retinopathy [9]. The Right to Sight is the global 
initiative program launched by WHO to eliminate avoid-
able blindness by 2020 (called VISION 2020). Teleophthal-
mology with smartphones is postulated to be a powerful 
approach to achieve the aim of VISION 2020 all over the 
world [10]. The trained nurse staff has immense potential 
for the delivery of the diabetic retinopathy screening pro-
gram [11]. Studies demonstrate that patients with diabetes 
are concerned for it might take a long time to be referred 
to an ophthalmologist when it is needed. A vast majority 
of the patients find it easier to have DR screening during 
routine diabetes follow-up. Also, limited patients doubt the 
doctor’s ability to diagnose DR by evaluating retina photos 
only [12]. There is a need for the cost-effective tool for the 
screening for DR. This is even more pertinent now, for the 
fact that with high rates of sensitivity and specificity with 
the new devices for teleophthalmology. Therefore, there is 
an immense opportunity for teleophthalmology [13]. Vari-
ous studies have demonstrated the cost-effectiveness of 
using telemedicine for screening for DR [14]. An economic 
analysis on cost-effectiveness of telemedicine for DR screen-
ing by Bjorvig et al. found it to be a much cheaper option 
for DR screening in places with higher patient workloads 
[15]. Raman et al. demonstrated a sensitivity of 62.5% and a 
specificity of 98.7% of the non-mydriatic technique of retinal 
photography in comparison to indirect ophthalmoscopy. The 
mydriatic retinal photography technique on the other hand 
showed a sensitivity of 70% and a specificity of 98% when 
compared to indirect ophthalmoscopy [16].

Objective

This study aims to evaluate the cost-effectiveness of a novel 
telemedicine-based digital retinal imaging, performed by 
a locally trained nurse, compared with the manual con-
ventional ophthalmologic fundus examination of diabetic 
patients for early diagnosis of diabetic retinopathy.

Materials and methods

We evaluated 3090 diabetic patients at a premier outpatient 
diabetes center by teleophthalmology. The study was con-
ducted from February 2017 until May 2020. The patients 

were analyzed across two groups, one with the conven-
tional screening (n = 1500) and the second group by the 
tele-screening (n = 1590). We utilized the 3nethra classic 
digital non-mydriatic fundus camera, which was operated 
by a locally trained nurse. However, to enhance the sensi-
tivity, we utilized only the mydriatic images. The images 
were transferred by iCloud to a specialized retina center. 
These images were evaluated and reported by the qualified 
ophthalmologist, dedicated only to report the findings for 
these images. The costs for the standard of care ophthalmic 
examinations were the mean of the prevalent charges, across 
the varied class of patients. The cost to the patient in the 
conventional group included the direct cost of consultation, 
indirect cost for the repeat visit, and loss of man-hours. The 
cost to the patient for teleophthalmology included the cost 
levied by the ophthalmologist and the fixed training cost 
(Table 2).

The training to the nurse is provided for two sessions, 
spanning over 2 days for a total of 8 to 10 h with a struc-
tured protocol with built-in hands-on experience module. 
The cost of telemedicine-based digital retinal imaging exam-
ination included cost for devices, training, annual mainte-
nance costs, and reporting fee by a retina specialist. These 
were compared with the costs of the conventional process for 
the referral to a retina specialist for fundal examination. The 
patients, who were diagnosed with mild non-proliferative 
diabetic retinopathy (NPDR), were advised a repeat visit 
to our center in the subsequent 6 months. The management 
plan for these patients was customized that necessitated a 
re-evaluation for the progress of the status of the DR. Cat-
egorically, the patients who were diagnosed to have mod-
erate to severe DR were the only ones that were referred 
for further evaluation by retina specialists. The turnaround 
time of 24 h was consistently achieved which accounted for 
the time from sharing of the image for the evaluation to be 
initiated until the reporting of the findings. The costs were 
grouped and compared across the conventional and the tele-
screening modality.

Results

The mean age was 52.7 ± SD 9.2 years. Of the total 3090 
patients, 1350 were females and 1740 were males. The dura-
tion of diabetes varied in the range of 1–19 years (mean 
9.4 ± SD 6). In total, 52% of the patients had diabetes in the 
duration that was less than 5 years, 26% of the patients had 
diabetes in the range of 6–10 years, and 22% of the patients 
had diabetes with duration more than 10 years.

In the entire cohort, 18.2% (n = 562) patients were diag-
nosed with DR. Of these, 8.7% had mild NPDR, 4.8% had 
moderate NPDR, 3.8% had severe NPDR, and 0.9% had 
PDR.
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The patients with DR had significantly higher mean 
HbA1c (9.4 ± 1.3) compared to patients without DR 
(7.6 ± 1.3, p = 0.007) (Table 1).

The primary direct cost of telemedicine-based report-
ing levied by the ophthalmologist per patient was approxi-
mately 300 Indian National Rupee (INR). The total cost of 
conventional telemedicine-based digital retinal imaging 
and evaluation for medical assistant, capital cost includ-
ing the equipment and training maintenance, and reporting 
fee was approximately INR 550 (Table 2). In contrast, the 
total cost of conventional dilated fundus examination by an 
ophthalmologist is approximately INR 1400. There were 
9.5% (n = 293) of the patients who needed the additional 
conventional ophthalmologic retinal examination due to the 
clinically relevant finding on telemedicine evaluation. The 
additional conventional retinal examination cost calculated 
per patient for the entire cohort of 1590 patients amounted 
Rs 57.

Discussion

Our study demonstrates the benefits of virtual tele-consul-
tations for a rapid, cost-effective tool in diabetic retinopathy 
screening. A cost–benefit analysis indicates that this screen-
ing modality is an economical approach. The cost per patient 
for the tele-retina modality is less than half as compared to 
the conventional retinal examination (vis-à-vis INR 550 as 
compared to INR 1400). Apart from being cost-effective, 

the tele-retina consultative model provides a consistent, a 
predictable, and a timely quick turnaround time from the 
evaluation to the report generation. This enhances the effi-
ciency for the DR screening and makes the process effective 
in our high-volume center. Moreover, the criteria to evaluate 
the cases for NPDR within 6 months enabled a continuity of 
care, for a close continuous follow-up.

Our study is in contrast with the studies that have shown 
no benefit of the computer-aided evaluation for the screening 
of glaucoma, via tele-consultation in patients with diabetes, 
through a non-mydriatic approach [16].

Our results add to the evidence-based perspective, as 
demonstrated in the earlier studies that digital health solu-
tions and telehealth can enable the integration of primary 
and specialist eye care services for patients with diabetes. As 
shown in earlier studies, there was an overall improvement 
of the efficiency, including the cost-effectiveness of diabetic 
retinopathy management [17–19].

The findings of our study are also in line with the ten 
emerging trends in the epidemiology of DR, which suggests 
that photographic screening of DR using teleophthalmology 
platforms is increasingly recognized as being feasible and 
cost-effective [20].

Our study is also in concurrence with the recommenda-
tions by the current guidelines that suggest that tele-retina 
screening can help to address the need for timely and effec-
tive screening for DR [21]. We utilized only the mydriatic 
images to enhance the sensitivity of our findings. Our clini-
cal approach has been in the context of the recommendation 
by the contemporary guidelines from the Canadian Retina 
Research Network that suggest the preference for mydriatic 
images for teleophthalmology. However, the manufacturer 
of the device (3nethra classic digital non-mydriatic fundus 
camera) does not mandate the need for dilatation of the 
pupil.

Our study is limited from the perspective of a corrobo-
rative evidence as it was conducted at a single center. The 
larger collaborative work would be more useful to add value 
to our findings that provide a solution to challenge for the 

Table 1  The relationship between retinopathy and its risk factors 
(n=3090)

Risk factors With DR Without DR p value

HbA1c % 9.4±1.3 7.3±1.3 0.007
Fasting blood sugar (mg/dl) 132±23.3 113±19.7 0.001
Body mass index (kg/m2) 25.3±2.4 23.8±2.2 0.001
Duration of DM (years) 12.8+1.8 8.3+1.6 0.001

Table 2  Comparison of the cost across the conventional and teleophthalmology groups

Cost component for respective groups at our center Individual gross cost to patient INR

Conventional (n=1500) Direct cost of consultation 600
Indirect cost for repeat visit 500
Loss of man-hours (calculated based on travel expense & travel time 

of pts & working attendants per pt)
300

Total cost to the patient 1400
Teleophthalmology (n=1590) Cost levied by the ophthalmologist 300

Fixed device cost, training, annual maintenance costs 193
Additional conventional retinal examination cost (calculated per pt) 57
Total cost to the patient 550
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delivery of cost-effective eye care of patients with diabetes 
in a practical and viable mode. We also did not account for 
the intangible benefits like the patient satisfaction scores, 
the cost savings for the man-hours for the time saved in trav-
elling, and enhanced productivity of the patients and the 
support care providers including the family members. How-
ever, we expect to be in a similar line, which needs a further 
exploration [22, 23].

Conclusion

Teleophthalmology for DR screening is a cost-effective 
approach which can facilitate higher screening rates. We 
propose that large-scale adoption of teleophthalmology 
should be encouraged as a means towards providing low-
cost access to DR screening for timely detection as well as 
management of DR.
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Abstract
Introduction Urinary progranulin is an inflammatory marker that may indicate renal damage at an early stage of diabetic 
nephropathy.
Objectives To determine urinary level of progranulin in patients with type 2 diabetic nephropathy and to ascertain its cor-
relation with renal function.
Methods This was a cross-sectional comparative study that was carried out at Jawaharlal Institute of Postgraduate Medical 
Education & Research (JIPMER), Pondicherry, India. Thirty-three control subjects and 99 diabetic patients (divided into 
3 equal groups based on urinary albumin excretion) were included. Albuminuria was detected by dipstick method in a spot 
urine sample for all subjects. Urinary albumin level was estimated by nephelometry for diabetic subjects who had trace or 
no albuminuria by dipstick method. Urinary progranulin was estimated by ELISA technique for all study subjects. eGFR 
(estimated glomerular filtration rate) was calculated by chronic kidney disease epidemiology collaboration (CKD-EPI) 
formula for all study subjects.
Results Urinary progranulin levels were found to be significantly elevated in diabetic patients as compared to the control 
subjects (p<0.001). There was a significant moderately positive correlation between urinary progranulin and urinary albumin 
values among diabetic study subjects (p < 0.001).
Conclusion Urinary progranulin levels are increased in patients with type 2 diabetic nephropathy and it correlated with 
albuminuria. However, there was no correlation of urinary progranulin with glomerular filtration rate (GFR) in patients 
with diabetic nephropathy.

Keywords Urinary progranulin · Albuminuria · Glomerular filtration rate

Introduction

Diabetic nephropathy is a common cause of end-stage renal 
disease (ESRD). Diabetic nephropathy is diagnosed by 
the detection of an abnormal level of urinary albumin or a 
decline in the glomerular filtration rate (GFR) in patients 
with type 2 diabetes mellitus [1]. A twenty-four-h urine pro-
tein estimation is the gold standard for the assessment of 

diabetic nephropathy; however, it is cumbersome. Estimation 
of microalbuminuria (urinary albumin to creatinine ratio) 
on a spot urine sample is relatively easier and is commonly 
used for the diagnosis of diabetic nephropathy, but the test 
lacks specificity.

Progranulin is an adipokine that is secreted from adipo-
cytes, epithelial cells, neurons, and few cells of the immune 
system. Progranulin is cleaved by proteolytic enzymes 
to generate granulin peptides in the body which promote 
inflammation. Progranulin has been found to be associ-
ated with obesity and insulin resistance. Pro-inflammatory 
actions of progranulin are mediated by the upregulation of 
tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-
6) expression which suggests a possible role of progranulin 
in the pathogenesis of microvascular complications of dia-
betes [2]. There is growing evidence to suggest that chronic 
inflammation plays a crucial role in the pathogenesis of 
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diabetic nephropathy [3]. Patients with type 2 diabetes mel-
litus (T2DM) were found to have higher serum values of 
progranulin especially those with macroalbuminuria [4]. 
Serum and urinary levels of progranulin are dependent on 
renal function. Hence, there is an increase in serum progran-
ulin value and a reduction in urinary progranulin value in 
patients with ESRD due to reduced excretion of progranulin 
by the kidneys.

Urinary progranulin levels may reflect an ongoing state 
of inflammation-mediated renal damage at an early stage of 
diabetic nephropathy. Till date, there are few Indian stud-
ies that have assessed the correlation of urinary progranulin 
with renal function in patients with T2DM.

The primary objective of this study was to estimate uri-
nary progranulin levels in patients with type 2 diabetes mel-
litus and to compare them with non-diabetic control subjects. 
The secondary objective was to find a correlation between 
urinary progranulin level and renal function in patients with 
and without diabetic nephropathy.

Material and methods

This was a cross-sectional comparative study that recruited 
patients attending the medicine out-patient department 
(OPD) of JIPMER Hospital, Pondicherry from August 2018 
to January 2020.

Patients with type 2 diabetes mellitus on oral hypoglyce-
mic drugs or on insulin were included as the study subjects. 
Patients visiting the OPD for minor ailments, without any 
comorbidities and no symptoms suggestive of diabetes and 
with a random blood sugar value less than 140 mg/dL were 
recruited as control subjects for the study (random blood 
sugar of less than 140 mg/dL was taken as the cutoff since 
there is a low likelihood of patients being diabetic below 
this value). Patients with urinary tract infection, systemic 
arterial hypertension, and on angiotensin converting enzyme 
(ACE) inhibitors or angiotensin receptor blockers (ARBs) 
were excluded from the study. Patients with inflammatory 
diseases and those on maintenance hemodialysis for chronic 
kidney disease or patients who had undergone kidney trans-
plantation were also excluded from the study.

Sample size was calculated by using PS calculator version 
3.0 Jan 2009. Based on a study done by Nicoletto et al., the 
difference between mean urinary progranulin levels of dia-
betic patients and non-diabetic subjects were taken as 1.69 
ng/mL with a standard deviation of 0.7 ng/mL. Sample size 
was calculated to be 33 for the control group and 99 for the 
study group, which were further sub-divided into 3 groups 
of 33 each, based on urinary albumin excretion.

Thirty-three non-diabetic subjects were recruited as 
group 1 and 99 diabetic patients were recruited in the study 
group. Diabetic patients were further sub-classified based 

on urinary albumin values into 3 groups, each group hav-
ing 33 subjects. Subjects without albuminuria were included 
as group 2; those with microalbuminuria were included as 
group 3, and those with macroalbuminuria were included 
as group 4.

The study was approved by the Institute Ethics Com-
mittee (Human studies), JIPMER, Puducherry (JIP/
IEC/2018/0253). All study subjects received adequate infor-
mation about the study and gave written, informed consent 
for participation in the study. Data was obtained from the 
subjects and their health records regarding the duration of 
diabetes. Weight, height, body mass index (BMI), and blood 
pressure (BP) measurements were recorded for all the study 
subjects.

Spot urine sample was tested for albuminuria for all study 
subjects using the dipstick method. Urine sample was pre-
served for the assessment of microalbuminuria in subjects 
without albuminuria or in subjects with trace albuminuria. 
Another urine sample was preserved for the assessment of 
progranulin in all diabetic subjects and controls. All urine 
samples were stored at −80°C till the time of processing.

Urinary albumin level was estimated by nephelometry for 
diabetic subjects who had trace or no albuminuria by dip-
stick method. Subjects with spot urinary albumin level more 
than 30 mg/L were included in the microalbuminuria group, 
and those with urinary albumin more than 300 mg/L were 
included in the macroalbuminuria group. This was based on 
the correlation of spot urinary albumin in mg/L to urinary 
albumin excretion in mg/mg of creatinine.

Progranulin estimation in urine samples was done by 
using quantitative human progranulin ELISA kits having 
a sensitivity of 5 ng/mL and a detection range of 5–480 
ng/mL. The kit was supplied by Shanghai Korain Biotech 
Co. Ltd. This kit uses enzyme-linked immune sorbent assay 
(ELISA) based on the biotin double-antibody sandwich tech-
nology to assay progranulin.

eGFR (estimated glomerular filtration rate) was calcu-
lated using chronic kidney disease epidemiology collabora-
tion (CKD-EPI) formula for control subjects and patients 
with type 2 diabetes mellitus in this study.

Statistical analysis

Data analysis was done using SPSS version 19.0. The dis-
tribution of categorical variables like gender and duration 
of diabetes in diabetic patients was expressed as frequencies 
and percentages. Distribution of categorical variables among 
various groups was analyzed by using chi-square or Fischer 
exact test.

Continuous data such as age, eGFR, BMI, and urinary 
progranulin levels showed a non- normal distribution and 
were expressed as median with inter-quartile range. Com-
parison of urinary progranulin levels between the study and 
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control groups was done using Kruskall-Wallis test. Post-
hoc analysis between the sub-groups among diabetic patients 
was done using Mann-Whitney U test. Correlation between 
various parameters was tested using Spearman’s correlation 
test.

Multivariate analysis was done to find out the correlation 
of urinary progranulin with urinary albumin in the study. 
Receiver operator characteristic (ROC) curve was plotted 
to find out the utility of urinary progranulin as a marker for 
predicting nephropathy in type 2 diabetic patients in relation 
to microalbuminuria.

All statistical analyses were carried out at 5% level of 
significance and p value of less than 0.05 was considered 
as significant.

Results

The baseline characteristics of the study population is shown 
in Table 1. Seventy-four percent of subjects in the study 
population had eGFR > 90 mL/min. One study subject had 
eGFR less than 15 mL/min in the normo-albuminuria group. 
Fourteen (10%), 16 (12%), and 4 (3%) study subjects were in 
stages 2, 3, and 4 of chronic kidney disease (CKD) respec-
tively, based on their eGFR values. There was no significant 
difference in the study groups depending on the distribution 
of eGFR values.

Among subjects in the normo-albuminuria group, the 
median urinary albumin value was 11.2 mg/L; and among 
patients with microalbuminuria, the median urinary albumin 
value was 73 mg/L.

Forty-three percent of the study subjects with duration of 
diabetes more than 10 years were in the macroalbuminuria 
group. This is also shown in Table 1.

The median urinary progranulin levels in non-diabetic 
controls was 3.24 ng/ml with an inter- quartile range (IQR) 
of 2.10–5.55 ng/mL while among diabetic study subjects, 
median urinary progranulin level was 9.19 ng/mL with 
an IQR of 5.89–12.5 ng/mL. There was a significant dif-
ference in the median progranulin value between diabetic 
subjects and non-diabetic controls (p < 0.001).

The median urinary progranulin levels in the diabetic 
sub-groups are also shown in Table 1. There was a signifi-
cant difference in the median value of progranulin between 
non-diabetic subjects and diabetic patients in the various 
sub-groups (p < 0.001). Also, the urinary progranulin 
value of diabetic patients with micro and macroalbumi-
nuria was higher when compared to those with normoal-
buminuria, and the difference was statistically significant 
(p < 0.001).

However, urinary progranulin levels among diabetic 
patients with microalbuminuria did not differ signifi-
cantly when compared to those with macroalbuminuria (p
= 0.84). This is shown in Figure 1.

There was a significant moderately positive correlation 
between urinary progranulin and urinary albumin values 
among diabetic study subjects; r = 0.579 (p < 0.001). This 
is depicted in Figure 2. In multivariate analysis, urinary 
albumin showed an association with urinary progranulin 
(beta = 0.30, p = 0.017) after adjustment for age, BMI, 
and eGFR values.

Receiver operator characteristic (ROC) curve was plotted 
to assess the utility of urinary progranulin as a marker for 
predicting diabetic nephropathy in relation to microalbumi-
nuria. A cut-off value of 5.62 ng/mL for urinary progranulin 
was found to have a sensitivity of 81.8% and specificity of 
78.8% (area under curve = 0.894; 95% confidence interval 
0.840–0.948; p < 0.001). This is shown in Figure 3.

Table 1  Baseline characteristics of the study population

Parameter Controls Diabetic with normoalbu-
minuria

Diabetic with microalbu-
minuria

Diabetic with macroalbu-
minuria

p value

Median age in years (min–
max)

50 (36–68) 54 (32–75) 53 (38–75) 54 (40–70) -

Male gender (%) 20 (25%) 19 (23.8%) 19 (23.8%) 22 (27.5%) -
Weight (kg) 67 (39–78) 67 (43–84) 68 (50–80) 65 (48–92) -
Height (cm) 164 (146–175) 162 (146–174) 164 (142–174) 164 (145–175) -
BMI in kg/m2

(min–max)
25 (18.3–30.2) 25.3 (16.8–36.8) 24.9 (18–33.7) 24.4 (19–33.6) 0.81

Duration of diabetes (years) - <10 years–28 (83%)
>10 years–6 (17%)

<10 years–25 (86%)
>10 years–7 (14%)

<10 years–19 (57%)
>10 years–14 (43%)

-

Serum creatinine (mg/dL) 0.6 (0.4–1.6) 0.7 (0.3–4.6) 0.7 (0.4–2.5) 0.8 (0.4–2.5) 0.31
eGFR
(mL/min/1.73 m2)

107 (45–137) 102 (10–158) 100 (25–184) 102 (10.6–184) 0.29

Median urinary progranulin 
(ng/mL)

3.24
(IQR-2.10–5.55)

6.51
(IQR-3.93–8.42)

11.64
(IQR-8.60–14.12)

11.46
(IQR-8.03–14.82)

<0.001
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There was no significant correlation between urinary pro-
granulin and eGFR in patients with diabetic nephropathy 
with correlation coefficient, r = −0.08 (p = 0.366).

Discussion

Patients with type 2 diabetes mellitus have a period of unde-
tected and clinically asymptomatic hyperglycemia, which 
leads to alterations in metabolic homeostasis. Thus, diabetic 
patients can have micro and macrovascular complications 
at the time of diagnosis [5]. There is extensive knowledge 
regarding the pathogenetic mechanisms involved in the initi-
ation and progression of diabetic nephropathy. Inflammation 
is one of the important mechanisms that leads to diabetic 
nephropathy.

Progranulin is an adipokine with both pro and anti-
inflammatory actions. It is linked to multiple risk factors 

which are associated with the development of complica-
tions in diabetic patients such as visceral obesity, dyslipi-
demia, insulin resistance, and elevated levels of cytokines 
like TNF-α and IL-6 [6–8]. Excretion of progranulin in 
urine is dependent on renal function [9]. Thus, progranulin 
is involved in the pathogenesis of microangiopathy as an 
inflammatory adipokine and is dependent on renal function 
for its metabolism. It could be a sensitive biomarker for pre-
dicting diabetic nephropathy at an early stage and in subsets 
of patients with diabetic nephropathy where changes in GFR 
occur in the absence of albuminuria [10–12].

Our study found median urinary progranulin value of 
non-diabetic control subjects to be lower when compared to 
the median urinary progranulin value that was observed in 
controls in a study done by Nicoletto et al. Similarly, lower 
urinary progranulin values were also seen in diabetic sub-
jects in our study. The reason for this difference is not clear.

The median eGFR values of control subjects in our study 
are comparable to the median eGFR values in the study done 
by Nicoletto et al. [12]. As there is no data from Indian 
studies on baseline urinary or serum progranulin levels in 
non-diabetic subjects, this needs to be confirmed in a large 
study population.

There was a significant difference between urinary pro-
granulin values in control subjects as compared to diabetic 
patients in our study. This is similar to an observation in the 
study by Nicoletto et al. [12]. Our study also showed a sig-
nificant difference in the urinary progranulin values between 
control subjects and each diabetic sub-group. Also, median 
urinary progranulin values were higher in groups 3 and 4 
as compared to group 2. There was no significant differ-
ence observed in urinary progranulin values among diabetic 
patients with microalbuminuria and those with macroalbu-
minuria. This did not correlate with the finding of decreased 

Fig. 1  Box plot showing urinary progranulin according to study 
groups

Fig. 2  Scatter diagram showing 
relationship between urinary 
albumin and rogranulin
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urinary progranulin in advanced cases of diabetic nephropa-
thy as compared to patients with microalbuminuria, which 
were observed in other studies. The possible reason for this 
in our study could be that a majority of diabetic subjects 
with nephropathy (groups 3 and 4) had normal eGFR values. 
Diabetic subjects with nephropathy having significant reduc-
tion in eGFR that could have affected progranulin excretion 
were not adequately represented in our study population. 
This could have resulted in no significant difference in uri-
nary progranulin values between groups 3 and 4 in our study.

Our study did not find correlation of urinary progranulin 
values with GFR in the study subjects. Similar findings were 
reported by Nicoletto et al. [12] in their study. However, 
Richter et al. found reduction in urinary progranulin values 
with decrease in GFR among their study subjects [9]. The 
reason for these observed trends is not clear.

Correlation analysis of urinary progranulin with albumi-
nuria showed a significant association in our study Nicoletto 
et al. [12] also reported a similar correlation in their study. 
This suggests an indirect evidence of graded and incremental 
relationship between urinary progranulin and renal damage.

Utility of urinary progranulin as a marker of diabetic 
nephropathy was assessed by the receiver operator charac-
teristic (ROC) curve in our study. Urinary progranulin was 
found to be fairly sensitive and specific in predicting diabetic 
nephropathy.

Utility of serum progranulin as a potential predictor of 
microangiopathy in patients with type 2 diabetes mellitus 

has been shown in studies done by Xu et al. and Albeltagy 
et al. [6, 8].

Our study did not show a significant correlation between 
urinary albumin and duration of diabetes among the study 
subjects. This stresses on the point that albuminuria is a 
less sensitive marker of microangiopathy [13]. Pathological 
changes in kidneys could have already set in by the time 
albuminuria was detected. However, some studies have 
shown an association between the duration of diabetes and 
albuminuria [14].

Limitations of the study

1. Due to the cross-sectional study design, a temporal rela-
tionship between elevated urinary progranulin level and 
the onset of diabetic nephropathy could not be estab-
lished.

2. Visceral fat, glycosylated hemoglobin, and serum IL-6 
were not included which would have provided better 
results for comparison of various parameters.

3. Diabetic subjects with reduced eGFR were under repre-
sented in the study which did not allow us to ascertain a 
definite relationship of urinary progranulin with eGFR.

4. Spot urinary albumin (instead of 24-h urinary albumin) 
was used as a marker of diabetic nephropathy in the 
study subjects.

Conclusion

Urinary progranulin levels are higher in type 2 diabetic 
patients as compared with non- diabetic subjects, and it has 
a moderately strong association with albuminuria. How-
ever, there is no correlation of urinary progranulin with the 
glomerular filtration rate (eGFR) in patients with diabetic 
nephropathy.
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Abstract
Background New onset diabetes after liver transplantation (NODAT) is increasingly recognized as a complication that 
affects the quality of life. In addition to well-known risk factors for diabetes in such patients, little is known regarding the 
genetic predisposition for this condition.
Aims To study the association of IL28B polymorphism with occurrence of new onset diabetes after liver transplantation in 
HCV patients.
Methods A prospective cohort study. Fifty non-diabetic LDLT recipients were recruited from the Liver Transplantation 
Unit at El Manial, Cairo University Hospital. FBS was done at 0, 3, and 12 months; HBA1c was done after 6 months. IL28B 
rs12979860 polymorphism was done to all patients.
Results According to FBS after 3 months and HBA1C, 20 patients developed diabetes, 21 patients prediabetes and 9 remained 
normal. IL28B CT genotype was 78%, CC 20% and TT 2%. Univariate regression showed that the CT genotype was signifi-
cantly associated with higher blood glucose at 0 months (coefficient ± SE, 64 ± 4.7; p < 0.001), 3 (coefficient ± SE, 58 ± 4.0; 
p < 0.001), and 12 months (coefficient ± SE, 57 ± 3.2; p < 0.001), and with the development of diabetes and prediabetes after 
LDLT (coefficient ± SE, 0.6 ± 0.06; p < 0.001).
Conclusions IL28B polymorphism is significantly associated with new onset diabetes after LDLT. CT genotype may represent 
a marker to identify high risk recipients.

Keywords Interleukin 28 B (IL28B) · Liver donor liver transplantaion (LDLT) · New onset diabetes after liver 
transplantation (NODAT) · rs12979860

Introduction

New onset diabetes after transplantation (NODAT) is a sig-
nificant metabolic sequel that impacts both graft and patient 
survival in addition to their quality of life [1].

Nearly 30–40% of recipients have had diabetes lasting for 
over 6 months after transplant procedure [2]. However, the 
actual number of cases with insulin resistance in post-liver 
transplant patients is yet to be elucidated.

A significant association between chronic HCV infec-
tion and increased insulin resistance, both in the pre- and 
post-transplant settings has been noted [1, 3]. Although the 
mechanism behind this is unclear, it has been shown that 
viral eradication improves insulin sensitivity [4].

It has been established that genetic IL28B polymorphisms 
which code for IFN-λ have been highly linked with sustained 
virologic response to peg IFN-a therapy for HCV infection 
[5]. However, it has been noted that IL28B polymorphisms 
might also be related to the development of diabetes mel-
litus in these patients [6]. In fact, previous studies in non-
transplant patients have shown higher incidence of insulin 
resistance in carriers of the T allele of SNP rs12979860 than 
in CC homozygotes [7].

The aim of this study was to investigate the association 
of IL28B rs12979860 variant to new onset diabetes after 
transplantation (NODAT).
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Materials and methods

Population of study & disease condition

The study comprises 50 Egyptian patients with ESLD (end-
stage liver disease) that had undergone living donor liver 
transplantation (LDLT) at the Liver Transplantation Unit at 
El Manial, Cairo University Hospital, during 2017.

Our study included patients with post hepatitis C cirrho-
sis. Patients were recruited from Kasr Al-Ainy liver trans-
plantation list, which are usually classified as Child’s C with 
MELD score ranging from 13 to 25.

Patients with pre-transplant diabetes mellitus, 
A1C≥5.7%, IGT, or IFG on previous testing were excluded.

Methodology

This is a cross-sectional study. Subjects who had under-
gone living donor liver transplantation were enrolled from 
the Liver Transplantation Unit at El Manial Registry, Cairo 
University Hospital. Consecutive patients were enrolled at 
the outpatient clinic, if they had post hepatitis C end-stage 
liver disease (ESLD) as an indication for transplantation and 
are still showing up for follow-up visits. Patients with pre-
transplant diabetes mellitus were excluded.

Data of patients including baseline fasting blood glucose, 
lipid profile and other lab tests, immunosuppressive drugs, 
and doses, including steroids, cyclosporine, and tacrolimus 
were recorded.

Comprehensive history taking and clinical examination 
was done to all patients on follow-up visits. Family history 
of diabetes mellitus, history of gestational diabetes, or deliv-
ery of large baby in female patients was noted. Blood pres-
sure was measured and BMI was calculated in kg/m2.

FBS was done at 0, 3, and 12 months; HBA1c was done 
after 6 months; CBC, liver function tests, triglycerides, 
and HDL-C were done to all patients. IL28B genotyping 
was done using SNP rs12979860-real time PCR technique. 
Real-time PCR allelic discrimination was performed on 
Step One™ Real-Time PCR System (Applied Bio sys-
tems), using TaqMan SNP Genotyping Assays and TaqMan 
Universal PCR Master Mix (Applied Bio systems, Foster 
City, CA, USA). DNA extraction was done using GeneJET 
Whole Blood Genomic DNA Purification Mini kit, #K0781, 
#K0782, Thermo Scientific.

Statistical methods

Sample size calculation and statistical analysis were done 
using MedCalc software (version 17.8−© 1993–2017 Med-
Calc Software bvba). According to the correlation coefficient 

(0.6) correlating genotype with different study groups, with 
type I error (alpha, significance) = 0.05 and type II error 
(beta, 1-Power) = 0.20, the minimum required sample was 
19 subjects. All data were entered into a Microsoft Excel 
spreadsheet. Summary statistics included mean, standard 
error for the mean, minimum, maximum, median, and inter-
quartile range. Chi-squared test was used to compare cat-
egorical variables (frequencies). Continuous data was tested 
for normal distribution using the D’Agostino-Pearson test. 
(Sheskin DJ (2011) Handbook of parametric and nonpara-
metric statistical procedures. 5th ed. Boca Raton: Chapman 
& Hall /CRC.) Data was NOT normally distributed; there-
fore, non-parametric tests were applied. Kruskal–Wallis test 
was used to compare ordinal data (multiple comparison), 
and Jonckheere-Terpstra trend test was used to compare 
medians. Univariate regression analysis was used to test for 
the association of the genotype as an independent variable 
against other variables.

Results

Fifty LDLT recipient patients with no previous diabetes 
mellitus were assessed as mentioned for new onset diabetes 
after transplantation. This was done by fasting blood glucose 
for all patients at regular intervals and HBA1c as required. 
Maximum, minimum, mean and standard errors, median and 
interquartile range (IQR) for fasting blood glucose levels 
at zero, 3, and 12 months, as well as HBA1C at 6 months 
are shown in Table 1. Comparison of FBS over time by 
Kruskal–Wallis test showed a decline in average rank from 0 
to 3 months, and a further decline from 3 to 12 months. This 
decline was shown to be significant by Jonckheere-Terpstra 
trend test (compares median values trend over time), with p
value 0.04059, (Fig. 1). Figure 2 shows HBA1c distribution 
within the study cohort.

Table 1  Summary statistics for fasting blood glucose (FBG) at vari-
ous intervals and HBA1C at 6 months

FBG, fasting blood glucose; IQR, interquartile range; Max, maxi-
mum; Min, minimum; SE, standard error

Post-
operative 
FBG
(mg/dl)

FBG after 
3 months
(mg/dl)

FBG after 
12 months
(mg/dl)

HBA1C
(%)

Min 74 10 77 4.3
Max 359 245 208 8.2
Median 113.5 104 99 5.8
IQR 96–132 95–121 93.5–116.5 5.1–6.6
Mean 123.42 112.98 109.17 5.93
SE for mean 6.96 5.45 3.92 0.21
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According to fasting blood glucose (FBG) after 3, 
12 months, and HBA1c criteria, the patients were divided 
into 3 groups: 20 patients developed diabetes; 21 patients 
fell into criteria for prediabetes; and 9 remained normal as 
regards blood glucose level. Percentages for those groups 
are shown in Fig. 3.

The study group comprised only 6 female subjects out 
of 50. No significant difference was noted among the three 
study groups as regards age and gender (Table 2).

Distribution of study sample according to the date of 
liver transplantation is shown in Fig. 4.

Conventional risk factors for type 2 diabetes were ana-
lyzed in the current study. Positive family history of diabe-
tes, history of gestational diabetes, and history of delivery 

of a large baby were all non-significant. Two patients who 
developed overt diabetes had CVD as well as one patient 
of the prediabetes group and another one from the normal 
group. Two patients who developed overt diabetes had 
hypertension as well as three patients of the prediabetes 
group and another three from the normal group.

Comparison of various laboratory values among differ-
ent groups revealed a significant increase in total bilirubin 
in patients with prediabetes than normal subjects. Also, 
MELD was significantly higher in normal patients than 
those who developed diabetes (Table 3, Figs. 5 and 6). 
Comparison of various potential risk factors for diabetes 
revealed no significant differences among the three groups 
(Tables 4 and 5). Serum triglycerides (TG) and high-den-
sity lipoprotein cholesterol (HDL-C) were non-significant.

Other potentially confounding factors specific to liver 
transplant recipients were analyzed. These included 

metabolic stress due to the major operation, post-operative 
period, ICU stay, and early post-operative complications. 
Early complications were encountered in 2 patients from 
the diabetes group, as well as 4 patients from the predia-
betes group, and another 3 from the normal group.

The effect of immunosuppressive agents with variable 
diabetogenic properties was then addressed. Most patients 
received steroids, tacrolimus, and MMF. Other drugs such 
as everolimus, cyclosporine, and mycophenolic acid were 
used to a lesser extent. None of the study cohort patients 
received pulse steroids or peg IFN-a treatment. Tacrolimus 
level and steroid maintenance dose were also included in 
the analysis.

On analysis of IL28B genotypes, CT was the most 
prevalent (74%), followed by CC variant (24%). Only one 
patient had the TT variant (2%), that patient developed 
prediabetes. The distribution of various IL28B genotypes 
among the three study groups is shown in Table 6.

Fig. 1  Box and whisker graphs comparing FBG over time. Boxes 
represent the interquartile ranges (25–75%); notches mark the medi-
ans. Significant decline is evident over time, even in eccentric values 
(small squares)

Fig. 2  Box and whisker plot showing the distribution of HBA1c val-
ues. The first vertical line at the value 5.7 identifies the threshold for 
prediabetes, while the second marks the threshold for overt diabetes 
at 6.5

Fig. 3  Percentage of the groups who developed diabetes or prediabe-
tes or remained normal
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Univariate regression between genotype variants on 
one side and each of the following endpoints for assess-
ment of diabetes: (1) fasting blood glucose 0 months, (2) 
fasting blood glucose 3 months, (3) fasting blood glucose 
12 months, and (4) the different diabetes categories (nor-
mal, prediabetes, diabetes).

A significant association was found between all above varia-
bles and genotype polymorphism. CT variant was significantly 
associated with higher blood glucose at 0, 3, and 12 months, p
value<0.0001. CC variant was significantly associated with 
lower blood glucose at 0, 3, and 12 months, p value<0.0001. 
Also, CT variant was significantly associated with develop-
ment of diabetes and prediabetes, p value<0.0001. Regression 
coefficients and p values are shown in Table 7.

Discussion

New onset diabetes after transplantation (NODAT) has 
become a substantial side effect of liver transplantation 
[5]. It affects long-term outcomes due to more frequent 
infections and ischemic heart disease [8].

The aim of this work was to investigate the associa-
tion of IL28B genotype with the occurrence of NODAT in 
HCV patients. The study comprised 50 Egyptian patients 
with post hepatitis C ESLD that had undergone LDLT at 
the Liver Transplantation Unit at El Manial, Cairo Uni-
versity Hospital. Patients were all classified as Child’s C 
with MELD score ranging from 13 to 25. Patients with 
pre-transplant diabetes mellitus were excluded.

The study cohort showed a disturbance in FBG done at 
0, 3, and 12 months post transplantation, and HBA1c done 
at 6 months that were higher than expected. The overall 
outcome of 40% new onset diabetes in addition to 42% 
prediabetes was striking.

The study results revealed a higher frequency of 
NODAT in comparison to a study done by Veldt et al. in 
2012 on HCV patients who underwent liver transplanta-
tion. Out of a total of 221 patients, 69 developed post-
transplant DM (31%) [9]. Another study by Duca et al. in 
2014 found that 28 out of 99 post-liver transplant patients 
developed NODAT [10]. The incidence of NODAT accord-
ing to Xue et al. was 34.6% [11] while it was stated as 28 
to 40%, in a review article by Lv C et al. 2015 [12]. In a 
different cohort of Egyptian living donor liver transplan-
tation recipients, the prevalence of NODAT was 27.43% 
[13].

Patients may be predisposed to diabetes and insulin resist-
ance due to conventional risk factors for type 2 diabetes in 
addition to factors specific to liver transplant recipients. 
Screening for susceptible individuals is essential to recog-
nize high-risk patients. Hence, it may be possible to decrease 
the number of patients developing diabetes by applying 
proper lifestyle interventions as well as tailored immuno-
suppressive therapy [6].

Conventional risk factors for type 2 diabetes were not 
significant for NODAT in our study cohort, including lipid 
profile. Therefore, none of those parameters would represent 
a confounding factor in interpretation of our genetic study.

Antônio et al. had associated NODAT after liver trans-
plantation to male gender, waist circumference, and insu-
lin resistance. They found no correlation with triglyceride 
levels [14]. On the other hand, Liang et al. demonstrated a 
significant risk of liver NODAT with higher preoperative 

Table 2  Distribution of the 
study sample according to age 
and gender

1Chi-squared test
2Kruskal-Wallis test

Gender Age

Females Males pvalue1 Range Mean ±SD p value2

DM 1 (5.0%) 19 (95.0%) 0.3824 43–57 49.9±4.6 0.334761
Normal 1 (11.1%) 8 (88.9%) 33–52 46.1±5.7
Prediabetes 4 (19.0%) 17 (81.0%) 28–58 46.7±9.0

Fig. 4  Distribution of the study sample according to the date of liver 
transplantation
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triglyceride levels, even within the normal range, among 
male patients only [15].

Although operative and post-operative risk factors for 
diabetes including different immunosuppressive agents 
showed no significant distribution across the study groups, 
they had a major role in post-operative elevation of FBS. 

There was a significant decline in FBS over time in the 
post-operative period by comparing FBS at 0, 3, and 
12 months. Zayed et al. have shown that tacrolimus was 
independently associated with NODAT after living donor 
liver transplantation [13].

Table 3  Summary and comparison of liver functions and blood picture among different groups

1Kruskal-Wallis test
ALB, albumin; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspargine transaminase; GGT, gamma glutamyl transferase; HB, 
hemoglobin; Max, maximum; MELD, model for end-stage liver disease; Min, minimum; PLT, platelets; T.BIL, total bilirubin; TLC, total leuco-
cytic count

DM (n=20) Normal (n=9) Prediabetes (n=21) p value1

Mean SD Min Max Mean SD Min Max Mean SD Min Max

ALB
(g/dl)

3.9 0.3 3.4 4.5 3.8 0.5 3.1 4.5 3.7 0.5 2.6 4.5 0.661114

ALP
(mg/dl)

202.0 202.3 67.0 961.0 119.8 28.0 83.0 178.0 180.8 140.2 51.0 562.0 0.681393

ALT
(mg/dl)

42.9 19.9 11.0 75.0 29.4 23.4 8.0 80.0 52.0 41.0 11.0 186.0 0.123099

AST
(mg/dl)

48.8 36.8 10.0 163.0 27.8 11.1 15.0 51.0 48.9 32.9 11.0 130.0 0.241079

T.Bil
(mg/dl)

1.0 1.1 0.3 5.3 0.7 0.2 0.3 1.0 1.2 0.9 0.4 4.5 0.044231*

GGT
(mg/dl)

207.5 328.2 23.0 1440.0 61.3 37.9 18.0 135.0 136.2 137.3 21.0 598.0 0.067061

MELD 17.3 3.3 11.0 25.0 21.1 4.0 12.0 25.0 19.3 4.1 13.0 28.0 0.020420*
HB
(g/dl)

12.5 1.9 10.0 15.3 13.3 2.1 11.1 16.5 11.6 1.6 9.2 15.8 0.077603

PLT
(103/cmm)

145.8 47.0 75.0 231.0 155.3 31.6 105.0 207.0 148.9 41.1 75.0 224.0 0.788730

TLC
(103/cmm)

5.2 1.4 3.1 8.8 6.3 2.1 3.4 10.1 6.2 2.5 3.3 11.8 0.353564

Fig. 5  Box and whisker graphs comparing total bilirubin levels 
among the study groups. Boxes represent the interquartile ranges 
(25-75percentiles), transverse lines mark the medians and eccentric 
values are marked separately. Bilirubin was significantly higher in 
patients who developed prediabetes

Fig. 6  Box and whisker graphs comparing the MELD score among 
the study groups. Boxes represent the interquartile ranges (25-75per-
centiles), transverse lines mark the medians and eccentric values are 
marked separately. Patients who developed diabetes and prediabetes 
had a significantly lower MELD than those who did not
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New onset diabetes after liver transplantation is a par-
ticular entity, with a suggested unique acronym (NOD-
ALT), as it is directly involved in metabolic mechanisms 
associated with insulin resistance [16].

It appears that living donor grafts pose additional pecu-
liarity as to the cause of NODALT. Stockmann et al. and 
Gebhardt et al. found that immunosuppression plays only 
a minor role in glucose metabolism in such patients [17, 
18]. They proposed that the transplanted graft is the culprit 
for diabetes development; however, other factors include 
genetic predisposition of the recipient.

Ling et al. have summarized the risk factors for NOD-
ALT into 3 categories, namely the liver graft, pancreatic 
islets, and gut microbiota. The graft category included 
“donor” genetic polymorphisms only. Donor IL-28 
rs12979860 TT was mentioned as a risk factor for post-
transplant steatosis but not diabetes [16].

On analysis of recipient IL28B genotypes SNP 
rs12979860, the current study showed that CT was the 
most prevalent (78%) in patients who developed diabetes 
(14 of 20 patients) and prediabetes (16 of 21 patients), fol-
lowed by CC variant (20%). Only one patient had the TT 
variant (2%); that patient developed prediabetes.

Veldet et  al. in 2012 found that recipient IL28B 
rs12979860 TT genotype carried more than two-fold the risk 
to develop NODAT [9] while Duca et al. in 2014 established 
that IL28B rs12979860 CC genotype was protective against 

Table 4  Summary and comparison of some potential risk factors for diabetes among different groups (ordinal data)

1Kruskal-Wallis test
BMI, body mass index; LDL, low density lipoprotein; Max, maximum; Min, minimum; TG, triglycerides

DM Normal Prediabetes p value1

Mean SD Min Max Mean SD Min Max Mean SD Min Max

Tacrolimus level 6.1 2.2 2.7 11.5 4.6 2.2 1.7 7.8 5.2 1.8 1.3 9.1 0.312177
Steroids dose 19.0 13.4 0.0 45.0 18.9 8.6 0.0 30.0 12.9 9.6 0.0 30.0 0.103544
BMI 26.5 2.6 21.0 32.0 28.2 3.5 24.0 34.0 27.2 3.2 20.0 33.0 0.491895
HDL 39.9 12.1 28.0 74.0 34.6 7.4 25.0 43.0 50.8 27.7 9.0 86.0 0.158430
TG 128.4 45.6 58.0 204.0 154.0 25.8 114.0 186.0 117.8 36.7 77.0 169.0 0.269808

Table 5  Frequency and comparison of some potential risk factors for 
diabetes among different groups (categorical data)

1Chi-squared test
CVD, coronary vascular disease; HTN, hypertension

DM Normal Prediabetes p value1

CVD 2 1 1 0.7687
HTN 2 3 3 0.2734
DRUGS:
Cellcept 16 4 16 0.1220
Certican 5 1 4 0.6808
Cyclosporine 3 4 6 0.2321
Myfortic 5 6 6 0.0714
Tacrolimus 19 8 19 0.8069
Early complications 9 4 12 0.6908
Late complications 2 3 4 0.3140

Table 6  Frequencies of different genotypes among the study groups

Number Genotype

CC CT TT

DM 20 6 (30%) 14 (70%) 0
Normal 9 2 (22%) 7 (88%) 0
Prediabetes 21 4 (19%) 16 (76%) 1 (5%)
Total 50 12 (24%) 37 (74%) 1 (2%)

Table 7  Univariate regression 
between genotype variants and 
markers of diabetes

1Normal, prediabetes, and diabetes groups
CI, confidence interval; FBG, fasting blood glucose

Variable Coefficient Standard error 95% CI1 t p value

FBG 0 months
(mg/dl)

64.2781 4.6882 54.8568 to 73.6994 13.7105 <0.0001

FBG 3 months
(mg/dl)

58.4734 4.0110 50.4130 to 66.5337 14.5784 <0.0001

FBG 12 months
(mg/dl)

57.3230 3.2048 50.8757 to 63.7703 17.8864 <0.0001

Study groups3 0.6331 0.06337 0.5058 to 0.7605 9.9911 <0.0001
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NODAT in patients with cirrhosis due to chronic HCV [10]. 
Watt et al. had shown that IL28B rs12979860 genotype was 
not associated with post-transplant diabetes or even insu-
lin resistance in 295 liver transplant recipients, 85 of which 
were chronic HCV patients [19].

In the current study. a univariate regression analysis 
showed a significant association of CT variant with the 
development of prediabetes and diabetes to a greater extent. 
Also, the presence of the “T” allele was significantly asso-
ciated with higher FBS at all-time intervals. CC variant 
showed a weaker association with the prediabetic and dia-
betic groups. Moreover, it was significantly associated with 
lower FBS levels at all time intervals.

It has been shown that genetic IL28B polymorphisms 
coding for IFN-λ are highly linked to sustained virologic 
response (SVR) to pegIFN-a treatment for chronic HCV 
infection [20]. IFN-λ, together with IFN-a, acts on IFN-
stimulated genes (ISGs) via SOCS (suppressors of cytokine 
signaling) and the JAK-STAT (janus kinase signal transduc-
ers and activators of transcription) pathway. However, later 
studies have linked IL28B polymorphisms to the develop-
ment of diabetes mellitus in HCV patients [9, 10, 20]. Stud-
ies addressing this have shown conflicting results.

It was found that recipient rather than donor IL28B poly-
morphisms was associated with NODAT. This fact suggests 
that an immune mechanism maybe the culprit in the devel-
opment of insulin resistance in NODAT patients [9].

A plausible explanation is that IFN-λ-3, the product of 
IL28B, was found to be an antiviral cytokine with pro-
inflammatory characteristics. Despite these speculations, 
the actual pathophysiology behind the metabolic effects 
of IL28B polymorphisms is still unclear. The link between 
CC IL28B rs12979860 variant and consequent expression 
of IL28B mRNA in hepatocytes or in in peripheral blood 
mononuclear cells (PBMC) is also controversial [21–23].

On the other hand, CT and TT IL28B rs12979860 vari-
ants were shown in previous literature to be associated with 
an increased expression of interferon-stimulated genes 
(ISGs) [23–25]. Suppressors of cytokine signaling 3 and 7 
(SOCS-3 and SOCS-7) are two ISGs that were shown to be 
risk factors for decreased insulin sensitivity in HCV patients 
[26–28] via disrupting insulin receptor pathway signaling 
leading to increased insulin resistance and hence NODAT 
[29, 30]. This work paves the way for research into IL28B 
rs12979860 polymorphism as a potential risk factor for type 
2 diabetes.

Limitation of this study lies in the fact that only 3 glucose 
readings were analyzed for each patient. Blood glucose lev-
els show variability according to a lot of factors as stressful 
conditions, infections, and different drug levels. A larger 
validation cohort is recommended with more frequent blood 
glucose monitoring and the application of glycosylated 
hemoglobin.

Conclusion and recommendations

In a cohort of 50 Egyptian LDLT patients with no previ-
ous diabetes, 42% developed prediabetes, and 40% devel-
oped overt diabetes beyond 3-month postoperative. The CT 
genotype of IL28B polymorphism can represent a genetic 
predisposition to diabetes and prediabetes after liver trans-
plantation. It showed a significant association with the 
development of prediabetes and diabetes. It was also linked 
to higher FBS at 0, 3, and 12 months. On the other hand, 
the CC genotype of IL28B seems to be protective against 
diabetes and prediabetes after liver transplantation. It was 
linked to lower FBS at 0, 3, and 12 months and showed a 
significant association with patients who did not develop 
prediabetes or diabetes.

The authors recommend that IL28B genotype may be 
used as a marker to identify individuals at high risk to 
develop diabetes and prediabetes after liver transplantation. 
Such patients should undergo an individualized approach 
concerning procedures and choices of immunosuppressive 
drugs, as well as addressing all known risk factors for diabe-
tes, in order to minimize their risks and hence their outcome.
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Abstract
Purpose To analyze the relationships between nonalcoholic fatty liver disease (NAFLD) and bone mineral density (BMD) 
in type 2 diabetes (T2DM) patients.
Methods A total of 446 men aged ≥ 50 years and 306 postmenopausal women with T2DM were recruited. The differences 
of BMD levels in T2DM patients with or without NAFLD were analyzed. According to the tertile levels of BMD, T2DM 
patients with NAFLD were divided into three groups (T1, T2, and T3), and the differences in the prevalence of NAFLD were 
compared among the three groups. The independent influencing factors of NAFLD were analyzed.
Results The right calcaneus and left forearm BMD levels of male and postmenopausal female T2DM patients with NAFLD 
were lower than those without NAFLD. After grouping according to the tertile levels of BMD of the right calcaneus, the 
prevalence of NAFLD in the T1 group (56.8%) was higher than that in the T2 or T3 group (42.6% or 40.7%) among male 
T2DM patients, and the prevalence of NAFLD in the T1 group was higher than that in the T3 group (77.2% vs.53.5%) among 
postmenopausal female T2DM patients. NAFLD was negatively associated with the right calcaneus and the left forearm 
BMD, and the right calcaneus BMD was an independent protective factor for NAFLD in male and postmenopausal female 
T2DM patients (OR = 0.014 and 0.006, p < 0.05).
Conclusion For males aged ≥ 50 years or postmenopausal female T2DM patients with NAFLD, the BMD levels were lower, 
and lower BMD levels were more likely to lead to the development of NAFLD. The BMD was an independent protective 
factor for T2DM patients.

Keywords Type 2 diabetes · Nonalcoholic fatty liver disease · Bone mineral density · Postmenopausal female · Male

Introduction

In 2019, 463 million people had T2DM worldwide, mostly 
in developing countries [1]. According to published data 
by the International Diabetes Federation in 2019, the num-
ber of patients with T2DM in China reached 116 million, 
thus accounting for a quarter of the number of patients with 
T2DM worldwide. Diabetes has become a chronic disease 
that seriously affects the health of Chinese people and global 
populations [2].

Osteoporosis is a disease characterized by a declining 
bone mass, microstructural deterioration, and fragility frac-
tures, and it often leads to an increased risk of fractures 
of the spine, hip, and wrist [3]. In Europe, it is estimated 
that 22 million women and 5.5 million men suffer from 
osteoporosis. Osteoporosis is classified as either primary or 
secondary. Primary osteoporosis is usually associated with 
advancing age. Postmenopausal osteoporosis is mainly due 
to the significantly reduced production of estrogen in women 
after menopause compared with that prior to menopause. 
The causes of secondary osteoporosis include gastrointes-
tinal disorders, long-term use of glucocorticoids, diabetes, 
metabolic diseases of the liver, and multiple myeloma [4].

NAFLD is a chronic metabolic disease closely related to 
insulin resistance (IR) and heredity. It is classified as non-
alcoholic fatty liver (NAFL), nonalcoholic steatohepatitis 
(NASH) cirrhosis, and hepatocellular carcinoma [5]. The 
prevalence of NAFLD is approximately 25% globally and 
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in Asian populations. NAFLD is closely related to meta-
bolic syndrome and T2DM, and the prevalence of NAFLD 
in patients diagnosed with T2DM is 57–80% [6].

A study showed a negative correlation between NAFLD 
and BMD in postmenopausal women [7]. A meta-analy-
sis suggested that there was no difference in BMD levels 
between patients with fatty liver and normal controls [8]. 
Therefore, the relationships between NAFLD and BMD have 
not been fully defined. The aim of the study was to provide 
ideas for the early diagnosis and treatment of osteoporosis in 
T2DM patients with NAFLD by analyzing the relationships 
between NAFLD and BMD in T2DM patients of different 
sexes.

Subjects and methods

Subjects

A total of 1213 patients diagnosed with T2DM in the 
Department of Endocrinology of Lanzhou University First 
Hospital from April 2016 to December 2020 were selected 
as the study subjects. According to the inclusion and exclu-
sion criteria, 752 subjects were enrolled in this study, while 
101 healthy subjects were enrolled as the control group. This 
study was approved by the ethics committee of the First Hos-
pital of Lanzhou University, and written informed consent 
was obtained from all participants. The inclusion and exclu-
sion criteria for this study were as follows.

Inclusion criteria

The inclusion criteria are as follows: (1) male patients 
with T2DM aged ≥ 50 years and postmenopausal female 
patients with T2DM; (2) Han nationality; and (3) duration 
of T2DM ≥ 1 year.

Exclusion criteria

The exclusion criteria are as follows: (1) type 1 diabetes 
mellitus, gestational diabetes mellitus, and other specific 
types of diabetes mellitus; (2) diabetic ketoacidosis, diabetic 
hyperosmolarity, and hyperglycemia; (3) tumor, immune dis-
eases, serious heart, liver, and kidney diseases; (4) chronic 
and heavy alcohol consumption (over 140 g of ethanol per 
week for men and over 70 g for women); (5) alcoholic liver 
disease, drug-induced liver damage, and other diseases that 
may lead to abnormal liver function; (6) administration of 
drugs that affect calcium and phosphorus metabolism, such 
as glucocorticoids, thyroid hormones, vitamin D, etc.; (7) 
patients with a pathological fracture and history of hyper-
thyroidism; (8) Cushing’s syndrome, anterior pituitary 
dysfunction, inflammatory bowel disease; (9) history of 

lipid-lowering drugs and other drugs, parenteral nutrition, 
and other special conditions that may cause liver fat deposi-
tion; (10) a lack of clinical data.

Research methodology

Collection of general characteristics of the study 
subjects

The medical history, general information (name, sex, age), 
diabetes duration, medication status, personal history, pre-
vious history, and menstrual history of each study subject 
were collected. The height, weight, and blood pressure 
were measured as follows: BMI = Weight (kg)/Height 
(m2).

Laboratory examinations

After fasting for 8 h, 5 ml of venous blood was extracted 
from all subjects in the morning, and the serum was sepa-
rated. The serum triglyceride (TG), total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), uric acid (UA), alanine 
aminotransaminase (ALT), aspartic acid aminotransami-
nase (AST), fasting blood glucose (FPG), calcium (CA), 
and blood phosphorus (P) levels were measured by a 
BS-220 automatic biochemical analyzer (Shenzhen Min-
dray Bio-Medical Electronics Co., Ltd.). Glycosylated 
hemoglobin (HbA1c) was determined by high-perfor-
mance liquid chromatography (Bio-Rad-D10)0.25(OH)D 
was detected by a RT-6000 ELISA (Shenzhen Redu Bio-
science Co., Ltd.). The BMD levels of the right calcaneus 
bone and the distal left forearm were measured by an Oste-
osys EXA-3000 dual-energy X-ray absorptiometry system 
(Beijing Grambo Technology Development Co., Ltd.). The 
units are expressed as grams per square centimeter.

Diagnostic criteria and grouping

Diagnostic criteria

T2DM is diagnosed according to WHO 1999 criteria. 
NAFLD was diagnosed according to the criteria published 
by the American Society of Liver Diseases in 2017. Each 
subject was examined using abdominal ultrasound by an 
experienced sonographer. Two of the following three abdom-
inal ultrasound findings suggested diffuse fatty liver: (1) the 
near-field echo of the liver was a diffuse enhancement, which 
was stronger than that of the kidney and spleen;(2) the intra-
hepatic duct structure was not clear; and (3) the far-field 
echo of the liver gradually weakened.
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Study population grouping

According to whether T2DM patients were complicated with 
NAFLD, they were divided into a NAFLD group and a non-
NAFLD group. The differences among the NAFLD group, 
non-NAFLD group, and healthy control group in the BMD 
levels of the right calcaneus bone and left forearm for men 
aged ≥ 50 years and postmenopausal women were analyzed. 
T2DM Patients of different sexes complicated with NAFLD 
were divided into groups according to three quartile levels 
of the right calcaneus bone and the distal left forearm BMD. 
The prevalence of NAFLD under the different BMD levels 
was compared.

T2DM patients were grouped according to the BMD level 
of the right calcaneus bone as follows: total T2DM patients: 
T1 group: 0.060–0.364 g/cm2, T2 group: 0.365–0.515 g/cm2, 
T3 group: 0.516–0.896 g/cm2; men with T2DM: T1 group: 
0.145–0.470 g/cm2, T2 group: 0.471–0.580 g/cm2, T3 group: 
0.581–0.896 g/cm2; postmenopausal women with T2DM: 
T1 group: 0.060–0.277 g/cm2, T2 group: 0.278–0.362; T3 
group: 0.363–0.690 g/cm2.

T2DM patients were grouped according to the BMD level 
of the distal left forearm as follows: total T2DM patients: T1 
group: 0.130–0.335 g/cm2, T2 group: 0.336–0.431 g/cm2, 
T3 group: 0.432–0.858 g/cm2; men with T2DM: T1 group: 
0.151–0.402 g/cm2, T2 group: 0.403–0.472 g/cm2, T3 group: 
0.473–0.858 g/cm2; postmenopausal women with T2DM: T1 
group: 0.103–0.267 g/cm2, T2 group: 0.268–0.335 g/cm2, T3 
group: 0.336–0.556 g/cm2.

Statistical methods

Normally distributed measurement data were expressed 
as the mean ± standard deviation (x ̄± s), and nonnormally 
distributed measurement data were expressed as the 
median (p25, p75). The numeration data were expressed 
as frequencies and percentages (%). One-way ANOVA and 
nonparametric tests for independent samples were used to 
analyze the measurement data according to whether they 
conformed to a normal distribution. Comparisons between 
the two groups were analyzed based on whether equal vari-
ances were satisfied using the LSD-t and Tamhane’s tests. 
After adjusting for confounders, an analysis of covariance 
(ANCOVA) was used to compare differences between 
multiple groups. The chi-square test was used to compare 
the differentiation between intergroup rates. Comparisons 
between the two groups were analyzed using the Bonfer-
roni method under the z-test to adjust p-values. Independ-
ent influencing factors for NAFLD in T2DM patients were 
analyzed by binary logistic regression. A p value < 0.05 
was considered statistically significant.

Results

Comparison of the BMD levels among the NAFLD, 
non‑NAFLD, and healthy control groups in the total 
subjects

To the total study subjects, the right calcaneus BMD and 
left forearm BMD levels of the non-NAFLD group and the 
NAFLD group were lower than those of the healthy control 
group (all p < 0.05). The right calcaneus BMD and left fore-
arm BMD levels of the NAFLD group were lower than those 
of the non-NAFLD group (all p < 0.05).

The age, SBP, DBP, TG, UA, HbA1c, and FPG levels of 
the non-NAFLD group and the NAFLD group were higher 
than those of the healthy control group (all p < 0.05), and 
the 25(OH)D and HDL-C levels of the NAFLD group were 
lower than those of the healthy control group and the non-
NAFLD group (all p < 0.05). The age, BMI, SBP, AST, 
ALT, UA, TC, TG, and FPG levels of the NAFLD were 
higher than those of the non-NAFLD group (all p < 0.05).

After adjusting for age, BMI, SBP, DBP, 25(OH)D, AST, 
ALT, TC, TG, HDL-C, UA, HbA1c, and FPG, the analysis 
of covariance showed that the BMDs of the right calcaneus 
and left forearm were lower in the non-NAFLD and NAFLD 
groups than the healthy control group (all p < 0.01) and the 
right calcaneus and left forearm BMD levels in the NAFLD 
group were lower than those in the non-NAFLD group (all 
p < 0.01) (Table 1).

Comparison of the BMD levels among the NAFLD, 
non‑NAFLD, and the healthy control groups in men 
aged ≥ 50 years

For men aged ≥ 50 years, right calcaneus and left forearm 
BMD levels of the non-NAFLD group and the NAFLD 
group were lower than those of the healthy control group (all 
p < 0.05), and right calcaneus BMD levels of the NAFLD 
group were lower than those of the non-NAFLD group (all 
p < 0.05).

The SBP, TG, UA, FPG, and HbA1c levels of the non-
NAFLD group and the NAFLD group were higher than 
those of the healthy control group (all p < 0.05), and the 
25(OH)D and HDL-C levels of the NAFLD group were 
lower than those of the healthy control group (all p < 0.05). 
The BMI, SBP, AST, ALT, UA, TG, and FPG levels of the 
NAFLD group were higher than those of the non-NAFLD 
group (all p < 0.05), and the HDL-C levels were lower than 
those of the non-NAFLD group (all p < 0.05).

After adjusting for BMI, SBP, DBP, 25(OH)D, AST, 
ALT, TG, HDL-C, UA, HbA1c, FPG, the analysis of covari-
ance showed that the right calcaneus and left forearm BMD 
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levels were lower in the non-NAFLD and NAFLD groups 
than those in the healthy control group (all p < 0.01). The 
right calcaneus BMD levels in the NAFLD group were lower 
than those in the non-NAFLD group (p < 0.01), while no 
significant differences were observed in BMD levels of the 
left forearm between the NAFLD group and non-NAFLD 
groups (p > 0.05) (Table 2).

Comparison of the BMD levels among the NAFLD, 
non‑NAFLD, and the healthy control groups 
in postmenopausal women

For postmenopausal women, right calcaneus and left fore-
arm BMD levels of the non-NAFLD group and the NAFLD 
group were lower than those of the healthy control group (all 
p < 0.05), and right calcaneus BMD levels of the NAFLD 
group were lower than those of the non-NAFLD group 
(p < 0.05).

The age, SBP, UA, FPG, and HbA1c levels of the non-
NAFLD group and the NAFLD group were higher than 
those of the healthy control group (all p < 0.05), while the 
HDL-C levels were lower than those of the healthy control 
group (both p < 0.05).

The DBP, AST, ALT, TC, and TG levels of the NAFLD 
group were higher than those of the healthy control group 
(all p < 0.05). The age, BMI, SBP, DBP, ALT, UA, TC, TG, 
and FPG levels of the NAFLD group were higher than those 
of the non-NAFLD group (all p<0.05), and the HDL-C and 
25(OH)D levels were lower than those of the non-NAFLD 
group (both p < 0.05).

After adjusting for age, BMI, SBP, DBP, 25(OH)D, AST, 
ALT, TC, TG, HDL-C, UA, HbA1c, and FPG, the analysis 
of covariance showed that the right calcaneus and left fore-
arm BMD levels were lower in the non-NAFLD and NAFLD 
groups than those in the healthy control group (all p<0.01). 
The right calcaneus BMD levels in the NAFLD group were 
lower than those in the non-NAFLD group (p< 0.01), while 
no significant differences were observed in the BMD levels 
of the left forearm between the non-NAFLD and NAFLD 
groups (p > 0.05) (Table 3).

Comparison of the prevalence of NAFLD in T2DM 
patients at different BMD levels

After grouping according to the BMD levels of the right 
calcaneus, among the total T2DM patients, the prevalence 
of NAFLD in the T1 group (68.8%) was higher than that in 

Table 1  General characteristics of the study population

*p<0.05: comparison with healthy controls; #p<0.05: comparison with the non-NAFLD group
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 25(OH)D, 25-hydroxyvitamin D; Ca, blood calcium; P, 
blood phosphorus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TC, total cholesterol; TG, triglycerides; LDL-C, low-den-
sity lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; HbAlc, hemoglobin A1c; FPG, fasting plasma glucose; 
BMD, bone mineral density
Non-normal information is expressed as median (interquartile range) and normal information is expressed as mean±standard deviation

Index Healthy control (N=101) Non-NAFLD (N=340) NAFLD (N=412)

Gender (men/women) 57/44 238/102 208/204
Age (year) 54.91±6.56 59.66±7.44* 62.09±7.68* #

BMI (kg/m2) 24.87±3.01 23.14±2.97* 25.49±2.68 #

SBP (mmHg) 124.78±9.43 138.77±22.86* 145.92±22.96* #

DBP (mmHg) 78.10±8.89 81.60±14.80* 83.59±13.97*
25-(OH)D (ng/ml) 19.03 (14.98–25.48) 18.79 (11.74–26.83) 16.94 (8.17–26.28)* #

Ca (mmol/l) 2.25±0.08 2.24±0.18 2.26±0.19
P (mmol/l) 1.17±0.14 1.15±0.19 1.16±0.19
AST (U/l) 19.00 (15.00–24.00) 19.00 (16.00–23.00) 21.00 (17.00–28.00)* #

ALT (U/l) 19.00 (10.00–26.00) 18.00 (14.00–25.00) 23.00 (17.00–34.00)* #

TC (mmol/l) 4.24±0.95 4.19±1.09 4.51±1.13* #

TG (mmol/l) 1.18 (0.99–1.45) 1.33 (0.96–1.91)* 1.74 (1.32–2.41)* #

LDL-C (mmol/l) 2.75±0.57 2.74±0.82 2.79±0.75
HDL-C (mmol/l) 1.45±0.26 1.07±0.28* 1.00±0.22* #

UA (μmol/l) 265.59±72.78 317.10±87.82* 340.90±86.11* #

HbA1c (%) 5.29±0.40 8.48±2.26* 8.56±1.89*
FPG (mmol/l) 5.29±0.49 8.72±2.91* 9.65±2.97* #

Right calcaneus BMD (g/cm2) 0.573±0.10 0.489±0.15* 0.410±0.15* #

Distal left forearm BMD (g/cm2) 0.520±0.07 0.407±0.10* 0.363±0.11* #
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the T2 and T3 groups (54.6% or 41.0%, p < 0.05), and the 
prevalence of NAFLD in the T2 group was higher than that 
in the T3 group (p < 0.05).

For the male T2DM patients, the prevalence of NAFLD 
was higher in the T1 group (56.8%) than in the T2 or T3 
groups (42.6% or 40.7%, both p < 0.05) and no significant 
difference was shown in the prevalence of NAFLD between 
the T2 and T3 groups (p > 0.05).

For postmenopausal women with T2DM, the prevalence 
of NAFLD in the T1 group (77.2%) was higher than that in 
the T3 group (53.5%, p < 0.05) and no significant difference 
was shown in the prevalence of NAFLD between the other 
groups (all p > 0.05) (T2 group, 69.2%, Fig. 1A).

After grouping according to the BMD levels of the left 
forearm, among the total T2DM patients, the prevalence of 
NAFLD in the T1 group (66.8%) was higher than that in the 
T2 and T3 groups (57.3% or 40.6%, p < 0.05). No signifi-
cant differences were observed in the prevalence of NAFLD 
between the T2 and T3 groups (p > 0.05).

No significant differences were observed in the preva-
lence of NAFLD among the three groups of male T2DM 
patients or postmenopausal female T2DM patients (male 
T2DM patients: 50.7% vs. 50.3% vs. 38.9%; postmenopau-
sal female T2DM patients: 72.3% vs. 67.0% vs. 60.8%, all 
p > 0.05) (Fig. 1B).

Correlation analysis between NAFLD and BMD 
in T2DM patients

In male T2DM patients, NAFLD was significantly nega-
tively correlated with serum P, 25(OH)D, HDL-C, and right 
calcaneus and left forearm BMD levels (p < 0.05), and posi-
tively correlated with age, BMI, SBP, DBP, AST, ALT, FPG, 
UA, TC, and TG (all p < 0.05) (Table 4).

In postmenopausal women with T2DM, NAFLD was sig-
nificantly negatively correlated with 25(OH)D, HDL-C, and 
right calcaneus and distal left forearm BMD levels (p<0.05) 
(all p > 0.05), and positively correlated with age, BMI, SBP, 
DBP, ALT, HbA1c, FPG, UA, TC, and TG (all p < 0.05) 
(Table 4).

Influencing factors analysis of NAFLD in T2DM 
patients by binary logistic regression analysis

For male T2DM patients, NAFLD was considered the 
dependent variable, and age, BMI, SBP, DBP, Ca, P, 25(OH)
D, AST, TC, HDL-C, FPG, right calcaneus BMD, and left 
forearm BMD were considered independent variables. The 
binary logistic regression analysis showed that right calca-
neus BMD and HDL-C were independent protective factors 

Table 2  Comparison of the biochemical parameters and BMD levels in males aged ≥50 years

*p<0.05: comparison with healthy controls; #p<0.05: comparison with the non-NAFLD group
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 25(OH)D, 25-hydroxyvitamin D; Ca, blood calcium; P, 
blood phosphorus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TC, total cholesterol; TG, triglycerides; LDL-C, low-den-
sity lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; FPG, fasting plasma glucose; HbAlc, hemoglobin A1c; 
BMD, bone mineral density
Non-normal information is expressed as median (interquartile range) and normal information is expressed as mean±standard deviation

Index NAFLD (N= 208) Non-NAFLD (N=238) Healthy control (N=57)

Age (year) 60.79±7.70 59.07±7.40 58.63±5.85
BMI (kg/m2) 25.75±2.57* # 23.51±2.75* 24.84±2.93
SBP (mmHg) 144.65±22.20* # 138.45±23.65* 125.65±8.61
DBP (mmHg) 86.25±14.08* 83.58±15.99 80.04±8.14
25-(OH)D (ng/ml) 19.08 (7.99–27.35)* 20.75 (10.85–28.03) 22.50 (17.14–26.86)
Ca (mmol/l) 2.22±0.23 2.22±0.19 2.21±0.06
P (mmol/l) 1.09±0.17 1.12±0.18 1.10±0.10
AST (U/l) 21.00 (17.00–26.00)* # 19.00 (15.00–23.00) 18.00 (15.00–24.00)
ALT (U/l) 23.00 (18.00–34.00)* # 19.00 (14.00–25.00) 19.00 (10.00–27.00)
TC (mmol/l) 4.29±1.02 4.11±1.11 4.20±0.95
TG (mmol/l) 1.73 (1.28–2.54)* # 1.36 (1.03–1.91)* 1.14 (1.02–1.39)
LDL-C (mmol/l) 2.72±0.68 2.71±0.82 2.81±0.54
HDL-C (mmol/l) 0.93±0.18* # 1.00±0.23* 1.40±0.27
UA (μmol/l) 355.50±82.98* # 330.45±90.22* 296.53±73.40
FPG (mmol/l) 9.67±3.11* # 8.77±2.80* 5.34±0.47
HbA1c (%) 8.45±1.85* 8.63±2.38* 5.34±0.42
Right calcaneus BMD (g/cm2) 0.507±0.12* # 0.543±0.14* 0.630±0.09
Distal left forearm BMD (g/cm2) 0.433±0.09* 0.443±0.08* 0.562±0.05
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Table 3  Comparison of the biochemical parameters and BMD levels in postmenopausal women

*p<0.05: comparison with healthy controls; #p<0.05: comparison with the non-NAFLD group
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 25(OH)D, 25-hydroxyvitamin D; Ca, blood calcium; P, 
blood phosphorus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TC, total cholesterol; TG, triglycerides; LDL-C, low-den-
sity lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; FPG, fasting plasma glucose; HbAlc, hemoglobin A1c; 
BMD, bone mineral density
Non-normal information is expressed as median (interquartile range) and normal information is expressed as mean±standard deviation

Index NAFLD (N =204) Non-NAFLD (N =102) Healthy control (N =44)

Age (year) 63.43±7.44* # 61.02±7.40* 50.09±3.68
BMI (kg/m2) 25.23±2.77 # 22.27±3.28* 24.91±3.15
SBP (mmHg) 147.21±23.70* # 139.53±20.99* 123.66±10.39
DBP (mmHg) 80.86±13.35*# 76.99±10.27 75.59±9.28
25(OH)D (ng/ml) 15.58 (8.22–25.28)# 16.86 (13.55–26.41) 16.14 (12.88–19.63)
Ca (mmol/l) 2.30±0.14 2.29±0.14 2.29±0.07
P (mmol/l) 1.22±0.20 1.23±0.18 1.26±0.13
AST (U/l) 22.00 (17.00–31.75)* 21.00 (16.75–28.00) 19.5 (15.0–24.0)
ALT (U/l) 22.00 (16.00–35.00)*# 17.00 (14.00–29.25) 17.00 (8.50–23.75)
TC (mmol/l) 4.73±1.21* # 4.39±1.04 4.29±0.96
TG (mmol/l) 1.76 (1.38–2.37)*# 1.27 (0.87–1.87) 1.22 (0.91–1.53)
LDL-C (mmol/l) 2.86±0.81 2.79±0.83 2.66±0.61
HDL-C (mmol/l) 1.07±0.23* # 1.24±0.33* 1.50±0.23
UA (μmol/l) 326.00±86.90* # 285.95±73.41* 225.52±48.90
FPG (mmol/l) 9.62±2.81* # 8.61±3.16* 5.22±0.51
HbA1c (%) 8.67±1.94* 8.14±1.91* 5.23±0.36
Right calcaneus BMD (g/cm2) 0.312±0.11* # 0.363±0.11* 0.499±0.06
Distal left forearm BMD (g/cm2) 0.293±0.08* 0.319±0.11* 0.466±0.04

Fig. 1  Comparison of the prevalence of NAFLD at different BMD levels. A Quantile levels of right calcaneus BMD. B Quantile levels of the 
distal left forearm BMD

770



International Journal of Diabetes in Developing Countries (December 2022) 42 (4):765–774

1 3

for NAFLD (p < 0.05), and age, BMI, AST, and TC were 
independent risk factors for NAFLD (all p <0.05) (Table 5).

Among the postmenopausal women with T2DM, NAFLD 
was considered a dependent variable; and SBP, DBP, Ca, 
P, 25-(OH)D, AST, TC, TG, HDL-C, UA, HbA1c, FPG, 
right calcaneus BMD, and left forearm BMD were consid-
ered independent variables. The binary logistic regression 
analysis showed that 25-(OH)D, right calcaneus BMD, and 
HDL-C were independent protective factors for NAFLD 
(p < 0.05), and TC and UA were independent risk factors 
for NAFLD (all p < 0.05) (Table 5).

Discussion

Compared with non-NAFLD patients, T2DM patients with 
NAFLD have worse blood glucose control, and diabetic 
retinopathy, nephropathy, and other microvascular and mac-
rovascular complications are more common [9]. NAFLD 
is a chronic liver disease related to insulin resistance and 
metabolic disorders. The interaction mechanisms between 
NAFLD and bone tissue are complex. Chronic inflammation, 
vitamin D, growth hormone, insulin-like growth factor 1 
(IGF-1), osteocalcin (OC), tumor necrosis factor-α (TNF-α), 
osteoclastogenesis inhibitory factor, and insulin resistance 

may accelerate the decline in BMD levels in patients with 
NAFLD [10].

In this study, the level of BMD in the right calcaneus of 
male T2DM patients aged ≥ 50 years in the NAFLD group 
was significantly lower than that in the non-NAFLD group. 
BMD levels in the right calcaneus and the left forearm of 
postmenopausal T2DM patients in the NAFLD group were 
significantly lower than those in the non-NAFLD group, 
suggesting that T2DM patients with NAFLD had lower 
BMD levels and were more prone to osteoporosis. NAFLD 
may be a potential risk factor for reducing BMD [7, 11]

Zhu et al. reported that NAFLD-associated liver fibrosis 
was inversely associated with reduced BMD in postmeno-
pausal women with T2DM or impaired glucose regulation 
(IGR), after adjusting for age and BMI, the femoral BMD 
value in the advanced liver fibrosis group was significantly 
lower than that in the non-advanced liver fibrosis group, 
suggesting that the risk of osteoporosis in postmenopau-
sal women with T2DM or IGR increased with the severity 
of liver fibrosis [12]. A case-controlled study from China 
showed that the BMD levels of the left femoral neck, left 
forearm, and Ward’s triangle in T2DM patients with NAFLD 
were significantly lower than those in T2DM patients with-
out NAFLD [13]. Therefore, T2DM patients with NAFLD 
may have an increased risk of osteoporosis.

Table 4  Correlations between 
NAFLD and various indicators 
in patients with type 2 diabetes

** indicates a significant correlation at the 0.01 level (two-sided). * indicates a significant correlation at the 
0.05 level (two-sided);
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; Ca, blood calcium; P, 
blood phosphorus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HbAlc, hemoglobin A1c; FPG, fast-
ing plasma glucose; UA, uric acid; TC, total cholesterol; TG, triglycerides; BMD, bone mineral density

Index Men aged ≥50 years Postmenopausal women

R value p value R value p value

Age (year) 0.103** 0.009 0.129** 0.007
SBP (mmHg) 0.120** 0.002 0.133** 0.005
DBP (mmHg) 0.102** 0.010 0.097* 0.042
BMI (kg/m2) 0.317** <0.001 0.353** <0.001
25-(OH)D (ng/ml) −0.092* 0.018 −0.152** 0.001
Ca (mmol/l) 0.056 0.153 0.055 0.245
P (mmol/l) −0.077* 0.048 −0.050 0.292
AST (U/l) 0.153** <0.001 0.073 0.127
ALT (U/l) 0.222** <0.001 0.134** 0.005
LDL-C (mmol/l) 0.008 0.832 0.041 0.379
HDL-C (mmol/l) −0.116** 0.003 −0.214** <0.001
HbA1c (%) 0.008 0.835 0.114* 0.016
FPG (mmol/l) 0.130** 0.001 0.159** 0.001
UA (μmol/l) 0.127** 0.001 0.164** <0.001
TC (mmol/l) 0.085* 0.028 0.104* 0.026
TG (mmol/l) 0.215** <0.001 0.248** <0.001
Right calcaneus BMD (g/cm2) −0.109** 0.005 −0.179** <0.001
Distal left forearm BMD (g/cm2) −0.081* 0.037 −0.102* 0.03
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In addition, the present study found that with decreasing 
BMD levels in the right calcaneus, the prevalence of NAFLD 
in T2DM patients increased significantly. NAFLD was nega-
tively correlated with the BMD of the right calcaneus and 
the left forearm in male T2DM patients aged ≥ 50 years 
and postmenopausal female T2DM patients. Until now, the 
results of changes in BMD and the prevalence of osteopo-
rosis in patients with NAFLD stratified by sex have been 
inconsistent.

A cohort study with 1720 subjects showed that NAFLD 
was independently associated with an increased risk of low 
BMD in both men and women [14]. However, a clinical 
study from Korea found a significant negative association 
between BMD and NAFLD in men and a positive associa-
tion between lumbar BMD and NAFLD in postmenopausal 
women [15]. However, in three subsequent cohort stud-
ies, a significant negative association between BMD levels 

and NAFLD was found, although these results were only 
observed in men and not in postmenopausal women [16]. 
Xia et al. reported that liver fat content and hepatotoxicity 
biomarkers were negatively correlated with BMD in middle-
aged and elderly Chinese men, suggesting that male patients 
with NAFLD had a high risk of osteoporosis and the poten-
tial mechanism may be related to the decreased activity of 
osteoblasts; however, this difference disappeared in women 
[17].

It is not clear why the results of NAFLD and BMD are 
different in different sexes and at different ages, although 
these discrepancies may be related to the different levels of 
hormones in the body. Studies have shown that increased 
release of ROS in patients with T2DM and NAFLD can 
affect the production and survival of osteoclasts, osteoblasts, 
and osteocytes [13]. When estrogen or androgen levels are 
reduced, the ability of the bone to fight oxidative stress is 

Table 5  Influencing factor 
analysis of NAFLD in patients 
with type 2 diabetes

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Ca, blood calcium; P, 
blood phosphorus;25(OH)D, 25-hydroxyvitamin D; AST, aspartate aminotransferase; TC, total cholesterol; 
TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; HbAlc, hemoglobin A1c; 
FPG, fasting plasma glucose; BMD, bone mineral density

Index B p value OR 95% CI

Male
  Age (year) 0.045 0.007 1.046 1.012–1.080
  BMI (kg/m2) 0.347 <0.001 1.415 1.286–1.556
  SBP (mmHg) −0.003 0.727 0.997 0.983–1.012
  DBP (mmHg) 0.008 0.484 1.008 0.986–1.031
  Ca (mmol/l) −0.233 0.654 0.792 0.285–2.199
  P (mmol/l) 0.200 0.768 1.221 0.323–4.610
  25-(OH)D (ng/ml) −0.017 0.056 0.984 0.967–1.000
  AST (U/l) 0.050 <0.001 1.051 1.023–1.080
  TC (mmol/l) 0.248 0.047 1.281 1.004–1.635
  HDL-C (mmol/l) −2.175 0.002 0.114 0.030–0.436
  FPG (mmol/l) 0.072 0.067 1.075 0.995–1.161
  Right calcaneus BMD (g/cm2) −4.267 <0.001 0.014 0.002–0.123
  Distal left forearm BMD (g/cm2) 1.849 0.237 6.353 0.297–135.975

Female
  SBP (mmHg) 0.007 0.454 1.007 0.989–1.024
  DBP (mmHg) 0.015 0.356 1.015 0.984–1.047
  Ca (mmol/l) 0.959 0.395 2.608 0.287–23.724
  P (mmol/l) 0.724 0.369 2.063 0.426–9.995
  25-(OH)D (ng/ml) −0.033 0.011 0.968 0.944–0.993
  AST (U/l) 0.002 0.738 1.002 0.991–1.013
  TC (mmol/l) 0.388 0.025 1.474 1.049–2.070
  TG (mmol/l) 0.071 0.738 1.073 0.709–1.624
  HDL-C (mmol/l) −3.296 <0.001 0.037 0.009–0.147
  UA (μmol/l) 0.006 0.007 1.006 1.002–1.010
  HbA1c (%) 0.038 0.695 1.039 0.858–1.258
  FPG (mmol/l) 0.098 0.132 1.103 0.971–1.253
  Right calcaneus BMD (g/cm2) −5.093 0.003 0.006 0.001–0.185
  Distal left forearm BMD (g/cm2) −0.419 0.836 0.658 0.012–35.110

772



International Journal of Diabetes in Developing Countries (December 2022) 42 (4):765–774

1 3

reduced, the number of osteoblasts decreased and the inci-
dence of osteoporosis in the body increased [18].

Chronic inflammation is a major pathological mechanism 
that links NAFLD with osteoporosis. Lipid overload leading 
to cellular lipid toxicity is one of the recognized triggers 
of the inflammatory cascade of hepatocytes [10]. Circulat-
ing TNF-α levels are increased in patients with NAFLD. 
TNF-α may strengthen osteoclast formation and inhibit bone 
formation, thereby stimulating osteoclast formation genes, 
such as interleukin-6, and macrophage colony-stimulating 
factor expression, while inhibiting bone formation-related 
genes, such as the expression of alkaline phosphatase, vita-
min D receptor, and parathyroid hormone receptor. TNF-α 
is negatively correlated with vitamin D levels, thus leading 
to a decrease in BMD [19]. In patients with liver fibrosis, 
osteoclasts and osteoblasts affect bone metabolism through 
bone resorption and bone formation, respectively. TNF-α, 
interleukin-6, and other factors can lead to dysfunction of 
the abovementioned cells, and these inflammatory cytokines 
can enhance the activity of osteoclasts, inhibit the apoptosis 
of osteoclasts, and stimulate the formation of osteoclasts.

In addition, insulin resistance is also one of the major 
risk factors for osteoporosis in NAFLD patients. The accu-
mulation of lipids in the liver is associated with decreased 
insulin sensitivity in liver, bone, muscle, and fat tissues [20]. 
Experimental studies have shown that in rats fed a high-fat 
diet, the development of insulin resistance may reduce the 
proliferation and differentiation of osteoblasts and increase 
the apoptosis of osteoblasts, thus leading to decreased BMD 
of jaw bone [21].

Studies have shown that NAFLD patients tend to show 
damage to the hepatic GH/IGF-1 axis and that bone health 
is associated with the severity and duration of NAFLD. In 
a study of a liver-specific GH receptor gene deletion mouse 
model, chronic hepatic steatosis, local inflammation and 
reduced bone mineral density were found in mice with 
damage to the GH/IGF-1 axis [22]. Hepatogenic IGF-1 pro-
motes long bone growth and is an important factor in bone 
strength. Low levels of serum IGF-1 lead to a reduction in 
bone growth, resulting in elongated and mechanically infe-
rior bone phenotypes. A continuous decrease in IGF-1 levels 
leads to impaired subperiosteal dilation and poor endosteum 
adhesion. A long-term decrease in serum IGF-1 indirectly 
affects bone strength through its effect on the number of 
myeloid progenitor cells [23].

The current study has some limitations. First, liver biopsy 
is currently the gold standard for the diagnosis of NAFLD. 
Due to the great harm to the human body, we used liver 
ultrasound to determine whether patients had NAFLD, this 
procedure may have had a certain diagnostic error. Second, 
this study was a cross-sectional study, and the temporal rela-
tionships between BMD, T2DM, and NAFLD could not be 

determined. Finally, we only screened the BMD of the dis-
tal left forearm and the right calcaneus, which might have 
resulted in biased results.

Conclusion

For male or postmenopausal female T2DM patients with 
NAFLD, the BMD levels of the right calcaneus bone and 
left forearm were lower, and the lower BMD levels were 
more likely to lead to the development of NAFLD. Right 
calcaneus BMD was an independent protective factor for the 
development of NAFLD in male or postmenopausal female 
T2DM patients.
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Abstract
Background Diabetes has become a big concern for a man.
Objective The present study investigated the effects of an 8-week high-intensity interval training (HIIT) and continuous aerobic
training (CAT) on asprosin serum, fibrillin-1 (FBN1) gene expression, insulin, and fasting glucose levels as well as insulin
resistance index in diabetic male rats.
Methods A total number of 48 Wistar male rats were randomly assigned to six groups, i.e., non-diabetic control group, diabetic
control group, non-diabetic CAT group, non-diabetic HIIT group, diabetic CAT group, and diabetic HIIT group. HIIT and CAT
groups performed their own 8-week training protocols, and the rats were anesthetized and killed 48 h after the cessation of the last
training session.
Results The relevant variables in the rats were measured. The Kruskal-Wallis test at a significance level of p < 0.05 was used for
statistical data analysis. It was found that there were significant differences among the levels of asprosin serum (p < 0.001), FBN1
gene expression (p < 0.001), insulin (p < 0.002), and fasting glucose (p < 0.001) as well as insulin resistance indexes (p < 0.001)
of the non-diabetic control group, diabetic control group, non-diabetic HIIT group, non-diabetic CAT group, diabetic HIIT
group, and diabetic CAT group.
Conclusions It seems that diabetes has significant effects on increasing asprosin and FBN1 gene expression levels, while HIIT
and CAT workouts have significant effects on decreasing asprosin and FBN1 gene expression levels. Therefore, both HIIT and
CAT protocols can be utilized as significantly effective strategies for decreasing the levels of asprosin and its upstream gene, i.e.,
FBN1; thus, a combination of both strategies can be regarded as a useful intervention method for treating diabetes.

Keywords Asprosin .Continuousaerobic training(CAT) .Diabetes .Fibrillin-1 (FBN1) .High-intensity interval training(HIIT) .

Insulin resistance

Introduction

Over the past two decades, the world pandemic of diabetes has
grown remarkably. Although both type 1 diabetes and type 2

diabetes are becoming alarmingly common worldwide, it is
expected that the prevalence of type 2 diabetes will rise more
dramatically because of increasing rates of obesity and de-
creased levels of activity among people from all walks of life
across the world [1]. Diabetes mellitus is a group of metabolic
disorders commonly characterized by hyperglycemia [2, 3, 4].
Adipokines are hormones secreted from adipose tissues, and a
number of them, due to altering homeostasis of glucose and
insulin secretion levels, have been established as risk factors
for diabetes [5]. Evidently, decreased levels of adipokines
serve a major role in developing insulin resistance, type 2
diabetes, and metabolic diseases [6]. The presence of insulin
is necessary for the extracellular transmission of glucose into
muscular and adipose cells. Timely synthesis and secretion of
insulin, connection of insulin to its receptors in the cells, and,
finally, permitting glucose to enter into the cells are all
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required so that one remains healthy. In people with diabetes,
however, this mechanism might be disrupted, and, conse-
quently, insulin cannot permit glucose to enter into the cells.
In the wake of such a disruption, the levels of glucose in the
blood rise and, in turn, lead to an increased level of insulin in
the blood [7–9]. Manipulating the secretion of a certain adi-
pokine, having been discovered recently, can help treat type 2
diabetes. This hormone is called “asprosin,” which is synthe-
sized and enters the bloodstream through FBN1 gene expres-
sion. Asprosin can move toward liver cells through the blood
circulation system and make the liver release its glucose into
the blood. In view of the foregoing, it is critical that asprosin
secretion be controlled in people with diabetes, because the
less such a hormone is synthesized and secreted, the less it will
affect the release of glucose from the liver cells [10]. Thus,
investigating effective interventions in the secretion of
adipokines and, thereby, homeostasis of glucose is very im-
portant. Two major influential interventions are sports activi-
ties and diet [11]. Diabetes, being the most common disease
worldwide, poses ever-growing threats to global public health
security, so that the WHO urges all countries across the world
to fight the disease. Diabetes is a metabolic disease where
either enough insulin is not produced or body cells do not
properly respond to insulin [12]. Aerobic, anaerobic, and/or
resistance training programs can help control glucose levels in
people with diabetes by increasing the amount of glucose used
by muscles as an energy source. Some studies revealed that
sports activities, especially tough workouts, could help reduce
hypertension. Therefore, the metabolic stress resulting from
exercising led to the oxidation of carbohydrates during work-
outs and increased levels of oxygen consumption after work-
outs. As a result, the oxidation of fatty acids was increased both
during and after workouts—during the rest time—and it could
enhance insulin tolerance, insulin sensitivity, and reduced levels
of glucose within 2 to 72 h. However, the question regarding
what training protocol has the greatest effect on reducing levels
of glucose, secretion of insulin, and improvement of insulin
sensitivity is yet to be investigated. In view of the foregoing
and relative dearth of studies on asprosin secretion and the gene
responsible for the same (FBN1) in non-diabetic and diabetic
people, the need for conducting studies in this regard is direly
felt [13]. In addition, owing to the positive effects of sports
activities on treating type 2 diabetes, the study of asprosin is
of high importance. To the best of the authors’ knowledge, no
studies have already been conducted on the effects of high-
intensity interval training (HIIT) and continuous aerobic train-
ing (CAT) on FBN1 gene expression and secretion of asprosin.
Hence, due to the high prevalence of type 2 diabetes and its
complications, the present study seeks to find answers to these
questions: Does using a CAT protocol have any effects on
FBN1 gene expression and asprosin secretion levels? Does
using a HIIT protocol have any effects on factors causing type
2 diabetes, including FBN1 gene and asprosin?

Methodology

This field/laboratory study was conducted with the purpose
of investigating the effects of HIIT and CAT protocols on
asprosin and FBN1 gene expression levels in diabetic male
rats. To this end, a total number of 48 2-month Wistar male
rats (with an average weight of 7.59 ± 180.23 g) were pur-
chased from the Center for Breeding Laboratory Animals in
Mashhad University of Medical Sciences (MUMS),
Mashhad, Iran, and they were transferred to the Animal
Laboratory of School of Sport Science in Ferdowsi
University of Mashhad, Mashhad, Iran. Transference of
laboratory animals from one environment to another both
makes them distressed and changes their physiological con-
ditions; hence, they need some time to adapt to the new
conditions. All of the 48 rats used in the current study were
kept under standard conditions (light/dark cycle: 12 h; hu-
midity: 40–50%; and temperature: 20–24°C). In order to
induce diabetes in rats, streptozotocin (STZ) (made in
Germany) was used. Streptozotocin is very sensitive, so
an overly high dosage of the same would kill the rats and
an overly low dosage would not induce diabetes in them.
Therefore, first, each individual rat was weighed; then,
0.5 g of streptozotocin was dissolved in 10 cc of sterile
citrate buffer so that a 50 Mg/Pj solution was prepared.
After that, the solution was kept in an ice bath. Then, an
insulin syringe was prepared for each individual rat based
on its weight (0.1 cc per 100 g of weight). In the next stage,
the rats were injected intraperitoneally with streptozotocin.
In order for them not to die, we used a dextrose injection of
5% instead of water, and in order to confirm diabetes
development in the rats, 4 days after the said injection, the
blood was collected from their tails and their fasting glu-
cose levels were measured with a glucometer. It must be
noted that the level of 250 mg/100 ml was considered as
the indicator of diabetes development. One week after dia-
betes induction to diabetic groups, the animals were ran-
domly assigned to six groups, i.e., non-diabetic control
group (8 rats), diabetic control group (8 rats), non-diabetic
CAT group (8 rats), diabetic CAT group (8 rats), non-
diabetic HIIT group (8 rats), and diabetic HIIT group (8
rats). Once they had developed diabetes, the treatment pro-
tocol was started.

Research protocol implementation method

Familiarization of the rats with HIIT and CAT protocols was
started with 10 training sessions in 2 weeks (each group
followed its own protocol). On the first day of the training
program, the rats were placed on the treadmill with extreme
care and calmness, and they started the training program at a
low and steady pace. During the following sessions, after the
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rats had gotten used to the training program and could perform
it quite well, the speed of the treadmill was increased so that
the rats could become familiar with the protocol. Within 2
weeks, the time of the training was also increased in order that
the rats could reach the actual time predicted for the main part
of the training. After 2 weeks, when we faced no problems in
the training protocols and the familiarization process, the main
part of the training, lasting 8 weeks, was completed.

The 8-week training programs of the HIIT protocol, meant
to maximize the performance of the aerobic system (both ox-
ygen absorption and oxidative capacity), were performed at an
intensity close to VO2max on a treadmill without incline.
Such programs were performed 5 sessions a week, each ses-
sion lasting 2 to 4 min with an active recovery time of 1 to 2
min. In the first week, the training was started with 35%
Vo2max and a speed of 14 m per minute at a low intensity
and 85% Vo2max and a speed of 34 m per minute and the
speed was increased gradually by 1 m per 2 weeks so that it
added up to 18 m per minute and 38 m per minute, respec-
tively, at the end of the 8 weeks.

Method of measuring dependent variables 72 h after the
last training session, the rats were anesthetized by intraperito-
neal injection of ketamine 90mg/kg bodyweight and xylazine
90 mg/kg body weight immediately. It was done with a hep-
arin syringe to prevent clotting, the blood was placed in sodi-
um citrate and centrifuged at 3000 rpm for 10 min to separate
plasma. After blood sampling, tissue sampling was performed
and the tissues were washed with physiological serum and
frozen in liquid nitrogen and stored in a plasma freezer until
− 80 plasma and tissue samples were tested.

1. The Asprosin test was performed using an ELISA kit.
2. For each sample, the threshold cycle (Ct) was deter-

mined in real-time PCR. GAP.DH gene expression
was used as the reference gene expression. The
ΔΔCT−2 method was used to measure the expression
of the FBN1 gene.

3. Glucose concentration was measured by the enzymatic
colorimetric method with glucose oxidase technology
and using the glucose kit of Pars Azmoun Company in
Tehran. The coefficients of changes in glucose inside and
outside the test were 1.74 and 1.19%, respectively, and
the measurement sensitivity was 5 mg/dL.

4. Serum insulin was measured by the ELISA method and
according to the standards of the commercial kit
(Demeditec Diagnostic insulin ELIZA, made in Germany).

5. To evaluate insulin resistance, using fasting insulin and
glucose levels and placing it in the following formula, the
insulin resistance index was measured.

HOMA−R ¼
Fasting Insulin μ

U

ml

� �
x Fasting Glucose

mmol
l

� �

22:5

Finally, the collected data were categorized and described
based on mean and standard deviation. Due to the lack of
assumptions for the parametric test, the Kruskal–Wallis non-
parametric test was used for comparing FBN1 gene expres-
sion, asprosin, insulin, and fasting glucose levels as well as
insulin resistance index meant to compare the groups. Finally,
SPSS statistical software was used for calculations at an alpha
level of 0.05.

Findings

Figure 1 shows the mean body weights of the rats at pretest
and posttest measurements.

The results of Fig. 1 show that the mean weight of rats in
healthy and diabetic control groups increased after 8 h and the
mean weight of trained rats in healthy periodic control groups,
healthy continuum, diabetic periodicity, and diabetic persis-
tence decreased.

According to Table 1, the results of the Kruskal–Wallis test
revealed that the study groups were significantly different in
terms of the variable FBN1. The Mann–Whitney U-test was
used to compare each pair of groups. The findings of the said
test showed that diabetes led to increased FBN1 gene expres-
sion (p < 0.001). This is while the CAT and HIIT protocols
resulted in decreased FBN1 gene expression (p < 0.001) in
both non-diabetic and diabetic rats. Therefore, it was observed
that FBN1 gene expression levels were higher in diabetic rats,
and the CAT and HIIT protocols, both, decreased FBN1 gene
expression levels. On the other hand, the HIIT protocol had
more reducing effects on FBN1 gene expression levels in
diabetic rats as compared to the CAT protocol.

The results of the Kruskal–Wallis test revealed that the
study groups were significantly different in terms of the vari-
able asprosin. The Mann–Whitney U-test was used to com-
pare each pair of groups. The findings of the said test showed
that diabetes led to increased asprosin secretion (p < 0.001).
This is while the CAT and HIIT protocols resulted in de-
creased asprosin secretion (p < 0.001) in both non-diabetic
and diabetic rats. Therefore, it was observed that asprosin
secretion levels were higher in diabetic rats, and the CAT
and HIIT protocols, both, decreased asprosin secretion levels.
On the other hand, the HIIT protocol had more reducing ef-
fects on FBN1 asprosin secretion levels in diabetic rats as
compared to the CAT protocol.

In the light of Kruskal–Wallis test results, presented in
Table 1, it was observed that insulin levels (p < 0.002) were
higher in diabetic rats than in non-diabetic rats, translating into
a reduction of insulin secretion levels as a result of the CAT
and HIIT protocols. On the other hand, the HIIT protocol had
more reducing effects on insulin secretion levels in diabetic
rats as compared to the CAT protocol.
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Furthermore, it was observed that fasting glucose levels
(p < 0.001) were higher in diabetic rats than in non-
diabetic rats and that the CAT and HIIT protocols, both,
resulted in the reduction of fasting glucose levels in both
non-diabetic and diabetic rats. On the other hand, the HIIT
protocol had more reducing effects on fasting glucose
levels in both non-diabetic and diabetic rats as compared
to the CAT protocol.

In the present study, the insulin resistance index (p <
0.001) was higher in diabetic rats than in non-diabetic
rats, and the CAT and HIIT protocols resulted in the
reduction of insulin resistance index in diabetic rats.
Besides, the HIIT protocol had more reducing effects
on insulin resistance index in both non-diabetic and di-
abetic rats as compared to the CAT protocol. Based on
the statistical analysis of the research hypotheses, it was
found that significant differences existed among study
groups; hence, all research hypotheses were rejected.

Discussion and conclusion

Lack of balance among factors secreted from adipose tissues
contributes to the development of metabolic diseases. In the
present study, asprosin secretion, insulin secretion, and fasting
glucose levels as well as insulin resistance indexes were sig-
nificantly different in the non-diabetic control group, diabetic
control group, non-diabetic training group, and diabetic train-
ing group of rats.

Diabetes is a metabolic disease which increases blood glu-
cose levels. The disease is caused by many factors, of which
one is glucose release during fasting states. In diabetic patients
(type 2 diabetes), due to impaired glucose gain from the blood,
the levels of glucose increase, which may in turn lead to phys-
iological and metabolic disorders [14].

Asprosin, being secreted from the adipose cell during
fasting states, is directed toward liver cells through the blood-
stream and makes the liver release glucose into the blood with

Fig. 1 Mean body weights of the
rats used in the present study

Table 1 A comparison of the mean and standard deviation of fibrillin-1 (FBN1) gene expression, asprosin, insulin, fasting glucose levels, and insulin
resistance index in the study groups

Variable Study Groups Kruskal–Wallis test
results

Control
group

Control diabetic
group

CAT group CAT diabetic
group

HITT
group

HITT diabetic
group

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

FBN1 0.00 ± 1.00 0.50 ± 2.95 0.26 ± 1.16 0.41 ± 1.99 0.97 ± 0.97 0.41 ± 1.76 X2 = 38.01,df = 5, p < 0.001

Asprosin 2.53 ± 36.45 7.77 ± 97.51 3.73 ± 29.05 5.28 ± 68.50 1.61 ± 21.67 2.53 ± 59.50 X2 = 45.24 df = 5, p < 0.001

Insulin 0.27 ± 1.96 0.77 ± 2.49 0.19 ± 2.04 0.92 ± 2.30 0.20 ± 2.10 1.92 ± 1.99 X2 = 19.55 df= 5, p < 0.002

Fasting glucose
level

10.05 ± 198.62 28.22 ± 426.50 10.14 ± 179.3 38.12 ± 335.1 9.77 ± 170.62 43.34 ± 319.3 X2 = 42.27, df = 5, p < 0.001

Insulin resistance
index

2.55 ± 17.32 9.63 ± 47.19 1.80 ± 16.24 6.28 ± 34.26 2.05 ± 15.95 6.10 ± 28.25 X2 = 36, df = 5, p < 0.001
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the cAMP signaling pathway. At this time, insulin is secreted
as a reaction to increased glucose levels in the blood.
Therefore, in the present study, we first investigated whether
the rats’ affliction with diabetes could change asprosin levels.

The study found that inducing diabetes in the rats increased
asprosin secretion levels significantly. This finding is very
important, because it is endeavored that blood glucose levels
in fasting states are kept stable and balanced in people with
diabetes. However, asprosin secretion levels were higher in
diabetic rats than in non-diabetic rats. Therefore, controlling
asprosin secretion, or better to say its reduction, is vital for
people with diabetes. In addition, the study showed that the
levels of insulin secretion and fasting glucose were also higher
in diabetic rats than in non-diabetic rats, for which the reason
can, to some extent, be ascribed to higher levels of asprosin in
diabetic rats as compared to non-diabetic ones.

Thus, based on the findings of the study, it can be conclud-
ed that oversecretion of asprosin leads to increased levels of
blood glucose and, consequently, increased levels of insulin
secretion in people with diabetes, because inappropriately
high synthesis and secretion of asprosin in diabetic people
makes the liver release more glucose into the bloodstream.
As a result, the blood glucose level elevates, in response to
which more insulin is secreted. On the other hand, due to the
dysfunction of special glucose transporters on the surface of
muscle cells (GLUT4), glucose cannot enter into muscle cells.
Therefore, physiological and metabolic adjustments, made by
means of exercise and nutrition interventions, are used to help
decrease the synthesis and secretion of asprosin. In line with
this, the effects of HIIT and CAT protocols on asprosin serum
levels, and consequently on insulin and blood glucose levels,
were investigated in the current study. The results indicated
that both HIIT and CAT workouts have significant effects on
decreasing asprosin and blood glucose levels both in non-
diabetic and in diabetic rats. Hence, people with diabetes can
prevent from increased levels of asprosin secretion by per-
forming HIIT and CAT workouts. This will reduce the
amount of glucose entering into their bloodstream during
fasting states. Now, having regards to the positive effects of
both protocols of the study (HIIT and CAT) on the reduction
of asprosin secretion and plasma glucose levels, we may ask
which one of the two protocols are more effective in reducing
asprosin secretion levels. In view of the results of the present
study, the HIIT protocol had more significant effects on re-
ducing both asprosin secretion and plasma glucose levels as
compared to the CAT protocol. Fibrillin-1 is a large glycopro-
tein encoded by the FBN1 gene in humans, and it plays a
remarkable role in adipogenesis. Researchers observed in in-
bred rats that FBN1 gene expression levels are associated with
changes in adipose cell levels. They discovered that FBN1
gene expression is higher in overweight diabetic rats than in
non-diabetic rats with normal weight. Thus, it might be said
that the relation between asprosin and diabetes is to a large

extent related to the upstream gene, i.e., FBN1. Accordingly,
the present study investigated the effects of HIIT and CAT
workouts on FBN1 gene expression in diabetic male rats. The
results revealed that the rats’ affliction with diabetes led to
increased FBN1 gene expression. Consequently, synthesis
and secretion of asprosin increase in response to increase in
this gene expression. In the light of the foregoing, it should be
noted that the main purpose of controlling asprosin secretion
and plasma glucose levels is to decrease FBN1 gene expres-
sion levels. In the present study, it was observed that both
HIIT and CAT workouts can decrease FBN1 gene expression
levels.

Perspective

Since asprosin and FBN1 gene have been recently discovered,
not many studies have been conducted on them. In fact, the
present study is considered the first in the field of sports sci-
ence which examines the effects of two different exercise
methods on asprosin and FBN1. Still, owing to the fact that
there are some other adipokines which function almost simi-
larly to asprosin, further studies are required to compare the
findings of the present study with those of similar ones having
been conducted on hormones secreted from adipose tissues. It
could be said that HIIT workouts have more positive effects
on asprosin and FBN1gene levels in diabetic rats than CAT
workouts. Based on the results of the present study, it seems
that 8-week HIIT and CAT workouts have positive effects on
FBN1 gene expression, asprosin, glucose, and insulin levels
as well as insulin resistance index. Therefore, HIIT and CAT
workouts could be recommended as important strategies for
controlling asprosin and insulin secretion levels, especially
during fasting states. In fact, the use of such strategies needs
to be taken into account as an effective intervention method.
Besides, since both HIIT and CAT protocols proved effective
and positive, it is advisable that both types of workouts be
included in workout plans for people with diabetes. It is sug-
gested that future studies investigate the effects of other train-
ing protocols of varying intensity as well as high-fat and low-
fat diets on asprosin secretion levels and its upstream gene
(i.e., FBN1) in diabetic and non-diabetic rats. In addition, it
is proposed that the effects of sports activities on asprosin
receptors be fully investigated in the course of future studies.
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Abstract
Aims Natural killer (NK) cells are important innate cytotoxic lymphocytes and can contribute to the immune response through
the synthesis and secrete proinflammatory cytokines. In the present study, we assessed and compared the proportion of NK cells
in peripheral blood lymphocytes, various cytokine levels and metabolic parameters in type 2 diabetes mellitus (T2DM), predi-
abetes and normal glucose tolerance (NGT).
Methods Individuals with 57 T2DM, 58 prediabetes and 60 NGT were enrolled. Fasting plasma glucose, 2-h postload glucose,
fructosamine, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein and triglyceride levels were assessed
on an automatic biochemical analyzer. Various cytokine levels in the serum including IL-2, IL-5, IL-6, IL-10, IL-12p70, and
IFN-γwere assessed using ELISA kits. Proportion of NK cells in peripheral blood lymphocytes was assessed by flow cytometry.
Results The proportion of NK in lymphocytes from prediabetes was significantly increased compared with that obtained from
T2DM, while the data was significantly decreased compared with that obtained from NGT. Significant increases in fasting
plasma glucose, postprandial plasma glucose and triglycerides were observed in prediabetes compared with NGT.IL-12p70 level
was significantly lower in prediabetes and T2DM compared with NGT. IL-6 and IFN-γ levels in prediabetes were significantly
lower than those in NGT and T2DM patients, in addition IL-6 level in T2DM patients was significantly higher compared to NGT.
The trend of IL-10 level was opposite to that of IL-6.
Conclusions The decreased proportion of NK cells in peripheral blood lymphocytes following some cytokine levels (IL-12p70,
IL-6,IL-10 and IFN-γ) was likely involved in the development of T2DM and prediabetes.

Keywords Natural killer cells . Cytokines . Prediabetes . Type 2 diabetesmellitus

Introduction

With the rapid economic development and the improvement
of living standards, the incidence of type 2 diabetes mellitus
(T2DM) has also increased rapidly [1]. Recent studies have
shown that low-grade inflammation is involved in the

pathogenesis of patients with T2DM [2, 3]. The chronic in-
flammatory state in diabetes patients might be related to the
impaired immune function [4]. Therefore, the relationship be-
tween the immune system and T2DM pathogenesis has
attracted extensive attention.

Natural killer (NK) cells are important innate cytotoxic
lymphocytes, showing rapid and efficient cytolytic activity
to recognize and kill infected cells [5, 6]. The activation of
NK cells can exert effector functions without the need for
prior exposure to the antigen [6]. They also can contribute to
the immune response through the synthesis and secrete a wide
range of proinflammatory cytokines and directly killing target
cells [7, 8]. Cytokines such as IL-2, IL-6, IL-12, TNF-α and
leukoregulin (LR) have a positive regulatory effect on the
activation and differentiation of NK cells [9]. At the same
time, the levels of IL-5, IL-10, and IFN-γ are related to the
synthesis and secretion of NK cells [7–9].
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At present, contradictory findings on the role of NK cells in
T2DM still exist [10–14]. Some research showed that patients
with T2DM had decreased peripheral NK cells compared to
controls [10, 11]. However, some research have different
views that the levels of NK cells were similar or raised levels
in T2DM compared to controls [12–14]. Thus, the role of NK
cells in modulating T2DM and its associated complications
remains elusive.

In the present study, we assessed and compared the propor-
tion of NK cells in peripheral blood lymphocytes, various
cytokine levels and metabolic parameters in T2DM, prediabe-
tes and normal glucose tolerance (NGT).

Materials and methods

Individuals

The individuals with 57 T2DM, 58 prediabetes and 60 NGT
were enrolled from the First Affiliated Hospital of Nanchang
University from September 2020 to May 2021. T2DM was
defined as fulfilling the American Diabetes Association
(ADA) diagnostic criteria. Prediabetic patients were defined
as those with FPG (fasting plasma glucose) 6.1–7.0 mM,
2hPG (2-h postload glucose) 7.8–11.1 mM [15]. The NGT
group was defined as individuals with FPG <6.1 mM, 2hPG
<7.8 mM.

Following local ethics committee approval, written in-
formed consent was obtained from each individual. Subjects
showing severe microvascular complications, hypertension,
human immunodeficiency virus, splenectomy, immunosup-
pressive therapy after organ transplantation, rheumatic dis-
eases, severe liver or kidney disease or pregnancy were ex-
cluded from the study.

Fasting plasma glucose, 2-h postload glucose,
fructosamine, total cholesterol, low-density lipoprotein cho-
lesterol, high-density lipoprotein cholesterol, and triglyceride
levels were assessed with an automatic biochemical analyzer
(Hitachi 7180, Japan).

Enzyme linked immunosorbent assay

Various cytokine levels in the serum including IL-2
(cat:EK0397), IL-5 (cat:EK0407), IL-6 (cat:EK0410), IL-10
(cat:EK0416), IL-12p70 (cat:EK0421), and IFN-γ
(cat:EK0373) were assessed using specific enzyme linked im-
munosorbent assay (ELISA) kits (Boster, China) according to
the manufacturer’s instructions. Blood samples were centri-
fuged at 1000×g for 15 min at 4°C and supernatants (serum
samples) were stored at −80 °C for later use. All detection
procedures were performed in triplicate wells to guarantee
the accuracy of the results.

Analysis of the proportion of NK cells in peripheral
blood lymphocytes

The peripheral blood was extracted with EDTA anticoagulant
tube on an empty stomach. An antibody cocktail was developed
consisting of anti-CD45 PC7 (cat:200241), anti-CD3 ECD (cat:
200115) and anti-CD56 PE (cat:200067) provided by Becton,
Dickinson and Company (USA) according to the ratio of 1:1:1.
32 μl blood sample and 6 μl antibody cocktail were added and
incubated in dark for 5 min after mixing evenly. After erythro-
cyte lysis, we added phosphate buffer saline (PBS) to execute
the cleaning operation. After three washing steps, the cells were
resuspended in 400 μl PBS and tested them on DxFLEX
cytometer (Beckman Coulter, USA). For each assay, at least
100,000 events were analyzed. To screen for cross-reactivity,
all data were corrected for autofluorescence using isotype-
matched negative controls. Data were analyzed with the
Cytomics CXP software (Beckman Coulter, USA).

Lymphocytes were determined by light forward (FSC) and
side (SSC) scatter labeled with CD45. Lymphocytes were
gated based on low side scatter and bright CD45. These gating
strategies were based on flow cytometric analysis guidelines
by the Centers for Disease Control and Prevention [16]. NK
cells were the type of lymphocytes labeled with CD3 negative
and CD56 positive. Results are reported as percentage of cells
that stained positively for the antibodies of interest.

Statistical analysis

All data are shown as mean ± standard deviation (SD).
Statistical analyses were carried out using the SPSS software
11.5 software. Statistical significance was determined by two-
way analysis of variance (ANOVA). p < 0.05 was considered
statistically significant.

Results

Anthropometric data and serum biochemistry
parameters of the study participants

The baseline characteristics obtained from the three groups are
summarized in Table 1. Significant increases in fasting plasma
glucose, postprandial plasma glucose and triglycerides were
observed in prediabetes compared with NGT (p < 0.05). In
addition, fructosamine and high-density lipoprotein cholester-
ol contents in T2DMpatients were significantly changed com-
pared with those in prediabetes (p < 0.05) (Table 1).

Serum cytokine levels in our study participants

There were no significant differences in the concentrations of
IL-2 and IL-5 among the three groups. IL-12p70 level was
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significantly lower in prediabetes and T2DM compared with
NGT. IL-6 and IFN-γ levels in prediabetes were significantly
lower than those in NGT and T2DM patients, in addition IL-6
level in T2DM patients was significantly higher compared to
NGT. The trend of IL-10 level was opposite to that of IL-6.
The specific results were shown in Table 2.

Proportion of NK cells in peripheral blood
lymphocytes of study participants

Proportion of NK cells in peripheral blood lymphocytes was
assessed by flow cytometry. The proportion of NK in lympho-
cytes from prediabetes (16.89% ± 3.95%) was significantly
increased compared with that obtained from T2DM (11.21%
± 3.06%), while the data from prediabetes was significantly

decreased compared with that obtained from NGT(20.81% ±
4.57%) (p < 0.05) (Fig. 1).

Discussion

Recent research found that T2DM was associated with
low-level inflammatory response, with abnormal activa-
tion of multiple immune cells [3, 4]. Natural killer (NK)
cells are important innate cytotoxic lymphocytes [5, 6].
NK cells as one of the main members of innate immunity,
were closely related to T2DM [14, 17]. On the one hand,
the number and function of NK cells in T2DM patients
showed abnormal [14]. The damage of NK cells in T2DM
patients may be involved in the pathogenesis of obesity,
insulin resistance [18, 19]. On the other hand, NK

Table 1 Anthropometric data and
serum biochemistry parameters of
study participants

Parameter NGT Prediabetes T2DM х2/F value p value

Number (F/M) 60(29/31) 58(29/29) 57(28/29) 0.065 0.912

Weight (kg) 67.23 ± 8.56 66.59 ± 6.38 67.82 ± 8.63 0.053 0.959

Age (years) 46.22 ± 5.67 47.31 ± 5.71 47.23 ± 6.34 0.035 0.948

BMI (kg/m2) 25.07 ± 2.61 25.88 ± 2.93 25.74 ± 2.53 0.061 0.953

WBC (×109/L) 6.48 ± 1.86 6.62 ± 1.93 6.83 ± 2.12 0.381 0.527

NLR 1.58 ± 0.38 1.63 ± 0.42 1.71 ± 0.46 2.468 0.246

FPG (mmol/L) 5.11 ± 0.54 6.53 ± 0.47* 8.29 ± 1.62*# 56.273 0.000

2hPG (mmol/L) 6.67 ± 0.63 9.79 ± 0.86* 13.72 ± 1.41*# 227.293 0.000

FMN (mmol/L) 2.25 ± 0.24 2.50 ± 0.33 2.75 ± 0.49# 9.836 0.000

TG (mmol/L) 1.59 ± 0.19 1.87 ± 0.22* 1.89 ± 0.34* 30.147 0.000

TC (mmol/L) 4.41 ± 0.55 4.47 ± 0.58 4.51 ± 0.61 0.278 0.623

HDL (mmol/L) 1.49 ± 0.17 1.63 ± 0.24 1.33 ± 0.21# 16.273 0.000

LDL (mmol/L) 2.48 ± 0.28 2.52 ± 0.27 2.59 ± 0.31 1.123 0.354

NGT normal glucose tolerance, Prediabetes impaired glucose tolerance and impaired fasting glucose, T2DM type
2 diabetes mellitus

BMI Body Mass Index, NLR Neutrophil to lymphocyte ratio, FPG fasting plasma glucose, 2hPG 2-h postload
glucose, FMN fructosamine, TG triglyceride, TC total cholesterol,HDL high-density lipoprotein cholesterol, LDL
low-density lipoprotein cholesterol
* p < 0.05 compared with NGT; # p < 0.05 compared with Prediabetes

Table 2 Levels of serum
cytokines in study participants Type of cytokines (pg/mL) NGT Prediabetes T2DM F value p value

IL-2 2.23 ± 0.31 2.28 ± 0.36 2.27 ± 0.37 0.483 0.614

IL-5 2.48 ± 0.37 2.54 ± 0.44 2.59 ± 0.43 0.388 0.639

IL-6 3.42 ± 0.47 2.54 ± 0.51* 4.53 ± 0.72*# 66.237 0.000

IL-10 0.47 ± 0.12 1.91 ± 0.23* 0.68 ± 0.23*# 311.226 0.000

IL-12p70 1.74 ± 0.32 1.61 ± 0.26* 1.52 ± 0.25* 4.274 0.028

IFN-γ 19.86 ± 2.61 14.39 ± 2.23* 18.91 ± 2.72# 29.235 0.000

NGT, normal glucose tolerance; Prediabetes impaired glucose tolerance and impaired fasting glucose, T2DM,
type 2 diabetes mellitus
* p < 0.05 compared with NGT; # p < 0.05 compared with Prediabetes
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cells also can secrete inflammatory cytokines for immu-
noregulation to become as a bridge between innate and
adaptive immunity [7, 8], and thereby to participate in
the regulation of low-level inflammatory response.
However, at present, contradictory findings on the role
of NK cells in T2DM still exist [10–14]. These results
showed that the role of NK cells in modulating T2DM
and its associated complications remains elusive. The
present study results demonstrated that a reduced propor-
tion of NK cells in peripheral blood lymphocytes in
T2DM patients compared with the prediabetes who
showed its reduced proportion compared with NGT par-
ticipants. There are two main reasons for the inconsisten-
cy of research reports. First of all, the number of people
participating in existing research on the association be-
tween diabetes and NK cells was small (most research
cases were less than 100) [10–14]. Secondly, the selection
and reporting bias were mainly due to differences (diabe-
tes duration, complications and immune status) in the
population choosing to participate in the survey [10–14].

Previous reports also showed that abnormal lipid metabo-
lism may contribute to impaired pancreatic cells function [20,
21]. Based on these reports, we investigated the correlations of
lipid metabolism parameters among NGT, prediabetes and
T2DM. The results of this study revealed that the triglyceride
concentration was significantly higher in prediabetes and
T2DM patients than in NGT participants, while the

concentration of high-density lipoprotein cholesterol in
T2DM patients was significantly lower than the other two
groups, while the concentrations of total cholesterol and
low-density lipoprotein cholesterol were not significantly dif-
ferent among above groups. The results have similarities and
differences with previous results [20–22] and the bias might
be caused by a small number of study participants.

T2DM is a chronic inflammatory state that may be
mediated by cytokines. Meanwhile, activated NK cells
can synthesize and secrete a variety of cytokines [7, 8].
Therefore, this study also investigated the changes in the
concentration of multiple cytokines in three groups of
study participants. The results showed that the concentra-
tions of IL-12p70, IL-6, IFN-γ, and IL-10 were signifi-
cantly different between the above groups. IL-12p70 level
was significantly lower in prediabetes and T2DM com-
pared with NGT people. IL-6 and IFN-γ levels in predi-
abetes were significantly lower than those in NGT and
T2DM patients, in addition IL-6 level in T2DM patients
was significantly higher compared to NGT. The trend of
IL-10 level was opposite to that of IL-6. There might be
two main reasons for the changes in a variety of cyto-
kines. First of all, the concentrations of cytokines were
related to the immune status to prediabetes and T2DM
[23, 24]. From the results of cytokines, the prediabetes
was in the immunosuppressive state of increased IL-6
level combined with decreased IL-10 level. T2DM stage
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Fig. 1 Proportion of NK cells in peripheral blood lymphocytes. The left
picture was the original image of the NK cells’ proportion in peripheral
blood lymphocytes by the flow cytometer. The right picture was the data
of the NK cells’ proportion in peripheral blood lymphocytes. The results
showed that the proportion value of NK in lymphocytes from prediabetes

was significantly increased compared with that obtained from T2DM,
while the data from prediabetes was significantly decreased compared
with that obtained from NGT. *p < 0.05 vs. the NGT group; #p < 0.05
vs. the prediabetes group; NGT, normal glucose tolerance; T2DM, type 2
diabetes mellitus



was the state of chronic inflammation where IL-6 was
elevated and IL-10 was reduced. Secondly, the concentra-
tions of cytokines were also connected to the numbers and
activation levels of NK cells [7, 8]. The decreased pro-
portion of NK cells in prediabetes may lead to lower the
concentrations of IFN-γ and IL-12p70. Although the pro-
portion of NK cells in T2DM patients also reduced, it
might be due to the activation of NK cells that would
promote the secretion of IFN-γ and IL-12p70, which
would result in their raise. At the same time, this study
found that IL-2 and IL-5 might not be involved in the
pathogenesis of prediabetes and T2DM because their con-
centrations were not significantly different among the
three groups. The enhanced knowledge of the present
study was that NK cells may be associated with T2DM
and some cytokines can play different roles in the patho-
genesis of T2DM and prediabetes. Therefore, decreased
proportion of NK cells in peripheral blood lymphocytes
following some cytokine levels (IL-12p70, IL-6, IL-10,
and IFN-γ) was likely involved in the development of
T2DM and prediabetes. The study may suggest that it is
possible to curb the onset of prediabetes and T2DM by
increasing the activation of NK cells.

The present study had two limitations. First of all, there was
a risk of bias in the study caused by the limitation of small
number at a single hospital. Next, the test item for NK cells
was relatively single and NK cell activity or function tests
should be added to prove the association between NK cells
and T2DM. Multi-site study in the future with more partici-
pants should be done to investigate the relationship. It is also
necessary to determine the relevance between NK cells and
T2DM through changes in NK cell activity or function.

In summary, in this study, our results showed that propor-
tion of NK cells in peripheral blood lymphocytes from T2DM
patients was significantly decreased and these cells might af-
fect some cytokine levels (IL-12p70,IL-6,IL-10 and IFN-γ),
thereby participating in the pathogenesis of diabetes.
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Efficacy of empagliflozin for weight and glycemic control of a patient
with Prader-Willi syndrome, systemic lymphedema and extreme
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Abstract
Case Report A patient with Prader-Willi syndrome (PWS), extreme obesity and hyperglycemia had her body weight increased
considerably for 6 months, even with exercise and diet programs. Treatment with metformin and empagliflozin (12.5 mg/day)
induced a weight loss of 14 kg (−10.3%) for 6 months and the reduction of glycated hemoglobin A1c.

Keywords Prader-Willi syndrome . Obesity,Morbid . Exercise . SGLT-2 inhibitors . Case report

Introduction

Characteristics of Prader-Willi syndrome (PWS) include hy-
perphagia, deficiency of anabolic hormones, small hands and
feet, short stature, diminished lean mass and bone mineral
density, hypogonadism and mild intellectual disabilities [1,
2]. Empagliflozin, a sodium-glucose cotransporter 2 (SGLT-
2) inhibitor, may benefit glycemic control and weight loss [3].
Moreover, regular exercise has been linked to increased max-
imum oxygen uptake andmuscle strength in PWS patients [4].

Special attention needs to be paid regarding lymphedema,
which may be masked by the prevailing increase of body fat
linked to obesity in PWS patients. Lymphedema is character-
ized by excessive accumulation of interstitial protein-rich fluid
due to an impaired transport or drainage of lymph [1]. Also,
the abnormal swelling of tissues is connected with chronic
inflammation, infections, and even angiosarcoma in some
cases [5]. In this case study, we report a patient with PWS,

systemic lymphedema and extreme obesity whose weight and
glycemic control were significantly improved following em-
pagliflozin therapy.

Case report

At the age of 23 years and 9 months, a patient was referred by
the physician nutrition specialist to a physical exercise–based
outpatient service due to progressive weight gain, even in the
presence of a controlled diet. Her gradually increasing and
persistent feeling of heaviness and swelling in both legs had
started approximately 2 years earlier (Fig. 1).

The Brazilian patient was delivered by cesarean section
associated with acute fetal distress at 32nd week, with a birth
weight of 2,140 g. Shortly after birth, hypotonia was ob-
served. She had a global development delay and walked inde-
pendently at 4 years of age, when PWS was confirmed
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through the fluorescence in situ hybridization technique. Her
further medical history revealed short stature, small hands and
feet, mild intellectual disability, severe kyphoscoliosis, skin
picking and menarche at age 22. There was no previous his-
tory of filariasis, cancer, trauma, leg surgery, underlying sys-
temic diseases or erysipelas. Family history includes cancer
and cardiovascular problems, but not skin disease or lymph-
edema.Manual lymphatic drainage and the use of elastic com-
pression stockings were initiated when patient was 21 years
old and did not improve lower limb edema. Last year, due to
severe worsening of the edema, the stockings did not fit any-
more. Regarding physical activities history, she used to swim
during childhood, and during the following years up to 5 years
ago she worked out at the gym. In an attempt to reduce edema,
the patient reported sleeping with feet up.

The patient presented an extreme obesity status (BMI: 62
kg/m2) with lymphedema (nonpitting) mainly of the lower
limbs (extensive soft tissue induration), but also of belly and
arms. The patient was taking the following drugs: metformin
1,000 mg/day, levothyroxine sodium 50 mcg/day, cholecal-
ciferol 14,000 IU/week, paroxetine 20 mg/day.

An individual and supervised exercise program was per-
formed, twice a week. The program consisted of free-weight
and exercises with elastic bands, up and down stairs, and
exercises with balls of different sizes. Each exercise session
lasted 45–50 min, and heart rate and oxygen saturation were

measured before and after each exercise session. No adverse
events were reported; the patient presented high adherence
and was excited with the exercises program. Twomonths after
starting exercises, liraglutide (1.2 mg/day), a glucagon-like
peptide-1 analog (GLP-1), was prescribed. This drug caused
a transient and relatively small weight reduction (Fig. 2), but
was discontinued after 2 months due to the relatively high cost
and little efficacy on glucose levels and weight loss in this
patient.

Exercise program was interrupted with 6 months of dura-
tion due to elective hospitalization for a hospital-based super-
vised intervention to reduce weight gain, control glycemic
levels and evaluate for obstructive sleep apnea syndrome
(OSAS). So, at the age of 24 years and 3 months, she was
hospitalized. Upon admission, empagliflozin (12.5 mg/day)
was initiated. She received a restricted diet of 1,000 kcal/day
+ 140 g protein and lost a total of 2.8 kg during 5 days of
hospitalization. She was discharged due to the outbreak of
coronavirus disease 2019. At hospital discharge, a hypocaloric
and hyperproteic diet (1,300 kcal + 113 g protein/day) was
prescribed.

When administered only with metformin (1,000 mg/
day) for glycemic control, empagliflozin (12.5 mg/day)
induced a weight loss of 14 kg (−10.3%) for 6 months
(Fig. 2). Moreover, glycated hemoglobin A1c (HbA1c)
levels changed from 7.9 to 6.5% some months after

Fig. 1 Front view of the legs in a
patient with Prader-Willi
syndrome and lymphedema
seated in a chair
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utilizing empagliflozin. Polysomnography (PSG) was per-
formed and confirmed severe OSAS. A second PSG for
continuous positive airway pressure titration was perform-
ed and CPAP therapy was prescribed, although she is not
yet using the device.

Discussion

The progression of obesity is associated with impaired cuta-
neous lymphatic collecting vessel pumping rate, lymphatic
leakiness and macromolecule clearance. The prevalence of
lymphedema ranges from 49 to 63% in PWS [6, 7].
Recently, liraglutide treatment (0.9 mg/day) did not reduce
body weight [3],3 while this GLP-1 analog (0.6→1.2 mg/
day) stimulated weight reduction in another PWS patient [8].
In our study, liraglutide (1.2 mg/day) provided a transient
weight reduction. However, when added to metformin treat-
ment (up to 1,750 mg/day), empagliflozin (10 mg/day) caused
a weight loss of approximately 5.5 kg (−7.4%) for 5 months
(average monthly loss of 1.1 kg) in a recent study [3]. In our
case report, when administered only with metformin (1,000
mg/day), empagliflozin (12.5 mg/day) induced a weight loss
of 14 kg (−10.3%) for 6 months (average monthly loss of 2.3
kg). Noteworthy, the absolute body weight of our patient be-
fore empagliflozin therapy was 136 kg, much greater than
those observed in similar case reports with PWS patients [3,
9]. In this regard, empagliflozin presents protector role against
cardiovascular and renal events [10].

SGLT-2 inhibitors reduce glycemia and body weight
by inhibiting glucose absorption and transportation in
the kidney [3]. We believe that the diuretic effects of this
drug could, at least in part, have helped in weight reduc-
tion by lymphedema improvement. Although liraglutide
induced a transient weight reduction, we concluded that

the later observed weight loss was specifically due to
empagliflozin administration. Taken together, these find-
ings indicate empagliflozin drug as a suitable approach is
an add-on drug to metformin for treating diabetic patients
with PWS, although the results of our single case report
should be extrapolated with caution.
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LETTER TO THE EDITOR

Arterial systolic and diastolic blood pressure are not associated
with HbA1c levels but arterial systolic blood pressure alone
associated with 1-h postchallenge glucose levels
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To the Editor:
In a previous cross-sectional study involving subjects with

normal glucose tolerance (NGT), we reported a positive cor-
relation between brachial–ankle pulse wave velocity
(baPWV; ameasure of arterial stiffness) and 1-h postchallenge
glucose (1-h PG) [1]. Moreover, the subpopulation of NGT
subjects defined by 1-h PG ≥183 mg/dL (corresponding to
impaired glucose tolerance) exhibited arterial stiffness, as ev-
idenced by higher baPWV values, despite fasting plasma glu-
cose (FPG) and 2-h PG levels being within the normal range
[2]. NGT subjects who have converted to higher 1-h PG levels
from a normal 1-h PG range will develop arterial stiffness [3].
As arterial stiffness is one of the risk factors for elevated arte-
rial blood pressure [4], we hypothesized that not plasma glu-
cose control but 1-h PG level correlates with arterial blood
pressure.

To address this issue, we conducted a clinical study on
4051 subjects (3019 men, 1032 women; aged 58.8 ± 9.6
years) who underwent a comprehensive medical checkup at
Kiryu Kosei General Hospital during 2008–2018. Study sub-
jects stayed in our hospital on day 1 and were requested to
remain in a fasted state overnight (for 12 h). After arterial
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were assessed, blood samples were drawn at 8:00 the

next morning and 1 h and 2 h after oral administration of 75-g
glucose as 75g OGTT on day 2. These individuals had NGT
and normal range of arterial blood pressure. All statistical data
were analyzed using the SPSS software (version 10.0, SPSS
Inc., Chicago, IL, USA). All numerical values are expressed
as means ± SD. Dunnett’s test was used for the multiple com-
parisons of variables. Continuous variables were compared by
group using the analysis of variance and Wilcoxon rank-sum
test for nonnormally distributed data. To estimate the linear
correlation between variables, we calculated Pearson’s corre-
lation coefficients. All tests for significance and the resulting
p values were two-sided, with a level of significance set at 5%.

Mean values were as follows: body mass index (BMI) 23.2
± 3.1 kg/m2, SBP 122.9 ± 14.7 mmHg, DBP 76.1 ± 9.7
mmHg, total cholesterol (T-Chol) 201.4 ± 32.1 mg/dL, and
triglycerides (TG) 120.2 ± 75.5 mg/dL. The FPG level was
101.6 ± 21.3 mg/dL, 1-h PG level was 152.5 ± 47.4 mg/dL,
2-h PG level was 123.8 ± 36.9 mg/dL, and glycated hemoglo-
bin (HbA1c) level was 5.7% ± 0.65%.

Table 1 shows that SBP did not correlate with FPG and
HbA1c levels but weakly correlated with 1- and 2-h PG levels.
However, DBP did not correlate with FPG, HbA1c, and 1-h
PG levels but weakly correlated with 2-h PG levels. On the
other hand, sex, BMI, T-Chol, and TG did not correlate with
FPG, 1-h PG, 2-h PG, and HbA1c. Table 2 shows the regres-
sion coefficients of the univariate linear regression analysis
between SBP and 1-h PG (r = 0.230) and 2-h PG (r =
0.230), respectively, and between DPB and 2-h PG (r =
0.200). Figure 1 illustrates the regression coefficients of the
univariate linear regression analysis between SBP and 1-h PG
and 2-h PG, respectively. Figure 2 illustrated the regression
coefficients of the univariate linear regression analysis be-
tween DBP and 2-h PG.

These results indicated that plasma glucose control does
not correlate with arterial blood pressure. Although SBP and
DBP weakly associated with 2-h PG levels, only SBP weakly
correlated with 1-h PG levels. Taken together, among subjects

* Shuichi Okada
okadash1823@gmail.com

1 Kiryu Kosei General Hospital, 6-3 Orihime-chou, Kiryu 376-0024,
Japan

2 Omagari Kosei Medical Center, 8-65 Omagaritori-machi, Daisen,
Akita 014-0027, Japan

3 Department of Medicine, Division of Endocrinology, Albert Einstein
College of Medicine, 1301 Morris Park Ave., Price 369,
Bronx, NY 10461, USA

4 Hidaka Hospital, 886 Nakao-machi, Takasaki, Gunma 370-0001,
Japan

International Journal of Diabetes in Developing Countries (December 2022) 42 (4):791–793
https://doi.org/10.1007/s13410-022-01075-2



Table 1 Analysis of multiple comparisons for factors affecting FPG,
1-h PG, 2-h PG, and HbA1c. SBP and DBP are independently associated
with 2-h PG levels, and only SBP is independently correlated with 1-h PG
levels. BMI body mass index, T-Chol total cholesterol, TG triglyceride,

SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting
plasma glucose, 1-h PG 60-min (1-h) postchallenge plasma glucose, 2-h
PG 120-min (2-h) postchallenge plasma glucose, HbA1c glycated
hemoglobin, CI confidence interval

Table 2 Multiple regression analysis of the relationship between SBP
and 1-h PG, between SBP and 2-h PG, and between DPB and 2-h PG.
SBP and DBP weakly associated with 2-h PG levels. SBP weakly

correlated with 1-h PG levels. SBP systolic blood pressure, DBP
diastolic blood pressure, CI confidence interval

Correlation between SBP and 1-h PG level

r 95% CI

SBP 0.230 -0.061 ~ 0.080

Correlation between SBP and 2-h PG level

r 95% CI

SBP 0.230 0.082 ~ 0.107

DBP 0.200 0.045 ~ 0.062
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with NGT and normal range of arterial blood pressure, not
DBP but SBP weakly associated with 1-h PG levels.
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Fig. 1 The analysis of correlation between systolic blood pressure (SBP)
and 1-h PG and between SBP and 2-h PG levels. The analysis of
correlation between SBP and 1-h PG, and 2-h PG levels is presented.
The left figure represents the correlation between SBP and 1-h PG. The

right figure represents the correlation between SBP and 2-h PG. 1-h PG:
60-min (1-h) postchallenge plasma glucose. 2-h PG: 120-min (2-h)
postchallenge plasma glucose

Fig. 2 The analysis of correlation
between diastolic blood pressure
(DBP) and 2-h PG levels. The
analysis of correlation between
DBP and 2-h PG levels is
presented. 2-h PG: 120-min (2-h)
postchallenge plasma glucose
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