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EDITORIAL

Hyperinsulenemia, Obesity, and T2 Diabetes: A continuum

Rajeev Chawla1

© The Author(s), under exclusive licence to Research Society for Study of Diabetes in India 2023

Insulin, an anabolic peptide hormone, is known to have a key 
role in carbohydrate, lipid, and fat metabolism. It has effects 
on almost every organ in the body, including adipose tissue, 
liver, muscle, brain, bone [1], kidneys [2], and vasculature 
[3]. A variety of mechanisms regulate insulin concentrations 
by affecting insulin clearance and secretion, through coor-
dinated signals from the hypothalamic–pituitary–adrenal 
(HPA) axis, the liver–pancreas axis, the entero–osseous axis, 
and the bone–pancreas axis [4]. Hyperinsulinemia refers to 
chronically elevated insulin concentration without hypogly-
cemia, seen commonly in obese individuals as well as those 
with related metabolic disorders, due to dysregulation of 
insulin secretion and/or insulin clearance. A rise in fasting 
insulin levels is seen as an individual progresses from nor-
mal glucose tolerance to impaired glucose tolerance (IGT) 
to T2DM [5]. Obese subjects without diabetes or hyperten-
sion show an increased prevalence of hyperinsulinemia and 
insulin hypersecretion than insulin resistance [6] and hence 
in such subjects’ hyperinsulinemia may rather precede and 
contribute to insulin resistance. Furthermore, cohort studies 
have demonstrated that individuals having similar degrees 
of insulin sensitivity may exhibit a wide range of insulin 
secretion.

The euglycemic glucose clamp (EGC) and oral glu-
cose tolerance test (OGTT), both are important tools for 
the assessment of insulin clearance. Hyperinsulinemia is 
associated with both obesity and insulin resistance [7] and 
can result from increased insulin secretory capacity and/or 
reduced insulin clearance. Hyperinsulinemia, especially the 
insulin levels at 30 min during the OGTT, has demonstrated 
a causal relationship with obesity.

Prakash SS in his Letter to Editor “Hyperinsulinemia, 
obesity, and diabetes mellitus” published in this issue 
explored the difference in insulin resistance in obese and 
lean individuals. He diligently eluded that obese individuals 

demonstrate insulin resistance in the adipose tissue result-
ing in increased lipolysis and lipotoxicity in other tissues 
including muscle and liver [8, 9]. On the other hand, the pro-
gression of disease in the lean individuals could be driven 
by insulin resistance in the liver leading to inefficient insu-
lin clearance and muscle insulin resistance. The difference 
between insulin resistance in the liver/muscles and that in 
adipose tissue could be related to the increased “capacity” of 
liver and muscle tissues to handle glucose and the increased 
“capability” of adipose tissue to efficiently store glucose as 
fat in the context of the whole-body glucose metabolism [9]. 
Based on these observations, it can be concluded that hyper-
insulinemia in obese individuals could be due to increased 
insulin secretion to compensate for the adipose tissue insulin 
resistance, ultimately leading to β-cell failure and reduced 
insulin secretion, whereas in non-obese lean individuals, 
hyperinsulinemia could be due to reduced insulin clearance 
secondary to insulin resistance in the liver [8, 10–12].

Hence, the author summarises that in obese T2DM 
individuals, the main pathogenic mechanism could be the 
decrease in insulin secretory capacity, while in non-obese 
individuals, a reduction in insulin clearance leading to 
hyperinsulinemia is likely to play a major role in the patho-
genesis of T2DM. This hypothesis that the onset of adipose 
insulin resistance in obese individuals and hepatic insulin 
resistance in non-obese individuals could be the critical 
events in the progression of NGT and IGT to T2DM lays 
grounds for future studies exploring these effects in both 
obese as well as non-obese subjects with or without diabetes.

The study by Vinay Kumar and Sudha Vidyasagar “Asso-
ciation of serum osteocalcin with beta cell function, insulin 
resistance and glycemic parameters in south Indian type 
2 diabetic subjects” published in this issue has explored 
osteocalcin (OC), also known as bone Gla (gamma-carbox-
yglutamic acid) protein, which is a marker of bone forma-
tion, also currently purported to have a role in glucose and 
fat metabolism. This study looks at an association of this 
osteokine with parameters of glucose metabolism in Indian 
subjects, suggesting a possible role of OC in the pathogen-
esis of diabetes.

* Rajeev Chawla 
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1 North Delhi Diabetes Centre, Delhi, India
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Reduction in serum OC levels was demonstrated with an 
increase in insulin resistance (HOMA-IR); however, beta 
cell function did not show any relationship with OC levels. 
OC levels further showed a statistically insignificant nega-
tive association with FPG levels. Glycated haemoglobin 
(HbA1c) levels were shown to be significantly reduced in 
diabetic patients with higher serum OC levels. This study 
concluded that serum OC was significantly associated with 
insulin resistance and HbA1c in subjects with T2DM, sug-
gesting a possible role of serum OC in glucose metabo-
lism in T2DM. This study adds another perspective to our 
understanding of the complex mechanisms involving insulin 
resistance and opens vistas for future studies looking at the 
link between bone markers and glucose homeostasis.

The study by Sevil Karahan Yılmaz et al. “Comparison of 
Inflammation-Related Hematologic Indices For Predicting 
Metabolic Syndrome in Adults” published in this issue evalu-
ated different hematologic indices (neutrophil/lymphocyte 
ratio (NLR), platelet/lymphocyte ratio (PLR), lymphocyte/
monocyte ratio (LMR), lymphocyte/high-density lipoprotein 
to cholesterol ratio (LHR), neutrophil/high-density lipopro-
tein to cholesterol ratio (NHR), and monocyte/high-density 
lipoprotein to cholesterol ratio (MHR) associated with 
inflammation in predicting metabolic syndrome in adults. 
This study concluded that the NHR index is a strong predic-
tor of metabolic syndrome. In men, the NHR index is a better 
predictor of metabolic syndrome than the LHR index, and in 
women, the NHR index is better than both LHR and LMR.

Hyperinsulinemia is commonly associated with obesity, 
metabolic syndrome, and the early stage of T2DM. There 
is a need for larger long-term studies to further test the role 
of hyperinsulinemia as a key driving force in these condi-
tions and to determine its net contribution, which is most 
likely to be context-dependent. The traditional paradigm, 
where hyperinsulinemia was considered to be an adaptation 
to obesity-induced insulin resistance seems to be changing 
with mounting evidence showing that hyperinsulinemia can 
precede and eventually cause obesity and insulin resistance.

Summing up, while insulin is an anabolic peptide hor-
mone essential for maintaining normal life and metabolism, 
the negative consequences of hyperinsulinemia in causation 
as well as contribution to conditions such as obesity and 
T2DM shed light on the importance of keeping insulin levels 
within a healthy target range. Lifestyle interventions or ther-
apeutics with mild insulin-suppressing actions can provide 

new opportunities to prevent and treat certain disorders like 
obesity, chronic inflammation, and cancers that have been 
found to be associated with hyperinsulinemia.
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Abstract
Background Non-communicable diseases are the most serious public health threat of the twenty-first century. Diabetes is 
becoming a major public health issue worldwide and is associated with a slew of potentially fatal comorbidities.
Aim Based on the available literature, our systematic review and meta-analysis aimed to understand the prevalence of dia-
betes mellitus in the Indian tribal community.
Materials and methods Following PRISMA guidelines, studies reporting the prevalence of diabetes mellitus among tribes 
in India were retrieved by independent investigators who electronically conducted a literature search by exploiting searches 
conducted in PubMed, Science Direct, and Google Scholar. We estimated pooled prevalence with 95% confidence intervals 
using the R Studio statistical tool in a random-effects model. This review includes twenty-three studies from 2000 to 2020 
conducted in all five regions of India.
Results The pooled prevalence rate across the twenty-three studies of 35,985 participants was 6% (95% confidence intervals 
[CI] = 5–7%). High heterogeneity was observed in prevalence estimates. The prevalence of diabetes mellitus in different 
subgroups ranged from 4% (95% CI = 0.00, 0.05%) to 10% (95% CI = 0.00, 0.19) (North, 5%; South, 5%; East, 10%; West, 
4%; and Central, 7%).
Conclusion As a result, concentrated efforts aimed at filling awareness gaps as well as operational research or other data 
gaps would aid in the prevention and control of diabetes, as well as filling these gaps in tribal areas.

Keywords Diabetes mellitus · Prevalence · Tribal population · Non-communicable diseases · Systemic review

Introduction

A tribe is an endogamous social group with no functional 
specializations, ruled by hereditary or non-hereditary tribal 
officers, united in language or dialect, and assuming social 
distance and association with other tribes or clans but with-
out any accompanying discrimination in the case of caste 
structures, adherence to traditions, beliefs, and customs, and 

anti-naturalization ideas from external sources. Tribal com-
munities account for nearly 8.6% of the Indian population 
[1]. As a result, they make up a significant portion of our 
population. However, despite its large number, it has been 
largely ignored by policymakers. Modernization affected 
each group, increasing conflicts with sedentary villagers, 
who no longer seemed to have a symbiotic relationship.

The elderly of the tribes lived in their traditional way of 
life and living. Scheduled tribes have long relied on tradi-
tional methods of food preparation. Personal health care was 
primarily based on local and traditional healing patterns. 
Access to their health care facilities was poor due to issues 
of distance, language, and discrimination [2]. But due to 
globalization, people have been upgraded to their lifestyle 
by adapting semi-urban and semi-rural, leading to several 
lifestyle diseases.

Furthermore, the value of their occupation had decreased 
as a result of changing times. Tribal people were increas-
ingly looking for work in labour markets or on construction 
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sites [3]. Their lifestyle and dietary habits have changed 
as a result of modernization. Those populations have also 
seen their livelihoods and lifestyles adjusted as they have no 
longer previous employment and lifestyle.

Diabetes is a dangerous and prolonged disease that affects 
the lives and well-being of individuals, families, and socie-
ties worldwide. It is one of the top ten causes of death in 
adults, accounting for four million deaths globally in 2017. 
The global health costs associated with diabetes are esti-
mated at $727 billion in 2017 [4]. Diabetes mellitus is one 
of the leading causes of heart attack, blindness, lower limb 
amputation, kidney failure, stroke, and other CVD diseases. 
The WHO also reports that diabetes directly causes 1.6 mil-
lion deaths, almost half of all deaths from hyperglycemia 
before the age of seventy [5].

According to the World Health Organization, diabetes 
is increasing at a rate of approximately 6% per year, and it 
is predicted that by 2030, there will be 9.4 million people 
with diabetes in the world. Diabetes is the biggest problem 
in India and the world, with a 35% increase in mortality, 
according to a survey of the industrial population in India 
[6]. The prevalence of diabetes is already increasing at both 
rural and urban levels [7, 8].

Recent epidemiological evidence shows a similar or even 
greater vulnerability of persons of the lower socio-economic 
groups in India to diabetes. [9–11]. Family history is a strong 
risk factor for developing diabetes mellitus; for people who 
have an affected parent, the lifetime risk is about 40% and is 
about 70% when both parents are affected [12].

The overall prevalence of diabetes mellitus in India is 
estimated to be around 7.3%, with higher rates in cities 
(11.2%) and rural regions (5.2%) [13]. Numerous studies 
show that diabetes is becoming a major health issue in India. 
Diabetes is becoming more prevalent in both rural and tribal 
areas. Type 2 diabetes management in India is a unique and 
complex health concern, where it is more expensive than 
industrialized countries but might be concealed by weak 
reporting and significantly fewer diabetic registers. Clinical 
lethargy, poor adherence to medicinal products, and inad-
equate awareness of disease are critical hurdles for reaching 
glycemic objectives, especially in the real clinical world [8]. 
This systematic review and meta-analysis estimate the over-
all prevalence of diabetes among Indian tribes.

Methods

Our systematic review and meta-analysis followed the “Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis” (PRISMA) guidelines. A systematic literature 
search was carried in three scientific databases, suitable 
studies were extracted, and the methodology was evalu-
ated using the Newcastle–Ottawa scale (NOS) checklist. A 

meta-analysis was used to compile the findings. The protocol 
has been registered with the PROSPERO (registration num-
ber CRD42021257645) international prospective registry of 
systematic reviews.

Search strategy

Using electronic methods, two authors (SC and LA) inde-
pendently performed systematic searches. Electronic 
searches were conducted using PUBMED, Scopus, and 
Google Scholar. We used search strategies such as Medi-
cal Subject Headings (MeSH) and keywords such as diabe-
tes, insulin dependence, impaired fasting glucose, impaired 
glucose tolerance, insulin dependence, metabolic syndrome, 
diabetes complications, prevalence, population studies, 
study-level community, tribe, and ethnicity group, Indig-
enous Peoples, India, with English as a language restriction.

Inclusion and exclusion of studies

The study was included only to account for the prevalence 
of diabetes among tribes in India. Only studies with par-
ticipants whose blood sugar was measured were included. 
The self-reporting of participants has been excluded. Stud-
ies published in English were selected. Studies published 
between January 2000 and December 2020 were considered. 
It includes cross-sectional studies, prospective or retrospec-
tive studies, case–control studies, and clinical studies, with 
no additional age limits for tribal populations was added. 
We screened the titles and abstracts to find papers that were 
relevant. After this screening process, we looked over the 
abstracts of the papers. The results of twenty-three of them 
are summarized in Table 1. The study excluded review arti-
cles, conference abstracts, and case studies.

Study screening and study selection

During the first stage, the titles and abstracts of all articles 
discovered were individually reviewed by two authors (SC 
and LA) in accordance with the inclusion criteria. Based 
on the inclusion criteria, the full texts of eligible studies 
were reviewed further. For this course, relevant studies were 
chosen.

Quality assessment

The Newcastle–Ottawa scale was used to assess the meth-
odological quality of observational studies (NOS). To assess 
the risk of bias, two authors assessed independently. Three 
characteristics were investigated using NOS checklists (SC 
and LA) (i.e. selection, comparability, and outcome). There 
are two versions of the checklist for evaluating cross-sec-
tional studies (eight components) and case–control studies 
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(eight components). As a result, each study receives a max-
imum quality score of eight. Studies with less than three 
points are ranked as high-risk bias, studies with less than 
five points are ranged as medium risk of bias, and studies 
with more than five points are ordered as low risk of bias.

Data extraction

Pre-designed forms have been created to extract data from 
related studies. Each study was assigned a unique identifi-
cation number, and the following descriptive information 
was collected: about authors, including year of publication, 
region, tribe type, duration, study design, sex of study partici-
pants, sample size, and prevalence of diabetes. Two review-
ers (SC and LA) worked independently on study selection, 
quality assessment, and data extraction. The controversy was 
resolved through discussion with the third author (BP).

Data analysis

With the final set of studies, we performed a meta-analysis 
using the R software (R Foundation for Statistical Comput-
ing, Vienna, Austria). The random-effects model was used 
due to the anticipated heterogeneity. The final data were 
reported as pooled prevalence with a 95% confidence inter-
val (CI) for outcomes such as the prevalence of diabetes 
mellitus. A forest plot was used to represent the estimated 
pooled prevalence, and a funnel plot was used to evaluate 
and visually represent publication bias. We also used Egg-
er’s test to determine the asymmetry of the plot. p values 
of < 0.10 were considered statistically significant in terms 
of publication bias.

Heterogeneity was assessed by chi-square of heterogene-
ity and I2 statistic. p value less than 0.10 in the chi-square 
test indicates significant heterogeneity, while I2 value was 
used to quantify the heterogeneity using the following cri-
teria: less than 25% = mild heterogeneity, 25–75% = moder-
ate heterogeneity, and>75%=substantial heterogeneity. We 
conducted a subgroup analysis based on the geographical 
regions in India (North, South, East, West, Central). We also 
performed a sensitivity analysis for indicating influential 
studies in our review (Table 2).

Overview of studies

Study selection process

We found 261 studies through the systematic literature 
search (PubMed, Science Direct, Google scholar), and after 
removing duplicates, 131 records were screened during the 
primary screening stage. We deemed 48 of those studies 
relevant for the full-text retrieval. Twenty-three studies met Ta
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the eligibility criteria during the second screening stage, and 
25 studies were excluded, and the reason for the exclusion 
was provided in the PRISMA flowchart (Fig. 1).

Characteristics of studies included

The characteristics of the included studies are listed in 
Table 1. Overall, 35,985 individuals have been recruited in 
23 studies. In terms of study design, 22 studies were cross-
sectional, and one was case–control. In terms of quality, all 
the studies had a low risk to unclear risk of bias, and all the 
studies satisfied the criteria to be a high-quality study.

Prevalence of diabetes mellitus rate

Over the course of 23 studies, a total of 35,985 people were 
examined. The pooled prevalence of diabetes mellitus rate 
in India was 6.00% (95% CI, 5.00–7.00%) (Fig. 2). However, 
heterogeneity was substantial (I2 = 98%; chi-square test for 
heterogeneity=p<0.001). The funnel plot (Fig. 3) of pooled 
prevalence rates did not show any significant evidence of 

publication bias. However, Egger’s (p<0.0001) and Harbord 
(p= 0.0002) tests revealed publication bias. Subgroup anal-
ysis was conducted based on regions (North, South, East, 
West, Central) in India. The estimated pooled prevalence 
rate in East India was 10% (95% CI, 0–19%); it was 7% (95% 
CI, 0–9%) in Central India, it was 5% (95% CI, 0–10%) in 
North India, it was 5% (95% CI, 0–7%) in South India, and it 
was 4% (0–5%) in West India. Hence, the pooled prevalence 
of diabetes mellitus is higher in eastern India and lower in 
western India (Fig. 4). A sensitivity analysis was performed 
excluding one study at a time in order to assess the robust-
ness of the observed outcomes. The overall estimates were 
ranged from 5% (95% CI, 4–6%) to 6% (95% CI, 5–9%) 
which is not overlapping actual findings of summary effect 
measure (6.00% (95% CI, 5.00–7.00%).

Discussion

The ongoing demographic and epidemiological transition 
has changed the healthcare needs of the people globally. 
Infectious diseases are rapidly losing ground to non-commu-
nicable diseases as the leading cause of disability and death.

In the current review, the burden of diabetes mellitus 
among Indian tribals was estimated. Twenty-three studies 
in a span of 20 years have shown that chronic illness of 
diabetes is a neglected problem in the tribal population. In 
a country with over a billion people, about 8% of whom are 
tribal, the prevalence of diabetes in tribal communities has 
been estimated at 6%, implying that more than four mil-
lion people are affected by diabetes. A systematic review 
of diabetes in the tribal population by Upadhyay et al. [37] 
diabetes was found to be prevalent in 5.9% between 2000 
and 2011, similar to our present results, indicating a secular 
trend of diabetes among the tribes.

In India, there is a disparity within the country, with the 
prevalence of diabetes mellitus ranging from 5.9 to 12.1% in 
urban areas (North, 8.6% to 11.6%; South, 13.5% to 19.5%) 
[38], which is higher than our study findings 6% (North, 5%; 
South, 5%; East, 10%; West, 4%; and Central, 7%).

The prevalence of diabetes mellitus in this review of the 
tribal population is a significantly lower prevalence of dia-
betes at 6% comparing to a national prevalence of 7.3% [39]. 
The tribal population of other countries like Sudan, Taiwan, 
and the United Arab Emirates have seen an increase in the 
prevalence of diabetes, and metabolic syndrome has been 
discovered in the population [40–42].

The major risk factors for diabetes include economic 
boom, sedentary lifestyle, sophistication, and environmen-
tal factors. The association between low-level education 
and diabetes was statistically significant, with some studies 
showing the highest prevalence among illiterate individuals 
[43]. There was also a statistically significant association 

Table 2   Sensitivity analysis of included studies

Omitted studies Summary effect size

R P Agrawal et al 6% (5–8%)
Sobhanjan Sarkar et al 5% (4–6%)
Lau et al 6% (5–7%)
Satwanti Kapoor et al 6% (5–7%)
Bandana Sachdev 6% (5–7%)
Bandana Sachdev 6% (5–7%)
Ashita Singh et al 6% (5–7%)
S. Achanta et al 6% (5–7%)
N. K. Mungreiphy and Satwanti Kapoor 6% (5–7%)
Kapoor et al 5% (5–7%)
Nikkin T and Meriton Stanly 6% (5–7%)
Basavanagowdappa Hathur et al 6% (5–9%)
Shankar Radhakrishnan and Manivanan 

Ekambaram
6% (4–7%)

Pangi Vijaya Nirmala et al 6% (5–7%)
Magna Manjareeka et al 6% (4–7%)
Negi et al 6% (5–7%)
Bhat et al 6% (5–7%)
Deo et al 6% (5–7%)
Vijayakumar et al 6% (5–7%)
Deo et al 6% (5–7%)
S. Sathiyanarayanan et al 6% (4–7%)
Madhu et al 6% (4–7%)
Mohd Ashraf Ganie et al 6% (5–7%)
Overall effect size 6% (5−7%)
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between diabetes and socio-economic class. A study by 
Arora et al. [44] revealed a higher prevalence of diabetes in 
the lower and upper economic class than the upper-middle 
class.

Migration can also contribute to the increased rates of 
type 2 diabetes. Tribes migrated to cities as populations 
grew, and they began to lead a largely dependent lifestyle on 
a paid workforce and low salary. Relocation to these urban 
areas in search of work is believed to be the leading cause 
of lifestyle change and cultural and social changes [45]. 
Tribal populations have moved into and around villages due 
to growing urbanization and sedentary lifestyles and have 
adopted a similar lifestyle to that of the rural population, as 
evidenced by other studies [46].

The nutritional transition has been explained by a rapid 
and recent change in the diets of people in many countries, 
with high consumption of foods of animal origin, artificial 
sweeteners, fat, and fast food [47]. Several factors, such as 
behavioral, cultural, and dietary habits related to daily life, 
are associated with diabetes. The elderly population of the 
tribes are usually illiterate and from a low socio-economic 
background [48]. More detailed evaluation needs to be done 

in these tribal groups about diabetic groups, and more num-
bers have to be identified for better understanding the patho-
genesis involved.

Strengths

Our review adds to the limited knowledge about the preva-
lence of diabetes among Indian tribes. It follows PRISMA 
guidelines. We performed several quality assessments, 
including assessing the risk of bias, subgroup analysis, and 
sensitivity analysis in included studies. On performed sen-
sitivity analysis, none of the studies influencing the overall 
estimate showed the robustness of our overall findings.

Limitations

There are some limitations to the study as well. The hetero-
geneity among studies is the main limitation of this review. 
This could be due to studies that were conducted in various 
geographical areas and targeted diverse tribal populations. 
The majority of these studies did not include data on diabetes 
prevalence by gender. Gender-specific estimates could not 

Fig. 1   Process of study selec-
tion and assessment of inclusion 
and exclusion criteria
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(n = 261)

g nineercS
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Addi�onal records iden�fied 
through other sources

(n = 0)

Records a�er duplicates removed
(n =131)

Records screened
(n = 131)

Records excluded
(n = 81)

Full-text ar�cles assessed
for eligibility

(n =50)

Full-text ar�cles excluded, 
with reasons
(n = 12) (2 ar�cles have
been retracted,3 ar�cles
were editorial/ 
Commentaries,4 ar�cles 
found to be insufficient 
details and 3 ar�cles have 
limited rigors.)

No full text ar�cles=7

Not sa�sfying the
eligibility criteria=6

Study in different 
language=2

Studies included in
qualita�ve synthesis

(n = 23)

Studies included in
quan�ta�ve synthesis 

(meta-analysis)
(n = 23)
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Fig. 2   Pooled estimated of selected studies

Fig. 3   Funnel plot
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be computed as a result. It was not possible to determine 
whether the difference between males and females is statisti-
cally significant. Only about a quarter of the included studies 
were of high enough quality (low risk of bias).

Furthermore, most of the articles included in this review 
were cross-sectional studies. As a result, other confound-
ing variables can affect the outcome variables. Most of the 
studies included in this review were small sample sizes that 
might have influenced the reported estimated prevalence. In 
addition, this meta-analysis included only studies from thir-
teen states indicating under-representation due to the small 
number of studies included.

Conclusion

Reliable data on diabetes prevalence among indigenous 
peoples of India are lacking. Efforts should be made to 
obtain relevant data that can be used to formulate future 
policies and plans. Tribal health should be a priority, and 
tribal areas should have an adequate medical infrastruc-
ture. Programmes should be put in place to educate the 
public about the disease, its signs and symptoms, the 
importance of early diagnosis and treatment, and the avail-
ability of trained staff and health care facilities. Screening 
for all diseases should be encouraged in mobile clinics. 

Fig. 4   Subgroup analysis
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Policymakers must pay attention to the changing health 
needs of tribal communities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13410-022-01133-9.
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Abstract
Aim It was planned to evaluate different hematologic indices (neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio
(PLR), lymphocyte/monocyte ratio (LMR), lymphocyte/high-density lipoprotein to cholesterol ratio (LHR), neutrophil/high-
density lipoprotein to cholesterol ratio (NHR), and monocyte/high-density lipoprotein to cholesterol ratio (MHR)) associated
with inflammation in predicting metabolic syndrome in adults and to predict which marker is the better predictor.
Materials and methods This study comprised 399 adults between the ages of 18 and 65. Bodyweight, height, waist circumfer-
ence, and blood pressure were measured; fasting blood glucose, total cholesterol, triglycerides, low-density lipoprotein choles-
terol, high-density lipoprotein cholesterol, C-reactive protein, and hemogram values were analyzed. The International Diabetes
Federation criteria were used to define metabolic syndrome.
Results The study included 133 (33.3%) males and 266 (66.4%) females with an average age of 54.3 ± 11.8 years. The
prevalence of metabolic syndrome is 58.6% (male 44.3%; female 65.7%). For both men (AUC = 0.730, cutoff = 4.5) and women
(AUC = 0.669, cutoff = 4.2), the NHR index has the highest AUC. LHR has the second-highest metabolic syndrome determi-
nation in men (AUC = 0.647, cutoff = 6.9). Women’s LHR (AUC = 0.626, cutoff = 6.4) and LMR (AUC = 0.757, cutoff = 4.9)
had the second and third highest AUCs, respectively, while NLR and PLR were not significant in either gender (p > 0.05).
Conclusion The NHR index is a strong predictor of metabolic syndrome. Inmen, the NHR index is a better predictor of metabolic
syndrome than the LHR index, and in women, the NHR index is better than the LHR and LMR.

Keywords Metabolic syndrome . Lymphocyte/monocyte ratio . Lymphocyte/high-density lipoprotein to cholesterol ratio .

Neutrophil/high-density lipoprotein to cholesterol ratio . Monocyte/high-density lipoprotein to cholesterol ratio

Introduction

Metabolic syndrome refers to metabolic disorders such as el-
evated blood pressure, a high waist circumference, dyslipid-
emia, and insulin resistance [1, 2]. The prevalence of metabol-
ic syndrome (MetS) increases with socioeconomic factors and
lifestyle changes in both developed and developing countries

[3]. It is critical to understand how to lower the prevalence of
MetS and successfully avoid it [4].

Metabolic syndrome, a global public health problem, is a
chronic , low-grade inf lammatory condi t ion [5] .
Prothrombotic and proinflammatory states are the main fea-
tures of MetS and are associated with increased activity of
inflammatory cytokines [6]. It is reported that indices such
as white blood cell count, red blood cell count, lymphocyte
count, and platelet count from hemogram parameters and
high-density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C) from biochemical pa-
rameters are indicators of inflammation. Neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR),
lymphocyte/monocyte ratio (LMR), lymphocyte/high-
density lipoprotein to cholesterol ratio (LHR), neutrophil/
high-density lipoprotein to cholesterol ratio (NHR), and
monocyte/high-density lipoprotein to cholesterol ratio
(MHR) are novel inflammatory markers and associated with
many cardiovascular risk factors [5, 7, 8].
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Metabolic syndrome is a low-grade inflammatory state
characterized by alterations in the MHR, NLR, and LMR
indices [9]. It has an important and powerful effect in
predicting the progression and development of LHR and
NHR with MetS, which are easy to achieve and evaluate in
patients [8]. LHR is a useful marker of inflammation to assess
the presence and severity of MetS [5]. The risk of MetS rises
as NLR rises; therefore, NLR values are a useful tool for
predicting MetS development [10].

As a novel inflammatory marker, LHR is an effective pre-
dictor of newly diagnosed MetS and should be widely used in
epidemiological studies [4]. The MHR could be an available
and useful inflammatory marker to assess patients with MetS
and the severity of the disease [11].

Insulin resistance is linked to increased platelet activity and
plays a key role in the pathogenesis of metabolic syndrome. It
has been reported that there is a possible relationship between
mean platelet volume (MPV) and MetS [12–14].

The metabolic syndrome is diagnosed using a variety of
criteria. The prevalence of metabolic syndrome is increasing
day by day, it is crucial to decrease and prevent this condition,
and new predictors are needed to diagnose metabolic syn-
drome. The literature uses the World Health Organization
(WHO), Adult Treatment Panel (ATP III), and International
Diabetes Federation (IDF) criteria for the diagnosis of meta-
bolic syndrome. In the evaluation of inflammation, C-reactive
protein (CRP) results are routinely reviewed using biochemi-
cal parameters. Some studies use NLR, PLR, LMR, LHR,
NHR, MHR, and MPV indices to predict metabolic syn-
drome. Given the current literature data, this study aimed to
assess individuals with metabolic syndrome using more spe-
cific markers (NLR, PLR, LMR, LHR, NHR, MHR, and
MPV) to predict which marker is more predictive.

Methods

This is a descriptive, cross-sectional, and correlational study.

Population and sample

Individuals who applied to Erzincan Provincial Health
Directorate Binali Yıldırım University Mengücek Gazi
Training and Research Hospital Internal Medicine Polyclinic
between June 2021 and September 2021 constitute the study
population. No sample selection method will be used in the
study, and participants who voluntarily decided to engage in
the study with the complete count method were included.
While individuals aged 18–65 years were enrolled in the
study, pregnant and lactating women and individuals with
malignant and inflammatory diseases, liver and kidney failure,

and hematological diseases were not enrolled. Power analysis
was performed, and it was planned to conduct the study with
200 subjects.

Data collection tools

In the study, descriptive characteristics, anthropometric mea-
surements, biochemical parameters, and hematologic indices
were used to collect data.

Descriptive characteristics

The researchers’ information form includes questions regard-
ing the subjects’ sociodemographic characteristics, introduc-
tory characteristics, and disease status.

Anthropometric measurements

Bodyweight, height, and waist circumference Bodyweight
was measured with a precision scale calibrated at regular in-
tervals (±0.1 kg sensitive) without shoes and wearing thin
clothes, body height was measured with the feet side by side,
and the head in the Frankfort plane (eye triangle and the upper
edge of the auricle are at the same height, parallel to the floor),
and the heels of the feet touched the wall, according to the
method with a non-flexible tape measure. The waist circum-
ference was measured using a non-flexible circumference tape
measure by finding the middle of the lowest rib bone and the
crista iliaca.

Biochemical parameters and blood pressure measurement

The results of biochemical parameters requested by the pa-
tients’ physicians (fasting blood sugar (FPG), total cholester-
ol, triglycerides (TG), LDL-C and HDL-C, leukocytes, hemo-
globin, CRP, lymphocytes, platelets, mean platelet volume
(MPV), monocytes, neutrophils) were used. Blood pressure
was measured on the left arm by the physician using a manual
blood pressure monitor.

Metabolic syndrome was defined using the criteria of the
Metabolic Syndrome International Diabetes Federation. To
diagnose MetS, two of the following criteria and the presence
of abdominal obesity (waist circumference: > 94 cm in men, >
80 cm in women) are required: (1) TG > 150 mg/dl; (2) HDL-
C (< 50 mg/dl in men, 40 mg/dl in women); (3) hypertension
(≥ 130/85mmHg); and (4) FPG ≥ 100mg/dl or type 2 diabetes
mellitus.
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Hematologic indices

NLR, PLR, LMR, LHR, NHR, and MHR values were
calculated.

Statistical analysis

In the analysis of data, the IBM SPSS ver 22.0 (IBM Corp.
Released 2013, IBM SPSS Statistics for Windows, version
22.0. Armonk, NY: IBM Corp.) package program was used.
The normality of the distribution of numeric variables was
evaluated using the Kolmogorov–Smirnov test. Mean, stan-
dard deviation, percentage, and independent T-test were used
in the evaluation of the data. Binary logistic regression was
used to evaluate the unadjusted and adjusted associations be-
tween the hematological index and MetS components.
Adjustments were made for age and smoking status. Odds

ratios (ORs) and 95% confidence intervals (CIs) were calcu-
lated. When testing the diagnostic value of hematological in-
dices, receiver operating characteristic (ROC) curve analysis
was used. ROC curve analysis was used to determine the area
under the curve (AUC), cutoff point, sensitivity, and specific-
ity. A p-value of less than 0.05 indicates statistical
significance.

Results

One hundred thirty-three (33.3%) males and 266 (66.4%) fe-
males with a mean age of 54.3 ± 11.8 years participated in the
study. The prevalence of metabolic syndrome is 58.6% (male
44.3%; female 65.7%). Table 1 shows the demographic and
clinical characteristics of patients based on their metabolic
syndrome status. Age, body mass index (BMI), waist

Table 1 Demographic and clinical characteristics of the study participants classified by the presence of MetS

Men (n = 133) Women (n = 266)

MetS (n = 59) Non-MetS (n = 74) p MetS (n = 175) Non-MetS (n = 91) p

Age (years) 57.7 ± 13.6 49.4 ± 19.9 0.007 54.6 ± 13.0 49.4 ± 18.3 0.006

Smoking status (%)

Yes 2 (22.2%) 7 (77.8%) 0.150 12 (54.5%) 10 (45.5%) 0.176
No 57 (46.0%) 67 (54.0%) 163 (66.8%) 81 (33.2%)

BMI (kg/m2) 28.7 ± 4.2 25.9 ± 4.8 0.001 31.4 ± 3.4 28.2 ± 5.3 < 0.001

Waist circumference (cm) 105.6 ± 10.6 97.3 ± 11.7 < 0.001 113.9 ± 9.8 100.6 ± 13.6 < 0.001

SBP (mmHg) 139.2 ± 14.8 124.6 ± 13.0 < 0.001 13.4 ± 1.6 12.1 ± 1.3 < 0.001

DBP (mmHg) 77.1 ± 13.1 62.8 ± 12.5 < 0.001 7.2 ± 1.2 6.3 ± 1.0 < 0.001

FBG (mg/dl) 183.4 ± 93.2 113.5 ± 35.2 < 0.001 181.8 ± 88.5 110.5 ± 39.3 < 0.001

Cholesterol (mg/dl) 234.5 ± 44.6 180.1 ± 42.1 < 0.001 231.1 ± 50.4 188.3 ± 51.6 < 0.001

TG (mg/dl) 188.9 ± 84.0 108.7 ± 56.4 < 0.001 171.9 ± 66.6 101.8 ± 35.5 < 0.001

LDL-C (mg/dl) 147.1 ± 37.7 105.9 ± 31.3 < 0.001 146.5 ± 40.5 118.1 ± 38.6 < 0.001

HDL-C (mg/dl) 47.1 ± 8.2 54.1 ± 7.6 < 0.001 49.7 ± 10.5 57.3 ± 19.1 < 0.001

CRP (mg/dl) 2.4 ± 0.5 1.5 ± 0.3 0.199 2.3 ± 0.8 1.2 ± 0.7 0.041

Hemoglobin (g/l) 14.1 ± 2.1 13.5 ± 2.3 0.136 13.5 ± 1.7 12.9 ± 1.8 0.013

Nötrofil (×10^3/μl) 4.2 ± 1.4 3.9 ± 1.3 0.189 4.1 ± 1.2 4.0 ± 1.3 0.563

Lenfosit (×10^3/μl) 2.6 ± 0.6 2.3 ± 0.6 0.005 2.8 ± 0.8 2.6 ± 0.7 0.023

Monosit (×10^3/μl) 0.5 ± 0.2 0.5 ± 0.3 0.912 0.5 ± 0.1 0.5 ± 0.1 0.853

NLR 1.6 ± 0.6 1.7 ± 0.6 0.424 1.6 ± 0.1 1.6 ± 0.1 0.282

PLR 100.6 ± 28.1 118.6 ± 45.2 0.062 105.1 ± 28.9 111.0 ± 41.1 0.041

LMR 5.2 ± 2.1 4.6 ± 1.9 0.092 5.6 ± 1.9 5.1 ± 1.8 0.038

MPV 10.2 ± 0.7 10.2 ± 1.0 0.986 10.3 ± 0.9 10.1 ± 1.1 0.218

LHR 8.2 ± 3.3 6.5 ± 2.5 0.002 7.6 ± 2.8 6.4 ± 2.3 < 0.001

NHR 5.1 ± 1.4 3.8 ± 1.3 <0.001 5.2 ± 1.9 4.1 ± 1.6 < 0.001

MHR 10.5 ± 3.3 11.2 ± 4.9 0.514 10.8 ± 3.9 7.6 ± 2.8 0.024

*p > 0.05, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fast blood glucose, TG triglyceride, HDL-C high-
density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, CRP C-reactive protein, NLR neutrophil/lymphocyte ratio, PLR platelet/
lymphocyte ratio, LMR lymphocyte/monocyte ratio, MPV mean platelet volume, LHR lymphocyte/high-density lipoprotein to cholesterol ratio, NHR
neutrophil/high-density lipoprotein to cholesterol ratio, MHR monocyte/high-density lipoprotein to cholesterol ratio
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Table 2 Odds ratio (95% confidence intervals) for hematological indices and metabolic syndrome components

NLR PLR LMR LHR NHR MHR

Men

High blood glucose

Unadjusted OR (95% Cl) 0.97 (0.55–1.72) 0.99 (0.98–1.00) 1.17 (0.98–1.45) 1.03 (0.90–1.18) 1.21 (0.92–1.59) 1.01 (0.87–1.56)

Adjusted OR (95% Cl) 0.98 (0.51–1.88) 0.99 (0.98–1.00) 1.14 (0.89–1.45) 1.05 (0.90–1.21) 1.23 (0.90–1.68) 0.86 (0.46–1.46)

High triglycerides

Unadjusted OR (95% Cl) 0.79 (0.47–1.34) 0.99 (0.98–1.00) 0.96 (0.81–1.15) 1.17 (1.03–1.32) 1.66 (1.27–2.18) 0.96 (0.90–1.23)

Adjusted OR (95% Cl) 0.70 (0.40–1.22) 0.99 (0.97–1.00) 0.99 (0.82–1.20) 1.16 (1.02–1.33) 1.78 (1.31–2.41) 0.67 (0.59–0.98)

Low HDL-C

Unadjusted OR (95% Cl) 0.60 (0.34–1.05) 1.18 (0.55–2.50) 0.89 (0.67–1.18) 1.46 (1.22–1.75) 2.89 (1.71–4.87) 0.95 (0.89–1.17)

Adjusted OR (95% Cl) 1.07 (0.47–2.39) 0.99 (0.98–1.01) 0.84 (0.60–1.18) 1.46 (1.18–1.80) 3.55 (1.87–6.56) 0.84 (0.78–1.10)

High blood pressure

Unadjusted OR (95% Cl) 1.50 (0.90–2.50) 0.99 (0.98–1.00) 1.09 (0.92–1.29) 1.14 (1.01–1.29) 1.16 (0.92–1.46) 0.84 (0.76–1.02)

Adjusted OR (95% Cl) 1.54 (0.88–2.70) 0.99 (0.98–1.00) 1.06 (0.88–1.28) 1.16 (1.01–1.33) 1.15 (0.89–1.48) 0.88 (0.81–1.13)

Metabolic syndrome

Unadjusted OR (95% Cl) 1.23 (0.74–2.04) 1.01 (0.99–1.02) 1.86 (1.72–2.02) 1.82 (1.72–1.93) 1.54 (1.40–1.72) 1.66 (1.56–1.87)

Adjusted OR (95% Cl) 1.28 (0.76–2.17) 1.01 (0.99–1.02) 1.86 (1.71–2.04) 1.79 (1.69–2.92) 1.49 (1.36–1.68) 1.79 (1.69–2.00)

Women

High blood glucose

Unadjusted OR (95% Cl) 1.17 (0.75–1.82) 1.00 (0.99–1.03) 1.06 (0.91–1.22) 1.07 (0.96–1.19) 1.05 (0.91–1.23) 0.64 (0.57–0.99)

Adjusted OR (95% Cl) 1.26 (0.78–2.01) 1.00 (0.99–1.01) 1.03 (0.88–1.19) 1.06 (0.95–1.19) 1.01 (0.87–1.18) 0.83 (0.79–1.12)

High triglycerides

Unadjusted OR (95% Cl) 0.80 (0.54–1.19) 0.99 (0.98–1.00) 1.16 (1.02–1.32) 1.17 (1.06–1.30) 1.43 (1.22–1.67) 0.63 (0.60–0.97)

Adjusted OR (95% Cl) 0.82 (0.54–1.17) 0.99 (0.98–1.00) 1.18 (1.04–1.34) 1.18 (1.07–1.30) 1.45 (1.24–1.69) 0.74 (0.67–1.11)

Low HDL-C

Unadjusted OR (95% Cl) 0.80 (0.54–1.18) 0.99 (0.98–1.00) 1.08 (0.95–1.22) 1.46 (1.30–1.65) 2.14 (1.74–2.63) 1.61 (0.99–1.72)

Adjusted OR (95% Cl) 0.76 (0.51–1.14) 0.99 (0.98–1.00) 1.08 (0.95–1.23) 1.46 (1.29–1.65) 2.24 (1.79–2.81) 1.69 (1.66–2.72)

High blood pressure

Unadjusted OR (95% Cl) 0.79 (0.54–1.16) 0.99 (0.98–1.00) 1.17 (1.03–1.33) 1.04 (0.95–1.14) 1.16 (1.02–1.33) 0.68 (0.65–0.97)

Adjusted OR (95% Cl) 0.85 (0.56–1.27) 0.99 (0.98–1.00) 1.14 (1.00–1.30) 1.03 (0.94–1.13) 1.13 (0.98–1.30) 0.68 (0.65–0.97)

Metabolic syndrome

Unadjusted OR (95% Cl) 1.24 (0.83–1.83) 1.05 (0.99–1.01) 1.86 (1.75–1.99) 1.68 (1.57–1.81) 1.82 (1.73–1.91) 1.10 (1.00–1.45)

Adjusted OR (95% Cl) 1.24 (0.82–1.89) 1.03 (0.99–1.01) 1.88 (1.77–2.02) 1.69 (1.57–1.83) 1.82 (1.73–1.92) 1.12 (1.00–1.46)

The odds ratios were adjusted for age and smoking use. NLR neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio, LMR lymphocyte/monocyte
ratio, LHR lymphocyte/high-density lipoprotein to cholesterol ratio, NHR neutrophil/high-density lipoprotein to cholesterol ratio,MHRmonocyte/high-
density lipoprotein to cholesterol ratio

Table 3 The area under the
receiver operating characteristic
curve, cutoff value, sensitivity,
and specificity of the
hematological indices predicting
MetS in men

Predictors AUC p Cutoff Sensitivity Specificity OR (95% CI)

NLR 0.446 0.287 1.555 0.407 0.581 0.347–0.545

PLR 0.438 0.217 107.725 0.492 0.527 0.339–0.536

LMR 0.588 0.083 4.660 0.525 0.473 0.490–0.685

LHR 0.647 0.038 6.950 0.610 0.405 0.554–0.741

NHR 0.730 0.044 4.540 0.661 0.662 0.644–0.815

MHR 0.543 0.051 0.005 0.983 0.973 0.443–0.642

NLR neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio, LMR lymphocyte/monocyte ratio, LHR lym-
phocyte/high-density lipoprotein to cholesterol ratio,NHR neutrophil/high-density lipoprotein to cholesterol ratio,
MHR monocyte/high-density lipoprotein to cholesterol ratio
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circumference, systolic blood pressure (SBP), diastolic blood
pressure (DBP), FPG, total cholesterol, TG, LDL-C, lympho-
cyte, LHR, and NHR levels were higher and HDL-C levels
lower in men with metabolic syndrome than in those without
metabolic syndrome (p < 0.05). Age, body mass index (BMI),
waist circumference, systolic blood pressure (SBP), diastolic
blood pressure (DBP), FPG, total cholesterol, TG, LDL-C,
hemoglobin, lymphocytes and PLR, LMR, LHR, NHR, and
MHR values were higher and HDL-C values lower in female
subjects with metabolic syndrome than in subjects without
metabolic syndrome (p < 0.05).

Table 2 demonstrates the associations of hematological in-
dices with MetS and its components for both sexes. After
adjustments for age and smoking status, LHR and NHR were
significantly associated with high triglycerides, low HDL-C,
high blood pressure, and MetS in men. In women, PLR was
significantly associated with low-HDL-C; LMR was

significantly associated with high triglycerides, high blood
pressure, and MetS; LHR was significantly associated with
high triglycerides, low-HDL-C, and MetS; NHR was signifi-
cantly associated with high triglycerides, low-HDL-C, high
blood pressure, and MetS; and MHR was significantly asso-
ciated with low-HDL-C and MetS.

Table 3 and Fig. 1 for men and Table 4 and Fig. 2 for
women show the areas under the ROC curve of
inflammation-related indices in determining MetS in men
and women, as well as cutoff points, sensitivity, and specific-
ity values. For both men (AUC = 0.730, cutoff = 4.5) and
women (AUC = 0.669, cutoff = 4.2), the NHR index has the
highest AUC. LHR has the second-highest MetS determina-
tion in men (AUC = 0.647, cutoff = 6.9). Women’s LHR
(AUC = 0.626, cutoff = 6.4) and LMR (AUC = 0.757, cutoff
= 4.9) had the second and third highest AUCs, while NLR and
PLR were not significant in either gender (p > 0.05).

Table 4 The area under the
receiver operating characteristic
curve, cutoff value, sensitivity,
and specificity of the
hematological indices predicting
MetS in women

Predictors AUC p Cutoff Sensitivity Specificity OR (95% CI)

NLR 0.469 0.401 1.45 0.480 0.527 0.396–0.541

PLR 0.484 0.663 102.35 0.827 0.763 0.410–0.557

LMR 0.575 0.043 4.990 0.561 0.441 0.503–0.648

LHR 0.626 0.001 6.430 0.584 0.419 0.557–0.695

NHR 0.669 < 0.001 4.281 0.980 0.768 0.602–0.737

MHR 0.551 0.036 0.002 1.000 0.994 0.481–0.621

NLR neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio, LMR lymphocyte/monocyte ratio, LHR lym-
phocyte/high-density lipoprotein to cholesterol ratio,NHR neutrophil/high-density lipoprotein to cholesterol ratio,
MHR monocyte/high-density lipoprotein to cholesterol ratio

Fig. 1 The area under the receiver
operating characteristic curve of
the hematological indices to
predict MetS in men (n = 133)
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Discussion

Metabolic syndrome is a characteristic condition that includes
various risk factors such as central obesity, dyslipidemia, hy-
pertension, hyperglycemia, and low-grade inflammation.
Analysis of parameters such as NLR, PLR, LMR, LHR,
NHR, and MHR may be useful to assess chronic inflammato-
ry status because they can be easily measured in patients with
MetS using a complete blood count.

This study examined the predictors and cutoff values of 7
hematologic indices associated with inflammation, including
NLR, PLR, LMR, LHR, NHR, MHR, and MPV, to predict
MetS in adults. A high rate of metabolic syndrome (58.6%)
was observed in the adult subjects. First, the NHR index in
both genders, the LHR index in men, and the LHR, LMR, and
MHR indexes in women were statistically significant in deter-
mining MetS. It was found that the NHR index was a better
predictor of MetS in both genders.

The CRP and NLR levels, which are indicators of in-
flammation, are associated with MetS components [15,
16]. In contrast, NLR [5, 7–10, 17, 18], a reliable indicator
of inflammation and associated with the presence and se-
verity of MetS in studies, showed no relationship with
MetS in our study. Similar to the findings of this study,
no relationship was discovered between CRP, NLR, and
MetS in other studies [19, 20].

The PLR value [5, 7, 8], a new inflammatory index asso-
ciated with cardiovascular disease, could not be associated
with MetS in this study, like the study by Yu et al. [4].

Lymphocytes/HDL-C and neutrophils/HDL-C are novel in-
flammatory markers that can predict the presence and severity of
MetS [3–6, 8]. In a study conducted in China, LHR and NHR
were reported to have a strong effect on predicting MetS, espe-
cially in females [8]. In this study, NHR and LHRwere found to
be better predictors of MetS in both men and women.

Lymphocyte/monocyte ratio andMHR indices are new and
useful indicators of MetS [21]. The MHR could be an avail-
able and useful inflammatory marker to evaluate patients with
MetS and the severity of the disease [11]. In a study conducted
with 771 individuals to predict MetS, the MHR index was a
better predictor compared to the PLR, NLR, and LMR indices
[9]. In this study, LMR and MHR values were found to be
higher in females with MetS, and LMR and MHR were found
to be significant in predicting MetS in females.

Hematological indexes which can be easily measured from
peripheral complete blood count and hematological indicators
such as PLR, NLR, LMR, LHR, NHR, and MHR could be
useful to evaluate “chronic inflammatory state” in MetS pa-
tients. These indexes can be considered a simple, cost-effec-
tive, fast, easily obtainable, and useful tool that can suggest
some important clinical and metabolic features of MetS pa-
tients. These parameters are easily accessible markers that are
less expensive than other inflammation markers (e.g., cyto-
kines, adipokines, CRP, interleukin [IL]-1, interleukin [IL]-
6, tumor necrosis factor-a [TNF-a], monocyte chemoattractant
protein 1 (MCP-1), and serum amyloid A (SAA)).

Determination of metabolic syndrome in adults will be an
effective step to reduce its prevalence and prevent it.

Fig. 2 The area under the receiver
operating characteristic curve of
the hematological indices to
predict MetS in women (n = 133)
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There are some limitations to our study. This is primarily a
cross-sectional study, so a causal relationship between the
indices and metabolic syndrome cannot be established.
Second, a small group of patients was studied, and data were
collected from a single center. Studies with a large group of
patients from many centers are needed.

Conclusion

NHR index is a strong predictor of metabolic syndrome. NHR
index is a better predictor of MetS than LHR index in men and
NHR index in women than LHR and LMR.
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Abstract
Purpose Using shear wave elastography (SWE) to assess carotid elasticity in the type 2 diabetes mellitus (T2DM) patients with
non-alcoholic fatty liver disease (NAFLD).
Methods There were 98 patients diagnosed T2DM in our hospital, including 35 cases without NAFLD (group A), 33 cases with
mild NAFLD (group B), and 30 cases with moderate to severe NAFLD (group C) according to the classification standard of fatty
liver. There was no plaque by carotid ultrasound in all the selected patients. The left carotid intima-media thickness (IMT),
standard carotid arterial systolic diameter (Ds), standard carotid arterial diastolic diameter (Dd), and systolic peak velocity (PSV)
were measured by routine two-dimensional and M-mode ultrasound, and the stiffness coefficient (β) is obtained by calculation.
Shear wave elastography (SWE) was used to measure the anterior wall of the left carotid artery values of longitudinal elastic
modulus, including the mean values of mean elastic modulus (MEmean), the maximum elastic modulus (MEmax), andminimum
elastic modulus (MEmin) at the end of diastole.
Results There was no significant difference in Ds, Dd, and PSV among the groups (all p > 0.05). In group C, IMT, β, MEmean,
MEmax, and MEmin increased significantly compared with groups A and B (all p < 0.05). Compared with group A, MEmean,
MEmax, and MEmin increased in group B (all p < 0.05), while IMT and β were no significant difference (both p > 0.05).
Conclusion SWE can quantitatively evaluate the carotid elasticity of the T2DM patients with NAFLD.

Keywords Shear wave elastography . Type 2 diabetesmellitus . Non-alcoholic fatty liver disease . Carotid elasticity

Introduction

NAFLD, the fatty infiltration of liver tissues and hepatocytes,
is related to visceral obesity, dyslipidemia, insulin resistance,
and type 2 diabetes mellitus. The pathogenesis of patients with
metabolic syndrome also contains insulin resistance.
Although NAFLD is not defined as metabolic syndrome, it
can be recognized as another component of metabolic syn-
drome according to the same pathological mechanism be-
tween them [1, 2]. With an increasing prevalence, NAFLD
has become one of the common liver diseases around the

world. Owing to the complex pathogenesis of NAFLD, the
multiple systems and organs of patients with NAFLD were
often involved. Patients with NAFLD exhibit high-risk for
diabetes and cardiovascular disease (CVD); studies have
shown that the seriousness of liver histopathology in patients
with NAFLD is closely linked with early stage of atheroscle-
rosis, and mild NAFLD can lead to the occurrence of athero-
sclerosis [3, 4]. T2MD and NAFLD, the mutually susceptible
factors, have the same pathological mechanisms, which may
cause severe lipid metabolism disorder and chronic inflamma-
tion, and accelerate the occurrence of atherosclerosis.
Cardiovascular diseases play an important role in the morbid-
ity and mortality of patients with diabetes, and the prognosis is
often worse when patients are concomitant with other diseases
such as non-alcoholic fatty liver disease, hypertension, and
obstructive sleep apnea [5, 6]. Carotid artery is representative
in reflecting systemic atherosclerosis and the occurrence of
carotid atherosclerosis is earlier than the coronary artery [7].
Consequently, early assessment of the carotid elasticity in
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patients is of great significance in preventing cardiovascular
diseases.

The lesions of human tissues are often accompanied by the
variations in the elasticity. Providing doctors with accurate
tissue elastic coefficient values can help them conduct patho-
logical research and clinical diagnosis of diseases effectively.
Recently, ultrasound techniques, including ultra-fast pulse
wave technique (UFPWV) and vascular echo tracking tech-
nique (ET), have certain advantages in evaluating the carotid
elasticity, and they can evaluate carotid elasticity quantitative-
ly and qualitatively. Despite promising results obtained in the
early diagnosis of atherosclerosis, the complicated calculation
methods and influence of blood pressure will lead to errors
with the measurement results [8]. SWE, a new elastography
method, measures the elasticity of tissues and organs quanti-
tatively by tracking shear waves passing through tissues [9].
SWE realized the quantitative analysis of the elasticity coeffi-
cient of tissues, avoiding the shortcomings of traditional elas-
tography technology. As a non-invasive tool suitable for eval-
uating organs, SWE is feasible and effective in the diagnosis
of thyroid, breast, liver, testis, and other organ lesions [10].
The elasticity measurement of SWE for vascular diseases can
quantitatively measure the stiffness of plaques. The present
study aimed to assess the carotid elasticity of T2DM patients
with NAFLD by SWE.

Materials and methods

Study population

The patients diagnosed with T2MD in the Endocrinology
Department of our hospital from January 2020 to September
2021 were selected. No plaque was detected by carotid ultra-
sound in all the selected patients and IMT ≤ 1.2 mm.
According to the grading criteria for NAFLD [11], we divided
all the 98 patients into three groups by liver ultrasound exam-
ination. Group A including 35 patients without NAFLD (age
27–58 years; average age 46.1 ± 8.0 years; male–female ratio
22:13), group B including 33 mild fatty liver patients (age 25–
59 years; average age 47.6 ± 7.4 years; male–female ratio
19:14), and group C including 30 moderate-severe fatty liver
patients (age 32–58 years; average age 45.4 ± 7.4 years; male–
female ratio 20:10). The course of T2DM is 5 to 10 years. The
diagnostic criteria of NAFLD complied with the clinical diag-
nosis and treatment Guidelines for NAFLD issued by the USA
in 2017 [12]. All the selected subjects with the left ventricular
ejection fraction > 50% were enrolled.

Exclusion criteria included recent acute complications of
diabetes such as ketoacidosis, severe hypoglycemia, infection,
and so on; abnormal thyroid hormone level; coronary heart
disease, hypertension, stroke and other cardiovascular dis-
eases; a history of viral hepatitis, autoimmune hepatitis,

alcoholic hepatitis, drug-induced liver injury, and other liver
diseases; rheumatic immune disease, malignant tumor, and
other diseases. Furthermore, we depleted the patients with
excessive carotid artery pulsation and excessive respiratory
movement, which may cause the elastic images displayed
blurred.

Instruments and methods

We recorded gender, age, duration of diabetes, body mass,
and then calculated the body mass index (BMI, kg/m2) of all
the selected subjects. After a 15-min rest, the heart rate (HR)
and blood pressure (BP) of each patient were measured. After
an overnight fast, vein blood samples were drawn in the morn-
ing to measure fasting blood glucose (FBG), glycosylated
hemoglobin (HbA1c), aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), total cholesterol (TC), triglyc-
eride (TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C). All the above
biochemical indexes were detected by an automatic biochem-
ical analyzer.

Conventional ultrasound examination of the carotid artery

All patients underwent a conventional ultrasound examination
of the carotid artery using a Mindray ultrasound diagnostic
instrument equipped with a 14-15WU linear probe (10–12
MHz). The technique was performed with the patients in a
horizontal recumbent position. The patients exposed the ca-
rotid artery scanning area of patients by tilting their heads and
necks back as far as possible, and were asked to tilt their heads
to the opposite side of the examination. When the long axial
section of the left common carotid artery was shown by the
two-dimensional ultrasound, we adjusted the probe slightly to
ensure that the carotid intima-media were presented clearly.
The measurement site was selected 1.0–1.5 cm below the
carotid bifurcation, then we used the instrument’s built-in
measurement program to measure the carotid intima-media
thickness (IMT) of the posterior wall of the common carotid
artery at the end of the diastolic [13]. Common carotid artery
systolic inner diameter (Ds), common carotid artery diastolic
internal diameter (Dd), and peak systolic velocity (PSV) were
measured using M-mode and color flow Doppler. Then we
calculated wall motion degrees (ΔD, ΔD=Ds-Dd) and stiff-
ness coefficient (β, β=ln(systolic/diastolic blood pressure)/
[(Ds—Dd)/Dd]). Each parameter was measured three times,
and the average value was taken.

SWE examination of the elastic modulus of the anterior wall
of carotid artery

When the wall structure of carotid artery was displayed clearly
in the long axial section at the same site as above, we switched
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to SWE mode avoiding oppression, and the patients were
asked to hold their breath and avoid swallowing and
coughing. When the color code signal region covered the an-
terior and posterior of the intima-media and moving index was
better, the operator froze and stored the image. Repeating this
operation three times, the operator used the program coming
with the instrument to measure the intima-media central part
of the anterior wall at the end of diastolic. The sampling frame
was round; the diameter was set to l mm; we counted every
2 mm alongside the intima-media. The average value was
taken for ten consecutive measurements. We repeated to mea-
sure the three stored pictures, and took samples in the same
parts of each graph. Finally, we calculated the mean of the
average Young’s modulus of each graph to obtain the final
MEmean, MEmin and MEmax.

Repetition test

Twenty-five patients were randomly selected to test the
elastic modulus of the left carotid artery including
MEmean, MEmax, and MEmin, using SWE by two ultra-
sound doctors. After a week, the same observers conduct-
ed the same measurements by ultrasound doctors; then we
assessed the interobserver and intraobserver correlation
coefficients.

Statistical analysis

This study used SPSS 19.0 for statistical analysis. All vari-
ables conforming to normal distribution were expressed in the
form of average ± standard deviation(x ±s). We used χ2 test to
test the quantitative data among the three groups, used one-
way ANOVA to compare the statistical difference among the
three groups, and compared the two groups using the Lsd-t
test. The correlation between the elastic modulus of cervical
shear wave and IMT, β, HbA1c was analyzed through
Pearson correlation. p < 0.05 was considered to be statistically
significant.

Results

General parameters

There was no significant difference in age, gender, HR, BP,
FBG, TC, HDL-C, and LDL-C among the three groups (all p
> 0.05). In group C, the BMI and HbA1 were higher than
groups A and B, the difference was statistically significant
(all p < 0.05), and there was no significant difference between
groups A and B (all p > 0.05). There were significant differ-
ences in ALT, AST, and TG among the three groups (all p <
0.05); group C was higher than groups A and B, and group B
was higher than group A (Shown in Table 1).

Table 1 Comparison of general
clinical data between the three
groups x� sð Þ

Parameters Group A (n = 35) Group B (n = 33) Group C (n = 30)

Age, years 46.1 ± 8.0 47.6 ± 7.4 45.4 ± 7.4

Male: female ratio 22/13 19/14 20/10

HR, rates/min 73.71 ± 7.73 75.88 ± 9.50 76.93 ± 10.23

BMI, kg/m2 24.38 ± 2.08 25.50 ± 2.47 27.14 ± 3.34*#

Systolic BP, mmHg 125.46 ± 5.80 126.48 ± 6.47 128.13 ± 7.44

Diastolic BP, mmHg 75.54 ± 7.61 77.30 ± 5.80 78.97 ± 7.92

FBG, mmol/L 8.52 ± 1.63 8.86 ± 1.82 8.95 ± 2.07

HbA1c, % 7.97 ± 1.89 8.58 ± 2.10 9.85 ± 2.00*#

ALT, U/I 21.02 ± 6.21 34.00 ± 9.94* 51.18 ± 21.84*#

AST, U/I 17.48 ± 4.87 29.23 ± 5.27* 35.87 ± 10.99*#

TC, mmol/L 5.52 ± 1.02 5.20 ± 1.10 4.81 ± 1.30

TG, mmol/L 1.55 ± 0.60 2.03 ± 1.10* 2.60 ± 1.20*#

HDL-C, mmol/L 1.52 ± 0.64 1.35 ± 0.37 1.30 ± 0.32

LDL-C, mmol/L 2.82 ± 0.50 2.93 ± 0.77 3.04 ± 0.87

HR heart rate, BMI body mass index, BP blood pressure, FBG fasting blood glucose, HbA1c glycosylated
hemoglobin, ALT alanine aminotransferase, AST aspartate aminotransferase, TC total cholesterol, TG triglyceride,
HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol

Compared with group A, *p < 0.05; compared with group B, # p < 0.05
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Conventional ultrasound parameters

There was no difference in Ds, Dd, ΔD, and PSV among the
three groups. In group C, IMT and β were higher than groups
A and B (all p < 0.05), while there was no significant differ-
ence between groups A and B (all p > 0.05) (shown in
Table 2).

SWE parameters

In groups B and C, the elastic modulus of the anterior
wall of the carotid artery including MEmean, MEmax,
and MEmin significantly increased than group A (all p
< 0.05), and group C was higher than group B (p < 0.05)
(shown in Table 3, Fig. 1). Correlation analysis showed
that MEmax, MEmean, and MEmin were positively cor-
related with β (r = 0.537, 0.543, 0.525, p < 0.01), and
MEmax, MEmean, and MEmin were also positively cor-
related with HbA1c (R = 0.456, 0.483, 0.438, p < 0.01)
in each group, but there was no correlation among
MEmax, MEmean, MEmin, and IMT (all p > 0.05).

Repetition test

The intraobserver ICC values of MEmax, MEmean, and
MEmin measured by SWE ranged from 0.847 to 0.887, and
interobserver ICC values of MEmax, MEmean, and MEmin
by SWE ranged from 0.791 to 0.934, indicating good repeat-
ability (Shown in Table 4).

Discussion

As an essential organ for fat metabolism, the liver fat content
of healthy people was less than 3%. In clinical practice,
NAFLD is usually defined as the abnormality of fat

metabolism and ≥ 5% fatty infiltration of hepatocytes and liver
tissues in the case of patients lacking other recognized causes
of fatty liver (e.g., alcohol, virus, drugs, autoimmunity, etc.)
[14]. The incidence of NAFLD in T2DM patients is up to
three times higher than those ordinary people, and NAFLD
also affects the occurrence and development of T2DM. There
exists a complex bidirectional relationship between T2DM
and NAFLD. Associated with a modest increase prevalence
of cardiovascular disease, NAFLD is independent of tradition-
al risk factors for cardiovascular diseases [4, 15]. The extent of
carotid atherosclerosis can predict cardiac and macrovascular
disease. Through various mechanisms, the T2DM patients
with NAFLD can not only lead to carotid atherosclerosis,
but also result in changes of carotid artery structure and func-
tion [16]. SWE, a new ultrasonic technology for non-invasive
measurement of tissue hardness, mainly uses focused acoustic
pulse to cause tissue displacement, thus inducing shear waves
[17]. Ultrasound can capture these shear waves in real-time,
and express tissue hardness by elastic modulus finally. Stiff
tissue has a high modulus of elasticity. Previous studies have
shown that SWE can be used to evaluate the elastography in
carotid arterial in patients with hypertension [18], Behcet’s
disease [19], acute ischemic stroke [20], spontaneous coro-
nary artery dissection [21], and other diseases.

Carotid atherosclerosis is the accumulation of fatty tissue in
the artery wall, leading to the arterial wall thickens and
stiffens, and the main manifestations of it were increased
intima-media thickness (IMT), plaque formation, and de-
creased elasticity [22–24]. It is well known that carotid IMT
is representative in responding to the occurrence and progres-
sion of early atherosclerosis. Targher et al. [25] used ultra-
sound to measure carotid IMT in 85 patients with biopsy-
proven NAFLD, and the results showed that compared with
healthy control group, the IMT of carotid artery in NAFLD
patients increased obviously. Silaghi et al. [26] noted that
compared with patients suffering NAFLD alone, patients with
NAFLD and T2DM have higher prevalence of carotid athero-
sclerosis and their IMTs were significantly thicker. Our study
found that the IMT in group C was thicker than those in
groups A and B, and there exists statistical difference among

Table 2 Comparison of carotid artery conventional ultrasound
parameters between the three groups x� sð Þ

Parameters Group A (n = 35) Group B (n = 33) Group C (n = 30)

IMT, mm 0.63 ± 0.11 0.69 ± 0.13 0.84 ± 0.18*#

Ds, mm 6.93 ± 0.50 7.04 ± 0.45 7.15 ± 0.37

Dd, mm 6.33 ± 0.44 6.46 ± 0.43 6.51 ± 0.37

ΔD, mm 0.61 ± 0.14 0.58 ± 0.09 0.57 ± 0.10

β 5.53 ± 1.83 5.58 ± 1.32 6.39 ± 1.30*#

PSV, cm/s 60.43 ± 10.70 58.90 ± 10.53 57.14 ± 10.00

IMT left carotid intima-media thickness, Ds standard carotid arterial sys-
tolic diameter,Dd standard carotid arterial diastolic diameter,ΔDDs-Dd,
β stiffness coefficient, PSV systolic peak velocity

Compared with group A, *p < 0.05; compared with group B, # p < 0.05

Table 3 Comparison of elastic modulus of carotid ultrasonic shear
wave among the three groups x� sð Þ

Parameters Group A (n = 35) Group B (n = 33) Group C (n = 30)

MEmax, kPa 77.78 ± 11.36 87.20 ± 15.79* 101.70 ± 16.87*#

MEmean, kPa 62.73 ± 10.86 73.68 ± 12.23* 85.33 ± 13.38*#

MEmin, kPa 50.78 ± 10.67 61.65 ± 12.17* 71.85 ± 12.43*#

MEmean the mean values of mean elastic modulus, MEmax the maxi-
mum elastic modulus, MEmin the minimum elastic modulus

Compared with group A, *p < 0.05; compared with group B, # p < 0.05
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the three groups. However, the IMT was still within the nor-
mal range, while there was no statistical difference between
groups A and B. The result suggests that the carotid intima-
media thickening in patients with T2DM and NAFLD is a
long-term subclinical process, and carotid IMT tends to in-
crease with the aggravation of NAFLD.

The carotid artery is divided into three layers: intima, me-
dia, and adventitia. The media is composed of thicker elastic
fibers, there is no clear boundary between the intima and the
media, and the adventitia is composed of connective tissue
without elastic membrane. The early stage of carotid athero-
sclerosis is characterized by elastic degeneration of the intima-
media membrane, vascular endothelial dysfunction, and arte-
rial hyperelasticity, which usually precede the structural
changes of IMT and others. The common mechanism of ca-
rotid atherosclerosis caused by T2DM and NAFLD is insulin
resistance [27, 28]. The interaction between T2DM and
NAFLD can lead to a vicious cycle of insulin resistance
[29], accelerating carotid atherosclerosis. Insulin resistance
can not only lead to blood glucose and lipid metabolism dis-
orders seriously, but also release more inflammatory stimula-
tors, causing vascular endothelial cell damage, vascular
smooth muscle cells and connective tissue hyperplasia, and
arterial wall stiffness ultimately. Salvi et al. [30], using PWV
to evaluate the elasticity of carotid artery in fatty liver patients,
noted that the elasticity of carotid artery could be reduced in
patients with mild fatty liver. This study suggested that in
groups B and C, MEmax, MEmean, and MEmin of carotid
artery were higher than those in group A, and those in group C
were higher than group B, indicating that the elasticity of
carotid artery could be increased in T2DM patients with mild
NAFLD. With the aggravation of NAFLD, the elasticity of
carotid artery increased more significantly [31, 32], and was
earlier than carotid artery IMT thickening. This result is con-
sistent with the foreign literatures, suggesting that the elastic
function changes of carotid artery were earlier than the struc-
tural changes [33]. In addition, compared with groups A and
B, carotid artery β in group C was higher, and there was no
statistical difference between groups A and B. Correlation
analysis showed that MEmax, MEmean, and MEmin were
positively correlated with β in each group, indicating that
SWE can evaluate the carotid elasticity in T2DMpatients with
NAFLD with good repeatability and it is an effective new
method for quantitative evaluation of the carotid elasticity.

Fig. 1 The carotid shear wave elastic diagrams of the three groups are
obtained by SWE.A, B,C represents groups A, B and C. Compared with
groups A and B, the elastic modulus of the anterior wall of the carotid
artery including MEmean, MEmax, and MEmin increased in group C.
The high elastic modulus reflects the decline of carotid elasticity

Table 4 Reliability analysis of
carotid elastic modulus
measurement

Intraobservers Interobservers

Parameters ICC 95% consistency limit p ICC 95% consistency limit p

MEmax 0.860 0.707–0.936 < 0.001 0.878 0.743–0.945 < 0.001

MEmaen 0.887 0.763–0.949 < 0.001 0.934 0.857–0.971 < 0.001

MEmin 0.847 0.683–0.930 < 0.001 0.791 0.585–0.902 < 0.001
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NAFLD is defined as the liver manifestation of metabolic
syndrome. The primary pathogenesis of NAFLD is based on
insulin resistance, which is also considered to be essential
pathogenesis of T2DM [34]. Therefore, glucose metabolism,
lipid metabolism disorder, and body mass index show a
significantly increasing trend with the increase of NAFLD
grade [35]. Patients with NAFLD generally have no obvi-
ous clinical manifestations, most of them performed that
ALT and AST elevated during liver function tests, mainly
ALT [36]. Studies [37] have proven that serum ALT levels,
significantly related to liver fat content and insulin resis-
tance, can increase with the liver fat infiltration, and it is a
reliable indicator for the diagnosis of NAFLD. Our study
showed that there were significant statistical differences in
ALT, AST, TG, BMI, and HbA1c among the three groups,
and group C was higher than groups A and B. In indicating
abnormal blood glucose, the level of HbA1c is more stable
than FPG. Besides, HbA1c also can better reflect the aver-
age blood glucose level of human body. Studies suggested
that HbA1c is not only an independent risk factor for
NAFLD, but also strongly linked with the occurrence and
development of carotid atherosclerosis [38, 39]. This may
be because HbA1c can increase blood viscosity and slow
down the dissociation rate of oxygenated hemoglobin, re-
sulting in tissue hypoxia, aggravating the further injury of
arterial endothelium, releasing more endothelial contractile
factors, and ultimately causing diastolic endothelial dys-
function [40]. Furthermore, HbA1c causes the disorder of
glucose and lipid metabolism, which can stimulate endo-
thelial cells and vascular smooth muscle cells proliferation,
promote lipid deposition, and accelerate the occurrence of
atherosclerosis [41–43]. Correlation analysis showed that
MEmax, MEmean, and MEmin were positively correlated
with HbA1c, suggesting that HbA1c could promote the oc-
currence of carotid atherosclerosis in T2DM patients with
NAFLD.

This study showed that SWE can quantitatively evaluate
the carotid elasticity of T2DM patients with NAFLD.

Study limitations

The present study has some limitations.① SWE is affected by
respiratory movement, so it requires a high degree of coordi-
nation between operators and patients. ② The gold standard
for diagnosing NAFLD is liver biopsy, while we used ultra-
sound in this study, meaning that hepatic steatosis may be
missed when liver fat is less than 30%. ③ In our study, the
sample size of patients was small. And due to rapid heart rate
and curved carotid artery, there were about 20% patients not
selected. The sample size should be expanded for further
study in the future.

Conclusions

All in all, the carotid elasticity of patients is closely related to
the occurrence and development of NAFLD and T2DM. The
elasticity of carotid artery could be increased in T2DM pa-
tients with mild NAFLD. SWE, as a new technique, can quan-
titatively evaluate the carotid elasticity of the T2DM patients
with NAFLD, which is of great significance to prevent car-
diovascular diseases.
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Abstract
Purpose This study assessed the effectiveness of basal-bolus insulin therapy (BBIT) in non-critically ill patients with type 2
diabetes mellitus (DM) and the factors associated with optimal inpatient glycemic control (IGC) with BBIT.
Methods This prospective study included 103 patients who were admitted to the University Medical Center and were treated
with BBIT. Clinical characteristics, glucose, and glycated hemoglobin (HbA1c) levels at admission, renal function tests, basal-
bolus insulin dosing, and other treatments were recorded. The optimal IGC was defined and classified for the analysis.
Results The mean age of the patients was 67.2 ± 12.0 years. The blood glucose and HbA1c levels at admission were 319.2 ±
184.8 mg/dL and 10.7 ± 2.6%, respectively. Optimal IGC was defined as patients with ≥60% of in-hospital blood glucose values
within the target range (3.9–10mmol/L). Of the 103 patients, 66 patients (64%) achieved optimal IGC and only 5 patients (4.9%)
had at least one hypoglycemic episode. The number of patients consuming snacks was higher in the poor than in the optimal IGC
group whereas an estimated glomerular filtration rate (eGFR) <45-mL/min/1.73 m2 was predominant in the optimal IGC group.
Multivariate analysis revealed that snack consumption and glucocorticoid (GC) use were factors associated with poor IGC, while
eGFR <45 mL/min/1.73 m2 was a favorable factor for optimal IGC.
Conclusion BBIT is safe and effective for the treatment of IGC in non-critically ill patients. Moreover, eGFR <45 mL/min/
1.73 m2 at admission, snack consumption, and GC therapy were independent factors associated with IGC outcomes.

Keywords Type 2 diabetes mellitus . Inpatient glycemic control . Basal–bolus insulin therapy . Snack consumption .

Glucocorticoid use

Introduction

Patients diagnosed with diabetes mellitus (DM) have a three-
fold higher rate of hospitalization than those without DM [1].
Hyperglycemia (blood glucose [BG] level > 140 mg/dL [7.8
mmol/L]) has been reported in 22–46% of non-critically ill-

hospitalized patients [2, 3]. Inpatient hyperglycemia is associ-
ated with increased morbidity and mortality, longer hospital
stay, higher transfer rate to the intensive care unit, and greater
need for transitional or nursing home care after discharge [3].

Insulin regimens are important for inpatient glycemic con-
trol (IGC) in non-critically ill patients with type 2 DM [2, 4].
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Subcutaneous insulin therapy, which comprises a basal
long-acting insulin dose (glargine, detemir, or degludec)
once daily or an intermediate-acting insulin (neutral prot-
amine Hagedorn) twice daily alone or in combination with
short- (regular) or rapid-acting insulin (lispro, aspart, or
glulisine) before meals, is preferred for IGC in these pa-
tients [2, 5]. This combination regimen results in better
BG levels [6–8], lower frequency of hypoglycemic events
[9], and fewer hospital complications [7] than other insulin
regimens. This regimen, also called basal-bolus insulin
therapy (BBIT), is the potential treatment of choice for
maintaining BG levels in the range of 6.1–10 mmol/L in
non-critically ill patients.

Although BBIT has been studied and used worldwide for
over a decade and its effectiveness is universally accepted, it
has not yet been widely applied in Vietnamese hospitals. In
many Asian countries in general, and Vietnam in particular,
premixed insulin is still predominantly used for inpatient gly-
cemic control [10, 11]. BBIT has gained popularity over the
last 5 years in some large medical centers. Therefore, no report
on BBIT outcomes has been published in Vietnam. To date,
there are recommendations only for the BG target for inpatient
hyperglycemia management, but no criteria are available for
optimal IGC in any guidelines or consensus, especially when
the BBIT was utilized [2]. In practice, the threshold for opti-
mal IGC is often chosen by each author. In our own experi-
ence, optimal IGC was confirmed if patients had more than or
equal to 60% of their in-hospital BG values falling within the
target range (3.9–10 mmol/L). We aimed to determine the
effectiveness of BBIT using a new definition of optimal IGC
in non-critically ill patients with type 2 DM in Vietnam.

In general, IGC seems to be significantly associated with
preadmission diabetes control (HbA1c and admission BG)
and inpatient glucocorticoid use [12, 13]. However, there are
not many studies on the predictors of IGC when using BBIT
in non-critically ill patients with type 2 DM both worldwide
and in Vietnam.

Hence, we conducted this study to assess the effectiveness
of BBIT with a new definition of optimal IGC and to identify
the factors that affect IGC in Vietnamese patients with type 2
DM in a non-intensive care setting.

Materials and methods

Study design

This prospective study was approved by the University of
Medicine and Pharmacy at Ho Chi Minh city Ethics
Committee on October 31, 2019, and conducted from
November 2019 to June 2020 at the Endocrinology
Department of the University Medical Center (UMC) in Ho
Chi Minh City, Vietnam.

Patients aged ≥18 years were enrolled if type 2 DM diag-
nosis was confirmed and they had been previously treated
with diet management, hypoglycemic agents, and insulin.
All patients had experienced a hospital stay of at least 6 days.
The exclusion criteria included type 1 DM diagnosis, preg-
nancy, acute hyperglycemic emergencies (diabetic ketoacido-
sis and hyperosmolar hyperglycemic syndrome), severe hy-
perglycemia requiring intravenous insulin infusion on admis-
sion, continuous enteral and parenteral nutrition, change in
nutritional support during the study period, hypoglycemia on
admission, surgical interventions, ongoing corticosteroid ther-
apy (>40 mg/day of equivalent hydrocortisone), and mental
health conditions which prevented patients from providing
informed consent (Fig. 1).

Procedures

The patients were initially treated with BBIT according to an
institutionally approved protocol on admission (Appendix).
All oral hypoglycemic agents, including metformin and di-
peptidyl peptidase-4 inhibitors, were discontinued. The daily
insulin dose (DID) was based on the total DID before admis-
sion or the patient’s body weight. BBIT was administered
subcutaneously as follows:

Patients treated with insulin before admission were admin-
istered their previous total DID.

The starting DID for patients treated with diet management
or oral hypoglycemic agents before admission was as follows.

& Insulin-sensitive (thin stature, poor appetite, elderly, pres-
ence of chronic kidney disease, and no history of insulin
treatment): 0.3 units/kg

& Insulin-resistant (obese, presence of infection, ongoing
glucocorticoid [GC] treatment): 0.5–1 units/kg

& No characteristics of insulin sensitivity/resistance: 0.4
units/kg

Half of the DID was prescribed as basal insulin glargine
(100 units/mL; LANTUS® SoloStar®, Sanofi S.A., Paris,
France) once daily at the same time. The other half was pre-
scribed regular insulin (100 units/mL; Actrapid® HM, Novo
Nordisk A/S, Bagsværd, Denmark), divided into equal doses
administered before meals. Preprandial rapid-acting insulin
was administered until oral food intake could prevent hypo-
glycemia in patients who were unable to eat. Patients received
supplemental (correction) doses of insulin before meals and at
bedtime, according to a previously used protocol (Appendix).

Capillary BG was measured four times a day if the patients
could consume three meals per day: fasting, 5 a.m.–6 a.m.;
preprandial, 10 a.m.–11 a.m.; afternoon, 4 p.m.–5 p.m.; and
postprandial or at bedtime, around 9 p.m.–10 p.m. Pre-meal
capillary BG level was measured in patients receiving sup-
ported enteral nutrition. The BG test was performed using a
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point-of-care glucose meter (AccuChek Performa, Roche
Diagnostics, Basel, Switzerland). Additionally, BG was
checked whenever a patient showed signs of hypoglycemia,
according to the Endocrine Society 2012 guidelines [2].
Laboratory tests, including basic biochemical studies, lipid
profiles, and HbA1c tests, were conducted for all patients on
the first day.

Capillary BG of the patients was monitored for at least 4
days and up to 6 days after admission. The capillary BG levels
recorded on the first day after admission (day 0) were exclud-
ed from the dataset because of multiple confounding factors
that might affect BG concentration on admission, such as
stress, acute illnesses, decompensated conditions of chronic
diseases, changes in nutritional support, and pre-hospitalized
medical treatments. Day 0 represents an unstable period of BG
control and might not reflect the quality of inpatient care.
Moreover, a supplemental (correction) insulin dose was not

administered on day 0. Capillary BG levels on the second day
(day 1) were included in the analyses.

Definition of variables

The target BG level in the range of 3.9–10 mmol/L was de-
fined as the optimal IGC.

Hypoglycemia and hyperglycemia were defined as BG <
3.9 mmol/L and > 10.0 mmol/L, respectively. Severe hypo-
glycemia was defined as the loss of consciousness and/or
seizures.

BBIT effectiveness was assessed using a “patient mod-
el.” It was an analytic model that employed all the BG
values of a patient collected during their hospitalization,
except for day 0, to calculate the following parameters:
mean BG measurement during each patient’s in-hospital
stay, percentage of BG values within the optimal range

Fig. 1 Study flowchart
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(3.9–10 mmol/L), and percentage of BG values < 3.9
mmol/L and >10.0 mmol/L. In another model, the “pa-
tient-day model,” the BG values of each patient were cate-
gorized according to the calendar days. The mean patient-
day glucose level was calculated as the mean BG per day.
The percentage of BG values between 3.9 mmol/L and 10.0
mmol/L per patient per day was also included. These events
were confirmed by a time point fingerstick BG monitoring
method rather than using the mean values.

Patients were divided into optimal and poor IGC groups
after receiving BBIT. The former included patients with ≥60%
of their in-hospital BG values within the target range (3.9–10
mmol/L).

To assess the factors associated with IGC in patients treated
with BBIT, we analyzed factors including the duration of di-
abetes, HbA1c, admission blood glucose, infection, highwaist
circumference, estimated glomerular filtration rate, inpatient
glucocorticoid therapy, and snack consumption.

A snack in a hospital is any carbohydrate-containing meal
that is not part of the “in-hospital diet” formulated by dieti-
cians and endocrinologists. Snack consumption was con-
firmed by caregiver observations or patient statements during
in-hospital care. Snack consumption was defined as consump-
tion of snacks for more than 40% of the total follow-up days in
the hospital.

Inpatient glucocorticoid therapy was defined as an inpa-
tient receiving glucocorticoid therapy for more than 40% of
the total follow-up days in the hospital.

Statistical analysis

Continuous variables are presented as mean ± standard devi-
ation or median (interquartile range) depending on the data
distribution. Categorical variables were presented as frequen-
cies and percentages. The Kolmogorov–Smirnov test was
used to determine the normality of the distributions.
Comparisons between continuous variables were performed
using two-tailed independent Student’s t-test or Mann–
Whitney U test. Categorical variables were analyzed using
chi-square tests with Yates correction or Fisher’s exact test.
Logistic regressionwas performed to explore independent risk
factors associated with poor IGC.

All statistical analyses were performed using STATA IC
14 (StataCorp LLC, College Station, TX, USA); p-values <
0.05 were considered statistically significant.

Results

Table 1 presents the demographic characteristics. The
mean age of enrolled patients was 67.2 ± 12.0 years.
The mean duration since DM diagnosis was 12.5 ± 9.4
years. Nearly two-thirds of the patients were overweight

or obese (body mass index [BMI] ≥ 23 kg/m2 for Asians),
with an average BMI of 24 kg/m2. Patients using insulin
before hospitalization accounted for 62.1% of the sample,
and premixed insulin therapy was the most common treat-
ment (49.5%). The BG and HbA1c levels at admission
were 319.2 ± 184.8 mg/dL and 10.7 ± 2.6%, respectively.
Infectious diseases in 68 patients (66%) were the main
diagnoses during admission.

Glycemic control

The mean BG level in this patient model was 10.7 ± 3.1
mmol/L. The percentage distribution of BG values < 3.9
mmol/L, 3.9–10.0 mmol/L, and > 10.0 mmol/L were 0.3
± 1.4%, 57.3 ± 31.5%, and 42.4 ± 31.8%, respectively
(Table 1).

The patient-day model revealed each patient’s BG level on
the calendar day. The daily BG levels showed a downward
trend, wherein the BG level on day 3 was significantly lower
than that of day 0 (10.4 ± 3.1 vs. 12.5 ± 3.6 mmol/L; p <
0.001) (Fig. 2). However, the percentage of BG values within
the target range on day 3 was higher than that on day 0 (60.6 ±
36.3% vs. 34.9 ± 36.1%; p <0.001) (Fig. 3).

Regarding BG control, 64.1% (66/103) of the patients pre-
sented optimal IGC. Additionally, 4.9% (5/103) of the patients
had at least one episode of hypoglycemia during hospitaliza-
tion, and all of them belonged to the optimal IGC group
(7.6%). No hypoglycemic cases were observed in the poor
IGC group. Moreover, no severe hypoglycemia-related com-
plications (unconsciousness or seizures) were observed in ei-
ther group.

Differences between Optimal IGC and Poor IGC
groups

The optimal and poor IGC groups included 66 and 37 patients,
respectively (Fig. 1).

The BG and HbA1c levels on admission did not differ
statistically between the two groups (p = 0.33 and p =
0.11, respectively) (Table 1). The percentage of patients
with estimated glomerular filtration rate (eGFR) < 45 mL/
min/1.73 m2 was significantly lower (13.5% vs. 36.4%, p
= 0.01) and that of patients consuming snacks was four-
fold higher (67.6% vs. 15.2%, p < 0.001) in the poor IGC
group than in the optimal IGC group. According to the
optimal IGC subgroups’ analysis, patients with eGFR <
45 mL/min/1.73 m2 required lower DID than those with
eGFR ≥ 45 mL/min/1.73 m2 (0.74 ± 0.04 vs. 0.65 ± 0.05
units/kg/day; p = 0.21). Inpatients received nutritional
support or diabetes-care education equally, regardless of
group (p = 0.416 and p = 1.000, respectively). Regarding
the use of GCs, the poor IGC patients outnumbered the
optimal IGC patients (40.5% vs. 25.8%), but without a
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statistically significant difference in the univariate analy-
sis (p = 0.12). However, in the multivariate analysis, the
GC use was significantly associated with the poor IGC
outcomes (odds ratio [OR] = 2.6, 95% confidence inter-
val, 1.0–6.8; p = 0.048) (Table 2).

Regarding insulin administration, patients with poor IGC
required a higher total DID, basal DID, bolus DID, and DID
(units/kg/day) than the optimal IGC group, but the difference
was not statistically significant (p > 0.05) (Table 1).
Furthermore, the percentage of bolus DID was higher and that

Table 1 Clinical and paraclinical characteristics of inpatients receiving basal-bolus insulin therapy

Variables All patients
(n = 103)

Optimal IGC
(n = 66)

Poor IGC (n = 37) P-value

Demographic and preadmission data

Age (years) 67.2 ± 12.0 68.8 ± 10.5 64.4 ± 14.1 0.291

Female (%) 63 (61.2) 38 (57.6) 25 (67.6) 0.318

Duration of diabetes (years) 12.5 ± 9.4 13.3 ± 9.3 10.9 ± 9.5 0.162

BMI (kg/m2) 24 ± 4.9 23.9 ± 3.4 25.7 ± 5.0 0.178

High waist circumferencea 52 (50.5) 30 (45.5) 22 (59.5) 0.173

Diabetes therapy before hospital admission 0.541

Diet management alone 9 (8.7) 4 (6.1) 5 (13.5)

Oral hypoglycemic agents 30 (29.1) 19 (28.8) 11 (29.7)

Insulin alone 33 (32.0) 21 (31.8) 12 (32.4)

Insulin with oral hypoglycemic agents 31 (30.1) 22 (33.3) 9 (24.3)

Insulin dose before hospitalization (units/kg/day)b 0.7 ± 0.3 0.6 ± 0.4 0.7 ± 0.3 0.327

In-hospital care characteristics

BG on admission (mg/dL) 319.2 ± 184.8 300.2 ± 165.9 353.1 ± 212.6 0.334

HbA1c (%) 10.7 ± 2.6 10.4 ± 2.6 11.3 ± 2.5 0.106

eGFR <45 mL/min/1.73 m2, (%) 29 (28.2) 24 (36.4) 5 (13.5) 0.013*

I nfectious diseases (%) 68 (66.0) 45 (68.2) 23 (62.2) 0.536

Nutritional regimen 0.416

Consume three meals 97 (94.2) 61 (92.4) 36 (97.3)

Enteral nutrition by nasogastric tube 6 (5.8) 5 (7.6) 1 (2.7)

Snack consumption 35 (34.0) 10 (15.2) 25 (67.6) <0.001*

Glucocorticoid therapy 32 (31.1) 17 (25.8) 15 (40.5) 0.120

Diabetes-care education 99 (96.1) 63 (95.5) 36 (97.3) 1.000

Mean BG (mmol/L) 10.7 ± 3.1 8.8 ± 1.2 14.1 ± 2.5 <0.001*

Mean percentage of BG values (%)

3.9–10.0 mmol/L 57.3 ± 31.5 78.3 ± 11.7 19.9 ± 17.6 <0.001*

>10.0 mmol/L 42.4 ± 31.8 21.2 ± 12.0 80.1 ± 17.6 <0.001*

<3.9 mmol/L 0.3 ± 1.4 0.5 ± 1.7 0 ± 0 <0.001*

Insulin treatment (BBIT protocol)

Total DID (units/kg/day) 0.72 ± 0.27 0.70 ± 0.25 0.75 ± 0.31 0.505

Total DID (units/day) 43.6 ± 15.1 41.6 ± 14.1 47.3 ± 16.3 0.091

Basal DID (units/day) 18.3 ± 6.5 17.8 ± 6.6 19.2 ± 6.2 0.256

Percentage of basal DID (%) 42.1 ± 4.9 42.8 ± 5.2 40.9 ± 4.0 0.039*

Bolus DID (units/day) 25.3 ± 9.3 23.8 ± 8.2 28.1 ± 10.6 0.073

Percentage of bolus DID (%) 57.9 ± 4.9 57.2 ± 5.2 59.1 ± 4.0 0.039*

Categorical and continuous variables are presented as numbers (percentages) and mean ± standard deviation, respectively. BMI body mass index, BG
blood glucose, eGFR estimated glomerular filtration rate using the Chronic Kidney Disease Epidemiology Collaboration equation, HbA1c glycated
hemoglobin, IGC inpatient glycemic control, BBIT basal-bolus insulin therapy, DID daily insulin dose. Statistical significance was set at p < 0.05
aWaist circumference >90 cm in males and >80 cm in females
b Calculated for 64 patients treated with insulin before admission
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of basal DID was lower in the poor IGC group than in the
optimal IGC group (p = 0.04) (Table 1).

Discussion

Despite its worldwide application in recent decades, BBIT has
only been introduced in Vietnamese healthcare centers recent-
ly. UMC is one of the few hospitals in which this insulin
regimen has been applied for inpatient treatment. Thus, this
is a pioneering study on the effectiveness of BBIT and the
factors associated with IGC when using this regimen in non-
critically ill patients with type 2 DM in Vietnam.

The principal standard of effective glycemic treatment is
the outcome of IGC. Previous researchers have selected vari-
ous thresholds to determine IGC. Goldberg et al. set a very

high cutoff (≥ 85% of BG values should be in the target range)
to qualify as optimal IGC [14]. Pasquel et al. included those
patients with approximately 60% of BG values in the 3.9–10.0
mmol/L range in the IGC group [15]. Our center chose a
cutoff of 60% of BG values within the target range to qualify
for the optimal IGC group. In our opinion, this threshold is not
too high to accomplish, and is a reasonable treatment goal. In
clinical practice, there are recommendations only for the BG
target for inpatient hyperglycemia management, whereas there
are no criteria available for optimal IGC in any guidelines or
consensus [2]. Thus, the IGC cutoff depends mainly on the
experience of each research team.

Based on our definition of optimal IGC, 64.1% of our
patients achieved optimal IGC during hospitalization, of
whom more than half had no hypoglycemic events. The
Randomized Study of BBIT (RABBIT 2) trial reported 66%

Fig. 3 Changes in the mean daily
percentage of blood glucose
values in the range of 3.9–10.0
mmol/L. The percentage of BG
values in the range of 3.9–10.0
mmol/L showed an upward trend,
wherein the percentage of BG
within the target range on day 3
was higher than that on day 0
(60.6 ± 36.3% vs. 34.9 ± 36.1%;
p <0.001). BG: blood glucose

Fig. 2 Changes in the mean daily
blood glucose level over the
treatment days. The daily BG
levels showed a downward trend,
wherein the BG level on day 3
was significantly lower than that
of day 0 (10.4 ± 3.1 vs. 12.5 ± 3.6
mmol/L; p <0.001). BG: blood
glucose
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of BBIT-induced patients had optimal BG levels (< 140 mg/
dL) [8]. There was little difference in the optimal IGC results
between the RABBIT 2 trial and our study, except for the
optimal IGC definition. The RABBIT 2 trial compressed each
patient’s BG values during the entire hospital stay into a single
mean value. This maneuver did not reflect the BG variability
throughout the follow-up period and underestimated the rela-
tive impact of the extended length of stay on the patient’s
outcomes. In contrast, our research used the “patient model”
to calculate the percentage of in-hospital BG values for each
patient in the target range. This model provided a balanced
approach that attributed a patient’s IGC to each BG value, BG
monitoring frequency, and length of stay. The IGC outcomes
in our study seemed to be better than the outcomes in Pérez’s
study, which demonstrated that 47.7% of the patients achieved
a fasting BG between 90 and 130 mg/dL, and 30.2% present-
ed postprandial BG ≤ 180 mg/dL [16].

In our study, 4.9% of the patients had at least one hypogly-
cemic episode, which was not very high as compared to the
3% recorded in the RABBIT 2 trial (hypoglycemic cutoff < 60
mg/dL) [8]. Zaman Huri et al. presented similar results: 2.5%
of patients had hypoglycemia (< 60 mg/dL) and 5.7% of pa-
tients had BG levels < 70 mg/dL [17]. The variation of “opti-
mal” BG outcomes and hypoglycemic rates could be attribut-
ed to the different optimal IGC definitions and the different
hypoglycemic cutoffs used in certain studies. Regardless of

the hypoglycemic cutoff, the incidence of hypoglycemia was
low in BBIT-treated populations. This conclusion is sim-
ilar to that of previous BBIT studies. Based on our insti-
tutional BBIT protocol, regular BG monitoring and cor-
rection of bolus insulin dose before each meal contributed
to reducing the hypoglycemic incidence in patients with
poor appetite (see Appendix). The low incidence of hypo-
glycemia in our department could be attributed to many
factors. First, the fear of hypoglycemia seemed to be a
major barrier to improving IGC. Physicians tend to pre-
scribe lower doses of starting insulin and correction doses
to ensure that their patients do not experience a hypogly-
cemic event. Second, up to one third of the study popu-
lation consumed snacks during their hospital stay, al-
though it was not recommended to consume additional
food between the main repasts. Snack consumption
protected DM patients from hypoglycemia but negatively
affected IGC. Finally, patients might have had asymptom-
atic hypoglycemia during periods when capillary BG
levels were not checked. Such hypoglycemic episodes
can be detected through continuous glucose monitoring.

Similar to other Asian population studies, such as the study
by Yamamoto et al [18], our study proved that bolus DID
accounted for the majority of the total DID. Such a high bolus
DID is derived from the adjustment of the pre-prandial DID.
This insulin dose was often higher than the basal DID if we

Table 2 Independent predictors
of poor inpatient glycemic control
after multivariate analysis

Variables Odds ratio (95% confidence interval) P-value

Lower Upper

Duration of diabetes (years) 1.0 0.95 1.1 0.783

HbA1c (%) 2.4 0.9 6.3 0.074

Infection

No (Reference)

Yes 0.9 0.3 2.3 0.78

High waist circumferencea

No (Reference)

Yes 2.5 0.9 6.2 0.056

eGFR <45 mL/min/1.73 m2 at admission

No (Reference)

Yes 0.3 0.1 0.8 0.026*

Glucocorticoid therapy

No (Reference)

Yes 2.6 1.0 6.8 0.048*

Snack consumption

No (Reference)

Yes 11.1 3.4 26.3 <0.001*

IGC inpatient glycemic control, eGFR estimated glomerular filtration rate using Chronic Kidney Disease
Epidemiology Collaboration equation, HbA1c glycated hemoglobin. Statistical significance was set at p < 0.05
aWaist circumference >90 cm in males and >80 cm in females
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refer to the guideline for BBIT initiation that recommends a
1:1 basal-to-bolus ratio. The high bolus DID could be attrib-
uted to elevated postprandial glycemia owing to the
carbohydrate-rich ingredients used in Asian recipes.

Multivariate analyses showed that there were some in-
dependent factors associated with IGC outcomes in BBIT-
treated patients, including eGFR < 45 mL/min/1.73 m2 (p
= 0.026), in-hospital snack consumption (p < 0.001), and
GC use (p = 0.048). These outcomes nearly matched
those of the univariate analyses, wherein snack consump-
tion was a predictive factor associated with poor IGC,
while eGFR < 45 mL/min/1.73 m2 was a favorable factor
for optimal IGC. In patients diagnosed with diabetic kid-
ney disease (DKD), a large proportion of exogenous in-
sulin (30–80%) is metabolized and degraded by the kid-
neys as compared to the non-DKD patients [19].
Therefore, it is necessary to decrease the total DID to
avoid hypoglycemia in these patients [20, 21]. Type-2
DM patients with reduced eGFR tend to achieve the BG
target with a lower total DID than those with normal
eGFR (0.65 ± 0.05 vs. 0.74 ± 0.04 units/kg/day; p =
0.21).

Furthermore, the use of GCs, considered ineffective for
IGC in univariate analysis (p = 0.120), was a notable
predictor of poor IGC in multivariate analysis. The use
of GCs in patients with pre-existing diabetes will un-
doubtedly worsen IGC [11]. Another study with a large
number of participants showed that GC use was an im-
portant predictor of poor IGC [11]. GCs aggravate hyper-
glycemia in patients with known DM [22], leading to a
hyperglycemia incidence of up to 46% and an increase in
the BG levels by approximately 68% as compared to the
baseline values [23, 24]. Additionally, there can be acute
complications such as non-ketotic hyperosmolar state, di-
abetic ketoacidosis [25], and even death in patients with
pre-existing DM.

Our study had some limitations. First, this study was
merely a descriptive study that introduced a new insulin
regimen (BBIT) and analyzed IGC outcomes in hospital-
ized Vietnamese patients. As a pilot study, we lacked a
control group that used other insulin regimens for com-
parison with BBIT. Second, the correction of bolus insu-
lin before meals depended only on capillary BG levels
because there were no ingredient analytic platforms (es-
pecially carbohydrate estimation) assessing inpatients’
meals. Finally, the study did not investigate the impact
of BBIT on long-term outcomes, including length of stay,
diabetes-related complications, or mortality. We have not
yet performed a follow-up after discharge to evaluate the
outpatient glycemic control for mid- and long-term pe-
riods, which is an essential evidence to not only calibrate
a safe BBIT dosage but also ensure crucial surveillance of
homecare patients.

Conclusion

In conclusion, type-2 DM inpatients who received BBIT
achieved a high optimal IGC with acceptable hypoglycemic
rates in a noncritical care department. Supplementary meals,
especially snacks, and GC therapy were factors associated
with poor IGC, whereas decreased eGFR was identified as a
favorable factor for optimal IGC when using BBIT to manage
in-hospital hyperglycemia. Further studies on factors associ-
ated with glycemic control with BBIT should be conducted in
non-critically ill patients with type 2 DM, especially homecare
patients.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s13410-022-01079-y.
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Abstract
Background and aim Diabetes has become a public health threat. The cost of diabetes care varies in different communities and
depends on health-seeking behavior and socio-economic condition of the people. Data on economic and social impact of diabetes
treatment among socially weaker section is scanty. Hence, this study was conducted to estimate the direct and indirect cost of
treating diabetes among people living in low resource urban setting.
Methods A cross-sectional study was conducted among 1065 households in the two selected areas of North Chennai. Data was
collected from individuals who were taking diabetes treatment in private health care facilities. The cost toward diabetes treatment
for each participant was calculated using their medical bills, tablet strips and also self-reported cost details.
Results A total of 341 individuals were found to have diabetes and out of them, 230 (M:F, 63:167) individuals who attended
private health facilities for their diabetes treatment were studied. Around 73% of them earned a monthly income of < INR 10,000.
The study revealed that median annual direct cost of treating diabetes among the study participants was amounted to INR 7540.
Annual median indirect cost amounted to INR 1650.
Conclusion People living with diabetes in low resource urban setting spent more toward direct medical cost. The out of pocket
expenditure was mainly on hospitalization followed by medicines and investigations. The strengthening and provision of
appropriate primary public health care services for diabetes in this setting may reduce out of pocket expenditure toward treatment
of diabetes in private health care facilities.
Highlights
• Nearly 3/4th of study participants who earn INR 10,000/month monitor their diabetes status rarely, but take medicines alone.
• They spend INR 6000 on medicines annually while they spend only INR 400 on lab investigations.
•More than 1/4th (28.3%) of them were irregular in taking medication and buying medicines with previous tablet strips from the
medical shop.

•Hypertension (24.7%) was the most common co-morbid condition prevalent among them than any other diabetic complications.

Keywords Health-care . Treatment cost . Low resource setting . Urban poor . Diabetes

Introduction

Diabetes is one of the fastest growing diseases in the world,
which causes morbidity and mortality [1]. It makes families
poor and reduces the life expectancy of people. Diabetes is a

common threat which affects anyone irrespective of their
class or caste [2]. Every year, around 5.8 million Indians
die due to non-communicable diseases such as heart disease,
lung disease, stroke, cancer, and diabetes [3]. According to
IDF Atlas, “diabetes is a global emergency of the 21st
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century” [4]. An estimated number of 425 million people are
living with diabetes worldwide. Currently, there are 77 mil-
lion people living with diabetes in India and this number is
expected to increase to 152.8 million by 2045 [5]. It is also
estimated that 7.8% of the population above 18 years in
our country either experience raised blood glucose level or
on treatment for diabetes [6]. India stands to lose 0.15
trillion US $ [15 lakhs in INR] to diabetes alone according
to the world economic forum report on economics of non-
communicable diseases [7]. A recent study conducted in
India shows that the prevalence of diabetes is higher
among urban poor compared to other sections [8]. Study
by Vigneswari et al. from South India reported that the
prevalence of obesity and central obesity was higher
among urban poor, especially among women [9]. Hence,
it is also important to study the cost of diabetes care among
the urban poor. The present study was conducted to find
the direct and indirect cost of treating diabetes among eco-
nomically backward group.

Materials and methods

A community based cross-sectional study was conducted
in two economically disadvantaged communities
(Panamarathotti and Jeevarathnam Nagar) in North
Chennai, Tamil Nadu, the southern state of India.
Northern region of Chennai has more of slum settlements
(470 slums) compared to Southern (272 slums) and cen-
tral (389 slums) regions of Chennai [10]. Hence, North
Chennai was selected and listed all the areas and selected
first two areas Panamarathotti and Jeevarathnam Nagar in
Royapuram based on computer-generated random num-
bers and ensured existence of mixed groups such as fish-
ing communities, migrant laborers from other districts of
Tamil Nadu, and also other parts of India that represents
poor resource setting. All the households were surveyed
in the selected study areas. Out of a total of 1065 house-
holds surveyed, 341 individuals were found to have dia-
betes. The history of diabetes was confirmed with the
medical records and treatment prescriptions. Out of 341
individuals, 230 who satisfied the inclusion criteria of (1)
age > 18 years; (2) treatment taken only in private health
care centres for a minimum period of 1 year; and (3)
patients with records such as doctor’s prescription for
diabetes, medical bills, or tablet (OHAs) strips/insulin
vials and willingness to participate in the study were
included.

All the study participants were interviewed by trained
field investigators using pretested, structured interview
schedule. The cost details were recorded by seeing their
medical bills, tablet strips, and self-reported cost details.
The annual cost was calculated by multiplying total visits

to the doctor or medical shop with out of pocket expen-
diture for medicines, laboratory investigations such as
fasting blood sugar, HbA1c or lipid profile, and any
other additional tests including kidney function test, Eye
examination, ECG, Echo, foot examination if done.

Statistical analysis

Data analysis was done using SPSS version 20. Median
and range (minimum, maximum) were given for the con-
tinuous variables. Frequencies and percentages were giv-
en for the categorical variables.

Results

Socio-economic profile

The majority of the study participants were females (72.6%).
Mean age of the study participants was 54 ± 11.8 years.
Around 55.6% of the study participants were homemakers.
Monthly household income of 73% of the participants
was less than INR 10,000 and 43% of the participants
were the primary income earner of the family. The de-
tailed summary of the socio-demographic description is
shown in Table 1.

History of diabetes, its management, and other co-
morbid conditions

About 52.6% of the participants had reported living with
diabetes for more than 5 years. The majority (89.1%) of
them was treated with oral hypoglycemic agent (OHA).
Around 38% of the participants reported with presence of
complications with high proportion of retinopathy
(26.5%). Hypertension was the most common co-morbid
condition (46%) prevalent among the study participants.
Various behavioral risk factors such as smoking, alcohol-
ism, tobacco chewing, and usage of snuff were reported
by 17.3% of the participants. The study found that
28.3% of the study participants were irregular in taking
medication and were also buying medicines with previ-
ous tablet strips from the nearby medical shops. Irregular
medication and irregular follow-up visits were common
in this group. About 41.5% of the study participants
reported that they could not follow the regular medica-
tion due to financial constraints and other reasons includ-
ing lack of knowledge about the impact of discontinuing
medicines and its complications (38.5%), stopped taking
medicine because they felt better (15.4%), and fear of
side effects (6.2%) etc.
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Health-seeking behavior

Out of 230 participants, around 70% of them used to go to
general practitioners, 25.7% to private hospitals, and 4.3%were
visiting multi-specialty hospitals for their diabetes treatment.

Direct cost measures

The annual direct medical cost of the study participants per
year was estimated at INR 7368. Other than the expenditure

for inpatient care, people spent more money on medi-
cines. The annual cost of buying tablets and insulin alone
was INR 6000 (INR 805-INR 62,400) while the annual
cost of lab investigation was INR 400 (INR 30-INR
16,000). The detailed summary of direct medical cost is
shown in Table 2.

The non-medical cost was estimated at INR 320. Among
the total participants, 54.3% had no cost of transportation
charge. The details of direct non-medical cost are summarized
in Table 3.

The total direct cost for treating diabetes per annum was
estimated at INR 7540 which included both total medical and
non-medical cost of treating diabetes. This study also showed
that 60% of the total medical cost spent only for the purchase
of medicines followed by lab investigations (18%) and con-
sultation fee (7.4%) per OP visit.

Indirect cost measures

The annual indirect cost was calculated at INR 1650 (INR
200-INR 8000), which included the reported loss of in-
come of the patient as well as the care taker during their
outpatient visits (OP) or in-patient (IP) admissions. Only
13.04% (30) of the participants had to bear the indirect
cost while 86.9% did not report this income loss. Among
them, 35.6% were found to be housewives, retired/unem-
ployed, and students. Information on annual indirect cost
spent on diabetes treatment is provided in Table 3.

It was found that the average expenditure toward diabetes
treatment per person per annum was INR 7925. The de-
tails of the total cost for treating diabetes are provided in
Table 4.

Mode of payment

Most of the expenses were met through out of pocket money
(91%) and 8% reported that they had borrowed loan to spend
for their treatment. Only 1% mentioned they had medical in-
surance. Responding to a question about the escalating cost
scenario in the treatment for diabetes and its impact, nearly
47% of the participants said that they would continue the same
treatment even if there would be a cost escalation. Among the
remaining, 25.2% responded that they would prefer cheaper
treatment options, 14.3% would go to Government hospital,
9.1% might stop treatment, and 4.3% responded that they
don’t know what they would do.

Discussion

The economic burden of diabetes on persons affected
with diabetes and their households was highlighted in
several studies earlier [11]. This study has revealed the

Table 1 Socio-demographic profile of the study participants

Variables Number (%)

Total participants 230

Mean age 54±11.8

Age in years

> 18–29 years 2 (0.9)

30–49 years 77 (33.5)

49 and above 151 (65.6)

Gender

Male 63 (27.4)

Female 167 (72.6)

Education

Illiterate 78 (34)

School 137 (59.5)

College 14 (6)

Professional 1 (0.5)

Occupation

Unskilled worker 29 (12.6)

Skilled worker/Formal sector 31 (13.5)

Business 22 (9.6)

Retired 15 (6.5)

House wife 128 (55.6)

Unemployed/Student 5 (2.2)

Income

< 10,000 168 (73.0)

10,001–20,000 54 (23.5)

20,001–40,000 8 (3.5)

> 40,000 0 (0)

Duration of diabetes

< 5 years 109 (47.4)

5–10 years 71 (30.9)

> 15 years 50 (21.7)

Co-morbidities/ complications

Retinopathy 61 (26.5)

Neuropathy 6 (2.6)

Foot complications (amputation and ulcer) 10 (4.3)

Hypertension 106 (46.1)

Heart diseases 6 (2.6)

Don’t know 4 (1.7)
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economic burden of diabetes care among people living in
low resource urban setting. In this study, we surveyed
the people who were attending private health care centres
in order to find out the medical, non-medical, and indi-
rect cost for diabetes care. Previous studies from India
showed that people with diabetes were spending more on
hospitalization and lab investigations [12–14]. It was ob-
served that both urban and rural dwellers spent around
40% of the total expenditure toward medications [15]. A
similar proportion (38.8%) of expenditure on medications
was also shown in a study conducted among the urban
poor in Karnataka [16]. Whereas, our study showed 60%
of the total expenditure was for buying medicines.

The annual expenses toward medicines (OHAs and
insulin) and lab investigations were found to be INR
6000 (INR 805-INR 62,400) and INR 400 (INR 30-
INR 16,000) respectively. From this result, it may be
concluded that the less priority was given for monitoring
of the blood glucose levels. Non-medical expenses were

estimated as INR 320 per annum. It was observed that
the majority of participants did not spend on transporta-
tion as they used to access nearby medical facilities by
walk for their treatment.

A study on the economic burden of diabetes mellitus
and its socio-economic impact on household expenditure
for the urban poor in Mumbai showed that the mean indi-
rect cost of diabetes management for 1 year was INR 4185.
In contrast, our study results showed less annual indirect
cost of INR 1650. But the direct cost in both Mumbai and
Chennai are more or less a same amount [17]. A study
conducted among urban population in Karnataka [16] re-
ported INR 359 as indirect cost per visit with 5 average
visits per year. Hence, the total annual indirect cost would
cost around INR 1795 that is closely similar to our find-
ings, whereas the direct cost incurred was found to be
relatively lesser than the direct cost exhibited by our study.
The possible reasons for the notable difference observed in
the indirect cost for Mumbai and Chennai could be due to
the availability, proximity, accessibility, and affordability
of the health facilities and also the cost of living in these
cities. It also depends on the number of visits made by
patients to the health facility for treatment. While, another
study conducted in coastal Karnataka showed expenses of
INR 4282 that was lesser than expenses made by our study

Table 2 Annual direct medical
cost for treating diabetes (in INR) Various Cost N Median Range

Minimum Maximum

Annual cost of consultation 230 600 100 6000

Annual cost of Lab Investigation 230 400 30 16,000

Annual cost of tablets 230 6000 805 62,400

Annual cost of Insulin 25 6000 858 24,000

Annual cost of Hospitalization 17 18,000 250 2,30,000

Annual cost of other Investigations 6 2750 2000 5000

Annual Direct medical cost 230 7368 510 2,72,800

N number of participants, INR Indian Rupees

Total direct medical cost per person per annum (in INR) = 7368

Table 3 Annual direct and indirect non-medical cost for treating
diabetes (in INR)

Various Cost N Median Range

Minimum Maximum

Direct non-medical cost

Annual cost of transportation 105 300 60 3600

Annual cost of food expenses 20 180 40 1800

Direct non-medical cost 109 320 60 3600

Indirect non-medical cost

Loss of income 30 1650 200 8000

N number of participants, INR Indian Rupees

Total direct non-medical cost per person per annum (in INR) = 320

Total indirect non-medical cost per person per annum (in INR) = 1650

Table 4 Total cost of diabetes care (in INR)

Total cost N Median Range

Minimum Maximum

Total direct cost 230 7540 510 2,73,040

Total indirect cost 30 1650 200 8,000

Total Cost 230 7925 700 2,77,040

N number of participants, INR Indian Rupees
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participants. The indirect cost also varied much from their
study as they showed very less indirect cost of INR 462
accounted to 28% of the indirect cost incurred by our study
participants [18]. A clinic-based study showed less absen-
teeism by patients who visited private hospitals [19]. This
is consistent with our study findings as study participants
were observed to prefer private hospitals as they could visit
these health facilities in their convenient timing and also to
avoid long queue and waiting hours in the public health
facilities.

Another study from Chennai conducted in 2013, on the
economic burden of middle income groups with diabetes re-
ported that the median annual direct medical cost was INR
6550 and median annual direct non-medical cost was INR
250 [20]. When we compare this medical cost (INR 6550),
urban poor of the same city spends almost the same amount
for diabetes care now. A community-based cost of illness
study conducted in 2009 [14] among the South Indian popu-
lation reported that one has to spend INR 25,391 toward the
direct cost for diabetes care and INR 4970 toward the indirect
cost. When we compare the direct and indirect cost with pres-
ent study, the urban poor are spending three times lesser than
the general population [15]. The findings of the current study
revealed that urban poor spends lesser amount on lab investi-
gations or monitoring of blood sugar, other investigation such
as ECG, ECHO, Eye test, etc., compared to the general pop-
ulation. This study also demonstrated that a majority of them
had less absenteeism and did not lose their daily wage income
unlike the people attending government health facilities that
they faced more indirect expenses toward their diabetes treat-
ment [19]. But the inability to spend on investigation costs
may also results in suboptimal care.

Another key finding was the practice of irregular medica-
tion and irregular follow-up visit to doctor and absence of
regular monitoring of the blood sugar. Not only the financial
constraints, but also lack of knowledge on the importance of
proper medication and severity of disease may be the reasons
for this. A routine check-up is necessary to prevent the diabet-
ic complications. As most of the people living in this setting
used to visit general practitioners, it is necessary for those
general practitioners to be aware of this fact and keep a track
on their health status regularly to prevent the development of
the complications.

The urban poor spend a high proportion of their income on
diabetes care [21]. In the year 2000, one could treat diabetes
with less than INR 5000 per annum [13]. It grew to INR
10,000 in 2007 in urban settings and INR 6260 in rural set-
tings in India [15]. In the present study, people with diabetes
from a low resource urban setting were found to spend an
average of INR 8000 for diabetes care per annum. This
amount is equal to their one and half month’s salary, and
hence they would prefer not affording to health and they
would prioritize to meet their daily life expenses.

Our study findings showed that 67.4% of the participants
were taking treatment in private health centers. Several other
studies also reported similar results that over 65% of the urban
poor in India are depending on various private healthcare pro-
viders [22–24].

Here is an urgent need for more studies on health seeking
behavior, and the pattern of health care provided to the poor
with respect to diabetes. It is also important to have
Government-run investigation units with subsidized price for
every one lakh population in urban areas. Even though the
urban poor live in cities and towns that are surrounded by
high-standard health care facilities and technologies, they
could not afford those facilities. Other than free treatment,
government has to set up some collaboration with disease
specific private health care centres or introduce public-
private partnership (PPP) system to improve the accessibility
of the health care facilities among poor people.

Limitations

Information such as consultation fee, lab investigation charges
toward few hospital visits, number of hospital visits were self-
reported by some of the study participants as there were no
bills or records available for the same. Hence, there was a
chance for the occurrence of recall bias. The gender distribu-
tion showed that high proportion of women participated in this
study. This might be due to non-availability of men in the
households who have left for work during the survey. This
would have compromised the equal representation of both
genders for the study.
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Abstract
Aim To assess the real-world effectiveness and safety of remogliflozin in the management of type 2 diabetes mellitus (T2DM) in
a large uncontrolled population.
Methods A retrospective cohort analysis was conducted at 1578 sites across India. Medical records of all patients who had
received a remogliflozin-based regimen for a 3-month duration as per routine practice for the management of T2DM were
analysed for effectiveness and safety. The efficacy assessments included mean change in HbA1c, fasting plasma glucose
(FPG), postprandial plasma glucose (PPG), bodyweight, BMI, and blood pressure from baseline to 3 months. Safety assessments
included incidence of adverse events reported.
Results A total of 5452 eligible patients’ data were analysed. Themean change of HbA1c level from baseline (8.63%) to 3-month
follow-up (7.68%) was − 0.95%. The mean change in FPG and PPG from baseline to the end of follow-up was − 42.4 mg/dL and
− 69.1 mg/dL, respectively. A significant reduction in glycemic parameters was observed from baseline to follow-up. The overall
incidence of adverse events (AEs) was about 25.9%. Genito-urinary tract infections (12.6%) were more frequently reported AEs,
and no severe AEs were reported.
Conclusion Remogliflozin etabonate was effective in improving glycemic parameters. It was well-tolerated in the real-world
setting used for glycemic management of T2DM.

Keywords Remogliflozin etabonate . Type 2 diabetesmellitus . HbA1c . Adverse events

Background

Type 2 diabetes mellitus (T2DM) is one of the most important
and prevalent chronic non-communicable diseases today, in
India, which is anticipated rise to 101 million by 2030 [1]. As
improved glycemic control is associated with reduced risk of
micro and macrovascular complications, optimal therapy for

patients with T2DM requires an appropriate selection of
glucose-lowering therapies considering side effects like hypo-
glycemia and weight gain with some other agents.

However, initial metformin monotherapy, as recommend-
ed by clinical guidelines, most often are insufficient to achieve
or maintain glycaemic targets. Consequently, treatment with
additional glucose-lowering agents to existing anti-diabetic
therapy is required [2, 3].

SGLT2i represents a new class of anti-diabetic drugs that
recent guidelines have recommended as one of the first-line
anti-diabetic agents in the management of T2DM [4]. SGLT2
inhibitors exhibit additional unique benefits of reduction in
both body weight and blood pressure (BP) [5].

Remogliflozin, available as prodrug remogliflozin
etabonate (RE), is a novel potent selective inhibitor of
SGLT2 that has been approved recently in India [6]. Recent
phase III pivotal study of RE in Indian subjects demonstrated
RE to be an efficacious and tolerable agent in Indian T2DM
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patients and was found to be non-inferior to dapagliflozin in
the management of T2DM [7].

The real-world evidence (RWE) is the clinical evidence
which demonstrates the usage and potential benefits and/or
risks of a medical product derived from analysis of real-
world data (RWD). RWD has potential to complement the
knowledge available from conventional randomized clinical
trials (RCTs), whose design limitations make it difficult to
generalize findings to population at large uncontrolled set-
tings. The present study was planned to be as retrospective
cohort analysis of RWD of Indian T2DM patients from rou-
tine clinical settings to further characterize the clinical effec-
tiveness and safety profile.

Methodology

This multi-centric retrospective cohort analysis was planned
with data retrieved from medical records of patients treated in
routine practice with remogliflozin regimens at multiple cen-
tres across India. The study protocol was approved by the
Independent Ethics Committee. The study conduct was in
compliance with study protocol, the International
Conference on Harmonization-Good Clinical Practice (ICH-
GCP) guidelines E6 (R2), the Indian Council of Medical
Research (ICMR), the National Ethical Guidelines for
Biomedical and Health Research Involving Human
Participant (2017), and applicable regulations. The data for
this study was retrieved from medical records collected from
1578 sites from all over India between October 2019 and
March 2020.

At each study centre, the medical records of adult (≥ 18
years) patients of either gender were screened for fresh initia-
tion of remogliflozin for the management of T2DM as per
routine practice and had completed 3-month follow-up after
initiation of remogliflozin. A maximum of up to first 20 pa-
tients at each study centre were considered for analysis.

The day of initiation of remogliflozin was considered to be
the index date (day 0, baseline). The assessment day was
considered 3 months from the index date (day 90, follow-
up). The investigators retrieved the available clinical data from
the medical records of eligible patients treated at the respective
centres and captured in de-identified manner in the case report
forms (CRFs). The following data was planned for retrieval
designed on day 0: baseline demographics (age, gender,
height, BMI, duration of DM, family history of DM, co-
morbid conditions, and concomitant medications). The data
planned for retrieval on both day 0 and day 90 included body
weight, systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), BMI, fasting plasma glucose (FPG), postprandial
plasma glucose (PPG) and glycosylated hemoglobin
(HbA1c), estimated glomerular filtration rate (eGFR), serum
creatinine, urine albumin-to-creatinine ratio (UACR), serum

uric acid, and serum electrolytes (Na, K, Cl, Ca). The incident
adverse events reported in medical records were to be cap-
tured for the entire observation period of 3 months from day 0.

The study intended to assess the effectiveness as well as the
safety of remogliflozin in the real-world setting. The end-
points considered for assessment of clinical effectiveness in-
cluded mean change from baseline to 3-month follow-up in
HbA1c, FPG, and PPG levels for glycemic parameters. The
mean change from baseline at 3 months in total body weight,
BMI, SBP, and DBP was assessed in non-glycemic
parameters from the available real-world data. Safety assess-
ment included the incidence of adverse events in terms of
symptoms and signs as transcribed from medical records.
The safety assessment also included assessment of renal func-
tion, viz., eGFR, serum creatinine, serum uric acid, UACR,
and serum electrolytes as available in the medical records.
Further subgroup analyses were planned on the basis of base-
line HbA1c and baseline BMI. The endpoints assessed in the
subgroups included glycemic parameters (HbA1c, FPG, PPG)
and body weight.

Statistical analysis

The CRFs, with data transcribed from medical records as
available, from all centres were pooled together. Only CRFs
with non-missing essential demographic characteristics (age,
gender, weight, height) and availability of baseline and
follow-up measurements of any one of 3 glycemic parameters
were selected for data analysis. All statistical analyses were
done using the software STATA. All characteristics were
summarized descriptively. For continuous variables, data
were represented using means ± SD. For categorical data,
the number and percentage were used in the data summaries.
The intragroup change from baseline was tested by paired t-
test. For intragroup assessment, medical records wherein both
the baseline and 3-month measurements for corresponding
parameter were available were considered. For subgroup anal-
ysis, only patients’ records with baseline and follow-up as-
sessment available for all the parameters to be assessed were
considered. All p values were two-tailed, and the values were
considered statistically significant if p < 0.05.

Results

A total of 5452 eligible patient’s data were analysed in this
study. The mean age at diagnosis was 54.9 ± 10.27 years, with
male predominance (61.4%). At the time of presentation,
61.5% of patients had positive family history of diabetes
(FHD), and the average duration of diabetes was found to be
6.2 ± 4.29 years. Out of total 5452 patients, approximately
64.5% of patients were presented with co-morbid conditions
at diagnosis. Hypertension (54.9%) and dyslipidemia (46.2%)
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were the most frequently observed co-morbid diseases among
all patients (Fig. 1).

In the present study, more than half of the patients (55%)were
on two concomitant oral anti-diabetic drugs (OADs), followed
by 27.4% and 16.7% of patients on one and > 2 concomitant
OADs, respectively, along with remogliflozin treatment. The
most common concomitant regimen was metformin plus sul-
fonyl urea combination (33.8%). Figure 2 presents the sum-
mary statistics of concomitant OADs along with remogliflozin
treatment. Approximately 55% of patients were on concomi-
tant medication other than anti-diabetic drugs (ADDs), which
are most common as being anti-hypertensive (59%) agents.

The mean baseline characteristics of the patients in terms of
HbA1c levels, FPG, and PPG presentation were found to be
8.6 ± 1.04%, 181.4 ± 36.29 mg/dL, and 257.7 ± 59.56 mg/dL,
respectively. The average body weight and BMI were noticed
to be 74.6 kg and 28.3 kg/m2 at diagnosis. Table 1 describes
the baseline characteristics of the study participants.

Effect of remogliflozin on glycemic parameters

The mean change from baseline in HbA1c levels at 3 months
was − 0.95% (Fig. 3) which was found to be statistically
significant (p < 0.05). The mean reduction in FPG level from
baseline level of 181.4 mg/dL was − 42.4 mg/dL, while the
mean reduction in PPG from baseline of 257.7 mg/dL was −
69.1 mg/dL at the 3-month follow-up (p < 0.05 for both) (Fig.
4). The changes in glycemic parameters from baseline to
follow-up are shown in Table 2.

The mean body weight reduced by 2.6 kg from 74.4 to
71.8 kg in 3 months, with a mean change of – 1 kg/m2 in
BMI. As > 50% of patients were on concomitant anti-
hypertensive medications, the change in blood pressure was
assessed only in the patients who had normal BP at baseline
and were not receiving any BP-altering medications. The re-
duction in systolic and diastolic BP from baseline to 3-month
follow-up was − 3.3 mmHg and − 2.3 mmHg.

Fig. 1 Prevalence of comorbid
conditions in total population.
Legend: N=5452;
CV=Cardiovascular;
T2DM=Type 2 diabetes mellitus

Fig. 2 Proportion of OAD
regimens concomitantly
administered with remogliflozin.
Legend: DPP4i - Dipeptidyl
Peptidase-4 inhibitor; Met –
Metformin; SU – Sulfonyl Urea
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Assessment of non-glycemic parameters

The change in all non-glycemic parameters was statisti-
cally significant. Non-glycemic parameters have been
exploratorily analysed as they are available pre- and
postdata assessment. The changes in non-glycemic pa-
rameters from baseline to follow-up are shown in
Table 2 and Figs. 5, 6, and 7.

Subgroup analysis

The subgroup analysis was conducted on the basis of baseline
levels of HbA1c and BMI, as per availability of parameter at
baseline and follow-up. Accordingly, 4445 patients were

divided into 3 subgroups of < 8.5%, 8.5–10%, and > 10% as
per baseline HbA1c, and 4145 patients were divided into 3
subgroups of < 25 kg/m2, 25–30 kg/m2, and > 30 kg/m2 as per
baseline BMI.

Subgroup analysis as per baseline HbA1c

To evaluate the effects of remogliflozin treatment, patients
were classified into 3 subgroups on baseline HbA1c levels.
At baseline, 2162 patients had HbA1c < 8.5%, 1957 patients
had HbA1c 8.5–10%, and 326 patients had HbA1c > 10%.
Baseline demographic characteristics of the patients at base-
line HbA1c are given in Table 3. With remogliflozin treat-
ment, patients across the 3 baseline subgroups had significant
reduction in HbA1c, FPG, PPG, and body weight from base-
line to follow-up. The change in HbA1c showed proportional
reduction as per baseline HbA1c. The same trend was ob-
served with FPG, PPG, and weight loss. Larger HbA1c reduc-
tions (− 1.76%) were seen among patients with higher base-
line HbA1c (> 10%) (Figs. 8, 9, and 10).

Subgroup analysis as per baseline BMI

In the overall sample, at baseline, 945 patients had BMI < 25
kg/m2, 1961 had BMI 25–30 kg/m2, and 1239 patients had
BMI > 30 kg/m2. Demographic characteristics of the patients
at baseline BMI are described in Table 4. With the use of
remogliflozin, the subgroups of BMI at baseline had signifi-
cant reduction in HbA1c, FPG, PPG levels, and body weight
from baseline to 3-month follow-up. The greater reduction in
body weight was observed in patients with higher baseline
BMI. The reduction of 2.0 kg and 3.3 kg in body weight
was seen in subgroup of BMI 25–30 kg/m2 and BMI > 30,
respectively (Figs. 11, 12, and 13).

Non-glycemic parameters have been observed in low set of
study population where data was available. Hence, this data is
not representative of study to be considered.

Safety assessment of remogliflozin treatment

The reporting in safety section of the CRFs was observed to be
low (437 CRFs), and hence, only these were considered for
safety analysis. Of the 437 records, 25.9% (113) patients re-
ported total of 136 events. Table 5 shows the incidences of
adverse events with remogliflozin-based regimens. Genito-
urinary tract infections (GTIs) (12.5%) were most frequent
AE associate with the use of remogliflozin.

Themean eGFR of 83.8mL/min at baseline decreased by −
1.8 mL/min at 3 months, while serum creatinine decreased by
− 0.07mg/dL (p > 0.05 for both; Table 6). The serum uric acid
and UACR showed statistically significant change from base-
line of − 0.35 mg/dL and − 6.1 mg/g, respectively, at 3
months. The changes in serum sodium, potassium, chloride,

Table 1 Baseline characteristics of the study population

Baseline characteristics N = 5452

Age (years) 54.9 ± 10.27

Gender (n, %) Males 3350 (61.4%)

Females 2102 (38.6%)

Duration of T2DM (years)1 6.2 ± 4.29

Family history of T2DM2 (n, %) 2913 (61.5%)

Height (cms) 162.7 ± 9.54

Weight (kg) 74.6 ± 9.77

BMI (kg/m2) 28.3 ± 4.67

HbA1c (%)3 8.6 ± 1.04

FPG (mg/dL)4 181.4 ± 36.29

PPG (mg/dL)5 257.7 ± 59.56

Co-morbid conditions (> 2%) (n, %) 3518 (64.5%), N (%)

Hypertension^ 2993 (54.9)

Dyslipidaemia^ 2520 (46.2)

Cardiovascular disorders^ 265 (4.8)

Concomitant medications (n, %)

One concomitant OAD 1495 (27.4)

Metformin^ 1007(67.4)

DPP4i^ 276 (18.5)

Two concomitant OADs 3000 (55.0)

Met+SU^ 1846 (61.5)

Met+DPP4i^ 915 (30.5)

More than 2 concomitant OADs 914 (16.7)

Met+SU+DPP4i^ 409 (44.7)

Met+SU+AGI^ 269 (29.4)

1 n = 5069; 2 n = 4734; 3 n = 5358; 4 n = 4785; 5 n = 4962

All values are mean ± SD unless specified otherwise

^The proportion on subitems derived considering the total n from the
parent list item

AGI, α-glucosidase inhibitor; BMI, body mass index; DPP4i, dipeptidyl
peptidase-4 inhibitor; FPG, fasting plasma glucose; HbA1c, glycated
haemoglobin; Met, metformin; SU, sulfonyl urea; TZD, thiazolidinedi-
one; T2DM, type 2 diabetes mellitus; PPG, postprandial plasma glucose;
OAD, oral anti-diabetic drug
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Table 2 Change in glycemic
parameters and non-glycemic
parameters

Parameters N Baseline Follow-up (3 months) Mean change from baseline

Glycemic parameters

HbA1C (%) 5358 8.6 ± 1.04 7.68 ± 0.84 − 0.95*

FPG (mg/dL) 4785 181.4 ± 36.29 139 ± 27.15 − 42.4*

PPG (mg/dL) 4962 257.7 ± 59.56 188.6 ± 42.03 − 69.1*

Non-glycemic parameters

Body weight (kg) 5241 74.6 ± 9.77 71.8 ± 9.51 − 2.6*

BMI (kg/m2) 5241 28.3 ± 4.67 27.3 ± 4.53 − 1.0*

SBP (mmHg) 1886 126.9 ± 6.92 123.6 ± 7.54 − 3.3*

DBP (mmHg) 1886 82.4 ± 7.10 80.1 ± 7.29 − 2.3*

All values are mean ± SD unless specified otherwise; *statistically significant, p < 0.05; BMI, body mass index;
DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; PPG, postprandial
plasma glucose; SBP, systolic blood pressure

Fig. 3 Change in glycemic parameters (HbA1c). Legend: N=5358; HbA1c = glycosylated haemoglobin; * = P<0.05, statistically significant

Fig. 4 Change in glycemic
parameters (FPG and PPG).
Legend: Change from baseline in
Mean FPG levels, (N=4785);
PPG (N=4962), FPG =Fasting
Plasma Glucose;
PPG=Postprandial Plasma
Glucose; * = P<0.05, statistically
significant
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and calcium from baseline to 3 months were − 1.7 mEq/L, −
0.1 mEq/L, 1 mEq/L, and − 0.1 md/L, respectively.

Discussion

The intensification of treatment of T2DM patients with
addition of one or more ADDs for adequate glycemic
control in routine practice is a well-established fact. This
current analysis planned to assess the real-world effective-
ness and safety of remogliflozin demonstrated significant
reduction in glycemic (HbA1c, FPG, PPG) parameters
after 3 months of treatment but also good safety and tol-
erability profile with remogliflozin-based anti-diabetic
regimens.

The baseline demographics, comorbidities, and anti-
diabetic therapy observed in the study population were com-
parable to epidemiology of T2DM patients and prescriptions
practices in India. The age, BMI, and gender distribution in
study population were similar to that reported by Singla et al.
[8]. Though occurrence of comorbidities observed in study

population was similar as reported by Iglay et al. [9], the
incidence rate was lower. This could plausibly be due to
reporting bias in retrospective data collection. It could also
be due to use in low co-morbid patients on account of its
recent launch and no experience with remogliflozin in treating
physicians. The popular choice of metformin and sulfonyl-
ureas utilization as evident in Indian practice [8, 10] was also
observed in the current study.

A significant decrease in HbA1c (− 0.95%, p < 0.001) was
noticed after 3 months of treatment with remogliflozin added
to ongoing background anti-diabetic therapy in uncontrolled
settings of routine clinical practice. A real-world assessment
in an uncontrolled clinical setting, resembling the current
study, was conducted by Viswanathan et al. [11],
Chakravorty et al. [12], and Munk et al. [13] to investigate
the effectiveness of dapagliflozin, canagliflozin, and empagli-
flozin, respectively. The FOREFRONT study [11] by
Viswanathan et al. reported a significant reduction of − 1%
in HbA1c after 3 months of treatment with add-on
Dapagliflozin to ongoing therapy. Similarly, Chakravorty
et al. [12] have reported reduction of − 0.9% in HbA1c with

Fig. 5 Change in non-glycemic
parameters (body weight).
Legend: change from baseline in
mean body weight values (N =
5241); *p < 0.05, statistically
significant

Fig. 6 Change in non-glycemic
parameters (BMI). Legend:
change from baseline in mean
bodymass index (N = 5241); *p <
0.05, statistically significant
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canagliflozin, and Munk et al. [13] have reported reduction of
− 0.91% in HbA1c with empagliflozin after 3 months of treat-
ment when added on to existing therapy of patients. A real-
world assessment of SGLT2i as add-on therapy that included
both empagliflozin and dapagliflozin by Hong et al. [14] also
reported − 0.94% reduction in HbA1c at 12 weeks. The results
in the current study are in good agreement with these reports on

other SGLT2i suggestive of similar glycemic reduction with
remogliflozin as compared to other SGLT2i in routine practice.
The phase III study of RE observed − 0.49% and − 0.72%
reduction in HbA1c at 12 and 24 weeks in patients uncontrolled
on metformin monotherapy [7], whereas the phase II study of
RE observed change from baseline of − 0.96% in HbA1c at 12
weeks in drug naïve T2DM patients [15].

Fig. 7 Change in non-glycemic
parameters (blood pressure).
Legend: change from baseline in
mean SBP and DBP (N = 1886).
SBP, systolic blood pressure;
DBP, diastolic blood pressure; *p
< 0.05, statistically significant

Table 3 Baseline glycemic and
metabolic characteristics of the
patients in subgroups as baseline
HbA1c

HbA1c subgroups < 8.5% 8.5–10% > 10%

N 2162 1957 326

HbA1c (%) 7.86 ± 0.39 9.11 ± 0.47 10.9 ± 0.74

Weight (kg) 73.6 ± 9.49 74.9 ± 9.48 77.5 ± 10.53

BMI (kg/m2) 27.9 ± 4.33 28.4 ± 4.55 29.8 ± 5.18

FPG (mg/dL) 168.5 ± 29.28 186.7 ± 33.81 213.3 ± 39.87

PPG (mg/dL) 239.7 ± 54.31 272.8 ± 53.49 314.9 ± 50.40

All values are mean ± SD unless specified otherwise; BMI, body mass index; FPG, fasting plasma glucose;
HbA1c, glycated haemoglobin; PPG, postprandial plasma glucose

Fig. 8 Change in mean HbA1c
levels in subgroups based on
baseline HbA1c levels. Legend:
Change from baseline in Mean
HbA1c levels. A= Subgroup with
baseline HbA1c <8.5%,
(N=2162); B= Subgroup with
baseline HbA1c 8.5-10%,
(N = 1957); C= Subgroup with
baseline HbA1c >10%,
(N = 326); HbA1c =Glycosylated
Haemoglobin; * = P<0.05,
statistically significant
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The mean change in FPG and PPG levels was − 42.4
mg/dL and − 69.1 mg/dL, respectively, at 3-month
postbaseline. A real-world assessment of SGLT2i (including
empagliflozin and dapagliflozin) by Hong et al. [14] observed

− 30.3 mg/dL reduction in FPG at 3 months. A retrospective
analysis of canagliflozin add-on to teneligliptin reported FPG
reduction of − 27.3mg/dL at 3 months [16]. Though reports of
PPG reduction with SGLT2i in the real-world setting are

Fig. 9 Change in mean plasma
glucose levels in subgroups based
on baseline HbA1c levels.
Legend: Change from baseline in
FPG & PPG levels. A,D=
Subgroup with baseline HbA1c
<8.5%, (N= 2162);
B,E=Subgroup with baseline
HbA1c 8.5-10%, (N = 1957);
C,F=Subgroup with baseline
HbA1c >10%, (N = 326); FPG =
Fasting Plasma Glucose; PPG =
Postprandial Plasma Glucose;
HbA1C = Glycosylated
Haemoglobin; * = P<0.05,
statistically significant.

Fig. 10 Change in mean body
weight in subgroups based on
baseline HbA1c levels. Legend:
Change from baseline in Mean
Body weight values. A=
Subgroup with baseline HbA1c
<8.5%, (N=2162); B= Subgroup
with baseline HbA1c 8.5-10%, (N
= 1957); C= Subgroup with
baseline HbA1c >10%, (N =
326); HbA1c = Glycosylated
Haemoglobin;* = P<0.05,
statistically significant

Table 4 Baseline glycemic and
metabolic characteristics of the
patients in subgroups as baseline
BMI

BMI subgroups < 25 kg/m2 25–30 kg/m2 > 30 kg/m2

N 945 1961 1239

BMI (kg/m2) 22.9 ± 1.54 27.5 ± 1.39 33.5 ± 3.67

Weight (kg) 65.4 ± 5.77 73.7 ± 7.36 82.2 ± 8.72

HbA1c (%) 8.4 ± 0.91 8.6 ± 0.98 8.8 ± 1.01

FPG (mg/dL) 174.8 ± 31.44 181.1 ± 34.96 182.0 ± 35.89

PPG (mg/dL) 255.2 ± 54.35 259.2 ± 56.94 262.1 ± 61.30

All values are mean ± SD unless specified otherwise; BMI, body mass index; FPG, fasting plasma glucose;
HbA1c, glycated haemoglobin; PPG, postprandial plasma glucose
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limited, Chakravorty et al. [12] have observed − 53.6 mg/dL
reduction in PPG after 3 months of add-on therapy with
canagliflozin. The results are in good agreement with study
results, and the marginal variance can be attributed to labile
nature of plasma glucose levels.

The body weight and BMI reduction observed after 3-
month follow-up was − 2.6 kg and – 1 kg/m2, respectively.
The weight reduction observed at 3 months of add-on SGLT2i
therapy ranged from 1.4 to 2.2 kg [12, 17]. However, a study
performed by Sykes et al. [15] demonstrated reduction in bo-
dyweight, ranging from 1.36 to 3.51 kg at week 12 in patients
receiving RE. A meta-analysis of 34 randomized clinical trials
with 9154 patients showed that SGLT2i including
canagliflozin, dapagliflozin, and empagliflozin were associat-
ed with a loss of body weight within a range of − 2.0 to −
.2.3 kg [18]. Similarly, the BMI reduction at 3 months after
initiation of SGLT2i ranged from 0.5 to 2.7 kg/m2 in real-

world studies [12, 19]. The results observed in study are com-
parable to reported reductions with other SGLT2i.

The reduction in systolic and diastolic BP from baseline to
3-month follow-up was − 3.3 mmHg and − 2.3 mmHg, re-
spectively. Limited studies [14, 17, 19] have evaluated effect
of SGLT2i on blood pressure in the real-world setting; these
reported SBP reduction ranging from − 2.2 to − 4.7 mmHg,
while DBP reduction ranges from − 1.3 to − 1.5 mmHg after
3-month therapy. A systemic review effect of SGLT2i on BP
by Storgaard et al. [18] has estimated SBP and DBP reduction
of − 3.9 mmHg and − 2.0 mmHg. The BP reduction observed
in the current study is similar to BP reduction observed in
phase III study of remogliflozin [7] in line with reductions
observed with the use of SGLT2i.

A systematic review which included data from sixty-eight
randomized controlled trials showed that addition of SGLT2i
to other OADs resulted a significant impact on the reduction

Fig. 11 Change in mean of
HbA1c in subgroups based on
baseline BMI values. Legend:
Change from baseline in Mean
HbA1c levels. A= Subgroup with
baseline BMI < 25, (N=945);
B= Subgroup with baseline BMI
25-30, (N = 1961); C= Subgroup
with baseline BMI >30,
(N = 1239); * = P<0.05,
statistically significant

Fig. 12 Change in Mean of FPG
and PPG in subgroups based on
baseline BMI values. Legend:
Change from baseline in Mean
FPG and PPG levels. A,D=
Subgroup with baseline BMI <
25, (N=945); B,E= Subgroup
with baseline BMI 25-30, (N =
1961); C,F = Subgroup with
baseline BMI >30, (N = 1239);
FPG = Fasting Plasma Glucose;
PPG = Postprandial Plasma
Glucose; * = P<0.05, statistically
significant
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of HbA1c levels, weight loss, and blood pressure [20]. In the
subgroup analysis, which was based on baseline HbA1c and
BMI, patients treated with RE demonstrated to have clinically
relevant and statistically significant reductions in HbA1c,
body weight, FPG, PPG, and systolic and diastolic BP regard-
less of baseline HbA1c and BMI. Larger HbA1c reductions
were seen among patients with higher baseline HbA1c. These
findings were consistent with observations from various clin-
ical trials of other SGLTs inhibitors [21–23]. Similarly, the
reduction in body weight was greater in patients with higher
baseline BMI which too has been observed in various trials
with SGLT2i [24]

Administration of remogliflozin as add-on therapy
was well-tolerated in patients with T2DM. Though pres-
ent study had a limitation of low safety reporting, the
observed incidence rate of treatment emergent adverse
event (TEAE) of 25.9% was in agreement with TEAE
of 32.6% observed in phase III study with remogliflozin
100 mg BID [7]. The most common AE was genito-
urinary tract infections (12.6%) which is cumulative in-
cidence of UTI and GTIs. These have been cumulative-
ly reported due to inability of specific classification on

account of non-standardized reporting. The pattern and
incidence of adverse events observed in the study are in
accordance to known safety profile of SGLT2 inhibitors
[25, 26].

The reduction of − 1.8 mL/min in eGFR and − 0.07 mg/dL
in serum creatinine was found to be statistically significant in
the current study. The reduction in eGFR after initiation of
SGLT2i is a known phenomenon, with a biphasic pattern of
initial and transient dip over the first 2 weeks followed by
recovery to baseline and stabilization during the subsequent
months [27]. Hong et al. observed similar reduction of − 1.9
mL/min at 12 weeks in the real-world assessment of SGLT2i
therapy [14]. Hence, reduction observed in the current study
probably coincides with recovery phase of eGFR as was also
observed in phase III study of RE [7]. This could plausibly
explain low serum creatinine whose quantum of change can
be reasonably considered to be clinically insignificant.

Conclusion

Remogliflozin etabonate in the real-world setting was found to
be an effective agent for improvement of glycemic parameters
when used as add-on therapy in the management of Indian
T2DM patients, without any new safety concerns. The effec-
tiveness and safety profile are similar to profile observed with
other SGLT2i. The results were in accordance to earlier con-
ducted developmental studies with RE.

Limitations of the study

Our findings of the study need to be interpreted within the
limitations of this study. The study did not control for modi-
fication in background therapy; thereby, the reduction ob-
served needs to be attributed to collective efficacy of

Fig. 13 Change in mean of
weight from in subgroups based
on baseline BMI values. Legend:
Change from baseline in Mean
Body Weight values. A=
Subgroup with baseline BMI <
25, (N=945); B= Subgroup with
baseline BMI 25-30, (N = 1961);
C= Subgroup with baseline BMI
>30, (N = 1239); * = P<0.05,
statistically significant

Table 5 Reported incidences of adverse events (> 1%)

Adverse event N = 437 Percentage

Genito-urinary tract infections* 55 12.6%

Acidity 13 2.6%

Body pain/cramps 11 2.5%

Bowel disturbances 9 2.0%

Vomiting 7 1.6%

Giddiness/fatigue 5 1.1%

Others 36 5.4%

*Includes cumulative incidence of GTI and UTI
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remogliflozin and concomitant changes in therapy, if any. The
reporting and diagnoses of comorbidities were not validated;
therefore, prevalence may have been underestimated. The lab-
oratory data was limited only to patients in whom they were
performed and reported, in CRFs, with the possibility of
reporting biases. Other limitations include lack of electronic
medical records and limited inclusion criteria. Our study re-
sults are real-world observations with no parameter being at-
tributed to study drug, and the requirement of well-controlled
clinical studies for confirmation of observed trends is
necessary.
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Abstract
Background Type 2 diabetes mellitus (T2DM) is one of the leading health problems in India and its effect on the eyes, heart, etc.
has been demonstrated but its effect on neuronal processing has been neglected. The evidence for executive function impairment
in patients with T2DM has been suggested by few studies.
Aim To examine the executive functions in subjects with T2DM and non-diabetic subjects and to detect the effect of glycemic
control and diabetic duration.
Methods This cross-sectional study involved 124 subjects with T2DM aged between 30 and 60 years and 124 age-matched non-
diabetic controls. After history taking, glycosylated hemoglobin, fasting and post-prandial blood sugar levels were tested. The
neuropsychological assessment included the Mini-Mental State Examination (MMSE), PGI memory scale, Trial Making test
(TMT) A and B, and Wisconsin Card Sorting Test (WCST).
Results We found a significant decrease in MMSE scores, attention concentration, and retention of dissimilar pairs of PGI
memory scale, TMT A and B scores among the subjects with T2DM. In WCST, the mean values of total number of errors,
percent errors, perseverative responses, perseverative errors, the number of categories completed, and trials to complete first
category were significantly increased, and total number of correct, conceptual level responses were significantly decreased
among the subjects with T2DM. These test score subsets were also significantly correlated with metabolic control and diabetic
duration.
Conclusion Our study results support an association between executive dysfunction and type 2 DM. The poor glycemic control
and longer duration of diabetes show a positive correlation with executive dysfunctions.
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Introduction

The prevalence of type 2 diabetes mellitus (T2DM) has been
increasing in India and all over the world with India contrib-
uting a considerable part of global burden [1, 2]. T2DM is
associated with reduced quality of life and chronic long-term
complications and the implications for the Indian healthcare

system are enormous.Many epidemiological studies have reg-
istered an association between T2DM and increased cognitive
decline [3, 4]. Among the cognitive variables studied, one
form of cognitive function that seems to be exceptionally af-
fected among individuals with T2DM is executive function
(EF). EF consists of a set of complex cognitive control mech-
anisms responsible for higher cortical functions such as plan-
ning, decision-making, and target-directed behavior that are
crucial for self-governance and self-control [5].

People with T2DM need a lot of self-care activities to
maintain their blood sugar level. EF is related to treatment
adherence, and the impairment of EF may adversely affect
the subject’s ability to self-care such as difficulty in identify-
ing and correcting hypoglycemic episodes by poor virtue of
adaptive responses and sluggish processing speed [6].

The impairment in EF in subjects with type 2 diabetes
mellitus would symbolize a potential barrier to efficient
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disease management and may warrant special clinical consid-
eration. However, to our knowledge, only a very few studies
have been conducted examining executive abilities in subjects
with type 2 diabetes mellitus and whether deterioration in EF
is a direct outcome of poor glycemic control has not yet been
determined. If chronic hyperglycemia is linked to poor EF,
one might predict that efforts to improve glycemic control
would reduce its decline. With these considerations in mind,
the present study was directed to examine the memory and EF
in subjects with T2DM and age-matched non-diabetic sub-
jects as controls using the PGI Memory Scale for assessing
memory [7] and Wisconsin Card Sorting Test (WCST) which
is the best characterized measure of EF [8] along with the trial
making tests [9] and to detect the effect of glycemic control
and duration of DM on memory and EF.

Material and methods

Study design

This was a cross-sectional observational study conducted
from January 2016 to January 2018 at a tertiary care
Medical College Hospital and Research Centre at Tamil
Nadu, India.

Study setting and participants

We included 124 subjects with type 2 DM and 124 non-
diabetic controls. The participants were selected by conve-
nient non-random sampling. The diabetic patients attending
the diabetic outpatient department during the specified time
period consenting for interview were included in the study.
Similarly, the controls were the subjects without diabetes at-
tending the master health check-up.

Patients with psychiatric illness, liver dysfunction, thyroid
disorder, subjects with type 1 diabetes mellitus, hypertension,
history of previous head injury, stroke, epilepsy, etc. were
excluded from the study.

The diagnosis of subjects with type 2 diabetes mellitus was
determined according to theWHO criteria, fasting blood sugar
≥126 mg/dl, and 2 h post-load glucose test ≥200 mg/dl. Blood
glucose levels were estimated by glucose oxidase-peroxidase
(GOD/POD) method using Beckman Coulter auto-analyzer.
HbA1C was measured by turbid metric immunoassay.

Data collection

All the participants were subjected to a structured interview in
the out-patient department to collect demographic information
such as age, sex, literacy level, and occupation. From the
subjects with diabetes, the following details such as duration
of diabetes, presence of co-morbidities such as hypertension,

dyslipidemia, any symptoms of retinopathy, nephropathy,
neuropathy, etc., and personal details such as smoking and
alcoholism were also enquired and recorded. The details of
treatment such as taking insulin or oral hypoglycemic agents
or both the regularity of treatment and history of hospitaliza-
tion for diabetes complications were also enquired and noted.

Cognitive function tests

We used Folstein Mini Mental State examination (MMSE) to
assess global cognition. The total test score for MMSE test is
30 points, and an individual with a score of below 24 is iden-
tified to have cognitive impairment. MMSE has overall sen-
sitivity 64% and specificity 96% and it was shown to have
both good test-retest reliability (0.80–0.95) to identify demen-
tia in the stages of mild to moderate [10]. It continues to be
used for obtaining a standard index of cognitive dysfunction
severity that is easily understood by clinicians across the spec-
trum of neurocognitive disorders’ management. The memory
of the subjects was tested by using the PGI Memory Scale [7]
which consists of 10 subtests standardized for adult subjects
such as remote memory, recent memory, mental balance, at-
tention and concentration, delayed recall, immediate recall,
verbal retention for similar pairs, verbal retention for dissim-
ilar pairs, visual retention, and recognition. The test was de-
veloped and validated by Postgraduate Institute of Medical
Education and Research, Chandigarh, India [7]. For remote,
memory simple questions relating to current information and
for recent memory questions that assess the patient’s ability to
recall events in the recent past were asked. For testing mental
balance, alphabet and numbers were recalled in backward and
forward series. Digit span forward and backward repetition
was used to test attention and concentration. For testing de-
layed recall, the patient was instructed to recall after 1-min
time, the names of common objects those the investigator
has read out. The test for immediate recall included immediate
sequential reproduction of the sentences read out by examiner
in verbatim. For testing the verbal retention for similar pairs, a
series of similar associative pairs of words were administered
and the patient has to mention the associate words in response
to the stimulus word. In the test for verbal retention for dis-
similar pairs, the associate pair of words was unrelated and
dissimilar.

For visual retention test, the investigator displayed five
cards containing geometrical figure and patient was instructed
to reproduce the drawing from memory. For testing recogni-
tion, the investigator showed a card containing common ob-
jects. Two minutes later, a second card containing another set
of pictures having some picture appeared in first card was
shown to the patient. Patient was asked to identify the picture
that appeared in both the cards. Scores were allotted
accordingly.
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The EF was assessed by TMT [9] and the Wisconsin Card
Sorting Test (WCST) [8]. The TMT has part A and part B. In
both, the subject has to connect 25 successive objectives on a
paper. The objectives in part A are all numerical and in part B
alternates between numerical and alphabets. The participant’s
goal is to complete the trail as fast as they can and the time
taken for completing the test is noted. The cognitive resilience
and psychomotor speed (motor speed and visual search) can
be assessed by the TMT. For the Trail Making Test, the test-
retest scores range from 0.70 to 0.78, and the inter-rater reli-
abilities from 0.96 to 0.98 [9].

Next, we used the WCST which a classical reasoning test
used in clinical neuropsychological practice, designed by
Heaton et al. The highly developed cognitive functions (EF)
mainly related to frontal lobes such as working memory, ab-
stract thinking, set shifting, attention, perseverance, intellectu-
al flexibility, inhibition of impulsive responses, strategic plan-
ning, and ability in concept formation can be assessed by this
assessment tool [8]. A good performance in WCST also in-
volves temporal and parietal along with frontal lobe. The fail-
ure on performance of WCST indicates executive dysfunc-
tion. The WCST is a complex task and requires 4 stimulus
cards and 128 response cards and 45 min to administer.

The subject was instructed to match 128 response cards to
one of four stimulus cards on the principle of a sorting rule that
is decided by the examiner. Every response card had a design
characterized by the following features: color (yellow, green,
red, blue), number (1–4), and figure (circles, stars, triangles,
crosses). After the participants pair each response card with
stimulus card, he is given feedback whether the matching is
correct or incorrect, but the sorting principle is not revealed.
After the participant has done ten consecutive right matches in
accordance with sorting principle, the sorting principle is
changed without caution and the participant has to figure out
the new rule and successfully make use of it. This test was
continued until the subject has finished six categories or when
all the 128 cards were used.

After administration of the test, the responses were en-
tered in the system software WCST: CV4TM devised by
Robert K. Heaton, PhD, and purchased from PAR, Inc.,
and scores were obtained. WCST summary scores indi-
cate the total number of categories accomplished, the total
number of correct or total number of errors, indicating
overall level of achievement, the number and percentage
of preservative errors reflecting inhibitory control and set
shifting, the percentage of conceptual level responses
reflecting apprehension or intuitiveness into the correct
sorting principles, and learning-to-learn, reflecting effec-
tiveness in learning the task, failure to maintain set, etc.

Reliability and validity The construct validity of the WCST as
a measure of executive function has been established by Shute
and Huertas, V [11]. With the exclusion of the learning to

learn score (r=.658), interscorer reliability coefficient varied
from 0.895 to 1.000 for the 11 scores of the WCST [8].

Statistical analysis

For statistical analysis, we used the statistical software SPSS
18 for windows. Normality was tested with frequency histo-
grams and Shapiro-Wilk test. Data were presented as mean ±
standard deviation. Students’ test was used to compare the
parameters between the groups. Correlation of score of
MMSE and different subsets of PGI memory scale with bio-
chemical parameters and diabetes duration was assessed by
using Pearson’s correlation. A two-sided p-value less than
0.05 was considered as significant.

Results

Table 1 shows the characteristics of the subjects with type 2
diabetes and controls at the baseline. The groups were com-
parable and there was no significant difference in physical
characteristics like age, height, weight, and body mass index.

Figure 1 shows the scores of MMSE and two subsets of
PGI memory scale, i.e., attention concentration (AT/CT) and
retention for dissimilar pairs (RT dissimilar) of the subjects
with type 2 diabetes and the controls. The values of the col-
umn represent the mean and standard deviation of scores of
MMSE and attention concentration and retention for dissimi-
lar pairs of both the groups. * Indicates a p value of less than
0.05 which was considered to indicate statistical significance.
There was a significant decrease in theMMSE score, attention
concentration, and retention for dissimilar pairs in the subjects
with type 2 diabetes when compared to the controls.

r indicates the Pearson correlation coefficient. p value of
less than 0.05 was considered to indicate statistical signifi-
cance. Figure 2 shows a significant negative correlation be-
tween HbA1C level and MMSE score. There is also a signif-
icant negative correlation between HbA1C levels and differ-
ent subsets of PGI memory scale such as mental balance,
attention/concentration, delayed recall, retention of dissimilar
pairs, and visual retention.

r indicates the Pearson correlation coefficient. p value of
less than 0.05 was considered to indicate statistical signifi-
cance. Figure 3 shows significant negative correlation of
MMSE score with diabetic duration. Also, the visual recogni-
tion score has a significant negative correlation with the dura-
tion of diabetes.

Table 2 compares the scores of Trail Making Tests between
the two groups. There was a significant increase in the Trail
Making Tests A and B scores among the subjects with type 2
diabetes.

WCST performance indexes in two groups are shown in
the Table 3. All mean values were significantly different (p <
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0.05), except for trails administered, non-preservative error,
percentage non-preservative error, and learning to learn.

r indicates the Pearson correlation coefficient. p value of
less than 0.05 was considered to indicate statistical signifi-
cance. Table 4 shows the correlation of Trail Making Tests
with HBA1C level and duration of diabetes. Both TMTA and
B test scores were positively correlated with HbA1C levels
indicating that the subjects with poor blood glucose control
take more time to complete the test.

r indicates the Pearson correlation coefficient. p value of
less than 0.05 was considered to indicate statistical signifi-
cance. Table 5 shows the correlation of various parameters
of WCST tests with HBA1C level and duration of diabetes.
Trails administered and total number of errors, % errors, per-
severative responses and its percentage, perseverative errors
and its percentage, and trails to complete first category have a
significant positive correlation with HbA1C levels. Total num-
ber correct, conceptual level response, and its percentage and
number of categories completed have a significant negative
correlation with HbA1C levels. Trails administered and total

numbers of errors have a significant positive correlation with
diabetic duration.

Discussion

In the present study, we examined the executive functions in
subjects with type 2 diabetes mellitus and those of subjects
without diabetes and both the groups were comparable in the
baseline characteristics like age, height, weight, and BMI. We
found that the mean MMSE score which is a measure of glob-
al cognition was significantly decreased among subjects with
diabetes when compared to the controls. This finding was
consistent with those of various studies, which showed a mild
to moderate cognitive impairment in subjects with diabetes
[12, 13]. Diabetes mellitus also increases the risk of the pro-
gression from such an impairment to dementia. The study by
Cukierman and colleagues reported 1.2 to 1.5-fold more alter-
ation over time in domains of cognition and 1.6-fold increase
in the risk of developing Alzheimer’s disease in subjects with
diabetes [13]. We found that the diabetic subjects revealed
impairment on attention/concentration which is a measure of
mental control and working memory. Also, the verbal reten-
tion for dissimilar pairs which tests the capability of acquiring
new information is also reduced in the subjects with diabetes.
Earlier studies indicate that the poor immediate memory in
diabetes is attributed to hippocampal atrophy [14].

In our study, there is a significant negative correlation be-
tween MMSE score and HBAIC levels among the subjects
with type 2 diabetes. In our study, the MMSE scores are re-
duced for those with higher HbA1C levels and thus having a
poor blood glucose control which is in concordance with the
results of Ebady et al. [15]. On the contrary, Lindeman et al.
[16] compared participants having diabetes and those with
normal glucose tolerance and did not demonstrate any cogni-
tive impairment in diabetes after adjusting the factors like
ethnic background, gender, and age.

We have found a negative correlation between HbA1C
levels of the subjects with diabetes and the scores of mental
balance, attention/concentration, delayed recall, retention

Table 1 Comparison of physical
characteristics between diabetics
and controls

Parameters Group 1 (subjects with type 2
diabetes) mean ± SD

Group II (controls) mean ± SD p value

Age (years) 51 ±7.8 50 ±5.6 0.231

Height (cm) 154±8.2 159±7.2 0.516

Weight (kg) 63.48 ± 8.4 61.12 ± 8.7 0.1

Body mass index(BMI) 26.72 ±3.78 25.76±4.23 0.273

Values are expressed in mean and standard deviation

SD standard deviation
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Fig 1 Comparison of MMSE and memory test scores between subjects
with type 2 diabetes and controls
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p = 0.01
r = - 0.44

p = 0.025
r = - 0.143

p = 0.01
r = - 0.366

p = 0.04
r = - 0.13

p = 0.001
r = - 0.313

p = 0.002
r = - 0.197

Fig 2 Correlation of MMSE and different subsets of PGI memory scale scores with HBA1C levels among the subjects with diabetes



(dissimilar pairs), and visual retention scores. These findings
support that the poor control of blood glucose has detrimental
effect on the cognition of the subjects. We have found that
there was a significant increase in the scores of the subjects
with diabetes than the controls regarding Trail Making Tests
(TMT) A and B scores. The Trail Making Test (TMT) is a
two-part neuropsychological test, in which TMT A evaluates
visual-conceptual and visual-motor tracking and sustained

attention and TMT B evaluates task shifting abilities which
is an executive function [17]. Although few studies investigat-
ed the brain regions engaged by TMT through functional neu-
roimaging demonstrating that TMT performance is related to
frontal regions activity, there is also evidence that the brain-
behavior correlations for the TMT are versatile and not limited
to the frontal lobe [18, 19].

This proves that subjects with diabetes have reduced rate of
cognitive processing and executive functioning. Our findings
are compatible with observations in the study by Suresh et al.
[20]. As Bell-McGinty et al. have suggested that performance
in Trail Making Test (TMT) conveys information on EF do-
main that is appropriate to mobility and independence in ac-
tivities of daily living [21], a reduced performance as shown in
our study predicts that the quality of life will be affected.

WCST test demands the participants to make use of the
investigator’s comments for accurately matching the series
of response cards with one of four stimulus cards. WCST
was categorized as a task for working memory by researchers
like Berman et al. [22] by virtue of the reason that participants
need to hold preceding response information over short pe-
riods to direct their upcoming response. WCST performances
involve aspects of both spatial orientation and object working
memory as mentioned in previous research [23].

Functional imaging research involving WCST generally
indicates judicious activation of prefrontal cortex mainly the
dorsolateral region. We noted in our study that among the
WCST performance indexes, the mean values of total number
of errors, percent errors (total number of errors divided by
number of trials administered), total number correct, persev-
erative responses, percent perseverative responses (total num-
ber of perseverative response divided by number of trials ad-
ministered), perseverative errors (number of errors in which a
subject continuously respond incorrectly using the same pat-
tern), and percent perseverative errors (reflect the density or
concentration of perseverative error in relation to overall test
performance) were significantly different between the two
groups.

Perseverations measure the perseverative behavior. In this
study, we followed the scoring and recording methods sug-
gested by Heaton et al., who considered whether or not the
response card matches the “perseverated-to” principle. In
some situations, the response might be both correct and

Table 2 Comparison of Trail
Making Tests among diabetics
and controls

Parameters Subjects with diabetes

(n=124)

Mean ± SD

Controls

(n=124)

Mean ± SD

Test statistic p value

TMT A 69.87 ± 27.183 49.18 ±17.128 7.172 <0.001*

TMT B 122.39 ± 48.433 76.50 ±36.122 8.457 <0.001*

*p < 0.05 indicates statistical significance
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perseverative, and, in that condition, it is possible that the
judgment “right” given by the examiner augments the persev-
erative behavior presented by the subject. According to
Heaton et al., incorrect responses that do not match the
perseverated-to principle are scored as non-perseverative er-
rors. WCST perseverative errors have been elucidated as a
failure to restrict a learned response in spite of receiving error
clues and have been described as the key feature of frontal
lobe impairment [24, 25].

In the present study, the mean values of conceptual level
responses and percent CLR (percentage of correct response
occurring in runs of three or more), the number of categories
completed, trials to complete first category, and inability to
maintain set were significantly different between the two
groups. In WCST, a total number of trials to successfully
finish the first category and the number of CLR are associated
to the degree of primary apprehension and the capacity for
abstraction. These cognitive capabilities need the effective
functioning of the frontal lobe [26]. The CLR score is the total

number of consecutive correct responses in a sequence of
three or more. This definition is based on the principle that a
subject succeeding on three consecutive trials is considered to
have at least an insight concerning the suitable strategy for the
sorting task at hand and that the correct order produced is not a
result of random responding.

The total number of categories accomplished indicates
overall success, whereas the number of trials to complete
the first category provides an index of conceptual capa-
bility. A failure to maintain the set occurs whenever an
incorrect response follows a consecutive series of correct
matches. The failure to maintain set (FTMS) index is a
measure of the lack of the correct sorting principle dur-
ing testing. The FTMS sheds light on conceptual insta-
bility. This index also construed as a measure of working
memory. The FTMS score is the number of sequences of
five correct responses or more, followed by an error,
before achieving the 10 necessary for a set change.
According to Heaton, in 1981, failure to complete four
stages may be treated as a good index of impaired func-
tioning. The EF deficits as measured by Wisconsin card
sorting test revealed that diabetic subjects performed
poorer than normal control subjects.

Our study results show that both TMT A and B test scores
were positively correlated with HbA1C levels and people with
poor blood sugar control need more time to complete the test.
Also in WCST, the trails administered and total number of
errors, % errors, perseverative responses and its percentage,
perseverative errors and its percentage, and trails to complete

Table 3 Wisconsin Card Sorting
Test (WCST) parameters among
the study groups

Parameters Subjects with diabetes

(n=124)

Mean ± SD

Controls

(n=124)

Mean ± SD

Test statistic p value

Trails administered 115.37 ± 22.17 114.05 ± 18.11 0.514 0.607

Total number of errors 53.03± 30.16 38.23 ± 19.14 4.615 <0.001*

Total number correct 59.44 ± 18.16 75.82±10.69 −8.657 <0.001*

% errors 45.45 ± 21.26 31.97 ±13.09 6.012 <0.001*

Perseverative responses 48.98 ± 37.47 22.47 ± 13.69 7.401 <0.001*

% Perseverative responses 39.18 ± 28.36 18.74 ± 10.01 7.566 <0.001*

Perseverative errors 39.13 ± 27.56 19.87 ± 11.39 7.189 <0.001*

% Perseverative errors 31.37 ± 20.62 14.06 ± 9.83 8.433 <0.001*

Non perseverative error 16.81 ± 11.29 18.19 ± 11.78 −0.947 0.345

% Non-perseverative errors 14.05 ± 8.52 15.40 ± 8.59 −1.246 0.214

Conceptual level response 43.66 ± 24.76 65.44 ± 13.75 −8.559 <0.001*

% Conceptual level response 41.71 ± 27.61 59.65 ± 17.67 −6.093 <0.001*

Number of categories completed 2.76 ± 2.38 4.79 ± 1.49 −8.053 <0.001*

Trails to complete first category 53.12 ± 48.46 29.53 ± 23.11 4.894 <0.001*

Inability to maintain set 1.00 ± 1.31 1.42 ± 1.13 2.692 0.008*

Learning to learn 3.69 ± 10.54 −1.90 ± 9.64 −1.398 0.163

*p < 0.05 indicates statistical significance

Table 4 Correlation of Trail Making Tests with diabetic parameters

Parameters HbA1C DM duration

TMT A r-value 0.439** 0.141

p value 0.000 0.118

TMT B r-value 0.433** 0.121

p value 0.00* 0.182
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first category have a significant positive correlation with
HbA1C levels. Total number correct, conceptual level re-
sponse, and its percentage and number of categories complet-
ed have a significant negative correlation with HbA1C levels.
Trails administered and total numbers of errors have a signif-
icant positive correlation with diabetic duration. This shows
that due to hyperglycemia or poorly controlled diabetes, the
performance was significantly impaired.

WCST is sensitive (though not specific) to effects of le-
sions in prefrontal cortex and white matter. The most promi-
nent result is increase in perseverative errors, i.e., tendency to
persist in a specific response despite feedback indicating that it
is no longer correct [27].

The Wisconsin Card Sorting Test (WCST) is commonly
observed as a task that requires general EF. It is used to ex-
amine such cognitive capabilities as set-shifting, and concept
formation (e.g., the creation of a sorting rule), the inhibition of
improper habitual or prepotent responses, and responses to
task-irrelevant information using response from examiner,
and working memory, which the subject uses to keep the
current sorting principle in mind [28, 29].

Inadequate performance on theWCST is considered to be a
result of deficiency in various cognitive processes, including
learning from feedback, maintaining a task goal in mind, no-
ticing that a change in plan of action is necessary, inhibiting a
previous motor response, switching to a different response,
and maintaining a response process over time [30]. These
functions can be regarded as elements of EF and have been
considered as specific to the frontal region of the brain. Since
CA is interpreted as a measure of flexibility in set-shifting, the
poor performance by the diabetic group could be considered
an indication of inadequate function in these individuals con-
cerning concept formation, workingmemory, and set-shifting.
Individuals with diabetes have been reported to make more
perseverative responses on the WCST compared to controls.

The limitations in our study were that being a cross-
sectional study, the causal relationship between T2DM and
EF impairment cannot be determined. Since we used verbal
questionnaire and self-report regarding diabetic complica-
tions, adherence to treatment, etc., we could not address the
relationship between intervention, complications, and cogni-
tion in the current study. Our study did not evaluate the mag-
netic resonance images of brain. The study was conducted not
in the community level but among the patients attending one
hospital, and other aspects like racial/ethnic factors that might
influence diabetic control could not be evaluated. Long-term
longitudinal studies may be needed to substantiate and con-
firm our results.

Conclusion

T2DM individuals showed reduced performance in executive
functions such as set shifting ability, cognitive flexibility, psy-
chomotor speed, working memory, and new learning ability
which negatively correlates with hyperglycemia. They should
be screened for executive dysfunction as a routine.
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Table 5 Correlation of WCST parameters with FBS, PPBS, HbA1C,
and diabetes duration

Parameters HbAIC DM duration

Trails administered r-value 0.182** 0.214**

p value 0.004* 0.017*

Total number of errors r-value 0.301** 0.222**

p value 0.00* 0.013*

Total number correct r-value −0.378** −0.013
p value 0.00* 0.887

% errors r-value 0.389** 0.138

p value 0.00* 0.126

Perseverative responses r-value 0.391** 0.123

p value 0.00* 0.173

% perseverative responses r-value 0.392** 0.109

p value 0.00* 0.228

Perseverative errors r-value 0.396** 0.144

p value 0.00* 0.112

% perseverative errors r-value 0.431** 0.130

p value 0.00* 0.150

Non-perseverative error r-value 0.086 0.090

p value 0.179 0.322

% non-perseverative errors r-value 0.053 0.031

p value 0.407 0.735

Conceptual Level response r-value −0.417** −0.079
p value 0.00* 0.385

% Conceptual level response r-value −0.391** −0.143
p value 0.00* 0.113

Number of categories completed r-value −0.463** −0.132
p value 0.00* 0.145

Trails to complete first category r-value 0.364** 0.151

p value 0.00* 0.095

Failure to maintain set r-value −0.045 0.094

p value 0.484 0.301

Learning to learn r-value −0.025 −0.008
p value 0.700 0.928
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Abstract
Objective To investigate the impact of the microbiological profile on the costs of treating diabetic foot infections (DFI).
Methods Data was accessed from electronic medical records of a Brazilian public tertiary hospital. The PEDIS score was used to
classify ulcers and the risk of subsequent events (non-healing ulcer, need of amputation, death). Microbiological samples were
obtained from deep tissue in surgical procedures and identified by standard methods. Information on actual treatment costs was
collected in the financial sector.
Results We analyzed 117 medical records of 97 patients. The median PEDIS score was 9, and most patients (94.02%) presented
a high risk of subsequent events. Most of the 226 microorganisms isolated were Gram-negative (68.14%). Longer hospitalization
length and higher costs involved polymicrobial infections (31.92 days; Int $ 21,755.92), multidrug-resistant microorganism
(MDR) (29.84 days; Int $ 20,219.99), and methicillin-resistant Staphylococcus aureus (30.25 days; Int $ 20,607.29). The costs
with antimicrobials were significantly higher in polymicrobial infection than in monomicrobial and in the presence of MDR than
non-multidrug-resistant microorganisms.
Conclusions The microbiological profile, number of microorganisms per wound, and bacterial resistance may increase the
hospitalization time and costs of treating DFI, suggesting that bacterial culture may be more financially advantageous than
applying empirical therapy for DFI at the beginning of the treatment.

Keywords Diabetic foot infection . Costs . Multidrug resistance . Polymicrobial infection

Introduction

Diabetes mellitus affected approximately 463 million people
worldwide in 2019, and estimations indicate an increase to
700 million in 2045 [1]. Diabetic foot is one of the most
frequent, costly, and limiting complications related to this dis-
ease [2]. This complication occurs due to poor glycemic con-
trol and vascular and neurological alterations. Diabetic foot
alters the sensitivity of the feet, and injuries can originate from

ulcers or contact with sharp objects. The wounds are a path-
way open for developing infections that may progress to dia-
betic foot infection (DFI) [3].

Several characteristics may influence the microbiological
profile of DFI, including geographic aspects, lesion severity,
and previous antimicrobial use [4, 5]. Acute infections present
mainly Gram-positive microorganisms, and Staphylococcus
aureus is the primary agent. In chronic wounds, Gram-
negative microorganisms are the majority, and infections are
usually polymicrobial [4, 6], with virulence factors, metabolic
cooperation, and quorum-sensing systems contributing to the
chronicity [5]. In addition, studies have reported high rates of
antimicrobial resistance in DFI worldwide, including resis-
tance to multiple antimicrobials, resulting in high rates of am-
putations and deaths [7, 8].

Besides, the cost of treatment can be ten times higher in
patients with diabetic foot than in diabetic people without this
condition [9]. Other studies have shown the burden of this
complication on health systems and out-of-pocket payment
by those affected, mainly with costs related to hospitalization
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in middle and low-income countries [10, 11]. In Brazil, the
estimated costs associated with the diabetic foot can reach 361
million dollars (Int$) per year [11]. However, there is still a
dearth of studies on the actual cost of DFI, especially consid-
ering the microbiological characteristics. Therefore, this study
presents the impact of the microbiological profile of DFI on
the costs of treatment, indicating categories of expenditure to
measure the actual therapeutical cost of this affection.

Research design and methods

Data were collected from medical records of adult patients
(≥ 18 years) admitted to a tertiary public hospital from
August 2016 to December 2019. This hospital is located
in Vitória municipality, Espírito Santo state, Brazil, and is
a reference center for the treatment of vascular and neuro-
logical diseases. The records included were those from pa-
tients with positive results in bacterial culture performed
with deep tissue fragments, including readmissions.
Therefore, the exclusion criteria encompassed the absence
of clinical information and incomplete antibiogram results.
The financial sector of the hospital provided information on
the costs of antibiotics and the final total expenditure per
patient.

The variables evaluated were age, sex, length of hospitali-
zation (in days), antimicrobial therapy, surgical treatment (de-
bridement, minor and major amputation, and plastic surgery),
admission in the intensive care unit (ICU), bacterial culture,
characterization of the isolate (monomicrobial or
polymicrobial), antibiogram results, characterization of drug
resistance (multidrug-resistant — MDR or non-multidrug re-
sistant — NMDR), and costs with treatment.

An infectious disease specialist evaluated the ulcers and the
risk of subsequent events (non-healing ulcer, need for
amputation, death) using the classification of perfusion, ex-
tent, depth, infection, and sensation (PEDIS score). The risk of
subsequent events was categorized as high (PEDIS score ≥ 7)
and low (PEDIS score < 7) according to Chuan et al. [12].

MDR microorganisms were characterized by non-
susceptibility to one or more agents of at least three different
classes of antibiotics, according to the definition of
Magiorakos et al. [13]. Microorganisms that did not fit in this
condition were considered NMDR.

Polymicrobial infections involved more than one microor-
ganism isolated per patient, and monomicrobial presented only
one microorganism isolated.

The individual costs with DFI treatment included all ex-
penses, such as hospitalization, procedures, surgeries, medica-
tions, materials, and antimicrobials. The cost of hospitalization
includes hospitality services or daily room rates and considers
staff costs, sanitation, and expenses with water, energy, and
waste. All patients were admitted to the general ward with 3–6

beds. The procedures include laboratory tests and physiothera-
py. The costs with surgerywere related to all surgical procedures
(debridement, minor and major amputation, plastic surgery).
Medications and materials include all inputs (physiological so-
lutions, needles, syringes, equipment, lint, and correlates) and
medications used during the hospitalization, except antimicro-
bials. The antimicrobial therapy costs were calculated based on
the dosage and time of use described in the medical records. All
medications and antimicrobials used were generics. Costs were
quoted in Brazilian real (BRL) and converted to International
dollars (Int$) according to the 2016–2019 purchasing power
parity (PPP) (1 Int$ = 2.190 BRL) [14].

The bacterial isolates were obtained from fragments of
deep tissues of diabetic foot infection wounds (collected by
debridement or other surgical procedure). All isolates were
processed, isolated, and identified by standard methods [15].
Anaerobic culture was not performed in this study. The diffu-
sion disc method was used to evaluate the susceptibility pro-
file of the isolates to antimicrobials, according to the criteria
established by the Clinical and Laboratory Standards Institute
guidelines [16]. Besides, gradient method (to determine van-
comycin and tigecycline susceptibility — E-test™
Biomérieux, France) and broth microdilution (to determine
colistin susceptibility) were also employed.

Chi-square or Fisher’s exact test was used to evaluate
whether the type of infect ion (polymicrobia l or
monomicrobial, Gram-negative or Gram-positive microor-
ganism, MDR or NMDR) affected the rates of amputation
and the use of the ICU. Mann–Whitney U test was used to
analyze whether the type of infection influenced the length of
hospitalization and costs with the treatment. Statistical analy-
ses were performed using GraphPad Prism (version 7.04). A p
value < 0.05 was considered significant.

The Research Ethics Committee at the Federal University
of Espírito Santo, in Vitória, Brazil, approved the study pro-
tocol (approval number 1.607.410).

Results

The study comprised 97 patients with DFI, primarily males
(62.5%), with a mean age of 63.96 years (standard deviation =
11.08 years). Due to the readmission of 17 patients (14
readmitted once; three readmitted twice), 117 medical records
were evaluated. The median PEDIS score was 9 (interquartile
range = 10–8), ranging from 5 to 11, and most patients
(94.02%) presented a high risk for a subsequent event
(PEDIS score >7). The median length of hospitalization was
24.00 days (interquartile range = 15.00–40.00 days), and 56
(47.86%) patients were admitted to the ICU. The lower limb
amputation occurred in 80 (68.37%) of hospitalizations, being
60 (75.0%) due to minor amputation and 20 (25.0%) due to
major amputation. The median PEDIS score was 10
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(interquartile range = 10–8) for patients who had an amputa-
tion and 9 (interquartile range = 10–8) for those who did not
require amputation.

Debridements were performed in 33 cases (28.21%) and
plastic surgery in two (1.71%). The main antimicrobials used
in the 117 admissions were vancomycin (n = 58, 49.57%),
ciprofloxacin (n = 48, 41.03%), piperacillin-tazobactam (n =
47, 40.17%), meropenem (n = 44, 37.61%), and ertapenem (n
= 34, 29.06%). In addition, tigecycline was used in 11 cases
(9.40%) and polymyxin B in six (5.13%).

A wide variety of bacterial species was identified among
226 microorganisms isolated. Proteus mirabilis (17.70%),
Staphylococcus aureus (17.70%), and Pseudomonas
aeruginosa (12.83%) were the most frequent (Table 1). The
majority of the microorganisms were Gram-negative (n = 154,
68.14%). Most isolates were resistant to cephalosporins, pen-
icillins, and quinolones. P. mirabilis was resistant to several
classes, such as cephalosporins, e.g., cephalothin (n = 31,
77.50%) and ceftriaxone (n = 29, 72.50%); monobactam,
e.g., aztreonam (n = 29, 72.50%); sulfonamides, e.g.,
sulfamethoxazole-trimethoprim (n = 23, 57.50%); and amino-
glycosides, e.g., gentamicin (n = 22, 55.00%); and did not
present resistance to carbapenems. Among the S. aureus, 24
(60.00%) were methicillin-resistant (MRSA), and the most of
isolates were resistant to erythromycin (n = 32, 80.00%), cip-
rofloxacin (n = 25, 62.50%), and clindamycin (n = 19,
47.50%). P. aeruginosa showed more resistance to aztreonam
(n = 16, 55.17%), ciprofloxacin (n = 16, 55.17%), and genta-
micin (n = 14, 48.28%). Although less frequent, 24.14% (n =

7) of P. aeruginosa isolates were resistant to meropenem, and
13.79% (n = 4) to imipenem. All A. baumannii isolates were
resistant to carbapenems, ceftazidime, and cefepime. In addi-
tion, A. baumannii were resistant to ciprofloxacin (n = 14,
93.33%), piperacillin-tazobactam (n = 14, 93.33%), gentami-
cin (n = 10, 66.67%), and sulfamethoxazole-trimethoprim (n =
10, 66.67%).

Most of the infections (n = 93, 79.48%) had at least one
MDR bacteria, and 24 (20.52%) had only NMDR microor-
ganisms. The median length of hospitalization in cases with
MDR bacteria was 27 days (interquartile range = 16.00–41.00
days) while in patients with NMDR bacteria was 19 days
(interquartile range = 13.25–29.75 days), without significant
difference (p value = 0.14) (Fig. 1). Furthermore, there were
no considerable differences between these groups regarding
ICU admission (p value = 0.82), which occurred in 47.31% of
MDR (n = 44) and 50.00% of NMDR (n = 12), as well as in
amputation rates (p-value = 0.99), which affected 67.74% of
MDR (n = 63) and 70.83% of NMDR (n = 17).

The median length of hospital stay in DFI caused by
MRSA was 26.00 days (interquartile range = 16.25–48.75
days) and in infections with methicillin-sensitive S. aureus
(MSSA) was 23.00 days (interquartile range = 13.25–34.75
days), without significant difference (p value = 0.25) (Fig. 1).
Besides, there were no considerable differences regarding
ICU admission, which occurred in 50.00% (n =12) of the
patients with MRSA and 37.50% (n = 6) of MSSA cases (p
value = 0.52). Amputation rates also did not differ between
these groups (p value = 0.94), being 66.67% for MRSA (n =
16) and 62.50% for MSSA (n = 10).

Most of the infections were polymicrobial (n = 67,
57.26%): 62.68% (n = 42) caused by two bacterial species,
19.40% (n = 13) by three, 11.94% (n = 8) by four, 1.49% (n =
1) by five, and 4.47% (n = 3) by six. In the monomicrobial
infections (n = 50, 42.74%), the main species isolated were
P. mirabilis (n = 17, 34.0%) and S. aureus (n = 10, 20.0%).
The median length of hospital stay was 28 days (interquartile
range = 16.00–46.00 days) in patients with polymicrobial in-
fection, being significantly higher than in those with
monomicrobial infections (median = 21 days, interquartile
range = 12.75–33.25 days) (p value = 0.03) (Fig. 1). There
were no considerable differences between admission in ICU,
which occurred in 50.00% (n = 25) of patients with
monomicrobial infection and 46.26% (n = 31) of those with
polymicrobial infection (p value = 0.68), as well as in ampu-
tation rate, which affected 68.00% (n = 34) of cases with
monomicrobial infection, and 68.65% (n = 46) of those with
polymicrobial infection (p value = 0.93).

Monomicrobial infections had predominance of Gram-
negative bacteria (n = 33, 66.00%), and most of the
monomicrobial infections with Gram-negative bacteria were
MDR (n = 22, 66.67%). In monomicrobial infections caused
by Gram-positive bacteria (n = 17, 34.00%), the rate of MDR

Table 1 Bacterial species isolated from diabetic foot infections

Bacterial species N = 226 %

Proteus mirabilis 40 17.70

Staphylococcus aureus 40 17.70

Pseudomonas aeruginosa 29 12.83

Acinetobacter baumannii 15 6.64

Enterobacter cloacae 12 5.31

Enterococcus faecalis 11 4.87

Proteus vulgaris 10 4.42

Morganella morganii 9 3.98

Coagulase-negative Staphylococcus 9 3.98

Streptococcus agalactiae 6 2.65

Escherichia coli 5 2.21

Klebsiella aerogenes 5 2.21

Serratia marcescens 5 2.21

Other* 30 13.27

*Klebsiella pneumoniae; Proteus penneri; Enterobacter agglomerans;
Klebsiella oxytoca; Citrobacter spp.; Staphylococcus intermedius; Beta-
hemolytic Streptococcus spp.; Enterobacter aerogenes; Edwardsiella
tarda; Pseudomonas putida; Providencia stuartii; Enterococcus faecium;
Enterococcus spp.; Streptococcus viridans
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was 52.94% (n = 9). Admission in ICU was necessary for
53.73% (n = 36) of patients with monomicrobial infection
caused by Gram-negative bacteria, while the same occurred
with 41.18% (n = 7) of patients with monomicrobial infection
caused by Gram-positive bacteria, without significant differ-
ences (p value = 0.55). Regarding amputation, 73.13% (n =
49) of cases with monomicrobial infection caused by Gram-
negative bacteria and 58.82% (n = 10) of those with
monomicrobial infection caused by Gram-positive bacteria
suffered this procedure, without significant difference (p value
= 0.35). The median hospital stay for Gram-positive group
was 19 days (interquartile range = 13.0–28.0 days), and in
Gram-negative group was 21 days (interquartile range =
12.5–36.0 days), without a significant difference (p value =
0.57) (Fig. 1).

The median or mean PEDIS score by infection categories
was similar: 9 (interquartile range = 10–9) and 9 (interquartile
range = 10–8) for polymicrobial and monomicrobial infection
(p value = 0.33); 9 (interquartile range = 10–8) and 8.58 (stan-
dard deviation = 1.38) for infections for MDR and NMDR
microorganisms (p value = 0.05); 10 (interquartile range =
10–8.25) and 8.75 (standard deviation = 1.57) in MRSA and
MSSA (p value = 0.54); 9 (interquartile range = 10–8) and
8.82 (standard deviation = 1.59) for infections caused by
Gram-negative and Gram-positive microorganisms (p value
= 0.94).

The cost of the 117 hospitalizations by DFI was Int$
2,252,038.62. The average cost per patient was Int$
19,248.19 (standard deviation = Int$ 15,243.22), with a
minimum of Int$ 3122.76 and a maximum of Int$
87,479.00. Daily room rates (mean = Int$ 9283.28, stan-
dard deviation = Int$ 8905.41) and surgery (mean = Int$
4095.23, standard deviation = Int$ 3182.02) were the cate-
gories that most affected the final cost, followed by proce-
dures and physiotherapy (mean = Int$ 2145.69, standard
deviation = Int$ 2108.89), materials and medications (mean
= Int$ 2103.56, standard deviation = Int$ 2051.09), and
antimicrobials (mean = Int$ 1620.43, standard deviation =
Int$ 2044.38).

Higher total expenditures occurred in infections with the
following characteristics: polymicrobial, caused by Gram-
negative bacteria, withMDRmicroorganisms, and in the pres-
ence ofMRSA (Fig. 2). Comparing the mean cost of treatment
according to the characteristics of the infections,
polymicrobial was 1.37-fold more expensive than
monomicrobial, MDR was 1.31-fold costlier than NMDR,
with Gram-negative bacteria was 1.48-fold more expensive
than in the presence of Gram-positive microorganisms, and
with MRSAwas 1.49-fold costlier than with MSSA. The total
cost of treating polymicrobial infections was significantly
higher than monomicrobial infections (p value = 0.03)
(Table 2).

Fig. 1 Length of hospital stay of
patients with diabetic foot
infection in different groups
according to the type of infection.
Abbreviations: MDR —
multidrug resistance; NMDR—
non-multidrug resistance; MSSA
— methicillin- sensitive
Staphylococcus aureus; MRSA
— methicillin-resistant
Staphylococcus aureus. Mann–
Whitney U test was used in all
comparisons *p value < 0.05

238 International Journal of Diabetes in Developing Countries (March–April 2023) 43(2):235–243



Analyzes by category of expenditure showed which ones
most affected the final cost of the treatment. Expenditures
in polymicrobial infections, in the presence of Gram-
negative bacteria, and with MDR microorganisms were
higher for almost all categories, except for materials and
medications. The expenditure in the presence of MRSA
was higher than in MSSA for all categories, especially costs
related to materials and medications (1.66-fold higher) and
antimicrobials (1.62-fold higher), although without signif-
icant di f ferences . Comparing polymicrobia l and
monomicrobial infections, the categories with significant
differences were procedure (1.53-fold higher), surgery
(1.50-fold higher), and antimicrobials (2.16-fold higher),
being costlier in the polymicrobial. Infections with Gram-
negative bacteria were significantly more expensive than
those with Gram-positive considering surgeries costs
(1.71-fold higher). Infections with MDR bacteria were sig-
nificantly costlier regarding antimicrobials expenditures
(1.88-fold higher) than NMDR (Table 2).

Discussion

The present study demonstrated that the microbiological pro-
file of DFI impacts its actual treatment cost. DFI classified as
polymicrobial caused by Gram-negative and multidrug-
resistant microorganisms presented higher hospitalization
length and cost burden. Besides, expenditures with antimicro-
bials and surgeries had a higher impact on the final charge of
hospital admissions.

Patients’ general characteristics were similar to those de-
scribed in DFI cases from different parts of the world, with a
predominance ofmen, elderly, and typical comorbidities, such
as arterial hypertension and heart diseases [7, 17]. The high
risk of subsequent events and a PEDIS score similarly indi-
cating high risk in all categories of infections may be related to
the hospital’s profile, which serves patients in more severe
conditions.

The microbiological profile found was similar to that re-
ported in other studies, being the most frequent species from
the Enterobacteriaceae family, S. aureus and P. aeruginosa
[18, 19]. Although S. aureus has been one of the main micro-
organisms isolated, Gram-negative bacteria were predomi-
nant. This fact confirms the trend observed in several coun-
tries where species of the Enterobacteriaceae family are fre-
quently isolated from DFI [6, 20].

Most isolates showed a high antimicrobial resistance rate,
including resistance to antibiotics used in the empirical treat-
ment of DFI. Moreover, many isolates were MDR, as ob-
served in other studies performed in tertiary hospitals [7,
21]. Use of broad-spectrum antimicrobials and admission of
patients in an advanced stage of DFI, who previously used
antimicrobials, may contribute to this profile. Here, patients

with infections caused by MDR microorganisms had more
extended hospitalization and higher final treatment costs than
NMDR, without statistically significant difference. Other
studies also showed an increase in hospitalization time and
higher amputation rates in MDR due to the challenges in ef-
fectively treating cases presenting resistance to multiple drugs
[8, 22].

In the present study, there were no significant differences
regarding amputations, length of hospitalization, total costs
with treatment, and costs in almost all categories between
infections related to Gram-negative microorganisms and those
caused by Gram-positive. Nevertheless, Gram-negative cases
presented the worst outcomes, with a higher frequency of
amputations, more extended hospital stay, and treatment more
expensive, with a significant difference in costs with surgery.
Monomicrobial infections with Gram-negative microorgan-
isms in DFI have already been pointed out as a risk factor
for lower limb amputation [23], which may be related to a
large proportion of MDR microorganisms within this group.
Previous studies demonstrated the burden of these infections
on the health systems since blood infections caused by MDR
Gram-negative bacilli acquired in hospitals [24] and MDR
infections acquired in the community presented increased hos-
pitalization time and treatment costs [24, 25].

S. aureus is a relevant DFI pathogen, and due to diverse
virulence factors and its adaptation in polymicrobial commu-
nities, MRSA isolates have become an emerging global con-
cern [26, 27]. In the present study, despite no statistically
significant differences, DFI due to MRSA presented longer
hospitalization length and higher costs in all categories than
MSSA, corroborating a previous study that demonstrated
more days of hospitalization (2–10 days) and higher costs
(1.5 to 3 times more expensive) in MRSA infections than in
MSSA [27].

The more significant differences in the present study
occurred while comparing groups according to the diversity
of bacterial species in DFI, with polymicrobial infections
presenting higher treatment costs, including almost all cat-
egories, and longer length of hospitalization than
monomicrobial. Polymicrobial infections can complicate
chronic wounds and have been frequently reported in DFI
[21, 28], although some studies indicate a higher preva-
lence of monomicrobial infections [5]. The majority of
polymicrobial infections in the present study may be related
to the hospital’s profile, which receives more severe cases
of DFI, including neuroischemic cases [20].

The costs associated with DFI treatment were high for all
microbiological categories, mainly with daily room rates and
surgeries, despite only polymicrobial infection versus
monomicrobial infection presented a significant difference in
total costs. These findings highlight the significant burden
imposed by DFI on the health system and, considering the
minimum monthly salary of Int $ 474.42 in Brazil,
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demonstrates how this complication can impact patients due
to out-of-pocket payment. High expenditures with DFI treat-
ment are a reality worldwide, as demonstrated in several
studies [2, 29, 30]. However, the impact is much more sig-
nificant in undeveloped and developing regions [10, 31].
For example, considering Brazil’s minimum monthly sala-
ry, it would be necessary 2.5 years of working for paying
one admission for treating a polymicrobial infection and 1.8
years for monomicrobial. Considering the average cost of
infections caused by MDR microorganisms, they were
equivalent to 6.6 additional months of working compared
with those related to NMDR bacteria. Similarly, the aver-
age cost of treating infections caused by Gram-negative
was equivalent to 8.2 months of working more than in cases
with Gram-positive.

This study has some limitations. The analysis was restrict-
ed to aerobic bacteria, excluding anaerobic microorganisms
that may cause DFI. In addition, the hospital is a reference

center for the treatment of DFI, which may have influenced
the microbiological profile and amputation rate found in the
study due to the admission ofmore severe cases. Nevertheless,
similar researches in other tertiary hospitals were employed
for comparison. Despite the limitations, the present study was
able to provide a detailed analysis of actual costs of treating
DFI, including expenditures by categories, even those
cheaper, such as gauze, probes, and needles, in a scenario with
a scarcity of literature on the actual cost of hospitalizations for
DFI.

The findings suggest that a bacterial culture may be more
financially advantageous than applying empirical therapy for
DFI at the beginning of the infection, contributing to better
management of this complication. In addition, the results re-
iterate the importance of the rational use of antimicrobials in
DFI and the need for adequacy of the empirical therapy the
reality of each site, aiming to reduce amputations and costs
associated with this morbidity [32].

Fig. 2 Total costs with the
treatment of diabetic foot
infection in different categories of
infection. Abbreviations: MDR
— multidrug resistance; NMDR
— non-multidrug resistance;
MRSA— methicillin-resistant
Staphylococcus aureus; MSSA
— methicillin-sensitive
Staphylococcus aureus
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Abstract
Background There is no apparent data on the prevalence of maturity-onset diabetes of young (MODY) in adults in Turkey.
Aim We aimed to define the prevalence in our early-onset diabetes cohort and find the most prevalent types of MODY in this
selected group.
Methods We included 92 patients who were diagnosed with either two types of diabetes under the age of 35 with a strong family
history between 2014 and 2020. We excluded patients with low C-peptide levels and any positivity for beta-cell autoimmunity
markers. A panel of fourteen genes of MODY was analyzed for each patient with a next-generation sequence analysis method.
Results The mean age for the diagnosis of diabetes was 27.9±8.0 years, and most of the patients were male (F/M:37/55). The
median body mass index was 27 (19–32) kg/m2, while the median HbA1c level was 6.4% (5–17%). Seven patients had eight
pathogenic or likely pathogenic variants (7/92; 7.6%) ofMODYgenes with variants of GCK (MODY 2, n:1), HNF1A (MODY3,
n:1), HNF1β (MODY5, n:1), ABCC8 (MODY12, n:2), INS (MODY 10, n:1), HNF4A (MODY 1, n:1), and PDX1 (MODY4,
n:1).
Conclusion Molecular genetic diagnosis ofMODY is necessary for optimal follow-up, treatment, prognosis, and genetic counsel-
ing because of the close relationship between phenotype and genotype. Even in our small-sample-sized cohort, we were able to
detect MODY variants with appropriate patient selection, and we re-evaluated for additional clinical features for the newly
diagnosed MODY patients according to their variants, modified their treatment, and screened their first-degree relatives. This
result presents that diabetic patients below 35 age, without low C-peptide levels and any positivity for beta-cell autoimmunity
markers, must be screened for MODY gene panel for diagnosis and genetic counseling.

Keywords Maturity-onset diabetes of young . Genetics . Next-generation sequencing

Introduction

Maturity-onset diabetes of the young (MODY) is a particular
type of diabetes mellitus (DM), which is characterized by
autosomal dominant inheritance in ≥2 consecutive genera-
tions. The early onset of DM (usually before 25 years of
age) owing to impairment in glucose-stimulated insulin re-
lease as a consequence of altered pancreatic beta-cell function
is present [1]. Because many patients with MODY are
misdiagnosed as either type 1 or 2 DM, the exact incidence
of the MODY is unknown. Its prevalence is estimated to be
~1–2 % of all diabetes cases in developed countries [2].
Monogenic variants of nuclear transcription factors and glu-
cokinase enzyme are responsible for various distinct types of
the disease spectrum. Depending on the population and the

recruitment criteria, almost nearly 80% of all MODY cases are
due to heterozygous variants in hepatocyte nuclear factor-1
alpha (HNF1A), hepatocyte nuclear factor-4 alpha
(HNF4A), and glucokinase (GCK) [3, 4]. After being first
described by Tattersall and Fajans in 1974, a total of 14
MODY genes have been sequenced and characterized to date
worldwide [5, 6].

Both the prevalence and genetic variations of MODY may
vary according to ethnic differences. Thus, the differences in
clinical characteristics of the MODY patients in specific pop-
ulations should be clarified. However, there were several re-
ports about the prevalence and genetic variations of the
MODY for Asian, European, African, and American coun-
tries, with no apparent data from Turkey in where one-third
of the population was below 25 years of age [7–9]. Therefore,
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we aimed to define the prevalence in our early-onset diabetes
cohort and find the most prevalent types of MODY in this
selected group.

Material and methods

Study population

The study was prospective and cross-sectional in design. All
patients who were admitted to outpatient clinics of our tertiary
center university hospital between 2014 and 2020 (outpatient
clinic volume; 250 patients/day in total and 100 patients/day
with type 1 or 2 DM) were screened for early-onset diabetes
(diabetes onset age of below 35 years old) [10]. A total of 92
patients with early-onset diabetes were included in the study.
All included patients had normal C-peptide levels (in refer-
ence ranges) and were negative for antibodies specific for type
1 diabetes. Subjects with genetically confirmed MODY or
type 1 DM, history of diabetic ketoacidosis, low C-peptide
levels (lower than reference range), and positive beta-cell au-
toantibodies were excluded.

The demographic, clinical, and laboratory data were re-
corded for each participant. Blood samples were obtained
from each patient in the morning at an 8-h fasting state for
measurement of the biochemistry panel, including lipid pro-
files, glycosylated hemoglobin A1c levels (HbA1c), C-
peptide levels, islet cell autoantibodies, autoantibodies to in-
sulin, and glutamic acid decarboxylase 65 (GAD65). HbA1c
results were both reported as the National Glycohemoglobin
Standardization Program (NGSP) units (%), and International
Federation of Clinical Chemistry (IFCC) units (mmol/mol)
fasting C peptide level was measured using the Roche®
electrochemiluminescence assay and reported with a reference
range of 1.1–4.4 ng/dl. An additional blood sample was also
taken for genetic analysis.

The Institutional EC approved the study protocol, and all
subjects signed informed consent forms. The research was
funded by the Scientific Research Foundation of Ankara
University (Ankara, Turkey Project Number15B0230002).

Variant screening

Next-generation sequencing (NGS)-based strategy was used
for screening of the known and unknown MODY gene vari-
ants in subjects with early-onset diabetes, and the most prev-
alent MODY types in our Turkish patient cohort were present-
ed. Polymerase chain reaction (PCR) primers were designed
for sequencing of exons and exon-intron boundaries of
HNF1A, HNF4A, GCK, NEUROD1, PDX1, KLF11, CEL,
PAX4, HNF1B, INS (Insulin), BLK, ABCC8, KCNJ11, and
APPL1, and sequencing was done for all patients. DNA was
isolated with the magnetic bead method (MagPurix-Zinexts,

Taiwan). PCR amplification was done in-house designed
primers. Amplicons were checked by 2% agarose gel electro-
phoresis. Sequencing was done by the next-generation se-
quencing method by Miseq Illumina equipment (Illumina,
San Diego, CA, USA) by following manufacturers’ instruc-
tions. Data were evaluated by IGV 2.3 (Broad Institute) soft-
ware. Variants were analyzed by using ACMG criteria. All
variants were compared with GnomAD, ClinVar,
PROVEAN, and the National Center for Biotechnology
Information (NCBI) databases.

Statistical analyses

The Kolmogorov–Smirnov test assessed the normality of con-
tinuous data. Categorical variables such as HbA1c levels and
treatment modalities were presented as numbers and percent-
ages (%). Continuous data were displayed as means ± stan-
dard deviation for age and median (minimum-maximum) for
body mass index. Statistical analyses were performed using
the IBM SPSS Statistics for Windows (IBM Corp, Version
22.0. Armonk, NY).

Results

Among 92 patients, the mean age for diagnosis of diabetes
was 27.9±8.0 years, and most of the patients were male
(F/M:37/55). The median BMI was 27 (19–32) kg/m2, while
the median HbA1c level was 6.4% (46 mmol/mol) min–max
[(5–17%) (31–119 mmol/mol)]. Treatment modalities among
the study population were only diet (2%), monotherapy or
combined oral anti-diabetic drugs (44%), basal insulin ± oral
anti-diabetic drugs (15%), premixed insülin ± oral anti-
diabetic drugs (15%), and intensive insulin ± oral anti-
diabetic drugs (26%), respectively.

The oral anti-diabetic drugs used for the patient group were
as follows: sulphonilureas (gliclazide, glimepiride; n:19),
meglitinide analogues (repaglinide, nateglinide; n:4), metfor-
min (n:64), and dipeptidyl peptidase-4 inhibitors (sitagliptin,
vildagliptin, and saxagliptin; n:24).

Eighteen genetic variants were classified as pathogenic,
likely pathogenic, and the variant of unknown significance
(VUS) by using ACMG criteria. A total of 7 patients had eight
pathogenic and likely pathogenic variants, while the remain-
ing 10 had VUS. The details of the genetic variants were
presented in Table 1.

The most frequent variations for HNF1A were found for
c.293C>T (p.A98V) (p.Ala98Val) and HNF1A:c.293C>T
(p.A98V) (p.Ala98Val) mutation. It was found heterozygous
for 20 patients and homozygous for one patient in 92 patients.
The mean allele frequency (MAF) of this mutation was re-
corded as 11.95 % in this group, while worldwide incidence
is seen as 6%. The variants of HNF1A in our patient group
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were NM_000545.8:c.493T>C (p.Trp165Arg) and
NM_000545.8:c.517G>A (p.Val173Met). Another frequent
type of the MODY was MODY 2, and the variants of GCK
genes were NM_033507.3:c.382T>C (p.Ser128Pro) and
NM_033508.3:c.490C>A (p.Leu164Ile). NEUROD1:
c.590C>A (p.P197H) (p.Pro197His) mutation was found het-
erozygote for 8 patients with a MAF of 4.34%. The most
frequent variation for CELwas at 148 and found for 3 patients
of the study group. The most frequent reported mutation for
BLK was BLK: c.116C>T (p.P39L) (p.Pro39Leu) mutation
and was heterozygote for 5 patients in this group. BLK:
c.974A>C (p.K325T) (p.Lys325Thr) mutation was seen in 2
patients, and the clinical significance of the changes for the
code rs77401687 is presented as an uncertain change in the
ClinVar database. BLK: c.211G>A (p.A71T) (p.Ala71Thr)
mutation was found in 4 patients, and it was evaluated as
polymorphism. The most frequent KCNJ11 variations were
at Y539C for 2 patients.

Other variants of the patient group were single gene vari-
ants of HNF4A NM_175914.4:c.932G>A (p.Arg311His),
KLF NM_003597.5:c.1018A>T (p.Met340Leu), PAX4
ENST00000341640.2:c.497G>A (p.Arg166Gln), and BLK
NM_001715.3:c.228C>G (p.Asp76Glu), respectively. BLK
NM_001715.3:c.228C>G (p.Asp76Glu) and GCK
NM_033508.3:c.490C>A (p.Leu164Ile) variants were found
in the same patient, but she was diagnosed as MODY 2 ac-
cording to her medical and laboratory features.

Two newmutations were discovered in this patient group,
which are ABCC8: c.1616A>G (p.Tyr539Cys) (HET) at two
sisters of a family and PDX1: c.228C>G (p.Asp76Glu)
(HET). The first mutation was determined as pathogenic by
the computational verdict because of eight pathogenic pre-
dictions from DANN, GERP, FATHMM, Mutation
Assessor, Mutation Taster, PROVEAN, FATHMM-MKL,
and SIFT. Only one benign prediction was achieved by
LRT. ClinVar classifies this variant as likely pathogenic.
The latter new mutation was a missense variant in gene
PDX1 that has seven pathogenic missense variants out of 9
pathogenic variants. It was categorized as uncertain
significance.

Discussion

The accurate diagnosis of MODY is essential because of the
close genotype-phenotype correlations between the variant,
co-morbidities, and clinical features of the MODY disease.
Moreover, the identification of a MODY family will provide
genetic counseling for the family and prediction for future
generations. Also, searching for MODY, among other types
of diabetes, has an impact on clinical practice and individual-
ized treatment [5].

Although an accurate diagnostic approach for MODY has
not been established clearly by recent guidelines, medical his-
tory, family history, physical examination, and laboratory test-
ing are essential and complimentary for the diagnosis of the
MODY. Traditional clinical features are only seen for less
than half of the MODY patients. Therefore, molecular genetic
testing is the primary diagnostic tool [1]. Molecular genetic
testing can either be done with serial single-gene/multigene
panel or genomic testing such as exome sequencing. The ex-
ome sequencing approach provides clinicians to analyze the
MODY-related genes not included in the multigene groups
and find possible new genotype-phenotype associations.

The general prevalence of MODY is approximately 1–2%
of diabetics; however, the relative incidence of the disease
varies by country according to national strategies for screen-
ing [11]. According to the literature, the percentage ofMODY
variants ranges from 0.65 to 6.3 in Europe [5, 12, 13]. Few
studies have reported the presence of MODY in the Middle
Eastern Population, and they also pointed out that the most
prevalent forms are HNF1A, GCK, and HNF4A, similar to
other parts of the world [14]. Also, there are a lot of studies
from India with large sample sizes evaluating the most prev-
alent MODY types as HNF1A, GCK, and HNF4A [15–18].
Interestingly, Mohan et al. reported MODY 12 as the second
most frequent mutation after HNF1A in India [19].

Although the most common causes of MODY are GCK
(MODY2 30–50%), HNF1A (MODY3 30–65%), and
HNF4A (MODY1 5–10%), respectively, worldwide [10],
seven patients were found to have pathogenic or likely path-
ogenic variants (7/92; 7.6%) and were diagnosed as MODY
with variants of GCK (MODY 2, n:1), HNF1A (MODY3,
n:1), HNF1β (MODY5, n:1), ABCC8 (MODY12, n:2), INS
(MODY 10, n:1), HNF4A (MODY 1, n:1), and PDX1
(MODY4, n:1) in our cohort. So, we did not observe a fre-
quency ranking similar to that in the world or Asia. Maybe, it
was due to the selective searching criteria of the study. The
other studies were planned over an inclusion criterion for age
and family history and search for prevalences of MODY with
large genetic screening panels. We detected more selective
cases by a strict screening plan for financial concerns. But, it
may be a strategy for more economic screening in diabetes
cases, especially in developing countries.

There are few sample-sized studies for both the pediatric
and adult populations in our country, which also pointed out
that GCK and HNF1Awere the most frequent genes and were
compatible with our results. Few studies reported the molec-
ular spectrum of only some of the frequent mutations of GCK
[20] and HNF1A [21], and some studies evaluated a panel of
mutations of GCK, HNF1A, HNF4A, and HNF1B [22–24].
There is a relatively new study, which they performed in the
similar time period with us, that reported a higher number of
(n:182 patients) with a pre-diagnosis of MODY for 7 MODY-
related genes [25]. They also found GCK and HNF1A
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mutations 33% and 30%, respectively, in their cohort. There
are only two comprehensive studies that evaluated 43 and 61
children with panels of 11 and 20MODY genes, respectively,
in Turkey [26, 27]. In another recent study from Turkey, with
targeted NGS of 13 MODY-related genes, the missense mu-
tations of NEUROD1 p.D202E, KFL11 p.R461Q, BLK
p.G248R, and KCNJ11 p.S385F were first associated with
MODY [28].

In our study, we evaluated our early-onset diabetic patients
with a new-generation sequence analysis method for 14 genes
associated with MODY. We found seven patients who had
pathogenic/likely pathogenic variants among a total of 92 pa-
tients. Moreover, we found two novel mutations associated
with MODY. Our research is the first study investigating both
novel and proven mutations of all 14 MODY genes by using
targeted next-generation sequencing in a cohort of early-onset
diabetes among adulthood in Turkey.

But, our study should be interpreted with some limitations.
First of all, our study sample size was small, and the findings
were confined to single-center data rather than the whole
Turkish population. Also at the beginning of the study, we
aimed to define the prevalence in our cohort and find the most
prevalent types in this group, but we only could manage to
define the point prevalence in this particular group as 7/92
(7.6%) according to pathogenic and likely pathogenic vari-
ants. But we could not speculate about the most prevalent
types because of the small sample size of the group and
cross-sectional design of the study. The larger-scale national
studies will further determine a cost-effectiveMODY panel to
be implemented particularly for our country.

Conclusion

Molecular genetic diagnosis of MODY is necessary for optimal
follow-up, treatment, prognosis, and genetic counseling because
of the close relationship between phenotype and genotype. Even
in our small-sample-sized cohort, we were able to detect MODY
variants with appropriate patient selection, and we re-evaluated
for additional clinical features for the newly diagnosed MODY
patients according to their variants, modified their treatment, and
screened their first-degree relatives. This result presents that dia-
betic patients below 35 age, without low C-peptide levels, and
any positivity for beta-cell autoimmunity markers must be
screened for MODY gene panel for diagnosis and genetic
counseling. Althoughmolecular testing forMODY is expensive,
correct identification of MODY has potential importance for the
guidance of the optimal treatment and discontinuation of unnec-
essary treatments. By using our criteria, it is possible to screen
fewer patients and detect more cases for our nation.

Data availability Data is available on request from the authors.
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Abstract
Background Patients who suffer from diabetic peripheral neuropathy in the lower leg experience a greater risk of falls due to a
decrease in strength of the lower extremities.
Methods Fourteen participants, diagnosed with diabetic peripheral neuropathy or nocturnal allodynia in either one or both
extremities, volunteered to participate in this study. Participants were purposively selected from two private Podiatry practices
based on their signs and symptoms, age, gender, and doctor’s clearance to participate in any form of physical activity. Dependent
variables included isometric muscle strength of the hip, knee and ankle, range of motion of the ankle in plantarflexion and
dorsiflexion and an assessment of balance, which were measured pre- and post-intervention. The researcher developed a
scientifically based exercise intervention program to target the entire kinetic chain, and to develop a standard isometric protocol
for patients with DPN. The intervention program consisted of a combination of ankle, hip, and knee specific rehabilitation. The
intervention took place 3 times a week for 45 min per session.
Results The Mann-Whitney test was used to evaluate the differences in dependent variables from pre- to post-intervention. The
level of significance was set at p<0.05. Notable increases were observed in range of motion in ankle plantarflexion and in balance
time in the intervention group, post-intervention.
Conclusions Although many of the changes noted were insignificant, the trends indicated an improvement in the intervention
group over the 10-week intervention period. These improvements can be considered clinically important.

Keywords Diabetic autonomic neuropathy . Diabetic nerve pain . Distal polyneuropathy . Hyperglycemia . Peripheral
neuropathy . Pressure air biofeedback system

Introduction

One of the main complications of diabetes mellitus (DM) is
diabetic peripheral neuropathy (DPN) and can be classified as
a decrease in sensation and proprioception in the distal ex-
tremities [1]. Diabetic neuropathy is a result of nerve damage
caused by chronically uncontrolled high blood glucose levels

and is a common complication of DM, affecting up to 50% of
patients suffering from both types of diabetes [2]. Since DM
frequently results in peripheral neuropathies, the result is as-
sociated with reduced muscle strength and balance, gait im-
pairment, and decreased ankle stability [3, 4]. Hip alterations
during walking occur due to a decrease in strength in the
plantar flexion muscle group. Patients with DPN experience
a decrease in movement during the late stance phase of gait.
Due to the strength deficit, the patient will adapt a “hip strat-
egy” [3], where the leg is pulled forward using the hip flexors
instead of using the plantar flexor muscles to push forward
(ankle strategy). This phenomenon is also known as the
“slowness strategy” [3]. Diabetic sarcopenia is associated with
systematic insulin resistance, which is related to mobility dis-
orders and is associated with a decrease in muscle activation
and a decrease in myofascial structures, leading to an in-
creased fall risk in DM patients [5]. Approximately, 2.1% of

* Ronél du Plessis
duplessisbio@gmail.com

1 Department of Sport, Recreation and Exercise Science, University of
the Western Cape, Bellville, South Africa

2 Private Practice, Dembskey Podiatry, 33 Jim Fouche Street,
Verwoerd Park, 1449 Alberton, South Africa

International Journal of Diabetes in Developing Countries (March–April 2023) 43(2):252–257
https://doi.org/10.1007/s13410-022-01068-1



the world’s population suffer from DM [6], which currently
affects over 420 million people worldwide [6, 7], with the
prevalence of DM still increasing rapidly each year [8]. As a
result, DM can have a major impact on one’s quality of life
due to high-risk complications that may be either chronic or
acute [9–11].

In South Africa, the most common form of DM is type II,
with less than 10% of reported cases being type I. In an audit
conducted in 1997 of 300 people with DM in Cape Town,
27% had diabetic neuropathy [12], while in 2012, the
SANHANES-1 report [13] indicated that, among individuals
with diabetes, nearly half were unscreened (45.4%). An addi-
tional 14.7% were screened but undiagnosed, 2.3% were di-
agnosed but untreated, and 18.1% were treated but uncon-
trolled. With the current prevalence of DM in South Africa
being unclear, the IDF estimated that, by 2025, 7.04% (3.5
million) of the total South African population will have DM
and a further 1.5 million will be undiagnosed [14]. Thus, the
prevalence of diabetes in South Africa appears to be increas-
ing over time and it appears that a large proportion of individ-
uals in South Africa may be susceptible to DPN and that more
research needs to be conducted in this area.

The treatment of those diagnosed with DPN in South
Africa, however, is inadequate and a course of action must
be implemented to improve both its diagnosis and manage-
ment [15]. It is well known that exercise training improves and
increases muscle mass, decreases blood pressure, and im-
proves glucose tolerance [16–18]. Early aerobic and resistance
training intervention is of great benefit to DM patients, as it is
an effective way to control blood glucose levels and enhance
insulin action up to 72 h [2]. Improvements thereof lead to
health-related quality of life. Further, a combination of lower
limb muscle strengthening, balance, and proprioceptive reha-
bilitation improves range of motion, balance, muscular
strength, and glycated hemoglobin in older patients with
DPN [19–21]. Low-intensity exercise improves/enhances vas-
cular and metabolic pathways, which decreases painful neu-
ropathic symptoms and improves quality of life [22]. In other
words, exercise is an excellent treatment modality for people
with DPN. Therefore, the purpose of this research study was
to evaluate the effectiveness of an exercise protocol that was
developed for people with DPN and was different from the
standard clinical protocol commonly used today.

Materials and methods

Design and sampling

The research design was a pre-test post-test study using quan-
titative methods. A single-blind approach was chosen as only
the researcher knew which treatment the participants would
receive, as this would have led to spurious results. The study

was designed to evaluate muscular strength and flexibility of
the ankle joint, as well as balance, to determine if an exercise
intervention would be effective treatment for patients who
suffer from DPN in the lower leg. Patient files were conve-
niently selected from two Podiatry practices to determine DM
status. Those with a confirmed diagnosis of DPN were
approached to be part of the study. Participants received an
information leaflet and a consent form prior to the recruitment
process of the study took place. Recruitment was strictly vol-
untary, and participants had the right to withdraw without
penalty. Before signing the consent form, volunteers were
assured that they had the right to withdraw from the study at
any time without any penalties. The final study sample
consisted of 14 participants, aged 18–80 years. The inclusion
criteria for the study comprised DPN in one or both lower
limbs, any age, male or female, any level on physical activity,
and a pre-test health risk evaluation done by their doctor.
Exclusion criteria included any current fracture(s) or any in-
jury in the lower limb and any participant who suffered from
foot ulcers.

Procedures

A total of 14 participants underwent pre- and post-intervention
testing, which consisted of the following: range of motion of
the ankle in plantar- and dorsiflexion using goniometry, a
static balance test, using the stork stand test, and an isometric
strength assessment of the muscles surrounding the hip (glu-
teus maximus, gluteus medius and gluteus minimus,
piriformis, adductor magnus and the long head of the biceps
femoris), knee (vastus lateralis, vastus medialis, vastus inter-
medius, and rectus femoris) and ankle (the tibialis anterior,
extensor hallicus longus, extensor digitorum longus and the
peroneus tertius [ankle plantarflexion], and tibialis posterior,
peroneus longus, peroneus brevis, flexor hallucis longus and
the flexor digitorium longus [ankle dorsiflexion] muscles) and
joints using a pressure air biofeedback system. All 14 partic-
ipants were then randomly divided into an intervention group
and a comparison group. The process of randomization was
based on previous diagnosis of diabetic peripheral sensory
neuropathy in one or both lower limbs, participants’ symptom
severity, and a clinical assessment and diagnosis conducted by
a Registered Podiatrist. Assessment tools utilized to diagnose
neuropathy included a Tip-Therm, 28Hz Tuning Fork, 10g
Semmes Weinstien Monofilament, 2-point discriminator,
and a patellar hammer. The intervention group received a
10-week training program specifically designed by a clinical
exercise specialist (biokineticist) for people with diabetic neu-
ropathy. At the end of the study, the intervention training
program was offered to the comparison group, so that they
too could benefit from the study. The participants from both
groups received the intervention programs along with the nec-
essary rehabilitation equipment. Each exercise was explained
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and demonstrated in detail to all the participants. Due to the
worldwide pandemic (COVID-19), the restrictions in place,
and the severity of the disease, no long-term follow-ups could
have been implemented, which restricted the time frame of the
research and exercise intervention and follow-up.

Blood pressure

An aneroid blood pressure cuff and stethoscope were used to
measure the participants’ blood pressure before, during and
after exercise to ensure the participant was not hypo- or hy-
pertensive as these are both absolute indications to terminate
any exercise training according to the ACSM [23–25]. The
participant was asked to take a seat during the before and after
exercise readings with their feet flat on the floor and legs
uncrossed. The reading was recorded in millimeters of mercu-
ry (mmHg) and any false or abnormal measurements were
noted and acted upon immediately.

Blood glucose

AContour Plus® blood glucose analyzer was used to measure
the participants’ blood glucose levels. Blood glucose was
measured before, during, and after exercise to monitor the
participant’s glycemic state. Blood glucose was measured
5 min before the exercise session took place, 5 min after the
first set of exercises, and 5 min after the session was complet-
ed. The clinician strictly followed the universal health precau-
tions for drawing blood [26] and always used medical gloves
during the procedure. A single-use lancet was used to draw a
sample of blood from the index finger, which was applied to
the testing strip, according to the manufacturer’s specifica-
tions. The reading was measured and recorded in millimoles
per liter (mmol L−1). The participant was informed about the
results, which were explained and discussed immediately.

Ankle mobility

Ankle mobility (range of motion) was assessed in plantar and
dorsiflexion. The participant was asked to sit upright on a
plinth, with legs straight and both ankles slightly elevated over
a rolled towel. For both plantarflexion and dorsiflexion, the
researcher placed the fulcrum of the goniometer over the lat-
eral malleolus with the proximal arm being placed along the
fibula using the head of the fibula for reference.

Balance

The stork stand test was utilized to measure static balance. A
static test was used as a dynamic test would have led to an
increased risk of injury and/or pain and discomfort. The par-
ticipants performed the stork stand test on both legs with their
shoes removed and with their hands on their hips. The amount

of time that the participant was able to stand on one leg was
measured in seconds. The stork stand test is a valid and reli-
able test method to use to measure static balance for any age
group.

Isometric muscular strength

The Pressure Air Biofeedback System® (PAB) was used to
measure isometric muscle function. This device measures the
force applied to an air bladder located inside the product. The
device enables the clinician to test maximum isometric
strength as well as fatigue performance patterns of the mus-
cles. Assessing isometric muscular strength allows the clini-
cian to evaluate the patient’s maximum muscular strength
within the patient’s ROM capacity and the ability to produce
sufficient strength in the various joints in particular movement
patterns. Specific movements, such as hip extension (Fig. 1a),
knee extension (Fig. 1b) and ankle-plantar (Fig. 1c), and dor-
siflexion (Fig. 1d), were conducted.

Exercise intervention

For this study, the researcher developed an isometric exercise
protocol for people with DPN, which was different from the
standard isometric clinical protocol commonly used today,
and designed to specifically target the entire kinetic chain,
and to assist in developing an effective isometric protocol
for patients with DPN that will help reduce fall risks. The
program consisted of low intensity muscular strength training
exercises, low intensity static and passive stretches, balance
training and proprioceptive rehabilitation exercises to increase
muscular strength, ROM and balance time and decrease fall
risk. The 10-week intervention took place 3 times a week for
45 min per session and was divided in three categories: range
of motion exercises, strengthening exercises, and balance and
proprioception training exercises. All exercise sessions were
conducted under strict supervision of the researcher.
Progression of exercises was determined and adjusted accord-
ing to each participant’s individual progress. Where progres-
sion was needed, an increase in repetitions and intensity was
made accordingly.

Results

A Mann-Whitney test was used to evaluate the differences in
dependent variables from pre- to post-intervention. The level
of significance was set at p<0.05. The only notable increases
observed were for range of motion in the right ankle
plantarflexion (p=0.022) and balance time (p=0.018) for the
left and right leg in the intervention group after a 10-week
follow-up assessment. However, a decrease in systolic
(−9.09%) and diastolic blood pressure (−13.89%) and a
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decrease in blood glucose levels (−17.89%) were observed
post-intervention for the intervention group, which may be
clinically important, as an increase in these variables was not-
ed in the comparison group.An increase in plantarflexion, 8%
(left) and 8% (right) and dorsiflexion 5.26% (left) and an
11.11% (right) increase in ROM for both left and right ankles,
and balance time for both legs, 200% (left) and 159% (right)
were observed in the intervention group post-intervention.
The muscular strength variables showed a mix of an increase
and decrease in strength post-intervention for the intervention
group; however, they were insignificant. The strength test

results observed in the comparison group post-intervention
may also be clinically important. A summary of the expected
and observed changes from pre- to post-intervention results is
presented in Table 1.

Discussion

Diabetes mellitus is increasing rapidly worldwide each year
and the prevalence of DPN is increasing along with the dura-
tion of DM [27]. It is predicted that in the year 2030, more

Table 1 A summary of the expected and observed changes from pre- to post-intervention

Variable Expected change post-intervention (intervention group) Observed change

Control group Intervention group

Blood glucose (mmol L−1) ⬇ ⬆ (37.84%)* ⬇ (−17.89%)

Systolic blood pressure (mmHg) ⬇ ⬇ (−4.69%)* ⬇ (−9.09%)

Diastolic blood pressure (mmHg) ⬇ ⬇ (−10.0%) ⬇ (−13.89%)

ROM plantarflexion (deg)

Left ankle ⬆ ⬇ (−4.62%) ⬆ (12.81%)

Right ankle ⬆ ⬇ (−3.23%) ⬆ (8%)*

ROM dorsiflexion (deg)

Left ankle ⬆ ⬌ ⬆ (5.26%)

Right ankle ⬆ ⬆ (4.17%) ⬆ (11.11%)

Stork stand (s)

Left leg ⬆ ⬆ (77.65%) ⬆ (200%)*

Right leg ⬆ ⬆ (2.95%) ⬆ (159%)*

Strength in extension (kg)

Left knee ⬆ ⬆ (22.78%) ⬇ (−10.65%)

Right knee ⬆ ⬆ (2.95%) ⬆ (179.63%)

Strength in plantarflexion (kg)

Left ankle ⬆ ⬆ (41.67%) ⬆ (27.45%)

Right ankle ⬆ ⬇ (−27.47%) ⬆ (31. 37%)

Strength in dorsiflexion (kg)

Left ankle ⬆ ⬇ (−41.07%) ⬇ (−31.43%)

Right ankle ⬆ ⬇ (−34.88%) ⬇ (−17.24%)

Strength in extension (kg)

Left hip ⬆ ⬇ (−36.04%) ⬇ (−10.53%)

Right hip ⬆ ⬆ (27.78%) ⬆ (22.92%)

Key: ⬆ increased; ⬇ decreased; ⬌ unchanged. *Significant at p<0.05
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Fig. 1 Isometric muscle testing using the Pressure Air Biofeedback System. (a) Hip extension, (b) Knee extension, (c) Ankle-plantar flexion, (d) Ankle
dorsiflexion



than 70% of people living with T2DM will reside in develop-
ing countries, and primary prevention of type II DM should be
an urgent priority for such regions [28]. Proper assessments
and intervention programs will guide clinicians to identify
physical characteristics where improvements are required
[29]. It is important for clinicians to understand the effect of
DPN onmuscular strength and balance, to be able to prescribe
appropriate rehabilitation protocols to improve the quality of
life of DPN patients [5]. Exercise training improves mitochon-
drial function, improving insulin sensitivity and glucose toler-
ance, and decreases blood pressure and increases muscle mass
[17, 20]. Static range of motion/flexibility training is frequent-
ly used to increase joint mobility and flexibility and decrease
the risk of any injury; balance and proprioceptive training
decreases fall risk and improves postural stability in DPN
patients [17, 20]. This pre- and post-intervention study was
undertaken to evaluate the effectiveness of an isometric reha-
bilitation program for patients with DM, as there is a lack of
currently researched protocols available for patients with DPN
in South Africa. In this study, it was evident that a 10-week
isometric rehabilitation program improved ankle range of mo-
tion (plantar- and dorsiflexion) and muscular strength of the
surrounding musculature of the hip, knee, and ankle, and in-
creased balance time. The researcher also found a non-
significant decrease in blood pressure and blood glucose
levels. These findings have important clinical implications
for DPN patients as these improvements would improve qual-
ity of life of patients with DPN in South Africa. It has been
shown that exercise positively affects blood glucose homeo-
stasis, which improves due to structural remodeling of skeletal
muscle as a result of the exercise intervention, and muscular
strength/resistance training reduces systolic blood pressure in
DPN patients [17, 20], which is supported by the findings in
this study. Further, a combination of strengthening, balance,
and proprioceptive rehabilitation will improve their gait
patterns and decrease fall risk, leading to improved qual-
ity of life [20]. This study showed meaningful changes in
objective measurements, and it appears to have been a
clinically effective program for people with DPN in
South Africa.

The total number of participants completing this study was
affected by the following: COVID-19 restrictions, no clear-
ance from a doctor to participate in any form of physical
activity, noncompliance from participants and participants be-
ing medically booked off activities due to other chronic dis-
eases/conditions. Therefore, a larger sample size would have
increased the power of the study. Recommendations for future
research include evaluations of isotonic muscle contractions
of the entire kinetic chain, development and evaluation of
isometric rehabilitation protocols based on the PAB® and to
include the use of electromyography in the assessments of the
distal musculature, to evaluate muscle function and to adapt
specific rehabilitation exercises accordingly.

Conclusion

Individual, scientifically based rehabilitation protocols/
interventions can be prescribed to DPN patients to improve
muscular strength in the lower limbs and to improve overall
muscular strength and endurance and improving functional
capacity in the performance of daily living activities. The
findings of this study indicate that an isometric evaluation
and exercise program is effective in the treatment of
DPN to evaluate and determine an effective treatment
plan/intervention for patients with DPN, and to deter-
mine muscular strength deficits in both lower limbs in
patients with DPN in South Africa.
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Abstract
Background The association between dietary patterns (DPs) and diabetes risk remains inconsistent in terms of intake and
frequency.
Objectives To explore the association between dietary patterns (DPs) and diabetes risk.
Methodology We recruited 13,587 volunteers from a cohort study in Guangxi. Principal component analysis was used to define
DPs, and logistic regression was used to explore the associations.
Results In both model 1 (grouped by history of diabetes) and model 2 (grouped by current Glu), frequencies of dessert intake and
fruit intake are significantly different between people with and without diabetes risk (all p<0.01). Uni- and multivariate logistic
regression analyses all show that a limited frequency of dessert intake (less than 3–4 times per week) significantly reduced
diabetes risk before or after adjustment in both model 1 and model 2, and a more frequency of fruit intake (more than 3–4 times
per week) significantly decreased diabetes risk in model 1. After sub-analysis by age and sex, the associations between diabetes
risk and frequency of dessert intake and fruit intake still exist.
Conclusion The DPs of Southern Chinese in Guangxi were related to food abundance and frequency of intake. Habitual fruit
intake and moderate frequencies of sweets were associated with decreased diabetes risk.

Keywords Dietary patterns . Diabetes . Southern Chinese . Principal component analysis . Logistic regression

Introduction

Diabetes brings heavy burden to the global population, includ-
ing macrovascular and microvascular complications [1]. The
overall prevalence of diabetes in China had increased from

1980 to 2013 [2]. The latest nationwide cross-sectional survey
in mainland China indicated that the estimated standardized
prevalence of diabetes was 10.9% [3].

Up to 90% of diabetes cases worldwide are preventable if
individuals follow a healthy diet and lifestyle [4]. In the UK,
Conklin et al. indicated that the regular consumption of all five
food groups (dairy products, fruits, vegetables, meat and al-
ternatives, and grains) and a greater variety of dairy, fruit, and
vegetable subtypes may be important to reduce the risk of
diabetes [5]. In China, Sun et al. identified four dietary pat-
terns (DPs), including healthy diet, high-salt diet, meat diet,
and carbohydrate-rich diet, and suggested that high-salt diet
and carbohydrate-rich diet are positively associated with dia-
betes risk compared with healthy diet [6]. Characteristic DPs,
such as theMediterranean diet (MeDiet), have been confirmed
to reduce the incidence of cardiovascular disease by 30% [7].
Adherence to the MeDiet and Dietary Approaches to Stop
Hypertension is associated with a remarkable reduction in
the risk of incident diabetes [8]. However, DPs in the
Chinese population may be difficult to derive from a
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consistent standard because of the great difference in the eat-
ing habits among different ethnicities [9, 10].

There is a certain relationship existing between diet and
diabetes, and regional differences in dietary behavior. To date,
conclusions on the relationship between diet and diabetes risk
are still inconsistent. A previous study in Guangxi evaluated
the influence of dietary habit such as dietary laws, diet tastes,
and cooking methods [11]. The present study is based on a
Guangxi Zhuang prospective cohort and aims to explore the
association between DPs and diabetes risk. As supplementary
evidence, it could alert us to formulate a targeted disease man-
agement meal plan for populations.

Methods

Study population

The studied population is from the baseline survey data of
local residents in Guangxi of the Prospective Cohort Study
of Chronic Diseases in Natural Populations in South China
from May 2, 2018, to November 6, 2019. Volunteers were
aged 30–82 years. Included individuals were Guangxi perma-
nent residents (validated by identity card or household
register).

Diabetes diagnosis and assessment

History of diabetes was investigated, and blood glucose (Glu)
of the study population was determined with morning fasting
blood using the Roche® C702 biochemical analyzer. Model 1
is grouped by self-reported history of diabetes. Model 2 is
grouped by Glu value. Diabetes risk assessment methods refer
to the guidelines by the Chinese Diabetes Society [12].

Assessment of diet and covariates

A self-designed, simplified food frequency questionnaire
(FFQ) was used during face-to-face interview. The FFQ used
in this study was consistent with FFQ25, which was validated
in populations all over the world previously [13]. The content
of FFQ was shown in the Supplementary file. Participants
provided standardized answers to the investigators, selecting
from six food frequency categories, that is,<1 time per month,
≤3 times per month, 1–2 times per week, 3–4 times per week,
5–6 times per week, and everyday, which were assigned range
from 0 to 5. In the logistic regression analysis, <1 time per
month is always a reference. Trained physicians measured
subjects’ body composition using the TANITA BC-601
Body Fat Monitor. The subjects stood on the instrument with
both hands clasping the handle. After the instrument automat-
ically measured, it directly read the subject’s body

composition data, including height, weight, BMI, body fat
percentage, body water, visceral fat, body age, and other
indicators.

Statistical analysis

DPs were derived by PCA using R 3.6.3 software (visualize
with RStudio). Packages readxl and xlsx were for importing
and exporting data, package dplyrwas for data cleaning, pack-
ages Hmisc and psych were for statistical description and
PCA, the built-in function glm() was for uni- (ULR) and
multi- (MLR) variate logistic regression, package CATT was
for Cochran–Armitage trend test, and packages forestplot and
ggbiplot was for plotting. T test or one-way ANOVA was
used for measurement data, whereas chi-squared test was used
for counting data. Nonparametric test was used when variance
was not homogeneous. Two-tailed p value less than 0.05 was
defined as significant. Data were described asmean ± standard
deviation (SD) or number (N) with percentage (%).

Results

Demographics

The cohort included 13,587 participants with complete re-
cords of the questionnaire, physical examination, and labora-
tory data. After credibility evaluation of questionnaires and
data cleaning, we enrolled participants with high reliability
and complete information. Over 93.7% participants are of
Zhuang ethnicity, and their eating habit is representative of
the Zhuang. The flow chart of the participant screening pro-
cess is shown in Figure S1. Demographic data are shown in
Table 1.

DP evaluation

Dietary food items were divided into 14 categories (Table S1).
The parallel testing suggested four principal components
(PCs) to be involved, and cumulative proportion of the top
three PCs (i.e., DPs) exceeded 0.8 (Fig. 1). DP1, DP2, and
DP3 were separately named Balanced, Basic, and Insufficient.
The DPs inmodels 1 and 2 are consistent with each other. DP1
contains a wide variety of nutrients, including pasta (0.57),
grains (0.47), desserts (0.46), poultry (0.44), seafood (0.48),
eggs (0.57), fruit (0.45), nuts (0.49), and milk (0.54). DP2
contains basic nutrients, including livestock (0.47), poultry
(0.53), seafood (0.45), and vegetables (0.50), with a less grain
intake frequency (−0.40). DP3 contains limited nutrients, only
including livestock (0.50) and vegetables (0.43), with a less
pickles intake frequency (−0.40). The PCA result also sug-
gested that the population with DP2 has less grain intake
and the population with DP3 has less pickle intake.
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Table 1 Demographic data of the studied population

Items Model 1
(N=10,972)

Model 2
(N=10,622)

N/mean±SD % N/mean±SD %

Age 54.58±10.41 54.51±10.40

<60 7,283 66.4% 7,075 66.6%

≥60 3,689 33.6% 3,547 33.4%

Sex

Male 5,048 46.0% 4,868 45.8%

Female 5,924 54.0% 5,754 54.2%

Education

No formal schooling 1,430 13.0% 1,371 12.9%

Primary school 4,293 39.1% 4,177 39.3%

Junior high school 3,206 29.2% 3,113 29.3%

High school 1,394 12.7% 1,337 12.6%

College 412 3.8% 396 3.7%

University 230 2.1% 221 2.1%

Postgraduate and above 7 0.1% 7 0.1%

Occupation

Farmer 6,061 55.2% 5,896 55.5%

Worker 1,266 11.5% 1,218 11.5%

Administrative and management personnel 276 2.5% 262 2.5%

Professional and technical personnel 229 2.1% 220 2.1%

Sales and service staff 219 2.0% 217 2.0%

Private owner 220 2.0% 217 2.0%

Housewife/husband 618 5.6% 595 5.6%

Unemployed/laid-off 274 2.5% 271 2.6%

Others 493 4.5% 478 4.5%

Retired 1,316 12.0% 1,248 11.7%

Marital status

Married 9,746 88.8% 9,441 88.9%

Widowed 907 8.3% 878 8.3%

Divorce 190 1.7% 181 1.7%

Unmarried 129 1.2% 122 1.1%

Income

<¥ 10,000 2,105 19.2% 2,042 19.2%

¥10,000~29,900 3,899 35.5% 3,781 35.6%

¥30,000~59,900 2,589 23.6% 2,506 23.6%

¥60,000~99,900 1,375 12.5% 1,328 12.5%

¥100,000~149,900 794 7.2% 765 7.2%

¥150,000~299,900 187 1.7% 178 1.7%

>¥3000,000 23 0.2% 22 0.2%

Family history of NCD

No 9,006 82.1% 8,726 82.2%

Yes 1,966 17.9% 1,896 17.8%

Diseases affecting bowel function

No 10,299 93.9% 9,967 93.8%

Yes 673 6.1% 655 6.2%

BMI 25.53±3.54 23.50±3.52

Healthy 2,641 24.1% 2,590 24.4%
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Differences between Southern Chinese with or
without diabetes risk

In model 1, the distribution of age, occupation, family history
of non-communicable diseases (NCD), body mass index
(BMI), visceral fat level, habit of drinking soup, Glu, intake
frequencies of dessert, livestock, fruit, milk, and beverage are

significantly different between people with and without histo-
ry of diabetes (all p < 0.05). In model 2, the distribution of age,
sex, education, occupation, smoking status, use of health care
products, BMI, visceral fat level, alcohol use, habit of drink-
ing soup, Glu, intake frequencies of rice, grain, dessert, sea-
food, and fruit (p = 0.010) are significantly different between
people with and without diabetes risk defined by current Glu

Table 1 (continued)

Items Model 1
(N=10,972)

Model 2
(N=10,622)

N/mean±SD % N/mean±SD %

Warning 5,263 48.0% 5,097 48.0%

More 2,353 21.4% 2,265 21.3%

Overmuch 715 6.5% 670 6.3%

Glu 4.97±1.40 4.94±1.40

With history of diabetes 10,618 96.8% N/A N/A

Without history of diabetes 354 3.2%

Model 2

3.8~6.1mmol/L N/A N/A 10,121 95.3%

≥ 7.0mmol/L 501 4.7%
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(all p < 0.05). However, in both model 1 and model 2, there is
no statistical difference in the distribution of DPs. Therefore,
both model 1 and model 2 are sub-analyzed by age, and only
model 2 is sub-analyzed by sex (Table S2).

Associations between diet and diabetes risk in
Guangxi Southern Chinese

DPs had no significant association with diabetes risk

There was no significant correlation between DPs and diabe-
tes risk in Guangxi residents. The results of the ULR analysis
are shown in Figure S2. Dietary variables with p < 0.05 were
included inMLR analysis (shown in Fig. 2, S3, and Table S3).

Increased pasta, moderate amounts of grains, seafood,
and milk were positively associated with diabetes risk

In model 1, increased pasta intake contributed to diabetes risk
(≤3 times per month: βadj = 0.364, ORadj = 1.439 [1.063–
1.943], padj = 0.018; 1–2 times per week: βadj = 0.565, ORadj

= 1.760 [1.217–2.524], padj = 0.002; 3–4 times per week: βadj
= 0.494, ORadj = 1.639 [0.998–2.616], padj = 0.044; 5–6 times
per week: βadj = 0.923, ORadj = 2.518 [1.405–4.333], padj =
0.001; everyday: βadj = 1.049, ORadj = 2.854 [1.671–4.739],
padj < 0.001). Milk intake of 5–6 times per week was a
risk for diabetes (βadj = 1.238, ORadj = 3.449 [1.505–
7.113], padj = 0.002).

In model 2, grain intake of 3–4 times per week (βadj =
0.538, ORadj = 1.713 [1.154–2.490], padj = 0.006) and seafood
intake of everyday (βadj = 0.497, ORadj = 1.643 [1.036–2.552],
padj = 0.030) were associated with increased diabetes risk.

Increased fruit, moderate amounts of rice, desserts, livestock,
and beverage were inversely associated with diabetes risk

In model 1, increased fruit intake was inversely associated
with diabetes risk (1–2 times per week: βadj = −0.630, ORadj

= 0.532 [0.349–0.819], padj = 0.004; 3–4 times per week: βadj
= −0.889, ORadj = 0.411 [0.258–0.655], padj < 0.001; 5–6
times per week: βadj = −0.637, ORadj = 0.529 [0.317–0.874],
padj = 0.013; everyday: βadj = −0.701, ORadj = 0.496 [0.334–
0.747], padj = 0.001). Moderate amounts of sweets may miti-
gate diabetes risk, including desserts (≤3 times per month: βadj
= −0.797, ORadj = 0.450 [0.305–0.647], padj < 0.001; 3–4
times per week: βadj = −1.884, ORadj = 0.152 [0.025–0.494],
padj = 0.009), and beverage (≤3 times per month: βadj =
−0.419, ORadj = 0.658 [0.447–0.945], padj = 0.028; 1–2 times
per week: βadj = −0.959, ORadj = 0.383 [0.175–0.739], padj =
0.008). Livestock intake of 5–6 times per week was also neg-
atively associated with diabetes risk (βadj = −0.701, ORadj =
0.496 [0.278–0.914], padj = 0.020).

In model 2, a more frequent rice intake was associated with
decreased diabetes risk (5–6 times per week: βadj = −2.581,
ORadj = 0.076 [0.004–0.482], padj = 0.020; everyday: βadj =
−0.947, ORadj = 0.388 [0.166–1.068], padj = 0.043). Moderate
desserts were also linked to lower diabetes risk (≤3 times per
month: βadj = −0.333, ORadj = 0.717 [0.544–0.934], padj =
0.016; 5–6 times per week: βadj = −0.991, ORadj = 0.371
[0.144–0.784], padj = 0.020).

Associations between diet and diabetes risk in adults
under 60 years old

In model 1, desserts (≤3 times per month: βadj =
−0.897, ORadj = 0.408 [0.233–0.671], padj = 0.001),
livestock (5–6 times per week: βadj = −0.850, ORadj =
0.427 [0.192–1.026], padj = 0.044), fruit (1–2 times per
week: βadj = −0.965, ORadj = 0.381 [0.207–0.718], padj
= 0.002; 3–4 times per week: βadj = −0.882, ORadj =
0.414 [0.222–0.788], padj = 0.006; 5–6 times per week:
βadj = −0.952, ORadj = 0.386 [0.185–0.794], padj =
0.010; everyday: βadj = −0.995, ORadj = 0.370 [0.211–
0.670], padj = 0.001), and beverage (≤3 times per
month: βadj = −0.570, ORadj = 0.565 [0.342–0.900], p-
adj = 0.021; 1–2 times per week: βadj = −0.993, ORadj =
0.370 [0.139–0.821], padj = 0.026) were inversely asso-
ciated with diabetes risk. But milk (1–2 times per week:
βadj = 0.745, ORadj = 2.105 [1.051–3.941], padj = 0.021;
5–6 times per week: βadj = 1.606, ORadj = 4.983
[1.747–12.089], padj = 0.001) had positive associations
with diabetes risk.

In model 2, dessert intake of 3–4 times per week was neg-
atively associated with diabetes risk (βadj = −1.118, ORadj =
0.327 [0.097–0.821], padj = 0.035), while grain intake of 3–4
times per week was positively associated with diabetes risk
(βadj = 0.687, ORadj = 1.987 [1.241–3.112], padj = 0.003).

Associations between diet and diabetes risk in adults aged 60
and older

In model 1, fruit (3–4 times per week: βadj = −1.001, ORadj =
0.368 [0.183–0.721], padj = 0.004) and pickles (3–4 times per
week: βadj = −2.060, ORadj = 0.127 [0.007–0.621], padj =
0.046) both had associations with decreased diabetes risk,
while pasta (5–6 times per week: βadj = 1.093, ORadj = 2.984
[1.271–6.347], padj = 0.007; everyday: βadj = 1.236, ORadj =
3.441 [1.659–6.658], padj < 0.001) had associations with in-
creased diabetes risk.

In model 2, moderate amount of desserts (≤3 times per
week: βadj = −0.589, ORadj = 0.555 [0.341–0.864], padj =
0.021) was related to decreased diabetes risk, while pasta in-
take of everyday (βadj = 0.873, ORadj = 2.394 [1.151–4.575],
padj = 0.012) was related to increased diabetes risk.
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Discussion

This study specific to the minority population in Southern
China briefly reveals dietary habits of Guangxi Southern
Chinese and the associations between food intake and diabetes
risk, and provides new evidence for study in diabetes risk
factors. Self-reported history of diabetes (model 1) could be
referenced for research, and daily eating habit may be affected
by the recognition of known disease states. The current Glu
level (model 2) could contribute to diabetes discovery of per-
sons with prediabetes, who retained the most common dietary
habits. The baseline data could only provide blood Glu level

without typical self-symptom description or retested Glu data;
therefore, diabetes is difficult to diagnose [14]. However, ran-
dom blood glucose is strongly associated with undiagnosed
diabetes and a robust dose response [15].

Dietary control is necessary for diabetes prevention and
treatment. The differences in the eating habits of various eth-
nicities make the division of DPs difficult [16–19]. People
who adhere to Balanced (DP1) most probably obtain abun-
dant and balanced nutrients. People with Basic (DP2) and
Insufficient (DP3) may be prone to malnourished. In China,
the intake of low-fat milk, fruit, vegetables, nuts, and seafood
have increased moderately over time from 1991 to 2011, but

Fig. 2 Forest plots of multivariate
logistic regression. a Model 1
without adjustment. b Model 1
after adjustment. c Model 2
without adjustment. d Model 2
after adjustment

Int J Diabetes Dev Ctries (March–April 2023) 43(2):258–266 263



the average intake of these foods was still below optimal
levels in 2011 [20]. The simplified FFQ is difficult to deter-
mine the quantity but only frequency of food intake. However,
overnutrition is difficult to define and needs to be defined
according to specific nutrients. Determining what to eat and
how to eat remains very challenging for many individuals
with diabetes, and meal planning should be individualized as
individuals have different nutrient requirements [21]. Many
DPs could help people from developing diabetes [22, 23],
under which the total consumption of carbohydrates or fats
is reduced, and specific food categories and quality are not
strictly regulated [24].

Higher frequency of fruit intake is protective factor for
diabetes, which is consistent with the evidence all over the
world [25–27]. Vitamin C and total carotenoids are the most
consistently responsive biomarkers from fruits and vegetables
in plasma, which can reduce the risk of developing T2DM
[27]. Regular consumption of berries is suggested for T2DM
prevention; the biological function of the extract is related to
glucose metabolism [28]. Interestingly, we discovered a more
frequent dessert consumption (ptrend ≤ 0.001) has a higher
diabetes risk, but a limited frequency of dessert and beverage
consumption may be more protective to diabetes than no con-
sumption, which is consistent with the Shanghai cohort [29].
But why small sugar content from desserts or beverage can
reduce diabetes risk? A randomized controlled trial (RCT)
indicated that sweet sugar beverages can modulate sugar me-
tabolism and lipid metabolism [30]. Accordingly, low fre-
quency of sweet intake from desserts or beverage may pro-
mote the secretion of insulin or regulate the concentrations of
glucose-related substances.

The dietary habits of Southern Chinese are rice-based, and
the frequency of rice intake among Southern Chinese people
with different DPs was not substantially different. Daily pasta
consumption is related to increased diabetes risk, especially in
population over 60 years old. Pasta consumption within the
limits recommended for total carbohydrate intake is not asso-
ciated with poor glycemic control [31]. A RCT indicated sub-
stantially lower peak glucose levels in higher protein pasta
group and regular pasta group compared with the white rice
group, suggesting different food types with similar macronu-
trient content produce considerably different postprandial gly-
cemic responses in diabetes patients [32].

According to Dietary Guidelines for Chinese Residents
[33], the recommended daily milk and milk product intake is
300 g. However, the milk intake of Chinese people is usually
insufficient, and the awareness rate about nutrition related to
milk is worrying [34]. We found that milk intake of 5–6 times
per week increased diabetes risk in males and people under 60
years old. It puzzled us and the result is not in line with pre-
vious studies [35]. This difference may be caused by the geo-
graphical difference of the participants (Southern Chinese in
Guangxi vs. Singapore-based Chinese).

Strengths and limitations

The strengths are large samples and specific populations from
the representative minority areas. However, the limitations of
the cohort field investigation, such as the long duration
and imperfect condition of sample storage, may be un-
avoidable, which may cause a certain difference between
detected and actual values. Converting Glu into binary
data may help reduce error or bias. Besides, DPs may
not be consistent with the standards introduced in the
guideline. The simplified FFQ may be subject to measure-
ment error and recall bias [36]. Future work in the follow-
up process will try to improve the self-report instrument
and include larger samples.

Conclusions

The DPs of Southern Chinese in Guangxi were related to food
abundance and frequency of intake, which had no significant
association with diabetes risk. Increased pasta and moderate
amounts of grains, seafood, and milk were positively associ-
ated with diabetes risk, while increased fruit and moderate
amounts of rice, desserts., livestock, eggs, and beverage were
inversely associated with diabetes risk. Habitual fruit intake
and moderate sweetness may be beneficial in diabetes
management.
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Abstract
Aims Diabetes can be an important cofactor in the development of penile inflammation. Here, we explored the association
between penile inflammatory disorders and diabetes mellitus (DM), hypertension, and hyperlipidemia in the Taiwanese popu-
lation, using a population-based data set.
Methods The research data in this study were obtained from Taiwan’s National Health Insurance Research Database between
January 1997 and December 2010. We identified 12,819 patients who had a diagnosis of DM, and randomly matched 38,457
subjects as controls. The data were analyzed with Poisson regression analysis and with Cox regression with a frailty model after
propensity score matching.
Results DM (odd ratio (OR) = 1.43, p < 0.01), and age (OR = 0.71, p < 0.01), but not hyperlipidemia (OR = 0.96, p =0.36), or
hypertension (OR = 1.09, p = 0.10) had an impact on the development of penile inflammatory disorders. DM was a risk factor
associated with penile inflammatory disorder (HR = 1.42, 95% CI = 1.27~1.68, p < 0.01), whereas no statistical difference was
noted between penile inflammation and hypertension (HR = 0.98, 95% CI = 0.89~1.09) and hyperlipidemia (HR = 1.03, 95% CI
= 0.92~1.14).
Conclusions T2DM and younger age, but not hypertension or hyperlipidemia, were associated with an increased risk of penile
inflammatory disorders in men between 30 and 49 years of age. Our findings suggest the need for preemptive circumcision for
selective men with diabetes may prevent diabetes-associated penile inflammatory disorders.

Keywords Epidemiology . Penile inflammatory disorders . Balanitis . Diabetesmellitus . Cox regressionwith frailty model

Introduction

The prevalence of type 2 diabetes mellitus (T2DM) and its
associated complications have been rapidly rising worldwide
over the past three decades, making it one of the most emer-
gent global public health challenges [1, 2]. The age-adjusted
prevalence of diagnosed diabetes was about 2.9% in 1990 and
increased to 4.5% in 2000 and to 5.3% in 2005 in the USA [3].
Diabetes can affect many different organ systems and lead to
many serious complications over time. Diabetic complications

can be classified as microvascular (neuropathy, nephropathy,
and retinopathy) and macrovascular (cardiovascular diseases,
stroke, and peripheral vascular diseases). In addition, diabetes
increases many complications of the genitourinary tract sys-
tem, including urinary tract infection (UTI), genital organ in-
fection, chronic renal disease, diabetic cystopathy, and erectile
dysfunction [4, 5]

Penile inflammatory disorders mainly include balanitis,
balanoposthitis, and balanitis xerotica obliterans (BXO), a severe
manifestation of chronic balanitis. The onset of T2DM is
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proposed as being linked to facilitating penile inflammatory dis-
orders. In an outpatient clinical setting, it was estimated that
uncircumcised men with diabetes have a high (35%) prevalence
of symptomatic balanitis [6]. In a case control study, Huang et al.
demonstrated that phimosis with preputial fissures is a specific
sign of undiagnosed diabetes mellitus (DM) in young men who
should undergo blood testing for diabetes [7]. In 2005, an epide-
miological study showed that 12% of 1,173 newly diagnosed
T2DM patients presented with acquired phimosis [8]. In 2008,
a cross-sectional analysis of data collected by mail from respon-
dents with and without T2DM, was conducted to ascertain prev-
alence, recurrence, and predisposing factors of UTIs and genital
infections [9]. The prevalence rate of balanitis was 41.8 per 1,000
men for those with T2DM, and 19.2 per 1,000 men for those
without diabetes (p < 0.01). The odds of having a balanitis in-
fection were 2.27 times (1.46–3.53) higher among T2DM than
non-DM men. In 2012, Hirji et al. reported the incidence of
genital infection among patients with T2DM in the UK
General Practice Research Database [10]. The incidence of
balanitis among diabetes patients was 8.4/1000 PY (95% CI
7.8–9.1) with a relative risk of 2.85 (2.39–3.39) compared to
patients without diabetes. These studies have provided some ev-
idence of the association between diabetes and penile inflamma-
tory disorders.

The triple H (hypertension, hyperlipidemia, and hypergly-
cemia) often coexists in patients with metabolic syndromes.
However, the association between penile inflammatory disor-
der, hyperlipidemia, and hypertension is poorly understood.
Thus, the aim of this study was to use a nationwide
population-based dataset to investigate whether diabetes
mellitus with/without hyperlipidemia and hypertension, in-
creased the risk for a subsequent penile inflammatory disorder
during a 5-year follow-up period.

Materials and methods

Research data

We conducted a nationwide cohort study of 1 million patients
from Taiwan’s National Health Insurance Research Database
(NHIRD) between 1997 and 2010 [11]. To identify patients
with newly diagnosed DM (ICD-9-CM code 250) between
1998 and 2005, this study excluded patients who had a DM
diagnosis before 1998 or after 2005, and patients who had
penile inflammatory disorders before a DM diagnosis. We
also observed whether penile inflammatory disorders were
diagnosed within five years of a new DM diagnosis. A total
of 107,086 out of 1 million patients qualified for this study,
and 12,819 were identified with newly diagnosed DM be-
tween 1998 and 2005. Given that the NHIRD consisted of
de-identified secondary data released to the public for research
purposes, this study was waived from full review by the

Institutional Review Board of En Chu Kong Hospital (IRB:
ECK 110008).

The primary outcome observed in this study was the
occurrence of penile inflammatory disorders (ICD-9-CM
code 607.1, 607.2, 607.81). The occurrence of these dis-
eases during the follow-up period was defined as having
three or more outpatient visits, with a diagnosis of penile
inflammatory disorder. Comorbidities with hypertension
(ICD-9CM codes 401–405) and hyperlipidemia (ICD-
9CM code 272), were defined as having at least three
outpatient visits or one inpatient admission. To enhance
diagnostic validity, only patients who had at least three
claims for penile inflammatory disorders filed by their
physicians were qualified for this study. We presumed
that it could be clinically significant if patients had at least
three outpatient visits for penile inflammatory disorders.
Patients with type 1 DM were excluded in this study.

After the above processes, the participants who met the
inclusion and exclusion criteria were classified into the DM
group. The other patients were classified into the non-DM
group. A detailed schematic of the process is depicted in
Fig. 1.

Data analysis

The research data were first analyzed with Poisson regression
analysis and were then analyzed by Cox regression with a frailty
model after propensity score matching. The results of these two
different analyses were compared and all data analyses were
performed using R 4.1.3 with the survival package [12].

Poisson regression analysis was used to determine the cumu-
lative incidence of penile inflammatory disorder in both cohorts.
The DM and non-DM cohorts were compared by using Poisson
regression analysis with adjustments for comorbidity with hyper-
tension, comorbidity with hyperlipidemia, and age.

Propensity score matching was used to reduce selection
bias due to measurable confounding variables between the
exposed and non-exposed groups and to make this study
similar to a randomized trial [13]. Conducting a propen-
sity score matching can make the two groups with similar
probability to exposure of DM or not. A logistic regres-
sion and the previously mentioned covariates were used to
calculate a propensity score for each patient. Then, pa-
tients in the two groups were matched by the propensity
score through a one-to-one greedy matching process [14].
Finally, Cox regression with a frailty model was also used
to re-assess the results.

Results

The demographic characteristics of the study participants in
each group are presented in Table 1. A total of 107,086 pa-
tients were included in this study. Among them (Table 1),
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3,071 (2.9%) had penile inflammatory disorders and 104,015
(97.1%) did not, during the follow-up period. A total of
12,819 patients (12.0%) had T2DM, 23,338 patients
(21.8%) had comorbid hypertension, and 23,032 patients
(21.5%) had comorbid hyperlipidemia.

Table 2 showed that among the 12,819 patients with DM
during the follow-up period which ended in December 2010,
481 developed penile inflammatory disorders, 7,501 devel-
oped hypertension, and 9,015 developed hyperlipidemia.
Compared with the non-DM cohort, the DM cohort exhibited
higher prevalence rates of penile inflammatory disorders
(3.8% vs. 2.7%, respectively), hypertension (58.5% vs.
16.8%, respectively), and hyperlipidemia (70.3% vs. 14.9%,
respectively) (all p-value < 0.001).

The Poisson regression analysis results

Table 3 shows the relationship between the development of
penile inflammatory disorder and DM, hypertension, hyper-
lipidemia, and age. DM (Odds Ratio (OR) = 1.43, p < 0.01),
and age in 1998 (OR = 0.71, p < 0.01) but not hyperlipidemia
(OR = 0.96, p = 0.36) or hypertension (OR = 1.09, p = 0.10)
had an impact on the development of penile inflammatory
disorders.

The results of Cox regression with frailty model

Individual characteristics and the initial health status in the
DM and non-DM groups are shown in Table 2. After using
propensity score matching for DM and non-DM groups, co-
morbid hypertension, hyperlipidemia, and age in 1998, with a
1:3 ratio, there were 12,819 participants included in the DM-
group and 38,457 participants included in the non-DM group
(Table 4).

Table 5 shows the results of the univariable and multivar-
iable Cox regression analysis with a frailty model. Patients
with diabetes had a significantly increased risk of developing
penile inflammatory disorders compared to non-DM patients
(adjusted hazard ratio (HR) = 1.418, 95% CI = 1.266~1.588).
The adjusted HR of penile inflammation decreased by 3.7%
for every year of increase in age (adjusted HR = 0.963, 95%
CI = 0.954~0.972). However, hypertension or hyperlipidemia
were not correlated with the development of penile inflamma-
tory disorders. These results were consistent with the results of
the Poisson regression analysis.

NHIRD
(Jan 1st, 1997, to Dec 31st, 2010)

N = 1,001,272

Eligible study population
N = 107,086

Data from patients who were 30-49 years old men in 1998 
were collected for this study

Patients who had a diagnosis of penile inflammatory 
disorders, diabetes mellitus, hypertension, or hyperlipidemia 
before 1998, or had a diagnosis of diabetes mellitus after 
2005 were excluded from this study.

With-DM cohort
N=12,819

Non-DM cohort
N=94,267

With-DM cohort
N=12,819

Non-DM cohort
N=38,457

Propensity Score Matching

Poisson Regression 
Analysis

Survival Analysis

Fig. 1 Flowchart depicting the
process of identifying the study
participants and their
classification into the diabetes
mellitus (DM) and non-DM
groups

Table 1 The demographics of the research data used in this study (N =
107,086)

Characteristics Case number %

Penile inflammation Yes 3,071 2.9

No 104,015 97.1

Diabetes mellitus Yes 12,819 12.0

No 94,267 88.0

Comorbidity-Hypertension Yes 23,338 21.8

No 83,748 78.2

Comorbidity-Hyperlipidemia Yes 23,032 21.5

No 84,054 78.5

Age in 1998, mean (SD) 38.3 (5.5)
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The mean length of time for follow-ups were 165.5 ± 14.4
months for the DM cohort and 165.9 ± 14.4 months for the
non-DM cohort. Figure 2 outlined the results of the Kaplan-
Meier and log-rank test. The log-rank test showed that patients
with DMhad a significantly higher incidence of penile inflam-
matory disorders than those without DM (p < 0.001). The
cumulative incidence of penile inflammatory disorders was
1.0% higher in the DM cohort (2.6%; 1–97.4%) than in the
non-DM cohort (1.6%; 1–98.4%) at the 10-year of follow-up,
and 1.20% higher in the DM cohort (3.8%; 1–96.2%) than in
the non-DM cohort (2.6%; 1–97.4%) at the end of follow-up
period.

Discussion

To our knowledge, this study is the first to investigate the risk
of developing penile inflammatory disorders in a large cohort
of Taiwanese men aged 30 to 49, with or without DM, hyper-
tension, and hyperlipidemia during a 5-year follow-up period.
Our study showed that T2DM and younger age were associ-
ated with penile inflammatory disorders. The findings from
the study confirm those from a previous SHIELD study which
revealed that genital infection is more common among

individuals with T2DM [9]. However, hypertension or hyper-
lipidemia were not associated with the occurrence of penile
inflammatory disorders.

Diabetes-associated penile inflammatory disorders have a
wide spectrum of clinical presentation from mild balanitis to
severe BXO [15]. Patients may present with asymptomatic,
pruritus, pain, discharge from the prepuce and glans, voiding
difficulty, or being unable to retract the prepuce during inter-
course. The genital discomfort or irritation usually prompts
patients to seek medical evaluation and at that point, newly
onset diabetes is diagnosed or poorly control diabetes is iden-
tified. Though definitive diagnosis is made by a histological
exam, some experts have proposed specific macroscopic fea-
tures of diabetes-associated penile inflammatory disorders. Ke
et al. reported that a volcano-like appearance of prepuce might
be a typical finding in diabetic balanitis [16]. Huang et al.
showed that acquired phimosis and preputial fissures was a
specific sign of undiagnosed diabetes in young men [7]. Thus,
due to its insidious development and inconspicuous symp-
toms, physicians should attempt early detection or suspect
undiagnosed T2DM in patients with these specific presenta-
tions of balanitis.

Multifactorial mechanisms are involved with the patho-
physiology of diabetes-associated penile inflammatory disor-
ders. First, patients with diabetes are immune compromised
and vulnerable to pathogens [17]; Glycosuria promotes the
growth of pathogenic bacteria. In addition, patients with dia-
betes suffer from more infections in the other genitourinary
organs, kidney, urinary bladder, urethra, and prostate, which
may influence local inflammation in the prepuce. Second,
prolonged or uncircumcised prepuce provides an adequate
growth environment for pathogens. The outer surface of the
foreskin and penile shaft are covered by a keratinized stratified
squamous epithelium that provides a protective barrier against
pathogen invasion. In contrast, the mucosal lining of the pre-
puce is not keratinized and may be more vulnerable to patho-
gens [18]. Third, Candida albicans, Staphylococcus, and

Table 2 Comparing the
development of penile
inflammation disorders,
hypertension, and hyperlipidemia
in the diabetes mellitus (DM) and
non-DM cohorts (N = 107,086)

DM

N = 12,819

n (%)

Non-DM

N = 94,267

n (%)

p-value

Inflammatory disorders of penis Yes 481 (3.8) 2,590 (2.7) <0.001a

No 12,338 (96.2) 91,677 (97.3)

Comorbid with Hypertension Yes 7,501 (58.5) 15,837 (16.8) <0.001a

No 5,318 (41.5) 78,430 (83.2)

Comorbid with Hyperlipidemia Yes 9,015 (70.3) 14,017 (14.9) <0.001a

No 3,804 (29.7) 80,250 (85.1)

Age in 1998, mean (SD) 40.9 (5.4) 38.0 (5.4) <0.001b

a Chi-Square Test
b Independent two sample t-test

Table 3 Poisson regression model for development of penile
inflammatory disorders

Variables Estimate S. E. z value Pr (>|z|) ORa

(Intercept) -2.455 0.130 -18.851 <0.001 0.086

Diabetes Mellitus 0.360 0.058 6.240 <0.001 1.434

Hypertension -0.046 0.050 -0.919 0.358 0.955

Hyperlipidemia 0.084 0.051 1.653 0.098 1.087

Age in 1998 -0.342 0.039 -8.713 <0.001 0.710

aOdds ratio
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groups B and D Streptococci, were the most frequently isolat-
ed pathogens in diabetic balanitis [19]. Repeated infection,
poor hygiene, and buildup of smegma result in different se-
verities of diabetes-associated penile inflammatory disorders.

T2DM is frequently associated with hypertension and hy-
perlipidemia. Evidence suggests that the triple H or metabolic
syndrome, are associated with the mortality and morbidity of
cardiovascular diseases, malignant diseases, infectious dis-
eases, and surgical complications [20–22]. However, little is
known about the relationship between balanitis and hyperten-
sion/hyperlipidemia. The study demonstrated that only diabe-
tes, but not hypertension or hyperlipidemia, was a risk factor
for balanitis. The findings were similar to a previous study that
revealed that men with balanoposthitis may have a higher
future risk of T2DM, but balanoposthitis and hypertension,

or balanoposthitis and hyperlipidemia, did not confer any sig-
nificant additive interaction on T2DM risk [23]. In addition,
men with T2DM have a higher risk for bladder dysfunction
and erectile dysfunction (ED). The results of the study also
confirm our previous findings that men with T2DMwho were
<45 years old, had fewer urinary tract symptoms (LUTS) and
less ED [24]. However, metabolic syndrome did not aggravate
the severity of LUTS, or ED in the early stages of DM. Taken
together, we suggest that diabetes itself is the predominant
contributor to the development of chronic penile inflammato-
ry disorders.

One interesting finding was that age was inversely associ-
ated with penile inflammatory disorders in men aged between
30 and 49. We excluded men over 50 years old because con-
founding factors may increase with age. Previous studies

Table 4 Demographic
characteristics of patients after
stratification by propensity score
matching

DM

(n = 12,819)

Non-DM

(n =38,457)

p-value

Penile Inflammatory disorders Yes 481 1,005 <0.001a

No 12,338 37,452

Comorbidity with Hypertension Yes 7,501 15,837 <0.001a

No 5,318 22,620

Comorbidity with Hyperlipidemia Yes 9,015 14,017 <0.001a

No 3,804 24,440

Age in 1998, mean (SD) 40.88 (5.415) 41.18 (5.608) <0.001b

DM, diabetes mellitus
a Chi-Square Test
b Independent two sample t-test

Table 5 The results of extended
Cox regression with frailty model
of inflammatory disorders of
penis with type 2 diabetes
mellitus associated covariates

Variables Crudeb Adjustedc

HRa (95% CId) HRa (95% CId)

DM 1.443
(1.294,
1.608)

1.418 (1.266, 1.588)

Comorbid Hypertension 0.983
(0.888,
1.089)

- -

Comorbid Hyperlipidemia 1.202
(1.086,
1.331)

1.028 (0.923, 1.144)

Age in 1998 0.962
(0.954,
0.971)

0.963 (0.954, 0.972)

DM, diabetes mellitus

*p<0.05
aHazard Ratio
b Crude HR, relative hazard ratio
c Adjusted HR: multivariable analysis including with/without DM, comorbidities of hypertension, hyperlipid-
emia, and age in 1998
d 95% confidence interval
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reported controversial results about the impact of age on pe-
nile inflammation. Vignera et al. showed that the risk of gen-
ital infections was significantly increased inmenwith diabetes
versus those without diabetes, with a higher incidence in
younger individuals (18–39 years old) and in uncircumcised
patients [25]. However, Lisboa et al. found that being above
40 years old (OR: 2.27; 95% confidence interval [CI]: 1.01–
4.50), having DM (OR: 19.39; 95% CI: 7.79–48.27), and
more than ten candida colonies recovered by culture (OR:
9.586; 95% CI: 2.682–34.263), were risk factors for candida
balanitis [26]. The discrepancy might be explained by the
different age groups. The prevalence of female UTI increases
with age, apart from a spike in young women due to sexual
activity [26]. Thus, we assumed a similar condition might
happen in young men with penile inflammatory disorders.

The strength of this study was the use of a nationwide
population-based data set that provided a sufficient sample
size and statistical power to explore the association between
diabetes and penile inflammatory disorders. However, the
findings of this study need to be interpreted in the context of
the following limitations. First, the diagnosis of penile inflam-
matory disorders relies on administrative claims data and ICD
codes, but not on pathological reports. In addition, the severity
of penile inflammation did not correlate with the quality of
diabetic control, which is a factor. Second, the influence of
lifestyle risk factors, including diet, exercise, personal hy-
giene, body mass index, diabetic medication, sexual activity,
and other clinical characteristics, was not evaluated. These
variables might be important confounding factors for devel-
oping balanitis. Third, this database might not entirely

represent patients with penile inflammatory disorders. Some
patients with mild balanitis might not have been seeking
healthcare services, because they thought the disease was
embarrassing and might be improved by self-care. Finally,
Taiwan ranks #1 in the health care index of Numbeo
(https://www.numbeo.com/health-care/rankings_by_country.
jsp). The study population mainly consisted of people of
Taiwanese ethnicity, and it is unclear whether the results can
be generalized to other ethnic populations or countries.

Conclusion

In conclusion, our study provides epidemiological evidence that
T2DM, and younger age, but not hypertension or hyperlipid-
emia, are associated with an increased risk of developing penile
inflammatory disorders in men between 30 and 49 years old.
Diabetes can be considered an important cofactor in the devel-
opment of penile inflammation, which may influence the risks
of penile cancer as well as female cervical cancer. Thus, given
the worldwide effect of these diseases on public health, preemp-
tive circumcision for selectivemenwith diabetesmay be needed
to prevent diabetes-associated penile inflammatory disorders.

Abbreviations BXO, balanitis xerotica obliterans; CI, confidence inter-
val; DM, diabetes mellitus; ED, erectile dysfunction; HR, Hazard Ratio;
NHIRD, National Health Insurance Research Database; OR, Odds
RatioT2DM: type 2 diabetes mellitus.
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Abstract
Purpose To investigate the performance of diffusion-weighted magnetic resonance imaging (DW-MRI) as a noninvasive tool for
assessing parotid gland function in type 2 diabetes mellitus (T2DM) patients.
Methods T2DM patients (n = 40, male, age 40–60 years) and healthy controls (n = 40) were examined. Salivary function was
assessed using 1.5D echo-planar diffusion-weighted imaging. The examinations were performed before and every 3 min until 10
times after acid stimulation with a 500-mg vitamin C pill. The maximum apparent diffusion coefficient (ADC) in the parotid
glands (pADCmax) and time to peak ADC in the parotid glands (pTmax) during stimulation were obtained. ADC values at every
time point and the peak value of ADC were compared between the two groups and statistically analyzed.
Results The ADC values in the parotid gland in the resting state in the patient group were slightly lower than those in the healthy
controls ((1.02 ± 0.08) × 10−3 mm2/s vs. (1.11 ± 0.09) × 10−3 mm2/s, p > 0.05). The ADCs in the healthy controls increased after
stimulation until they gradually reached their peak. The ADCs in the patient group first decreased after stimulation and then
gradually increased until they peaked. The pADCmax in the patient group was significantly lower than that in the healthy
controls ((1.45 ± 0.08) × 10−3 mm2/s vs. (1.7 ± 0.06) × 10−3 mm2/s, p < 0.05). The peak ADCs in the parotid gland and relative
signal intensity after acid stimulation were significantly correlated (r = 0.666, p < 0.05).
Conclusion DW-MRI before and after acid stimulation is potentially useful for noninvasive prediction of diabetes-induced
xerostomia severity. ADC value is a sensitive indicator of parotid gland dysfunction and may indirectly reflect the degree of
this dysfunction caused by fat deposition.

Keywords Acid stimulation . Diabetes . Diffusion-weighted imaging . Parotid gland . Xerostomia

Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic syndrome char-
acterized by hyperglycemia and carbohydrate and lipid

metabolism [1]. In 2010, China had 90 million people with
diabetes, making it the country with the largest population with
diabetes in the world [2]. Dry mouth is one of the most common
complications of T2DM, and clinical investigations have found
that oral lesions in diabetes patients reach 100%, mainly mani-
festing as gingivitis, periodontitis, and dental caries, which
causes difficulties, even in joint activities such as eating and
speaking, and lowers the quality of life [3–5]. These are usually
associated with non-inflammatory and non-neoplastic diseases
of the salivary glands, known as sialopathy, which refers to
insufficient salivary secretion, reduced oral lubrication, and in-
creased susceptibility to infection [4]. Some studies have fo-
cused on the structure and function of salivary glands in diabetes
patients to understand the oral complications in diabetes [6, 7].

Numerous methods are available to evaluate dry mouth.
The various scoring systems used to judge functional screen-
ing are subjective [8]. Objective methods, such as saliva flow
measurement, are most commonly used; however, their low
repeatability may lead to inconsistent results and limit their
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usefulness [9]. Biopsy is another method to measure dry
mouth, but it is invasive [10]. As a clinically important detec-
tionmethod, diagnostic imaging of salivary gland disease may
be useful for evaluating the structure and function of the sal-
ivary gland [11]. For instance, salivary gland scintigraphy has
been extensively used to evaluate salivary gland function.
Nevertheless, it relies on the use of ionizing radiation and its
spatial resolution is not satisfactory [12].

Magnetic resonance imaging (MRI) has become the
favorite technology used for noninvasive diagnosis of soft
tissue diseases since it not only provides high soft tissue
contrast but also does not use ionizing radiation. Reda
et al. have clearly demonstrated the potential and advan-
tages of MRI for diagnosis in dental clinical practice [13].
Diffusion-weighted MRI (DW-MRI) is an imaging tech-
nique that measures the diffusion of water molecules in
tissues. This diffusion can be quantified by the apparent
diffusion coefficient (ADC) to exclude the influence of
blood flow. This technique plays an important role in the
evaluation of normal salivary glands, salivary tumors, and
non-neoplastic diseases affecting salivary glands [14–17].
In particular, DW-MRI has been used in many studies to
irradiate salivary glands [15–17]. However, the application
of DW-MRI in diabetes-induced parotid glands dysfunc-
tion has rarely been reported. In addition, the correlation
between ADC values and salivary dysfunction remains
unclear.

In this study, we aimed to explore the feasibility of quanti-
tative evaluation of parotid function in diabetes patients using
DW-MRI before and after acid stimulation, and analyze the
relationship between ADC and parotid dysfunction caused by
fat deposition.

Methods

Study design and participants

Between November 2017 and August 2018, 45 male patients
with T2DM, inpatients and outpatients, participated in this
prospective study. Five patients were excluded from the study,
and 40 were included in the analysis. The inclusion criteria
were as follows: (1) male patients aged 40–60 years; (2) the
clinical diagnosis was in accordance with the diagnostic
criteria for T2DM and without complications such as diabetic
foot, diabetic retinopathy, and autonomic neuropathy. We ex-
cluded patients with solid lesions of the oral mucosa; parotid
diseases, such as tumors and inflammation; history of
smoking and alcoholism; recent administration of drugs that
affect parotid secretion function; received head and neck ra-
diotherapy; endocrine and other disorders related to nutrition
and hormones that cause parotid enlargement; anemia; and
large fixed metal dental implants that affect image quality.

Forty healthy individuals of the same age as diabetes patients
were enrolled in the control group, including routine medical
examiners or medical family members.

MRI examinations

Image acquisition was performed using a 1.5-T MRI scanner
(Magnetom Avanto, Siemens Healthcare, Erlangen,
Germany) with a 12-channel head coil. All participants were
required to fast for at least 1 h before the experiment and avoid
swallowing during examination. Initially, a T1-weighted TSE
sequence (repetition time [TR]: 2000 ms; echo time [TE]: 7.8
ms; slice thickness: 5 mm; slice gap: 1 mm; field of view
[FOV]: 230 mm × 230 mm; matrix: 256 × 256; number of
signal averaged: 2), T2-weighted TSE sequence with fat sat-
uration (TR: 4780 ms; TE: 107 ms; slice thickness: 5 mm;
slice gap: 1 mm; FOV: 230 mm × 230 mm; matrix: 256 ×
256), and 3D T1-weighted volumetric interpolated breath-
hold examination (VIBE) sequence (TR: 8.74 ms; TE: 2.38
ms; slice thickness: 1 mm; FOV: 200 mm × 200 mm; matrix:
287 × 287; voxel size: 0.70 mm × 0.70 mm × 1.00 mm; no
interval) were performed for anatomical localization and mor-
phological evaluation of the parotid gland on the transverse
axis. The range of images was from the skull base to the lower
boundary of the parotid gland, including the whole parotid
gland.

Subsequently, a transverse EPI-DWI sequence (b values: 0
s/mm2; 400 s/mm2; 800 s/mm2; TR: 4000ms; TE: 70ms; slice
thickness: 5 mm; slice gap: 1 mm; FOV: 230 mm × 230 mm;
matrix: 256 × 256; number of signals averaged: 4) was used.
The DWI sequence was performed in the resting and stimu-
lated states. After scanning for the rest period, the patient was
instructed to take five tablets of vitamin C orally and let the
tablets melt in the mouth without chewing. Each imaging
sequence consisted of 20 layers covering the entire parotid
gland with a total scanning time of 2 min and 8 s. The DWI
order was repeated 11 times with a continuous interval of 52 s
and a total scanning time of 33 min.

Image post-processing and quantitative analysis

The measurements were conducted using ITK-SNAP soft-
ware (https://itk.org/). All images were independently
measured by two experienced and well-trained radiolo-
gists, who were blinded to the participants’ clinical infor-
mation. To evaluate reproducibility within the observer,
one of them measured and recorded the ADC values again
within 2 weeks. In the amplification mode, the parotid
gland volume was delineated layer-by-layer on the ADC
map and T1-weighted VIBE image. The standard for de-
lineating the parotid gland was to include all substances in
the gland, except for the external carotid artery and the
posterior maxillofacial vein. To improve delineation
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precision, T1-weighted image sequences were used to
identify anatomical structures and guide the delineation
of the glands (Fig. 1). After the entire parotid gland
volume was demarcated, the delineated volume was saved
as a template for the measurement of other stimulated
states.

The average value for each gland was calculated for sub-
sequent data analysis and statistics. For ADC analysis, the
change trend, peak value, peak time (Tmax), and rate of
ADC change (an absolute value of the difference between
peak ADCs after acid stimulation and resting ADCs) divided
by the resting ADC value before and after acid stimulation
between the two groups were calculated. Furthermore, a cir-
cular region was selected as the region of interest (ROI) at the
same level as the brainstem center to measure its ADC value
[18]. For quantification of fat content, a T1-weighted image
was used, and the signal intensity of the parotid and the pons
was measured. Fat content was evaluated according to the
following formula:

RSI ¼ SIparotid=SIpons

where RSI is the relative signal intensity and SI is the signal
intensity.

Moreover, local fat deposition was identified as having
higher signal intensity on T1-weighted images of the parotid
gland and decreased signal intensity on T2-weighted images
of fat suppression, while both were shown as high signal T1in-
phase and T1opposed-phase MRI images.

Statistical analysis

All statistical analyses were conducted using SPSS 17
(SPSS 17.0; SPSS, Chicago, IL, USA). Numerical data
are expressed as absolute numbers and mean ± standard
deviation. The differences between the two groups regard-
ing the resting ADCs of the parotid gland, the peak ADC
values after acid stimulation, and the rate of change and
peak time (Tmax) were compared using an independent
samples t-test. The correlation between the RSI in the pa-
rotid gland and the resting ADC values in the parotid gland
and the peak ADCs after acid stimulation was analyzed. All
data confidence intervals were 95%. Associations between
the dependent and independent variables were analyzed
using linear regression analysis. Statistical significance
was set at p < 0.05.

Fig. 1 (A) T1WI image of the parotid gland in the control group. (B)
ADC image of the parotid gland in the control group. (C,D) T1in-phase and
T1opposed-phase MRI images of the parotid gland in the control group. (E)
T1WI image of the parotid gland in the case group. (F) ADC images of

the parotid gland in the case group and (G, H) T1in-phase and T1opposed-
phase MRI images of the parotid gland in the case group, in which the red
arrows refer to the local fat deposition. ADC, apparent diffusion
coefficient
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Results

Image morphological evaluation and the parotid
gland fat content

There was no image distortion even at high b values, and no
obvious artifacts interfered with the measurement of ADC
values in the parotid region. High-quality images were obtain-
ed in all patients before and after acid stimulation (Fig. 1).

The parotid T1WI-RSI (28.65 ± 9.72) was higher in the
patients than in the control group (22.54 ± 7.38), and the
difference was statistically significant (t = −3.501, p = 0.001).

In addition, the parotid glands in 40 T2DM patients
showed diffuse lipid deposition (hyperintensity on T1WI
and hypointensity on FS-T2WI) on conventional MRI and
local mature fat deposition in the parotid gland in 22 cases
(Fig. 1).

Comparison of parotid gland ADC value between
patients and the control group before and after acid
stimulation

Reproducibility of the measured ADC values was satisfac-
tory. The inter-observer intraclass correlation coefficient
(ICC) calculated based on the measurement results of the
two radiologists was 0.93 (p < 0.001), and according to the
two measurements of observer 1, the intra-observer ICC
was 0.96 (p < 0.001). Hence, the first measurement data
of measurer 1 were used as the final result.

The resting ADCs in the parotid gland in the patient group
were slightly lower than those in the control group, but the
difference was not statistically significant (p > 0.05) (Table 1).

After the participants took vitamin C, the ADC values in
the control group increased significantly in the first phase
(after 3 min), then increased gradually to the peak value (at
19.65 ± 1.71 min), and then gradually decreased. In contrast,
the ADC values in the patient group decreased significantly in
the first stage, and then increased gradually to a peak (at 25.83
± 2.00min) on average, and then gradually declined. The peak
ADC value ((1.45 ± 0.08) × 10−3 mm2/s) was significantly
lower in the patients than in the control group ((1.7 ± 0.06) ×

10−3 mm2/s) (p < 0.05), and the change rate (0.42 ± 0.017) was
lower than that in controls (0.53 ± 0.017) (p < 0.05) (Fig. 2).

During the entire study period, no significant changes were
found in the ADC values in the pons as a reference tissue.
Furthermore, there was no significant correlation between
the RSI in the parotid fat area and resting ADC values, but a
high correlation with the peak ADC values after acid stimula-
tion (r = 0.666, p < 0. 05) (Fig. 3).

Discussion

Changes in parotid gland function in diabetes patients were
evaluated using DWI. To our knowledge, this is the first study
to use functional parameters defined by DWI to estimate the
degree of diabetes-induced dry mouth. The results showed
that the ADC values in the parotid gland in diabetes patients
were decreased, while ADC values after acid stimulation were
different from those in normal individuals, showing a low rate
of change. Therefore, the prediction of xerostomia based on
DWI could be used to identify patients who need more active
investigation of salivary function to enable early prevention or
treatment intervention.

Recent studies have shown that, in addition to the distur-
bance of body fluids and electrolytes caused by the distur-
bance of the antidiuretic hormone regulation center [19],
diabetes xerostomia is related to the decrease in salivary
gland secretory function [6, 20]. DWI-MRI was widely
used in head and neck diseases. Particularly, the ADC could
reflect the microstructure and pathophysiology of tissues to
a certain extent, even in the early stage of the disease [21].
Previous histopathological studies on the parotid gland in
diabetes patients have confirmed that there is a large
amount of fat infiltration in the stroma of the parotid gland,
more lipid vacuoles in the cytoplasm, and a relatively re-
duced structural volume of the acini [22–24]. Gupta et al.
demonstrated a positive relationship between parotid gland
enlargement in T2DM patients using ultrasound [25] and
found that the ultrasonic features of parotid glands
depended on dominant histological changes (acinar atrophy
and fatty infiltration) [26]. We speculate that the increase in

Table 1 ADC values in the
parotid gland between patients
and healthy controls before and
after acid stimulation

Patient group

N = 40

Control group

N = 40

T p

Rest ADC (mm2/s) (1.02 ±0.08) × 10−3 (1.11 ± 0.09) × 10−3 0.742 0.460

Peak ADC (mm2/s) (1.45 ± 0.08) × 10−3 (1.7 ± 0.06) × 10−3 2.469 0.015

ADC change rate 0.42 ± 0.017 0.53 ± 0.017 4.472 0.001

Time to peak (min) 25.83 ± 2.00 19.65 ± 1.71 2.439 0.021

ADC, apparent diffusion coefficient
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fat and interstitial fat in the parotid cells of diabetes patients
limits the diffusion of water molecules, which may affect
ADC values. Previous studies found that the ADCs in the
parotid gland were changed (increased or decreased in dif-
ferent studies) after taste stimulation [27, 28]. To confirm
whether the changes in ADC in the parotid gland of diabe-
tes patients were related to xerostomia, a DWI sequence
was used to evaluate changes in parotid gland function in
diabetes patients.

On comparison of the resting ADCs between the two
groups, the resting ADCs in the parotid gland in patients were
slightly lower than those in the controls, but the difference was
not statistically significant. The decrease in extracellular space
limits the diffusion of water molecules, whichmay explain the
decrease in the ADC values. However, saliva secreted by the
parotid gland in the resting state accounted for only 10%;
therefore, there was no significant difference in parotid gland

function between the healthy controls and patients in the rest-
ing state.

Unlike in resting states, the parotid glands secrete approx-
imately 60% of saliva in response to acid or food stimulation.
The resting ADC value reflects basic parotid gland function,
whereas the dynamic ADC value after stimulation measure-
ment shows its reserve function. Hence, DWI after taste stim-
ulation can better reflect the secretory activity of the parotid
gland. Indeed, previous studies have used acid-stimulated
DWI to evaluate parotid gland function [12, 14, 29].

Our results showed that the ADC value in the parotid gland
in healthy controls increased significantly in the short term
(the first phase, 2.1 min) after acid stimulation and then it
gradually increased. Previous studies have arrived at the same
conclusion [14, 30]. The ADC values in the normal parotid
gland were increased significantly after stimulation, which
may be the result of the parotid gland activity caused by acid
stimulation and the rapid synthesis of large amounts of saliva.
However, the salivary component of the parotid gland is main-
ly serous, with low protein content; therefore, the free water in
the extracellular space increases. After reaching its peak, it
gradually decreases. A possible explanation could be that the
extracellular free water was decreased, and the ADC value
was decreased as the saliva was released from the gland.
Habermann et al. found significantly increased ADC values
in the parotid gland, which was the result of the instantaneous
increase in extracellular free water (saliva secretion) after acid
stimulation [12]. This finding is consistent with the conclu-
sions of the present study.

However, Thoeny et al. found that the ADC value in the
parotid gland showed a two-phase response during acid stim-
ulation, and that in the parotid gland in pre-5 min after acid
stimulation was decreased, then slowly increased to a high
peak, and the median time of high peak value was 17min after
acid stimulation [31]. We believe that the different types,
doses, and dosage forms of acid stimulators may be the main
factors leading to the different results observed in these stud-
ies. In addition, different levels of taste receptor stimulation in
the oral mucosa directly affect salivary secretion. Although
the methods and results were different, the ADC in the parotid
gland changed with time, which indicated that the ADC value
before and after acid stimulation could reflect parotid gland
function.

In T2DM patients, the trend in ADC values after acid stim-
ulation was significantly different from that in healthy con-
trols. First, the ADC values did not increase, but decreased in a
short period of time, because the saliva stored in the gland was
emptied rapidly under acid stimulation, and the salivary syn-
thesis function of the gland was insufficient. Thus, both the
extracellular free water and the ADC value decreased. The
saliva accumulated in the gland was gradually increased, the
extracellular free water increased, the ADC value increased,
and the peak time in the patient group occurred significantly

Fig. 2 ADC changes in the parotid gland before and after acid
stimulation. ADC, apparent diffusion coefficient

Fig. 3 Correlation analysis between peak ADC and the ratio of signal
intensity in the parotid gland (SIparotid/SIpons) using T1-weighted
sequence after acid stimulation. ADC, apparent diffusion coefficient
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later than that in the healthy controls. The peak value in pa-
tients was significantly lower than that in the control group,
and the change rate was lower than that in the normal control
group. This showed that parotid gland synthesis was reduced
in diabetes patients. In this study, the ADC changes in the
parotid gland could reflect the decline in parotid gland func-
tion in diabetes patients.

We found that the ADC value in the parotid gland was
decreased gradually after reaching its peak in both the patient
and control groups, and the difference between the two was
much smaller than that after acid administration (p < 0.05).
We estimated that the extracellular free water in the parotid
gland decreased sharply because a large amount of saliva was
secreted after the peak of ADC, and then, it gradually reached
the resting state (Fig. 2).

The RSI of fat and ADCs in the parotid gland were corre-
lated (r = 0.666; p < 0.05) (Fig. 3). This demonstrated that the
higher the fat deposition in the parotid gland, the lower the
ADC value, and there was a significant correlation between
the two. In a previous study, we observed the morphology and
microstructure of the parotid gland in diabetes patients, and
found that lipid deposition may be the pathogenesis of
sialadenosis in diabetes, including ectopic deposition of ma-
ture or diffuse fat (Fig. 1), which destroyed the normal glan-
dular structure and weakened the secretion of salivary glands
[32]. Subsequently, the saliva was reduced, leading to dry
mouth [6]. In this study, the changes in ADC values before
and after acid stimulation were used to detect the synthesis and
secretion of the parotid gland, which indicated that the essence
of the parotid gland lesions induced by diabetes was lipid
deposition. Parotid gland hypofunction, especially in the stim-
ulative state, is closely related to fat deposition in diabetes
patients.

There were some limitations to this study. First, this was
the first study to use DWI to assess parotid gland function in
diabetes patients; therefore, there were no applicable rules and
guidelines. Second, due to the long scanning duration of the
DWI sequence, we only evaluated the secretory function of
the parotid gland under stimulated conditions, which account-
ed for 60–70% of the total saliva volume. However, we did
not use DWI to evaluate changes in the submandibular gland
caused by diabetes. In addition, the age range of the selected
participants was relatively narrow, and the sample size was
insufficient. Finally, this study was not controlled using clin-
ical dry mouth evaluation, which could not fully reflect parot-
id gland function in diabetes patients. Future studies should be
more closely related to clinical practice, expand the sample
size, and explore a new method for quantitative evaluation of
parotid gland function in diabetes patients using DWI before
and after acid stimulation.

In conclusion, our results suggest that DW-MRI may be a
noninvasive tool for accurate detection of parotid gland func-
tion in diabetes patients using ADC. Second, the correlation

analysis of RSI and parotid gland function in diabetes patients
proved that lipid deposition may be an important cause of
parotid gland dysfunction.
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Abstract
Background The burdens of type 1 diabetes management in adolescence adversely affect their quality of life, reduce adherence to
diet, and worsen metabolic control. Parental monitoring can play a protective role in adolescent diabetes management.
Aim This study was conducted to determine the effects of parental monitoring on quality of life and diet quality in adolescents in
diabetes care.
Material and methods 100 adolescents (52 males, 48 females) with type 1 diabetes aged 13–18 years and their parents partic-
ipated in the study. The parental monitoring of diabetes care scale (PMDC) in adolescents with type 1 diabetes was used to
evaluate parental monitoring. PedsQLTM (Pediatric Quality of Life Inventory) Diabetes Module Version 3.0 was used to assess
quality of life. Three-day retrospective food intake records were collected from the adolescents with type 1 diabetes, and diet
quality was evaluated with the Healthy Eating Index-2010 (HEI-2010) calculated from data obtained from food intake records.
Results Statistically significant and one-sided correlations were identified between the PedsQL total scale and subscale scores of
adolescents with type 1 diabetes and the scores of the parental monitoring of diabetes care scale (r = 0.437 and p < 0.001).
Statistically significant and one-sided correlations were found between some subcomponents of diet quality, i.e., dark leafy
greens and dried legumes, whole grains, dairy products, fatty acids, and total HEI levels, and parental monitoring of diabetes scale
scores (r = 0.321 and p < 0.001). When HbA1c levels remained constant in adolescents with type 1 diabetes, each 10-point
increase in the parental monitoring of diabetes care scale increased the total HEI level by 0.68 points (95% CI: 0.20–1.16).
Conclusions As parental monitoring increases in adolescents with type 1 diabetes, the diet quality and quality of life of adoles-
cents with diabetes also increase.
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Introduction

Adolescence is the transitional period from childhood to adult-
hood, where growth and development accelerate and changes
are experienced. In the presence of a diagnosis of diabetes,
which is a chronic disease, it may be difficult for the adoles-
cent to fulfill their responsibilities concerning the disease in
addition to their developmental tasks, affecting the psycholog-
ical and emotional well-being of both the adolescent and their
family [1]. Studies have shown that glycemic control worsens

during adolescence compared to preadolescence [2, 3].
Parental monitoring is parental behavior that includes commu-
nication between the adolescent and the parent, and paying
attention to the tracking of the child’s whereabouts, activities,
and disease compliance [4]. Monitoring behavior, which is a
dimension of parenting practices, is defined as the parent’s
knowledge about the activities of adolescents outside the
home. It is reported that parental monitoring of adolescents
is very important and it significantly impacts the negativities
in the adolescent’s life [5]. Studies have shown that as parental
monitoring increases, diabetes management and metabolic
control will improve [1–3, 6].

Many children and adolescents with diabetes cannot com-
ply with diabetes management due to various reasons, such as
the desire to be independent, avoiding the responsibilities re-
garding diabetes management, and complexity of diabetes
management. As a result, their quality of life is adversely
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affected [7]. Improving the quality of life in the treatment of
diabetes is very important [8]. Quality of life in type 1 diabetes
is an important indicator of the course of the disease and
shows the well-being of the child. As well as metabolic con-
trol and prevention of complications, the child’s well-being
and quality of life play a major role in treatment. Measuring
quality of life in adolescents with diabetes provides an oppor-
tunity to evaluate the impact of treatment and care practices on
all aspects of adolescent life. It is reported that objective as-
sessments are also important in the evaluation of quality of
life, and therefore, parental evaluations are also valuable [9].

Medical nutrition therapy is of great importance in
type 1 diabetes, both for preventing complications and
for providing metabolic control [10]. Diet quality is an
integral part of medical nutrition therapy in type 1 dia-
betes. With adequate and balanced nutrition, the diet
quality of children and adolescents increases, while met-
abolic control is ensured and the risk of complications
related to type 1 diabetes decreases [10]. In general, the
consumption of fruit, vegetables, and whole grains in
the adolescent group is less than the recommended
amounts [11–13] while the intake of saturated fat and
refined grains is above recommended limits, resulting in
poor diet quality [13–15]. Therefore, close monitoring
of children and adolescents with type 1 diabetes and
frequent repetition of nutrition education are very im-
portant [10, 11].

Although the importance of parental monitoring in
adolescents with diabetes is emphasized, there are no
studies in Turkey to evaluate the effect of parental mon-
itoring on the quality of life and diet quality in adoles-
cents with type 1 diabetes. The aim of this study is to
determine the effect of parental monitoring on the qual-
ity of life and diet quality of adolescents with type 1
diabetes.

Material and methods

Study site, time, and sample selection

This study was carried out on 100 adolescents aged 13–
18 years with type 1 diabetes (diagnosed at least 1 year
ago, receiving multiple-dose insulin, or insulin pump
therapy) and their parents, who presented to Gazi
University, Pediatric Endocrinology Outpatient Clinic.
Those who had neurological or metabolic disorders,
chronic diseases that may accompany diabetes, used
any medication that may affect depression, and had
mental retardation that makes it difficult to communi-
cate were not included in the study.

General plan of the study

Information about all individuals participating in the study
was obtained by directly asking them and/or their parents.
After anthropometric measurements of the adolescent with
type 1 diabetes were taken and clinical evaluations weremade,
a questionnaire was applied. As an indicator of metabolic
control, the last measured HbA1c values (the day of anthro-
pometric measurements and food intake record) were record-
ed from the patient files.

Data collection and evaluation

Anthropometric measurements

All anthropometric measurements [body weight (kg), height
(cm)] were taken according to standard methods. Body mass
index (BMI) was calculated with the data obtained, and these
values were evaluated according to the growth references pub-
lished by the World Health Organization (WHO) in 2007 for the
5–19 age group [16].

Questionnaire form

The questionnaire form included questions about socio-
demographic characteristics such as the age, gender, level of in-
come, place of residence, level of education of the adolescent and
their parent, and about the adolescent’s diabetes (HbA1c level,
duration of diabetes, total insulin dose, etc.) and nutritional status.
In order to evaluate the nutritional status of the participants, a 3-
day retrospective food intake record was collected and portion
sizes were determined using a photographic food catalog. The
daily intake of energy and nutrients were calculated using the
Nutrition Information System (BeBiS version 7.2) computer pro-
gram [17].

Measures

Parental monitoring of diabetes care scale (PMDC)
in adolescents with type 1 diabetes

The parental monitoring of diabetes care scale consists of 27
items. The scale was published by Ellis et al. [18] in 2008, and
revised again by Ellis et al. [4] in 2012. The scale is a 5-point
Likert-type scale, where “at least once a week” is scored as “1”
and “more than once a day” is scored as “5,” and the score
increases with increased parental monitoring. This scale was
translated into Turkish by Türk et al. (2016) and a validity and
reliability study was performed [19]. Cronbach’s alpha internal
consistency coefficient of the PMDC was 0.91.
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Quality of life

The PedsQLTM (Pediatric Quality of Life Inventory) Diabetes
Module Version 3.0 adolescent (13–18 years) report and the
PedsQLTM Diabetes Module Version 3.0 parent proxy-report
for adolescents aged 13–18 years were used to assess the
quality of life. The PedsQL 3.0 Diabetes Module is designed
to measure health-related quality of life specific to type 1
diabetes. The Turkish validity and reliability study of the
PedsQL 3.0 Diabetes Module, adolescent report, and parent
proxy-report [20], which was developed by Varni et al., was
carried out by Özçelik-Çövener and Aktaş (2015), and the
Cronbach’s alpha coefficient was 0.92 for the adolescent re-
port and 0.88 for the parent proxy-report [9]. The 28-item
multidimensional PedsQLTM 3.0 Diabetes Module consists
of five subgroups: diabetes symptoms (11 items), treatment
barriers (4 items), adherence to treatment (7 items), worry (3
items), and communication (3 items). All of the items are
reverse scored between 0 and 100 (0 = 100, 1 = 75, 2 = 50,
3 = 25, 4 = 0). When calculating the total score from the scale
and the scores of the subgroups, the total score is divided by
the number of items. There is no cut-off point, and a high
score indicates good quality of life.

Diet quality

The Healthy Eating Index-2010 (HEI-2010) was used to assess
diet quality. The Healthy Eating Index-2010, which will be cal-
culated from the data obtained from the food intake records of
the individuals, includes a total of 12 components. The first 9 of
the 12 components determine the adequacy of the diet, and the
last 3 determine foods that should be consumed in a limitedway.
Each of the qualification components has its own standard.With
the increase in intake, the scores increase proportionally. With
moderation components, low intake causes the score to increase.
TheHealthy Eating Index-2010 total score is expressed over 100
points by adding together the components of adequacy andmod-
eration. Component scores range from 0 to 5, 0 to 10, or 0 to 20,
with a total score of 100% meaning that the recommended
amounts have been met or exceeded. When the diet quality of
individuals is categorized according to their total HEI score,
scores of 50 and less than 50 are defined as “poor diet quality,”
51 to 80 as “diet quality needing improvement,” and above 80 as
“good diet quality” [21].

Statistical methods

Data analysis was performed using IBM SPSS Statistics version
17.0 software (IBM Corporation, Armonk, NY, USA).
Kolmogorov-Smirnov test was used to investigate whether the
normal distribution assumption was met. Categorical data were
expressed as percentage (%) while quantitative data were given
as mean ± standard deviation (SD). Themean differences in sub-

domain and overall PedsQL scores between the adolescents with
type I diabetes mellitus and their parents were analyzed using the
paired samples t-test. Degrees of association between continuous
variables were evaluated with Spearman’s rank correlation anal-
yses. The differences between groups in terms of quantitative
data (i.e., the PedsQL total scores of adolescents with type 1
diabetes, total PedsQL parent proxy-report scores for adolescents
and HEI total scores) were evaluated by Student’s t test or One-
Way ANOVA according to the number of independent groups.
To determine the best independent predictors which, effect on
dependent variables (i.e., the PedsQL total scores of adolescents
with type 1 diabetes, total PedsQL parent proxy-report scores for
adolescents and HEI total scores) were investigated multiple lin-
ear regression analyses. Any variable whose univariable test had
a p-value < 0.10was accepted as a candidate for themultivariable
model along with all variables of known clinical importance.
Coefficient of regression and 95% confidence intervals for each
independent variable were also calculated. A p-value less than
0.05 was considered statistically significant.

Results

52.0% of the adolescents were male with a mean age of 14.5 ±
1.6 years, a diabetes age of 5.5 years, and a mean HbA1c of
8.1%. The mean age of their parents was 41.6 ± 6.1 years,
78% of which were women and 57.0% of which consisted of
nuclear families. The parental monitoring of diabetes care
scale score was 97.2 ± 15.2, and the total HEI score was
52.9 ± 3.6, 80.0% of which are in the diet quality classification
that need improvement (Table 1).

The PedsQL adolescent total score was 69.6 ± 14.9 while the
total PedsQL parent proxy-report score for adolescents was 65.3
± 12.8. Compared to adolescents reports, the PedsQL parental
proxy-report for adolescents subscale scores (excluding the
communication subscale) and total scale scores were found to
be statistically significantly lower (p < 0.05) (Table 2).

Statistically significant and one-sided correlations were
found between the PedsQL subscale and total scale scores of
adolescents with type 1 diabetes, and the parental monitoring
of diabetes care scale scores (p < 0.05). Statistically significant
and one-sided correlations were found between parent proxy-
report PedsQL subscale scores (excluding the worry subscale)
and total scale scores for adolescents, and parental monitoring
of diabetes care scale scores (p < 0.05) (Table 3).

Statistically significant and one-sided correlations were
found between some subcomponents of diet quality, i.e., dark
leafy greens and dried legumes, whole grains, dairy products,
fatty acids, and total HEI levels, and parental monitoring of
diabetes scale scores (p < 0.05). No statistically significant
correlation was determined between other subcomponents of
diet quality and parental monitoring of diabetes scale
scores (p > 0.05) (Table 3).
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As the family’s monthly income level increased, the total
PedsQL score of adolescents with type 1 diabetes (r = 0.249
and p = 0.013) and the total PedsQL parent proxy-report score
for adolescents (r = 0.224 and p = 0.025) also increased

Table 1 Demographic and clinical characteristics of the adolescents

n = 100

Age (years) 14.5 ± 1.6

Gender

Female 48.0%

Male 52.0%

Parent age (years) 41.6 ± 6.1

Parent gender

Female 78.0%

Male 22.0%

Mother’s level of education

Primary school 35.0%

Secondary school 41.0%

Bachelor’s degree 18.0%

Postgraduate degree 6.0%

Father’s level of education

Primary school 21.0%

Secondary school 42.0%

Bachelor’s degree 34.0%

Postgraduate degree 3.0%

Family’s income level

Low 18.0%

Middle 72.0%

High 10.0%

Type of family structure

Nuclear 57.0%

Extended 35.0%

Divorced 8.0%

Diabetes age (years) 5.5 (3.0–8.0)

Insulin treatment method

Insulin pump therapy 21.0%

Multiple-dose injection therapy 79.0%

Insulin dose (unit) 50.0 (40.0–66.0)

HbA1c 8.1 (7.0–9.2)

Body mass index (kg/m2) 21.0 ± 2.7

Parental monitoring scale 97.2 ± 15.2

Total HEI 52.9 ± 3.6

Total HEI classification

Diet quality needing improvement 80.0%

Poor diet quality 20.0%

Table 3 Correlation coefficients and significance levels between
parental monitoring of diabetes scale scores, and PedsQL and diet
quality subcomponents and total scores in adolescents with type 1
diabetes

Correlation coefficient p-value†

PedsQL adolescent report

Diabetes symptoms 0.221 0.027

Treatment barriers 0.355 < 0.001

Adherence to treatment 0.326 < 0.001

Worry 0.261 0.009

Communication 0.444 < 0.001

Total 0.437 < 0.001

PedsQL parent proxy-report for adolescents

Diabetes symptoms 0.207 0.039

Treatment barriers 0.292 0.003

Adherence to treatment 0.401 < 0.001

Worry 0.130 0.196

Communication 0.316 < 0.001

Total 0.435 < 0.001

Diet quality

Total fruit 0.039 0.698

Whole fruit 0.184 0.068

Total vegetables −0.055 0.589

Dark leafy greens and dried legumes 0.345 < 0.001

Whole grains 0.321 < 0.001

Dairy 0.207 0.038

Total protein 0.192 0.055

Seafood 0.118 0.242

Fatty acids 0.246 0.014

Refined grains −0.141 0.162

Sodium 0.015 0.881

Added sugar 0.095 0.349

Saturated fat −0.175 0.081

Total HEI 0.321 < 0.001

†Spearman’s rank order correlation test

Table 2 Adolescent and parent
proxy-report for adolescents
PedsQL subscale scores and total
scale scores

PedsQL adolescent report PedsQL parent proxy-report
for adolescents

p-value†

Diabetes symptoms 67.0 ± 17.0 63.9 ± 16.3 0.015

Treatment barriers 67.9 ± 18.9 60.2 ± 17.9 < 0.001

Adherence to treatment 72.6 ± 17.6 66.8 ± 17.0 < 0.001

Worry 69.7 ± 21.1 64.5 ± 21.4 0.025

Communication 70.9 ± 24.1 70.8 ± 21.8 0.984

Total 69.6 ± 14.9 65.3 ± 12.8 < 0.001
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statistically significantly. As HbA1c level increased, to-
tal PedsQL score (r = −0.199 and p = 0.047) and total
HEI level (r = −0.215 and p = 0.032) of adolescents
with type 1 diabetes decreased statistically significantly
(Table 4).

The PedsQL total scores of adolescents with type 1 diabe-
tes, total PedsQL parent proxy-report scores for adolescents,
and HEI total scores displayed no statistically significant dif-
ference based on the gender of the adolescent, the gender of
the parent, the level of education of the parents, type of family
structure, and insulin treatment method, respectively (p >
0.05) (data not shown).

When adjusted for all other possible factors, the parental
monitoring of diabetes scale score was an independent in-
dicator in predicting the change in total PedsQL scores of
adolescents with type 1 diabetes (B = 0.355, 95% CI:
0.154–0.556, and p < 0.001). Similarly, the parental mon-
itoring of diabetes scale score was an independent factor in
predicting the change in total PedsQL parental proxy-
report scores for adolescents with type 1 diabetes, irrespec-
tive of other factors (B = 0.278, 95% CI: 0.096–0.459, and
p = 0.003). In addition, when the HbA1c levels of the
adolescents remained constant, each 10-point increase in
the parental monitoring of diabetes scale score increased
the total HEI level by 0.68 points (95% CI: 0.20–1.16)
(p = 0.006) (Table 5).

Discussion

Adolescence is a period when type 1 diabetes management
and metabolic control is the most difficult, and adolescents
and parents experience the most intense problems, and this
reduces the adherence of adolescents to diabetes and adversely
affects glycemic control and quality of life [22]. It has been
reported that increasing the quality of life and well-being of
children with diabetes is as important as metabolic control in
preventing secondary morbidity. Therefore, the primary goal
of modern diabetes care in children and adolescents has
evolved from a purely medical approach to one aimed at op-
timal glycemic control, normal psychological development,
and maximum quality of life [23]. This is the first study in
Turkey to evaluate the quality of life in type 1 diabetes from
the perspective of both adolescents with type 1 diabetes and
their parents, and examine the effects of parental monitoring
on the quality of life and diet of adolescents with diabetes. In
our study, the mean quality of life score of adolescents with
type 1 diabetes was 69.6 ± 14.9. Compared to other studies,
the quality of life of adolescents with type 1 diabetes in
Turkey was found to be lower than that of adolescents with
diabetes in many countries [19, 24–26]. Similar to other stud-
ies, the diabetes symptoms score, which is one of the quality
of life subscale scores, was found to be lower in our study. A
low diabetes symptoms subscale score is associated with poor

Table 4 Correlation coefficients
and significance levels between
total PedsQL and HEI scale
scores and some demographic
and clinical characteristics

PedsQL adolescent report PedsQL parent
proxy-report for adolescents

Total HEI

Age

Correlation coefficient 0.059 0.101 0.070

p-value† 0.562 0.315 0.491

Parent age

Correlation coefficient 0.025 0.075 −0.027
p-value† 0.804 0.459 0.793

Diabetes age

Correlation coefficient 0.037 −0.078 −0.105
p-value† 0.717 0.438 0.300

Family’s monthly income

Correlation coefficient 0.249 0.224 0.063

p-value† 0.013 0.025 0.534

Insulin dose

Correlation coefficient 0.041 0.023 0.075

p-value† 0.633 0.822 0.459

HbA1c

Correlation coefficient −0.199 −0.178 −0.215
p-value† 0.047 0.077 0.032

Body mass index

Correlation coefficient 0.135 0.170 0.081

p-value† 0.180 0.091 0.422
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glycemic control. In adolescents with diabetes, metabolic con-
trol deteriorates due to the lifestyle changes necessary to man-
age the disease often being difficult as well as hormonal and
psychosocial changes that occur during this transitional period
[8]. In this study, the HbA1c levels of the adolescents were
suboptimal, with an average of 8.1%. In our study, the total
scores and sub-scores of the quality of life scale in parent
proxy-reports were lower than in adolescent reports (except
for the communication sub-score). In other studies, parents
also often do not agree with the perspectives of their children
regarding diabetes, and similar to our study, they have report-
ed lower quality of life scores about their children [20, 23, 27].
This may be caused by parents’ concern for the long- and
short-term complications of diabetes, and the parents’ percep-
tion of their child’s difficulties with lifestyle changes. It is also
thought that this difference may be caused by differences in
the cognitive development of adolescents and parents.
Because the brain areas responsible for executive functions,
including long-term planning, decision-making, and the abil-
ity to understand the consequences of decisions, prioritize,
and assess risk, develop in the 20s [8].

In our study, close parental supervision and parental mon-
itoring of the completion of the adolescent’s diabetes care also
increased the quality of life of adolescents with type 1 diabetes
and facilitated the management of diabetes. As parental mon-
itoring scores increased, both the total quality of life scale
scores and the subscale (diabetes symptoms, treatment bar-
riers, adherence to treatment, worry, and communication)

scores of adolescents with type 1 diabetes increased signifi-
cantly (Table 3). Similarly, in this study, as parental monitor-
ing increased, a positive increase was observed in the views of
the parents on the quality of life of the adolescents. It has been
reported that parental involvement in diabetes management in
adolescents has positive effects on diabetes outcomes. It has
been reported that parental monitoring plays a protective role
in healthy adolescents as well as in adolescents with type 1
diabetes, and that increased parental support facilitates adap-
tation to diabetes in adolescents, and they make fewer mis-
takes regarding their self-care [6, 28]. In our study, as parental
monitoring increased, the adolescent’s adherence to diabetes
treatment increased, they picked up the symptoms of diabetes
better, and coped with the conditions that prevented treatment
more easily. Poor glycemic control in adolescence increases
the possibility of complications, anxiety, and diabetes-related
stress, and decreases the quality of life [8]. In this study, pa-
rental support increased the psychological belief of coping
with diabetes in adolescents, decreased anxiety levels, and
thus, increased the quality of life. Similarly, Ellis et al. found
that adolescents whose parents questioned whether they com-
pleted their diabetes care or who were with them more often
during the completion of diabetes care increased their adher-
ence to diabetes treatment and their metabolic controls im-
proved [6]. In studies, diabetes-specific parental monitoring
has been associated with better diabetes management in indi-
viduals aged 10–15 years [29] and better metabolic control in
individuals aged 12–16 years [30]. In another study carried
out with adolescents with type 1 diabetes, diabetic ketoacido-
sis was found to be more common in those who had negative
perceptions towards their parents, had little communica-
tion with their parents, and had a negative family relation-
ship, and it was recommended to implement practices
aimed at solving problems and strengthening communica-
tion between parents and adolescents for good diabetes
management [3].

Dietary compliance generally decreases during adoles-
cence [11]. It has been reported that the dietary compliance
of adolescents with type 1 diabetes varies between 21 and
95% [31]. Although a healthy diet is one of the most important
components of type 1 diabetes management in children and
adolescents, studies have shown that the diet quality of those
with type 1 diabetes is inadequate [11, 32]. In this study, the
mean total HEI was 52.9 ± 3.6. Total diet quality scores were
in the “poor-need improvement” group according to the HEI-
2010 classification, which is consistent with the literature [32].
Western-style diets, which are frequently consumed by ado-
lescents today, have low dietary quality, containing high
amounts of saturated fat, low amounts of omega-3 fatty acids,
excess sodium, and high amounts of refined sugar [11]. In
general, the consumption of fruit, vegetables, and whole
grains in this age group is less than the recommended amounts
while the intake of saturated fat is above recommended limits,

Table 5 Examination of the combined effects of factors considered
most effective in predicting the change in PedsQL and HEI total scale
scores – results of the multivariate linear regression analysis

B 95% CI for B p-value

LL UL

PedsQL adolescent report

Monthly income 1.862 −1.357 5.082 0.254

HbA1c 0.163 −1.253 1.578 0.820

Insulin dose 0.107 −0.041 0.255 0.153

Parental monitoring 0.355 0.154 0.556 < 0.001

PedsQL parent proxy-report for adolescents

Body mass index −0.502 −1.642 0.639 0.385

Monthly income 2.414 −0.474 5.301 0.100

HbA1c 0.484 −0.780 1.748 0.449

Insulin dose 0.100 −0.061 0.260 0.222

Parental monitoring scale 0.278 0.096 0.459 0.003

Total HEI

HbA1c −0.150 −0.491 0.192 0.387

Parental monitoring scale 0.068 0.020 0.116 0.006

B coefficient of regression, CI confidence interval, LL lower limits of
95% CIs, UL upper limits of 95% CIs
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resulting in poor diet quality [11–15]. In a study conducted by
Nansel et al. [13], adolescents with type 1 diabetes consumed
less than half of the recommended amount of fruit, vegetables,
and whole grain products; only 3–12% of adolescents could
meet the recommended amounts; and adolescents with good
dietary quality preferred fruits, whole grain products, and veg-
etables rather than processed grains, fats, and sugars [13].

Studies in adolescents with type 1 diabetes have reported
that an increase in diet quality reduces HbA1c levels, provides
optimal growth and development, and better metabolic control
[10, 32]. In this study, as parental monitoring increased, total
diet quality scores of adolescents with type 1 diabetes and
intake of dark leafy greens and dried legumes, whole grains,
dairy, and fatty acids (the ratio of mono- and polyunsaturated
fatty acids to saturated fatty acids), which are among the die-
tary quality components, increased significantly (Table 3). In
a study, adolescents had the lowest diet quality score from the
intake of fruit, vegetables, and dairy products [33]. Lipsky
et al. (2012) found a positive correlation between diet quality
and consumption of fruit, vegetables, and whole grain prod-
ucts, and a negative correlation with the consumption of re-
fined grains [34]. With adequate and balanced nutrition, the
diet quality of children and adolescents increases, while met-
abolic control is ensured and the risk of complications related
to type 1 diabetes decreases [10]. In this study, it is clear that
parental monitoring is one of the factors that determines diet
quality, increases adherence to treatment, and improves diet
quality with healthy food choices. When the HbA1c levels of
the adolescents remained constant, each 10-point increase in
the parental monitoring of diabetes scale score increased the
total HEI level by 0.68 points. Cardiovascular diseases are
more common in individuals with type 1 diabetes, occur ear-
lier, and are the main cause of premature death [35]. Good diet
quality is associated with a lower cardiovascular disease risk
profile. Increasing the consumption of whole grain products,
dried legumes, fruit and vegetables, and the composition of
the diet’s fat pattern with unsaturated fatty acids provide ben-
eficial effects on cardiovascular and other chronic disease risk
indicators [11]. In our study, the increase in the consumption
of dark leafy greens and dried legumes, whole grains, dairy,
and healthy fatty acids, which are components of good diet
quality, both explain the high diet quality scores and give an
idea about low cardiovascular risk.

The strengths of the study were the evaluation of parental
monitoring and quality of life of the adolescent with type 1
diabetes with valid scales, and the evaluation of the quality of
life of the adolescent with type 1 diabetes from both family
and adolescent perspectives.

The limitations of the study were that it was a single-center
study and a generalization could not be made for Turkey in
terms of results. There is a need for comprehensive multicen-
ter studies in this area.

Conclusions

In our study, parental monitoring was found to be an independent
indicator of both quality of life and diet quality of adolescentswith
type 1 diabetes. The increase in parental monitoring scores result-
ed in an increase in both the quality of life scores and diet quality
scores of the adolescents with type 1 diabetes, and therefore, it
was one of themain factors determining the quality of life and diet
quality of the diabetic adolescent.

Positive family environment and relationships and parental
support will reduce the burden of the adolescent and increase
the self-management and adherence of the diabetic adolescent to
the therapeutic regimen. Therefore, a bio-psychosocial and
family-centered care approach is very important in the diabetes
management of adolescents with type 1 diabetes.
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Insulin clearance is an important piece of the puzzle that 
needs to be incorporated to gain an understanding of obesity 
and type 2 diabetes mellitus (T2DM). Recently, Gastaldelli 
and colleagues provided evidence by investigating the role 
of insulin clearance in a large study to understand the differ-
ences between obese and nonobese individuals with normal 
glucose tolerance (NGT), impaired glucose tolerance (IGT), 
and T2DM [1]. Insulin clearance has been estimated both 
during euglycemic clamp and oral glucose tolerance test 
(OGTT). Hyperinsulinemia is associated with both obesity 
and insulin resistance [2]. Hyperinsulinemia can result from 
increased insulin secretory capacity and/or decreased insulin 
clearance. Hyperinsulinemia, especially the levels of insulin 
at 30 min during the OGTT, has been found to be causal to 
obesity [3]. In the study by Gastaldelli and colleagues hyper-
insulinemia (insulin response during OGTT) is much higher 
in obese compared to nonobese individuals [1]. There are 
differences at baseline (including the conditions of NGT and 
IGT) between obese and nonobese individuals with respect 
to insulin secretory capacity and insulin clearance. Insulin 
clearance, especially during OGTT, is specifically concerned 
with the liver. One of the main manifestations of hepatic 
insulin resistance could be its inability to decrease insulin 
clearance, and this can be the case in nonobese individuals 
[4], whereas in obese individuals, it is the insulin resistance 
in adipose tissue that results in lesser demand for insulin, 
leading to a decreased secretory capacity [5].

Progression from NGT to IGT to diabetes is character-
ized by a diminished secretion of insulin due to reduced 
β-cell function, due to glucotoxicity and lipotoxicity apart 
from other mechanisms [5]. The disposition index, which is 
a measure of the β-cell function, is related to both hyperinsu-
linemia as well as insulin sensitivity [6]. Obese individuals 
are characterized by insulin resistance in the adipose tissue 

that results in increased lipolysis and lipotoxicity in other 
tissues, including muscle and liver [7, 8]. On the other hand, 
the progression of disease in lean individuals could be driven 
by insulin resistance in the liver, leading to inefficient insu-
lin clearance and muscle insulin resistance. The difference 
between insulin resistance in liver/muscles and adipose tis-
sue could be related to the increased ‘capacity’ of liver and 
muscle tissues to handle glucose and the increased ‘capabil-
ity’ of adipose tissue in the efficient storage of glucose as fat 
in the context of the whole-body glucose metabolism [8].

Based on these observations, it can be surmised that 
hyperinsulinemia in obese individuals could be due to high 
insulin secretory capacity in the face of insulin resistance in 
adipose tissue to compensate but ultimately leads to β-cell 
failure and decreased insulin secretion, whereas in non-
obese individuals it could be due to low insulin clearance 
because of insulin resistance in the liver [1, 4, 5, 7]. It can 
be envisaged that insulin secretory capacity has wider scope 
to increase than the scope by which insulin clearance can 
decrease in obese and nonobese individuals, respectively. 
This may partly explain why there is hyperinsulinemia in 
obese compared to nonobese individuals [5, 6]. Further 
extending this argument, in obese T2DM individuals, the 
main pathogenic mechanism could be the decrease in insu-
lin secretory capacity, whereas in nonobese individuals, a 
decrease in insulin clearance leading to hyperinsulinemia 
is likely to have a major role in the pathogenesis of T2DM.

The onset of adipose insulin resistance in obese individu-
als and hepatic insulin resistance in nonobese individuals 
could be the critical events in the progression of NGT and 
IGT to T2DM. Longitudinal studies that mechanistically 
analyze obese and nonobese subjects with or without T2DM 
are required to clarify these hypotheses.
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Abstract
Background Diabetes is a chronic disease with lots of health complications and has been shown to reduce memory function and
cognitive abilities. It has been suggested that diabetic microvascular complications may be involved in the pathophysiology of
mild cognitive dysfunction. Raised levels of asymmetric dimethylarginine (ADMA) in the blood have been linked to the risk of
vascular disorders.
Objective This study was conducted to evaluate the serum level of ADMA in diabetic patients and its association with cognitive
function and metabolic parameters.
Methods In this cross-sectional study, 169 diabetic patients were enrolled. Metabolic parameters including body mass index,
fasting blood sugar, fasting blood insulin, homeostatic model assessment of insulin resistance (HOMA-IR), and ADMA were
measured. Cognitive function was evaluated using the Wechsler Adult Intelligence Scale-Revised (WAIS-R).
Results Positive correlations were found between all performed subtests of WAIS-R including information, vocabulary, digit-
span, picture completion, and block design subtest scores. The subtests of WAIS-R were associated negatively with age and
positively with educational status. Serum ADMA was negatively associated with picture completion score after adjustment by
age and educational status, significantly (β=−0.191, p<0.049).
Conclusion The involvement of ADMA in the pathogenesis of diabetic cognitive dysfunction is plausible and further studies are
required to clarify the mechanism underlying the link of diabetic complications with cognitive decline.

Keywords Asymmetric dimethylarginine . Cognitive impairment . Diabetes . Insulin resistance . Wechsler Adult Intelligence
Scale

Introduction

Diabetes-related complications have been traditionally known
to originate from vascular damage [1]. Therefore, cardiovas-
cular disorders which are a major cause of disability among
diabetic patients occur earlier compared to nondiabetics [2].
There is growing evidence on the involvement of vascular
disorders in the development of cognitive impairment,

dementia, Alzheimer’s disease, and brain structural changes
[3]. In this regard, various neuropsychological studies have
shown that diabetes may reduce memory function and cogni-
tive abilities including learning, processing speed, and atten-
tion [4]. It is believed that vascular disorders are strongly
associated with oxidative stress [5]. Oxidative stress gives rise
to endothelial dysfunction which is an early step of atheroscle-
rosis. Keymolecular mechanismswhich lead to the promotion
of atherosclerosis are inhibited by nitric oxide (NO) [6].

NO is an endothelium-derived vasodilating factor that is
released from normal endothelium cells to keep a balance
between vasodilation and vasoconstriction [7]. Two other
main protective mechanisms of NO in the cardiovascular sys-
tem are inhibition of platelet aggregation and suppression of
smooth muscle proliferation [8]. In addition to the role of NO
deficiency in the pathogenesis of the cardiovascular disease,
NO has a well-documented role in cognitive decline [3, 9].
Compromised NO activity has been related to cognitive
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impairment due to reduced cerebral blood flow, reduced oxy-
gen supply of the brain, and disruption of neurovascular func-
tion [10]. A possible mechanism for NO deficiency is the
reduction of NO synthesis by elevating asymmetric
dimethylarginine (ADMA) serum levels. ADMA is a deriva-
tive of L-arginine and a by-product of protein modifications
[11, 12]. ADMA is an endogenous, competitive inhibitor of
NO synthase (NOS) [13]. Raised plasma ADMA level has
been linked to the vascular pathophysiology of atherosclerosis
and has also been suggested as a predictor of cardiovascular
mortality [14]. Thus far, most studies have focused on the
association of elevation in ADMA levels with cardiovascular
risk factors such as hypertension, obesity, and diabetes but
only a few studies have linked ADMA levels to cognitive
functions [15].

In the present cross-sectional study, we primarily aimed at
understanding the association of serum level of ADMA in
diabetic patients with their cognitive functions. Our secondary
aim was to evaluate the relationship of ADMA levels with
various demographic factors and medicines.

Materials/patients and method

Study area and population

Diabetic patients were recruited from the Endocrinology
Clinic, Imam Khomeini Hospital, Ardabil, Iran, from
December 2019 to August 2020 by a convenience sampling
method. All participants were Iranian and lived in the province
of Ardabil in the northwest of Iran.

To be included, individuals had to be 18 years old and over
with adequate vision and hearing and previously diagnosed
with diabetes type I or II by an internist specialist. Patients
with clinical signs or self-report of familial mental retardation,
major systemic disorder, current psychiatric disorder, stroke,
brain trauma or surgery, encephalitis, and/or ongoing anemia
were excluded. The eligible population was informed about
the project and assured that the whole procedure will be free.
A total of 169 patients accepted to participate in the study and
completed the predetermined subtests of WAIS-R but 41 of
them did not consent (either not replied or refused) to take a
blood test to provide a blood sample.

Ethical considerations

All procedures described in the studywere approved by the ethics
committee of Ardabil University of Medical Sciences and re-
ceived the ethics approval code IR.ARUMS.REC.1398.575.
Written consent was signed by all of the participants prior to the
beginning of the study and the identity of patients was not men-
tioned. In this study, no cost was imposed on the patient and all
costs were borne by the council.

Assessment of cognitive function

Cognitive function was evaluated using the Persian version of
the Wechsler Adult Intelligence Scale-Revised (WAIS-R).
WAIS-R measures various abilities which may be lowered
by brain damage. Five subtests of WAIS-R, namely informa-
tion, vocabulary, digit-span, picture completion, and block
design, were recommended to assess cognitive functioning
(Table 1). Information and vocabulary are subtests of verbal
comprehension index, digit-span is a subtest of working mem-
ory index, and picture completion and block design are sub-
tests of perceptual organization index of WAIS-R [16]. Each
participant completed at least four subtests. More than four
subtests were performed only in patients who wished to con-
tinue. The assessment was completed by three trained
psychologists.

Blood sample collection and laboratory techniques

Peripheral venous blood was collected from each fasted individ-
ual via venipuncture. The serum from each sample was extracted
after centrifugation of the blood samples. Measurement of glu-
cose and insulin concentration was performed on the fresh sera
and the remained samples were stored at −70°C until the time of
the other biochemical analyses.

Measurement of fasting serum glucose

Fasting serum glucose was determined directly by an enzy-
matic colorimetric method, glucose oxidase-phenol, and 4
aminophenazone (GOD-PAP), using commercially available
kits (Pars Azman Co., Karaj, Iran) with an assay range of 5 to
400 mg/dL (Cat. No: 117500).

Measurement of serum insulin

Fasting serum insulin concentrations were measured by a
solid-phase enzyme-linked immunosorbent assay (ELISA)
human insulin kit (Demeditec Diagnostics GmbH,
Germany), according to the manufacturer’s instructions (Cat.
No: DE2935).

Assessment of insulin resistance

As a marker of insulin resistance, homeostatic model assess-
ment of insulin resistance (HOMA-IR) was calculated by
using the following formula: insulin (mU/mL) × glucose
(mg/dL) / 405 [17].

Measurement of serum ADMA

Serum levels of ADMA were assessed using a quantitative
ELISA kit (Hangzhou Eastbiopharm Co., Ltd, China), with
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an assay range of 200 to 60,000 ng/L and a sensitivity of
100.21 ng/L (Cat. No: CK-E11310).

Other variables

The relevant sociodemographic information, including age,
sex, occupation, weight, height, education, duration of diabe-
tes, and medications, were collected through a personal inter-
view unless patients’ medical history was available.
Background cardiovascular disorders were ascertained based
on participants’ medical history and/or self-report of medica-
tion use.

Statistical analysis

Participants’ sociodemographic and medical information
were analyzed using frequency, mean, and standard de-
viation (SD). The Pearson correlation analysis was used
to investigate the possible associations between covari-
ates, WAIS-R subtests, and ADMA levels. The
Spearman rank-order analysis was assessed to find out
the associations of WAIS-R subtest scores with educa-
tional status. The association between serum ADMA
levels and WAIS-R subtests was also assessed by multi-
ple linear regression and adjusted for potential con-
founders. The Shapiro-Wilk test was used for evaluating
the normal distribution of the variables. The Mann-
Whitney U test was used to compare non-normally dis-
tributed variables between gender, medicine, and back-
ground disease groups. The p values lower than 0.05
were considered statistically significant. All data analyses
were carried out using SPSS 26.0.

Results

The characteristics of the study population are presented in
Table 2. The mean age of the study population was 57.3 years
and the mean duration of diabetes was about 9.7 years. Over
half of the subjects were women (57.8%) and almost all of the
patients were married (98.4%). Half of the subjects were un-
educated and two-third of them were unoccupied. More than
64% of the population had at least one first-degree family
member with diabetes. Nearly to half of the patients had car-
diovascular diseases or dyslipidemia, and 10% of the patients
had thyroid dysfunction as well. The frequency of use of med-
icines in diabetic patients of our study was as follows: metfor-
min 75.8%, losartan 37.5%, aspirin 28.9%, atorvastatin
40.6%, and insulin 21.9%. The results of WAIS-R tests
showed that the mean values of Full-Scale Intelligence
Quotient (FSIQ), Performance Intelligence Quotient (PIQ),
and Verbal Intelligence Quotient (VIQ) of the patients were
81.12, 77.62, and 88.53, respectively. Based on the FSIQ
grade, it became clear that 77.3% of the patients had different
stages of cognitive impairment while only 22.7% of the pa-
tients were diagnosed to have normal cognitive functions. The
mean values of body mass index (BMI) and HOMA-IR in the
patients were estimated to be respectively 29.3 and 4.8, both
of which are considered higher than the normal range. The
mean concentration of ADMA in the serum of the patients
was also estimated to be 11.791 ng/mL (Table 2).

Fast blood sugar (FBS), fast blood insulin (FBI), FSIQ, and
ADMA levels were not normally distributed. The results of
the comparison of the mean variables (by the Mann-Whitney
U test) for gender groups indicated that only FSIQ was signif-
icantly higher in men than in women. It is worth mentioning
that further analysis has shown that in this study population
men were more educated than women (chi-score=15.14,

Table 1 WAIS-R subtests’
outcomemeasures and neurologic
functions administered to diabetic
patients

Subtests Outcome measures Neurologic functions

Information • The general fund of knowledge

• The ability to access and express this information

• Long-term memory functions

• Working memory

Vocabulary • Word knowledge

• The ability to access and to effectively communicate
that knowledge

• Expressive and receptive language skills

• Long-term memory

• Working memory

Digit-span • Mental manipulation

• Attention

• Memory span

• Short-term verbal memory

Picture
completion

• Ability to recognize familiar items

• Ability to identify missing parts

• Conceptual reasoning skills

• Visual scanning

• Visual memory

Block design • Ability to construct a design to a model • Visual-spatial processing and
integration
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p<0.0005). The serum level of ADMA in men was shown to
be higher than in women but this difference was not statisti-
cally significant (Table 3).

Among sociodemographic information, age of participants
had a weak negative correlation with duration of diabetes
(r=−0.248, p<0.005), and HOMA-IR was only significantly
correlated to BMI (r=0.281, p<0.05) (data were not shown).

Educational status had been correlated negatively with age
(rho=−0.401, p<0.001) and positively with information
(rho=0.336, p<0.001), vocabulary (rho=0.471, p<0.001),
digit-span (rho=0.436, p<0.002), picture completion
(rho=0.299, p<0.001), and block design (rho=0.217,
p<0.016) subtest scores (Table 4). Age of participants had a
weak negative correlation with information, picture comple-
tion, and block design (r=−0.223 to r=−0.297, p<0.05), and a
stronger negative correlation with vocabulary subtests
(r=−0.427, p<0.001). The potential correlation between serum
levels of ADMA and subtests of WAIS-R was evaluated by
performing multiple linear regression analysis. Results of the
multiple linear regression analysis are presented for crude and
adjusted analyses, separately. Among the five most performed
subtests of WAIS-R in this study, namely information, vocab-
ulary, digit-span, picture completion, and block design, serum
levels of ADMAwere only negatively associated with picture
completion score after adjustment of results by age and edu-
cational status, significantly (β=−0.191, p<0.049) (Table 4).

Comparison of serum ADMA level in the patients with and
without some health problems and use of medicines was also
done. The serum ADMA levels of participants with and with-
out cardiovascular disease, dyslipidemia, and thyroid dysfunc-
tion were compared by the same test separately and no signif-
icant results have been found. Although, mean serum ADMA

Table 2 Characteristics of the study population (type 2 diabetic patients
enrolled from Endocrinology Clinic, Imam Khomeini Hospital, Ardabil,
Iran, from December 2019 to August 2020)

Characteristics n (%) Mean ± SD

Gender

Male 54 (42.2) -

Female 74 (57.8) -

Marital status

Single 2 (1.6) -

Married 126 (98.4) -

Occupational status

Occupied 43 (33.6) -

Unoccupied 85 (66.4) -

Educational status

Illiterate 64 (50) -

Undergraduate 41 (32) -

College education 23 (18) -

Family history of diabetes

At least one first-degree 82 (64.1) -

No first-degree 46 (35.9) -

DCD (based on FSIQ)

Severe 29 (22.7) -

Moderate 40 (31.5) -

Mild 29 (22.7) -

No 29 (22.7) -

Background disease

Cardiovascular disorders 66 (51.6) -

Dyslipidemia 63 (49.2) -

Thyroid dysfunction 14 (10.9) -

Medicine

Metformin 97 (75.8) -

Losartan 48 (37.5) -

Aspirin 37 (28.9) -

Atorvastatin 52 (40.6) -

Insulin 28 (21.9) -

Age (years) - 57.2±10.8

Duration of diabetes (years) - 9.7±6.9

FSIQ - 81.12±13.24

VIQ - 77.62±13.20

PIQ - 88.53±16.57

BMI (kg/m2) - 29.3±5.1

FBS (mg/dL) - 173.6±66.6

FBI (mU/mL) - 11.62±7.97

HOMA-IR - 4.8±3.3

ADMA (ng/mL) - 11.791±8.432

ADMA asymmetric dimethylarginine, BMI body mass index, DCD dia-
betic cognitive dysfunction, FBI fasting blood insulin, FBS fasting blood
sugar, FSIQ Full-Scale Intelligence Quotient, HOMA-IR homeostatic
model assessment-insulin resistance, PIQ Performance Intelligence
Quotient, SD standard deviation, VIQ Verbal Intelligence Quotient

Table 3 Comparison of mean of variable by the Mann-Whitney U test
for gender groups of the study population (type 2 diabetic patients
enrolled from Endocrinology Clinic, Imam Khomeini Hospital, Ardabil,
Iran, from December 2019 to August 2020, n=128)

Variable Gender Mean SD p value

FBS (mg/dL) Male 171.51 67.04 0.760
Female 175.17 66.75

FBI (mU/mL) Male 11.11 5.98 0.761
Female 11.99 9.17

FSIQ Male 84.57 15.61 0.012*
Female 78.65 10.69

ADMA (ng/mL) Male 13.47 9.30 0.064
Female 10.57 7.57

ADMA asymmetric dimethylarginine, FBS fasting blood sugar, FBI
fasting blood insulin, FSIQ Full-Scale Intelligence Quotient, SD standard
deviation

*p value<0.05
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levels were higher in losartan, aspirin, atorvastatin, and insulin
users compared to non-users, the Mann-Whitney U test result
has shown no significant difference in any of these groups
(data were not shown).

Discussion

The association of cardiovascular disorders with cognitive
impairment is well accepted but researches on related bio-
markers are still ongoing. Prior studies have suggested
significant links between an increase in ADMA levels
and Alzheimer’s disease, reduction of verbal memory
score, subjective memory impairment, and declined cog-
nitive performance, but none of them evaluated cognitive
functions of diabetic patients [11, 18]. To our knowledge,
this is the first study on the relationship between serum
ADMA levels and cognitive functions in diabetic patients.
The results have shown a significant negative correlation
between ADMA levels and picture completion score
which is a subtest of performance IQ of WAIS-R and
mostly related to conceptual relevancy judgment, visual
recognition, perceptual organization, and long-term mem-
ory [19].

Evidences have shown that ADMA levels can be influ-
enced by supplements and drug interventions [20]. As
ADMA is a competitive inhibitor of NOS, an increase in the
level of L-arginine and reduction in serum level of ADMA
lead to an increase in the ratio of L-arginine/ADMA. Various
studies have shown that L-arginine consumption may reduce
the risk of cardiovascular disorders [21]. Therefore, there may
be possible links between L-arginine consumption and the
prevention of cognitive decline. Synthesis of a selective drug
by means of lowering ADMA levels has also been

demonstrated in the Maas et al. (2005) study [22]. In our
study, a few medicines which are frequently used by diabetic
patients have been evaluated based on their effects on ADMA
levels. However, the results of comparisons of serum ADMA
levels in users and non-users of specific medicines and also in
patients with and without health conditions were not statisti-
cally significant and the results were mostly consistent with
previous studies. For example, the Nishiyma et al. (2011)
study on 56 statin users including atorvastatin users and 58
non-users has shown that ADMA levels are lower in statin
users [23]. Our study has shown the same result. About
losartan, the Ito et al. (2001) study showed 8 weeks of drug
therapy by losartan leads to reduction in ADMA levels [24].
The losartan users in our study also had a lower mean of
ADMA levels. The Mehmetoğlu et al. (2011) study proved
that only high doses of aspirin affect ADMA levels [25]. In
our study, the mean ADMA levels were only slightly different
in users and non-users of aspirin. Contrary to the results of
Asagami et al. and Hsu et al. studies, our findings have shown
that mean ADMA levels were lower in insulin users and
higher in metformin users [26, 27]. This observation can be
explained by a lower risk of cardiovascular disorders in type I
diabetic patients (insulin users) comparing to type II diabetic
patients (metformin users) [28].

However, the researches provide evidence to support the
hypothesis of increasing serum ADMA levels in both cardio-
vascular disorders and dyslipidemia [29]. But about thyroid
dysfunction, unlike the Arikan et al. (2007) study, our findings
have shown lower levels of ADMA in patients with thyroid
dysfunction [30]. This difference might be due to the methods
used for diagnostic criteria. Diagnosis of thyroid dysfunction in
our study was based on the medical history of the patients and
their medication while the Arikan et al. (2007) study included
recently diagnosed patients with laboratory examinations.

Table 4 Association of the main five WAIS-R subtests’ scores with age, educational status, and serum ADMA level of the study population (type 2
diabetic patients enrolled from Endocrinology Clinic, Imam Khomeini Hospital, Ardabil, Iran, from December 2019 to August 2020, n=128)

Information (n=128) Vocabulary (n=82) Digit-span (n=73) Picture completion (n=128) Block design (n=124)

Age (Pearson corr.) r −0.223* −0.427** −0.182 −0.285** −0.297**
p value 0.012 0.000 0.124 0.001 0.001

Education
(Spearman corr.)

rho 0.366** 0.471** 0.436** 0.299** 0.217*

p value 0.000 0.000 0.000 0.001 0.016

ADMA unadjusted β −0.071 −0.074 0.088 −0.150 −0.91
p value 0.445 0.528 0.477 0.107 0.337

ADMA adjusteda β −0.129 −0.064 −0.016 −0.191* −0.097
p value 0.188 0.646 0.902 0.049 0.319

ADMA asymmetric dimethylarginine
a Adjusted by age (years) and education status (illiterate, undergraduate, and college education)

*p value<0.05, **p value<0.005
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However, our study had some limitations, among which its
cross-sectional nature must be mentioned. As ADMA and L-
arginine compete with each other on NOS, it is better to assess
L-arginine levels at the same time to calculate L-arginine/
ADMA ratio as well. Moreover, serum ADMA levels of pa-
tients were not influenced by a single drug, and it is not clear
that these drugs lower ADMA levels by ameliorating patient’s
health conditions or by a specific mechanism related to
ADMA levels. In this way, future research focusing on the
mechanistic role of ADMApathway in the cognitive problems
may give a clear perspective on the ways through which met-
abolic disorders and environmental factors can lead to the
neurological problems in the suffering patients.

Conclusion

The results of the present study indicate the association of
increased serum levels of ADMA and reduced cognitive func-
tions. Therefore, the involvement of ADMA in the pathogen-
esis of cognitive decline in diabetic patients is likely. Further
prospective studies are required to clarify the mentioned
mechanism and assess the impact of reduction of serum
ADMA levels on a decrease in diabetic complications includ-
ing microvascular complications and also cognitive decline.
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Abstract
Aim and objective This study aimed to investigate whether circulating chemerin levels might be associated with visceral obesity
and other metabolic parameters in subject with newly diagnosed type 2 diabetes.
Methodology The study was conducted at Baqai Institute of Diabetology and Endocrinology (BIDE), Baqai Medical University
(BMU), Karachi. The study was carried out after ethical approval from ethics committee of BMU. Type 2 diabetic subjects ≥ 20
years of age and without any complication were included whereas subjects with type I diabetes mellitus, gestational diabetes, and
acute or chronic illness were excluded. A total of 75 subjects participated in the study and were divided into three groups, (n=25)
normal glucose tolerance (NGT), (n=25) type 2 diabetes (T2DM), and (n=25) impaired glucose tolerance (IGT) according to oral
glucose tolerance test (OGTT) [1].
Results A total of 75 subjects participated in the study, out of which 25 subjects were newly diagnosed with type 2 diabetes
(T2DM) and 25 subjects had impaired glucose tolerance (IGT) while 25 individuals had normal glucose tolerance (NGT).
Subjects with NGT had significantly lower FBS and RBS level than subjects with IGT and T2DM. HbA1c was significantly
higher in subjects with T2DM whereas chemerin level was significantly lower in T2DM as compared to subjects with NGT and
IGT. Among subjects with T2DM, it was observed that only HbA1c had positively strong correlation with chemerin level
(r=0.645, p=0.001) while FBS had positively moderate correlation with chemerin level (r=0.471, p=0.017). Correlation of
chemerin with diastolic blood pressure, RBS, and HDL was also moderate but non-significant.
Conclusion Newly diagnosed diabetic subjects had low serum chemerin levels with obesity compared to healthy individuals,
which could indicate a possibility of lifestyle modification practice in T2DM subjects.

Keywords Chemerin . Type 2 diabetes . Visceral obesity . Impaired glucose tolerance

Introduction

Incidence of diabetes mellitus is rising rapidly worldwide
as a result of modifications in lifestyle, such as unhealthy

diet and physical inactivity. Sedentary lifestyle and obesity
have been considered the main lifestyle-associated risk fac-
tors for causing diabetes. It has been proved that diabetes
can be prevented through lifestyle intervention, including
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weight loss and increasing physical activity [2]. According
to the National Diabetes Survey (NDSP 2016-17), preva-
lence of generalized obesity in Pakistan is 57.9% (42% in
males and 58% in females) and central obesity is 73.1%
(37.3% in males and 62.7% in females) as per WHO Asia
pacific cutoffs [3]. Furthermore, the population of Pakistan
is 207.77 million, out of which 48.21 million are hyperten-
sive and 27.4 million are suffering from type 2 diabetes
(T2DM) [3].

Adipose tissue synthesizes many kinds of adipokines
such as chemerin, leptin, adipocyte fatty acid-binding pro-
tein (A-FABP), omentin, retinol resisting binding protein-
4 (RBP-4), and adiponectin. Excessive secretion of
adipokines causes chronic inflammation and has a key
role in the development of insulin resistance in subjects
with T2DM [4]. Chemerin also plays an important role in
monitoring the metabolism of adipocytes and controlling
the rate of adipogenesis. These effects of chemerin can be
augmented through novel therapeutic methods for obesity
treatment [5, 6]. Serum chemerin is positively associated
with several indicators of metabolic syndrome such as
fasting serum insulin (FSI), serum triglyceride (TG),
fasting serum glucose (FPG), low-density lipoprotein
(LDL), body mass index (BMI), and homeostasis model
assessment for insulin resistance (HOMA-IR) [7].

The relationship between serum chemerin level and viscer-
al fat amount in subjects with newly diagnosed type 2 diabetes
has not been well studied yet, and this relationship may be
different in individuals with or without treatment [8].
Therefore, this study aimed to investigate whether circulating
chemerin levels are associated with visceral obesity and other
metabolic parameters in subject with newly diagnosed type 2
diabetes.

Methodology

The study was conducted at Baqai Institute of Diabetology
and Endocrinology (BIDE), Baqai Medical University
(BMU), Karachi. Type 2 diabetic subjects ≥ 20 years of
age and without any complication were included whereas
subjects with type I diabetes mellitus, gestational diabetes,
and acute or chronic illness were excluded. A total of 75
subjects participated in the study and were divided into
three groups, (n=25) with normal glucose tolerance
(NGT), (n=25) with type 2 diabetes (T2DM), and (n=25)
with impaired glucose tolerance (IGT) according to oral
glucose tolerance test (OGTT) [1]. A self-structured ques-
tionnaire was developed and details of the person’s demo-
graphic, medical, socioeconomic history, and physical ex-
amination were recorded.

Anthropometric measurements

Physical parameters included weight, height, bodymass index
(BMI), and waist and hip circumference and BMI was calcu-
lated as follows.

Body mass index BMIð Þ
¼ weight in kilograms=height in meters square

Weight and height were measured at the same time when the
individual was standing on a balance beam scale with light cloth-
ing, and without shoes. Height was determined nearest to 0.1 cm
andweight closest to 0.1 kg bymeans of a stadiometer.Waist and
hip circumference was measured from the mid-point between the
center point of the lower margin of the ribs and iliac crest [9].

Blood pressure was measured with a mercury sphygmoma-
nometer. To minimize the chances of error, participants had
taken a 10-min break in a resting position before the recording
of blood pressure and mean of the two readings was taken [9].

Biochemical parameters

Biochemical analysis of HbA1c, fasting and random blood sug-
ar, serum chemerin, serum triglyceride, high density lipoprotein
(HDL), low density lipoprotein (LDL), very low-density lipo-
proteins (VLDL), and total cholesterol was performed. Fasting
and random blood sugar levels of the study participants were
estimated by theGOD-PAPmethod [10]. HbA1Cwas estimated
by the HPLC method on Bio-Rad D10 analyzer. Blood sample
of 2 ml volume was drawn in a vacutainer containing ethylene-
diaminetetraacetic acid (EDTA). The D-10 analyzer calibrated
automatically with the calibrator loaded [10]. HDL cholesterol
was estimated by Immuno FS, a homogeneous method for HDL
cholesterol measurement. Antibodies against human lipoproteins
were used to form antigen-antibody complexes with LDL (low-
density lipoproteins), VLDL (very low-density lipoproteins),
and chylomicrons in a way that only HDL cholesterol is selec-
tively determined by an enzymatic cholesterol measurement
[11]. Serum chemerin levels were measured with an enzyme
immunoassay kit (Creative Diagnostics, USA), with a sensitivity
of less than 3 pg/ml, using ELISA plate reader equalizer ER
2005 (Eqiupar, Italy) [12].

Statistical analysis

Statistical analyses were performed using Statistical Package for
Social Sciences (SPSS) Version 20. Normally distributed con-
tinuous variables were presented as mean ± SD whereas contin-
uous variables that were not distributed normally were expressed
as median (interquartile range) while categorical variables pre-
sented as n (%). Student’s t-test, Mann–WhitneyU test, and chi-
square test were used as applicable. Pearson’s correlation

International Journal of Diabetes in Developing Countries (March–April 2023) 43(2):298–303 299



analysis was used to examine the relationship of serum chemerin
level with other variables. To determine predictable factors of
serum chemerin level, a multiple linear regression was perform-
ed. Variables which showed a potential association (p-val-
ue<0.20) with serum chemerin level in the Pearson’s correlation
were selected for multiple linear regression. Variables that were
not normally distributed such as chemerin level, fasting blood
sugar, random blood sugar, cholesterol, and triglyceride were log
transformed for better approximate normal distribution (in cor-
relation and regression analysis). Results were considered to be
statistically significant at p-value <0.05.

Result

A total of 75 subjects participated in the study, out of which 25
subjects were newly diagnosed type 2 diabetes subjects

(T2DM), 25 had impaired glucose tolerance (IGT), and 25
were normal glucose tolerant (NGT) individuals. Table 1 pre-
sents comparison of the baseline anthropometric and clinical
characteristics between subjects with NGT, IGT, and T2DM.
Subjects with T2DM were significantly older than subjects
with NGT and IGT with significantly elevated weight and
waist circumference (p-value <0.05), whereas hip circumfer-
ence and systolic blood pressure were significantly lower in
subjects with T2DM than subjects with NGT.

Table 2 presents comparison of biochemical variables be-
tween subjects with NGT, IGT, and T2DM. Subjects with
NGT had significantly lower FBS and RBS level than subjects
with IGT and T2DM. HbA1c was significantly higher in sub-
jects with T2DM whereas chemerin level was significantly
lower in T2DM as compared to subjects with NGT and IGT.
However, no significant difference was observed in lipid
profile.

Table 1 Comparison of baseline
anthropometric and clinical
characteristics between subjects
with NGT, IGT, and T2DM

Parameters NGT IGT T2DM

n 25 25 25

Age (years) 44.92±12.81 45.32±13.24 52±9.7ab

Height (cm) 160.68±9.51 160±11.59 165.6±9.23

Weight (kg) 67.76±14.42 70.16±12.38 77.08±15.95ab

BMI (kg/m2) 26.16±4.52 27.76±5.55 28.24±6.59

Gender Male 12(48%) 15(60%) 11(44%)

Female 13(52%) 10(40%) 14(56%)

Marital status Single 2(8%) 3(12%) 0(0%)

Married 23(92%) 22(88%) 25(100%)

Waist circumference (cm) 92.56±11.7 91.68±12.02 165.6±9.23ab

Hip circumference (cm) 100.32±10.37 101.68±18.95 77.08±15.95a

Systolic blood pressure (mmHg) 119.08±15.69 125.2±18.74 100.4±14.32a

Diastolic blood pressure (mmHg) 82.2±10.87 81.6±9.87 106.76±13.32

Data presented as mean ± SD or n (%)
a Significantly different to NGT
b Significantly different to IGT

Table 2 Comparison of
biochemical variables between
subjects with NGT, IGT, and
T2DM

Parameters NGT IGT T2DM

n 25 25 25

Fasting blood sugar (mg/dl) 88 (82.5–95.5) 113 (102.5–115)a 137 (126.5–178)ab

Random blood sugar (mg/dl) 101 (84.5–121.5) 147 (124–173)a 196.5 (127.5–232.7)ab

Cholesterol (mg/dl) 209 (184.5–273.5) 250 (188.5–291.5) 245 (203–304)

Triglyceride (mg/dl) 165 (96.5–219.5) 183 (129.5–243) 184 (145.5–234.5)

HDL (mg/dl) 39.36±9.36 37.24±5.93 38.84±6.68

LDL (mg/dl) 111.6±20.47 110.24±33.62 113.56±32.94

HbA1c (mg/dl) 5.48±0.51 5.52±0.71 6.4±1.66ab

Chemerin (pg/ml) 40 (36–363.5) 44 (34.5–433.5) 35 (33.5–40.5)ab

Data presented as mean ± SD or n (%)
a Significantly different to NGT
b Significantly different to IGT
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Table 3 shows the association of chemerin level with obe-
sity in subjects with NGT, IGT, and T2DM. Among subjects
with NGT, no significant difference was found in any catego-
ry of obesity in terms of chemerin level (p>0.05).

Among subjects with IGT, it was observed that subjects
with normal waist to hip ratio had significantly higher
chemerin level as compared to subjects with high waist to
hip ratio (p<0.05).

Among subjects with T2DM, chemerin level in subjects
with normal BMI and normal waist circumference was signif-
icantly lower than subjects with obesity and high waist circum-
ference, while no significant difference in chemerin level was
found between subjects with normal and high waist to hip ratio.

Table 4 presents relationship of serum chemerin levels with
various parameters among subjects with NGT, IGT, and
T2DM. Among subjects with NGT, chemerin level showed

Table 3 Association of chemerin
level with obesity in subjects with
NGT, IGT, and T2DM

Chemerin level (pg/ml) p-value

NGT

Non-obese (BMI< 25 kg/m2) 122.5 (38–679.5) 0.134
Obese (BMI≥ 25 kg/m2) 37 (34–301)

Normal waist circumference (male <90 cm, female < 80 cm) 38 (36–1176) 0.544
High waist circumference (male ≥90 cm, female ≥ 80 cm) 41 (35.5–315.75)

Normal waist to hip ratio (< 0.9 in males, < 0.85 in females) 40 (37.5–1259) 0.444
High waist to hip ratio (≥ 0.9 in males, ≥ 0.85 in females) 40 (34–360)

IGT

Non-obese (BMI< 25 kg/m2) 87 (38–1282) 0.289
Obese (BMI≥ 25 kg/m2) 42 (34–240)

Normal waist circumference (male <90 cm, female < 80 cm) 65.5 (40.75–730.75) 0.503
High waist circumference (male ≥90 cm, female ≥ 80 cm) 42 (34–320)

Normal waist to hip ratio (< 0.9 in males, < 0.85 in females) 547 (60.5–1073) 0.038
High waist to hip ratio (≥ 0.9 in males, ≥ 0.85 in females) 40 (34.25–117.25)

T2DM

Non-obese (BMI< 25 kg/m2) 34 (31.5–34.3) 0.021
Obese (BMI≥ 25 kg/m2) 36 (34–46)

Normal waist circumference (male <90 cm, female < 80 cm) 33 (30.5–34.75) 0.044
High waist circumference (male ≥90 cm, female ≥ 80 cm) 36 (34–44)

Normal waist to hip ratio (< 0.9 in males, < 0.85 in females) 35 (33.5–60) 0.864

High waist to hip ratio (≥ 0.9 in males, ≥ 0.85 in females) 35.5 (33.25–41.25)

Data presented as median (IQR); p-value < 0.05 considered to be statistically significant

Table 4 Relationship of serum
chemerin level with various
parameters in subjects with NGT,
IGT, and T2DM

Parameters NGT IGT T2DM

r p-value r p-value r p-value

Age −0.274 0.184 −0.28 0.175 −0.093 0.657

BMI −0.349 0.088 −0.013 0.951 −0.037 0.86

Waist circumference −0.281 0.173 −0.274 0.185 0.001 0.995

Hip circumference −0.253 0.222 0.085 0.688 0.034 0.872

Waist to hip ratio −0.148 0.48 −0.407 0.044 −0.036 0.864

Systolic blood pressure −0.179 0.391 −0.313 0.127 0.092 0.663

Diastolic blood pressure −0.054 0.796 −0.33 0.108 −0.228 0.274

Fasting blood sugar −0.429 0.032 −0.185 0.376 0.471 0.017

Random blood sugar −0.017 0.937 0.054 0.797 0.301 0.173

Cholesterol −0.127 0.545 −0.464 0.019 −0.09 0.668

Triglyceride −0.3 0.145 −0.33 0.107 −0.196 0.348

HDL 0.145 0.488 0.012 0.954 0.205 0.325

LDL −0.164 0.434 −0.15 0.473 −0.082 0.696

HbA1c −0.179 0.393 −0.293 0.155 0.645 0.001

p-value < 0.05 considered to be statistically significant
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significantly moderate negative correlation with fasting blood
sugar (r=−0.429, p<0.05), while age, BMI, triglyceride, and
waist and hip circumference showed weak negative non-
significant correlation with chemerin level.

Among subjects with IGT, a significantly moderate negative
correlation of chemerin level with waist to hip ratio (r=−0.407,
p=0.044) and cholesterol (r= −0.464, p=0.019) was observed.
Moreover, age, waist circumference, systolic blood pressure,
diastolic blood pressure, triglyceride, and HbA1c showed weak
negative non-significant correlation with chemerin level, while
no correlation of chemerin level was found with BMI, hip cir-
cumference, FBS, RBS, HDL, and LDL.

Among subjects with T2DM, it was observed that only
HbA1c had positively strong correlation with chemerin level
(r=0.645, p=0.001) and FBS had positively moderate correla-
tion with chemerin level (r=0.471, p=0.017). Correlation of
chemerin with diastolic blood pressure, RBS, and HDL was
also moderate but non-significant, while no correlation of
chemerin level was found with age, BMI, waist circumfer-
ence, hip circumference, waist to hip ratio, systolic blood
pressure, cholesterol, and LDL in subjects with type 2
diabetes.

Table 5 presents multiple linear regression of variables as-
sociated with serum chemerin levels in subjects with type 2
diabetes. It was noted that only fasting blood sugar and tri-
glycerides were significantly associated with serum chemerin
level among subjects with type 2 diabetes.

Discussion

In the present study, serum chemerin level was found to be
lower in subjects with newly diagnosed type 2 diabetes as
compared with other groups. Study by Bozaoglu et al. did
not find any difference in chemerin level between subjects
with T2DM and controls that can acknowledge our findings
[13]. As in general, the most common method used to check
abdominal adiposity is waist circumference [14].
Corresponding with waist circumference and obesity in our
study in subjects with newly diagnosed type 2 diabetes re-
vealed low serum chemerin levels. This might be due to

relatively small sample size and lifestyle intervention in
T2DM subjects [15].

In our study, HbA1c and FBS showed positive correlation
with chemerin and no correlation was seen with blood pres-
sure in subjects with newly diagnosed type 2 diabetes.
Evidence from the past has revealed that systolic blood pres-
sure was also significantly higher in subjects with type 2 dia-
betes [16]. In accordancewith the present study, chemerin was
not higher in type 2 diabetic subjects with hypertension and no
correlation of blood pressure with chemerin was identified
[17]. Many studies in the past determined a weak positive
correlation between blood pressure and chemerin in T2DM
subjects with coronary artery disease, renal dysfunction, and
hypertension [18]. In previous studies, serum chemerin levels
were positively correlated with FBS and HbA1c that is con-
sistent with current findings [19]. This consistency supports
the proposed theory that chemerin is entailed in the patho-
physiology of insulin resistance.

As earlier studies had reported, multiple factors like BMI,
waist-to-stature ratio (WSR), 2-h plasma glucose (2hPG),
HbA1c, and HDL-c were independently influencing plasma
chemerin levels [18]. Multiple linear regression analysis re-
vealed that fasting blood glucose and triglycerides were inde-
pendent predictors of serum chemerin level in this study in
subjects with newly diagnosed type 2 diabetes. Thus, circulat-
ing chemerin showed a strong and independent association
with key markers of metabolic syndrome, especially obesity
and insulin resistance. Moreover, it raises the possibility that
chemerin may be of value as a biomarker for these disorders.

The cross-sectional nature of the study, small sample size,
and unavailability of subcutaneous fat data are the main lim-
itations of our study. The strength of this study is to provide
important data considering the relationship between visceral
adiposity and chemerin in T2DM subjects. Further longitudi-
nal studies with a large sample size and genetic factors anal-
ysis are required.

Conclusion

Newly diagnosed diabetes subjects having obesity expressed
low elevated serum chemerin levels as compared to healthy
subjects that may attribute to intensive lifestyle intervention
practices. Circulating levels of adipokines are known to
change with increased adiposity and are therefore recognized
as contributing factors in the metabolic changes that are seen
in obesity and lead to the development of T2DM. These find-
ings suggested that chemerin may be a marker that reflects
central and general obesity in response. Further large-scale
studies are required to validate our findings.

Table 5 Multiple linear regression analysis expressing independent
predictors of serum chemerin levels in subjects with type 2 DM

Factors Standardized coefficients (β) p-value

Fasting blood sugar 0.682 0.001

Triglyceride −0.489 0.013

Stepwise backward elimination method was used

p-value < 0.05 considered to be statistically significant
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Abstract
Objective Passive smoking is associated with an increased risk of type 2 diabetes (T2DM). We tested whether the protein
tyrosine phosphatase receptor type D (PTPRD) gene rs17584499 single-nucleotide polymorphism is associated with (T2DM)
and whether its interaction with passive smoking affects women’s susceptibility to T2DM.
Methods The subjects were from a community-based survey conducted in Nanchang, China, betweenMay 2017 and June 2018.
The study included 160 women with 79 T2DM patients as the T2DM group and 81 healthy volunteers without diabetes as the
control group. Peripheral blood genomic DNAwas extracted to detect the genotype of the target site of the PTPRD gene. Logistic
regression analysis was performed to study the association between the rs17584499 SNP and the risk of T2DM and to analyse the
influence of the interaction between genes and passive smoking on susceptibility to T2DM.
Results After adjusting for age, LDL-C, HDL-C, TC, TG, FINS, IL-18, hs-CRP, and cotinine, binary logistic regression analysis
did not find a significant association between rs17584499 and susceptibility to diabetes. After stratifying according to passive
smoking, we found that passive smoking women with the CT/TT genotype had a higher risk of T2DM compared with the CC
genotype (OR = 3.50, 95 % CI = 1.18~10.44, p = 0.02), but no significant difference was found in non-passive smoking.
Conclusions This study shows that the T allele of rs17584499may be a risk factor for female T2DM and that there is a synergistic
effect between passive smoking and PTPRD rs17584499 on the susceptibility to T2DM among females.

Keywords PTPRD . Passive smoking . Type 2 diabetes

Introduction

Type 2 diabetes (T2DM) has become a public health problem
in the world, especially in developing countries. An epidemi-
ological survey conducted by the Endocrinology Branch of
the Chinese Medical Association in 31 provinces in China
from 2015 to 2017 showed that the prevalence of diabetes in
people aged 18 and over was 11.2% [1]. T2DM is caused by

the interaction of a variety of genetic variants and environ-
mental factors. Increasing evidence shows that passive
smoking is an independent risk factor for T2DM [2].
PTPRD is a member of the receptor IIA (R2A) subfamily of
protein tyrosine phosphatases (PTPs) and participates in the
insulin signal transduction pathway. Studies have indicated
that the role of PTPRD in the pathogenesis of T2DM may
be caused by DNA hypermethylation, resulting in PTPRD
silencing and reducing insulin signal transduction [3]. Large-
scale genome-wide association studies have confirmed that
the PTPRD rs17584499 SNP is closely related to the suscep-
tibility of the Han population to T2DM [4]. However, there
are differences in research in different populations. Studies in
the Chinese population have shown that the rs17584499 site
of the PTPRD gene can affect the response of cells to insulin
to produce insulin resistance, which is a susceptibility site for
T2DM [5]. The T allele frequencies of the PTPRD
rs17584499 polymorphism in Chinese health controls and
T2DM patients were 9.4% and 12.9%, respectively [6].
However, in the Japanese population, a negative result was
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obtained, which may be related to the small sample size of the
study, which makes the statistical power of the conclusions
poor [7]. Currently, there are few reports about the relation-
ship between tobacco smoke and the dysregulated expression
of PTPRD. Whether passive smoking plays a role in the epi-
genetics of the PTPRD gene, and whether passive smoking
and the occurrence of diabetes are related to diabetes suscep-
tibility genes are still unclear, and more relevant studies are
needed to prove it. Therefore, we explored the influence of
passive smoking and PTPRD rs17584499 gene polymor-
phism on female T2DM.

Materials and methods

Participants

The subjects were from a community-based survey con-
ducted in Nanchang, China, between May 2017 and
June 2018. A total of 249 people were surveyed, 89 peo-
ple who had been diagnosed with diabetes before the sur-
vey or who had omitted important data were excluded,
and the remaining 160 people were finally included in
the analysis of this study (age 25~95 years, mean age:
56.61 ± 11.20 years). A three-stage sampling method
was used to select representative samples. In the first
stage, three administrative regions of Nanchang City were
randomly selected. In the second stage, one street was
randomly selected from the three sampled administrative
regions. In the third stage, two residential communities
were randomly selected from the randomly selected
streets. Inclusion criteria: ≥18 years old, non-smoking,
female. Exclusion criteria: Type 1 diabetes, malignant
tumors, subjects with active inflammation, hypothalamic
diseases, pituitary diseases, adrenal gland diseases, preg-
nant and lactating women, and those with incomplete in-
formation collection. Through a questionnaire survey, we
screened out patients exposed to passive cigarette smoke
earlier than the onset of diabetes. Ultimately, 79 type 2
diabetes patients and 81 healthy controls were included,
including 96 passive smokers and 64 nonpassive smokers.
All subjects signed an informed consent form, and the
study was approved by the Medical Ethics Committee of
the Second Affiliated Hospital of Nanchang University.

Diagnostic criteria for T2DM

T2DM was defined as a self-reported history of T2DM (con-
firmed by the use of insulin or oral hypoglycemic agents) plus
newly diagnosed T2DM using WHO diagnostic criteria for
diabetes (fasting glucose ≥ 7.0 mmol/l or 2 h postprandial
glucose ≥ 11.1 mmol/l) [8].

Diagnostic criteria for passive smoking

The passive smoking group in this study was defined as indi-
viduals with indoor exposed to cigarette smoke for ≥ 15 min/
day, 3 days/week, for > 1 year. The nonpassive smoking
group reported zero exposure to cigarette smoke or exposure
to cigarette smoke for < 5 min/day.

Questionnaire

We designed the questionnaire used in this survey, including
five parts: general items, family history, past diagnosis and
treatment of major diseases, lifestyle, physical examination,
and laboratory examination. Among them, general items in-
clude basic information and general conditions; past diagnosis
and treatment of major diseases include the time of onset of
diabetes, family history of diabetes, history of hypertension,
history of coronary heart disease, history of stroke and drug
use; lifestyle mainly include smoking, drinking, physical la-
bor, and the time to start exposure to passive cigarette smoke.
The questionnaires were filled out by endocrinologists and
postgraduates of the Second Affiliated Hospital of Nanchang
University, after unified training and one-to-one method.

Laboratory assays

Trained medical students or doctors conducted face-to-
face interviews using structured questionnaires. The main
content included age, occupation, education, passive
smoking, and chronic diseases such as diabetes, hyperten-
sion, coronary heart disease, family history, and medica-
tion history. Blood was collected on an empty stomach
(fasting for at least 8 h) and 2 h after OGTT (timing from
the first intake of glucose). Fasting blood glucose (FPG)
and 2-h blood glucose (2hPG) after OGTT were detected
by the glucose oxidase method, fasting insulin (FINS) was
detected by electrochemiluminescence immunoassay, and
an automatic biochemical analyser was used to determine
glycosylated haemoglobin (HbA1c) and total cholesterol
(TC), triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C). Human interleukin-18 (IL-18) was detected by
the double-antibody sandwich ELISA method. For the
determination, the serum high-sensitivity C-reactive pro-
tein (hs-CRP) level was determined by the immuno-rate
turbidimetry method, and the serum cotinine concentra-
tion was determined by the calorimetric method.

Genomic DNA extraction and genotyping

PCR amplification was performed on the PTPRD
rs17584499 site, and a 2% agarose gel was used for
detection. The amplified fragments were sequenced by
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the Sanger DNA sequencing method. The sequencing
results were analysed by Jellyfish software to determine
the SNP type. The forward sequence of the PCR primer
at the rs17584499 site was (5 ′-3 ′) TCAGTCCT
ACACCTCACCCAAG, and the reverse primer sequence
was (5′-3′) CCAGGATAACAGGAACAATGAAATAG
C. The amplification conditions were as follows: dena-
ture at 95 °C for 5 min, then each temperature (94 °C/
60 °C/72 °C) for 30 s each for 32 cycles, then extend at
75 °C for 5 min, and finally hold at a constant temper-
ature of 4 °C.

Statistical analysis

SPSS 23.0 software was used for statistical analysis.
Continuous variables conforming to a normal distribution
are expressed as the mean ± standard deviation, and an
independent sample t test was used for analysis. Data with
a nonnormal distribution are represented by the median
(IQR), and nonparametric tests of two independent sam-
ples were used. Categorical variables are expressed as
frequencies or percentages, and the χ2 test was used for
statistical analysis. Genotype distribution and allele fre-
quency were analysed using the χ2 test. A goodness of
fit χ2 test was used to evaluate whether the genotypic
distribution of the PTPRD rs17584499 polymorphism
was in accordance with the Hardy–Weinberg equilibrium
in the T2DM and control groups. Logistic regression was
used to analyse the effects of PTPRD rs17584499 and
passive smoking on T2DM. A bilateral p value <0.05
indicates a significant difference.

Results

Table 1 shows the clinical baseline data of the T2DM group
and the control group. There were no significant differences in
age, HDL, LDL, TC, CRP, IL-18, cotinine solubility, and
passive smoking between the two groups (p > 0.05). The
distribution of TG, FPG, 2hPBG, HbA1c, and FINS levels
in the T2DM group were significantly higher than those in
the control group (p < 0.05).

Table 2 shows the distribution frequency of PTPRD
rs17584499 polymorphism genotype. The genotype distribu-
tion of rs17584499 in the control group accorded with the
Hardy-Weinberg equilibrium distribution (p > 0.05). In the
current female subjects, we have adjusted for age, LDL-C,
HDL-C, TC, TG, FINS, IL-18, hs-CRP, and cotinine, and the
susceptibility of PTPRD rs17584499 to T2DM was not statis-
tically different (OR = 1.96, 95% CI = 0.78~4.95, p = 0.15).

Table 3 shows the effect of the interaction between the
PTPRD rs17584499 genotype and passive smoking on
T2DM. The average cotinine solubility level of the passive
smoking group was significantly higher than that of the non-
passive smoking group. After stratifying according to passive
smoking, we found that passive smoking women with the CT/
TT genotype had a higher risk of T2DM compared with the CC
genotype (OR = 3.50, 95 % CI = 1.18~10.44, p = 0.02), but no
significant difference was found in non-passive smoking.

Discussion

In this study, the correlation between PTPRDrs17584499
polymorphism and T2DM was not statistically different,

Table 1 Characteristics of the
study participants Variables T2DM (n = 79) Control (n = 81) p value

Age, y 57.70 ± 10.90 55.31 ± 11.32 0.85

LDL-C (mmol/L) 3.02 ± 0.88 2.80 ± 0.77 0.17

TC (mmol/L) 4.95 ± 0.95 4.63 ± 0.89 0.26

HDL-C (mmol/L) 1.43 ± 0.37 1.48 ± 0.26 0.31

TG (mmol/L) 1.78 ± 01.30 1.23 ± 0.60 <0.05

FPG (mmol/L) 5.78 ± 1.76 4.81 ± 0.59 <0.05

2hPG (mmol/L) 10.17 ± 3.88 5.98 ± 1.29 <0.05

HbA1c (%) 6.05 ± 1.16 5.51 ± 0.39 <0.05

FINS (μU/mL) 11.97 ± 12.72 6.13 ± 4.36 <0.05

IL-18 (ng/L) 157.20 (132.68~180.68) 149.01 (134.52~177.39) 0.35

Hs-CRP (mg/L) 2.22 (1.62~3.23) 1.84 (1.50~3.17) 0.11

Cotinine (pg/mL) 1600.39 (1376.08~1828.77) 1653.40 (1307.84~1919.78) 0.82

Passive smoking 41 (51.90 %) 55 (67.90%) 0.06

Data are presented as mean (SD) or median (IQR) or n (%). LDL-C low-density lipoprotein cholesterol, TC total
cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides, FPG fasting blood glucose, 2hPG 2-h
blood glucose after OGTT, HbA1c glycosylated haemoglobin, FINS fasting insulin, IL-18 human interleukin-18,
Hs-CRP high-sensitivity C-reactive protein
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and we adjusted for factors influencing the risk of diabe-
tes (age, LDL-C, HDL-C, TC, TG, FINS, IL-18, hs-CRP,
and cotinine), the results were still insignificant, but there
was a correlation trend, which may be related to the small
sample size of the study and the poor statistical power of
the conclusions obtained. However, after dividing passive
smoking into groups, the effect of passive smoking and
PTPRD polymorphism was significant. Compared with
passive smoking women with CC genotype, CT/TT geno-
type had a higher risk of T2DM. Another study involving
individuals of Chinese Han nationality showed that the
rs17584499 TT mutation of PTPRD is a risk factor for
diabetes, and the level of insulin resistance in TT gene
carriers is elevated [5]. However, two studies conducted
in Mexican Americans and Japanese populations did not
find that the PTPRD gene is associated with diabetes [7,
9]. A recent prospective study in China found that muta-
tions in the PTPRD gene are associated with the incidence
of T2DM in the rural Han population, and confirmed that
the risk allele T of rs17584499 in PTPRD is a risk factor
for T2DM [10].

Some previous studies have focused on the associa-
tion between PTPRD gene polymorphisms and diabetes,
but the results of this association are inconsistent [5, 11,
12]. Increasing attention is being paid to the compre-
hensive influence of genes and environmental factors
on T2DM. In this study, we did not observe that the
polymorphism of PTPRD rs17584499 is associated with
the susceptibility of Han women to T2DM. However,
after stratifying the subjects according to whether pas-
sive smoking or not, it was found that the interaction
between passive smoking and rs17584499 CT/TT geno-
type was associated with T2DM. The association

between passive smoking and diabetes risk has been
previously reported and confirmed [13, 14]. Cigarette
smoke can increase oxidative stress, amplify inflamma-
tion, and cause endothelial dysfunction, all of which are
related to insulin resistance [15, 16]. In addition, nico-
tine in cigarettes can cause progressive pancreatic mito-
chondrial damage and β-cell dysfunction [17]. The
PTPRD protein is mainly distributed in insulin-
sensitive tissues and cells. It is a subunit of the leuko-
cyte antigen-related subfamily of protein tyrosine phos-
phatases (LAR-PTPs). LAR-PTP is an important sub-
family of amino acid phosphatases, and protein tyrosine
phosphatase is a key enzyme in insulin signal transduc-
tion, has an important impact on the occurrence and
development of T2DM, and participates in regulating
the speed and time of insulin receptor signal transduc-
tion. A study of 1138 Chinese Han participants also
concluded that the risk-giving T allele of rs17584499
is related to insulin resistance [5]. Although the mecha-
nism of the interaction between passive smoking and
the PTPRDrs17584499 polymorphism in T2DM is un-
known, and there have been few studies on the subject,
it has been shown that both passive smoking and
PTPRD can mediate insulin resistance. This study has
certain limitations. First, the sample size is insufficient
and more SNPs should be inc luded , no t jus t
rs17584499. Second, to study the interaction between
genes and the environment, more ways should be con-
sidered, such as lifestyle, exercise, and drinking.
Therefore, large-scale studies are needed to further
confirm.

In summary, the T allele of rs17584499 of PTPRD
and passive smoking are related to the susceptibility of
T2DM, which may be mediated by insulin resistance.
However, passive smoking is very common in women,
but most women do not know that passive smoking will
seriously harm their health, as active smoking does.
This study confirmed the influence of passive smoking
and PTPRD gene on diabetes susceptibility, indicated by
the appearance of diabetes. Genetics provides support.
Thus, it is recommended that passive smoking education
for diabetic patients be strengthened to prevent diabetes
and other chronic diseases.

Table 2 PTPRD rs17584499 genotype frequency in the T2DM and
control groups

SNP T2DM/
Control

OR (95%CI) p value

CC 67/61 1

CT/TT 12/20 1.96(0.78~4.95) 0.15

Adjusted for age, LDL-C, HDL-C, TC, TG, FINS, IL-18, hs-CRP, cotin-
ine. CI confidence interval, OR odds ratio

Table 3 Odds ratios for the
combined effect of PTPRD
rs17584499 and passive smoking
on T2DM

Smoking status Genotype T2DM Control OR (95%CI) p value

Non-passive smoking CC 31(81.6) 24(92.3) 1

CT/TT 7(18.4) 2(7.7) 0.37 (0.07~1.94) 0.24

Passive smoking CC 36(87.8) 37(67.3) 1

CT/TT 5(12.2) 18(32.7) 3.50 (1.18~10.44) 0.02

CI confidence interval, OR odds ratio
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Abstract
Background Retinol-binding protein 4 (RBP4) is considered as an adipocaine which plays an important role in regulating insulin
function and glucose metabolism.
Objectives The present study aimed to investigate the effect of a period of endurance, resistance, and concurrent training on the
expression and protein levels of RBP4 in visceral adipose tissue (VAT) and subcutaneous fat tissue (SAT) in diabetic rats with
STZ.
Method Thirty-six male Wistar rats (4 to 8 weeks old) became diabetic through nicotinamide and Streptozocin and were
randomly divided into control (CON), aerobic exercise (AE), resistance exercise (RE), and concurrent training (CT) groups.
AE with an intensity of 60 to 75% VO2max was performed for 10–40 min on a treadmill (0% slope), and RE included 10 ascents
of a 1-m ladder or a weight 30–30% of the rat weight. In addition, CT included a combined AE and RE. The exercises were
performed for 8 weeks and 5 days a week.
Results All three types of exercise reduced the expression and RBP4 protein of VAT and SAT in diabetic rat. However, a
significant decrease was observed in the expression and RBP4 protein of SAT in the CT group compared to that of RT. Further,
homeostatic model assessment for insulin resistance (HOMA-IR) had a significant decrease compared to CON in the experi-
mental groups.
Conclusion Three types of exercise improve insulin resistance in diabetic rats by reducing the expression and levels of RBP4
protein in VAT and SAT. However, the effect of CT is greater than RT.

Keywords Exercise . RBP4 . Insulin resistance . Diabetic rat

Introduction

Type 2 diabetes mellitus (T2DM) is still considered as one of
the main causes of death worldwide despite some advances in
medicine [1]. The studies indicated that chronic inflammation
and insulin resistance, which are the features of T2DM, are
closely related to inflammatory factors and abnormal produc-
tion of adipokines [2]. Adipose tissue (AT) secretes many
adipokines as an endocrine gland which modulates insulin
action in other tissues [3]. Retinol 4–binding protein (RBP4)
is a 21 kDa adipokine synthesized in liver tissue and carries

retinol. It was found that RBP4 is released by adipocytes and
macrophages [4]. Serum RBP4 levels are positively correlated
with RBP4 mRNA in AT and abdominal adipose mass [5]. In
addition, STZ-induced diabetes increases the expression of
RBP4 in the visceral adipose tissue, liver, and muscle [6].
Increased expression of RBP4 in AT and serum levels of
RBP4 is related to insulin resistance; however, some conflict-
ing results were obtained by some studies [7, 8]. In diabetic
rats, an increase in RBP4 is related to an increase in insulin
resistance, and a decrease in RBP4 decreases insulin resis-
tance [6]. In addition, RBP4 increases inflammation in mice
through activating innate and acquired immune responses [9].
Since RBP4 is directly related to visceral fat and increase AT
inflammation [5], some measures aimed at reducing fat re-
duces RBP4 secretion and insulin resistance. Exercise is con-
sidered as one of the most important ways to prevent and treat
diabetes. Since physical exercise has multiple effects and low
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cost, it was considered as a leading strategy for T2DM man-
agement [10]. Accordingly, exercise has the same effect, al-
though it is not more effective than some drugs in reduc-
ing T2DM [1, 11]. Some indicated that AE [6] and RE [6]
improve diabetes through reducing RBP4 levels. Most
studies indicated that moderate-intensity AE is performed
to control diabetes. Therefore, the American College of
Sports Medicine (ACSM) and the American Diabetes
Association (ADA) jointly recommended 150 min of
moderate/severe AE to prevent or delay diabetes for
T2DM patients [12]. However, RE improved metabolic
function and the factors affecting T2DM, although some
differences were observed [13]. On the other hand, com-
bining AE and RE, called CT, has a more desirable effect
on diabetic patients due to the principle of exercise spec-
ificity, and is recommended for such patients [14].
However, limited information on the effect of AE, RE,
and CT on RBP4 changes in VAT and SAT of diabetic
mice is available. The changes in this adipokine according
to the type of exercise activity provide a suitable and
important perspective for choosing the type of exercise
activity to control and treat diabetes. Therefore, the pres-
ent study aimed to compare three training methods on the
changes in RBP4 of VAT and SAT of diabetic mice with
STZ.

Materials and methods

Animals

Thirty-six male Wistar rats (4–8 weeks old, 125–135 g
weight) were acquired and maintained (for a week) in the
Animal House of the Faculty of Physical Education and
Sports Science of Tehran. Five rats were housed per cage
(46 L) with a 12:12-h light/dark cycle. Temperature and hu-
midity were maintained at 22 °C ± 1.4 °C and 50% ± 5%,
respectively. Diets (pellet form) and water were provided ad
libitum. After transferring to the laboratory, rats underwent
induction of diabetes and were allocated to a control group
(CON; n=9), aerobic exercise (AE; n=9), resistance training
(RT; n=9), and concurrent training (CT; n=9) using a random-
ized block design with stratification by body mass (_250 g or
>250 g). Those in the T groups underwent a familiarization
session with the exercise.

Generating diabetic animal

Rats became diabetic following administration of nicotin-
amide and streptozotocin [15]. First, nicotinamide (95 mg/kg
body weight and dissolved in saline) was injected intraperito-
neally. After 15 min, streptozotocin (55 mg/kg dissolved in
0.1M citrate buffer solution at 4.5 pH) was injected

intraperitoneally. Diagnosis of diabetes in rats was determined
5 days after injections through a sampling of blood from the
tail. Blood glucose levels as determined by glucometer be-
tween 126 and 400 mg/dl of blood were indicative of diabetes
[16].

Biopsy

Forty-eight hours after the last training session, rats were
anesthetized with intraperitoneal administration of a mixture
of ketamine (30–50 mg/kg body weight) and xylazine (3–5
mg/kg body weight). VAT and SAT were removed and
washed with saline, then underwent freeze clamping. The su-
pernatant was separated and placed into special tubes which
were cooled with liquid nitrogen and preserved in a freezer at
a temperature of −80 °C until the time of measuring.

Sampling measurement and data analysis

Serum RBP4 concentration in VAT and SAT was measured
by the ELISA method through a special kit (ZellBio GmbH,
Germany) which among its components included the Anti-
RBP4 Antibody Coated Plate (EKU07106).

Insulin and glucose

Plasma insulin and glucose were measured by the ELISA
method, using a special kit (ZellBio GmbH- Germany).
Homeostatic model assessment for insulin resistance
(HOMA-IR) was calculated as fasting blood glucose fasting
insulin/22.5 [17].

RBP4 RNA isolation, cDNA synthesis, and real-time
PCR

The total RNA was extracted from 20mg of VAT using RNA
purification kits (QIAGEN Rneasy protects mini kit).
Complementary DNA (cDNA), utilizing an extended cDNA
synthesis kit (One Step SYBR TAKARA), was measured
based on the standard manufacturer’s protocol. Expected frag-
ment size and gene bank accession numbers are listed in
Table 1. PCR was carried out on the Rotor-Gene 6000 Real-
time PCR system (Corbett Life Science) with cycler condi-
tions listed in Table 2.

The melting curve was analyzed at the end of the PCR
cycle to determine the validity of the expected PCR product.
The thermal cyclic protocol used by the Rotor-Gene device in
Real-Time PCR was 42° for 20 min, 95° for 2 min and 40
cycles at 94° for 10 s and 60° for 40 s. After the PCR steps,
temperatures 50 to 99 °C were used to prepare the melting
curve and analyze the primer properties. RNA polymerase
was used as a control gene to determine the expression of
RBP4 (Fig. 1). Reaction cycle thresholds were extracted and
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recorded using Rotor-Gene 6000 Real-Time PCR software. A
comparative DDCT method was used to quantify the expres-
sion of TCFmRNA. The relative levels of mRNA were ana-
lyzed by the 2–DDCt method.

Training protocol

Training group was performed 5 days/week over a total of 8
weeks. AE was performed with intensity set at an estimated
60–75% of VO2max and each session lasting from 10 to
40 min duration. RT was performed consisting of 10 climbs
on a 1-m ladder set at an incline of 85°; a weighted resistance
of 30–100% of body mass (resistance exercise) was utilized
during the climbs. There was a 90-s rest interval between
climbs. In addition, CT included a combined AE (performed
in the morning) and RT (performed in the afternoon). The
interval between bouts of AE and RT was 8 h. The CT proto-
col was adapted from previous literature in rats [18], following
common procedures to carry out animal exercise training [19].

Statistical analysis

The Shapiro–Wilk test was used to evaluate the normal distribu-
tion of the findings and one-way ANOVA along with Tukey’s
post hoc test was used to analyze the findings (p<0.05).

Results

Tables 3 and 4 show the mean changes in weight, insulin, and
glucose in different groups.

Exercise decreases RBP4 mRNA levels in VAT of
diabetic rats

Based on the data analysis, a significant difference was ob-
served in the rate of changes in RBP4 expression in VAT
among different groups (p = 0.007, F = 4.762). The results
of Tukey post hoc test indicated a significant decrease in the
rate of changes in RBP4 expression of VAT in AE (p =
0.018), RT (p = 0.037), and CT (p = 0.014) groups compared
to CON group (Fig. 2).

Exercise decreases RBP4 mRNA levels in SAT of
diabetic rats

In addition, a significant difference was reported in the rate of
changes in RBP4 expression in SAT between different groups
(p = 0.000, F = 18.801). Further, a significant decrease oc-
curred in the rate of changes in RBP4 expression of SAT in
AE (p = 0.000), RT (p = 0.001), and CT (p = 0.000) groups
compared to that of CON group. The decrease was significant
in the CT group (p = 0.022) compared to that of RT (Fig. 3).

Exercise decreases RBP4 protein levels in VAT of
diabetic rats

Additionally, a significant difference occurred in RBP4 pro-
tein changes in VAT among the groups (p = 0.000, F =
12.214). Furthermore, there was a significant decrease in the
amount of RBP4 protein in VAT of AE (p = 0.000), RT (p =
0.004), and CT (p = 0.000) groups compared to that of CON
group (Fig. 4). The statistical analysis indicated a significant
difference in the amount of RBP4 protein changes in SAT
among different groups (p = 0.000, F = 21.035).

Exercise decreases RBP4 protein levels in SAT of
diabetic rats

Moreover, a significant decrease occurred in the amount of
RBP4 protein in SAT of AE (p = 0.001), RT (p = 0.022), and
CT (p = 0.000) groups compared to that of the CON group.
The decrease was significant in the CT group (p = 0.046)
compared to that of RT (Fig. 5).

Table 1 Oligonucleotide primer
sequences and real-time PCR
amplification parameters

Genes Forward and reverse primer sequences Scale (OD) Purification

F RBP4: (5' → 3') TGCAGGGTGAGCAGCTTCAG 2 BioRP

R RBP4: (5' → 3') CACTTCCCAGTTGCTCAGAAG 2 BioRP

F GAPDH: (5' → 3') AAGTTCAACGGCACAGTCAAGG 2 BioRP

R GAPDH: (5' → 3') CATACTCAGCACCAGCATCACC 2 BioRP

Table 2 Real-time cycler conditions

Steps Time Temperature

PCR initial activation step 20 min 42 °C

Denaturation 2 min 95 °C

40 cycle Combined annealing/extension 10s 94 °C

Melting curve 5 min 50 to 99°C

Cooling End 40 °C

Int J Diabetes Dev Ctries (March–April 2023) 43(2):309–316 311



Exercise decreases insulin resistance in diabetic rats

Statistical analysis indicated that a significant difference in the
amount of HOMA-IR protein changes among different groups
(p = 0.000, F = 11.370). The results of Tukey post hoc test
indicated a significant decrease in HOMA-IR in AE (p =
0.008), RT (p = 0.000), and CT (p = 0.012) groups compared
to that of the CON group (Fig. 6).

Discussion

Based on the results, all three types of exercises significantly
reduced the expression and level of RBP4 protein in the tis-
sues of VAT and SAT of diabetic rats with STZ. Increasing
the RBP4 levels and inflammation is considered as one of the
consequences of diabetes and exercise reduced the levels of
such factors. Physical activity and exercise play a role in con-
trolling chronic inflammatory diseases such as diabetes
through reducing the release of pro-inflammatory cytokines

and creating an anti-inflammatory environment. The decrease
in RBP4 after exercise in the current study is in line with the
result of previous reports indicating that the aerobic exercise is
related to decreased levels of RBP4, insulin sensitivity, and
GLUT4 expression in rat epididymal fat [20]. However, en-
durance training did not affect the expression and amount of
liver RBP4 protein in diabetic rats [6].

Ramezani et al. found that 8-week RT was related to de-
creased levels of RBP4, serum glucose, and insulin resistance
in diabetic rats [21]. The evidence suggested that inducting
diabetes is related to increased RBP4 expression at the level of
translation and transcription in the liver, muscle, and adipose
tissue, and these changes are related to increased insulin resis-
tance [6]. Since exercise increases the expression and protein
levels of GLUT4 in adipocytes, the increase results in decreas-
ing the concentration of RBP4 [22]. Increased GLUT4 in AT
is considered as the main reason why RBP4 decreases as a
result of aerobic activity in the present study. Reducing the
size and amount of body fat mass is considered as another
mechanism by which exercise reduces the expression of

Fig. 1 RBP4 gene replication
curve

Table 3 Body mass (grams)
characteristics between groups Baseline 1week 4 weeks 8 weeks

CON (n=9) 234.3 ± 13.8 226.4 ± 13.6 252.7 ± 11.7± 294.1 ± 19.4±

AE (n=9) 233 ± 13.1 224.1 ± 12.8 257.6 ± 14.2± 287.2 ± 9.6* #±

RT (n=9) 230.8 ± 13.1 224.4 ± 16.6 249.1 ± 20.8± 259.2 ± 17.7#±

CT (n=9) 236.5 ± 13 228.6 ± 13.9# 245.7 ±13.4*#± 279.3 ± 19.7*#±

Data are presented as mean ± SD. CON, control; AE, aerobic exercise; RT, resistance training; CT, concurrent
training

± Significantly different from baseline at p<0.05

# Significantly different from CON at p<0.05

* Significantly different from CON at p<0.05
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RBP4 adipose tissue. Mansouri et al. showed that AE reduces
RBP4 levels by reducing visceral and abdominal fat [6]. It was
also shown that the decrease in BMI and body fat percentage
following circuit RE [23] and CT [24] is associated with a
significant decrease in plasma RBP-4 levels. Although body
composition and AT size were not measured, the amount of
weight compared to the CON group in all three exercise
groups indicated a significant decrease. The findings indicated
that weight loss and exercise result in reducing the fat size,
which is considered as an important factor in the secretion of
several adipokines [25]. In addition, decreasing RBP4 levels
in ATmay be related to the effects of exercise on reducing AT
inflammation [6]. In addition, it leads to the reduction of
RBP4 expression and protein levels in VAT. However, no
decrease in RBP4 protein was observed in the study perform-
ed by Mansouri et al. despite reduced RBP4 expression of
VAT [6].

In the current study, a decrease in the RBP4 fat tissue was
observed along with a decrease in insulin resistance due to
various exercise activities. Accordingly, Marchner et al. indi-
cated that 10 weeks of AE significantly reduced RBP4 and
increased insulin sensitivity in the rodents [20]. The studies
indicated an inverse correlation between RBP4 levels with

insulin resistance and VAT weight [20]. Decreased levels of
RBP4 expression in VAT as a result of exercise reduce the
serum levels of RBP4, which, in turn, decreases insulin resis-
tance in various ways. The finding is supported by previous
studies showing that exercise reduces RBP4 and improves
insulin resistance [6, 26]. In addition, RBP4 has a negative
effect on β cell function [6]. The improvement in insulin re-
sistance in diabetic rats in the present study can be related to
decreased serum RBP4 levels, although serum RBP4 concen-
trations were not measured in the present study.Moreover, the
exercise can alter other adipokines which may affect insulin
resistance which was not measured in the present study and is
regarded as a limitation of the present study.

The results indicated that the decrease in expression and
protein levels of RBP4 in the SAT of the CT group was more
than RT. However, no change was observed in other variables
and groups. Limited studies compared the effects of exercise
type on RBP4 and the factors affecting insulin resistance.
Smotok et al. found that both AE and RT exercises improved
glucose and insulin and failed to cause any change in weight
although the percentage of fat in the AE group decreased
slightly [27]. In addition, RT has greater benefits versus AE

Table 4 Comparison of
biological parameters between
groups

CON (n=9) AE (n=9) RT (n=9) CT (n=9)

Insulin (μU/ml) 6.67 ± 0.66 5.95 ± 0.83 5.5 ± 1.06# 6.06 ± 0.78

Glucose (mg/dl) 324.89 ± 16.04 276.89 ± 27.59# 234.89 ± 66.9# 276.22 ± 30.5#

Data are presented as mean ± SD. CON, control; AE, aerobic exercise; RT, resistance training; CT, concurrent
training

# Significantly different from CON at p<0.05

CON AE RT CT
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Fig. 2 Visceral fat RBP4 gene expression levels in four groups of study.
#p≤0.01 significant decrease compared to CON group. CON: control
(n=9); AE: aerobic exercise (n=9); RT: resistance training (n=9); CT:
concurrent training (n=9)
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Fig. 3 Subcutaneous fat RBP4 gene expression levels in four groups of
study. #p≤0.001 significant decrease compared to CON group. *p≤0.001
significant decrease compared to RT group. CON: control (n=9); AE:
aerobic exercise (n=9); RT: resistance training (n=9); CT: concurrent
training (n=9)
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exercises in controlling blood sugar in type 2 diabetic patients
[28]. Further, CT (not AE) exercise improved glucose homeo-
stasis better than RT exercise [29]. The difference between the
two groups is related to the fact that the CT group usedAE and
RT at the same time, and the simultaneous effects of these two
types of exercise increased energy expenditure and fat metab-
olism, thereby reducing the expression and RBP4 protein
levels of SAT tissue. Also, since RBP4 levels are affected
by inflammatory factors, perhaps the greater effect of CT on
inflammatory markers [30] significantly reduced the expres-
sion and protein levels of RBP4 in the SAT in the CT group
compared to RT. Accordingly, a meta-analysis examining the

effect of different forms of exercise (AE, RE, or CT) on the
risk factors associated with diabetes complications showed
that CT was generally superior to AE or RE alone [31].
Slentz et al. also showed that CT reduced the insulin resistance
index relative to RT, although the results of CT and AE were
the same [32]. The length of the research period is considered
as one of the limitations of the current study. Performing the
intervention for 8 weeks may not be able to show the effect
and difference of the type of exercise on adipokines in adipose
tissue. Therefore, it is recommended to use longer protocols.
Further, accurate measurement of AT changes by the methods
such as MRI provides a better understanding of the effect of
different types of exercise on AT changes followed by RBP4.

Conclusion

In this study, all three types of exercise reduced the expression
and levels of RBP4 protein in the VAT and SAT of diabetic
rats. However, the effect of CT on reduced expression and
RBP4 protein levels of SAT was higher than that of the RT
group.

Code availability Not applicable

Declarations All experiments were conducted based on the Iranian
convention for the protection of vertebrate animal’s policy; the Ethics
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significant decrease compared to CON group. CON: control (n=9); AE:
aerobic exercise (n=9); RT: resistance training (n=9); CT: concurrent
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levels in four groups of study. #p≤0.001 significant decrease compared to
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resistance training (n=9); CT: concurrent training (n=9)
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Polysaccharides and flavonoids from cyclocarya paliurus modulate
gut microbiota and attenuate hepatic steatosis, hyperglycemia,
and hyperlipidemia in nonalcoholic fatty liver disease rats with type 2
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Abstract
Objective The prevalence of nonalcoholic fatty liver disease (NAFLD) with type 2 diabetes mellitus (T2DM) is increasing,
which causes greater harm to human health. Cyclocarya paliurus (CP) has antihyperglycemic and antihyperlipidemic effects.
Here, we investigated the effects of polysaccharides (CPP) and flavonoids (CPF) from CP on gut microbiota, hepatic steatosis,
and metabolic parameters in high-fat diet (HFD)/streptozotocin (STZ)-induced NAFLD rats with T2DM.
Methods NAFLD/T2DM rats, which were induced by high-fat diet (HFD) for 8 weeks and a low dose of 25 mg/kg STZ, were
treated with CPP (8 g/kg/d) or CPF (6 g/kg/d) for 12 weeks. The alterations to gut microbiota, hepatic steatosis, and metabolic
parameters were measured.
Results Treatment of both CPP and CPF could improve liver steatosis, NAFLD activity score (NAS), hyperglycemia, and
hyperlipidemia. Importantly, administration with both CPP and CPF led to the significant reversion of increased abundance of
the pathogenic bacteria Escherichia-Shigella in NAFLD/T2DM rats; moreover, CPP supplement also dramatically increased the
beneficial bacteria Akkermansia abundance, while CPF treatment significantly elevated the abundances of the beneficial bacteria
Romboutsia and Weissella.
Conclusion Both CPP and CPF as prebiotics have the significant therapeutic effects on hepatic steatosis and metabolic abnor-
malities induced by HFD and STZ in rats at least partially by modulating gut microbiota.

Keywords Nonalcoholic fatty liver disease . Type2 diabetesmellitus . Cyclocarya paliurus polysaccharides .Cyclocarya paliurus
flavonoids . Metabolism . Gutmicrobiota

Introduction

The emergence of non-alcoholic fatty liver disease (NAFLD)
and type 2 diabetes mellitus (T2DM) as a global epidemic is

one of the major challenges to human health in the twenty-first
century. NAFLD is now recognized as the most prevalent
chronic liver disease worldwide, with a prevalence as high
as 30% in the general population [1]. NAFLD includes a
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series of diseases ranging from simple steatosis to nonalcohol-
ic steatohepatitis (NASH), and to advanced cirrhosis and he-
patocellular carcinoma [2]. It has been well-recognized that
obesity, hyperlipidemia, diabetes mellitus, metabolic syn-
drome, and insulin resistance (IR) are considered as risk fac-
tors of NAFLD [3, 4]. T2DM is a complex metabolic disorder
characterized by hyperglycemia, low-grade inflammation, IR,
and β-cell failure and mainly affects glucose, lipid, and pro-
tein metabolism [5, 6]. It is apparent that NAFLD and T2DM
share common risk factors, such as obesity, IR. The preva-
lence of NAFLD in the population of T2DM is increasing year
by year, and has been found to be higher compared with that
without T2DM [7, 8]. It should be noted that NAFLD with
T2DM causes greater harm to health. People with NAFLD
and T2DM are more likely to suffer from cardiovascular dis-
ease, chronic kidney disease, and carcinoma [3, 9].

Recent studies have shown that gut microbiota dysbiosis is
associated with several non-communicable diseases such as
obesity, diabetes, cardiovascular diseases, and NAFLD
[10–12]. A direct involvement of gut microbiota in the devel-
opment of NAFLD is suggested by the finding that NAFLD
can be delivered to germ-free mice by fecal microbiota trans-
plantation [13]. Imbalances in the structure of gut microbiota
are related to gut barrier dysfunctions and cause insulin resis-
tance and endotoxemia, which may finally lead to obesity and
T2DM [14–18]. These results suggest that regulating gut mi-
crobiota could treat NAFLD and T2DM. At present, many of
the anti-diabetic drugs currently in clinical use, though effec-
tively treating symptoms, have several side effects including
hepatic and renal lesions [19]. On the other hand, there is still
no effective drugs for the treatment of NAFLD except for
lifestyle changes, including healthy diet, weight loss, and ex-
ercise [20]. In addition, there is no consensus or therapeutic
strategies for the management of NAFLD patients with
T2DM.

Cyclocarya paliurus (CP) (Batal.) Iljinsk (family
Cyclocaryaceae) is a plant with edible and medicinal value,
which is grown in mountainous regions of Southern China.
The leaves of CP have long been used as a dietary food and a
traditional herbal medicine for the prevention or treatment of
diabetes mellitus, hypertension, hyperliposis [21–23]. CP
leaves contain a variety of biologically chemical components,
including polysaccharides, flavonoids, coumarins, amino
acids, sterols, and triterpenes [24], in which polysaccharides
and flavonoids are recognized as the main bioactive compo-
nents in CP [22, 25, 26]. It has been reported that polysaccha-
rides and flavonoids fromCP possess many bioactivities, such
as anti-inflammatory, anti-hyperlipidemic, and anti-diabetic
activities [23, 25–28].

However, to the best of our knowledge, no investigation
has been performed to explore the protective effects of poly-
saccharides (CPP) and flavonoids (CPF) from CP onmetabol-
ic abnormalities and liver damage in NAFLD rats with T2DM

(NAFLD/T2DM rats) induced by high-fat diet and streptozot-
ocin (STZ). In the present study, we explored the effects of
CPP and CPF on gut microbiota, hepatic steatosis, and meta-
bolic parameters in NAFLD/T2DM rats.

Materials and methods

Preparation of CPP and CPF

The extraction of CPPwas performed according to the method
described previously [29]. Briefly, the air-dried and powdered
leaves were soaked with 95% (v/v) ethanol for 12 h, and the
mixture was filtered. The residues were dried in air and were
boiled with distilled water at 95°C for 2 h (1:20, mg/mL). The
above operation was repeated twice. Then, the mixture was
filtered, and the filter liquor was retained. The filter liquor was
concentrated by rotary evaporation at 60°C and then allowed
to put overnight at 80% (v/v) ethanol concentration. The pro-
tein in the obtained CPP was removed with Savag method,
and the CPP was dried under vacuum at −40°C. The CPP
content was 79.6%, which was determined by phenol-
sulfuric acid method [30] (Fig. 1).

Preparation of CPFwas conducted according to the method
described by Cheng et al. [31]. Briefly, CP leaves were pul-
verized and extracted with distilled water at 95∘C for 40min.
After extraction, the extract was centrifuged at 4500×g for 15
min, and the above operation was repeated. The supernatants
were combined and concentrated using a rotary evaporator.
The residue was dissolved with deionized water, filtered by
a 0.45-μmmicrofiltration membrane, and applied to a column
(30×1.6 cm) of AB-8 resin. Finally, the effluent of ethanol
solution was collected and concentrated, leading to the CPF
extract. The CPF content was 84.3%, which was determined
by aluminum chloride method [32] (Fig. 1).

Animal model and experiment design

A total of 60 male Sprague Dawley rats (weight, 180±20 g;
age, 6 weeks) were purchased from the medical laboratory
animal center of Guangdong (Guangzhou, China). All the rats
were acclimatized under a temperature of 24±2°C, a relative
humidity of 55±10%, and a 12 h light/dark cycle for 10 days
before commencement of the animal experiment. All animal
experiments were approved by the experimental animal ethics
committee of Jinan University and was performed in accor-
dance with the Guidelines for Care and Use of Laboratory
Animals of Jinan University.

After acclimation, these rats were randomly divided into
the normal control group (NC, n=10) and the model group
with both NAFLD and diabetes (NAFLD/T2DM Model,
n=50). NAFLD/T2DM Model rats were induced by high-fat
diet (HFD) (containing 34% fat, 2% cholesterol, 26%
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carbohydrate, 26% protein, and 12% basic feed (w/w)) for 8
weeks, followed by an intraperitoneal injection with strepto-
zotocin (STZ) (25 mg/kg in citrate buffer). The rats with
fasting glucose level higher than 11 mmol/L were considered
as NAFLD/T2DMModel rats, and the NAFLD/T2DMModel
rats with consecutive 10-day hyperglycemia (11 mmol/L or
greater) were used for the experiment. Finally, 48 NAFLD/
T2DM Model rats met the above experimental standard. In
parallel, NC rats, which were fed a standard laboratory diet,
were injected with an equal volume of citrate buffer solution.

The 48 NAFLD/T2DMModel rats were randomly divided
into four groups: NAFLD/T2DM group (n=12), CPP group
(n=12), CPF group (n=12), and Glipizide group (n=12), which
were continuously fed with the HFD, and administrated by
oral gavage once per day with distilled water, CPP (8 g/kg/
d), CPF (6 g/kg/d), and Glipizide (2.5 mg/kg/d) (Glipizide
extended release tablets, Glucotrol XL), respectively for the
next 12 weeks. The NC group rats were fed with the standard
laboratory diet for the next 12 weeks.

Observations on the general condition of the rats

The general condition of the rats was monitored daily, includ-
ing physical activity, fur condition, water intake, food intake,
urine output and survival condition. Body mass and food in-
take were determined weekly.

Analysis of metabolic parameters

At the end of the experiment, overnight-fasted rats were anes-
thetized by 1% pentobarbital solution (40mg/kg), and the
blood samples were collected from abdominal aortic. The
fasting blood glucose (FBG), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), γ-glutamyl
transpeptidase (GGT), total cholesterol (TC), triglyceride
(TG), low-density lipoprotein cholesterol (LDL-C),

interleukin (IL)-6, and tumor necrosis factor (TNF)-α were
analyzed using commercial assay kits purchased from
Nanjing Jiancheng Bioengineering Institute (Nanjing, China)
according to the manufacturers’ instructions. The fasting in-
sulin (FINS) was measured with rat insulin kits (R&D
Corporation, USA). The insulin resistant index (HOMA-IR)
was also calculated by using the following formula:

HOMA� IR ¼ FBG mmol=lð Þ � FINS μIU=mlð Þ=22:5

Analysis of hepatic pathology

At the end of the study, the rats were sacrificed to determine
liver mass and liver mass index by using the following
formula:

live mass index ¼ liver mass=body mass� 100%

Then, the liver samples were immersed in 10% formalin neutral
buffer solution for 48h, then processed routinely, embedded in
paraffin, sectioned to 5 μm thickness and stained with hema-
toxylin and eosin (H&E). Then, we used Image-Pro Plus 6.0
software (Media Cybernetics, Rockville, MD, USA) to quanti-
tatively analyze fat in liver [13]. The evaluation standard of
NAFLD activity score (NAS) is shown in Table S1 [33, 34].

Gut microbiota analysis

At the end of the experiment, feces of rats were collected in
sterilized plastic tubes and stored in a -80 °C until use. Total
DNA of the samples was extracted using a HiPure Stool DNA
Kits (Guangzhou Meiji biotechnology co. LTD, Guangzhou,
China) following manufacturer’s recommendations. The V3-
V4 region of bacterial 16S rDNA gene was amplified using
primers 341F (5’- CCT ACG GGN GGC WGC AG -3’) and
806R (5’-GGA CTA CHV GGG TAT CTA AT-3’).

Fig. 1 CPP and CPF content
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Sequencing libraries were generated using two-step PCR am-
plification method. The second round of amplification products
was purified using AMPure XP Beads (Beckman Coulter,
USA) and quantified using a QuantiFluorTM fluoromete
(Promega, USA). At last, the library was sequenced on
IlluminaHiSeq 2500 platform (Illumina, USA).

Statistical analysis

Statistical analysis was performed using SPSS 21.0 software
(IBM Corp., USA). Quantitative data were analyzed by
independent-Samples t Test or one-way analysis of variance
(ANOVA) followed by Mann-Whitney U test or Kruskal-
Wallis H test. Correlation was evaluated by Pearson correla-
tion co-efficient analysis. A difference with p<.05 was con-
sidered significant.

Results

Effects of CPP and CPF on general condition

The rats in the NAFLD/T2DM group showed sluggish action,
irritability, polydipsia, bulimia, and polyuria, while those in the
NC group did not. The above general condition was significant-
ly improved in the CPP group, CPF group, and Glipizide group
rats compared with the NAFLD/T2DM group rats.

A significant decrease in the body mass was observed in
the NAFLD/T2DM group compared with the NC group. After
treatment of both CPP and CPF, the rats showed a significant
increase in the body mass compared with the NAFLD/T2DM
group rat (Table 1). A significant increase in the body mass
was also found in the Glipizide group compared with the
NAFLD/T2DM group.

Effects of CPP and CPF on metabolic parameters

A significant increase in serum liver enzymes (ALT, AST, and
GGT), serum lipid profile (TC, TG, LDL-C), glucose metab-
olism indices (FBG, FINS, and HOMA-IR), serum proinflam-
matory cytokines (TNF-α and IL-6) was observed in the
NAFLD/T2DM group compared with the NC group. After
treatment of both CPP and CPF, a remarkable decrease in
the above metabolic parameters was found compared with
the NAFLD/T2DM group. In addition, Glipizide treatment
significantly lowered serum TG, glucose metabolism indices
(FBG, FINS, and HOMA-IR), serum proinflammatory cyto-
kines (TNF-α and IL-6), but had no effect on serum liver
enzymes (ALT, AST, and GGT), and serum TC and LDL-C
compared with the NAFLD/T2DM group (Table 1).

Effects of CPP and CPF on hepatic pathological
changes

The rats in the NAFLD/T2DM group showed a significant
increase in liver mass, liver mass index, liver fat content,
and NAS compared with the NC rats, whereas both CPP and
CPF intervention significantly decreased the above hepatic
pathological parameters. Glipizide treatment also lowered liv-
er mass index, but had no significant influence on liver mass,
liver fat content, and NAS compared with the NAFLD/T2DM
group (Table 1 and Fig. 2).

Effects of CPP and CPF on gut microbiota composition

The structural changes of gut microbiota are crucial in the
pathogenesis of obesity and some other metabolic diseases.
To assess the changes of gut microbiota composition after
treatment of both CPP and CPF in NAFLD/T2DM rats, 16S
rDNA gene sequences from bacterial populations of intestinal
contents were analyzed. At the phylum level, the 5 most abun-
dant microbiota in all groups included Firmicutes,
Bacteroidetes, Actinobacteria, Verrucomicrobia, and
Proteobacteria (Fig. 3A). The relative abundances of
Firmicutes (51.1%) and Bacteroidetes (0.3%) decreased sig-
nificantly, while the relative abundance of Proteobacteria
(29.3%) increased significantly in the NAFLD/T2DM group
compared with the NC group (Fig. 3B–D). CPP treatment
significantly decreased the relative abundances of Firmicutes
(24.0%) and Proteobacteria (1.8%) (Fig. 3B and D), and in-
creased the relative abundance of Verrucomicrobia (69.4%)
(Fig. 3E), whereas CPF treatment remarkably increased the
abundances of Firmicutes (73.4%) and Bacteroidetes (1.9%)
compared with the NAFLD/T2DM group (Fig. 3B and C). In
addition, the ratio of Firmicutes to Bacteroidetes increased
significantly in the NAFLD/T2DM group compared with the
NC group, whereas treatment of both CPP and CPF led to the
reduction of this ratio but this reduction was not significant
compared with the NAFLD/T2DM group (Fig. 3F). In the
Glipizide group, the variation of the gut microbiota abundance
was similar to the CPF group (Fig. 3B and Table S2).

At the genus level, the composition of the bacteria was
substantially changed (Fig. 4A). The relative abundances of
Ruminococcaceae_UCG-005 (0.6%), Lactobacillus (4.3%),
Weissella (1.0%), Romboutsia (4.1%) decreased significantly
(Fig. 4B–E), while the relative abundances of Escherichia-
Shigella (22.0%), Collinsella (6.0%), and Blautia (6.6%) in-
creased markedly in the NAFLD/T2DMgroup comparedwith
the NC group (Fig. 4–H). CPP treatment decreased the relative
abundance of Escherichia-Shigella (1.0%) and increased the
relative abundance ofAkkermansia (45.3%) significantly (Fig.
4F and I), while CPF treatment decreased the relative abun-
dance of Escherichia-Shigella (4.6%) (Fig. 4F) and increased
the relative abundances of Romboutsia (10.9%) (Fig. 4E) and
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Table 1 Metabolic characteristics and hepatic pathological changes in laboratory rats

Items NC (n=9) NAFLD/T2DM (n=10) CPP (n=9) CPF (n=9) Glipizide (n=9)

Body mass (g)

Mean ± SD 589.1±70.2 429.4±55.9** 500.1±62.4# 498.3±25.5 ## 509.8±67.0 #

Median (IQR) 551.0 (532.0-643.0) 433.0 (372.4-479.3) ** 505.0 (438.5-552.0) # 510.0 (472.5-520.0) ## 513.0 (439.5-571.0) #

Serum liver enzymes (U/L)

ALT

Mean ± SD 46.0±7.6 270.3±107.6 ** 157.5±54.3 # 66.5±23.6 ## 210.8±30.3

Median (IQR) 43.3 (38.9-53.5) 248.8 (176.9-339.9) ** 156.3 (128.6-174.4) ## 75.2 (40.6-88.6) ## 208.1 (183.6-228.2)

AST

Mean ± SD 106.3±18.7 542.6±179.9** 196.4±78.3## 173.6±63.0## 564.7±92.6

Median (IQR) 109.9(89.4-125.8) 566.1(335.9-723.1) ** 162.1(139.7-266.0) ## 156.5(137.3-200.0) ## 540.0(490.0-618.9)

GGT

Mean ± SD 36.0±11.1 160.7±57.1** 86.3±17.8## 67.0±18.0## 154.4±44.1

Median (IQR) 33.2 (27.9-44.0) 142.9 (114.0-221.5) ** 81.2 (71.8-97.5) ## 63.7 (56.1-82.6) ## 159.4 (115.3-189.6)

Serum lipid profile (mmol/L)

TC

Mean ± SD 1.6±0.6 7.1±4.0 ** 2.7±0.9 ## 2.5±0.5 ## 6.8±2.7

Median (IQR) 1.6(1.0-2.1) 6.6(3.5-9.9) ** 2.3(2.2-3.0) ## 2.3(2.2-3.0) ## 5.9(4.4-9.0)

TG

Mean ± SD 0.8±0.6 7.6±2.2 ** 1.0±0.8 ## 1.0±0.4 ## 4.3±1.2 ##

Median (IQR) 0.6(0.4-1.3) 7.7(5.7-9.5) ** 0.6(0.6-1.0) ## 1.1(0.6-1.3) ## 4.0(3.2-5.3) ##

LDL-C

Mean ± SD 0.7±0.4 2.5±1.5 ** 1.2±0.2 # 1.2±0.5 # 2.2±1.5

Median (IQR) 0.6(0.4-1.1) 2.2(1.3-3.5) ** 1.2(0.9-1.3) ## 1.1(0.8-1.7) # 2.0(0.9-3.2)

Glucose metabolism indices

FBG (mmol/L)

Mean ± SD 4.6±1.2 18.5±1.9 ** 11.9±1.2 ## 13.8±2.1 ## 13.5±1.9 ##

Median (IQR) 4.3 (3.7-5.5) 18.5 (17.1-19.0) ** 11.9 (11.0-13.0) ## 14.0 (12.4-15.7) ## 13.1 (12.3-15.6) ##

FINS (μIU/ml)

Mean ± SD 15.9±2.9 49.7±4.2 ** 21.3±3.8 ## 25.5±4.1## 25.3±3.2 ##

Median (IQR) 15.3 (13.2-18.7) 49.7 (46.1-53.3) ** 19.7 (18.4-25.3) ## 25.3 (21.5-29.0) ## 25.8 (22.9-27.0) ##

HOMA-IR

Mean ± SD 3.3±1.0 40.9±5.4 ** 11.3±2.2 ## 15.7±3.7 ## 15.1±2.2 ##

Median (IQR) 3.1 (2.4-4.1) 38.7 (37.5-45.4) ** 11.5 (9.1-13.5) ## 15.5 (14.8-16.5) ## 14.7 (13.4-17.0) ##

Serum proinflammatory cytokines (pg/ml)

TNF-α

Mean ± SD 38.0±15.5 128.5±18.8 ** 60.5±13.5 ## 66.3±18.0 ## 93.3±10.8 ##

Median (IQR) 35.5 (24.1-52.6) 124.4 (119.0-136.5) ** 63.0 (48.5-70.0) ## 59.5 (54.8-85.9) ## 91.8 (84.7-105.0) ##

IL-6

Mean ± SD 61.1±22.7 840.3±119.2 ** 538.2±157.5 ## 125.5±42.8 ## 317.2±45.9 ##

Median (IQR) 50.4 (45.7-85.0) 822.4 (769.1-965.4) ** 501.8 (390.0-684.7) ## 106.5 (93.9-148.3) ## 319.8 (285,9-355.4) ##

Hepatic pathological indices

Liver mass (g)

Mean ± SD 12.6±1.8 29.2±4.5 ** 18.1±3.0 ## 15.6±1.9 ## 27.8±2.5

Median (IQR) 13.2 (10.5-14.3) 28.4 (26.3-33.6) ** 17.8 (15.9-20.6) ## 16.1 (13.8-16.9) ## 28.5 (25.4-30.0)

Liver mass index (%)

Mean ± SD 2.2±0.4 6.8±1.0 ** 3.7±0.9 ## 3.1±0.4 ## 5.5±0.6 ##

Median (IQR) 2.0 (1.9-2.5) 6.8 (5.9-7.8) ** 3.8 (2.8-4.2) ## 3.2 (2.8-3.5) ## 5.3 (5.0-5.9) ##
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Weissella (4.2%) (Fig. 4D) significantly compared with the
NAFLD/T2DM group. In the Glipizide group, the relative
abundance of Escherichia-Shigella (2.5%) decreased marked-
ly (Fig. 4F) and the relative abundances of Lactobacillus
(10.4%) and Romboutsia (6.4%) and Dubosiella (8.1%)
(Fig. 4C, E, and J) increased significantly (Table S3).

Correlation between improvements of metabolic
indices as well as hepatic pathology and the changes
in gut bacterial genera induced by CPP and CPF

We examined whether the improvements of metabolic indices
and hepatic pathology were correlated with the alternations of
bacterial genera induced by CPP and CPF. Pearson correlation
analysis showed that the alternation of Akkermansia level was
negatively correlated with the main metabolic and hepatic patho-
logical indices, whereas Escherichia-Shigella level was positively
correlated with most of the above results after CPP treatment.

Moreover, other CPP-modulated genera, such as Blautia,
Lactobacillus, Dubosiella, Collinsell, Romboutsia, Weissella,
Aerococcus, and Ruminococcaceae_UCG-005 also contributed
to the changes in a few indices of the above results (Fig. 5A).
On the other hand, the level of Romboutsia was negatively cor-
related with most of the metabolic and hepatic pathological pa-
rameters, whereas Escherichia-Shigella, Collinsell, Dubosiella,
and Aerococcus were positively correlated with the partial above
indices after CPF treatment. In addition, Blautia, Lactobacillus,
Akkermansia, Weissella, and Ruminococcaceae_UCG-005
enriched by CPF were also negatively associated with some se-
rum liver enzymes and lipid profile (Fig. 5B).

Discussion

In the present study, a rat model of NAFLD/T2DM was in-
duced by HFD for 8 weeks and a low dose of 25 mg/kg STZ,

Table 1 (continued)

Items NC (n=9) NAFLD/T2DM (n=10) CPP (n=9) CPF (n=9) Glipizide (n=9)

Liver fat content (%)

Mean ± SD 1.0±1.3 66.4±9.9 ** 22.5±7.0 ## 26.8±8.2 ## 59.0±9.1

Median (IQR) 0.0 (0.0-2.0) 64.1 (58.4-76.5) ** 23.8 (17.9-28.2) ## 27.6 (21.1-34.6) ## 58.7 (53.4-67.1)

NAS

Mean ± SD 0.1±0.1 6.5±0.3 ** 3.1±0.4 ## 2.0±0.5 ## 6.1±0.7

Median (IQR) 0.1 (0.0-0.1) 6.5 (6.2-6.9) ** 3.2 (2.8-3.4) ## 2.1 (1.5-2.4) ## 6.0(5.6-6.7)

*p<0.05, **p<0.01 vs NC group; #p<0.05, ##p<0.01 vs NAFLD+T2DM group. The data are shown as mean and median (interquartile range, IQR). NC
normal control, NAFLD/T2DM NAFLD with T2DM, CPP cyclocarya paliurus polysaccharides, CPF cyclocarya paliurus flavonoids, SD standard
deviation, ALT alanine aminotransferase, AST aspartate aminotransferase,GGT γ-glutamyl transpeptidase, TC total cholesterol, TG triglyceride, LDL-C
low-density lipoprotein-cholesterol, FBG fasting blood glucose, FINS fasting insulin,HOMA-IR = (fasting glucose × fasting insulin)/22.5, TNF-α tumor
necrosis factor α, IL-6 interleukin-6, NAS NALFD activity score
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which reveals similar metabolic characteristics and liver dam-
age of NAFLD with T2DM in humans [35, 36]. Treatment
with both CPP and CPF significantly improved body mass,
liver enzymes (ALT, AST, and GGT), blood lipids (TC, TG,
and LDL-C), glucose metabolism parameters (FBG, FINS,
and HOMA-IR), proinflammatory cytokines (TNF-α and
IL-6), and hepatic pathological parameters (liver mass, liver

mass index, liver fat content, and NAS), while Glipizide treat-
ment elevated body mass and only reduced glucose metabo-
lism parameters (FBG, FINS, and HOMA-IR) and proinflam-
matory cytokines levels (TNF-α and IL-6) in the NAFLD/
T2DM rats. These results suggest that the protective effects
of both CPP and CPF on NAFLD with T2DM in rat models
are superior to Glipizide. Similar to our results, Lin et al. found
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that chloroform extract of CPmarkedly decreased the levels of
serum liver enzymes (ALT, AST, and ALP), blood lipids (TC
and TG) and liver lipids (TC and TG), and serum and liver
TNF- α in NAFLD rats [37]. These effects were partially
through decreasing serum NEFAs which might lead to a de-
crease in the amount of liver lipid intake, as well as suppress-
ing hepatic lipid de novo synthesis. CPP and CPF also ame-
liorated HFD-induced hepatic oxidative stress and inflamma-
tion, leading to block the development of NAFLD.

The mechanisms responsible for the protective effect of CP
on NAFLD and T2DM have attracted much attention.
Accumulating evidence has indicated that gut microbiota
dysbiosis is correlated with the pathogenesis of NAFLD,
T2DM and obesity [23, 38–40], thus speculating that the ther-
apeutic role of CP in metabolic diseases might be partially
attributed to the alteration of gut microbes. It has been shown
that a higher ratio of Firmicutes to Bacteroidetes is observed in
obese individuals than lean individuals [40], and this ratio is
significantly reduced after CPF treatment in a high-fat diet-
induced obesity mouse model [31].

In the current study, at the phyla level, oral administration
of CPP dramat ica l ly e levated the abundance of
Verrucomicrobia and lowered the abundances of
Proteobacteria and Firmicutes in the NAFLD/T2DM rats,
and the ratio of Firmicutes to Bacteroidetes also showed a
decrease trend after CPP treatment; on the other hand, CPF
treatment significantly recovered dysbiosis of Firmicutes and
Bacteroidetes and reduced the ratio of Firmicutes to
Bacteroidetes (although there was no significant difference
in this ratio) in the NAFLD/T2DM rats. At the genus level,
oral administration with both CPP and CPF led to the signif-
icant reversion of increased abundance of Escherichia-
Shigella induced by HFD and STZ in rats; in addition, CPP
supplement dramatically increased the abundance of

Akkermansia, while CPF treatment led to a significant in-
crease in the abundances of Romboutsia and Weissella.
Further pearson linear correlation analysis showed that the
significant increase in Akkermansia abundance and the signif-
icant decrease in Escherichia-Shigella abundance induced by
CPP treatment were associated with the improvements of the
main metabolic and hepatic pathological indices; on the other
hand, elevated Romboutsia level and reduced Escherichia-
Shigella level after CPF treatment were correlated with the
alleviation of most abnormal metabolic and hepatic patholog-
ical parameters in NAFLD/T2DM rats. Besides, Glipizide
treatment led to the increased abundances of Lactobacillus,
Romboutsia, and Dubosiella and the decreased abundance of
Escherichia-Shigella.

Consistent with our results, the report by Yao et al. indicat-
ed that CPP treatment alleviates blood glucose, blood lipid,
and HOMA-IR index by increasing the short-chain fatty acids
(SCFAs)-producing gut bacteria in rats with T2DM [41]; Li
et al. showed that CPP treatment increased the beneficial bac-
teria genus Ruminococcaceae UCG-005 abundance, which in
turn attenuated FBG and HOMA-IR in type 2 diabetic rats
[38]; Bai et al. showed that treatment of flavonoids of
Quzhou Fructus Aurantii extract significantly reduced obesi-
ty, inflammation and liver steatosis by the reduction of
Firmicutes to Bacteroidetes ratio, the increase in genera
Akkermansia and Alistipes, and the decrease in genera
Dubosiella, Faecalibaculum, and Lactobacillus in HFD-
induced obesity mouse model [42]; the report by Li et al.
revealed that Silybin administration showed protective effects
against high-fat diet-induced obesity, insulin resistance, and
liver steatosis in mice, which was associated with lowering the
Firmicutes to Bacteroidetes ratio and increasing the abun-
dances of SCFA-producing bacteria ( Blautia, Bacteriodes,
and Akkermensia) [43].

Fig. 5 CPP-modulated genera
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It has been shown that Escherichia-Shigella, Aerococcus,
Collinsella, and Dubosiella may contribute to the develop-
ment of metabolic diseases such as obesity, NAFLD, and
T2DM [42, 44–49]. On the other hand, it has been accepted
that decreased abundances of some beneficial bacteria in gut,
such as Ruminococcaceae_UCG-005, Lactobacillus,
Akkermansia, and Blautia, are associated with obesity,
NAFLD, and T2DM [42, 43, 50]. These beneficial bacteria
can produce SCFAs by metabolizing polysaccharides, and in
turn maintain the integrity of the intestinal mucosal barrier
[38, 51, 52]. SCFAs have a variety of physiological functions,
including shaping the gut environment, influencing the phys-
iology of the colon, being utilized as energy sources by host
cells and intestinal microbiota, and participating in different
host-signaling mechanisms [53, 54]. Akkermansia can also
degrade mucin, thereby protecting the intestinal mucosal bar-
rier and reducing protein deposition [55]. Weissella species,
which are Gram-positive coccobacilli, are potential probiotics
[56, 57]. The genus Romboutsia, which also are Gram-
positive organisms, are in the gut of healthy humans and rats
[58–60].

Taken together, our findings suggest that both CPP and
CPF as prebiotics could partially recover the gut microbiota
equilibrium, especially with CPP inhibiting the growth of
Escherichia-Shigella and dramatically increasing
Akkermansia population, and with CPF restraining the growth
of Escherichia-Shigella and enhancing the abundances of
Romboutsia and Weissella in NAFLD/T2DM rat model.
Such changes in the composition of the gut microbiota in turn
improve liver steatosis, hyperglycemia, hyperlipidemia, insu-
lin resistance, and inflammation induced by HFD and STZ in
rats.

In conclusion, to the best of our knowledge, this study is
the first report that demonstrated administration with both
CPP and CPF had the significant therapeutic effects on liver
steatosis and metabolic abnormalities induced by HFD and
STZ in rats. The mechanism responsible for the effects may
be at least partially correlated with modulating gut microbiota
composition, as indicated by inhibiting the growth of patho-
genic bacteria Escherichia-Shigella and discrepantly
expanding the abundances of beneficial bacteria
Akkermansia, or Romboutsia and Weissella by CPP and
CPF treatment, respectively.
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COURSE DETAILS

Name of the Course: Advanced Certificate Course in Diabetology

Duration: 2 Years – Post MBBS & 1 Year - Post MD / DNB 
(Gen - Medicine )* (Full Time) Educational.

Qualification: A candidate must possess MBBS  degree  from 
ANY of the recognized university approved by Medical Council of 
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22. Galaxy Speciality Centre Sodala, Jaipur
23. SL Raheja Hospital Mumbai, Maharashtra

carefully looked into all aspects of this course & has accredited &
recognized 23 centres across India at present and more centers are
being inspected for accreditation. National Faculties and experts of
RSSDI chosen from Academia visit these centers from time to time to
ensure high standards. Now this Advanced Certificate Course has
Dual Accreditation from RSSDI and Jaipur National University.

Selection of Candidates: Selection for the Certifi cate course is through 
a performance evaluation by screening interview which will be conducted 
by the centre coordinator of all respective accredited centers. The results 
will be declared in a week’s time. A maximum of 50 marks will be 
scored for this assessment. Those who have scored at least 50%, will be 
initially considered based on their merit. 

NOTE : Post MD (Internal Medicine) will be given preference.

FEES FOR APPLICATION FORM: RS 1500/-

INCENTIVES FOR REVIEWERS AND SUBEDITORS 
OF THE IJDDC (the official journal of RSSDI)
Based on the annual reviewer performance data, top 10 reviewers 
of IJDDC, selected by the journal’s editorial team, shall be honored 
at the RSSDI annual conference with certificate/awards. Reviewers 
submitting thorough critical evaluation comments of assigned articles 
would also have the leverage of coming onboard as part of the core 
editorial team of IJDDC.

The best three subeditors of IJDDC, displaying outstanding 
contribution and consistent support to the associate editors, shall be 
conferred with certificate/awards at the RSSDI annual conference and 
will also have the leverage of joining the main editorial team of IJDDC.

TRANSITION OF IJDDC FROM PRINT TO ONLINE
IJDDC, the journal of the society, will now be available in full-text 
pdf format on the RSSDI website for all RSSDI Members for easy 
access. 

Print copies will also be available. However, members keen to move 
from print to online only may submit their request by visiting the RSSDI 
website https://www.rssdi.in and following instructions on the RSSDI 
homepage

Those who wish to continue receiving the print copy may also submit 
their request choosing the appropriate option through the same link on 
the RSSDI website https://www.rssdi.in

The deadline for submitting request for print copy will be 1st July, 2023.

RSSDI 2023- 51st Annual Conference

16th-19th November, 2023 
Jio World Convention Centre, BKC, Mumbai 
Connect for details: www.rssdi2023.com; 
info@rssdi2023.com

COURSE FEES:

• Rs 30000 (for post MD/DNB (internal medicine), 1 year program)
• Rs 50000 (for post MBBS, MD in other branches, 2 years program)

Applications are taken twice a year - June and December

Check the RSSDI website for the dates

Click on the link to apply: https://rssdi.in/rssdi-accd/
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