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EDITORIAL

Sleep: an emerging therapeutic target in diabetes care

Nishant Raizada1 & S. V. Madhu1

# Research Society for Study of Diabetes in India 2021

The management of chronic disorders such as diabetes
mellitus is a challenge for modern medicine. Although several
pharmacological agents have been developed for the treatment
of diabetes mellitus, most oral drugs have limited efficacy in
terms of reduction in glycosylated hemoglobin (HbA1c)
levels along with a gradual decline in response as beta cell
failure worsens. Insulin, although effective at all ranges of
hyperglycemia, is cumbersome to administer and titrate, there-
by making it unsuitable for many patients with type 2 diabetes
mellitus. Hence, the need for novel therapeutic modalities in
diabetes cannot be overemphasized.

Type 2 diabetes mellitus has been described as a lifestyle
disorder. On a background of genetic predisposition, poor
lifestyle choices in terms of diet and physical activity have
been implicated in the pathogenesis of type 2 diabetes
mellitus. Accordingly, diabetic diet and physical activity have
proven to be the cornerstone in the management of diabetes.
The decline in HbA1c with diabetic diet and physical activity
exceeds that seenwith individual pharmacological agents with
the exception of insulin. However, diet and physical activity
are not the only lifestyle factors affecting diabetes. Among the
other lifestyle factors, sleep has unfortunately received less
attention until recently. While obstructive sleep apnea has
been well recognized as a risk factor for several metabolic
diseases, the role of sleep disorders other than obstructive
sleep apnea seems to be equally important.

Sleep disorders are commonly seen in diabetes. The prev-
alence of sleep disturbances in clinic-based populations of
type 2 diabetes mellitus patients ranges from 33 to 73%
[1–4]. Data suggests that sleep and sleep disorders influence
diabetes at multiple points in the natural history of the disease.
Sleep duration of less than 8 h has been shown to increase the
risk of developing type 2 diabetes mellitus in a Chinese cohort

and a risk score incorporating sleep duration has also been
developed [5]. Sleep efficiency (time spent as sleep as a per-
centage of time spent in bed) of less than 80% was associated
with type 2 diabetes mellitus with an odds ratio close to two in
the Sleep Heart Heath Study [6]. A survey in Taiwanese pub-
lic servants also revealed an association between shorter sleep
duration and type 2 diabetes [7].

Gestational diabetes mellitus (GDM) which is a common
precursor of type 2 diabetes mellitus in women appears to
have links with sleep disturbances. In this issue, Wang et al.
report that sleep duration of 10 h or more along with
prepregnancy obesity is a strong risk factor for GDM. Both
too much and too little night sleep and too much day time
napping is associated with GDM in Chinese women [8]. The
risk of GDM increased by 32% in those with shorter sleep
duration in another study from China [9]. A systematic review
and meta-analysis also found that poor sleep quality increases
risk of GDM [10].

Sleep disorders appear to be associated with poor glycemic
control in patients already suffering from diabetes mellitus.
Sleep fragmentation was associated with worse HbA1c and
fasting plasma glucose in a black population in the USA [11].
Poor sleep quality was also associated with higher HbA1c,
BP, and obesity [12]. Even in patients who did not report
any subjective sleep disturbances, a negative correlation be-
tween objective parameters of sleep quality and HbA1c was
found [6].

Furthermore, sleep disorders have not only been associated
with complications of diabetes but also with mortality risk. In
a large cohort of adults from the USA, risk of mortality in type
2 diabetes mellitus patients (compared to non-diabetics) in-
creased from 1.84 with a sleep duration of 7 h to 2.78 and
3.67 for 5 and 10 h respectively [13]. Similarly, data from the
Korean National health insurance program found that newly
diagnosed type 2 diabetes mellitus patients with sleep distur-
bances have a higher incidence of cardiovascular disease and
all-cause mortality [14]. Poor sleep quality has also been
shown to be associated with microvascular complications
such as diabetic retinopathy [15].
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Although data in type 1 diabetes mellitus is limited, the role
of sleep disorders cannot be discounted. Reduced sleep dura-
tion and quality were associated with higher glycemic vari-
ability along with greater stress and depression in type 1 dia-
betes mellitus [16]. In another study, type 1 diabetes mellitus
patients with poor sleep quality had higher total and LDL
cholesterol as compared to good sleepers [17].

While the high prevalence of sleep disorders and their im-
pact on diabetes risk, glycemic control, diabetes complica-
tions, and mortality paint a gloomy picture, the proverbial
cloud does have a silver lining. In this issue, Ghadimi et al.
have reported that administration of ellagic acid, a polyphenol
known to be present in fruits and nuts, leads to a significant
improvement in sleep quality in patients with type 2 diabetes
mellitus. Although the mechanism of this improvement is un-
clear and a subject for further research, the authors hypothe-
size that the antioxidant properties of ellagic acid may contrib-
ute to reduction in reactive oxygen species and chemicals such
as malondialdehyde—these molecules may play a role in
sleep disturbances. The results of this double blind random-
ized trial are encouraging despite being a short duration study
carried out in a small number of patients and could mark the
beginning of a new approach in the management of diabetic
patients if these can be replicated in larger studies with longer
follow-up.

Patients with sleep disturbances due to coexisting obstruc-
tive sleep apnea (OSA) benefit from continuous positive air-
way pressure (CPAP) ventilation. CPAP in patients with type
2 diabetes and OSA have shown to improve HbA1c and re-
duce insulin resistance [18]. Even in patients with well-
controlled diabetes and undiagnosed OSA, CPAP improves
daytime sleepiness. The Diabetes Sleep Treatment Trial,
which is currently ongoing , will compare CPAP with sham-
CPAP with respect to improvement in glycemic control in
patients with type 2 diabetes [19]. Liraglutide has shown to
reduce apnea hypopnea index in patients with diabetes and
OSA, presumably by inducing weight loss [20].

In patients who do not have OSA but still have sleep dis-
turbances, several non-pharmacological interventions have
been documented to be beneficial. In a randomized control
trial, improvement in sleep quality in type 2 diabetes mellitus
patients using cognitive behavioral therapy led to improve-
ment in HbA1c to the tune of 0.9% [21]. A structured sleep
education program in patients with type 2 diabetes who were
sleeping after midnight leads to significant improvements in
their sleep quality and glycemic control [22]. Nutritional ke-
tosis under a continuous care intervention has also shown to
improve sleep quality in type 2 diabetes [23].

Aerobic exercise training in type 2 diabetes has shown to
improve sleep quality as well as quality of life [24]. However
,both aerobic and resistance exercise can predispose to hypo-
glycemia and cause sleep loss in type 1 diabetes [25].
Management of hypoglycemias by utilizing flash glucose

monitoring can improve sleep disturbances [26]. Closed loop
continuous subcutaneous insulin infusion (CSII) systems have
also been studied regarding impact on sleep quality in type 1
diabetes although data suggests that they may not offer any
advantage over sensor augmented pumps in this regard [27].

Treatment of both painless and painful neuropathy along
with restless legs syndrome can also improve sleep distur-
bances [28]. In patients with diabetic neuropathic pain,
mirogabalin has shown reduction in average daily sleep inter-
ference scores [29]. Sustained release oxycodone has also led
to improvement in sleep quality in patients with type 2 diabe-
tes and severe painful neuropathy [30]. Other drugs like
mexiletine and gabapentin may also improve sleep distur-
bances by ameliorating pain in diabetic neuropathy [31].

Vitamin D supplements [32] and reservetrol [33] have been
tried in healthy adults with sleep disorders with variable suc-
cess although these have not been specifically evaluated in
diabetic subjects.

Sleep and interventions to control sleep disorders have the
potential to become an important component of diabetes care
in future. Considering the limitations of current diabetes man-
agement, these novel strategies may well be the much needed
ray of hope.
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Abstract
Purpose of the study Type 2 diabetes mellitus (T2DM) and obstructive sleep apnea (OSA) are closely associated diseases with a
significant impact on public health. Both diseases are highly prevalent and the common overlapping risk factors include obesity,
old age, and a generally high preponderance in men. A growing body of evidence suggests a bidirectional association between
OSA and T2DM; both, in turn, constitute as strong risk factors for cardiovascular diseases, the leading cause of premature deaths
and morbidity in India. Several studies have reported a higher prevalence of OSA in Indian patients with T2DM, despite lower
levels of obesity. However, OSA remains an underdiagnosed condition in Indian patients with T2DM due to lack of awareness,
uncertainty about treatment options, and non-availability of diagnostic facilities.
Methods This document embodies evidence-based clinical practice recommendations and outlines an optimized care pathway
for patients with T2DM and OSA, based on consensus multidisciplinary observations and clinical experiences.
Results and conclusions Implementation of screening, diagnosis, and treatment of OSA in patients with T2DM at initial stages
could potentially alleviate the risk of cardiovascular disease and substantially improve their quality of life. The recommendations
emphasize the need for collaborative efforts from diabetologists, endocrinologists, and sleep medicine specialists towards
systematic screening, diagnosis, and treatment of coexisting T2DM and OSA for enhanced patient care.

Keywords Consensus guideline . Continuous positive airway pressure . India .Obstructive sleep apnea . Type 2 diabetesmellitus

Background

The global burden of diabetes mellitus (DM) is rapidly esca-
lating and nearly tripled over the past two decades [1].
According to estimates of the International Diabetes
Federation (IDF) 2017,around 463 million or 9.3% of the
world’s population are living with DM and among these
90% of the cases are type 2 DM (T2DM). India, with over
77 million adults with DM, is ranked second in the world and
the estimated number of affected individuals is expected to
rise up to 134.2 million by 2045 [1].

Obstructive sleep apnea (OSA) is a common form of sleep-
disordered breathing characterized by frequent episodes of
partial or complete upper airway blockage resulting in oxygen
desaturation and sleep fragmentation and non-refreshing sleep
with daytime fatigue and sleepiness [2]. Recent literature-
based evidence estimated that approximately 1 billion adults
aged 30–69 years worldwide suffer from mild to severe OSA
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and of these 425 million are moderate to severe for which
treatment is usually recommended [3]. OSA is also a signifi-
cant public health problem in India with a prevalence ranging
between 3.5% and 19.5%, although a majority of them remain
clinically undiagnosed [4].

A growing body of evidence suggests a positive and bidi-
rectional association between OSA and the development of
T2DM; both, in turn, constitute as strong risk factors for car-
diovascular diseases (CVD), that affect millionsworldwide [3,
5–9]. Both diseases share common determinants such as obe-
sity and increasing age and have a higher predisposition in
men. Several facets of OSA including short sleep duration
and disturbances in the circadian rhythm have recently
emerged as potential risk factors for insulin resistance (IR)
and development of impaired glucose tolerance and T2DM
[10]. Inadequately treated OSA in T2DM is also associated
with higher risk of micro- and macrovascular complications
including neuropathy, retinopathy, nephropathy, and periph-
eral arterial diseases. Despite this, OSA remains an
underdiagnosed and untreated condition in adults with
T2DM due to a general lack of awareness among public and
healthcare professionals [11, 12]. The IDF and the American
Diabetes Association (ADA) guidelines recommend screen-
ing for OSA in all adults with T2DM to reduce diabetes-
associated complications [11, 13].

Epidemiology

The prevalence of OSA in adults with T2DM is challenging to
define due to the lack of multicenter population-based studies
in India. However, several cross-sectional studies across var-
ious geographies in India suggest a high prevalence of OSA in
adults with T2DM, which varies widely between 23.7% and
95% depending on the study population, methods, and criteria
used for diagnosis [14–18]. A hospital-based study from
South India on 203 adults with T2DM showed that OSA is
prevalent among 23.7% of its study population [14]. A similar
prevalence rate for OSA (24.3%) was reported by Ekka et al
among 325 patients with T2DM in north India [17]. In a study
from Central India, among 33patients with T2DM, the preva-
lence rate for OSA was 27% [15]. A clinic-based cross-sec-
tional study from the Western part of India reported a preva-
lence rate of 54% among patients with T2DM,which is almost
double than other geographies across India [18]. Interestingly,
a long-term study byMalik et al reported a prevalence rate of
over 95% for OSA in north Indian patients with T2DM, which
is the highest reported prevalence so far in India [16].
Research studies consistently reported a higher prevalence of
OSA in T2DM among men than in women [14, 17, 18].
Moreover, the prevalence of OSA in patients with T2DM
among the urban population is higher compared with the rural
population [18].

Need for recommendations

The evidence-based Indian initiative on obstructive sleep ap-
nea (INOSA) consensus guidelines stated that the prevalence
of OSA in patients with T2DM is higher than those without
disease and the risk of developing T2DM increases with the
severity of OSA [19]. Existing evidence also suggests that
OSA worsens glycemic control in T2DM and may contribute
to a higher percentage of diabetes-related complications such
as CVD, diabetic neuropathy as well as retinopathy [20].

Given the enormous public health burden, better clinical
practices are needed to ensure that patients presenting with
either OSA or T2DM are assessed for the co-existence of the
other. Both IDF and ADA have already recommended screen-
ing for OSA in patients with T2DM [11, 13]. In India, current
guidelines for the management of patients with T2DM do not
include evaluation for possible OSA. Leading endocrinolo-
gists and diabetologists collaborated with sleep specialists to
develop this clinical recommendation that provides evidence-
based guidance to researchers, patients, clinicians, public
health policy-makers, and all other stakeholders’ for the
screening, diagnosis, and treatment of OSA in patients with
T2DM. These recommendations are convened to enable clin-
ical decision making and should be appropriately amended
based on the individual patient requirements such as comor-
bidities, and other factors based on good clinical judgment and
practices. These are consensus-based recommendations from
the published literature evidence and does not contain any
work on animals or human participants conducted by any of
the authors.

Obstructive sleep apnea

Signs and symptoms

The pathophysiology of OSA is multifactorial, and the signs
and symptomsmay vary among the affected individuals. OSA
can be mainly grouped under two conditions: present during
or around sleep and while the individual is wide-awake [21].
Recurrent collapse of nasopharyngeal and oropharyngeal air-
ways during sleep resulting in substantially reduced
(hypopnea) or completely interrupted (apnea) airflow even
with constant breathing efforts is a hallmark feature of OSA.
Loud snoring is another characteristic manifestation of OSA
and in most cases is associated with a brief revival from sleep
[22]. An autonomic nervous system stimulation that results in
sudden awakening with gasping of air can lead to palpitations,
sweating, or even panic [23]. Once the individual is awake,
this shortness of breath quickly settles. This sudden awaken-
ing can make it difficult to fall asleep again and this is later
diagnosed as an OSA. The fragmented sleep, daytime fatigue,
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and sleepiness are broadly identified as symptoms of OSA
[24].

The classical symptoms of OSA mainly involve snoring,
excessive daytime sleepiness, choking or gasping at night,
night sweats, neurocognitive impairment, heartburn, morning
headaches, maintenance insomnia, erectile dysfunction, and
nocturia (Fig. 1) [25]. The physical examination findings of
OSA mainly comprise obesity, enlarged neck circumference,
crowded upper airway, hypertension, accentuated P2 heart
sounds (pulmonary hypertension), retrognathia/overjet, nasal
obstruction, decreased oxygen saturation, S3 heart sound
(congestive heart failure), and lower extremity edema (heart
failure) [25].

Screening and diagnosis

Over 80% of individuals with moderate-to-severe OSA re-
main undiagnosed [26]. Considering the overwhelming im-
pact of OSA on health and quality of life, it is important to
effectively diagnose patients with OSA and ensure optimal
management [27–30]. Thus, an appropriate screening tool is
essential to categorize patients based on their clinical symp-
toms and physiological risk factors.

The prospective diagnostic strategy mainly includes an as-
sessment of a formal clinical history using screening question-
naires, clinical questionnaire tools, and prediction tools [23].
Screening questionnaires are simple, low-cost tools that can
be used to segregate patients eligible for diagnostic tests. The
US Preventive Services Task Force recommends the Epworth
Sleepiness Scale (ESS) [30], STOP Questionnaire (Snoring,
Tiredness, Observed Apnea, High Blood Pressure) [31],
STOP-Bang Questionnaire (STOP Questionnaire plus body
mass index [BMI], Age, Neck Circumference, and Gender)
[32], the Berlin questionnaire [33], and the Wisconsin Sleep
Questionnaire [34] to screen patients with OSA in primary
care setting [35] (Fig. 2).

In addition to the risk factors, physical examination com-
prising BMI, reduced distance and increased angles from
the chin to the thyroid cartilage, and a narrow oropharyngeal
opening can be predictive of OSA [24, 25]. Individuals
screened positive would have to undergo a diagnostic test
to confirm the presence of OSA. Polysomnography (PSG) is
a noninvasive, sleep laboratory, or home-based testing
using a portable monitor to quantify apnea-hypopnea index
(AHI), calculated by adding all number apnea and hypopnea
events and then dividing it by total sleep time. PSG involves
simultaneous recording of OSA determinant physiologic
sleep variables such as electroencephalogram, electro-
oculogram (eye movements), chin electromyogram (muscle
tone), electrocardiogram, respiratory effort, airflow, and ox-
ygenation [36].

OSA-excess weight-T2DM

Several longitudinal cohort studies and meta-analysis have
reported an increased risk of poor metabolic control and inci-
dent T2DM in patients with severe to moderate sleep apnea
[37–40]. Findings also suggest that self-reported history of
sleep-disordered breathing and snoring are independently as-
sociated with glucose intolerance and insulin resistance in
patients with T2DM [27, 41, 42]. Aggregated with aging
and obesity, OSA has shown to increase the risk and severity
of T2DM [43, 44]. Interestingly, Indian patients with T2DM
with a low BMI are also at risk of developing OSA. In an
Indian study with over 400 T2DM patients from a specialty
diabetes clinic, nearly 28% of patients with BMI ≤ 25 kg/m2

had a high risk of OSA as assessed on the Epworth Sleepiness
Scale [45]. Thus, epidemiologically Indians and South Asians
have a similar risk of OSA as compared with Americans or
Europeans despite lower rates of obesity [46].

Obesity is a predominant risk factor and a 10% increase in
body weight has been correlated with a six-fold increase in the
risk of developing OSA [47]. Sleep fragmentation due to
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• Awakening with a dry mouth or

sore throat
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failure)
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• Excessive da me sleepiness
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• High blood pressure

Fig. 1 Signs and symptoms of obstructive sleep apnea. OSA, obstructive sleep apnea; P2, pulmonary valve; S3, third heart sound
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sudden awakening during sleep leads to activation of the au-
tonomic nervous system. Augmented oxidative stress and
chronic inflammation due to intermittent hypoxia and en-
hanced sympathetic activity dysregulate the glucose metabo-
lism. It is further postulated that hypoxia may have damaging
effect on pancreatic β-cell, liver, and adipose tissue function,
which could further disrupt the glucose homeostasis [48]
(Fig. 3).

Insufficient (≤ 5 h/day) or excessive (≥ 9 h/day) sleep inter-
val is associated with a risk of developing T2DM, which is
comparable with physical immobility or inactivity. The mech-
anism of glycemic dysregulation and obesity with sleep dis-
turbances is mainly linked with overactivity of the sympathet-
ic nervous system that triggers over-eating or binge eating and
commonly reported in patients with T2DM; this is ultimately
linked to excessive weight gain [43]. Dysregulation of neuro-
endocrine control of appetite associated with disturbed sleep
leads to increased circulating levels of hunger promoting hor-
mone (ghrelin) and decreased satiety factor (leptin) [49].
Prevalence of undiagnosed OSA (86.6%) is currently high in
obese patients with T2DM [50].

Earlier studies comparing insulin resistance in total sleep-
deprived individuals versus those with normal sleep condi-
tions demonstrated that insulin resistance was induced by
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acute sleep deprivation [51, 52]. Findings from a randomized
controlled study suggested that an improvement of sleep pat-
tern in obese patients with T2DM significantly reduced body
weight, BMI, and glycated hemoglobin (HbA1c) as compared
with the control group [53]. Confirming the two-way link, the
Sleep AHEAD randomized controlled study reported clinical-
ly relevant improvements in OSA among obese patients with
T2DM following lifestyle-based behavioral weight loss pro-
gram and increased physical activity [54]. The benefit of
weight loss was observed in men with severe OSA at baseline
and participants with a weight loss of 10 kg or more who
showed the greatest reductions in AHI [48]. Thus, effective
weight loss strategies could produce meaningful improve-
ments in outcomes among patients with OSA and T2DM.

Current treatment options for OSA

There are several options available for the management of
OSA according to disease severity, which include:

& Lifestyle modifications such as weight loss through phys-
ical exercise for all obese people with OSA should be
recommended for regardless of other interventions.
Additionally, risk factors such as alcohol, smoking, and
sedative medications should be avoided.

& Continuous positive airway pressure (CPAP) is regarded as
the gold standard treatment for OSA. Patients with AHI ≥ 5
with symptoms or AHI ≥ 15 are primarily recommended for
treatment with auto-CPAP therapy, as a first line of therapy
[55]. During CPAP treatment, the pressurized air is delivered
into the upper airways, to relieve obstruction during sleep
[56, 57]. Themask is worn over the nose and/or mouthwhile
sleeping, which is connected to the machine that delivers
pressurized air continuously [58]. Despite all benefits, pa-
tient’s intolerance, unacceptance, and non-adherence due to
mask discomfort may limit the use of CPAP. Therefore,
counseling, and open discussion with patients should be en-
couraged to mitigate apprehensions and negative perceptions
about CPAP. Bi-level positive airway pressure (PAP) may
be considered in patients who are intolerant to CPAP and is
suitable for non-obstructive sleep-related hypoventilation
and patients with overlap syndromes leading to
hypoventilation. It works by administering pressure between
inspiratory and expiratory cycles thereby combating the in-
spiratory flow limitation of the upper airway and increasing
the tidal volume. This noninvasive method is considered
more appropriate for obese patients with hypoventilation,
patients with chronic obstructive pulmonary disorder, or al-
veolar hypoventilation associated with neuromuscular disor-
ders [59].

& Oral appliances are widely prescribed as a treatment for
OSA in patients with mild-to-moderate OSA, particularly
in patients who are unable to use CPAP [60]. These are

known to alleviate airway obstruction by enlarging the
upper airway or reducing its collapsibility during sleep
[61]. A dental device can be used to keep the airway open,
which is noninvasive in nature and has emerged as an
alternative treatment for OSA. Oral devices are catego-
rized as tongue-retaining devices and mandibular ad-
vancement devices (MAD) or mandibular advancement
splints (MAS) or mandibular repositioning appliances
(MRA) [62, 63]. The MAD is more widely applied in
clinical practice. MAD appliances enable mandibular pro-
trusion with respect to the resting position by covering the
upper and lower teeth, which in turn advances the tongue
position and subsequently increases oropharyngeal vol-
ume. Accredited sleep specialists may predict an effective
mandibular protrusion position by using polysomno-
graphic evaluation with a remotely controlled mandibular
positioner to help customize the device [64]. In patients
with mild-to-moderate OSA, a > 50% reduction in AHI to
< 5/h was reported in 42.8% of patients using an oral ap-
pliance and 73.2% of patients using CPAP. The odds of
achieving AHI < 5/h was 49 times greater and < 10/h 89
times greater in patients treated with the oral appliance
when compared with the control untreated group [65,
66]. The tongue-retaining devices hold the tongue forward
by suction, thereby avoiding its collapse into airways.
However, these devices have poor tolerance among pa-
tients and have shown inadequate efficacy [60, 66].
Objective tracking of device use and adherence is usually
challenging. However, the difference between the mean
subjective adherence rates for oral appliance users was
0.70 more hours per night than the objective adherence
rates among CPAP users [65, 66].

& Surgery is warranted in few conditions that need anatom-
ical restructuring to reduce the obstruction in nose, oro-
pharynx, or hypopharynx. Such conditions include retro
positioned maxilla or mandible, enlarged pharyngeal fat
pads, soft palate or tongue, narrow posterior airway space,
and upper airway hypotonia. Nasal surgeries, palatal sur-
geries (uvulopalatopharyngoplasty), and tongue-based
surgeries (genioglossus advancement with hyoid suspen-
sion) are performed at level 1 to alleviate OSA
maxillomandibular advancement (MMA) is a more com-
plex procedure and generally reserved for patients with
major OSA and for obstructions that could not be resolved
in level 1 surgeries [63, 67].

Biological links/pathophysiology
between OSA and T2DM

Obesity is a major confounder for the association between
T2DM and OSA [68]. Nearly 60–90% of individuals with
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OSA are overweight, and the relative risk of OSA in obesity
(BMI > 29 kg/m2) is ≥ 10 [11]. Several studies report a sub-
stantial impact of fat accumulation around the abdomen and
neck regions on upper airway size and function. Increasing
neck circumference, reduced pharyngeal lumen size, and com-
promised upper airway muscle force due to fat deposition in
obese individuals leads to occlusion of the upper airway dur-
ing sleep, resulting in OSA [69]. Additionally, reduced lung
volume and upper airway size secondary to increasing mass
effect of central obesity on the chest wall and reduced tracheal
traction worsens hypoxia and contributes to increased risk of
OSA [70]. The relationship between OSA and T2DM is bidi-
rectional: OSA is a risk factor for T2DM and vice versa [9].
The following sections outline the postulated links.

Does OSA play any role in the development of T2DM?

OSA may directly or indirectly play a role in development of
T2DM. The intermittent hypoxia and sleep fragmentation are
postulated to induce metabolic dysfunction and alteration of
glucose metabolism that eventually contributes to the devel-
opment of T2DM [71] (Fig. 4). Episodes of hypoxia also
reduce insulin sensitivity without a compensatory increase in
insulin secretion, potentially suggesting β-cell dysfunction.
Other mechanisms associated with disrupted glucose metabo-
lism include hormonal changes such as activation of the hy-
pothalamic–pituitary–adrenal axis; higher release of catechol-
amines, ghrelin, leptin; and decreased adiponectin in OSA.

Further, recurrent hypoxia and sleep arousals contribute to
increased sympathetic activity leading to dysregulation of glu-
cose and fat metabolism and the development of T2DM.
Oxidative stress in OSA and the elevated levels of inflamma-
tory cytokines such as tumor necrosis factor alpha,
interleukin-6 (IL-6), IL-8, and nuclear factor kappa light chain
enhancer of activated B cells NF-κB also contribute to IR and
β-cell dysfunction [72].

Does OSA have any effect on components of
metabolic syndrome?

Metabolic syndrome is a group term for several metabolic
abnormalities including central obesity, IR or glucose
intolerance, hypertension, and dyslipidemia, and is associated
with an increased risk for T2DM and CVDs [73]. Several
studies identified an independent and bidirectional risk
association between OSA and metabolic syndrome or its
individual components [74, 75]. Moreover, the severity of
OSA is associated with poor control of components of
metabolic syndrome such as hyperglycemia, hypertension
and dyslipidemia [76, 77]. Existing literature evidence sug-
gests that OSA initiates several intermediary mechanisms
such as inflammation, neurohumoral alterations including
sympathetic activation, and oxidative stress that have been
suggested to increase the risk of metabolic syndrome as well
as its components [78].
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Fig. 4 Link between OSA and
T2DM. OSA, obstructive sleep
apnea; IL, interleukin; NF-κB,
nuclear factor kappa light chain
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T2DM, type 2 diabetes mellitus;
TNF-α, tumor necrosis factor
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Does T2DM play a role in the development of OSA?

The role of T2DM as a risk factor for OSA is less explored.
In a study evaluating risk factors (odds ratio [95% CI]) for
OSA in a population of 3565 individuals, waist circumfer-
ence (1.34 [1.19–1.52]), fasting insulin, homeostasis model
assessment of insulin resistance (HOMA-IR) (1.31 [1.13–
1.51] both) and triglycerides (1.24 [1.09–1.41]) were asso-
ciated with a greater risk of observed apnea [79]. Notably,
these risk factors are commonly associated with T2DM. It
is postulated that T2DM can contribute to the development
or exacerbated progression of pre-existing OSA. Increasing
body weight in T2DM is the most common determinant of
OSA that has a higher preponderance in men [80]. Among
other possible mechanisms, loss of upper airway innerva-
tion and reduced neuromuscular response due to autonomic
neuropathy in diabetes explains the abnormal control of
breathing and frequent sleep apnea in these patients
[80–82].

Does OSA have any effect on glycemic control of
existing T2DM patients?

Several cross-sectional studies have suggested that OSA has a
significant impact on the glucose metabolism and glycemic
control in both patients with or without T2DM [83, 84]; how-
ever, data from long-term prospective longitudinal studies are
lacking. Existing literature shows that both presence and se-
verity of untreated OSA independently associate with poor
glycemic control (increased HbA1c levels) in patients with
T2DM; despite adjusting for relevant confounding factors
such as age, sex, race, BMI, diabetes duration, lipids, exercise,
blood pressure and insulin therapy [83, 85, 86]. Moreover,
both duration and quality of sleep were also correlated with
worse glycemic control; necessitating the need for treatment
of OSA in patients with T2DM [87]. However, the effect of
CPAP therapy on glycemic control or IR have had mixed
results in patients with T2DM (Table 1).

Public health implications of OSA and T2DM

Both OSA and T2DM are closely associated diseases with
high prevalence and having major impact on public health.
There is increasing evidence that OSA is associated with risk
of both T2DM and CVD complications; resulting in signifi-
cant socioeconomic burden [1, 11, 13, 88]. It is likely that over
half of the people with T2DM suffer from sleep disturbances
and of these, up to one-third who are severely affected may
require treatment [11].

Literature evidence shows that the presence and severity of
OSA in patients with T2DM have been implicated in macro-
and microvascular complications of diabetes mellitus [88].

OSA shares several common molecular mechanisms with hy-
perglycemia which results in microvascular complications in
patients with T2DM [88]. In patients with T2DM, the pres-
ence of OSA was associated with the risk of diabetic retinop-
athy [89], diabetic macular edema [90], diabetic neuropathy
[91], and diabetic nephropathy [92]. It was also well-
established that OSA in patients with or without T2DM was
strongly implicated for CVD in numerous cross-sectional and
longitudinal studies [93, 94]. In both Sleep Heart Health Study
and the Wisconsin Sleep Cohort Study, OSA was strongly
associated with hypertension [7, 95, 96]. Moreover, OSA is
the most common secondary cause of drug-resistant hyperten-
sion and linked to a non-dipping form of hypertension [7, 97].
Though studies in patients with T2DM are lacking, OSA has
been associated with a higher risk of developing coronary
artery disease [5], stroke [98], atrial fibrillation [99], athero-
sclerosis [100], dyslipidemia [101], arterial stiffness [102],
cardiac arrhythmias [103], and heart failure [5]. Other comor-
bidities that have been associated with OSA include cognitive
impairment, depression, decreased quality of life, motor vehi-
cle accidents, psychological social function, and erectile dys-
function [88].

The high prevalence of OSA in T2DM raises the likeli-
hood that some of the morbidity and mortalities linked to
T2DM may be attributable to undiagnosed OSA [50]. This
was clearly evident in the Sleep AHEAD trial where alarm-
ingly 86% of obese patients with T2DMwere found to have
undiagnosed OSA with an AHI of 20.5 events/h [50]. In a
10-year long-term observation study, obese patients with
OSA had higher healthcare resource utilization and associ-
ated costs; interestingly these were increased over time un-
til diagnosis and decreased after treatment [104]. Therefore,
even in the absence of clinical manifestations, physicians
handling obese patients with T2DM should be screened and
treated appropriately as a part of routine clinical practice for
better health outcomes associated with adverse conse-
quences of OSA [50, 105].

Recommendations for screening of patients
for OSA for diabetologists [19, 106–108]

Figure 5 outlines the recommendations for screening, diagno-
sis, and treatment of OSA in patients with T2DM. As
discussed, any of the validated, easy-to-use questionnaires
(STOP, STOP-Bang, Berlin Questionnaire, Epworth
Sleepiness Scale, or Wisconsin Sleep Questionnaire) can be
used for screening. STOP and STOP-Bang are reliable tools
with high sensitivity to detect mild, moderate, and severe OSA
in clinical settings [109]. Patients presenting with the follow-
ing signs and symptoms are considered as high risk and
should be screened for OSA:
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& Patients complaining of sleepiness, non-restorative
sleep, fatigue or symptoms of insomnia, waking up with
gasping or choking, habitual snoring, interruptions in
breathing

& Upper airway evaluation showing retrognathia, high
arched palate, macroglossia, tonsillar hypertrophy, en-
larged uvula, and nasal abnormality

& Patients who demonstrate PSG or level 3 portable sleep
test or home-based cardiorespiratory sleep tests with five
or more obstructive respiratory events per hour of sleep
OR with fifteen or more obstructive respiratory events per
hour of sleep in the absence of symptoms

& Existing comorbidities such as hypertension, prediabetes
or overt T2DM, congestive heart failure, atrial fibrillation,
coronary artery disease, and cognitive dysfunction

& Patients with BMI > 22–25 kg/m2 [119]
& Abdominal obesity (cm) in the range of > 90 for males and

> 80 for females (Asian population) and waist circumfer-
ence men: 78 cm, women: 72 cm

& Neck circumference—women: > 16 in.; men: > 17 in.
& Body fat cut—men: 25%, women: 30%
& Fasting plasma glucose (FPG) ≥ 100 mg/dL
& Hypertension (mmHg) ranging in ≥ 130/≥ 85
& High triglycerides levels of ≥ 150 and low levels of high-

density lipoprotein (HDL)men: < 40; women: < 50

Additionally, patients with congestive heart failure, atrial
fibrillation, treatment-refractory hypertension, nocturnal dys-
rhythmias, hypothyroidism, stroke, and pulmonary hyperten-
sion are also at increased risk of OSA and should be screened
for the same [108]. Notably, candidates for bariatric surgery
and individuals on high-risk jobs (machine operators, pilots,
truck or bus drivers) experiencing excessive daytime somno-
lence should be screened for possible OSA.

Recommendations for diagnosis

Diagnosis of T2DM in patients with OSA

Diagnosis of prediabetes and T2DM is recommended in fam-
ily members of patients with existing T2DM and overweight
children and adolescents at the onset of puberty. Overweight
individuals exhibiting signs and symptoms of OSA especially
habitual snoring, witnessed apnea, and daytime sleepiness
should be diagnosed for the co-existence of T2DM.

Prediabetes can be diagnosed based on the following
criteria [120]:

& Impaired fasting glucose (IFG): FPG 100 mg/dL to
125 mg/dL orT
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& Impaired glucose tolerance (IGT): 2-h plasma glucose
(2-h PG) during 75-g, oral glucose tolerance test
(OGTT) 140 mg/dL to 199 mg/dL or

& HbA1c levels ranging from ≥ 5.7%–6.4%

The diagnosis of T2DM should follow the following
criteria [120]:

& FPG ≥ 126 mg/dL or
& FPG ≥ 126 mg/dL and/or 2-h PG ≥ 200 mg/dL using 75-g

OGTT
& Random plasma glucose ≥ 200 mg/dL in the presence of

classical diabetes symptoms

Diagnosis of OSA in patients with T2DM

Eligible patients (determined using questionnaire-based pre-
diction algorithm) should be subjected to overnight monitor-
ing using PSG by trained personnel [109, 121]. The diagnosis

of OSA is to be confirmed if one of the two conditions exist
[122]:

≥15 events of apnea, hypopnea, or
increased respiratory effort
leading to sleep arousals per hour
of sleep in asymptomatic patient,
with >75% of apnea/hypopnea
events being obstructive

≥5 events of apnea, hypopnea, or
increased respiratory effort
leading to sleep arousals per hour
of sleep in patients with signs
and symptoms of disturbed
sleep, with >75% of
apnea/hypopnea events being
obstructive

The AHI cut-offs for diagnosis of OSA measured on the
PSG are as follows [26]:

& Mild OSA: 5 to 15 episodes/h
& Moderate OSA: 15–30 episodes/h
& Severe OSA: ≥ 30 episodes/h

Do not exclude the diagnosis of OSA based on a negative
or indecisive polysomnogram. It is highly recommended to

Pa nts with prediabetes or T2DM

• Risk factor assessment: obesity es, signs and symptoms
of OSA

• Physical examina on: BMI (>22-25 kg/m2), abdominal obesity (>90
cm, men; >80 cm, women),  waist circumference (78 cm, men; 72
cm, women), neck circumference (>16”, men; >17”, women),
craniofacial abnormali s

• Structured ques onnaire: ESS, STOP, STOP-Bang, Berlin and the
Wisconsin Sleep  Ques onnaires

• Overnight in-clinic PSG
• Home based sleep test using portable monitor

o Alterna e to PSG in pa nts with high likelihood of moderate to
severe OSA, has lower cost ons

• Lifes on: weight loss, healthy habits
• CPAP: first-line therapy
• Oral appliances: in pa nts who are intolerant/unable/unwilling to use

CPAP
• P onal therapy: in pa nts with POSA
• Surgical interv ons: first-line in pa nts with anatomical

abnormality requiring correc n

• Overweight individuals experiencing habitual snoring, witnessed
apnea and da me sleepiness should be diagnosed for T2DM

Pa nts with signs and symptoms of OSA

Sc
re

en
in

g
Di

ag
no

sis
Tr

ea
tm

en
t

• Lifestyle management and pharmacotherapy as recommended by the
RSSDI [111]

Preliminary assessment

• Prediabetes
o IFG: FPG 100 mg/dL to 125 mg/dL or
o IGT: 2-h PG during 75-g OGTT: 140 mg/dL to 199 mg/dL or
o HbA1c levels: ≥5.7%–6.4%

• T2DM
o FPG ≥126 mg/dL or
o FPG ≥126 mg/dL and/or 2-h PG ≥200 mg/dL using 75-g OGTT
o RPG ≥200 mg/dL in the presence of classical diabetes symptoms

Fig. 5 Recommendations for screening, diagnosis, and treatment of OSA
in patients with T2DM. AHI, apnea-hypopnea index; BMI, body mass
index; CPAP, Continuous positive airway pressure; ESS, Epworth
Sleepiness Scale; FPG, fasting plasma glucose; IFG, Impaired fasting
glucose IGT, Impaired glucose tolerance OGTT, oral glucose tolerance

test OSA, obstructive sleep apnea; POSA, Positional obstructive sleep
apnea; PSG, polysomnography RPG, random plasma glucose; RSSDI,
Research Society for Study of Diabetes in India; T2DM, type-2 diabetes
mellitus
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repeat PSG especially in high-risk patients with predisposing
variables [123].

As PSG is an expensive, time-consuming test requiring
trained technicians, portable monitoring may be used as
an alternative to diagnose OSA only in patients screened
as highly probable to manifest moderate to severe OSA
[124]. Testing of sleep-disordered breathing using level 3
portable devices may expedite diagnosis and considerably
lower the costs associated with level 1 in-clinic PSG [19].
Level 3 portable devices have demonstrated adequate di-
agnostic performance compared with level 1 sleep tests in
adult patients with moderate to severe OSA and having a
high pretest probability with no unstable comorbidities
[125]. Home-based cardiorespiratory sleep tests or cardio-
pulmonary may also be an acceptable approach for initial
screening of patients with a suspicion of OSA, especially
children or morbidly obese individuals [126, 127]. If the
portable or home-based test is negative or inclusive, PSG
should be performed for confirmatory diagnosis. Portable
or home-based testing is discouraged in patients with co-
morbid neuromuscular diseases, moderate to severe pul-
monary diseases, congestive heart failure, movement dis-
orders, severe insomnia, history of stroke, sleep seizures,
etc. [109, 121].

Patients diagnosed with OSA and recommended CPAP
should be brought back to the sleep clinic for follow-up
PSG to enable titration of CPAP pressure. If clinically
suitable, a split-night protocol may be followed: part 1-
diagnosis of OSA with at least 2 h of recorded sleep; part
2—titration of CPAP. This is recommended in high-risk
patients with ≥ 20 events/h or ≥ 40 events/h in low-risk
patients in part 1. The split-night protocol is a cost-
effective approach that facilitates timely delivery of treat-
ment [109].

Recommendations for treatment of OSA
in prediabetes and T2DM

The treatment options for OSA in patients with T2DM who
are at CVD risk include lifestyle modification, pharmacother-
apy, and medical management, which include devices such as
positioning therapy, CPAP therapy or dental appliances, and
surgical interventions [128].

Lifestyle modification

& Weight loss: Weight loss achieved from either dietary or
surgical procedures are shown to be associated with im-
provement in OSA severity [129, 130].

– Weight loss is considered as the primary treatment strat-
egy for OSA in individuals who are overweight or obese

and therefore, should be recommended in addition to oth-
er therapies

Exercise and a healthy diet should be adopted for weight
control.
Bariatric surgery is another major option for patients in
which weight loss through diet and exercise has failed.

& Healthy habits: [128]

– Alcohol and smoking cessation should be promoted to
minimize further risk.

– Avoid medications that could aggravate sleep apnea, such
as central nervous system depressants (i.e., opiates and
benzodiazepines).

Pharmacotherapy

Role of pharmacotherapy in the management of OSA is lim-
ited [131].

& Currently, there are no widely effective pharmacother-
apies to recommend for patients with OSA. However,
treatment of chronic or seasonal nasal congestion could
be improved with an appropriate regimen of antihista-
mines, decongestants, nasal steroids, and/or saline
irrigation.

Medical management

Positional therapy
In this therapy, patients are maintained in a non-supine
position during sleep using a positioning device, as it is
associated with a higher reduction in upper airway di-
mension. It was found that over half of all patients with
an AHI >5 events/h have a positional component to
their OSA [132].

& Positional therapy can be used as a supplemental to pri-
mary therapy.

Continuous positive airway pressure

There are conflicting results on the effect of CPAP on
the glucose metabolism in people with prediabetes and
T2DM (Table 1), owing to small sample size and lack
of control subjects. However, CPAP is considered as a
gold standard and first line of therapy due to its
favorable effects on sleep quality and quantity and
subsequent prevention of T2DM and CVDs. Literature
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evidence shows that patients with OSA who are highly
adherent to CPAP therapy may have a greater likelihood
of deriving metabolic benefit and lower risk of all-cause
mortality due to CVDs [133, 134]. Moreover, the CPAP
treatment has beneficial effects on quality of sleep that
improves the fatigue and daytime sleepiness and conse-
quently reduces vehicle accidents and work impairment
[135].

& CPAP should be considered as a first-line of therapy.

Oral appliances

Oral appliances, such as tongue-retaining and mandibular ad-
vancement devices, works by mechanically enlarging the up-
per airway tract; however, these are less efficacious than
CPAP therapy [66, 136].

& Oral appliances are recommended for the treatment of
OSA in patients who are intolerant to or unable or unwill-
ing to use CPAP therapy.

Surgical interventions

Surgery is performed to unblock the obstruction in the upper
airway using different surgical procedures depending on the
anatomic level at which obstruction occurs (nasal, upper pha-
ryngeal, lower pharyngeal, or global upper airway) [128].
Inherent to any other surgical procedures these are limited
by pre and post-operative complications [128].

& Surgery should be considered as a second-line of therapy
for patients with OSA who are intolerant or experience a
poor response to or CPAP therapy. However, it is consid-
ered as a first-line of therapy in pediatric patients and in
those with significant anatomical abnormality requiring
correction [137].

Recommendations of patient care

There is an evident need for healthcare professionals to be
conscious, educated, and well-trained in the area of OSA
and T2DM.

These clinical recommendations endorse IDF consensus
guidelines on OSA in patients with T2DM and recommend
the following:

& Healthcare professionals working on both T2DM and
OSA should adopt adequate clinical practices to ensure

that individual presenting with one clinical condition is
considered for treatment of the other.

& Healthcare professionals should aim to develop routine
interventions that are appropriate for both T2DM and
OSA.

Sleep services

& Individuals with OSA must be routinely screened for
markers of metabolic abnormalities and cardiovascular
risk factors

– At least waist circumference, blood pressure, fasting
lipids, fasting glucose should be included as a part of
the screening process.

Diabetes services

& The possibility of OSA should be considered in the assess-
ment of all individuals with T2DM and metabolic
syndrome.

– All individuals with T2DM should be assessed for symp-
toms of OSA: snoring, apnea during sleep, and daytime
sleepiness.

& Individuals with T2DM should be referred to a specialist
at an early stage so as to diagnose and subsequent therapy
owing to confirmed benefits on hypertension and quality
of life.

– Management of OSA should focus primarily on weight
reduction in overweight and obese people.

– CPAP is the current best treatment for moderate to severe
OSA and should be considered where appropriate.

– Recommend cessation of smoking and alcohol intake.
– Recommend oral appliances or surgery where

appropriate.

Recommendations for promotion of research

Further research is warranted, owing to the direct impact of OSA
in T2DM on the individual’s life and its economic burden on
both individuals as well as society, in the following areas:

& Epidemiological studies

– All data in patients with T2DM are limited with
cross-sectional studies; hence, long-term nationwide
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prevalence studies of OSA in adults with T2DM are
warranted.

Studies in children with obesity, different ethnic groups,
and adults with gestational diabetes and pre-eclampsia
are of more interest.

& Mechanistic studies
It is recommended that all healthcare professionals who
are involved in T2DM or OSAmust be educated about the
links between the two conditions and trained appropriately
for patient care.

– Further studies are required to better understand the bio-
logical links between OSA and T2DM, and to improve
treatment and patient care, in the following areas.

& Effect of OSA on insulin secretion, IR, mitochondrial
function, and inflammatory markers

& Newer and better biomarkers
& Incidence and severity of micro- and macrovascular

complications of T2DM in patients with OSA
& Bidirectional link between T2DM and OSA

& Intervention studies

– Large randomized controlled trials of CPAP and other
therapies in people with T2DM particularly prediabetes
with special emphasis on CVD risk factors and outcomes
and glycemic control are required.

& Additional outcomes should also include oxidative
stress, inflammation markers, and lipid metabolism.

– Studies on the weight loss interventions including the use
of anti-obesity agents in people with OSA and T2DM
should be investigated.

– Studies on combination therapies are also warranted.
– Therapies for OSA that are easier to use and cheaper than

CPAP could be evaluated.

& Economic analysis studies: Studies evaluating the eco-
nomic impact of OSA in patients with T2DM are warrant-
ed in terms of:

– Cost-effectiveness of OSA screening in T2DM-related
outcomes.

– Cost-effectiveness of OSA treatment with CPAP on
T2DM-related outcomes.

& Resource development
Although PSG is the gold standard in the diagnosis of
OSA, these studies are frequently limited by high costs
and available resources such as hospital beds, waiting

times, unwilling to stay overnight in the hospital for diag-
nosis, and labor requirements. In resource-limiting coun-
tries like India:

– A reliable but inexpensive diagnostic technique for OSA
is needed in primary care settings.

– A precise and easy to handle clinical screening tools (i.e.,
home monitoring devices) are required to better diagnose
and predict the severity of OSA, and for better risk strat-
ification and to facilitate the efficiency of patient
management.
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Abstract
Objective To explore the individual and interaction effects of sleep duration and prepregnancy body mass index (BMI) on
gestational diabetes mellitus (GDM).
Methods Pregnant women who attended antenatal visits in 2 hospitals were selected as the study population. Sleep duration and
prepregnancy BMI were collected through a semiquantitative questionnaire, and GDM was diagnosed according to an oral
glucose tolerance test (OGTT).
Results In total, 196 women with GDM and 304 controls were included. Compared with the normal weight women, the
prepregnancy overweight/obese group had an increased risk of GDM (OR: 7.04, p < 0.001); compared with women who slept
7–8.9 h/night, women who slept < 7, 9–9.9, or ≥ 10 h/night had an increased risk of GDM (all p < 0.001). The participants with a
combination of long sleep duration (≥ 10 h/night) and prepregnancy overweight/obesity had the highest risk of GDM (OR =
39.57, p < 0.001), and this effect was greater than the product of the individual effects of a long sleep duration and overweight/
obesity (p value of the interaction 0.007).
Conclusions A short or long sleep duration in early pregnancy and prepregnancy overweight/obesity is related to GDM, and there
is a synergic effect between a long sleep duration and overweight/obesity on GDM.

Keywords Gestational diabetesmellitus . Bodymass index . Obesity . Sleep duration . Interaction

Introduction

Gestational diabetes mellitus (GDM) is among the most
common diseases occurring during pregnancy [1]. GDM
continues to be a major cause of morbidity and is cur-
rently a major public health issue worldwide [2].
According to the statistics of the International Diabetes
Association (IDF), approximately one-seventh of new-
borns worldwide in 2015 were affected by GDM [3].
As the proportions of overweight and obese people and
older pregnant women increase, and due to the continu-
ous changes in the diagnostic criteria for GDM, the glob-
al incidence of GDM has increased yearly in recent years
[4, 5]. GDM can cause great harm to the health of
mothers and their fetuses, affect the ability of pregnant
women to deliver various nutrients to the fetus, and
cause various adverse pregnancy outcomes, such as pre-
term birth and a low birth weight [6]. In addition, GDM
is associated with an increased risk of future cardiovas-
cular diseases in pregnant women [7].
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Sleep duration and body mass index (BMI) have been rec-
ognized as factors that influence GDM. Some studies have
shown that a shortened or prolonged sleep duration could
increase the risk of GDM [8]. Other studies revealed that
BMI could play a vital role in the development of hypergly-
cemia during pregnancy and that overweight or obese women
could be at an increased risk of developing GDM [9, 10].
Sleep duration and overweight/obesity act through the same
biological mechanism to increase the occurrence of GDM,
and both may be associated with elevated inflammatory re-
sponses [11–13]. However, knowledge regarding the interac-
tion effect between sleep and BMI on GDM is currently
limited.

The goals of the present study are as follows: (1) to assess
the impact of sleep duration in early pregnancy and
prepregnancy BMI on GDM and (2) to examine whether
any interaction effect exists.

Methods

Study population

In this retrospective study, the study population includ-
ed pregnant women who visited Ji’an Women and
Children’s Health Care Hospital (Ji’an city, Jiangxi
Province) and Anhui Women and Children’s Health
Care Hospital (Hefei city, Anhui Province) between
April 2018 and May 2019. Pregnant women diagnosed
with GDM were selected as cases, and women without
GDM were selected as controls. The inclusion criteria
were as follows: pregnant women who had (1) complet-
ed GDM screening and (2) a live singleton birth. The
exclusion criteria were as follows: pregnant women who
had (1) a previous diagnosis of diabetes or GDM; (2) a
previous stillbirth, spontaneous abortion, delivery of a
large baby, fetal malformation with unknown causes,
or hydramnios; (3) polycystic ovary syndrome; or (4)
communication disorders.

Sleep duration

The sleep duration information was assessed by a semi-
quantitative questionnaire, which referenced the
Pittsburg Sleep Quality Index (PSQI) scale [14].
Pregnant women were asked when they go to bed at
night, how long it takes them to fall asleep, and when
they wake in the morning in order to calculate the sleep
duration during early pregnancy. In the present study,
early pregnancy was defined as the period of 1~13 ges-
tational weeks. The sleep duration responses were cate-
gorized into the following four groups: < 7 h/night, 7–
8.9 h/night, 9–9.9 h/night, and ≥ 10 h/night.

Prepregnancy BMI

Pregnant women attended face-to-face interviews by
trained investigators to assess the prepregnancy BMI in-
formation. The following question was asked: “How
much did you weigh before pregnancy?” Since height
values are generally constant, the prepregnancy height
was replaced by the height value measured at enrollment.
The maternal prepregnancy BMI was calculated by the
following equation: BMI = weight/height2. According to
the criteria established by the Health Industry Standards
of the People’s Republic of China, the BMI was catego-
rized into the following groups: thin (< 18.5 kg/m2), nor-
mal weight (18.5~23.9 kg/m2), overweight (24~27.9 kg/
m2), and obese (≥ 28 kg/m2) group [15]. In the present
study, the overweight and obese groups were combined
into one group (overweight/obesity group) due to the lim-
ited sample size.

GDM diagnosis

In this study, GDMwas diagnosed according to a routine oral
glucose tolerance test (OGTT). According to the standard pro-
posed by the National Health Commission of China and the
International Association of Diabetes and Pregnancy Study
Group (IADPSG), pregnant women are required to undergo
screening for GDM by OGTT between 24 and 28 gestational
weeks [16, 17]. The GDM diagnostic criteria were as follows:
fasting blood glucose ≥ 5.1 mmol/L, blood glucose ≥
10.0 mmol/L 1 h after consuming 75 g of glucose, and/or
blood glucose ≥ 8.5 mmol/L 2 h after consuming 75 g of
glucose [17].

Covariates

The following covariates were obtained from the struc-
tured questionnaire administered at enrollment: age, eth-
nicity (Han Chinese/other), education, smoking
(smoking during early pregnancy, defined as ≥ 3 times
a week, yes/no), drinking (drinking during early preg-
nancy, defined as ≥ 3 times a week, yes/no), gestational
age, progesterone use (yes/no), midday napping duration
(≤ 1/> 1 h/day), and parity (primiparous/multiparous).
Education was recorded according to the number of
completed years of school (≤ 9/10–12/13–16/≥ 17).

Statistical analysis

The distributions of continuous and categorical variables are
described using the means ± SDs, frequencies, and percent-
ages. The Pearson χ2 test was adopted to compare the sleep
duration and prepregnancy BMI category of pregnant women
grouped by GDM. Binomial logistic regression analyses were
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used to assess the relationship of sleep duration in early preg-
nancy and prepregnancy BMI category with GDM, and the
results are presented as odds ratios (ORs) with 95% confi-
dence intervals (CIs). The following covariates were chosen
to control for the impact of potential confounders: age, edu-
cation, drinking, smoking, progesterone use, ethnicity, mid-
day napping duration, gestational age, and parity.

A stratified analysis was used to explore the interaction
effect between sleep duration and prepregnancy BMI on
GDM, and theWald test was used by adding interaction terms
between the prepregnancy BMI category and sleep duration
(< 7 or ≥ 10 h/night) in early pregnancy. All statistical analy-
ses were performed using R software (The R Project for
Statistical Computing, version 3.6.1), and p < 0.05 was con-
sidered statistically significant.

Results

In total, 196 women with GDM and 304 women without
GDM were selected as cases and controls, respectively. The
average age of the participants was 28.03 ± 3.27 years. In
total, 63 women (12.6%) had a family history of diabetes,
and 88.6% of the women were primiparous. The average ges-
tational age at the OGTT was 26.44 ± 2.65 weeks. Additional
details of the demographic and clinical characteristics are pro-
vided in Table 1.

On an average, the prepregnancy BMI of women in the
case group was 22.25 ± 3.09 kg/m2, which was higher than
that of the control group (p < 0.001). The Pearson χ2 test
showed that the distributions of the BMI category and sleep
duration significantly differed between the two groups (both
p < 0.001). Additional details are shown in Table 2. After
adjusting for several confounding factors, compared with the
normal weight women, prepregnancy overweight/obese wom-
en had a statistically significant increased risk of GDM (OR:
7.04, 95% CI: 3.65, 13.59, p < 0.001); compared with women
who slept 7–8.9 h/night in early pregnancy, those who slept
< 7 h/night, 9–9.9 h/night, or ≥ 10 h/night, all had a statisti-
cally significant increased risk of GDM. Additional details are
provided in Table 3.

The combined effect of a long sleep duration in early
pregnancy and prepregnancy overweight/obesity was al-
so observed. As shown in Table 4, the combination of a
long sleep duration (≥ 10 h/night) in early pregnancy
and prepregnancy overweight/obesity resulted in the
highest risk of GDM (OR = 39.57, p < 0.001), which
was greater than the product of the individual effects
of a long sleep duration and overweight/obesity.
Furthermore, the interaction effect of long sleep dura-
tion in early pregnancy and prepregnancy overweight/
obesity was examined using the Wald test. Compared
with the GDM risk in the 7–8.9 h/night sleep duration

group, the GDM risk in the ≥ 10 h/night sleep duration
group was increased in the prepregnancy overweight/
obese group, and the impact was much stronger than
that in the normal weight group (p value of the interac-
tion 0.007). Additional details are provided in Table 5.

Discussion

In this case-control study, we observed that short or long sleep
durations in women during early pregnancy and those with
prepregnancy overweight/obesity were associated with GDM.
In addition, we examined the interaction effect of sleep dura-
tion on GDM in women during early pregnancy and those
with prepregnancy overweight/obesity for the first time.
There was a synergic effect between a long sleep duration
and overweight/obesity on GDM, and the effect of a long
sleep duration on GDM was stronger among the overweight/
obese women.

Sleep disturbance is a common disorder in pregnant wom-
en with GDM [18]. Some studies have observed a relationship
between sleep duration during pregnancy and GDM.
Reutrakul et al. [19] found a significant negative impact of
sleep duration < 7 h/night during the second trimester on
OGTT blood glucose levels. Other studies observed that a
short sleep duration could increase the occurrence of GDM
among pregnant women [20, 21]. Several studies conducted in
the USA and China showed that a U-type relationship exists
between sleep duration and the risk of GDM and that short or
long sleep durations in early pregnancy could lead to an in-
creased risk of GDM [22, 23]. However, a study observed no
significant correlation between sleep duration and GDM after
adjusting for a series of covariates [24]. This study found that
short and long sleep durations were both related to an in-
creased occurrence of GDM, and our findings were consistent
with the results of most of the previous studies.

The mechanisms underlying the effect of sleep duration on
GDM remain unclear, but this effect could be affected by the
following pathways. First, sleep disturbances can increase in-
flammatory responses that cause endothelial dysfunction and
elevated oxidative stresses, and endothelial dysfunction is re-
lated to insulin resistance in type 2 diabetes [12, 13]. Second,
the reduction in the basal glucagon concentrations caused by
sleep disorders has been proposed as a mechanism to explain
the impact of sleep duration [25]. In addition, high sympathet-
ic nervous system activity, dysfunction of the hypothalamic
pituitary axis (HPA), alteration of the synthesis and release of
cytokines and adipokines, elevated serum cortisol levels, and
peripheral vasoconstriction have all been reported to be poten-
tial biological mechanisms [26, 27].

As mentioned above, the relationship between
prepregnancy BMI and GDM is relatively clear; prepregnancy
overweight/obesity is reportedly associated with an increased
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Table 1 Demographic and
clinical characteristics of the
study population†

Characteristics Total (n = 500) GDM

Yes (n = 196) No (n = 304)

Age (years) 28.03 ± 3.27 28.99 ± 3.64 27.40 ± 2.82

Ethnicity

Han Chinese 492 (98.4%) 193 (98.5%) 299 (98.4%)

Other 8 (1.6%) 3 (1.5%) 5 (1.6%)

Education (years of school)

≤ 9 14 (2.8%) 3 (1.5%) 11 (3.6%)

10–12 74 (14.8%) 33 (16.8%) 41 (13.5%)

13–16 313 (62.6%) 126 (64.3%) 187 (61.5%)

≥ 17 99 (19.8%) 34 (17.3%) 65 (21.4%)

Height (cm) 160.61 ± 4.80 160.77 ± 4.94 160.50 ± 4.71

Prepregnancy weight (kg) 53.76 ± 7.57 57.50 ± 8.29 51.34 ± 5.95

Parity

Primiparous 443 (88.6%) 167 (85.2%) 276 (90.8%)

Multiparous 57 (11.4%) 29 (14.8%) 28 (9.2%)

Family history of diabetes

Yes 63 (12.6%) 34 (17.3%) 29 (9.5%)

No 437 (87.4%) 162 (82.7%) 275 (90.5%)

Drinking

Yes 5 (1.0%) 4 (2.0%) 1 (0.3%)

No 495 (99.0%) 192 (98.0%) 303 (99.7%)

Smoking

Yes 4 (0.8%) 3 (1.5%) 1 (0.3%)

No 496 (99.2%) 193 (98.5%) 303 (99.7%)

Progesterone use

Yes 109 (21.8%) 47 (24.0%) 62 (20.4%)

No 391 (78.2%) 149 (76.0%) 242 (79.6%)

Gestational age at OGTT 26.44 ± 2.65 26.66 ± 4.17 26.31 ± 0.58

Midday napping duration

≤ 1 h/day 339 (67.8%) 103 (52.6%) 236 (77.6%)

> 1 h/day 161 (32.2%) 93 (47.4%) 68 (22.4%)

GDM gestational diabetes mellitus,OGTT oral glucose tolerance test. †The data are presented as themean ± SD or
frequency (percentage)

Table 2 Univariate association
between prepregnancy BMI or
sleep duration in early pregnancy
and GDM†

Characteristics Total (n = 500) GDM

Yes (n = 196) No (n = 304) p

BMI (kg/m2) 20.83 ± 2.77 22.25 ± 3.09 19.92 ± 2.10 < 0.001

BMI category < 0.001

Thin 107 (21.4%) 109 (55.6%) 210 (69.1%)

Normal 319 (63.8%) 24 (12.2%) 83 (27.3%)

Overweight/Obesity 74 (14.8) 63 (32.2%) 11 (3.6%)

Sleep duration < 0.001

< 7 h/night 20 (4.0%) 17 (8.7%) 3 (1.0%)

7–8.9 h/night 250 (50.0%) 62 (31.6%) 188 (61.8%)

9–9.9 h/night 119 (23.8%) 47 (24.0%) 72 (23.7%)

≥ 10 h/night 111 (22.2%) 70 (35.7%) 41 (13.5%)

BMI body mass index. †The data are presented as the frequency (percentage)
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risk of GDM, and similar results were observed in the present
study [9, 10]. The mechanisms underlying the effect may be
related to elevated inflammatory responses [11].

To the best of our knowledge, this study is the first to
observe the interaction effect of sleep duration and
prepregnancy BMI on GDM. We found a synergic effect be-
tween a long sleep duration and overweight/obesity on GDM
and that the effect of a long sleep duration on GDM was
stronger among overweight/obese women. Our findings sug-
gest that increased attention should be paid to overweight/
obese pregnant women with long sleep durations to prevent
and control the incidence of GDM. The mechanisms underly-
ing the interaction effect remain unclear and may be related to
the inflammatory response. Future studies are needed to con-
firm our findings.

The main strength of the present study is the use of abun-
dant and accurate covariate data, which were collected and
included in the multivariate analyses to avoid potential

confounding bias. However, there are a few limitations that
deserve acknowledgment. First, compared with a prospective
cohort study design, the retrospective design of the present
study weakens its ability to verify causality. In the present
study, the prepregnancy weight and sleep duration in early
pregnancy were self-reported through a questionnaire survey
conducted at 24 to 28 gestational weeks, which could cause
recall bias. Second, the sample size was not large. Due to the
small size, the confidence interval of the effect was very large
when observing the combined effect of a long sleep duration
and prepregnancy overweight/obesity on GDM. Third, sleep
duration was examined by a questionnaire referring to the
PSQI scale, and self-reported sleep duration has been reported
to be somewhat longer than objectively measured sleep dura-
tion in pregnant women according to a validation study of the
PSQI [28].

In summary, this study revealed a significant relationship
between sleep duration in early pregnancy or prepregnancy

Table 3 Multivariate association between prepregnancy BMI category or sleep duration in early pregnancy and GDM

Characteristics n Crude Adjusteda

OR (95% CI) p OR (95% CI) p

BMI category

Thin 107 0.56 (0.34, 0.93) 0.024 0.64 (0.39, 1.05) 0.096

Normal 319 1.00 (1.00, 1.00) 1.000 1.00 (1.00, 1.00) 1.000

Overweight/obesity 74 11.03 (5.59, 21.80) < 0.001 7.04 (3.65, 13.59) < 0.001

Sleep duration

< 7 h/night 20 17.18 (4.87, 60.61) < 0.001 10.27 (3.66, 28.82) < 0.001

7–8.9 h/night 250 1.00 (1.00, 1.00) 1.000 1.00 (1.00, 1.00) 1.000

9–9.9 h/night 119 1.98 (1.24, 3.16) 0.004 2.00 (1.06, 3.77) 0.016

≥ 10 h/night 111 5.18 (3.20, 8.37) < 0.001 4.25 (2.39, 7.56) < 0.001

OROdds ratio, CI confidence interval. a All models were adjusted for age, ethnicity, education, drinking, smoking, gestational age, parity, progesterone
use, midday napping duration, and family history of diabetes

Table 4 Combined effect of a
long sleep duration in early
pregnancy and prepregnancy
overweight/obesity on GDM

n Crude Adjusteda

OR (95% CI) p OR (95% CI) p

Group A 178 1.00 (1.00, 1.00) 1.000 1.00 (1.00, 1.00) 1.000

Group B 86 1.75 (1.01, 3.04) 0.047 1.89 (1.06, 3.70) 0.033

Group C 44 3.24 (1.64, 6.40) 0.001 3.09 (1.04, 9.18) 0.036

Group D 13 3.45 (1.10, 10.80) 0.034 3.19 (1.06, 9.60) 0.031

Group E 13 16.26 (3.47, 76.14) < 0.001 18.05 (5.83, 55.88) < 0.001

Group F 42 38.42 (11.32, 130.40) < 0.001 39.57 (16.01, 97.80) < 0.001

Group A: normal weight combined with a sleep duration of 7–8.9 h/night; Group B: normal weight combined
with a sleep duration of 9–9.9 h/night; Group C: normal weight combined with a sleep duration of ≥ 10 h/night;
Group D: overweight/obese participants combined with a sleep duration of 7–8.9 h/night; Group E: overweight/
obese participants combined with a sleep duration of 9–9.9 h/night; Group F: overweight/obese participants
combined with a sleep duration of ≥ 10 h/night. a All models were adjusted for age, ethnicity, education, drinking,
smoking, gestational age, parity, progesterone use, midday napping duration and family history of diabetes
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BMI and GDM in Chinese women. More interestingly, the
current study showed that the impact of a long sleep duration
on GDM was stronger among overweight/obese women than
that among normal weight women and that there was a syner-
gic effect between a long sleep duration and overweight/
obesity on GDM. Our findings suggest that special attention
should be paid to prepregnancy overweight/obese pregnant
women with long sleep duration to prevent GDM.
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Abstract
Background Oxidative stress can reduce the quality of sleep in patients with type 2 diabetes. Antioxidants such as polyphenols
may increase sleep quality by improving oxidative stress conditions.
Objective Considering the antioxidant properties of Ellagic acid (EA), this study was designed to evaluate the effect of EA on
sleep quality in diabetic patients.
Methods In this study, 44 diabetic patients were recruited. Patients who met the inclusion criteria that were randomly allocated
consumed a capsule containing 180 mg of EA per day (n = 22) or placebo (n = 22) for 8 weeks. Anthropometric factors, physical
activity, food intake, and Petersburg’s Sleep Quality (PSQI) questionnaire were assessed at the beginning and end of the study.
Kolmogorov-Smirnov test, paired sample t test and independent sample t test were used to analyze the data.
Results At the end of the study, themean scores of PSQI and sleep subgroups in the intervention groupwere significantly lower than in
the placebo group (p < 0.05). According to intragroup comparisons, these changes were significant in the intervention group at the end
of the study compared to the beginning of the study (p < 0.05) and were not significant in the placebo group (p > 0.05).
Conclusion According to these findings, intake of EA may help to improve the sleep quality in patients with type 2 diabetes.
These effects may be due to the antioxidant effects of this polyphenol.
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IL-1 Interleukin-1
IPAQ International Physical Activity Questionnaire
MDA Malondialdehyde
PSQI Petersburg’s Sleep Quality Index
ROS Reactive oxygen species
SOD Superoxide dismutase
TNFα Tumor necrosis factor alpha

Background

One of the most common problems in people with type 2
diabetes is sleep disorders, which affect the control and treat-
ment of this hormonal condition. Diabetes mellitus (DM) is a
group of metabolic diseases characterized by hyperglycemia
due to a defect in insulin secretion, insulin activity, or both [1].
Chronic hyperglycemia is associated with long-term damage,
dysfunction, and failure of various organs such as the kidneys,
nerves, heart, and blood vessels [2]. DM is divided into two
main types: type 1 and type 2 diabetes. In general, the detri-
mental effects of hyperglycemia include macrovascular com-
plications (coronary artery disease, peripheral arterial disease,
and stroke), microvascular complications (diabetic nephropa-
thy, retinopathy, neuropathy), and retinopathy [3]. Due to the
prevalence of this disease and the heavy financial costs on the
economic and health system of societies, proper control of
blood sugar in diabetic patients and adjustment of factors af-
fecting proper control of blood sugar are very important [4].
Lifestyle is one of the most important factors that can improve
the outcome of care in these patients. Sleep in the face of
physical activity is important component of a person’s life-
style and is two sides of the same coin. Disruption in each of
them causes disruption in the other [5].

Epidemiological studies in recent years on the relationship
between the quality of sleep at night and the prevalence of
diabetes have shown that increasing or decreasing the duration
of sleep at night has been associated with increased prevalence
and incidence of diabetes and poor blood sugar control in
diabetics [6]. Laboratory studies indicated the complete dep-
rivation of 24 h of sleep, relative deprivation of several days of
sleep, and sleeping for 12 h for several consecutive days, all of
which increase the resistance of the surrounding tissue to in-
sulin, impair glucose tolerance, and increase the feeling of
hunger and consume foods with low nutritional value [7].
According to psychological studies, there is a two-way rela-
tionship between diabetes and sleep disorders. Decreased
sleep quality in diabetic patients may be considered equivalent
to insulin resistance caused by sleep disorders. The results of
laboratory and clinical studies consider oxidative stress to be
the missing link between the two conditions [8]. Oxidative
stress can cause degenerative diseases by speeding up the cell
cycle and increasing the cell death, which causes degenerative
diseases. The results of studies indicated that during sleep, the

antioxidant system increases the quality of sleep by eliminat-
ing free radicals and reducing the rate of formation of these
active species, and it is clear that reducing the antioxidant
power will worsen sleep [9]. However, the exact relationship
between oxidative stress and sleep disorders has not been
clearly established. Antioxidant consumption with dietary or-
igin can help increase the strength of the antioxidant system
power [10]. One of the known groups of antioxidants is poly-
phenols, and one of the polyphenols with highmetabolic pow-
er is Ellagic acid (EA). EA (4,4,5,5,6,6-hexahydroxidifenic
acid 2,6,2,6-dilactone) is a polyphenolic acid found in many
foods such as fruits (especially pomegranates), nuts, and plant
extracts. Antioxidant, anti-apoptotic, and anti-inflammatory
properties of EA have been reported in several studies [11].
Considering the role of oxidative stress in sleep disorders and
antioxidant properties of EA and the relations between diabe-
tes, sleep quality, and oxidative stress, the purpose of this
study was to evaluate the effect of EA supplementation on
sleep quality in people with DM,

Methods

Study design

This randomized, double-blind, placebo-controlled clinical
trial study was aimed to assess the 180 mg of Ellagic acid
daily for 8 weeks to determine the effect of this dose of EA
on sleep quality in diabetic patients. Demographic character-
istics, medical history, and current medications of patients
were recorded. Then, height, weight, and body mass index
(BMI) were measured. Eligible patients were matched for
age, sex, and weight. Patients were randomly assigned to
two groups of intervention (EA) (n = 22) and placebo (n =
22). Sampling in this study was carried out using simple ran-
dom sampling with using random numbers. Each person re-
ceived an Ellagic acid capsule (180 mg) or placebo capsule
containing wheat flour once daily with meals. The color,
shape, and size of the supplement capsule were similar to that
of the placebo capsule. In this study, the patient, researcher,
and specialist physician were blind to supplement and place-
bo. Capsules prepared by someone else outside the study in A
and B groups that were placed in the same package so that the
investigator would be unaware of the contents of the capsules.
Supplement was purchased from supplement spot and the pla-
cebo was made by School of Pharmacy, Tabriz University of
Medical Sciences. Pharmacological remedy was similar in the
two groups. All patients were advised not to alter their diet and
physical activity habits along the study. The effective selective
dose for Ellagic acid supplement was taken from Falsaperela
et al. article [12]. At the beginning and at the end of the study,
patients completed the PSQI questionnaire. The PSQI ques-
tionnaire is a tool for measuring sleep quality and determining
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sleep disorder over the past month and consists of seven ques-
tions with a total score ranging from 0 to 21. Earning a score
of 5 and above indicates sleep disorder in the individual. The
questionnaire consists of seven parts. Also, to control for con-
founding effects of diet and physical activity, at the beginning
and at the end of the study, patients were interviewed by a 3-
day dietary recall questionnaire and subjects with moderate
physical activity level were enrolled. Three-day food recalls
were used to assess dietary intake, and Nutritionist IV pro-
gram (San Bruno, CA) modified for Iranian food composition
was used for estimating the dietary intake of participants.
Also, to evaluate the physical activity, we used the
International Physical Activity Questionnaire (IPAQ) [13].
Data from the IPAQ were converted to metabolic equiva-
lent-minutes/week using existing guidelines.

Inclusion and exclusion criteria

In this study, patients were selected based on the Pittsburg
Sleep Quality Index (PSQI) [14] which was referred to the
Endocrinology and Metabolism Clinic of Qazvin
University of Medical Sciences, Qazvin, Iran, with the
opinion of the project’s clinical consultant (endocrinolo-
gist). Patients who scored 5 or higher on this question-
naire were included in this study. This questionnaire has
been validated in various scientific studies in Iran. Other
inclusion criteria for this study include type 2 diabetes
(HbA1c ≥ 6% or FBS ≥ 126 mg/dL (7 mmol/L)), 2-hp glu-
cose ≥ 200 mg/dL (11.1 mmol/L), or random plasma glu-
cose (≥ 200 mg/dL). Willingness to cooperate, moderate
physical activity level, no change in treatment and medi-
cation in at least the last 2 months and having a 2-year
history of diabetes. Exclusion criteria for this study
included:taking of insulin, having diabetes for more than
10 years, pregnancy and lactation, BMI > 30, patients with
severe renal and hepatic impairment, any acute illness that
may affect the study (cardiovascular, pulmonary, renal,
cancer, infection), change in dosage of hypoglycemic
drugs, taking any dietary supplement from 2 months be-
fore the study, a history of any allergies, alcohol con-
sumption, any side effects of the intervention, and unwill-
ingness to participate or continue cooperation.

Patients

Participants in this study were patients with type 2 diabetes
aged 24–55 years. In the beginning of the study, 54 diabetic
patients were invited to the study with the approval of a spe-
cialist physician, of whom 10 were excluded because of un-
willingness to participate in the study, and eventually, 44 pa-
tients entered the study (22 in each group).

Sample size

The level of malondialdehyde factor was used to calculate
sample size before and after administration of pomegranate
extract in the study of Hosseini et al. [15]. The sample size
of 18 was obtained in each group. Considering 30% probable
drop-out, the sample size was considered 22. In this research,
44 diabetic patients were studied.

Monitoring the intervention

Patients were followed up to control their consumption of
Ellagic acid capsules and prevented from falling out once
every 7 days by telephone. At the end of the study, each
person should return the bottle containing their supplement
for count of capsules. Patients who consumed less than 10%
of capsules were removed from the study.

Statistical analyses

Statistical analysis was performed by SPSS version 20. The
data were reported as mean ± SD. The normality of data dis-
tribution was assessed by Kolmogorov-Smirnov test. To com-
pare the mean values before and after intervention in each
group, paired sample t test was used, and to compare the mean
values between two groups, independent sample t test was
used. For all analysis, p value < 0.05 was considered statisti-
cally significant.

Results

In this study, in 44 patients who participated, 22 patients re-
ceived Ellagic acid and 22 patients received placebo. In the
present study, one person from each group did not complete
the study for personal reasons. Also, no side effects were re-
ported in the study. The characteristics of the participants are
shown in Table 1. There was no statistically significant differ-
ence in the baseline characteristics of the participants between
the two groups. The mean age of participants in intervention
and placebo groups was 47 ± 5.06 and 44.04 ± 6.88 years old,
respectively (p > 0.05). Also, therewas no significant difference
between the two groups in terms of anthropometric factors at
the beginning of the study. The mean and standard deviation of
weight (67.23 ± 10.24 vs 68.95 ± 9.02), height (162.43 ± 10.59
vs 163.71 ± 9.12), and BMI (25.32 ± 1.07 vs 25.61 ± 0.86)
were in the intervention and placebo groups, respectively.
Also, there was no significant difference in the amount of phys-
ical activity (36.15 ± 2.99 vs 37.27 ± 2.78) between groups at
the beginning of the study (p > 0.05; Table 1). It is also note-
worthy that at the end of the study, there was no difference in
terms of weight, BMI, and physical activity between the two
groups as well as within the group (p > 0.05; Table 1). The
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mean of energy and macronutrient intake at baseline and the
end of the study are shown in Table 2. As shown, there was no
statistically significant difference between the groups in terms
of average daily intake of the energy, protein, fat, saturated fatty
acids, unsaturated fatty acids, and some micronutrients at the
beginning and the end of the study (p > 0.05). Also, there were
no significant differences in metformin dose and duration of
diabetes between two groups at the baseline (p > 0.05.
Table 1). The data summarized in Table 3 shows the mean
and standard deviation of sleep and sleep subgroups scores.
There was no significant difference between the groups at the
beginning of the study in terms of overall sleep quality and
sleep subgroup scores (PSQI (score): 8.92 ± 1.39 vs 8.86 ±
2.07 in placebo and intervention groups, respectively, p >
0.05). EA intake caused significant changes inmean sleep score
(PSQI), sleep duration, sleep latency, sleep efficiency, sleep
disturbances, use of sleep medications, day time dysfunction,
and the subjective sleep quality at the end of the study com-
pared to the beginning of the study (p < 0.05). Also, comparing
the mean changes of these factors at the end of the study be-
tween the two groups was significant (p < 0.05). But, according
to intergroup comparisons, the results of the study showed no
change in the placebo group in terms of sleep score and sleep
subgroup score at the end of the study compared to the begin-
ning of the study (p > 0.05).

Discussion

In the present study, the role of Ellagic acid on sleep quality in
diabetic patients was assessed. In this research, the

intervention group received 180 mg of Ellagic acid for
8 weeks. Sleep quality in diabetic patients significantly im-
proved after intervention. The PSQI score significantly de-
creased in intervention group. Sleep disorders are associated
with psychological disorders and are one of the causes of
diseases such as anxiety and suicide [16]. Meanwhile, the
results of descriptive-analytical studies suggest that blood sug-
ar control worsens as a result of sleep disorders. Of course,
considering animal and human studies, the relationship be-
tween these two scientific categories is two-way.
Considering the results of experimental and clinical studies,
it can be concluded that one of the conditions that can affect
these two diseases and make both conditions worse is the high
intensity of oxidative stress in the body system [17]. Eating
antioxidants of nutritional origin can help maintain balance
and control oxidative stress. One of the strongest antioxidants
in the polyphenols group is Ellagic acid. Several animal and
clinical scientific studies have assessed the antioxidant func-
tions on sleep quality in several diseases [18]. Alzoubi et al.
assessed the effect of vitamin E as an antioxidant supplement
in sleep-deprived rats. The animals were given 100 mg/kg
vitamin E, and antioxidant biomarkers such as glutathione
(GSH), oxidized glutathione (GSSG) and GSH/GSSG ratio,
glutathione peroxidase (GPx), and superoxide dismutase
(SOD) were measured. The results of study showed that vita-
min E improved chronic insomnia by reducing hippocampal
GSH/GSSG ratio, catalase, SOD, and GPx activity [19]. Also,
the results of Mohammad Shahi et al. study indicated that the
use of vitamin D supplement improves sleep quality, reduces
sleep latency, raises sleep duration, and improves subjective
sleep quality in people of 20–50 years old with sleep disorder.

Table 1 The comparison of
baseline characteristics of the
participants

Variable Mean ± SD
placebo (n = 21)

Mean ± SD Ellagic
acid (n = 21)

P1

Age (years, mean ±SD) 44.04 ± 6.88 47 ± 5.06 0.701

Height(cm) 163.71 ± 9.12 162.43 ± 10.59 0.814

Weight (kg) Before 68.95 ± 9.02 67.23 ± 10.24 0.621

After 68.49 ± 9.21 66.98 ± 10.31 0.59

P2 0.78 0.619

Body mass index
(kg/m2, mean ±SD)

Before 25.61 ± 0.86 25.32 ± 1.07 0.562

After 25.43 ± 0.9 25.22 ± 1.09 0.604

P2 0.719 0.807

Physical activity Before 37.27 ± 2.78 36.15 ± 2.99 0.132

After 37.5 ± 3.31 36.43 ± 2.89 0.108

P2 0.429 0.49

Metformin dose 1509.63 ± 284.27 1523.07 ± 301.71 0.83 Metformin dose

Diabetes duration 6.07 ± 1.27 5.87 ± 1.03 0.21 Diabetes duration

Data are expressed as means ± SD

P1: Comparison of the mean of baseline characteristics between the two groups of Ellagic acid and placebo
(independent sample t test)

P2: Comparison of mean of baseline characteristics in each group at baseline and end of study (paired sample t test)
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In their clinical trial that required 89 people with sleep disor-
ders, intervention group received a 50,000-unit vitamin D
supplement, one in a fortnight for 8 weeks. At the end of the
study sleep score reduced significantly in vitamin recipients as
compared with placebo recipients Majid et al. [20]. However,
in a study conducted on healthy adults, the impact of resver-
atrol supplementation on cognitive function, sleep quality, and
blood flow was assessed. No significant differences were ob-
served in the use of resveratrol and improvement of sleep
quality [21]. One of the reasons that mentioned study did

not observe the beneficial effect of resveratrol on sleep quality
was probably that healthy people with no sleep disorders were
included in the study. Due to the fact that a detailed study on
the effect of antioxidant supplementation in diabetics on sleep
quality has not been performed and its exact mechanism is not
fully known, but by summarizing scientific results from vari-
ous studies, this conclusion can be reached that receiving an-
tioxidants can improve sleep quality by reducing oxidative
stress and inflammation [22]. In patients with sleep disorders,
reoxygenation/hypoxia cycles occur intermittently during

Table 2 The comparison of the
dietary intake at the baseline and
the end of the study in patients
with IBS

Variables Mean ± SD
placebo (n = 21)

Mean ± SD Ellagic
acid (n = 21)

P1

Energy (kcal) Baseline 2057.71 ± 230.546 2034.41 ± 286.84 0.405

End 2043.49 ± 241.269 2026.38 ± 292.2 0.3

P2 0.58 0.48

Protein (g) Baseline 82.19 ± 16.3 80.81 ± 23.11 0.55

End 81.07 ± 21.03 78.27 ± 18.01 0.41

P2 0.68 0.6

Carbohydrate (g) Baseline 263.61 ± 62.19 260.71 ± 49.13 0.59

End 261.39 ± 51.09 259.14 ± 52.2 0.52

P2 0.63 0.69

Fat (g) Baseline 77.5 ± 16.22 76.3 ± 15.07 0.801

End 75.18 ± 24.18 74.17 ± 15.07 0.705

P2 0.309 0.41

Saturated fatty acids (g) Baseline 24.08 ± 6.31 23.27 ± 6.17 0.77

End 23.1 ± 6.07 22.06 ± 5.17 0.662

P2 0.47 0.6

Monounsaturated fatty acid (g) Baseline 28.09 ± 8.14 26.45 ± 7.3 0.807

End 28.22 ± 7.12 26.65 ± 5.3 0.59

P2 0.63 0.74

Polyunsaturated fatty acid (g) Baseline 25.28 ± 7.64 25.56 ± 7.03 0.82

End 24.15 ± 5.18 24.27 ± 5.17 0.86

P2 0.354 0.29

Fiber (g) Baseline 9.27 ± 1.03 8.95 ± 1 0.48

End 8.65 ± 1.44 8.07 ± 1.2 0.401

P2 0.28 0.25

Vitamin C (mg) Baseline 69.14 ± 20.19 68.47 ± 13.27 0.74

End 67.47 ± 23.01 68.03 ± 14.37 0.52

P2 0.583 0.641

Vitamin E (IU) Baseline 8.24 ± 1.01 7.66 ± 1.24 0.456

End 7.53 ± 1.21 7.87 ± 1.01 0.11

P2 0.353 0.84

Selenium Baseline 121.77 ± 41.02 120 ± 25.07 0.481

End 120.16 ± 44.53 119.44 ± 19.61 0.3

P2 0.347 0.491

Data are expressed as means ± SD

P1: Comparison of the mean of dietary intake between the two groups of Ellagic acid and placebo (independent
sample t test)

P2: Comparison of mean of baseline characteristics in each group at baseline and end of study (paired sample t test)
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each hour of sleep [23]. These cycles result in the production
of ROS. Antioxidant enzymes in the body and antioxidants
such as melatonin neutralize their harmful effects [2]. Also,
these bioactive substances such as polyphenols can inhibit the
oxidation of the fatty acids in the nervous system’s membrane
cell and reduce the production of malondialdehyde (MDA),
leading to the treatment of this disorder. According to the
results of scientific studies, the amount of MDA in people with
poor sleep quality increases [8]. It is known that by reducing the
oxidation of fats in the cell membrane, insulin resistance is re-
duced and the glycemic status of diabetic patients is improved
[2]. Decreased insulin resistance due to EA intake can improve
sleep quality. On the other hand, the inverse relationship between
advanced glycation end products (AGEs) and sleep quality has
been observed in human studies [24]. Getting antioxidants by
preventing the formation of AGEs such as hemoglobin A1c
(HbA1c) can improve glycemic status and oxidative stress in
these patients [25]. In the cross-sectional study conducted by

Hedayati et al., significant relation was observed between hemo-
globin A1C levels and sleep quality [24]. Meanwhile, the role of
inflammation in people with sleep disorders has been of interest
to researchers and extensively studied. Sleep disorders, by
disrupting the regular secretion of hormones that regulate meta-
bolic pathways, can induce inflammatory cytokines such as
interleukin-1 (IL-1) and tumor necrosis factor alpha (TNFα) that
are active in the central nervous system [26]. According to sci-
entific research reports, increased inflammation, fat oxidation,
and production of MDA are associated. The intake of EA anti-
oxidant, by reducing inflammation and IR, leads to a decrease in
oxidative stress and thereby increases the quality of sleep.

One of the strengths of this study is that for the first time, the
effect of pure supplement of EA was investigated in diabetic
patients on quality of sleep. Also, the design of this study is a
double-blind randomized clinical trial that had parallel groups,
making the results of this study remarkable. However, a small
number of the participant is an important limitation considering

Table 3 The comparison of the
sleep score and sleep subgroup
score changes in the study groups
at the beginning and the end of the
study

Variables Mean ± SD
placebo(n = 21)

Mean ± SD Ellagic
acid (n = 21)

P1

PSQI (score) Baseline 8.92 ± 1.39 8.86 ± 2.07 0.103

End 8.77 ± 2.04 5.39 ± 1.11 0.033

P2 0.1 0.001

Sleep duration (h) Baseline 5.07 ± 1.18 5.69 ± 1.2 0.41

End 5.63 ± 1.91 7.47 ± 2.1 0.002

P2 0.304 0.011

Sleep latency (min) Baseline 52.07 ± 18.14 52.1 ± 14.21 0.504

End 47.18 ± 13.09 29.22 ± 9.13 0.02

P2 0.306 0.001

Sleep efficiency (%) Baseline 79.64 ± 17.3 80.81 ± 16.12 0.401

End 81.11 ± 17.8 88.01 ± 19.02 0.04

P2 0.108 0.03

Sleep disturbances (score) Baseline 2.07 ± 0.25 2.1 ± 0.36 0.37

End 1.84 ± 0.2 0.95 ± 0.1 0.03

P2 0.11 0.003

Use of sleep medications (time per week) Baseline 2.4 ± 0.49 2.32 ± 0.33 0.23

End 2.1 ± 0.23 0.94 ± 0.06 0.019

P2 0.27 0.01

Day time dysfunction (score) Baseline 2.05 ± 0.5 1.96 ± 0.31 0.51

End 1.88 ± 0.46 0.7 ± 0.13 0.031

P2 0.23 0.001

Subjective sleep quality (score) Baseline 1.71 ± 0.32 1.8 ± 0.52 0.32

End 1.68 ± 0.17 1.04 ± 0.23 0.041

P2 0.35 0.03

Data are expressed as means ± SD

P1: Comparison of the mean of sleep score and sleep subgroup score between the two groups of Ellagic acid and
placebo (independent sample t test)

P2: Comparison of mean of baseline sleep score and sleep subgroup score changes in each group at baseline and
end of study (paired sample t test)
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the large number of potential variables that can affect both gly-
cemic control and other DM-related variables and the variables
affecting the sleep quality itself. Comorbid illnesses and having
other medications are examples of these variables. It should be
noted that in order to draw clinical conclusions and examine the
clinical effects, it is necessary to conduct a study with a larger
number of participants and intervention period.

Conclusion

In conclusion, the results of our study indicated that supple-
mentation with EA, 180 mg/day for 8 weeks, in diabetic pa-
tients, improved the quality of sleep. These results provide
evidence to support the view that polyphenol antioxidant
group with reducing the complications of diabetes can play
an important role in enhancing quality of sleep in people with
metabolic diseases.
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Abstract
Background Type 2 diabetes mellitus (T2DM) is a multifactorial disease caused due to induced obesity and the influence of
genetic polymorphism. Calpain-10 (CAPN10) gene and its genetic polymorphism (SNP-19) significantly alter insulin sensitivity
assayed by the synthesis of a mutant protein and/or altered transcriptional regulation, which could contribute to the diabetes risk.
The role of CAPN10 genetic polymorphism in T2DM has widely been studied in different populations and obtained variable
results. Considering the variable results in different ethnic groups, the present study is an attempt to understand the association of
CAPN10 (SNP-19) genetic polymorphism and obesity with T2DM in Bengali Hindu caste population.
Methods The present study consisted of 104 clinically diagnosed type 2 diabetes mellitus male patients (Age range = 23–80
years) and 176 apparently healthy males (Age range = 18–79 years) without T2DM and family history of T2DM from Bengali
Hindu caste population. Genomic DNA was isolated from mouthwash using phenol-chloroform method with slight modifica-
tions. PCRmethod has been used to perform genotyping of (CAPN10 snp-19). Anthropometric and physiological variables have
been collected by using standard method.
Results Overall, the distribution CAPN10 (SNP-19) genotypes revealed no significant difference between T2DM patients and
control group. However, T2DM patients with II genotype have significantly (p < 0.05) higher WHR compared to ID and DD
genotypes. Individuals with DD genotype demonstrated significant (p < 0.05) higher risk associated with T2DM than (II+ID)
genotype with increase in BMI, WC, and HC.
Conclusions The findings of the present studymight incorporate as criterion for early prognosis of T2DM inBengali Hindu caste.

Keywords CAPN10 . Genetic polymorphism . Obesity . Hazard ratio . Bengali Hindu caste

Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder char-
acterized by high blood glucose levels due to defects in insulin
secretion from pancreatic β cells and peripheral insulin resis-
tance [1, 2]. The global prevalence of T2DM is increasing
rapidly and will reach around 366 million in 2030 [3]. The
International Diabetes Federation (2019) reported that the
prevalence of diabetes in India was 77 million, that is,
10.4% of the total adult population [4]. Genetic polymorphism
and induced obesity mainly trigger the progression of T2DM
[5, 6].

Calpain-10 (CAPN10) is a T2DM candidate gene [7] iden-
tified through positional cloning and genome-wide associa-
tion studies [8]. It is located on chromosome 2q 37.3, com-
prised of 15 exons spanning 31 kb of genomic sequence and
encodes a 672- amino-acid intracellular protease [9]. CAPN10
gene consists of an isoform-specific large subunit (80 kDa)
and a common small subunit (30 kDa) that functions as intra-
cellular calcium–dependent cysteine protease in calcium-
regulated signalling pathways [1]. The gene is expressed at
the mRNA and protein levels by several tissue types, with
different mRNA isoforms, those involved in the regulation
of glucose homeostasis, such as pancreatic β islet cells, liver,
skeletal muscle and adipocytes [10]. Genetic polymorphisms
(SNP-43, SNP-63, SNP-19) of CAPN10 have been involved
in the development of T2DM and obesity [11]. CAPN10
(SNP 19) might alter the risk of T2DM by affecting its tran-
scriptional regulation. In addition to that, SNP-19 significantly
alters insulin sensitivity assayed by the synthesis of a mutant
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protein and/or altered transcriptional regulation, which could
contribute to the diabetes risk [5].

Initially, the association between SNP-43 and T2DM was
reported. GG genotypes (SNP-43) were found as factors for
reducing CAPN10mRNA expression level in skeletal muscle.
That leads to decreased rate of insulin-mediated glucose turn-
over or insulin resistance [12]. Several studies on linkage and
a high-risk haplotype combination of SNP-43, SNP-19, and
SNP-63 were found to have 2–3-fold increased risk of T2DM
due to elevated fatty acid and insulin resistance in Mexican
Americans, Finns and Germans [7, 9, 10, 13, 14], British
population, Pima Indians, African Americans and South
Indians [13].However, the variable results have been observed
in Japanese [9] and Samoans [15].

Considering the variable results in different ethnic groups,
the effect of genetic polymorphism with induced obesity
might yield imperative result in Bengali Hindu caste popula-
tion for pathogenesis of T2DM. On this background, the pres-
ent study is an attempt to understand the association of
CAPN10 (SNP-19) genetic polymorphism and obesity with
T2DM in Bengali Hindu caste population.

Materials and methods

The present study consisted of 104 clinically diagnosed
Type 2 diabetes mellitus male patients (age range = 23–
80 years) from Bengali Hindu caste population. The
T2DM cases were identified as individuals having a
fasting plasma glucose level of more than 126 mg/dL.
The T2DM patients have also been selected by physi-
cian recommendation.

One hundred seventy-six apparently healthy males (age
range = 18–79 years) participated from the same group as con-
trols. The healthy controls have been selected as those with a
fasting blood glucose level below110 mg/dL, and none of
them have any family history of T2DM.

Bengali Hindu caste is an endogamous ethnolinguistic
group of northern-south Asia. Purposive sampling method
was used to select participants from Kolkata and its suburban
area of West Bengal, India. Data has been collected from
November 2017 to January 2019 in several phases.

Genomic DNA was isolated from mouthwash using the
phenol-chloroform method [16] with slight modifications.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
DNA 

Ladder

Lane 1, 3, 4, 5, 6, 7, 11, 13 and 14 shows ID genotype

Lane 2, 8 and 9 shows II genotype

Lane 10 and 12 shows DD genotype

200 bp

Fig. 1 Gel documentation of
CAPN10 Snp-19 (I/D)
polymorphism

Table 1 Distribution of CAPN10
genotypes and alleles among
control group and T2DM patients

CAPN10 (SNP-19) genotypes Total p value Allele frequency

II ID DD I D

Control 45 (25.6) 98 (55.7) 33 (18.8) 176 p = 0.454 0.53 0.47

T2DM patients 30 (28.8) 50 (48.1) 24 (23.1) 104 0.52 0.48

Total 75 148 57 280

*Value in the (parentheses) denotes percentage
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The quantity and quality of DNA was checked using OD
(optical density) by spectrophotometry and identified by using
1% agarose gel electrophoresis and visualized in UV transil-
luminator with ethidium bromide staining.

The PCR method has been used to perform genotyping of
(CAPN10 snp-19) genetic polymorphism using (Forward
Primer-5_- GTTTGGTTCTCTTCAGCGTGGAG-3_,
Reverse Primer-5_-CATGAACCCTGGCAGGGTCTAAG-
3). PCR was performed in thermocycler with 10 μl volume
containing 10× PCR buffer, 10 mM dNTPs, 25 mM MgCl2,
250 nM of each primer, 1 U of Hot start Taq and 50 ng DNA.
The PCR cycle was as follows: initialization was carried out at
95 °C for 15 min followed by 35 cycles for denaturation
(94 °C for 1 min), annealing (60 °C for 1 min) and extension
(72 °C for 1 min). The final extension or elongation was car-
ried out at 72 °C for 10min. The amplified PCR products were
verified in 3% agarose gel electrophoresis with ethidium bro-
mide staining. Allele D (two repeats of 32-bp sequence)

produced band in 155 bp region of DNA ladder and allele I
(three repeats) produced band in 187 bp region of DNA ladder
(Fig. 1).

Anthropometric data (WC, HC) has been collected by
using standard method [17].Waist-hip ratio was calculated
using standard formula (waist circumference/hip circumfer-
ence). Percent body fat (PBF) and body mass index (BMI)
were obtained from OMRON bio electrical impendence
(Hbf-375) strictly following the manufacturer manual. Blood
pressure (SBP, DBP) was measured at resting condition of an
individual using Omron Automatic blood pressure monitor.
Mean arterial pressure (MAP) has been calculated by using
standard formula [MAP =DBP + 1/3(SBP-DBP)].

Allele frequencies were computed by using maximum like-
lihood estimation [18]. Statistical analysis was performed using
SPSS-25 software. The cut-off was set as p = 0.05. Inferential
statistics (chi-square) was used to find differences in the geno-
typic distribution of CAPN10 (SNP-19). However, one-way

Fig. 2 Hazard ratio (HR) of T2DM by BMI in Bengali Hindu caste classified according to CAPN10 DD vs (II + ID) genotypes

Table 2 Distribution of anthropometric and physiological variables among control group and T2DM patients classified according to CAPN10 (SNP-
19) genotypes

Variables Control group (mean ± SD) n = 176 T2DM patients (mean ± SD) n = 104

II (n = 45) ID (n = 98) DD (n = 33) II (n = 30) ID (n = 50) DD (n = 24)

PBF 29.04 ± 7.23 30.42 ± 7.00 27.54 ± 7.50 p = 0.121 32.69 ± 7.27 33.31 ± 6.39 31.45 ± 6.89 p = 0.545

BMI 23.66 ± 4.37 24.92 ± 4.46 22.43 ± 3.70 p = 0.013* 25.62 ± 3.43 26.05 ± 3.68 23.90 ± 4.01 p = 0.065

WC (cm) 87.39 ± 10.7 88.86 ± 10.48 86.68 ± 9.37 p = 0.507 96.78 ± 11.0 93.75 ± 10.0 89.90 ± 10.7 p = 0.062

HC (cm) 93.14 ± 7.69 94.19 ± 9.58 91.68 ± 7.64 p = 0.355 96.06 ± 8.14 97.02 ± 9.40 94.40 ± 8.56 p = 0.497

WHR .9374 ± .07 .9451 ± .079 .9457 ± .07 p = 0.841 1.00 ± .06 .9673 ± .063 .9512 ± 058 p = 0.004*

SBP (mmHg) 133.58 ± 20.5 139.30 ± 22.7 131.24 ± 21.7 p = 0.121 144.40 ± 24.6 141.34 ± 21.7 145.42 ± 24.3 p = 0.735

DBP (mmHg) 79.60 ± 11.84 80.36 ± 10.62 78.03 ± 13.0 p = 0.598 78.17 ± 10.4 79.58 ± 14.3 82.42 ± 10.47 p = 0.455

MAP (mmHg) 97.59 ± 13.10 100.00 ± 13.14 95.76 ± 15.0 p = 0.255 100.24 ± 13.4 100.17 ± 15.0 103.41 ± 13.25 p = 0.625

*p < 0.05
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ANOVAwas performed to compare the distribution of anthro-
pometric and physiological variables among control group and
T2DM patients according to CAPN10 (SNP-19) genotypes. To
find out independent risk factor of T2DM, Cox regression anal-
ysis was performed to access the magnitude of risk.

Results

Distribution of CAPN10 genotypes and alleles among control
group and T2DM patients in Table 1 showed no difference in
the genotypic distribution between the controls and T2DM
patients and found to be in Hardy-Weinberg equilibrium
among the controls and T2DM patients. Homozygous geno-
types (II and DD) were comparatively higher in T2DM pa-
tients (28.8% and 23.1%) than controls (25.6% and 18.8%).

Examination on CAPN10 (SNP-19) genotypes revealed
(Table 2), among the T2DM patients, II genotype was found

to have significantly (p < 0.05) higher WHR compared with
ID and DD genotypes. However, no significant association
was observed in PBF, BMI, WC, HC, SBP, DBP and MAP
with CAPN10 genotypes among T2DM patients. In case of
control group, ID genotype was found to have significantly
(p < 0.05) higher BMI compared with II and DD genotypes.
However, no significant association was observed in PBF,
WC, HC, WHR, SBP, DBP and MAP with CAPN10 geno-
types. To assess the hazard ratio, the Cox regression analysis
was performed where BMI, WC and HC were used as inde-
pendent risk factors for T2DM and discerned that the DD
genotype has 1.98 times [HR = 1.98(1.244–3.153, p =
0.004)] more risk associated with T2DM than (II + ID) geno-
type with increase in BMI (Fig. 2). A similar trend was ob-
served with increased risk in WC as 1.8 times [HR = 1.8
(1.13–2.88, p = 0.01)] (Fig. 3) followed by HC as 1.6 times
[HR = 1.6 (1.037–2.608, p = 0.03)] (Fig. 4).

Fig. 4 Hazard ratio (HZ) of T2DM by HC in Bengali Hindu caste classified according to CAPN10 DD vs (II + ID) genotypes

Fig. 3 Hazard ratio (HZ) of T2DM by WC in Bengali Hindu caste classified according to CAPN10 DD vs (II + ID) genotypes
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Discussion

CAPN10 has been identified as a candidate gene for T2DM
susceptibility [7]. The role of CAPN10 genetic polymorphism
has also been observed in human brain development [19],
cognitive impairment in Cerebral Small Vessel Disease
(SVD) patients [20], cardiomyopathy [21] and Polycystic
Ovary Syndrome (PCOS) [6, 22]. Genetic polymorphisms of
CAPN10 (SNP-44, SNP-43, SNP-19, SNP-63) have widely
been studied to assess the risk of T2DM in different popula-
tions [5]. To fulfil the objective of the present study, CAPN10
(SNP-19) genetic polymorphism has been selected to find its
association with T2DM. The present study found slightly
higher T2DM risk with presence of homozygous (II and
DD) allele compared with heterozygous ID allele. However,
no significant genotypic differences of CAPN10 (SNP-19)
genetic polymorphism were observed between T2DM pa-
tients and control among the Bengali Hindu caste population.
In spite of the heterogenous nature of the Indian population,
the findings of the present study corroborate with earlier
works conducted in the Eastern Indian population [23],
Southern Indian population [7] and Banias and Jat Sikh of
North-west Indian population [5]. A similar trend has been
found in terms of no association between CAPN10 (SNP-
19) genetic polymorphism and T2DM among Mexican mes-
tizos [24], Koreans [9], population of UK [25], Finnish [26]
and Javanese [27].

In contrast, the homozygous II allele of CAPN10 (SNP-19)
genetic polymorphism had increased the risk of T2DM in
Gujrati people [21], Tunisian Arabs [1], Spanish [28] and
the Caucasian population [29]. The higher Insulin resistance
index (HOMA index) was found to be associated with the
homozygous II genotype for development of T2DM [28].
On the other hand, the DD genotype of CAPN10(SNP-19)
genetic polymorphism had significantly enhanced T2DM risk
among patients of the Tunisian Arab population [1] and
Turkish population[30].

Additionally, haplotype combination of CAPN10
(SNP-44/43/19/63 1121/1121) with presence of D allele of
SNP-19 was associated with increased risk of T2DM in
Finnish [10]. Another haplotype combination of SNP-43/19/
63 112/121 with presence of I allele of SNP-19 was found to
be associated with higher risk in T2DM patients of South
Indians [31] and Pima Indians [32].

Obesity is one of the main risk factors for non-communicable
diseases like hypertension, coronary heart disease and Type 2
diabetes [33]. Genetic polymorphism as well as genetic predis-
position to obesity or excess weight is a strong risk factor for
T2DM [34], although no significant differences were observed
in anthropometric (except WHR) variables pertaining to obesity
and physiological variables according to CAPN10 (SNP-19)
genotypes among male T2DM patients in Bengali Hindu caste
. Waist-hip ratio (WHR) was significantly increased in

homozygous II genotype compared with heterozygous ID and
homozygous DD genotypes in male T2DM patients of the
Bengali Hindu caste group. Similarly, studies in Turkish indi-
viduals [35], Colombian population [36], Tunisian Arabs [1]
and north-west Indians [5] revealed significant association be-
tween BMI and homozygous II genotypes of CAPN10 (SNP-
19). Contrary to previous studies, no association has been found
between CAPN10 (SNP-19) genetic polymorphism and BMI in
Mexican [27], Javanese [37] and Finnish [26] T2DM patients.

Moreover, hazard risk assessment revealed that DD geno-
type has significant risk associated with T2DM than II + ID
genotypes with increase in BMI, WC and HC. This finding
contradicts with work in Brahmins of north-west India, where
the II genotype has 1.5-fold increased risk associated with
T2DM than (ID/DD) genotypes with the increase in BMI [5].

The inconsistency of the results has been obtained due to ge-
netic heterogeneity and ethnic variability. Ethnolinguistic group
like Bengali Hindu caste population has no effect of CAPN10
(SNP-19) genetic polymorphism in T2DM but, the effect of ho-
mozygous II allele of CAPN10 (SNP-19) genetic polymorphism
was observed in central obesity (WHR) among T2DMpatients of
the studied population. However, the combination of CAPN10
(SNP-19) genetic polymorphism and obesity markers revealed
CAPN10 (SNP-19) DD genotypes with increased obesity have
significant impact on progression of T2DM. Further studies in
large sample size will validate the result and include these facts
as a criterion for early prognosis of T2DM.
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Abstract
Background Type 2 diabetes mellitus (T2DM) is a common, chronic, and complex disorder that is influenced by interactions
between genetic and environmental factors. The hematopoietically expressed homeobox (HHEX) gene, which affects insulin
sensitivity and secretion, is a candidate gene for the pathogenesis of T2DM.
Objective The purpose of this study was to investigate the effect of theHHEX genetic variant, rs1111875, on the T2DM risk in a
group of Iranian patients for the first time.
Methods A total of 108 T2DM patients and 100 normal subjects were genotyped using polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP).
Results There was significant difference in genotypes and alleles frequency of rs1111875 between both case and control groups
(p < 0.001). The frequency of the G allele was significantly higher in cases (87.5%) compared with controls (27%) (OR = 18.92,
CI = 11.06–32.69, p < 0.001).
Conclusion Our findings suggest that the rs1111875 variant of theHHEX gene could be considered a strong risk factor for T2DM
development.

Keywords HHEX . rs1111875 . T2DM . Genetic variant

Introduction

Type 2 diabetes mellitus (T2DM) is a complex, metabolic,
multifactorial disorder resulting from interactions between ge-
netic and environmental factors [1–3]. T2DM is caused by
insulin resistance in muscles and fat cells, decreased insulin
secretion, and increased hepatic glucose production [4, 5].
Patients with T2DM may suffer from macrovascular and

microvascular complications such as cardiovascular disease,
neuropathy, nephropathy, and retinopathy, which are associat-
ed with a marked morbidity and mortality, decrease the quality
of life, and have negative economic effects on countries [6, 7].

Genome-wide association studies (GWAS) have shown a
large number of genes associated with T2DM, including
TCF7L2, SLC30A8, IGF2BP2, CDKN2A, CDKN2B,
CDKAL1, HHEX, EXT2, LOC387761, FTO, PPARG,
KCNQ1, and JAZF1 [2, 8]. Identifying more genetic variants
can help to predict and prevent T2DM [9]. In 2007,
hematopoietically expressed homeobox (HHEX) was intro-
duced as a new locus for T2DM [8]. It encodes a transcription
factor involved inWnt signaling and is required for pancreatic
development and differentiation.

HHEX gene locus is on chromosome 10q23. It contains
four exons with the size of 5.7 kb and encodes a protein which
contains 270 amino acids [10]. Rs1111875 variant is located
in a region nearby the end of a 270-kb linkage disequilibrium
block of telomeric part on chromosome 10 [11]. Rs1111875 is
near an exon of HHEX gene; therefore, no changes happen in
the amino acid sequence [12]. Rs1111875 variant is crucial to
ventral pancreatic development. The HHEX gene is a second
most powerful biological candidate given the postulated
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effects on both insulin signaling and islet function [10, 13].
Various studies reported HHEX/insulin-degrading enzyme
variants (rs1111875) and the response of insulin secretion
following a glucose load, which suggests that the HHEX gene
can influence the T2D risk primarily by affecting β-cell func-
tion [13, 14].

Accordingly, it is a strong candidate gene for the pathogen-
esis of T2DM and is known to affect the insulin secretion and
pancreatic function.

The aim of the present study was to investigate the associ-
ation of the rs1111875 variant in the HHEX gene with T2DM
development among a group of Iranian patients.

Methods

Two hundred and eight subjects, including 108 T2DM pa-
tients and 100 healthy controls, were enrolled in this study.
Diabetes patients were selected according to the American
Diabetic Association (ADA) criteria [15].

A 5-ml blood sample was collected from each subject in
EDTA-coated tubes and DNA was extracted using the stan-
dard salting out method [16]. Genotyping of the HHEX
rs1111875 variant was performed using the polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFLP) method. The 161-bp fragment of the HHEX gene
was amplified using 5′-CATCATAACTTCTCACTCCC
TTCC-3′ as the forward primer and 5′- GCTGCTTA
TGGAAACTGCATTACT-3′ as the reverse primer [10] in a
25-μl PCR reaction mixture containing 1-μl template DNA,
10-μl Red Master Mix (Amplicon), 1 μl of each primer, and
12-μl dH2O. Thermocycling conditions were as follows:
95 °C for 1 min followed by 35 cycles of 1 min at 95 °C,
40 s at 60 °C, and 40 s at 74 °C, with a final incubation at
74 °C for 5 min.

The XbaI restriction enzyme was used to digest the PCR
product at 37 °C for about 20 h. In the presence of the A allele,
the 161-bp PCR product was cleaved into two fragments,
111 bp and 50 bp (AA homozygote genotype). The fragment
of the PCR product was not digested when the restriction

enzyme-cutting site was at base G, with the initial segment
size being 161 bp (GG genotype). Three fragments, 161 bp,
111 bp, and 50-bp, represented the AG heterozygote genotype
[17]. The digested fragments were separated by electrophore-
sis on a 2% agarose gel. Some PCR products were randomly
sequenced to confirm the results (Fig. 1).

Results

Totally, 108 patients with T2DM were compared with 100
normal subjects. As illustrated in Table 1, gender frequency
was similar in cases and controls (p = 0.969). The results
showed that Fars ethnicity was significantly less frequent in
the diabetic patients vs. normal subjects (31.48 vs. 50% re-
spectively, p = 0.007). Moreover, the cases were significantly
older than controls (54.36 vs. 38.78, respectively, p = 0.0001).
The frequency of the GG genotype was 82.41% and 27% and
the frequency of the AG genotype was 10.19% and 0% in the
cases and controls, respectively (p < 0.001). After adjusting
for the effect of ethnicity, the adjusted odds ratio for AG and
GG genotypes were 120.82 (p < 0.001) and 32.32 (p < 0.001),
respectively (Table 2).

The frequency of the G allele was significantly higher in
cases vs. controls (87.5 vs. 27%, respectively, p < 0.001)
(Table 3). The mean (SD) hemoglobin A1c (HbA1c) was
8.63 (1.50), 7.94 (1.73), and 7.89 (1.73) in diabetic patients
with AA, AG, and GG genotypes, respectively (Table 4) (p =
0.313).

Fig. 1 Results of DNA sequencing for rs1111875 of HHEX gene. a AA genotype. b GG genotype. c AG genotype

Table 1 Comparing cases and controls regarding different factors

Factors Normal T2DM p value

Sex Male 34 (34) 37 (34.26) 0.969
Female 66 (66) 71 (65.74)

Ethnicity Fars 50 (50) 34 (31.48) 0.007
Others 50 (50) 74 (68.52)

Age 38.78 (14.89) 54.36 (10.93) 0.0001

T2DM, type 2 diabetes mellitus
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Discussion

Many GWAS have described common variants in different
populations and have identified many single nucleotide
polymorphisms (SNPs) in association with type 2 diabetes
[4]. This study found a significantly higher genotype frequen-
cy of the HHEX rs1111875 variant in patients with T2DM
compared with the normal population. The homozygous GG
genotype of this variant significantly increased the odds of
diabetes mellitus by more than 30%. In addition, the hetero-
zygous genotype caused an approximately 120-fold increase
in the risk of diabetes mellitus. Moreover, allelic investigation
showed that G allele carriers had an approximately 19-fold
higher risk of developing diabetes mellitus compared with A
allele carriers. Therefore, this allele can be a strong risk factor
for diabetes mellitus. Sladek et al. were the first researchers
who found that rs1111875 was located near the telomeric end
of the chromosome 10. They also showed the HHEX was
essential for hepatic and pancreatic development, a target of
Wnt signaling pathway in the French population. They sug-
gested a significant association between the G allele, as a risk
allele, and type 2 diabetes [11]. In 2008, Furukawa et al. stud-
ied 405 cases and 340 controls in Japan and found that the G
allele of the rs1111875 variant of the HHEX gene was associ-
atedwith T2D, whichwas in agreement with Sladek et al. [18].
According to a study of 1529 cases and 1439 controls by Lin
et al., the G allele of the rs1111875 variant of the HHEX gene
is significantly more frequent in the diabetic patients than con-
trols with a risk allele frequency of 0.32. Moreover, it is asso-
ciated with T2D in the Chinese population [19]. This associa-
tion in the Chinese population was further proven by Hu et al.
in a study of 1849 T2D patients and 1785 controls with an

almost similar risk allele frequency [20]. In another study,
Chauhan et al. found an association between the G allele (risk
allele) of the rs1111875 variant and T2D in a study of 2486
patients and 2678 controls in an Indian population with a risk
allele frequency of 0.47 [21]. Kifagi et al. found an association
between increased risk of T2D and the presence of the GG
genotype of the rs1111875 variant in a Tunisian population com-
prising 403 healthy controls and 331 patients [1]. Similarly,
van Vliet-Ostaptchouk et al [22]. reported an association be-
tween the G allele of the rs1111875 variant as the risk allele with
a risk allele frequency of 0.60 and T2D in a Dutch population
including 501 T2D patients and 920 healthy controls [22].

There are two other studies in Iranian ethnicity; Galavi
et al. [23] have indicated dramatically increase in the risk of
T2D in southeast Iranian population, which is similar to the
result of the current study; in the second report by Mansoori
et al. [24], a significant association was found between GG
genotype and the G allele of the rs1111875 (A/G) SNP and
susceptibility to T2DM that is consistent with our findings.
However, in genetic association analysis, the ethnicity is the
most important issue which should be considered, as Iran
consists of Iranian Persians (Fars), who constitute 51% of
Iran’s population and the rest of the population are Iranian
Azeris (24%) and Iranian Gilakis and Mazandaranis, Iranian
Kurds, Iranian Arabs, Iranian Lurs, Iranian Balochs Iranian
Turkmen, and others [25]. Consequently, in the genetic stud-
ies, we should include all of the mentioned ethnicities accord-
ing to the reported percentages. One of the important factor
that is seen in the present study was inclusion of the ethnicities
which has not been observed in the previous studies in Iranian
population. The second strength point of the present study in
comparison with the abovementioned studies in Iranian

Table 2 Genotypes distribution of rs1111875 HHEX gene variant in T2DM (n = 108) and controls (n = 100) and their Crude and adjusted association
with T2DM risk

Genotype Normal T2DM p value Crude OR p value 95% CI Adjusted OR p value 95% CI

AA 73 (73) 8 (7.41) < 0.001 1 1

AG 0 (0) 11 (10.19) 120.58 < 0.001 17.55-inf 120.82 < 0.001 17- inf*

GG 27 (27) 89 (82.41) 29.40 < 0.001 12–79.73 32.32 < 0.001 13–91

AA 73 (73) 8 (7.41) < 0.001 1 1

AG+GG 27 (27) 100 (92.59) 33.80 < 0.001 14–78.65 38.13 < 0.001 15.75–92

T2DM, type 2 diabetes mellitus; OR, odds ratio; CI, confidence interval

Table 3 Alleles distribution of
rs1111875 HHEX gene variant in
T2DM (n = 108) and controls
(n = 100) and their association
with T2DM risk

Alleles Normal (%) T2DM (%) p value OR p value 95% CI

A 73 12.5 < 0.001 1

G 27 87.5 18.92 < 0.001 11.06–32.69

T2DM, type 2 diabetes mellitus; OR, odds ratio; CI, confidence interval
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population was the association analysis between genotype and
HbA1c as ADA has recommended HbA1c as a possible sub-
stitute to fasting blood glucose for diagnosis of diabetes [26].

In line with the results of the present study, all the above
studies showed a link between the GG genotype and type 2
diabetes in different populations. However, this study showed
a higher odds ratio (OR) for the risk allele.

However, some studies found no significant association
between the rs1111875 variant of the HHEX gene and T2D.
Some examples include a study by Tabara et al. in a Japanese
population of 506 diabetic patients and 402 controls (p value =
0.602) [27], a study conducted by Wen et al. in 1165 T2D
patients and 1136 healthy controls in China [28], and a study
by Phani et al. in an Indian population [8].

Conclusion

The results of the present study provided an evidence that the
rs1111875 variant of the HHEX gene could be considered a
strong risk factor for diabetes mellitus. Further studies with
larger sample sizes are required to confirm the role of this
variant in developing diabetes mellitus.
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Abstract
Objective Adenosine deaminase (ADA) associated with cell-mediated immune responses is involved in many diseases. But little
is known about the value of ADA activity in the progression of different diabetes types. The purpose of this study was to compare
the ADA level between latent autoimmune diabetes in adults (LADA), type 2 diabetes (T2D) patients, and healthy controls (HC)
and analyze its correlation with glycemic parameters and systemic cytokines.
Methods This hospital-based study included 28 LADA patients, 52 T2D patients, and 50 HC. Serum ADA activity and
concentrations of inflammatory cytokines were measured. Correlations of ADA level with different indicators were assessed
by using spearman’s correlation method.
Results Serum ADA activity was significantly higher in T2D patients compared with LADA (p = 0.008) and HC (p < 0.001).
Correlation analysis of ADA with HbA1c% (r = 0.34, p = 0.003) and inflammatory cytokines (IL-6, r = 0.31, p = 0.007; IL-10,
r = 0.22, p = 0.049) showed significant positive correlations.
Conclusions Serum ADA activity may reflect the different immunopathogenesis between LADA and T2D patients.

Keywords Adenosine deaminase . Immunopathogenesis . Latent autoimmune diabetes in adults . Type 2 diabetes

Introduction

Diabetes is a heterogeneous disease, which can be classified as
many subgroups based on the pathophysiology [1]. The term
“latent autoimmune diabetes in adults” (LADA) was first in-
troduced by Tuomi et al. in 1993 to define the type 1.5 diabe-
tes that is positive for antibodies against the insulin producing
beta cells but has phenotypical features with type 2 diabetes
(T2D) [2]. As we all know, T2D is the most prevalent form of
diabetes, accounting for 90–95% of total diabetic cases world-
wide [3]. However, owing to the overlap of clinical character-
istics, LADA patients are easily misdiagnosed as T2D.
Previous articles have revealed that approximately 5–12%
T2D cases in European populations are actually misdiagnosed
LADA [4, 5]. It is widely accepted that insulin resistance and

impaired insulin secretion are the main pathophysiological
features of T2D. Comparatively, LADA patients have less
insulin secretion and faster insulin dependence progress [6].
Moreover, chronic inflammation plays an important part in
the development of insulin resistance and insulin secretion
deficiency [7]. Oxidative stress mediators, such as pro-
inflammatory cytokines IL-1β, IL-6, and TNF-α, are found
to be important pathogenic factors in diabetes [8].
Nonetheless, the role of immune system, such as cellular im-
munology in the progression of different diabetes types, is not
fully understood [9].

Adenosine deaminase (ADA) is an enzyme of purine me-
tabolism that catalyzes the deamination of adenosine and
deoxyadenosine into inosine nucleosides. This conversion is
associated with the lymphocyte proliferation and differentia-
tion; therefore, ADA is considered as a marker for the assess-
ment of cellular immunity [10]. Moreover, since adenosine
can increase the insulin sensitivity by stimulating glucose
transport into cells and ADA consumes adenosine in the local
microenvironment, ADA activity has been reported to be an
indicator of insulin function as well [11]. Although ADA
plays an important role in regulating insulin action, scarce
reports are available about serum ADA activity in diabetic
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subjects, and its significance in the immunopathogenesis of
different diabetes types has not been fully elucidated. Thus,
the objective of this study was to investigate the ADA level in
different types of diabetes and correlate the serum ADA ac-
tivity with glycemic parameters and systemic cytokines to
assess the role of ADA in the immunopathogenesis of
LADA and T2D. To our knowledge, there are no published
reports comparing the correlation of ADA and systemic cyto-
kines among LADA and T2D patients so far.

Materials and methods

Participants

The study population for the current study consisted of 130
participants recruited in Zhejiang Provincial People’s
Hospital. Diabetes diagnosis was conformed to the World
Health Organization (WHO) 2019 criteria. Patients with any
microvascular and macrovascular complications were not ex-
cluded. Diagnosis of LADA were (1) no ketosis or
ketoacidosis, (2) insulin independence for the first 6 months
after diabetes diagnosis, (3) at least one positive islet autoan-
tibody (glutamic acid decarboxylase 65 antibody (GADA) or
insulinoma-associated protein-2 antibody (IA-2A)), and (4)
age ≥ 30 years at onset of diabetes. Criteria for T2D were
(1) negative for islet autoantibodies and (2) no immediate
insulin treatment requirement [12]. In addition, patients hav-
ing secondary diabetes, any malignancy, autoimmune disease,
chronic or acute infection, or receiving immunosuppressive
treatment were excluded.

General clinical conditions

Clinical data including sex, age, body mass index (BMI), sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP),
and diabetes duration; laboratory indicators including
diabetes-related autoantibodies (GADA, IA-2A, islet cell an-
tibody (ICA), and insulin autoantibody (IAA)), diabetes-
unrelated autoantibodies (thyroid peroxidase antibody (TPO)
and thyroglobulin antibody (Tg)), glycosylated hemoglobin
(HbA1c), fasting plasma glucose (FPG), fasting C-peptide
(FCP), and lipid profiles (triglycerides (TG), total cholesterol
(TC), low-density lipoproteins cholesterol (LDL-C), and high-
density lipoproteins cholesterol (HDL-C)) were recorded.
GADA, IA-2A, ICA, and IAA were measured on iFlash
3000 using chemiluminescent immunoassay; TPO and TG
were detected by UniCel DxI 800 (Beckman Coulter); high
performance liquid chromatography on Bio-Rad was
employed for HbA1c; FCP was conducted using
electrochemiluminescence immunoassay on cobas e 602; oth-
er parameters (FPG, TG, TC, LDL-C, and HDL-C) were

assessed by automatic biochemical analyzer (Beckman
Coulter AU5821).

ADA and cytokine assays

Peripheral blood samples of all subjects were collected after
more than 8 h overnight fasting. After centrifuging, the serums
were stored at − 80 °C and thawed only when detected.
Activity of serum ADA, which was expressed in enzyme
units/liter (U/L), was measured on automatic biochemical an-
alyzer (Beckman Coulter AU5821) using rate assay. ADA
coupled with purine nucleoside phosphorylase (PNP), xan-
thine oxidase (XOD), and peroxidase (POD) were used to
determine the catalytic concentration of ADA. Serum concen-
trations of cytokines IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-γ,
and TNF-α were measured by flow cytometry using the BD
Cytometric Bead Array (CBA) Human Soluble Protein Flex
Set System. CBA made use of microspheres with different
fluorescence intensity, which contained capture antibodies
that could identify specific proteins. After samples interacted
with microspheres and PE-labeled detection antibodies, they
were detected by flow cytometry. Data analyses were per-
formed through FCAP Array v3.0. For cytokine concentra-
tions below standard range and out of invertible range, 0.00
pg/mL was assigned. Inter-assay and intra-assay variations
were < 20% and < 10%, respectively.

Statistical analysis

Due to lack of normality, the results were expressed as me-
dians and quartiles for continuous variables. For categorical
variables, frequencies were used. To examine differences of
clinical and laboratory data between different groups,
Student’s t test, ANOVA, or Wilcoxon rank-sum test was
employed for continuous data where appropriate. The
Fisher’s exact test or chi-square (χ2) test was used in categor-
ical data with two or more classes. Data were not adjusted for
multiple comparisons and were therefore descriptive.
Spearman’s correlation was used to correlate serum ADA
level with different parameters in LADA and T2D patients.
p < 0.05 was considered statistically significant. SPSS version
18.0 was applied for statistical analyses.

Results

Comparison of general characteristics among
different groups

In total, 130 patients (28 LADA patients, 52 T2D patients, and
50 HC) are included in our study; detailed features are shown
in Table 1. The median age of diabetes patients was 54.50
years (44.25; 62.75). There were no significant differences
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among three different groups with regard to sex ratio, age,
BMI, SBP, and DBP. Diabetes duration between LADA and
T2D showed no significant difference, as well. As for labora-
tory indexes, comparison of diabetes-unrelated autoantibodies
among LADA, T2D, and HC yielded significant difference in
TPO (p = 0.008); the positive rate of Tg was higher in LADA
than T2D patients (p = 0.001). HbA1c% tended to be higher in
T2D patients than LADA (p = 0.003) and HC (p < 0.001).
Although no statistical difference of FPG and HDL-C are
found between LADA and T2D patients, diabetic patients
(including LADA and T2D) showed higher FPG but lower
HDL-C comparing with HC. Other indicators, including FCP,
TG, TC, and LDL-C, had no significant differences among the
three groups.

ADA and circulating cytokine concentrations in LADA
and T2D patients

As shown in Fig. 1, serum ADA activity was significantly
higher in T2D patients compared with LADA (p = 0.008)
and HC (p < 0.001). Meanwhile, circulating concentrations
of IL-6 (p = 0.01) and IL-10 (p < 0.001) had significant dif-
ferences among three different groups; additionally, T2D pa-
tients showed higher IL-6 (p = 0.038) and IL-10 (p < 0.001)
level than LADA. Although we also measured serum concen-
trations of IL-2, IL-4, IFN-γ, and TNF-α, most of them were
below the detection limit. Therefore, no further analyses were
performed in these cytokines.

Associations of ADA in different diabetes types

When considering both diabetes types together, Spearman’s
correlation of HbA1c%with serumADA showed a significant
positive correlation (r = 0.34, p = 0.003). Furthermore, ADA
had significant positive associations with IL-6 cytokines (r =
0.31, p = 0.007) and IL-10 (r = 0.22, p = 0.049) (Table 2).

Discussion

Due to sharing genetic, metabolic, clinical, and immunologic
characteristics with both type 1 and type 2 diabetes, LADA is
often overlooked in clinical practice with a high rate of mis-
diagnosis [13, 14]. Biomarkers which can provide insights
into the pathogenesis of different diabetes types are urgently
needed. Purinergic network is noted a central player in several
immune regulation-related diseases, which include diabetes
[11]. ADA is the final key factor of adenosine pathway, in-
volved in immunomodulatory by degrading adenosine in an
irreversible deamination reaction [15, 16], but its clinical sig-
nificance in diabetes has not received sufficient attention.
There are several reports about ADA levels in diabetes, but
uncertainty and controversy still remain. Our study was as a
preliminary research to assess the value of serum ADA activ-
ity in the immunopathogenesis of LADA and T2D patients.

Generally, patients with LADA are leaner, with lower
fasting C-peptide and less metabolic syndrome than T2D
[13]. Different from the results of a multicenter study conduct-
ed in China [17], LADA patients shared most clinical features
with T2D in our cohort. This controversy may be attributed to
the differences in diagnostic criteria for LADA patients and

Fig. 1 Serum ADA activity and cytokine concentrations in LADA, T2D patients, and healthy controls. Results were expressed as the mean ± SD. a
ADA, b IL-6, and c IL-10. *p < 0.05, **p < 0.01, ***p < 0.001

Table 2 Correlational study of ADA and the following variables in
LADA and T2D patients

Variables Correlation coefficient p value

Glycemic parameters

HbA1c (%) 0.34 0.003**

FPG (mmol/L) 0.12 0.285

Cytokines

IL-6 (pg/mL) 0.31 0.007**

IL-10 (pg/mL) 0.22 0.049*

HbA1c glycosylated hemoglobin, FPG fasting plasma glucose. *p < 0.05,
**p < 0.01, ***p < 0.001
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regional divergence in the populations studied. It has been
reported that the variability in the strength of GADA reactivity
may partly be associated with substantial heterogeneity of
LADA patients [18]. Although the small sample size limited
statistical analysis to some extent, the frequency of TPO and
Tg tend to be increased in patients with LADA, which was
consistent with Schloot et al.’s study [8]. Researches had
shown that comparing with normal people, ADA activity
was elevated in patients with T2D [19] and gestational diabe-
tes mellitus [20].We got similar result when comparing serum
ADA level between T2D and HC (p < 0.001); furthermore,
higher ADA was found in T2D patients than LADA (p =
0.008). ADA is an important enzyme for regulating the bio-
activity of insulin [11], and its activity is increased in the event
of oxidative stress and cell membrane damage [21]. The phe-
nomenon that T2D patients tend to have higher levels of ADA
activity than LADA may be able to reveal the differences in
the progression and severity of cellular immune responses
between them.

Diabetes is a strong inflammatory nature disorder; some se-
rum immune mediators have been found to increase in different
diabetes types (e.g., systemic cytokines, chemokines, and adhe-
sion molecules) [22]. Compared with LADA patients, IL-6 in-
volved in the genesis of insulin resistance was higher in patients
with T2D (p = 0.038), which was similar to the results of Pham
et al. [22] and Xiang et al. [23]. Contrary to our finding, in the
study of Pham et al., systemic concentration of anti-inflammatory
cytokine IL-10 showed no differences between patients with
LADA and T2D, which possibly because IL-10 was only detect-
ed in 44% of individuals in this study. The upregulation of anti-
inflammatory mediators may reflect as a feedback to the rise of
pro-inflammatory cytokines, associated with an attempt to ame-
liorate inflammation in patients with diabetes.

Hyperglycemia occurs due to peripheral insulin resistance.
In line with other studies [19, 24, 25], the results of correlation
analysis indicated that ADA was significantly correlated with
HbA1c% (r = 0.34, p = 0.003), which further elucidated the
role of ADA in modulation of insulin activity. Meanwhile,
there was a significant positive correlation between ADA
and cytokines (IL-6, r = 0.31, p = 0.007; IL-10, r = 0.22,
p = 0.049), which has been barely studied in diabetes.
Several immunological disturbances, including abnormal T-
lymphocyte function and low-grade systemic inflammation,
are involved in the development of different diabetes types,
especially in T2D [26, 27]. ADA is thought to be an indicator
of T-cell activation and has a direct correlation with the extent
of inflammation [28]. The positive correlation between serum
ADA levels and inflammatory cytokines supports that altered
blood ADA activity may help predict the extent of immuno-
logical response associated with diabetes.

This study also had some limitations. First of all, it was a
single-center study with a limited sample size. Secondly, lack
of international consensus on the definition of LADA patients

might confuse the results of different researches. Furthermore,
two major isoenzymes of ADA (ADA1and ADA2) were not
detected respectively in our study.

In summary, the assessment of ADA can suggest the het-
erogeneity of immune response participated in LADA and
T2D progression. Its positive correlations with HbA1c% and
inflammatory cytokines reveal the potential value of ADA in
predicting the severity of diabetes progression in patients.
There is a scarcity of information on the differences of ADA
activity between LADA and T2D patients. Despite some
emerging literature dealing with ADA activity in immune-
related disease including diabetes, larger sample studies are
needed to confirm these findings.
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Abstract
Background: The oral glucose tolerance test (OGTT) is used for the diagnosis of diabetic conditions. The American
Diabetes Association (ADA) provides criteria for definition, namely, impaired fasting glucose (IFG), impaired glucose
tolerance (IGT), type 2 diabetes mellitus (T2DM), and normal glucose tolerance (NGT).
Purpose of the study: To examine the application of parameters estimated in models of the glucose-insulin regulatory
system during the OGTT, as a classification tool of diabetic conditions.
Methods: Given a set of OGTT data, parameters for each subject are estimated from and ODE model using a Bayesian
approach. Point clouds are constructed with parameter pairs and inspected for classification, using a support vector machine
(SVM) learning technique. The classical train-test split is used for validation. The training set is comprised of 80 non-related,
female volunteers recruited at the Mexico General Hospital.
Results: The parameters peak glucose concentration and average of glucose removal rates are suitable for classification. For
the training set, the classification was successful for at least 85% of subjects. Noteworthy, a linear separation suffices. The
classification is tested on an independent population of OGTT data for 24 males and 33 females. Classification is successful
for 91% of males and 87% of females. Ill patients are correctly classified.
Conclusion: Peak glucose concentration and average of glucose removal rates are proposed as potential patient’s indices for
diabetic condition. As a graphical tool, clinicians may interpret the SVM classification diagrams. These show a transition
from healthy to diabetic. The gray area might suggest pre-diabetic subjects.

Keywords Oral glucose tolerance test · ODE model · Parameter estimation · SVM classification

Introduction

The oral glucose tolerance test (OGTT) is used for the
diagnosis of diabetic conditions, namely, impaired fasting
glucose (IFG), impaired glucose tolerance (IGT), type 2
diabetes mellitus (T2DM), and normal glucose tolerance
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(NGT). The American Diabetes Association (ADA) [4]
provides criteria for definition.

Glucose curves (patterns) are also fitted to OGTT data
by means of statistical methods, in order to extract more
information for patient care. Recent studies of this sort are
available [5, 10, 11, 14, 15, 19]. In particular, a common aim
is to relate OGTT patterns with risk of diabetes.

In this work we are concerned with an alternative
approach, to extract information from mathematical models
of the underlying dynamics of the glucose-insulin regula-
tory system during the OGTT. This approach is reviewed
[16]. Modeling is a very active research area, current mod-
els are complemented with more sophisticated processes
[7]. Therein, an integrated model describing both hepatic
glucose and pancreatic insulin regulation is introduced.

These models are in terms of ordinary differential
equations (ODE), and are of short term in the sense that

/ Published online: 12 September 2020
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they describe the dynamics after an external source excites
the system. The external source is a load of glucose
administered to the patient after an overnight fast. An
important application is the computation of a patient’s
insulin sensitivity from mathematical models linked to
clinical protocols [6]. This computation rests on the robust
estimation of parameters in the models. This is a classic
subject, and most methodologies have been attempted. See
the literature review of Parameter Estimation Techniques
[18].

Models for the glucose-insulin system can be quite
complex, involving several parameters in a system of
ordinary differential equations. Consequently, second order
minimal models are preferred. As a first test of the
methodology to be presented, we use the minimal model of
Ackerman et al [1]. This model is probably the simplest,
but we shall argue that the obtained results are highly
satisfactory to merit the report of our findings.

The basic model is reduced to a single differential
equation corresponding to a harmonic oscillator. The state
variable, is the deviation from the stable fasting level of
the glucose concentration. A simple expression is obtained
with four parameters to be estimated for a patient’s OGTT
data.

This parameter estimation problem is solved following
the Bayesian approach. The MAP estimator is chosen from
the posterior. The handling of noisy data and assessment
of the quality of point estimators, is straightforward in
Bayesian estimation. These features have made Bayesian
estimation a natural choice. A strong case is made
[17]. Therein, a comparison is carried out of Fisherian,
such as maximum likelihood, and Bayesian parameter
estimation techniques. It is found that Bayesian parameter
estimation techniques are less sensitive, in terms of both
accuracy and precision, for the estimation of insulin
sensitivity in the so-called minimal model of glucose
kinetics.

An alternative for aiding on early diagnosis of diabetes
is based on learning techniques. As pointed out [9], the
use of intelligent techniques has increased in disease
classifications and a lot of research studies have been
carried out in making vital medical predictions. (See a
comparison of various classification algorithms therein).

The novelty of this work is on this line, we develop
a classification tool to determine a patient’s diabetic
condition, as well as diabetic risk. In contrast to previous
works, instead of the raw data set, we propose two of the
estimated parameters in an ODE model for classification.

The proposed parameters are the peak glucose concentra-
tion and the average of glucose removal rates. Classification
is accomplished by means of a SVM technique applied to
the full population. Noteworthy, a linear kernel suffices.

The analysis was based on actual data gathered at
the Mexico General Hospital. For validation, a statistical
learning technique is applied. Patients are divided into two
populations: a training set to construct the classification and
a test set for validation. The former is a population of 80
non-related females. The latter is an independent population
of 24 males and 33 females.

The outline is as follows.
In the “Materials and methods” section, we describe

the OGTT and introduce the glucose patterns associated
with the Ackerman’s model. Also, the parameter estimation
problem is posed, and SVM classification is described.
In the “Technical information” section, the basic glucose-
insulin regulatory system model is introduced as well
as some technical details on Bayesian estimation. The
“Results” and “Discussion” sections present the quantitative
results of the case under study and their robustness, and
make a case for the potential application on diabetes
diagnostics. We close this exposition with conclusions and
future lines of research.

Materials and methods

For several years, OGTT data has been collected at the
Mexico General Hospital as a monitoring project. In this
study, we had access to data from the years 2016 and 2017.

The age range of the subjects was between 18 and
45 years. Anthropometric and clinical information was
available, but we stress that our methodology, modeling-
estimation-classification, is solely based on raw OGTT
data.

An OGTT study and cutoffs for classification

We included 80 non-related, female volunteers, recruited at
the Mexico General Hospital. They did not take any medica-
tion known to affect glucose tolerance, insulin sensitivity, or
insulin secretion.

Volunteers underwent a 2-h OGTT after 8 h overnight
fast. They ingested a 75 g dextrose solution (Dextrosol,
Hycel, Mexico), and venous blood samples were obtained
at 0, 30, 60, 90, and 120 min for determination of plasma
glucose and plasma insulin concentrations. Plasma glucose
was determined by the glucose oxidase method.

IFG, IGT, and T2DM were defined according to the
American Diabetes Association (ADA) 2018 criteria [4].
Namely,

– Diabetes mellitus: fasting plasma glucose ≥ 7 mmol/l
(126 mg/dl) or 2 h post-load plasma glucose ≥
11.1 mmol/l (200 mg/dl).
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– IFG: fasting plasma glucose ≥ 5.6 to 6.9 mmol/l (100–
125 mg/dl),

– IGT: as 2 h plasma glucose ≥ 7.8 to 11 mmol/l (140–
199 mg/dl).

The 80 subjects were clustered as follows: 5 IFG, 14 IGT,
7 IFG+IGT, 3 T2DM, and 51 NGT.

OGTT curves from the Ackerman model

In time t , let G(t) be the plasma glucose concentration in the
blood and H(t) be the net concentration of hormones that
influence the blood glucose levels. For OGTT conditions,
insulin is considered predominant and H(t) is essentially its
concentration.

It is assumed that after fasting, the patient’s concentra-
tions have stabilized to G0 and H0.

We study the small deviations

g(t) = G(t) − G0, h(t) = H(t) − H0.

Below, we show that

g(t) = Ae−αt cos(ωt − δ). (1)

This is the solution of the Ackerman model [1], after the
glucose load has been absorbed.

The graph of the function g(t) is the so-called OGTT
curve (pattern).

For classification, we consider the parameters:

– A, peak glucose concentration,
– α, average of glucose removal rates.

The parameters ω and δ need to be estimated, but are of
no interest in this work.

The parameter estimation problem given OGTT data

Patients are numbered from j = 1 to j = 80. Let us define
g

j
t = Gj(t) − Gj(0) for t = 30, 60, 90, 120.

The problem of concern is as follows: Given OGTT data
for patient j : g

j

30, g
j

60, g
j

90, g
j

120, estimate the parameters

uj = (Aj , αj , ωj , δj )
t , (2)

given that

gj (t) = Aje
−αj t cos(ωj t − δj ). (3)

To solve this optimization problem, we choose the
Bayesian approach. The maximum a posteriori (MAP) and

conditional mean (CM) point estimators are computed.
By design, the Bayesian approach gauges robustness and
reliability of estimators [13, 20]. Details are below.

SVM classification

The 80 subjects above are regarded as a training set.
Subjects are divided into two classes: healthy (+ 1) and
ill (− 1). For patient j , the parameters Aj and αj are
considered for binary classification in the A-α plane.
Classification is carried out by finding a soft margin support
vector machine. Slack variables are introduced to find a
separating line with a high success rate. This methodology
is classic [12].

To evaluate the performance of the linear separator, an
independent test set is considered:

– 24 males: 15 NGT, 3 IGT, 2 IFG-IGT, 4 T2DM,
– 33 females: 17 NGT, 1 IFG, 11 IGT, 2 IFG-IGT, 2

T2DM.

We remark that this study is a first step to test the
proposed methodology, modeling-estimation-classification.
The sample size is adequate for the application and
conclusions of the support vector machine method.

Chronologically, the training set was selected because
it contained all diabetic conditions and appropriate size
for classification. To avoid gender as a factor, an all
female population was chosen for the training set. After the
separating line was constructed, the population above, of
comparable size, was chosen for testing. An added difficulty
was to choose a mixed population.

A fortiori, gender plays no role. Raw OGTT data led to
our results.

Technical information

The Ackerman model for the glucose-insulin
regulatory system

The simple model derived in Ackerman et al. [1] is

ġ = −m1g − m2h + J

ḣ = −m3h + m4g

where m1, m2, m3, and m4 are nonnegative constants.
Therein, the meaning of the parameters is as follows:

– m1: rate of glucose removal independent of insulin,
– m2: rate of glucose removal dependent of insulin,
– m3: rate of insulin removal independent of glucose,
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– m4: rate of release of insulin due to glucose.

After some time, the glucose load J (t) is absorbed in the
system and J (t) ≡ 0. It is straightforward to eliminate h of
the system to obtain the following second-order differential
equation,

g̈ + 2αġ + ω2
0g = 0 (4)

Here

α = 1

2
(m1 + m3),

and

ω0 = √
m1m3 + m2m4,

is the natural or resonant frequency of the system.
A viable interpretation of the glucose-insulin system is

that of a damped harmonic oscillator. Hence, it is assumed
that

α2 − ω2
0 < 0.

It is readily seen that the general solution of (4) is

g(t) = Ae−αt cos(ωt − δ), (5)

where

ω =
√

ω2
0 − α2.

Bayesian estimation

In Bayesian estimation, all variables are random; thus, we
consider the model

y = G(u) + η

where u is the parameter to estimate, y the data, η the noise,
and G the observation operator.

An important feature of Bayesian estimation is to
propose a prior probability density function, π0, for the
parameter u. This prior encompasses all we know about u.
In essence, it is a modeling problem.

Noise is supposed to be known with density ρ and
independent of u. Consequently, the conditional density
πy(u) ≡ π(u|y), the posterior, is given from Bayes’
formula

πy(u) ∝ ρ(y − G(u))π0(u).

The point of Bayesian estimation is to determine the
posterior. From the latter, point estimators can be obtained,
namely, the conditional mean (CM) and the MAP estimator.

The CM estimate is given by the integral

uCM =
∫

uπy(u)du.

Fig. 1 OGTT curves for some
NGT patients. a Patient 1. b
Patient 11. c Patient 27. d
Patient 41
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Fig. 2 OGTT curves for some
ill patients. a Patient 53 IFG. b
Patient 61 IGT. c Patient 70 IGT.
d Patient 79 T2DM

whereas for the MAP, an optimization problem is to be
solved,

uMAP = arg max ρ(y − G(u))π0(u).

In our problem, Gaussian noise is assumed with zero mean
and standard deviation γ . From Bayes’ formula, we have,

πy(u) ∝ exp

(
− 1

γ 2
|y − G(u)|2

)
π0(u)

The prior may influence artificially the determination
of the posterior, this is unwanted. Uninformative (uniform

density) priors are preferred. Hence, we use uniform
densities:

– A ∼ U [0.5 gm, 2.5 gM + 150].
– α ∼ U [0, 0.1].
– ω0 ∼ U [0, 0.15].
– δ ∼ U [−2π, 2π ].

where gm and gM are respectively the minimum
and maximum of absolute values of G0 shifted glucose
concentration data. Only an estimate of the magnitude is
required.

Fig. 3 NGT (•), IFG (�), IGT
(�), IFG-IGT (�), T2DM (∗)
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Fig. 4 Test set: males (left),
females (right)

Also, we allow large observation errors with a Gaussian
model with standard deviation γ = 5, a typical value in the
literature.

In practice, a sample of the posterior is constructed. We
use emcee, an affine invariant Markov chain Monte Carlo
(MCMC) ensemble sampler [8]. Consequently, for each
patient’s parameters, a posterior distribution is determined
and its MAP estimator is obtained.

An advantage of the Bayesian approach is that uncer-
tainty of point estimates is readily quantified by means of
the marginal densities of the posterior.

For instance, given the posterior density πy(u), the
marginal for α is found by integrating on the other variables.

πy(α) =
∫ ∫ ∫

πy(A, α, ω, δ)dAdωdδ.

Fig. 5 Marginal posterior
densities for NGT patients.
MAP solid line. CM dashed
line. a Patient 1 IFG. b Patient
11 IGT. c Patient 27 IGT. d
Patient 41 T2DM
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Results

Curve fitting For each patient, the parameters (2) are
estimated to construct the functions (3).

We plot OGTT curves for some patients in different
diabetic conditions, healthy patients in Fig. 1, whereas ill
patients in Fig. 2.

Modeling and parameter estimation is a well-known
methodology. The first part of our findings follows this
line of thought. The OGTT curves in figures show that our
parameter estimation methodology fits the data accurately.

SVM classification In Fig. 3, the binary classification in
the A-α plane, obtained by the soft margin support vector
machine, is shown. The classification is successful for 85%
of patients.

It is remarkable that a linear separator suffices.

Training-test split The classification is tested on an
independent population of OGTT data for 24 males and
33 females (Fig. 4). Classification is successful for 91% of
males and 87% of females.

Ill patients There are two potential classification errors: to
classify a healthy subject as ill, and an ill subject as healthy.
The latter is the worst-case scenario. As shown in Figs. 3
and 4, patients with IGT, IFG-IGT, and T2DM conditions
are below the separating line. Consequently, ill patients
were correctly classified.

Discussion

Based on experiments, it was observed [2] that the
parameter α is very sensitive to errors on glucose
concentration. Its use was not recommended for a diagnosis
criterion. Our Bayesian approach suggests otherwise. For a
worst-case scenario, we have considered large observation
errors with a Gaussian model. Nevertheless, the obtained
marginal densities of the posterior for the parameter α are
unimodal and the point estimators are unambiguous. These
features simplify the estimation problem. In Figs. 5 and 6,
we show a sample of healthy and ill subjects.

In light of the results of SVM classification (Fig. 3),
a clinical implication of the current study is that the

Fig. 6 Marginal posterior
densities for ill patients. MAP
solid line. CM dashed line. a
Patient 53 IFG. b Patient 61
IGT. c Patient 70 IGT. d Patient
79 T2DM
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peak glucose concentration A, and the average of glucose
removal rates α, can be regarded as patient’s indices with the
potential to be used for classification of diabetic conditions.

At first sight, one may question the quality of classifica-
tion in the neighborhood of the separating line. Neverthe-
less, there is an apparent clockwise transition from healthy
to type 2 diabetes mellitus. The latter might have another
clinical implication, namely, early detection of pre-diabetic
patients.

On the downside, one may argue that this population
set is somewhat limited and that more data and planned
sampling are required to be conclusive. However, based on
the research process, we are optimistic on the potential for
clinical application.

More precisely, the OGTT data in this study was gathered
independently according to protocol, by the medical
researchers in our group. The computational modeling
specialists came later. There was no special criterion for the
train-test split. In particular, we just used a size criterion for
choosing the training set.

We stress that, our initial plan was to tune our
methodology on the simple minimal model (4). It is
apparent that in spite of its simplicity, the results are
remarkable. It is also surprising that in the application of the
SVM method, a linear kernel sufficed.

Finally, let us discuss some limitations of the present
study. As pointed out before, to be conclusive, a larger
sample and a thorough statistical study is required. Also, the
first part of the process is the parameter estimation problem
for a given subject. An optimization specialist will have a
preferred method to implement an in-house solution. But for
wider use, this part of the process requires automatization.
The same applies to SVM classification.

The glucose-insulin model used in this study is mostly
limited to raw OGTT data. To introduce anthropometric and
clinical information, which is essential on a risk assessment
application, would require to consider alternative models.

Conclusions

In this work, we have delved on the classification properties
of parameter in glucose-insulin models. SVM techniques
are proposed for classification. As a proof of concept, the
methodology is tested on the simple Ackerman model (4).
The obtained results are promising, which have led us to
introduce peak glucose concentration A, and the average of
glucose removal rates α as indices associated with patient’s
diabetic condition.

It is of current and future research, to consider more
sophisticated glucose-insulin models [16, 18]. It is expected
that clustering may vary, and kernel selection in SVM is an
issue to be resolved [3].

Also, a larger sample is under study to test further the
proposed methodology and classification indices.
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Abstract
Aim The aim of present study was to investigate the association of the ENPP1 (K121Q) gene polymorphismwith DKD in eastern
Uttar Pradesh population.
Methods A total of 162 DKD and 155 apparently healthy controls were enrolled and K121Q polymorphism was determined by
PCR-RFLP followed by sequencing.
Results It was observed that genotype KQ was more frequent in patients than controls and allelic frequencies of Q allele were
higher in DKD (Q 21.3%) than control (Q 15.81%). It depicted that Q allele may be associated with DKD patient and has more
risk in eastern UP population.
Conclusion The study indicated a significant association of KQ polymorphism of the ENPP1 gene with DKD in the eastern Uttar
Pradesh population.

Keywords Nephropathy . Chronic kidney disease . Diabetic kidney disease . ENPP1 . Polymorphism . DKD

Introduction

Diabetic kidney disease (DKD) is the common cause of end-
stage renal disease. It is associated with high morbidity and
mortality rates among diabetic patients [1–2]. DKD is a com-
mon diabetic chronic complication, characterized by reduced
GFR (glomerular filtration rate) and albuminuria. It is also
called DKD or diabetic nephropathy (DN). It has a multifac-
torial origin caused by a delicate interaction between suscep-
tible genes and environmental factors. Due to the increasing
prevalence of obesity, hypertension, and physical inactivity,

millions of peoples (about 6–7%) of the world’s population
are affected by DKD. Twenty-four million people in the USA
have diabetes and approximately 180,000 people are living
with renal failure as a result of diabetes [3–4]. The occurrence
of DKD in India was less (8.9% in Vellore, 5.5% in Chennai)
when compared with the occurrence in Asian Indians (22.3%)
in the UK [5]. Risk factors such as dyslipidemia, arterial hy-
pertension, and hyperglycemia are recognized to play a key
role in the development of DKD. In addition to this risk factor,
there is the involvement of some molecular markers, which
may serve as diagnostic/ prognostic tools. Ectoenzyme
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nucleotide pyrophosphate phosphodiesterase 1 (ENPP1) is a
good candidate gene for DKD. The cytogenetic location of
ENPP1 is 6q23.2 which transcribes 7442 bp mRNA (Mm-
006208.2). This gene spanning 87 kilobases contains 25
exons and 24 introns, which codes for 925 amino acids long
protein. ENPP1 gene blocks the tyrosine kinase activity of the
insulin receptor in several cells, causing insulin resistance by
missense polymorphism at 121 positions in the protein. The
corresponding single nucleotide substitution leads to a change
of class of amino acid from charge to uncharged [6]. This
alters the behavior by influencing the protein-protein interac-
tion. Change in nucleotide at rs537 (A > C) in exon 4 of the
ENPP1 gene, alters the amino acid lysine to glutamine
(K121Q). In different studies, it has been found that the Q
allele is associated with the inhibition of insulin signaling
more effectively than K allele, the identification of such genes
will help to detect an individual’s risk of developing DKD and
may provide a better understanding of its pathophysiology [7].
However, the results of the association of ENPP1 with DKD
have been controversial [8]. Several studies on the association
between the ENPP1 (K121Q) polymorphism and DKD in
various populations observed both positive [9, 10] and nega-
tive association [11]. Most genetic studies of DKD used a
candidate gene approach. Several studies from different parts
of the world have examined ENPP1 gene polymorphism as a
candidate for DKD [12].

The genetic study of DKD in the eastern UP population has
public health significance because the disease has reached out-
break proportions in this particular region. The prevalence of
diabetes with kidney disease rises alarmingly in India and
projected to reach up to 124million by 2040 [13]. So, this study
was planned to investigate the association of the ENPP1/PC-1
(K121Q) in polymorphism in DKD patients in the eastern UP
population and their association with other risk factors.

Materials and methods

Study of population and clinical evaluation of
patients

All patients included in this study were taken from Nephrology
OPD, Sir Sundar Lal Hospital, Banaras Hindu University,
Varanasi, UP, India, during the period from 2011 to 2014.
Signed informed consent was taken from every subject.

Exclusion criteria included patients < 18 years of traumatic
cases and patients whowerementally incapable of giving their
own consent. If the patient met the appropriate criteria, we
visited the patient before treatment to explain the study and
asked for the patient’s participation along with informed con-
sent form. We conducted a 30-min interview with the patient.
The interview was based on a predesigned questionnaire that
included questions about height and weight, age, health care,

and utilization, health habits, and physical activity level. Data
involving presentation, diagnosis, and staging were collected
from office charts, hospital charts, and a face-to-face interview
with the study subjects. A total of 162 DKD patients and 155
normal controls were prospectively enrolled for the study.

Estimation of body mass index

According to WHO-1998, the BMI cutoff in Europids for
overweight (≥ 25.0 kg/m2) and obesity (≥ 30.0 kg/m2) is
higher than the Asian-pacific region. Steering committee
(WHO Western Pacific Region 2000, the international asso-
ciation for the study of obesity and international obesity task
force) recommended in Asians the cutoff for overweight (≥
23.0 kg/m2) and obesity (≥ 25.0 kg/m2) and the exact classi-
fication criteria as discussed in our previous study [14]. BMI
was measured at the time of hospital admission for treatment
and the above criteria were used to categorize patients.

Glomerular filtration rate estimations

Serum creatinine measurements were performed the day be-
fore the measurement of isotopic GFR (i-GFR) through
Cockroft and Gault formula (CG) [15]. The CG equation pre-
dicts a better outcome than either the CKD-EPI or the MDRD
equation [16–17]

CG ¼ 140−age yearsð Þ½ �*Body weight Kilogramsð Þ* 0:85 if femaleð Þ½ �
72*Serum creatinine Milligrams per deciliterð Þ

The equation was designed to estimate creatinine clearance
expressed in milliliters per minute.

Kidney disease staging

The stages of DKD are mainly based on measured or estimat-
ed GFR. There are five stages, but kidney function is normal
in stage 1 and the end-stage in stage 5. In our study, we clas-
sify our patients in three groups: mild CKD (60–89), moderate
CKD (30–59), and severe CKD (15–29) on the basis of GFR.

Blood samples

In all patients, routine biochemical tests were carried out for
blood glucose, renal function test, liver function test, and com-
plete blood count. Blood (~ 3 ml) was drawn through sterile
syringe from the peripheral vein, collected into EDTA coated
vials and refrigerated at − 20 °C till used for DNA extraction.

Isolation of genomic DNA

Genomic DNA was extracted from collected blood samples.
The entire experimental steps were carried out at 4 °C. The
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blood was homogenized in ice-cold sucrose, EDTA, and Tris-
HCl buffer (sucrose 10.8 g, 0.5 mol/l of EDTA 1ml, 1 mol/l of
Tris-Cl 2.5 ml, pH 8 to 100 ml water, autoclaved, and stored at
4 °C) and centrifuged at 4000 rpm for 10 min at 4 °C to pellet,
was washed once again with sucrose, EDTA and Tris-HCl
buffer. The pure nuclear pellet was suspended in Tris
HCl, EDTA, and NaCl buffer (1 mol/l Tris-Cl 2.0 ml,
0.5 mol/l EDTA 1 ml, 5 mol/l NaCl 8 to 100 ml water,
autoclaved and stored at 4 °C), SDS was added to a
final concentration of 1%, which was mixed gently to
lyse the nuclei. Proteinase-K was added to the lysate (to
a final concentration of 100 μg/ml and was incubated at
37 °C overnight). The proteinase-K treated lysate was
mixed with an equal volume of tris saturated phenol,
pH 8, twice with phenol: chloroform (1:1) mixture and
once with chloroform: isoamyl alcohol (24:1) mixture
following centrifugation at 10000 rpm after each extrac-
tion. The final aqueous phase was transferred to a fresh
tube. To this aqueous phase, 1/10th volume of 3 mol/l
of sodium acetate (pH 5.2) and two volumes of ice-cold
absolute alcohol were added. The DNA was then pre-
cipitated, washed with 70% ethanol, air dried, and dis-
solved in an appropriate volume of TE buffer (pH 8).
The isolated DNA was kept at 4 °C for further
experiments.

ENPP1 PCR-RFLP (restriction fragment length poly-
morphism) genotyping

Polymerase chain reaction (PCR) amplification using a primer
pair as follows:

Forward primer 5’-CTGTGTTCACTTTGGACATG
TTG-3′;

Reverse primer 5’-GACGTTGGAAGATACCAGGT
TG-3′.

The primers amplified a 238 bp product. PCR was
carried out in Veriti 96 well Thermal cycler (Applied
Biosystems) at respective annealing temperature using
the standard protocol. Primers used have been chosen from

the previous work done for the ENPP1 gene [9]. PCR reaction
was carried out in a volume of 25 μl with, 1× PCRmaster mix
(fermentas), 10 μM of both forward and reverse primer
with the following conditions: 35 cycles of 95 °C for
30 s, respective annealing at 55.5 °C for 40 s, and
72 °C for 40 s, with initial denaturation at 94 °C for
3 min and final extension at 72 °C for 5 min. PCR
products were analyzed on 2% agarose gels (BIORON,
Ludwigshafen, Germany) in 1X TBE (89 mmol/l of Tris
borate and 2 mmol/l of EDTA, pH 8.3). PCR products
were digested by AvaII restriction enzyme (20 units) for
2 h at 37 °C and separated on 3% agarose gel by
electrophoresis. The digested product produced three
distinct bands having different molecular sizes (Fig. 1).
KK and KQ amplicon were also sequenced using the
automated DNA sequence, genetic analyzer 3130. To
minimize the sequencing artifacts induced by PCR,
products from at least two different PCRs were se-
quenced using forward and reverse primers. Sequences
were compared against the human (rs1044498 A > C) se-
quence. Sequences variants in the corresponding sequence
that were found in both the DKD and control at a particular
location were classified as polymorphisms.

Statistical analysis

All statistical analysis was performed using SPSS 16.0
for windows software. The result was presented as a
mean ± standard deviation for the continuous variables.
Analysis of variance (ANOVA) was used to assess the
association between genotypes and baseline characteris-
tics. Chi-square test was carried out ascertaining the
homogeneity of proportions and to determine the signif-
icance of polymorphism and risk factors. Hardy-
Weinberg equilibrium was considered to determine the
allelic frequency. Bivariate analysis was performed to
determine associations of the presence of genotypes
with DKD. Statistical significance was considered when
p = 0.05.

Fig. 1 Human ENPP1 gene
polymorphism (restriction
digestion method): lane no. 1;
100 bp DNA Ladder, lane no. 2,
3, 8, 9, 11, 13, 15; undigested
PCR product (KK), lane no. 4,
5,6,14; no PCR bands suggest no
results, lane no. 10 and 12; 2
bands of 148 bp and 90 bp long
digested PCR products (KQ)
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Results

The baseline characteristics of patients

The mean age of DKD patient and control was 57.70 ±
9.8 years and 55.21 ± 10.5 years respectively. The preponder-
ance of study showed a significant positive association be-
tween DKD risk with body mass index (BMI), hemoglobin
(Hb), post prandial sugar (PP), urea, creatinine (CREAT), al-
bumin (ALB), cholesterol (CHOL), low-density lipoprotein
(LDL), systolic blood pressure (SBP), and very low–density

lipoprotein (VLDL) while factors like diastolic blood pressure
(DBP), fasting blood Sugar (FBS), high-density lipoprotein
(HDL), triglyceride (TG), sodium (NA), and potassium (K)
did not show any significant association between study groups
(Table 1).

Genotype distribution of ENPP1 gene

The frequencies of KK, KQ and QQ genotype (Fig. 2) among
the DKD group were 60.5% (n = 98), 36.4% (n = 59), and
3.1% (n = 5) respectively, whereas, in healthy control group

Table 1 Baseline Characteristics of study groups

Characteristics Cases (N = 162) Control (N = 155) P Value

BMI
Mean ± SD

25.3 ± 3.4 23.98 ± 4.3 0.003

SBP
Mean ± SD

133.2 ± 18.8 127.4 ± 18.4 0.006

DBP
Mean ± SD

82.4 ± 12.1 80.9 ± 11.2 0.238

Hb
Mean ± SD

10.2 ± 4.7 11.7 ± 2.14 0.000

FBS
Mean ± SD

131.1 ± 67.5 126.2 ± 67.5 0.518

PP
Mean ± SD

181.7 ± 76.6 135.8 ± 68.9 0.000

Urea
Mean ± SD

69.7 ± 34.34 31.9 ± 22.16 0.000

Creatinine Mean ± SD 2.15 ± .96 1.58 ± 1.31 0.000

Albumin
Mean ± SD

3.84 ± .65 4.33 ± .61 0.000

Cholesterol Mean ± SD 147.7 ± 42.29 166.8 ± 44.42 0.000

HDL
Mean ± SD

38.2 ± 12.03 39.3 ± 10.97 0.409

LDL
Mean ± SD

71.73 ± 27.37 103.3 ± 35.52 0.000

VLDL
Mean ± SD

28.9 ± 12.1 32.1 ± 16.4 0.050

TG
Mean ± SD

137.3 ± 53.3 132.0 ± 58.56 0.399

Na
Mean ± SD

136.5 ± 6.8 137.2 ± 13.06 0.537

K
Mean ± SD

4.9 ± 2.79 4.6 ± .86 0.121

Fig. 2 Distribution of genotype
with study subject (N = 317).
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the same were found to be 69.7% (n = 108), 29.0% (n = 45),
and 1.3% (n = 2) respectively (Table 2).

Distribution of ENPP1 genotype showed no significant
difference among the study.

Allelic frequencies of K and Q allele in the ENPP1 gene
were determined by using Hardy-Weinberg equilibrium.
Prevalence of K allele with control and case was found
84.19% and 78.7% respectively. The allelic frequencies show
significance between the two groups (Table 3).

Association of ENPP1 genotype with risk factors

TG, BMI, LDL, HDL, SBP, DBP, Diabetes, and urea creati-
nine were compared with ENPP1 genotypes KK, KQ, and QQ
in study groups (Table 4). They were not found to be associ-
ated with genotype distribution in the study group.

Bivariate analysis of the ENPP1 genotype and DKD
patients

Bivariate analysis (Table 5) suggests that there were 26%
more risk with the KQ genotype in comparison to QQ for
moderate DKD. KQ genotype was found to have 16% lower
risk in severe DKD, and KK genotype was found with equal
possibility as reference category (QQ), but data is not statisti-
cally significant.

Discussion

DKD/DN is a disease with complex pathogenesis that de-
pends on genetic predisposition as well as factors associated
with lifestyle and environment. The gap between onset and
clinical diagnosis of diabetes leads to the development of nu-
merous chronic complications, which are the leading causes of
premature mortality among diabetic patients. DKD is one of
the most microvascular complications of non-insulin

dependent diabetes mellitus (NIDDM) and has been reported
to occur infrequently in 10 years after the occurrence of dia-
betes. However, if the risk factors are uncontrolled, DKDmay
occur too early. It is a widely accepted fact that one can do
quite well to delay the onset of DKD, but once occurred, it
cannot be reversed rather with early diagnosis.

Themolecular mechanisms accounting for the involvement
between Q variant of ENPP1gene and progress of advanced
stages of DKD have been hypothesized earlier and indicated
that it is expressed in numerous tissues including the muscle,
liver, fat, and kidney [18]. This study is a comprehensive
investigative report with reference to the association of
ENPP1, K121Q gene polymorphism with DKD in adult
Asian Indians living in the eastern part of Uttar Pradesh. The
study was carried out between two groups (control and DKD)
which were matched for age and sex. However, they were
significantly different with respect to BMI, TG, LDL, FBS,
PP, SBP, and DBP. The results of different studies between
ENPP1/ K121Q variants and DKD in numerous races are
conflicting [9–11]. In the present study, the genotype distribu-
tion of K121Q was not associated with DKD. Further, we
investigated the role of ENPP1/ K121Q polymorphism with
DKD related various phenotypes like SBP, DBP, fasting glu-
cose, and lipid profile. There were significant associations
found between DKD and BMI, HB, PP, UREA, CREAT,
ALB, CHOL, and LDL, but no significant associations were
detected with SBP, DBP, FBS, HDL, TG, NA, and K in the
present study.

In different studies, it has been found that the Q allele is
associated with the inhibition of insulin signaling more effec-
tively than K allele [10]. This study included 162 cases (DKD)
and 155 controls (healthy normal) in which Q allele is more
frequently found in cases (21.3%) than controls (15.18%)
(Table 3) which supports that Q allele is commonly associated
in DKD patient. Homozygous genotype (QQ) was more fre-
quent in patients than controls and more affected than hetero-
zygous genotype when compared with other parameters.

Table 2 Genotype distribution of ENPP1 gene in study groups

Variable Cases (162) Control (155) P Value

ENPP1
genotypes

KK 98 (60.5%) 108 (69.7%) 0.174
KQ 59 (36.4%) 45 (29.0%)

QQ 5 (3.1%) 2 (1.3%)

Table 3 Representation of ENPP1 Genotype and allele frequencies with study groups (Hardy-Weinberg)

Genotype Frequency (Expected) Allele Frequency P Value

KK KQ QQ K allele Q allele

Cases 100.35 (61.94%) 54.31 (33.52%) 7.35 (4.54%) 78.7% 21.3% 0.271

Control 109.87 (70.89%) 41.25 (26.62%) 3.87 (2.50%) 84.19% 15.81% 0.258
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However, K allele was found to be the vaguely similar fre-
quency in both disease and healthy control group. Earlier
studies have reported that the frequency of 121Q allele carriers
in Chinese population is 18.8%; in Caucasians, 23.2–36.4%;
in South Indians (living in Chennai and Dallas, USA), 27.5–
34.2%, and in Dominicans, 78.4%; and in African-Americans,
67.0%. Further, a significant alliance between the 121Q allele
and T2D (type 2 diabetes) has been shown in Caucasian pop-
ulations in the USA and Finland [19–21]. In addition to dia-
betes, the Q121 (PC-1) allele has also recently been reported
to stimulate the risk of obesity [22]. Many case-control studies
have accomplished the possible contribution of ENPP1gene in
genetic accountability to obesity and T2D, while several stud-
ies revealed that ENPP1 is associated with neither diabetes nor
obesity because of the multifactorial nature of the disease
[23–27]. Our findings show that the allele frequency and ge-
notype pattern of ENPP1 (K121Q) were not significantly dif-
ferent between cases and healthy controls. Kubaszek et al.
showed similar findings of K121Q polymorphism, in which
no significant difference was found in south Asian inhabitants
[21]. The present study was also deficient in the association of
K121Q with any risk factors (Table 4). Though various neg-
ative association was observed in Chinese population
[25]. Lee et al. [27] had demonstrated that T2D patients
with the ENPP1 (121Q) variant have a higher rate of
aortic calcification which is well-known predictor of
cardiovascular outcomes.

The K121Q (PC-1) polymorphism is associated with the
presence of vascular calcification, which can raise the risk of
coronary heart disease (CHD) in T2D patients. DKD stages
(Table 5) were also not found to be significant with K121Q
polymorphism in the present study but De Cosmo et al. [28]
demonstrated that the 121Q variant of ENPP1 gene is coupled
with decreased renal function (reduced GFR) among patients
with T2D. Consequently, a possible mechanism accounting
for the 121Q variant is the predisposing effect of atheroscle-
rosis and insulin resistance, which are independent risk factors
for renal dysfunction in patients with T2D. The study has
some limitations; Creatinine cutoff is high; hence, the reported
figure is slightly lower than reported by the other Indian stud-
ies. The larger sample size is needed in future studies to
exclude the interference factors of genetic risk contrib-
uted by Q variants. Other gene polymorphism should
have examined comprehensively to explore the virtual
role of ENPP1 K121Q gene polymorphism in DKD
patients.

Conclusion

In the present study, we concluded that the KQ genotype of
the ENPP1 gene is strongly associated with disease stages and
has a greater risk for disease severity. It is also associated withTa
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the decrement of GFR in the study groups. On the other hand,
KK genotype was not found to be associated with any
risk factors.

Since the present study has limited sample size of ethnic
group, further confirmatory studies needed to confirm the sig-
nificant association of ENPP1 gene with the pathogenesis of
DKD and other correlated factors.

Acknowledgments We thank all medical and nursing staffs of
Nephrology and Diabetes Care for the design and conduct of the study
and team members of Department of Nephrology and Centre for Genetic
Disorder, Banaras Hindu University of India for the guidance and
comments.

Compliance with ethical standards

The study was ethically approved by institutional ethical committee
(Dean/2012-13/485).

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Carpena MP, Rados DV, Sortica DA, Souza BM, Reis AF, Canani
LH, et al. Genetics of diabetic nephropathy. Arq Bras Endocrinol
Metabol. 2010;54:253–61.

2. Sortica DA, Crispim D, Zaffari GP, Friedman R, Canani LH. The
role of ecto-nucleotide pyrophosphatase/phosphodiesterase 1 in di-
abetic nephropathy. Arq Bras Endocrinol Metabol. 2011;55:677–
85.

3. Singh M, Singh AK, Singh S, Pandey P, Chandra S, Gambhir IS.
Angiotensin-converting enzyme gene I/D polymorphism increases
the susceptibility to hypertension and additive diseases: a study on
North Indian patients. Clin Exp Hypertens. 2016;38:305–11.

4. Bethesda MD. National Institute of Diabetes and Digestive and
Kidney Diseases. National Diabetes Statistics, 2007, National
Institutes of Health, U.S. Department of Health and Human
Services. 2008

5. Ramachandran A. Epidemiology of diabetes in India-three decades
of research. J Assoc Physicians India. 2005;53:34–8.

6. Maddux BA, Goldfine ID.Membrane glycoprotein PC-1 inhibition
of insulin receptor function occurs via direct interaction with the
receptor alpha-subunit. Diabetes. 2000;49:13–9.

7. Palmer ND, Freedman BI. Insights into the genetic architecture of
diabetic nephropathy. Curr Diab Rep. 2012;12:423–31.

8. Keshavarz P, Inoue H, Sakamoto Y, Kunika K, Tanahashi T,
Nakamura N, et al. No evidence for association of the ENPP1
(PC-1) K121Q variant with risk of type 2 diabetes in a Japanese
population. J Hum Genet. 2006;51:559–66.

9. Pizzuti A, Frittitta L, Argiolas A, Baratta R, Goldfine ID, Bozzali
M, et al. A polymorphism (K121Q) of the human glycoprotein PC-
1 gene coding region is strongly associated with insulin resistance.
Diabetes. 1999;48:1881–4.

10. Prakash J, Mittal B, Awasthi S, Agarwal CG, Srivastava N. K121Q
ENPP1/PC-1 gene polymorphism is associated with insulin resis-
tance in a North Indian population. J Genet. 2013;92(3):571–6.

11. SonM, YeBJ, Kim JI, Kang S, JungKY. Association between shift
work and obesity according to body fat percentage in Korean wage
workers: data from the fourth and the fifth Korea National Health
and Nutrition Examination Survey (KNHANES 2008–2011). Ann
Occup Environ Med. 2015;23:27–32.

12. Sortica DA, Buffon MP, Souza BM, Nicoletto BB, Santer A,
Assmann TS, et al. Association between the ENPP1 K121Q poly-
morphism and risk of diabetic kidney disease: a systematic review
and meta-analysis. PLoS One. 2015;10(3):e0118416.

13. Rajput R, KMKumar P, Seshadri K, Agarwal P, Talwalkar P, et al.
Prevalence of chronic kidney disease in type 2 diabetes mellitus
patients: START- India study. J Diabetes Metab. 2017;8:722.

14. Chandra S, Singh AK, Singh M, Das P, Singh S, Pandey HP, et al.
Prolonged elevated postprandial sugar augments severity in kidney
disease: a hospital based study of Indian patients. Ren Fail.
2014;36:50–4.

15. Cockcroft DW, Gault HM. Prediction of creatinine clearance from
serum creatinine. Nephron. 1976;16:31–41.

16. Szummer K, Evans M, Carrero JJ, Alehagen U, Dahlström U,
Benson L, et al. Comparison of the chronic kidney disease epide-
miology collaboration, the modification of diet in renal disease
study and the Cockcroft-Gault equation in patients with heart fail-
ure. Open Heart. 2017;4:e000568. https://doi.org/10.1136/openhrt-
2016-000568.

17. Melloni C, Peterson ED, Chen AY, et al. Cockcroft-Gault versus
modification of diet in renal disease: importance of glomerular fil-
tration rate formula for classification of chronic kidney disease in
patients with non-ST segment elevation acute coronary syndromes.
J Am Coll Cardiol. 2008;51:991–6.

18. Goding JW, Howard MCE. Ecto-enzymes of lymphoid cells.
Immunol Rev. 1998;161:5–10.

19. Abate N, Carulli L, Cabo-Chan A Jr, Chandalia M, Snell PG,
Grundy SM. Genetic polymorphism PC-1 K121Q and ethnic sus-
ceptibility to insulin resistance. J Clin Endocrinol Metab. 2003;88:
5927–34.

Table 5 Association of ENPP1 Genotypes with DKD Stages through regression analysis

Variables Odds Ratio (OR) 95% Confidence Interval (CI) P Value

Lower Higher

ENPP1
Genotype

Severe DKD
(15–30 ml/Min)

KK 1.082 0.090 13.008 0.950

KQ 0.841 0.065 10.866 0.894

QQ – – – –

Moderate DKD
(30–50 ml/Min)

KK 0.556 0.047 6.898 0.644

KQ 1.264 0.099 15.980 0.856

QQ – – – –

69Int J Diabetes Dev Ctries (2021) 41:63–70



20. Abate N, Chandalia M, Satija P, Adams-Huet B, Grundy SM,
Sandeep S, et al. ENPP1/PC-1 K121Q polymorphism and genetic
susceptibility to type 2 diabetes. Diabetes. 2005;54:1207–13.

21. Kubaszek A, Markkanen A, Eriksson JG, Forsen T, Osmond C,
Barker DJP, et al. The association of the K121Q polymorphism
of the plasma cell glycoprotein-1 gene with type2 diabetes and
hypertension depends on size at birth. J Clin Endocrinol Metab.
2004;89:2044–7.

22. Hsiao TJ, Lin E. The ENPP1 K121Q polymorphism is associated
with type 2 diabetes and related metabolic phenotypes in a
Taiwanese population. Mol Cell Endocrinol. 2016;433:20–5.

23. Yako YY, Madubedube JH, Kengne AP, Erasmus RT, Pillay TS,
Matsha TE. Contribution of ENPP1, TCF7L2, and FTO polymor-
phisms to type 2diabetes in mixed ancestry ethnic population of
South Africa. Afr Health Sci. 2015;15:1149–60.

24. Zhao T, Liu Z, Zhang D, Liu Y, Yang Y, Zhou D, et al. The ENPP1
K121Q polymorphism is not associated with type 2 diabetes or
obesity in the Chinese Han population. J Hum Genet. 2011;56:
12–6.

25. Bhatti JS, Bhatti GK, Mastana SS, Ralhan S, Joshi A, Tewari R.
ENPP1/PC-1 K121Q polymorphism and genetic susceptibility to
type 2 diabetes in North Indians. Mol Cell Biochem. 2010;345:
249–57.

26. Shi X, Wang L, Jin F, Sun JF, Sun L. The ENPP1 K121Q poly-
morphism is not associated with type 2 diabetes in northern
Chinese. Acta Diabetol. 2011;48:303–10.

27. Lee JE, Choi YK, Seo HA, Jeon JH, Jeong JY, Moon SS, et al.
Impact of ENPP1 and MMP3 gene polymorphisms on aortic calci-
fication in patients with type 2 diabetes in a Korean population.
Diabetes Res Clin Pract. 2010;88:87–96.

28. De-Cosmo S, Trevisan R, Minenna A, Vedovato M, Viti R, Santini
SA, et al. Insulin resistance and the cluster of abnormalities related
to the metabolic syndrome are associated with reduced glomerular
filtration rate in patients with type 2. Diabetes Care. 2006;29:432–4.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

70 Int J Diabetes Dev Ctries (2021) 41:63–70



ORIGINAL ARTICLE

Associations between plant-based dietary indices and dietary acid
load with cardiovascular risk factors among diabetic patients

Elnaz Daneshzad1
& Farzaneh Jahangir1 & JavadHeshmati2 & Bagher Larijani3 & Pamela J. Surkan4

& Leila Azadbakht1,5

Received: 22 January 2020 /Accepted: 10 August 2020
# Research Society for Study of Diabetes in India 2020

Abstract
Aim To study how a plant-based diet and dietary acid load (DAL) are related to cardiovascular disease (CVD) risk factors among
type 2 diabetic women.
Methods In this cross-sectional study, a validated food frequency questionnaire was used to assess the dietary intake of 230
diabetic women. We created a plant-based dietary index (PDI), healthy PDI (hPDI), and unhealthy PDI (uPDI). DAL was
calculated based on potential renal acid load (PRAL) and net endogenous acid production (NEAP).
Results Patients in the highest tertile of PDI had lower fasting blood sugar (146.74 ± 6.16 vs. 152.87 ± 6.09, p = 0.009) and lower
2-h postprandial glucose (181.76 ± 7.03 vs. 203.01 ± 6.94, p = 0.002). Patients in the highest tertile of PDI were at lower risk of
high waist circumference in a crude model (odd ratios: 0.43; 95% CI: 0.19; 0.96, p = 0.039); however, this association did not
reach statistical significant after adjustment for confounders.
Conclusion Our study suggests that plant-based dietary indices and DAL are not associated with CVD risk factors among
diabetic patients.

Keywords Dietary acid load . The plant-based dietary index . Cardiovascular risk factors . Diabetic patients . NEAP . PRAL

Introduction

Diabetes is a chronic metabolic disorder and an independent risk
factor for cardiovascular diseases (CVD) [1]. Poor glycemic

control can lead to micro- and macrovascular complications as
well as cardiovascular events [2]. CVD is a major cause of death
throughout the world [3]. Ischemic heart disease, hypertensive
heart disease, and other cardiovascular diseases rank as the first,
fourth, and ninth most common causes of mortality in Iran [4],
respectively. Worldwide, it is projected that diabetes prevalence
will rise to 10.1% by 2035 [5]. Several factors—including genes,
family history, environmental factors, physical inactivity, stress,
and diet—play an important role in development of diabetes and
CVD [3, 4].

Medical nutrition therapy is important in the management
of diabetes and the prevention of the related complications. As
Western diets contain more protein and fewer fruits and veg-
etables, they can induce higher acid load and raise the risk of
metabolic disorders [6]. Also, refined grains such as bread,
potato, and pasta (which are food sources with a high glyce-
mic index) can result in harmful cardio-metabolic effects [7].
A low-carbohydrate diet with more vegetable sources has
been associated with lower CVD and all-cause mortality [8].

Plant-based diets (PBDs) and vegetarian diets may be ben-
eficial in preventing diabetes [9], high blood pressure [10],
obesity [11], and cardiovascular disease [12]. PBDs are based
on whole plant-based foods such as fruits and vegetables and
typically exclude or reduce the intake of dairy products, eggs,
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and meats [13]. The beneficial role of PBDs in health promo-
tion may be due to consumption of low calorie nutritious
foods [14]. On the other hand, some have emphasized the role
of acid-base homeostasis in the development of cardiovascu-
lar and metabolic disorders [15]. Fruits and vegetables are
net alkalinizing in nature and contribute to an increased base
load, but animal proteins, meats, cheese, and eggs can increase
acid load [16]. Metabolic acidosis can increase insulin resis-
tance [15]. Several studies indicate that dietary acid load
(DAL) may increase the risk of diabetes and cardiometabolic
risk factors in healthy people [17, 18].

To the best of our knowledge, there is just one study on the
association between DAL and CVD risk factors among dia-
betic nephropathy patients [19], and no studies on plant-based
dietary indices and DAL in relation to CVD risk factors
among diabetic patients. While the association between fruit
and vegetable intake and CVD risk factors (e.g., high lipid
profile, high blood pressure) has been studied, in the present
study, we examine in detail how healthy and less healthy food
groups as well as animal-based foods are related to CVD risk
factors. Given the beneficial effects of vegan diets in
preventing chronic diseases [9–12], the study of adherence
to plant-based diets and their association with complications
of diseases is of interest. Therefore, we aimed to explore as-
sociations between plant-based dietary indices and DAL with
CVD risk factors in a sample population of type 2 diabetic
women in Tehran.

Methods

In the present cross-sectional study, we enrolled 230 type 2
diabetic women (≥ 30 years old) who were referred to a dia-
betes research center in Tehran province, Iran (between
October 2017 and October 2018). The sample size was calcu-
lated based on the mean and standard deviation (SD) of fasting
blood sugar (FBS) ([1.962 × 10.92] / [0.02 × 100.2]2) [20].
Simple random sampling was performed, and all participants
provided written informed consent. As this clinic serves resi-
dents throughout Tehran, participants represented the full
range of socioeconomic status. Type 2 diabetic non-pregnant
women from Iran (not immigrants) who had no major medical
problems were eligible for the study. Specifically, women
with important illness or chronic diseases such as thyroid dys-
function, cancers, complicated cardiovascular disease, and
kidney disease as well as patients who were following specific
diets were excluded. We also excluded individuals who re-
ported a total energy intake of < 800 or > 4200 kcal.

Assessment of anthropometric measures

Body weight was measured using a calibrated digital SECA
scale (803, Germany) to the nearest 100 g when participants

were minimally clothed and not wearing shoes. Participant
height was measured to the nearest 0.1 mmwhile in the stand-
ing position using an unstretched tape measure. Body mass
index (BMI) was calculated as weight divided by height
squared (kg/m2). Waist circumference was measured using
an unstretched tape measure to the nearest 0.1 cm above light
clothing at the narrowest point of the waist between the iliac
crest and lowest rib.

Assessment of biochemical tests and other variables

Socio-demographic information including age, women’s and
their husband’s education level, job, income, smoking habits,
and medical history, current medications, and vitamin/mineral
supplement consumption were collected on a questionnaire.
Physical activity levels were recorded for a week and then
converted to metabolic equivalent hours per week (MET
h/wk) [21]. Blood pressure was measured twice using a
sphygmomanometer with the average considered as the par-
ticipant’s blood pressure. Biochemical markers including
FBS, 2-h postprandial blood sugar (2hpp), hemoglobin A1C
(Hb A1C), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglycerides (TG) were recorded from the med-
ical records. CVD risk factors were defined based on the Adult
Treatment Panel III (ATPIII) guidelines [22]. Based on this
panel, high risk on metabolic indicators was defined as fol-
lows: abdominal obesity (WC ≥ 88 in women), high serum
triglycerides levels (≥ 150 mg/dL), elevated blood pressure
(≥ 130/85 mmHg), low serum HDL-C (< 50), high serum
LDL-C levels (≥ 130 mg/dL), abnormal serum glucose levels
(FBS ≥ 110 mg/dL), high serum total cholesterol levels (≥
200 mg/dL), and obesity (BMI ≥ 30).

Assessment of dietary intake

Dietary intake during the past year was assessed using a 168-
item semi-quantitative food frequency questionnaire (FFQ),
which has been validated and found reliable in the Iranian
population [23]. All patients recorded the amount and fre-
quency of each food consumed on a daily, weekly, or monthly
basis during the past year. The reported portion sizes of con-
sumed foods were converted to grams per day [24].
Nutritionist IV software (Version 7.0; N-Squared
Computing, Salem, OR, USA) adapted for Iranian foods was
used for nutrient analysis and estimation of energy intake.

Assessment of the plant-based dietary index

We created a plant-based dietary index (PDI), healthy plant-
based dietary index (hPDI), and unhealthy plant-based dietary
index (uPDI), as reported previously [25, 26]. First, 18 foods
groups were created based on nutrient similarity. Then, the 18
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food groups were classified into three groupings: animal
foods, healthy plant foods, and unhealthy plant foods. The
healthy plant food grouping included whole grains, legumes,
nuts, fruits, vegetables, vegetable oils, tea, and coffee, whereas
the less healthy plant food grouping included potatoes, grains,
sweets, sugar-sweetened beverages, refined fruit juices, and
desserts. The animal food grouping included animal fats,
dairy, fish and seafood, eggs, poultry, and red meat and mis-
cellaneous animal-based foods. Details of the food groupings
are shown in Supplemental Table 1. We divided the 18 food
groups into deciles of consumption designated with scores
from 1 to 10. For the PDI, a high score of 10 corresponded
to the highest decile and 1 corresponded to the lowest decile of
all plant-based foods. Participants scoring in the highest decile
of the animal diet were given a score of 1 and those in the
lowest decile a score of 10. For the hPDI, healthy plant food
groups were assigned higher scores, and lower scores
corresponded to higher consumption in the unhealthy plant
food groups and animal food groups. For uPDI, a score of 1
indicated the lowest decile of the unhealthy plant food groups
and a score of 10 indicated the highest decile (Supplemental
Table 1) [26]. Finally, all 18 food group scores were summed
(range 18–180), such that a higher overall score (combining
all three indices) reflected lower animal food intake. Finally,
these three PDI indices were categorized into tertiles to assess
their relationships with CVD risk factors.

Assessment of dietary acid load

DAL was calculated based on potential renal acid load
(PRAL) [27, 28] and net endogenous acid production
(NEAP) methods [6]. PRAL was calculated based on protein,
potassium (K), calcium (Ca), and magnesium (mg) intake.

PRAL mEq=dð Þ ¼ protein g=d½ � � 0:49ð Þ
þ P mg=d½ � � 0:037ð Þ– K mg=d½ � � 0:021ð Þ
– Ca mg=d½ � � 0:013ð Þ– mg mg=d½ � � 0:026ð Þ

NEAP was estimated: mEq/d = (54.5 × protein intake[g/d]/
K intake[mEq/d]) − 10.2.

Statistical analysis

Participant characteristics were assessed in relation to dietary
scores using ANOVA or Chi-square tests for continuous and
categorical variables, respectively, and reported as the mean ±
standard deviation (SD) or percentage. Dietary intakes were
calculated across tertiles of adherence to plant-based dietary
indices and DAL after adjustment for energy intake using
analysis of covariance (ANCOVA). Risk of metabolic factors
in diabetic patients is presented in crude and adjusted modelsT
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using binary logistic regression. Age, BMI, physical activity,
socioeconomic status, vitamin/mineral supplement consump-
tion, vitamin D, and energy intake were adjusted for in multi-
variable models.

Results

Participant characteristics are displayed in Table 1. Mean age
was 59.90 (9.20) years. There was a significant association
betweenweight and uPDI (p = 0.025). A significant difference
was observed in socioeconomic status across tertiles of PRAL,
hPDI, and uPDI (p < 0.05). Physical activity differed signifi-
cantly across tertiles of uPDI (p = 0.001).

Table 2 presents energy-adjusted dietary intakes among
plant-based dietary indices, NEAP and PRAL. Consumption
of total carbohydrates, sodium, organ meats, processed meats,
high-fat dairy, starchy vegetables, and refined grains was
greater in the highest ter t i le of uPDI (p < 0.05).
Consumption of carbohydrates, eicosapentaenoic acid,
docosapentaenoic acid, fiber, potassium, iron, and vitamins
A, E, C, and B6 was lower in the highest tertile of NEAP
(p < 0.05). Consumption of total carbohydrates, fiber, potassi-
um, iron, calcium, phosphorus, vitamins A, E, C, B6, and
folate was lower in the highest tertile of PRAL (p < 0.05).

Table 3 displays biochemical tests and blood pressure for
tertiles of plant-based dietary indices and DAL in crude and
adjusted models. Participants in the highest tertile of PDI had
lower levels of fasting blood sugar (146.74 ± 6.16 vs. 152.87
± 6.09, p = 0.009), and 2-h post-prandial glucose (181.76 ±
7.03 vs. 203.01 ± 6.94, p = 0.002). Also, patients in the
highest tertile of hPDI had lower levels of fasting blood sugar
(145.53 ± 6.16 vs. 167.89 ± 6.08, p = 0.041).

Table 4 shows the odds ratios and 95% confidence inter-
vals for risk of metabolic disorders and CVD risk factors in
crude and adjusted models for tertiles of DAL scores and PDI
indices. Among participants in the top tertile of PDI, 85%
decreased the risk of abdominal obesity; however, associa-
tions lost significance after adjusting for cofounding variables.
No statistical association was observed between plant-based
dietary indices or DAL and CVD risk factors.

Discussion

Plant-based diets contain adequate quantities of plant proteins,
vitamins, minerals, plant sterols, polyphenols, flavonoids, and
also contain low amounts of salt, fat, animal products, oils,
processed foods, cholesterol, and sugar which help to prevent
CVD and control CVD risk factors. In the present cross-
sectional study, we examined how plant-based dietary indices
and DALwere associated with cardiovascular risk factors.We
found that FBS, 2hPPG, and HbA1C decreased across tertilesT
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of PDI in crude and adjusted models. Also, FBS decreased
across tertiles of hPDI after adjustment for age, BMI, socio-
economic status, physical activity, energy, vitamin D intake,
and vitamin and mineral supplement consumption. There was
a positive association between PDI andWC in the crude mod-
el; however, statistical significance disappeared after taking
confounders into account. To our knowledge, no prior study
has examined the association between PBDs and DAL in pa-
tients with type 2 diabetes. However, we previously reported
an association between DAL in patients with diabetic ne-
phropathy and CVD risk factors (suggesting that HbA1C
was associated with DAL) [19]. Moreover, other research
has shown lower socio-economic status to be associated with
higher PBD indices and lower DAL [29, 30]. Individuals with
lower income and education have limited ability to purchase
fresh vegetables and fruits which can lead to lower consump-
tion of food groups with low dietary acid loads [29, 30].

Haghighatdoost et al. showed a positive association be-
tween higher DAL and HbA1C [19]. Based on a previous
case-control study of women with and without gestational
diabetes mellitus (GDM), women with higher DAL scores
had higher risk of GDM during pregnancy [31]. Although
we did not find a statistically significant association between
HbA1C and DAL in the present study, we found that HbA1C
was lower in participants in the upper tertiles of PDI, which
may be related to the benefits of higher intake of PDI foods
such as vegetables, fruits, and whole grains. Inconsistent find-
ings between our study and others may be due to the inability
of a cross-sectional study to fully account for confounding.
Future randomized trials are needed that can also take into
account unknown confounders.

Among the plant-based dietary indices, PDI included whole
grains, fruits, vegetables, vegetable oils, nut, legumes, tea, and
coffee. The beneficial effects of these healthy components may
play an important role in decreasing glycemic factors, immuno-
logic markers, inflammatory factors, and in increasing antioxi-
dant capacity [32]. Also, lower intake of animal food groups
leads to lower DAL and usually occurs along with more PBDs,
which can increase urinary PH and improve themetabolic profile
[33]. Fatahi et al. showed that a 10-week-long dietary interven-
tion that was rich in whole grains had beneficial effects on CVD
risk factors [34]. Also, a randomized clinical trial in 40 women
who were overweight or obese found that a whole grain diet
improved blood pressure [35]. Also, a randomized trial of pa-
tients with type 2 diabetes showed that legumes that are rich in
fiber and vegetable protein (as a part of low-glycemic-index diet)
can improve glycemic control and HbA1c levels [36].
Vegetables, fruits, and whole grains are high in fibers that are
associated with lower HbA1c [37]. A cross-sectional study by
Pham et al., conducted with 1440 Japanese aged 18–69, showed
that coffee consumption can be associated with decreasing insu-
lin resistance [38]. However, the study did not observe a signif-
icant association between coffee consumption and HbA1c [38].T
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Coffee contains antioxidants and polyphenols that can decrease
oxidative stress and subsequent insulin resistance [39, 40].

Haghighatdoost et al. reported an inverse association be-
tween PRAL and FBS [19]. Also, a higher PRAL was asso-
ciated with higher TG and SBP [19]. A study in a large rep-
resentative sample of 6788 Germans (aged 18–79 years),
which used both food frequency questionnaires and
biomarker-based estimates, revealed a significant relationship
between PRAL and hypertension [41]. A cross-sectional study
of 1136 young women revealed that TC and HDL increased
following PRAL [18]. They also showed that BMI and WC
were significantly correlatedwith protein potassium ratio [18].
Another study found that HDL, TC, BMI, and SBP decreased
following adherence to a low-fat, whole food, plant-based diet
[42]. However, we did not observe any significant associa-
tions between DAL and glycemic factors, lipid profile, or
blood pressure. In line with our findings, the Rotterdam
Study did not find a positive association between DAL and
hypertension [43]. Also, a study of Japanese women found
that DAL was not significantly associated with FBS or
HbA1c [44]. Possible reasons for differing results between
studies include different sample sizes, populations of different
ages, a variety of methods to assess dietary intake, different
scoring to assess DAL, different categorizations of DAL
score, specific habits of various populations, and varied ad-
justments for confounders. Moreover, given that our study
focused on diabetic patients, it is possible that results may be
different among healthy people.

To the best of our knowledge, this was the first study to
assess the association between DAL and PBDs with CVD
risk factors among patients with type 2 diabetes; we con-
sidered two different dietary indices including DAL and
plant-based diet indices. This is the first study on this topic
conducted in Middle East that has assessed healthy and
unhealthy food groups and animal-based foods in detail.
However, it also has some limitations. One important lim-
itation is that the cross-sectional study design does not
support causal inference. Further, various unknown un-
measured confounders may also affect the results. Urine
acid status was not measured to validate metabolic acidosis
and DAL in the participants. Glycemic factors decreased
across tertiles of PDI; however, we did not find CVD risk
factors to be significantly associated with PBDs or DAL,
which may have been due to the cross-sectional nature of
the study. Future cohort studies in both genders are needed
to more fully understand clinical outcomes related to DAL
and PBDs in diabetic patients.
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Abstract
Background Prediabetes is a metabolic state in which people are not diabetics but also cannot be considered normal in terms of
cutoff points of glycated hemoglobin or fasting plasma glucose. Those people are at higher risk of progression to type 2 diabetes
mellitus and to develop many of the diabetes micro- and macro-vascular complications even before a diagnosis of diabetes has
been established. One of the earliest cardiac manifestations of diabetic heart failure is left ventricle diastolic dysfunction.
Objectives To identify diastolic dysfunction as early complication of prediabetes among adults in Baghdad, Iraq, and to deter-
mine associated risk factors among those individuals.
Subjects and methods This cross-sectional study enrolled 38 adults (20–79 years) with prediabetes in the setting of primary
healthcare centers in Baghdad, Iraq, compared with 38 adults (age and sex matched) without prediabetes. People with any
condition that interfere with glycated hemoglobin level were excluded. Data were collected through direct interview.
Anthropometric measurements and laboratory analysis were done to measure fasting plasma glucose, glycated hemoglobin,
and lipid profile. Echocardiography was done to assess left ventricle diastolic function.
Results Prediabetes was significantly associated with left ventricle diastolic dysfunction (95% CI 0.23, 0.53) than those without
prediabetes (95% CI 0.03, 0.21) (p = 0.013).
Conclusions Left ventricle diastolic dysfunction is an early manifestation of cardiac abnormalities associated with prediabetes.
Those people share same factors with those having type 2 diabetes mellitus. More attention should be paid to identify those
individuals correctly in order to intervene instantly.

Keywords Prediabetes . Left ventricle diastolic dysfunction . Iraq

Introduction

Type 2 diabetes mellitus (T2DM) is an independent well-
known risk factor for heart failure development, and diastolic
dysfunction represents one of the early manifestations of dia-
betic cardiomyopathy [1]. It is well established that metabolic

abnormalities precede the onset of overt diabetes by years, and
at the time of diagnosis, many patients with T2DM have al-
ready had organ damage or advanced subclinical atheroscle-
rosis [2–4]. Prediabetes (preDM), linked to decrease insulin
sensitivity or increased insulin resistance [5], is associated
with higher risk of progression to T2DM and to micro- and
macro-vascular complications even before a diagnosis of dia-
betes has been established [6]. Not all people with preDMwill
develop future T2DM; however, the majority do. It was esti-
mated that up to 70% of individuals with preDM will eventu-
ally progress to T2DM with annual conversion rate about 5–
10% [7]. Left ventricular diastolic dysfunction (LVDD) is
usually the result of impaired LV relaxation and increased
LV chamber stiffness which leads to increase in cardiac filling
pressures [8], and at time symptoms appear, it can lead to
overt heart failure syndrome despite normal or mildly im-
paired LV systolic function [9]. Transthoracic echocardiogra-
phy (TTE) is the most single and effective method in the
diagnosis of LVDD. It gives information (mechanical and
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functional) on cardiac abnormalities contributing to LVDD
[10]. Previous studies suggested that LVDD in diabetic pa-
tients is associated with the subsequent development of heart
failure and increased mortality independent of hypertension,
coronary disease, or other echocardiographic parameters [11].
Data indicated that early detection with timely intervention
may prevent or delay the development of heart failure, which
is a major cause of morbidity and mortality in diabetic patients
[12, 13].

Perreault et al. studied the regression from preDM to nor-
mal glucose regulation whether by life style changes or with
metformin, and they found that regression to normoglycemia,
independent of the approach and even if transient, is signifi-
cantly associated with risk reduction of future diabetes [14].

Iraq is categorized by the International Diabetes Federation
(IDF) 2017 in the Middle East and North Africa Region
(MENA), and due to a lack of data, sources, and information
about the real situation, the prevalence of preDMwas estimat-
ed to be 6–8% using extrapolated data from similar ethnicity
countries, geography, language, and income level [15]. Few
recent Iraqi studies found preDM prevalence double or tripple
this number [16, 17], and this was consistent with other stud-
ies in neighborhood countries in the region [18, 19]. Up to our
knowledge, no study to assess LVDD in Iraqi prediabetic
people has been done yet.

The identification of those with preDM and its early se-
quelae is crucial to halt or reverse the rising epidemic of
T2DM and will guide more specific and cost-effective control
measures.

Subjects and methods

Baghdad is the capital of Iraq (5169 km2) with about 8 million
population. Tigris River divides the city into nearly equal
halves: Karkh and Rusafa. Study samples were people attend-
ing Baghdad’s primary healthcare (PHC) centers (for 1 year
from June 2018 to June 2019) which are distributed evenly
throughout the city. Multistage random sampling technique
was used to select health sectors of both Karkh and Rusafa
directorates than PHC centers from selected sectors yielding a
final sample size of 76 adults aged 20–79 years with certain
inclusion criteria (no history of diabetes, hypertension, previ-
ous cardiovascular event, anemia or hemoglobinopathies, ma-
lignant disease, drugs, or alcohol abuse). Fasting plasma glu-
cose (FPG) and glycated hemoglobin (A1C) were used to
divide the sample into two groups, 38 individuals with
preDM who were matched (age and sex) to another 38 indi-
viduals without preDM. Those appeared to be in diabetic
range or those with cardiac abnormalities (other than
LVDD) detected by echocardiography (e.g., low ejection frac-
tion, valvular abnormalities, wall motion abnormalities, etc.)
were excluded from the study. Direct interview with each

participant had been done, and requested information regard-
ing demographic data (age, sex, residence, occupation, etc.),
history of smoking, hypertension, cardiac disease, and other
medical conditions were taken.

The weight was measured (to nearest 0.5 kg), in erect
position without shoes and light clothing using an elec-
tronic scale. Height was measured by using a height tape
measure with an approximation of ± 0.1 cm. BMI was
calculated as body weight/height2 (kg/m2). WHO criteria
were used to classify people into normal, overweight, and
obese [20]. Body surface area was calculated using
Mosteller formula [21].

Blood pressure was measured in a participant’s arm using a
mercury sphygmomanometer in a sitting position. Two blood
pressure readings were taken at 5 min interval, and the mean
value was calculated in millimeters of mercury (mmHg).

A venous blood sample was obtained from each participant
after confirmation of 8 h overnight fasting, 1 ml collected in a
vacuum collection K3 EDTA tube (mixed thoroughly) and
1 ml in a gel and clot activator glass tube, both stored in ice-
cool box (2–8 °C) and analyzed by laboratory technician
(within 4–5 h).

Complete blood count was measured using Celltac Es
MEK-7300K. SiemensDimension EXL 200 was used tomea-
sure serum FPG concentrations and the lipid profile. Venous
blood sample used for A1C measurement was analyzed using
the enzymatic method with Arkray ADAMS A1C HA-
8180 V (Menarini).

PreDM was defined as not having, but having A1C be-
tween 5.7 and 6.4% or FPG between 100 and 125 mg/dl or
both according to the ADA classification. Diabetes is consid-
ered when the FPG was 126 mg/dl or more and when the A1C
was 6.5 or more or on antidiabetic drugs [5].

Lipid profile was measured and the LDL-c was calculated
using the Friedewald formula [22].

Both groups had TTE examination done by an echocardi-
ography specialist who was blind to the purpose of study
using Philips IE33 ultrasound system. Assessment of diastolic
and systolic function and all cardiac chambers measurements
was done according to the criteria defined by the American
Society of Echocardiography [23]. LVM was calculated ac-
cording to cube formula using linear method and indexed to
BSA.

Data analysis

Data were coded, entered, and analyzed using SPSS
(Statistical Packages for Social Sciences) program, ver-
sion 24. Descriptive data were expressed as means and
standard deviations for continuous measurements and as
f r e qu enc i e s and pe r c en t a ge s f o r c a t ego r i c a l
measurements.
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Paired t test was used to compare continuous data, and
McNemar test was used for the association of paired categor-
ical data.

Conditional logistic regression (Cox survival analysis) was
used to predict LVDD in preDM and comparison groups with
adjustment for other co-variants. Statistical significance was
accepted for a 2-sided p < 0.05.

Results

The age of the participants was between 23 and 70 years with
a mean of 51.8 ± 11.3 years. Forty-two (55.3%) were females.
The mean FPG and A1C for preDM group were 113.6 ± 8.5
and 6.0 ± 0.23 versus 88.1 ± 7.6 and 5.1 ± 0.43 for the com-
parison group (p < .0001).

There were no statistically significant differences between
two groups regarding blood pressure readings, hemoglobin,
and hematocrit levels.

There were statistically significant difference in means of
both groups regarding BMI (P = 0.001), total cholesterol (p =
0.001), TGs (p = 0.017), LDL-c (p = 0.003), and HDL-c (p =
0.001) (Table 1).

Individuals with preDM had no statistically significant dif-
ference in LVM (except for females p = 0.03) and LVMI;
however, there was significant difference regarding relative
wall thickness RWT (p = 0.009). No significant difference
was found in EF% of both groups (Table 2).

PreDM was significantly associated with LVDD (95% CI
0.23, 0.53) than those without preDM (95% CI 0.03, 0.21)
(p = 0.013) (Table 3) (Fig. 1).

Conditional logistic analysis using Cox analysis showed
that preDM is an independent predictor of LVDD with an

odd ratio of 65.3 (95% CI 2.6–1627.2) (p = 0.01). Other co-
variants, e.g., BMI (p = 0.75), cholesterol (p = 0.64), TGs (p =
0.80), LDL-c (p = 0.67), and HDL-c (p = 0.63), did not im-
prove over all model fit.

Discussion

The core of this study was to exclude any condition associated
with LVDD as much as possible, starting from participant’s
selection criteria, age and sex matching of cases to the com-
parison group, and finally through analysis. In addition, five
participants (two preDM and three none) were found to have
cardiac abnormalities (as detected by echocardiography) other
than LVDD and thus were excluded from the study. All these
measures were to improve the strength of association between
preDM and LVDD. Studies have shown that LVDD is one of
the earliest signs of myocardial involvement in T2DM [24];
however, the exact prevalence is not known. Uday et al. stud-
ied the prevalence of LVDD in patients with T2DM in the
absence of coronary artery disease or hypertension and found
the prevalence of LVDD of 43% [25]. Recently, it was found
that changes in LVDD precede the onset of diabetes [26]. In
this study, preDM was independently associated with LVDD,
and this could be associated with the persistent exposure to
hyperglycemia. However, it has been suggested that subtle

Table 1 Clinical and laboratory measurements in prediabetes and
comparison group*

Prediabetes Non-
prediabetes

Significance

BPS 121.1 ± 11.7 121.5 ± 11.2 p = 0.87

BPD 76.3 ± 7.0 75.9 ± 8.01 p = 0.76

BMI 29.8 ± 3.6 26.6 ± 4.3 p = 0.001

Hb% 13.6 ± 1.0 13.8 ± 1.3 p = 0.56

Hct 41.4 ± 4.0 41.4 ± 4.3 p = 0.95

FBG 113.6 ± 8.3 88.1 ± 7.6 p < 0.0001

A1C 6.0 ± 0.23 5.1 ± 0.43 p < 0.0001

TC 224.5 ± 42.1 193.5 ± 40.3 p = 0.001

TGS 175.4 ± 73.3 138.5 ± 38.8 p = 0.017

LDL 138.5 ± 47.4 109.9 ± 42.5 p = 0.003

HDL 51.0 ± 6.7 55.8 ± 6.5 p = 0.001

*Paired t test. Values are expressed as mean ± SD

Table 2 Echocardiographic measurements in prediabetes and
comparison group*

Prediabetes Non-
prediabetes

p value

EF% 68.9 ± 5.5 69.4 ± 4.8 0.59

LV mass

Males 184.6 ± 66.8 166.7 ± 45.3 0.34

Females 162.9 ± 47.2 131.3 ± 44.1 0.03

LV mass index

Males 91.6 ± 32.6 88.5 ± 22.5 0.71

Females 86.5 ± 22.4 75.1 ± 21.9 0.13

RWT 0.38 ± 0.09 0.34 ± 0.06 0.009

*Paired t test. Values are expressed as mean ± SD

Table 3 Diastolic dysfunction in prediabetes and comparison group*

Non-preDM

LVDD No

PreDM LVDD 11 (28.9%) 14 (36.8%)

No 3 (7.9%) 10 (26.3%)

*McNemar test (p = 0.013)
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cardiac involvement may not bemerely due to hyperglycemia,
but also it could be associated with the state of insulin resis-
tance [27], which is the main component of preDM.
Participants with preDM were more dyslipidemic in all lipid
components having higher weight compared with comparison
group. This is in agreement with the hypothesized indepen-
dent association between LVDD, obesity, and dyslipidemia
[28]. Despite this, adjusting for these co-variants resulted in
statistically insignificant difference regarding the association
between preDM and LVDD.

Finding the mean age of 51.8 ± 11.3 years is consistent
with the fact that preDM and diabetes in the Middle East
and Arab countries dominated in those younger than 60 years
old [29]. This age group is the most productive group in the
community of these countries, and hence, targeting by this
state will result in catastrophic disability both in man power
as well as health expenditure.

The finding of insignificant association in LVMI between
the two groups is consistent with the finding of Fuentes et al.
[30]. Since the participants were normotensives and sex and
age matched, this finding further supports the independence of
preDM and LVDD association.

The study had points of strength and limitations; it throws
light on the rising global interest in preDM state especially in
the contest of extreme scarcity of studies in this part of the
world. Besides, it focused on the most important, preventable,
and earliest risk factor for developing diabetic cardiomyopa-
thy. Most of the included participants were apparently healthy
(e.g., mothers accompany children for immunization, relatives
of patients, some adults working there, people coming to com-
plete paperwork, etc.), and thus, the sample was almost gen-
eral population based. However, of the limitations, this cross-
sectional study precludes the link to cause effect type of asso-
ciation and the time course between preDM and LVDD (if
causative). Furthermore, a larger sample size (based on as-
sumption that prevalence of preDM in Iraq is much higher
that estimated by IDF) is needed to confirm these findings.

The collection of past medical conditions and conditions that
interfere with A1Cmeasurement or echocardiographic param-
eters were relied on history taken from the participants and not
confirmed by laboratory tests. In addition, FPG or A1C was
used to identify people with preDM, rather than oral glucose
tolerance test to be in line with WHO recommendations.

Conclusions

We demonstrated that preDM is an independent predictor of
LVDD which is the earliest preclinical cardiac abnormality
leading to diabetic cardiomyopathy. Early identification of
individuals with preDM is crucial. This group of people re-
quires extensive evaluation including echocardiographic as-
sessment once identified.
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Abstract
Introduction Patients with type 2 diabetes are known to have a higher risk of developing micro- and macrovascular complica-
tions which enhance the risk of morbidity and mortality. Increased platelet activity is postulated to be a vital mechanism in the
development of vascular complications. Platelet volume indices (PVI), including mean platelet volume (MPV), platelet distri-
bution width (PDW), and plateletcrit (PCT) are indicators of enhanced platelet activity and these may be useful markers of
complications.
Materials andmethods We conducted a case-control study across 130 T2DMpatients that were matched for age and gender with
130 people who did not have T2DM. Detailed demographic profile and clinical history including duration of diabetes along with
complete physical examination was conducted. Fundus examination was conducted for direct ophthalmoscopy for retinopathy
and Neuropathy Disability Score (NDS) was calculated to assess the severity of neuropathy. The biochemical investigations
included were the platelet indices, fasting blood glucose (FPG), postprandial blood glucose, HbA1c, serum creatinine, and urine
albumin.
Results We observed that platelet indices, such as MPV, PDW, and PCT were significantly higher in diabetic individuals than in
matched controls. Higher MPV, PDW, and PCT were observed in diabetic patients with microvascular complications compared
with those without microvascular complications. We observed that patients with neuropathy with NDS > 6 had higher value of
MPV, PDW, and PCT than compared with those with NDS < 6. There was significant difference for MPV between diabetics with
and without complications and non-diabetics (p < 0.05). PDW and MPV were positively correlated with duration of diabetes.
Conclusions The association between MPV, PDW, and PCT and diabetic retinopathy revealed that platelet indices were signif-
icantly higher than control group in both NPDR and PDR. However, we did not observe any difference in platelet indices in
NPDR and patients without diabetic retinopathy. MPV, PDW, and PCT were higher in individuals with higher HbA1clevel and
the correlation was found to be statistically significant.

Keywords Diabetic nephropathy . Diabetic neuropathy . Diabetic retinopathy . Type 2 DM . Microvascular complications .

Platelet dysfunction . Platelet indices

Introduction

Diabetes mellitus is one of the most challenging clinical prob-
lems [1]. The prevalence of diabetes in Indian adult population
is estimated to be 8.8% [2]. T2DM is a heterogeneous

metabolic disorder characterized by chronic hyperglycemia,
resulting from defects in insulin secretion, insulin action, or
both. There are associated metabolic abnormalities that in-
volve long-term micro- and macrovascular complications in-
volving blood vessel, eyes, kidney, and nerves [3].

Long-term microvascular complications of diabetes in-
clude retinopathy with potential loss of vision; nephropathy
leading to renal failure; peripheral neuropathy with risk of foot
ulcers, amputations, and Charcot joints; and autonomic neu-
ropathy causing gastrointestinal, genitourinary, and cardiovas-
cular symptoms and sexual dysfunction [4].

T2DM is a now well documented to be prothrombotic state
owing to sustained hyperglycemia, dyslipidemia, and insulin
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resistance causing endothelial and pericyte injury [5].
Hyperglycemia may represent a causal factor for in vivo plate-
let activation and may be responsible for non-enzymatic
glycation of platelet glycoprotein causing changes in their
structure and conformation as well as alteration in membrane
lipid dynamics [6]. The increased platelet activity is believed
to play a vital role in the development of vascular complica-
tions of this metabolic disease [7].

Platelets in diabetics are active and have increased aggrega-
tion because of dysregulated signaling pathway. This contrib-
utes to thrombus formation and microcapillary embolization.
The release of constrictive, oxidative, andmitogenic substances
such as platelet-derived growth factor accelerate the progres-
sion of local neovascularization of lens in diabetic Retinopathy.
Microvascular complications have been described as factors
that are predictive of cardiovascular and cerebrovascular mor-
bidity and mortality among diabetic subjects [8] Thus, micro-
vascular complications were pre-identified to be evaluated in
our study.

Platelet volume indices such as mean platelet volume
(MPV), platelet distribution width (PDW), plateletcrit
(PCT), and platelet counts are indicators of increased platelet
activity and can be considered as potential biomarkers for
diabetic complications.

The newer hematological analyzers provide variety of
platelet parameters which help in easy detection of change in
platelet structure, and in early detection of prothrombotic state
of platelets. These can act as an alarm for diagnosing and
monitoring progression of diabetic complications.

Objectives

We evaluated the platelet indices in T2DM and compared
themwith non-diabetic individuals and then correlated platelet
indices with microvascular complications.We also explored if
platelet indices can predict the occurrence of microvascular
complications in T2DM.

Materials and methods

The patient population included 130 T2DMpatients whowere
newly diagnosed as per WHO criteria or individuals already
on standard care of approach. Age- and sex-matched 130 non-
diabetics individuals were taken as controls. The patients were
excluded if they were female with hemoglobin < 10 g% and
male patients with Hb < 12 g%, had history of blood transfu-
sion in last 14 days, malignancy, and thrombocytopenia, were
pregnant women, and if the patients were on antiplatelet drug
such as aspirin and clopidogrel.

We conducted the investigations that included glycated
hemoglobin, which was estimated by high-performance

liquid chromatography. Platelet volume indices included
MPV, PDW, and PCT. The FPG and PPG were investi-
gated, twice, first after 8 h of fasting, and second 2 h after
meals using semi-automated analyzer of the calorimetric
method. Serum creatinine and urine albumin were evalu-
ated. Tests for microvascular complications were for the
evaluation of neuropathy which was evaluated by testing
light touch using a 10 g monofilament, pain sensation
using pinprick and vibration sense using a tuning fork of
128 Hz. The neuropathy disability score (NDS) was cal-
culated to assess the severity of neuropathy. NDS score >
6 was diagnostic of peripheral neuropathy.

A detail history for duration of diabetes and other comorbid
conditions was recorded. Neuropathy Disability Score (NDS)
included the vibration perception threshold, temperature per-
ception on dorsum of the foot, and pin prick evaluation. Score
of 1 was considered abnormal and achilles reflex was also
done.

Statistical analysis

Statistical analysis was performed using the IBMSPSS ver-
sion 21. Data were expressed as mean ± standard deviation
to characterize the study sample. For qualitative data, chi-
square or Fischer’s exact test was used to observe differ-
ence between proportions for independent groups. Pearson
correlation coefficient was calculated between the outcome
and quantitative independent demographic and clinical fac-
tors. p value < 0.05 was considered statistically significant
(Fig. 1).

Results

Normal range of platelet volume indices were MPV (8.6–
15.5 fl) PDW (9.0–14 fl), PCT (0.22–0.24%). The baseline
characteristics of studied population are presented in Table 1.

Platelet volume indices in diabetes were evaluated. The
mean of MPV, PDW, and PCT of cases was (mean ± SD)
11.34 ± 1.21 fl, 14.86 ± 0.94 fl, 0.24 ± 0% and in control these
values were 8.35 ± 0.36 fl, 11.49 ± 0.59 fl, and 0.22 ± 0.01%
respectively. MPV, PDW, and PCT were significantly higher
in individuals with T2DM as compared with non-diabetics
(Table 2).

Platelet volume indices and microvascular
complications

Out of total 130 individuals with diabetes, 78 had microvas-
cular complications including diabetic neuropathy, diabetic
nephropathy, and diabetic retinopathy. The distribution of
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the patients with complications was as follows: 30 patients
had diabetic neuropathy, 28 patients had retinopathy, and 28
had nephropathy. Neuropathy patients were divided into 2
subgroups depending on NDS Score (> 6 or < 6).
Retinopathy patients were divided as NPDR and PDR.

We observed high value of mean of MPV, PDW, and PCT
in diabetic patients with microvascular complications com-
pared with those without microvascular complications
(Table 3).

In a study conducted in patients in India [9], it was ob-
served that platelet indices, namely, MPV, PDW, and PCT
were significantly higher in diabetic individuals than those
with age- and gender-matched controls. Moreover, the in-
crease in MPV, PDW, and PCT were significant in diabetic
subjects with microvascular complications when compared
with those without microvascular complications. Platelet dys-
function also showed a positive association with HbA1C, ret-
inopathy, nephropathy, and neuropathy individually.

We found that the mean of platelet volume indices was
significantly higher in diabetic neuropathy patients with
NDS score more than 6. MPV, PDW, and PCT were 12.92
± 0.52 fl, 16.27 ± 0.39 fl, and 0.25 ± 0% (mean SD) in NDS >

6 and 11.3 ± 0.8 fl, 15.29 ± 0.56 fl, 0.24 ± 0% respectively in
NDS < 6. The correlation was statistically significant (p = <
0.001, 0.001, 0.003) correlating with the severity of neuropa-
thy (Table 4).

We observed statistically significant correlation of MPV,
PDW, and PCT with diabetic retinopathy and nephropathy.
This study showed that mean of MPV, PDW, and PCT was
higher in diabetic retinopathy patients with proliferative reti-
nopathy (PDR) than non-proliferative retinopathy (NPDR)

Table 1 Baseline characteristics of study population

Case Control p value

Sample size 130 130

Age 0.947

Mean ± SD 56.82 ± 7.21 56.87 ± 7.19

Median 58 58

Min–max 36–74 36–74

FBS < 0.0001

Mean ± SD 148 ± 43.39 91.28 ± 8.51

Median 142 90

Min–max 84–334 77–143

PPBS < 0.0001

Mean ± SD 206.06 ± 59.43 141.91 ± 9.12

Median 185.5 141

Min–max 136–402 112–162

HbA1c < 0.0001

Mean ± SD 8.83 ± 2.22 4.89 ± 0.37

Median 8.15 4.9

Min–max 5.7–15.9 3.8–5.7

Serum creatinine < 0.0001

Mean ± stdev 1.25 ± 0.71 0.58 ± 0.14

Median 1.02 0.6

Min–max 0.35–3.8 0.3–0.9

TPC < 0.0001

Mean ± SD 2.58 ± 0.59 2.58 ± 0.59

Median 2.62 2.62

Min–max 1.55–4.28 1.55–4.28

MPV < 0.0001

Mean ± SD 11.34 ± 1.21 8.35 ± 0.36

Median 11 8.4

Min–max 9.1–13.7 7.5–8.8

PDW < 0.0001

Mean ± SD 14.86 ± 0.94 11.49 ± 0.59

Median 14.8 11.4

Min–max 12.65–16.8 10.5–12.8

PCT < 0.0001

Mean ± SD 0.24 ± 0.01 0.22 ± 0.01

Median 0.24 0.22

Min–max 0.21–0.26 0.18–0.3

Fig. 1 Flow chart of the study protocol
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and this positive correlation was statistically significant. There
was insignificant difference between the mean of platelet in-
dices of NPDR and diabetic patient without retinopathy
(Table 5). Similarly, higher values were noted in research
from Turkey and India by Dinder et al. [10]; Kodiatte et al.
[11] with MPV associated with retinal neovascularization of
diabetic retinopathy (Table 6).

We noted that slightly higher MPV, PDW, and PCT were
found in patient with albuminuria as compared with patient
without albuminuria. But the relationship between platelet
volume indices and nephropathy could not be established as

there we could not do the repeated measurement of urine
albumin to confirm a patient with nephropathy.

Platelet volume indices and HbA1c

Platelet parameters MPV, PDW, and PCT were found to be
higher among DM with HbA1C > 7% as compared with DM
with HbA1C < 7% and this was found to be statistically
significant.

These results were quite similar to a study by Pujani et al.
[12] in which there were higher values of platelet parameters
including PC, MPV, PDW, PLCR, and PCT among DMwithTable 3 Comparisons of platelet indices of cases with and without

microvascular complications

Microvascular complications

Platelet indices No Yes p value

MPV < 0.0001
Sample size 52 78

Mean ± SD 10.63 ± 0.72 11.82 ± 1.24

Median 10.55 11.9

Min–max 9.5–12.8 9.1–13.7

PDW < 0.0001
Sample size 52 78

Mean ± SD 14.18 ± 0.63 15.31 ± 0.83

Median 14.05 15.2

Min–max 12.8–15.8 12.65–16.8

PCT < 0.0001
Sample size 52 78

Mean ± SD 0.23 ± 0 0.24 ± 0.01

Median 0.24 0.24

Min–max 0.21–0.24 0.23–0.26

Table 4 Comparisons of platelet indices with Neuropathy Disability
Score (NDS)

NDS

Platelet indices < 6 > 6 p value

Sample size 12 18 < 0.0001
MPV

Mean ± SD 11.3 ± 0.8 12.92 ± 0.52

Median 11 12.9

Min–max 10–12.6 11.4–13.7

PDW < 0.0001
Mean ± SD 15.29 ± 0.56 16.27 ± 0.39

Median 15.3 16.2

Min–max 14.6–16.8 15.8–16.8

PCT p = 0.0003
Mean ± SD 0.24 ± 0 0.25 ± 0

Median 0.24 0.25

Min–max 0.23–0.25 0.24–0.26

Table 5 Comparison of platelet indices in diabetic retinopathy

Fundus p value

NPDR PDR

Sample size 12 16

MPV p = 0.0003
Mean ± SD 10.76 ± 1.03 12.61 ± 0.91

Median 10.8 12.65

Min–max 9.2–12.9 10.4–13.6

PDW < 0.0001
Mean ± SD 14.58 ± 0.4 15.77 ± 0.49

Median 14.7 15.8

Min–max 13.6–15 14.86–16.8

PCT p = 0.002
Mean ± SD 0.24 ± 0 0.24 ± 0.01

Median 0.24 0.25

Min–max 0.23–0.24 0.23–0.25

Table 2 Comparison of platelet indices between two study groups

Case Control p value

MPV < 0.0001
Mean ± SD 11.34 ± 1.21 8.35 ± 0.36

Median 11 8.4

Min–max 9.1–13.7 7.5–8.8

PDW < 0.0001
Sample size 130 130

Mean ± SD 14.86 ± 0.94 11.49 ± 0.59

Median 14.8 11.4

Min–max 12.65–16.8 10.5–12.8

PCT < 0.0001
Mean ± SD 0.24 ± 0.01 0.22 ± 0.01

Median 0.24 0.22

Min–max 0.21–0.26 0.18–0.3
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complication as compared with DM without complication,
which was statistically significant. Among the platelet param-
eters, MPV, PCT, and PDW were found to be higher among
DMwith HbA1C > 7% as compared with DMwith HbA1C <
7%.

Conclusions

There was a statistically significant difference for MPV be-
tween diabetics with and without complications and non-
diabetics (p < 0.05). PDW and MPV were positively correlat-
ed with duration of diabetes. Duration of diabetes was signif-
icantly higher in diabetics with retinopathy (p < 0.05) and neu-
ropathy (p < 0.05). MPV and PDW can be the predictive bio-
markers of diabetic microvascular complications. A study
conducted by Kshirsagar et al. [13] has demonstrated that
MPV was significantly higher in diabetics than non-diabetic
controls (p < 0.05). HbA1c (p < 0.05) and duration of diabetes
(p < 0.05) were statistically significantly higher in diabetics
with microvascular complications as compared with diabetics
without microvascular complications. The study is limited for
the small sample size, thereby limiting the wide confidence
interval.

In our cross-sectional comparative study, we consistently
demonstrated significant positive correlation between platelet
volume indices (MPV, PDW, PCT) in diabetic patients with

microvascular complications. Platelet indices had significant
correlation with HbA1c. There was significant difference in
platelet indices in patients with T2DM, especially with micro-
vascular complications, when compared with non-diabetic in-
dividuals. Since the platelet indices analysis is simple, conve-
nient, and cost-effective diagnostic tool to determine platelet
dysfunction, these can be a prognostic marker for microvas-
cular complications of diabetes.
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Table 6 Comparisons of platelet indices with HBA1c

HbA1c p value

(1) < 7 (2) ≥ 7

Sample size 58 72 < 0.0001
MPV

Mean ± SD 10.54 ± 0.62 11.99 ± 1.17

Median 10.5 12.45

Min–max 9.1–12.1 9.2–13.7

PDW < 0.0001
Sample size 58 72

Mean ± SD 14.32 ± 0.66 15.28 ± 0.91

Median 14.2 15.4

Min–max 13.2–16.6 12.65–16.8

PCT < 0.0001
Sample size 58 72

Mean ± SD 0.24 ± 0.01 0.24 ± 0.01

Median 0.24 0.24

Min–max 0.21–0.25 0.23–0.26
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Abstract
Background Evidence regarding the foot care practices among practitioners is still scarce in the Indian scenario. This study aimed
at assessing the foot care practices among diabetologists from various parts of the country.
Methods A cross-sectional online survey was conducted among diabetologists, to understand their foot care practices across
India, who were part of Diabetic Foot Research India (DFRI) and have participated in the study.
Results In a total of 89 participants, majority of the diabetologists examined patients with a history of foot infection once in
3 months (53%), 128 Hz tuning fork has been used for diagnosis of high-risk foot (31%), majority of patients were advised to use
TCC by diabetologists (73%), and footwear was manufactured by qualified orthotist and prosthetics (60%). The foot problems
commonly treated by diabetologists are cellulitis (26%) followed by callus (24%). Patients were also referred to other specialists
(69%); almost all the participants used antibiotics (95%), and medication and wound care management (29%) were also a part of
their practice.
Conclusion The diabetologists displayed a multidisciplinary approach to the treatment and management of foot care practices
among patients with foot complications. It is imperative to establish effective communication between diabetologists and/or other
practitioners to generate sufficient evidence to determine the foot care practices throughout the country.

Keywords Diabetic foot care . Foot care practice among diabetologists . High risk foot . Foot examination . Indian diabetologists

Background

The number of people with diabetes worldwide according to
the International Diabetes Federation (IDF) is predicted to
increase to 84% by 2045 in India [1]. A rapid change in these
figures due to this chronic condition is envisioned to expand,
raisingmore concern on public health and the livelihood of the
community [2]. Diabetic foot accounts to nearly 35% of

hospital admissions among the diabetic populations and con-
tinues to pose a challenge over management and practice
among doctors, podiatrist, or any trained staff [3, 4]. It has
been estimated that in developing countries like India, foot
problems attribute to 40% of the use of healthcare resources
[5]. Foot problems and their complications are widely seen
throughout the country which can be due to inadequate
knowledge, awareness, and education with an indirect influ-
ence by poverty on foot care practices prevailing in the com-
munity, importantly among patients accustomed to socio-
cultural compulsion and traditional practices like barefoot
walking (both indoors and outdoors) including the absence
of timely access to podiatry services. These kinds of habits
naturally debilitate an individual’s physical quality of life
among the diabetic population with peripheral neuropathy,
foot ulceration, and peripheral arterial disease leading to am-
putation as a result of diabetic foot complications [5, 6].
According to a study, patients from developing countries such
as India spent almost 32% of their total income on foot
problems [7]. This presents an enormous economic burden
upon the diabetic individual’s family and the health system
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as a result of inflated healthcare expenditure related to diabetic
foot complications. Though the American Diabetes
Association (ADA) recommends that people with diabetes
should undergo a comprehensive foot examination once a
year [8], multicentric studies conducted in India report that
65% of the patients hardly followed proper foot care practices
[7, 8]. These pieces of information portray the importance of
not only a doctor’s role in educating a patient on foot care
practices and preventing complications [9] but also their re-
sponsibility in adopting effective interventions that are
tailor-made to the demands of an individual with a high-
risk foot. Presently, individual practitioners, surgical spe-
cialists (podiatry, plastic surgeon, and orthopedic sur-
geon), endocrinologists, and primary care physicians are
involved in the healthcare delivery to a patient with
diabetic diabetic foot lesions [10]. And data regarding
foot care practices among diabetologists is still lacking
in the Indian scenario as compared with practices among
patients in different study settings. Hence, this study is
aimed at assessing the foot care practices among
diabetologists from various parts of India to understand
their diversity on management and treatment of foot com-
plications, including the identification of key foot care
practices that are indicators attributable to an improved
outcome of a patient with the high-risk foot.

Materials and methods

A cross-sectional online survey was conducted among
diabetologists across India who were part of Diabetic
Foot Research India (DFRI) from March 2017 to
August 2018. A list of diabetologists and/or members,
who were registered at DFRI, was prepared by the
DFRI team followed by a personal invitation for partic-
ipation in the study. The cohort of diabetologists was
from 18 states widely spread throughout the country
with members from Gujarat, Tripura, Rajasthan,
Punjab, Maharashtra, Andhra Pradesh, Telangana,
Tamil Nadu, Odisha, Pondicherry, Jharkhand, Kerala,
Uttar Pradesh, Himachal Pradesh, West Bengal, Assam,
Bihar, and Delhi. A complete enumeration of all the
available participants was carried to re-ensure a better
picture of their practice. Participants who consented for
participation were included in the study. An e-mail con-
taining the link to the online survey was sent to each
participant. A total of 89 diabetologists participated in
the study, with a response rate of 60% among the
members. Data were collected through a questionnaire
(online) from diabetologists via a secured web link
which could be completed at their own convenience.
The questionnaire consisted of information regarding
foot care practices, the examination of foot infection,

treatment, type of referral, and management procedures.
The completed questionnaire was downloaded at the
head institution in Royapuram, Chennai, Tamil Nadu,
and processed for analysis. Statistical analysis was done
by using SPSS version.20. Descriptive analysis was
performed, and the results were obtained regarding
measures of central tendency and dispersion including
distribution of foot care presented in tables and charts.

Results

The results are on diabetic foot care practices among diabetol-
ogists throughout India. Each of the variables was individually
analyzed, and the result was interpreted accordingly under the
given domains.

Among the 89 participants, the percentage distribution
of examination practiced by the diabetologists (Table 1)
showed that 53% of the diabetologists examined the pa-
tients once in 3 months. 10% of the diabetologists exam-
ined the patients once in 6 months. 6% of the diabetologists
examined once in a year. And other 31% examined less
frequently.

It was observed that most of the physicians (88%) used
a minimum of three procedures to evaluate and diagnose a
high-risk foot (Table 1). Some of the methods were tuning
fork 128 Hz (31%), monof i lament tes t (29%) ,
biothesiometer (20%), and ankle-brachial index (ABI)
(20%). This was observed in the study done by Boulton
and Mayfield et al. where the tuning fork (128 Hz) and
monofilament 10 g (otherwise called Semmes-Weinstein
mono filament) were commonly used due to their high
predictability of re-ulceration, easy to administer, porta-
bility, and cost-effectiveness [11, 12]. Figure 1 represents
the conditions and/or foot problems commonly treated by
the diabetologists around the country.

Cellulitis (26%) and callus (24%) were the most treated
conditions followed by ingrown toe nail (19%), gangrene
(17%), and bony deformities such as Charcot foot (14%).
These conditions could certainly lead to other invasive proce-
dures such as amputation unless appropriate management was
implemented.

The procedures used to treat foot problem and the
choice of treatment are two of the important challenges
faced by any physicians (Table 1). Procedures such as
wound debridement are an important aspect of wound
healing which removes non-viable tissues or infection
material. Surgical intervention in the presence of systemic
toxicity is imperative. In this study, wound debridement
(49%), toe amputation (28%), below knee (18%), and
tendon Achilles lengthening (5%) were predominantly
practiced by the and their team.
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Management of foot problems

The management of a patient could be subjective to treat-
ment compliance and importantly based on psycho-social

acceptance to the management for better outcome and
prevention. The current study revealed that the majority
of physicians (Fig. 2) provided referral to surgeons out-
side their clinic/hospital (69%) to manage patients with

Table 1 Questions and the responses given by the diabetologists

S. no. Questions Responses Percentage (%)

1. Frequency of foot examination by diabetologists A) Once in a year 6

B) Once in 6 months 10

C) Once in 3 months 53

D) Others 31

2. Method used to diagnose high-risk foot A) 128 Hz 31

B) Monofilament test 29

C) Biothesiometer 20

D) ABI 20

3. Procedures used to treat foot problems A) Wound debridement 49

B) Toe amputation 28

C) Tendon Achilles lengthening 5

D) Below knee amputation 18

4. Patients referred to personnel for offloading A) Qualified orthotists and prosthetics 62

B) Shoe maker 12

C) Self 18

D) Orthopedic surgeon 1.5

E) Podiatry assistant 1.5

F) Foot surgeon 3

G) Others 2

5. Patients referred to the surgeons for foot infection A) General surgeon 40

B) Orthopedic surgeon 16

C) Foot surgeon 23

D) Plastic surgeon 21

6. Conditions on which patients referred to vascular surgeon A) H/o claudication 3

B) ABI < 0.8 5

C) Both of the above 78

D) None of the above 14

Fig. 1 Distribution of foot
problems commonly treated by
the diabetologists
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foot infection or ulcers, and around 23% of the diabetol-
ogists treated patients at their own clinic/hospital while
9% practiced both self-treatment and referred patients to
other surgeons.

Among the group who referred the patients to other sur-
geons, nearly 40% of patients were referred to a general sur-
geon, 16% to an orthopedic surgeon, 23% to the foot surgeon,
and 21% to the plastic surgeon (Table 1).

The patients were also referred to vascular surgeons only
under specified conditions (Table 1). Among the group, 78%
of the patients with both history of claudication and ankle-
brachial index (< 0.8) were referred to a vascular surgeon
compared with patients with only claudication history (3%)
and ABI (5%). Also, they recommended/advised patients with
foot ulcer on different offloading methods.

Patients were referred to other personnel for offloading
methods. Nearly 62% of the physicians referred a patient to a
qualified orthotist and prosthetist for offloading, and 18% have
performed the offloading by themselves. Some diabetologists
also referred patients to a shoe maker (12%), podiatry assistant
(1%), and orthopedic and podiatry surgeon (1% and 3%) in-
cluding other surgeons (2%). Apart from referrals, patients were
also given appropriate offloading advices/counselling for better
outcome of foot ulcer. It was observed that the majority of
physicians advised patients for total contact casting (TCC): 69
(77.5%) offloading than other methods and 20 (22.5%) such as
diabetic footwear, offloading sandals (customized), modified
footwear, customized footwear, prefabricated walker, front
and hind foot offloading, bed rest and walking stick, plaster
of Paris slab, rocker bottom footwear, and POP. Therefore, total
contact casting was the first choice for offloading by the phy-
sicians. In line with this finding, a study done by Giovanni et al.
showed that TCC had excellent healing tendency of neuropath-
ic foot ulcers and an average healing time of 8.5 weeks [13].

Management and treatment of high-risk foot involve a
combination of therapy and medication that facilitate the pro-
cess of wound healing. The usage of antibiotics (Fig. 3) ac-
cording to the standard treatment guidelines for diabetic foot
solely depends on the severity of the infected wound [10].
Almost 95% of the participants had used antibiotics either as
an empirical therapy or regimen, while only 5% have not used
any antibiotic medication. The reasons for the use of antibi-
otics were further quantified in the following representation
(Fig. 4).

Most of the participants used empirical antibiotics (41%),
opted for wound culture (33%), and 21% used for both.

Analysis on medication and performed therapy (Fig. 5)
showed that 47% of the diabetologists used negative pressure
wound therapy, 12% used growth factors, 29% used both the
methods, and 13% of the diabetologists did not use either of
them in their foot care practice. Therapies for wound healing
such as negative pressure wound therapy are safe and effective
in improving the wound healing rates [14].

Discussion

Although studies substantiating the practices on foot care
among patients are available under diverse setups [6, 9], there
is a dearth of evidence concerning diabetologists’/physicians’
practice on foot care and management. Our study findings
showed that majority of the participants examined patients
every 3 months. This could make a better practice since
according to the position statement by the ADA, earlier iden-
tification of patients with diabetes and high-risk foot could
prevent the risk of foot complications that could lead to
amputation [12]. The findings also noted that the method of
assessment used for diagnosing a high-risk foot especially
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neurological assessment like tuning fork (128 Hz), mono fil-
ament therapy, and vibration perception threshold was com-
monly adopted. According to Boulton et al., a comprehensive
foot examination involved the selection of all three methods
including ABI under vascular assessment [15, 16]. The cur-
rent study noted that most of the diabetologists referred pa-
tients to a general surgeon (40%) followed by foot and plastic
surgeon (23% & 21%). This was inversely related to the re-
sults obtained by De Berardis et al. where other practitioners
were referred or examined less compared with diabetologists.
These findings also signify the choice of a diabetologist on
referral for management of the patient’s foot infection [17].
Studies reveal that a team of multidisciplinary specialists
should be involved in the effective management of patients,
including vascular surgeons [18]. The current study also
showed that vascular surgeons play an important role in the
treatment of patients with a history of claudication and poor
ABI. Other types of physical and clinical management (the

type of offloading, usage of antibiotic, referral for offloading)
were also important in the mitigation of diabetic foot compli-
cations using a comprehensive approach [19]. Perspectives on
wound care and healing using growth factors and negative
pressure wound therapy have proven successful in the faster
wound healing process by accelerating angiogenesis and
enhancing cellular proliferation [19–21]. The present study
showed that almost 29% of the diabetologists used both types
of management.

The variability in the healthcare system under the Indian
context demands the need for a common guideline to restrict
the increase of diabetic foot and its complications. Information
on studies relating to standard guidelines on foot care practice
is still lacking in the country including unspecified roles and
responsibilities or a protocol under a common domain. This
study tried to acquire a snapshot of the common practice of
foot care among diabetologists and practitioners who were
from different parts of the country. Many of the diabetologists

Fig. 4 Distribution on the usage
of antibiotic
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adopted a common approach for the treatment and manage-
ment of diabetic foot complications examining diverse
conditions associated with diabetic foot and complications.
It is imperative to understand and establish effective
communication between diabetologists and/or practitioners
to generate sufficient evidence to determine their foot care
practices throughout the country and help cater effective in-
tervention for intensive patient-centered management on
diabetic foot complications among practitioners, who play a
vital role in preventing patient re-admission to hospitals and
demonstrating prompt care for better prognosis of foot
problems [22, 23].

Limitations and future research

The number of participants in this study was limited to prac-
titioners who consented for participation. Therefore, the gen-
eralization of the study results is not possible, although results
could improve with an increased sample size in the future
studies by including more practitioners.
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Abstract
Background Diabetes mellitus is a major public health issue globally, and type-2 diabetes mellitus is the most prevalent form of
this disease. Due to multiple factors, most diabetic patients develop functional disabilities including musculoskeletal
complications.
Objective To determine the frequency of musculoskeletal complications, the relationship between these complications and
different potential variables, and the status of pharmacotherapy management to treat these complications among patients with
type-2 diabetes mellitus.
Materials and Methods It was a cross-sectional study and data was collected through self-administered, face-validated pro forma
in the English language in outpatient clinics of two tertiary care hospitals of Multan, Pakistan.
Results Total n = 270 type-2 diabetic patients of both genders were assessed for musculoskeletal complications; n = 126 (46.7%)
patients had at least one musculoskeletal complication. The most common manifestations were shoulder capsulitis or frozen
shoulder (20.7%), flexor tenosynovitis (10.4%), hand stiffness syndrome (10%), and limited joint mobility (9.6%). A statistically
significant association was found between frozen shoulder, limited joint mobility, and hand stiffness syndrome with the duration
of diabetes (p value = 0.003, 0.0001), and overall glycemic control (p value = 0.004, 0.001) respectively. Out of 254 complaints,
only 42.9% of complaints were receiving pharmacotherapy management. Main outcome measure: overall prevalence of mus-
culoskeletal complications among patients of type-2 diabetes and level of pharmacotherapy management for them.
Conclusion Periarticular region of the joints in the hands and shoulders should be examined whenever diabetic patients present
with uncontrolled diabetes, and pharmacotherapy management should be planned for these patients who will improve their
quality of life.

Keywords Musculoskeletal complications . Peripheral
neuropathy . Shoulder capsulitis . Pharmacotherapy
management

Introduction

Diabetes mellitus (DM) is the most alarmingly growing global
problem, and its associated cost to the society is continuously
escalating [1]. DM is a multi-system disease characterized by
persistent hyperglycemia and poor glycemic control can lead
to acute and chronic complications. American Diabetes
Association (ADA) classifies diabetes mellitus as type-1 dia-
betes mellitus (type-1 DM), TYPE-2 diabetes mellitus (type-2
DM), gestational diabetes mellitus (GDM), and other specific
types [2]. The type-2 DM is the most prevalent form, as it
accounts for approximately 90% of the total cases of diabetes
[3]. A global emergency has to be declared to address this
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global issue. Progression of this disease is rapid, and every
day thousands of new individuals are diagnosed with DM [4].
Diabetes affects the lives of individuals and their families
psychologically, socially, and financially. Quality of life
(QoL) has been affected a lot due to this disease [5]. About
415 million adults, in age from 20 to 79 years, are living with
diabetes and 318 million have impaired glucose tolerance
(IGT) [1]. In comparison with microvascular and
macrovascular complications associated with DM, the muscu-
loskeletal (MSK) complications are less recognized and re-
ported to be treated very poorly [6].

MSK complications are common endocrine arthropathies
and few of them can lead to permanent disability. These com-
plications are not only limited to joints but bones and soft tis-
sues are affected equally. The US National Health Interview
Survey (US-NHIS) reported that 58% of patients with diabetes
have a functional disability [7]. The connective tissues are af-
fected by hyperglycemia in DM which causes abnormalities of
the periarticular and skeletal systems. These changes in connec-
tive tissues create various types of physical disabilities, which
are classified as musculoskeletal complications [8]. It is pro-
posed that the advanced glycation end products (AGEs) and
neuropathy are underlying causes of these complications [9,
10]. Ischemia and infection of a periarticular tissue are other
factors which are to be considered a risk for MSK complication
and can lead to muscle infarction and foot ulcers [11]. Although
these disabilities are more frequently associated with type-1
DM [7], they are also present in patients with type-2 DM
[12–14].

Physical disability due to musculoskeletal complications is
an emerging public health problem because its prevalence is
increasing proportionally with the prevalence of DM.
Previous studies showed that the prevalence of MSK compli-
cations in the hands and shoulder region was around 30%
among patients with type-1 and type-2 DM [12]. These man-
ifestations are closely linked to age [14], prolonged disease
duration [15, 16], and vascular complications [17]. Most com-
mon musculoskeletal complaints associated with poorly con-
trolled DM are diabetic cheiroarthropathy or limited joint mo-
bility (LJM), flexor tenosynovitis (FT), carpal tunnel syn-
drome (CTS), Dupuytren’s contracture (DC), frozen shoulder
or shoulder capsulitis (SC), reflex sympathetic dystrophy
(RSD), Charcot joint and diabetic muscle infarction [12–16,
18, 19]. The MSK complications associated with DM have
increased the cost of illness (COI) and have decreased the
quality of life (QoL) of these patients by jeopardizing their
mobility. Therefore, it is the need of time to prioritize the
pharmacological management of MSK complications along
with other long-term complications of DM. The primary ob-
jective of this study was to estimate the frequency of MSK
complications in patients with type-2DMofMultan, Pakistan,
whereas the secondary objective was to determine the

relationship between the MSK complications and their asso-
ciated risk factors in patients with type-2 DM.

Materials and Methods

Study design, study settings, and sample size

A cross-sectional descriptive study design was employed to
accomplish the study objectives. Study settings were endocri-
nology outpatient clinics of two tertiary care hospitals of
Multan, Pakistan. Patients were approached and enrolled in
the current analysis by using a convenient sampling method
based on the universal sampling technique. This technique
was implemented as all patients with diabetes attending the
settings during the study duration of 6 months were invited to
participate in the study. A total of 327 patients were
approached, evaluated on pre-defined inclusion/exclusion
criteria, and 270 patients were included in the final analysis.
Patients with missing data (n = 37) and who did not meet the
inclusion criteria (n = 20) were excluded.

Inclusion criteria

The adult patients with diabetes, having a history of diabetes
for more than 5 years with a confirmed diagnosis of MSK
complication, were selected to participate in the study.

Exclusion criteria

Patients diagnosed with rheumatoid arthritis, osteoarthritis,
and osteoporosis were not included in this study. The patients
with a history of diabetes for less than 5 years and those who
were not willing to participate in the studywere excluded from
the study.

Data collection method

The study was performed by following the declaration of
Helsinki. Patients were invited to participate in the study and
those who agreed were explained about the nature and pur-
pose of the study, and both oral and written consents were
taken from the patients. A comprehensive data collection form
was designed based on an extensive literature review. Data
form comprised of two parts: (A) demographic characteristics
and (B) clinical characteristics. Demographic characteristics
include age, gender, and body mass index. Clinical character-
istics include the duration of disease (in years), type of diabe-
tes (type-1 or type-2 DM), fasting and random blood sugar
level, HbA1C, and MSK complications (carpal tunnel syn-
drome, frozen shoulder, flexor tenosynovitis, Dupuytren’s
contracture, reflex sympathetic dystrophy, Charcot joint, and
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diabetic muscle infarction) screening. This study considered
overweight subjects with bodymass index (BMI) 25–29.9 and
obese with BMI ≥ 30 according toWHO classification of obe-
sity [20].

A systematic method was used to screen the patients to
access MSK complications. First, their hands, shoulders,
spine, and finally the lower limbs were examined. The follow-
ing criteria were used to identify all of the manifestations [18,
21]. The prayer sign test was used to evaluate limited joint
mobility, in which the patients were asked to put their hands in
prayer position with the fingers fanned and the wrist maximal-
ly extended. If they were unable to do this, LJM was consid-
ered to be present [18]. Patients having less shoulders joint
rotation than normal in at least three planes [21], unilateral
pain for more than 1 month, and unable to lie on the affected
shoulder were diagnosed as adhesive capsulitis. Localized or

diffused unilateral pain in limbs with vasomotor disturbance,
swelling, and impaired mobility were the characteristics of
RSD. The Dupuytren’s contracture was diagnosed if partici-
pants had any of the following signs: nodules on palm or
digits, digital or palmer skin tethering and profound thicken-
ing of palm along with deformity of 3rd to 5th digits. The
locking of fingers during extension and flexion process and
presence of palpating nodule were considered to be the diag-
nostic criteria for FT or trigger finger. The carpal tunnel syn-
drome was considered to be present if participants claimed
nocturnal paresthesia of thumb, first and second finger with
or without positive Tinel’s and Phalen’s tests, pain or weak-
ness of hands and had visible signs of thenar atrophy.
Deformation and swelling of knee and ankle joints without
symptoms of pain were diagnostic criteria for Charcot joint
or neuropathic arthropathy. It was further confirmed from X-
ray radiograph with differential pieces of evidence of joint
dislocation, disorganization, surface destruction, and in-
creased bone density. The diabetic muscle infarction was a
rare condition and was identified with the following signs:
skeletal muscle, benign painful lumpy mass and surgical re-
moval in the past after the diagnosis of diabetes.

Data entry and analysis

Statistical analysis was performed by using SPSS 21 (IBM
Corp. Released 2012. IBM SPSS statistics for Windows, ver-
sion 21.0. Armonk, NY: IBM Corp.). Descriptive statistics
were calculated as frequencies and percentages for categorical
variables, and mean ± standard deviation was used to describe
the numerical variables. The chi-square tests were applied to
find an association between MSK manifestations and

Table 1 Demographic data and the clinical characteristics of the study
population

Female Male

Mean age (in years) 54.88 ± 8.12 54.38 ± 8.33

Weight (kg) 65.47 ± 10.04 67.83 ± 11.20

Height (cm) 157 ± 06 167 ± 06

BMI (kg/m2) 26.35 ± 4.24 24.07 ± 3.82

Obesity 20.4% 4.4%

Overweight 21.9% 21.5%

Ideal body weight 13.3% 16.7%

Under weight 0.7% 1.1%

HbA1c (%) 8.8 ± 1.6 8.6 ± 1.5

FBS (mg/dl) 137 ± 37.7 137 ± 37.1

RBS (mg/dl) 215 ± 64.62 216 ± 63.29
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Fig. 1 Gender-wise distribution
and prevalence of all
musculoskeletal complications.
LJM, limited joint mobility; HSS,
hand stiffness syndrome; SC,
shoulder capsulitis; RSD, reflex
sympathetic dystrophy; DC,
Dupuytren’s contracture; FT,
flexor tenosynovitis; CTS, Carpal
tunnel syndrome; PN, peripheral
neuropathy; DISH, diffuse
idiopathic skeletal hyperostosis
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demographic or clinical characteristics. A p value of less than
0.05 was considered to be significant.

Results

A total of 270 patients with type-2 DM were screened to
analyze the prevalence of diabetes-related musculoskeletal
complications, among which 118 (43.7%) were men and
152 (56.3%) were women. A total of 11musculoskeletal com-
plications were identified, and almost half of the study sub-
jects (n = 126, 46.7%) had experienced at least one musculo-
skeletal complication. The demographic data and clinical
characteristics of the study population can be seen in Table 1.

The most frequent MSK complications were LJM (9.6%),
HSS (10%,), and the frozen shoulder or SC (20.7%). More
than one-quarter of the patients (26.0%) were having com-
plaints of peripheral neuropathy. The details of MSK compli-
cations can be seen in Fig. 1.

Findings demonstrated that occurrence of LJM, HSS, and
PN was significantly related to history of diabetes (p = 0.001),
and glycemic control (p = 0.001). Frozen shoulder or SC was
also significantly associated with a history of diabetes (p =
0.003), and overall glycemic control (p = 0.004). There was
no significant association of any MSK complaint with gender
and BMI except foot ulcers or gangrenes, which was signifi-
cantly associated with BMI levels (p = 0.001) and overall
glycemic control (p = 0.001) (Table 2).

A total of 254 MSK complications were reported among
126 participants of this cross-sectional study; i.e., one patient
was suffering from more than one MSK complications.
Among these MSK complications, only 109 (42.9%) com-
plaints were addressed by giving a pharmacological therapy
while the remaining 145 (57.1%) were not given any pharma-
cological therapy. A significant association was present be-
tween MSK complaints and pharmacological care (p =

0.0001). Status of pharmacotherapy management among all
these patients for each musculoskeletal complaint has been
explained in Table 3.

Discussion

Musculoskeletal complications are the most under-reported
manifestations associated with both type-1 and type-2 DM
[6, 18, 22]. A lot of research has been done on the acute and
chronic complications of DM [6, 18, 22], but to date the data
related to MSK complications is very limited. There are very
few published studies that have focused on MSK complica-
tions among patients with type-2 DM [13, 23, 24]. The
International Diabetes Federation (IDF) and ADA have issued
guidelines for the management and prevention of long-term
complications with diabetes, but no instructions or measures
are reported for MSK complications [6]. MSK complications
are non-vascular and are responsible for the development of
physical disabilities among patients with diabetes. Physical
disabilities and muscular deformities can be easily linked with
aging. Microvascular complications, poor glycemic control,
and duration of diabetes are other contributing factors in the
development of these complications [22]. More than 50% of
patients with diabetes have a diabetes-related physical disabil-
ity at any stage of their life [25]. It was reported that patients
with diabetes have more mobility-related problems, and they
experience greater difficulties in performing basic activities of
daily living (ADL), when compared with the same age group
of persons without DM [25]. The MSK complications have
been associated with an increased frequency of hospital-
related visits, admissions, stay, and mortality rate [25, 26].
Long-term morbidity can be avoided by early identification
of these complications because when diagnosed at initial
stages, most of them can be self-limiting [22].

Table 3 Pharmacotherapy status
of patients with musculoskeletal
complications

MSK complications Yes % No % Total %

1. Limited joint mobility (LJM) 6 2.4% 20 7.9% 26 10.2%

2. Hand stiffness syndrome (HSS) 7 2.8% 20 7.9% 27 10.6%

3. Shoulder capsulitis (SC) 19 7.5% 37 14.6% 56 22.0%

4. Reflex sympathetic dystrophy(RSD) 4 1.6% 2 0.8% 6 2.4%

5. Dupuytren’s contracture (DC) 2 0.8% 4 1.6% 6 2.4%

6. Flexor tenosynovitis (FT) 9 3.5% 19 7.5% 28 11.0%

7. Carpal tunnel syndrome (CTS) 1 0.4% 4 1.6% 5 2.0%

8. Peripheral neuropathy (PN) 23 9.1% 37 14.6% 60 23.6%

9. Charcot foot 1 0.4% 0 0.0% 1 0.4%

10. Diffuse idiopathic skeletal hyperostosis (DISH) 3 1.2% 2 0.8% 5 2.0%

11. Foot ulcer/gangrene 34 13.4% 0 0.0% 34 13.4%

Total 109 42.9% 145 57.1% 254 100.0%
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To best of our knowledge, this is the first study aimed to
explore the prevalence and risk factors associated with MSK
complications among Pakistani patients with diabetes. It also
assesses the standard of pharmacological management to treat
these complications. Frozen shoulder or SC (20.7%) was the
most frequent MSK complication reported in the present
study. In contrast to this finding, a similar cohort study report-
ed less than 20% of study participants experienced shoulder
capsulitis [27]. Frequencies of FT (10.4%) and LJM (9.6%)
reported in the current study were lower than those in a similar
study that states the frequency of these MSK as 20% and 58%
respectively [26]. Like previous studies, the percentages of
cases of DC and CTSwere also not much higher in the present
study [28, 29]. Peripheral neuropathy was the most common
(22%) MSK complication of diabetes reported in the current
study. It may be the cause of the development of HSS, DC,
and CTS because previous studies showed a significant asso-
ciation between PN and these MSK complications [8, 22,
29–31]. In the current study, the women were reported to be
more susceptible to the MSK complications than men. This
variation may be due to poor glycemic control, less physical
activity, and poor adherence to therapy than men [22, 31, 32].
One of the major findings of this study was the association of
these complications with glycemic control and duration of
disease. It was well-established evidence that a systematic
process of care plays an important role to empower the pa-
tients to control their diabetes [31]. Severe cases of these com-
plications require treatment either surgically or medically, but
unfortunately, the present study explored that more than 50%
of the population was receiving neither pharmacological care
nor non-pharmacological interventions. Establishment of the
pharmaceutical care plan and working in a multidisciplinary
healthcare team can reduce not only symptoms of these dis-
abilities but also the psychological stress in these patients [33].
Diabetes is a chronic condition and patients also need to un-
derstand it as a situation, not a disease. They have to adapt
their lifestyle according to their individual needs. Most of the
patients of diabetes are unaware of diabetes care and undesir-
able consequences of persistent hyperglycemia and are non-
adherent to therapy or missing their doses [31]. To prevent the
life-threatening complications of diabetes, patient’s education
about the management and care of disease is very important.
Continuous adjustment in the medication regimen is required
according to the glycemic control of patients. Most of the
patients are taking the same medication for a longer period
without consulting their healthcare professionals. As diabetes
is a progressive disease, patients need to monitor their blood
glucose level regularly to get the idea of their glycemic con-
trol. Health care professionals must motivate the patients for
the management of their disease. Patients are to be asked to
visit their physician regularly, at least once in 6 months, to
evaluate the development of these rare complications of DM.

Conclusion

MSK complications are not commonly recognized as a com-
plication of DM as they were present in 46.7% of the partic-
ipants of this study. Results suggest that examination of the
periarticular region of hand and shoulder joints should be done
whenever a patient with diabetes visits and complains pain of
joint.Many of these complications are potentially self-limiting
and treatable, especially if diagnosed early. These are the most
negligible nonvascular complications, but they affect the qual-
ity of life of patients a lot. To improve the quality of life
(QoL), prescribed pharmacotherapy should be planned for
these patients.
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Abstract
Background A public health problem that has been on the rise in the twenty-first century is gestational diabetes mellitus (GDM).
There are serious adverse effects on both maternal and fetal health following GDM. Potential complications can be reduced by
early detection of risk factors, which predispose women to GDM.
Objectives This study aims to identify the risk factors associated with GDM.
Methods A case–control study was carried out among antenatal women admitted to hospitals affiliated to Kasturba
Medical College, Mangalore. The study population consisted of cases, who were GDM patients, and controls, who were
age-matched, non-GDM patients. Statistical Package for Social Sciences (SPSS) version 25.0 was used for entering and
analysing data. Both univariate and multivariate analysis was done for determining the factors responsible for GDM.
Results The mean age of cases was 29.54 (± 4.3) years and of controls was also 29.54 (± 4.2). There was no significant difference
while comparing the socioeconomic status across the study groups. Irregular menstrual cycle (OR = 2.78, CI = 0.94–08.4, P =
0.06) and history of type 2 diabetes mellitus in first-degree relatives (OR = 5.26, CI = 2.13–12.99, P ≤ 0.001) were found to be
significant risk factors.
Conclusion It was found in our study that irregular menstrual history, history of GDM in previous pregnancy, history
of type 2 diabetes mellitus in first-degree relative and history of GDM in first-degree relative are all independent
risk factors of GDM.
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Introduction

A public health problem that has been on the rise in the
twenty-first century is gestational diabetes mellitus
(GDM). It can be defined as any degree of glucose
intolerance with onset or first recognition during preg-
nancy [1]. It can be classified into G1, where women
have normal blood glucose levels but impaired glucose
tolerance and G2, where women in both fasting and
postprandial states have hyperglycemia [2]. The patho-
physiology behind this disease is the decreased action of
insulin due to above-average levels of insulin resistance
that sets in as a result of placental hormone secretion
during pregnancy [2].

Globally, the median estimate of GDM is at approxi-
mately 6–13% of all pregnancies [3]. In India, the prev-
alence is expected to rise from 40.9 million in 2009 to
an alarming 69.9 million in 2025 [2] while in South
India a rise has already been noted from 1% in 1998
[4] to 14.6% in 2016 [5].

There is a pressing need that has arisen to address the
cause of this rise in GDM and a few risk factors, both
modifiable and non-modifiable, have been identified.
Non-modifiable risk factors include advanced maternal
age, family history of diabetes mellitus in a first-degree
relative and a personal history of GDM. Modifiable risk
factors are body mass index (BMI), diet, physical activ-
ity and cigarette smoking [4]. Other factors are history of
stillbirth, treatment for infertility, unexplained neonatal
death, polyhydramnios, delivery of a large infant (>
4 kg), prematurity and pre-eclampsia in a multipara [1].

There are serious adverse effects on both maternal and
fetal health following GDM. The maternal complications
are increased risk for preeclampsia, cardiovascular com-
plications, maternal infections [6], premature birth, in-
creased risk of cesarean section [3] and also greater
chances (20–50%) of developing type 2 diabetes mellitus
in 5 years after delivery [6]. In fetal complications, there
is a likelihood of infants developing diabetes mellitus,
metabolic syndrome, obesity, cardiovascular disease in-
crease and furthermore, they may have higher chances of
developing childhood leukemia [4]. These potential com-
plications can be reduced by early detection of risk fac-
tors, which predispose women to GDM. Currently, the
screening for this is done around 24–28 weeks of gesta-
tional age [1].

In developing countries, there has been a shift of pat-
tern from communicable to non-communicable diseases
so as much research needs to be done in order to study
the pattern of these diseases and accordingly manage
them. Thus, this current study was carried out in one
of the coastal districts of Southern India to identify the
risk factors involved in GDM.

Materials and methods

Design

A case–control study was carried out among antenatal women
admitted to tertiary care teaching hospitals affiliated to
Kasturba Medical College, Mangalore over a period of
5 months.

Setting

The study population consisted of cases, who were GDM
patients, and controls, who were age-matched, non-GDM pa-
tients. Participants from both groups were taken from the out-
patient department of the aforementioned hospitals and gave
their informed consent to participate in the study. In these
hospital settings, women were diagnosed to be GDM based
on the American College of Obstetrics and Gynecologists
(ACOG) guidelines. A glucose challenge test was performed
at 24 weeks, and if the blood glucose levels at 2 h following
consumption of 50 g glucose (irrespective of fasting state)
exceeded > 140 mg/dl, an oral glucose tolerance test was per-
formed next. In this, the patient consumed 75 g glucose after
an overnight fast of 8–10 h and blood glucose levels were
measured in a fasting state, at 1 h, 2 h and 3 h following
consumption. If any two of the four values (fasting ≥ 95 mg/
dl, 1-h blood glucose ≥ 180 mg/dl, 2-h blood glucose ≥
155 mg/dl, 3-h blood glucose ≥ 140 mg/dl) were seen as ab-
normal (as per the Carpenter and Coustan criteria), the woman
was diagnosed to have GDM [7].

The calculation of the sample size was based on the find-
ings of a previous case–control study wherein 37.9% of the
cases and 14.3% of the controls had a pre-pregnant BMI of ≥
25 with an odds ratio of 3.7 [1]. Taking an alpha error of 5%
and a power of 90% with 1:1 ratio of cases and controls, the
sample size was calculated to be 70 in each arm.

Data collection and analysis

The tool used for data collection was a questionnaire prepared
after referring to the published literature on GDM and the
medical records of GDM patients admitted to the hospitals.
In this, section 1 consisted of all the sociodemographic details
and the socioeconomic status was classified based on a mod-
ified B.G. Prasad Scale [8]. Section 2 of the questionnaire
consisted of menstrual history, obstetric details and anthropo-
metric measurements, while section 3 consisted of the pa-
tient’s family history and any other details. During the study,
an interview was conducted using this pretested questionnaire
and the necessary anthropometric measurements were done.

Statistical Package for Social Sciences (SPSS) version 25.0
was used for entering and analysing data. Descriptive statistics
like proportion, mean, median, and standard deviation was
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used for expressing the results.χ2 test was done for comparing
the qualitative data between cases and controls. Both univar-
iate and multivariate analysis (binary logistics regression) was
done for determining the factors responsible for GDM. p value
< 0.05 was considered as statistically significant. Only the
factors found to be significant on univariate analysis were then
considered for multivariate analysis. Unadjusted and adjusted
odds ratio (OR) and corresponding 95% confidence intervals
(CI) were also reported.

Results

While comparing the baseline characteristics as shown in
Table 1, the mean age of cases was 29.54 (± 4.3) years and
of controls was also 29.54 (± 4.2) years. The proportion of
Hindus, Muslims and Christians among the cases and controls
was almost the same and majority of the women in both cases
(81.4%) and controls (94.2%) were engaged as unskilled la-
bour. There was no significant difference while comparing the
socioeconomic status across the study groups. The literacy
rate among the cases and controls was comparable and
showed no noteworthy variance.

Table 2 shows that on univariate analysis, irregular men-
strual cycle (p = 0.04), history of exercise (p = 0.01), history of
GDM in previous pregnancy (p < 0.001), history of type 2
diabetes mellitus (p < 0.001) and history of GDM (p = 0.01)
in first-degree relatives were all found to be significant deter-
minants contributing to GDM.

With respect to the regularity of the menstrual cycle, 21.4%
of the cases presented with irregularity in menstrual cycle

compared to a meagre 8.6% in the controls. It is also interest-
ing to note that while 17.1% of the cases had a history of
previous GDM and 10% of them gave a history of GDM
among their first-degree relatives, none of the controls had
such a history in both categories. On further comparing the
family history among the two groups, 44.3% of the cases had a
history of type 2 diabetes mellitus in the first-degree relative
while only 11.4% of the controls had such a history.

In terms of exercise, 18.6% of the cases exercised while
only 2.9% of the controls did so, but it is worth noting that the
questions asked were regarding their current and not previous
exercise regime, if any.

On further multivariate analysis, as depicted in Table 3,
irregular menstrual cycle (OR = 2.78, CI = 0.94–08.4, p =
0.06) and history of type 2 diabetes mellitus in first-degree
relatives (OR = 5.26, CI = 2.13–12.99, p = <0.001) were
found to be significant risk factors for GDM.

Other independent risk factors which were found to be
significant determinants of GDM are history of GDM in pre-
vious pregnancy (p < 0.001) and history of GDM (p = 0.01) in
first-degree relative.

Discussion

Gestational diabetes mellitus is an upcoming problem which
has been on the rise in India during the past few years.
Considering the implications of GDM on both the mother
and the child, this study hopes to identify the risk factors of
GDM which may aid in implementing early interventional
measures that may in turn reduce its incidence.

One of the important independent risk factors for GDM
that we found from our study was the history of irregular
menstrual cycle (O.R. = 2.799, C.I. = 0.938–8.353, p =
0.065) where 21.4% of the cases presented with irregular men-
strual cycles compared to 8.6% among the controls. The
University of Texas conducted a case–control study which
corroborates this result as it showed how irregular menstrual
cycle is an independent risk factor for GDM (24% vs. 7%, p =
0.006) [9]. Another possible explanation for this association
could be that irregular menstrual cycles are more prevalent
among women with PCOS [10, 11]. PCOS in turn has been
seen as a potential risk factor for GDM in various studies [12,
13]. The pathophysiology underlying this is the state of insulin
resistance induced by PCOS which affects up to 25–70% of
women affected by the disease. During pregnancy, these
women are further predisposed to insulin resistance, thus in-
creasing their likelihood of developing GDM [14].

Another significant variable which was found to be a
risk factor for developing GDM is the previous history of
GDM (p < 0.001). This result can be substantiated with
another age-matched case–control study conducted in Sri
Avittom Thirumal Hospital where the history of previous

Table 1 Baseline characteristics of study participants (N = 140)

Baseline characteristics Cases n (%) Controls n (%) p value

Age (years)
20–24 08 (11.4) 08 (11.4)

25–29 28 (40.0) 28 (40.0)

30–34 22 (31.4) 22 (31.4)

≥ 35 12 (17.1) 12 (17.1)

Mean age (years) 29.54 (±4.3) 29.54 (±4.2)

Religion 0.93
Hindu 52 (74.3) 52(74.3)

Muslim 14 (20.0) 13(18.6)

Christian 04 (05.7) 05 (07.1)

Occupation 0.14
Unskilled 57(81.4)) 66 (94.2)

Semiskilled 07 (10.0) 02(02.9)

Skilled 06 (08.57) 02 (02.9)

Education 0.24
Illiterate 05 (07.2) 02 (02.9)

Literate 65 (92.8) 68 (97.1)
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GDM (p = 0.035) proved to be a significant determinant for
developing GDM in the current pregnancy [1] .
Interestingly, another retrospective study [15] and a case–
control study [16] conducted among the Chinese-Asian

populations also showed similar results with a high recur-
rence rate of 73.1% and 55.0%, respectively, among preg-
nant women who were diagnosed with GDM in their first
pregnancy. Various other studies conducted in South

Table 2 Univariate analysis
showing determinants of
gestational diabetes mellitus (N =
140)

Variables Study groups Unadjusted OR (95% CI) p value

Cases (n = 70) Controls (n = 54)

Pre-pregnant BMI

< 25 61 (87.1) 65 (92.9) 1 0.27
≥ 25 9 (12.9) 5 (7.1) 1.92 (0.60–6.04)

*Menstrual cycle

Regular 55 (78.6) 64 (91.4) 1 0.04
Irregular 15 (21.4) 6 (8.6) 2.91 (1.06–8.01)

Gravida

Primi 31 (44.3) 36 (51.4) 1 0.39
Multi 39 (55.7) 34 (48.6) 1.33 (0.68–2.59)

*History of exercise

Yes 13 (18.6) 2 (2.9) 1 0.01
No 57 (81.4) 68 (97.1) 0.12 (0.03–0.59)

Past abortion

Yes 10 (14.3) 10 (14.3) 1 (0.388–2.58) 1.0
No 60 (85.7) 60 (85.7) 1

History of stillbirths

Yes 01 (1.4) 2 (02.9) 0.493 (0.04–5.56) 0.57
No 69 (98.6) 68 (97.1) 1

Infertility treatment

Yes 2 (2.9) 1 (01.4) 2.03 (0.18–22.90) 0.57
No 68 (97.1) 69 (98.6) 1

*History of GDM in previous pregnancies

Yes 12 (17.1) 00 – < 0.001
No 58 (82.9) 70 (100) –

Premature delivery in previous pregnancies

Yes 4 (05.7) 5 (7.1) 0.79 (0.20–3.07) 0.73
No 66 (94.3) 65 (92.9) 1

Recurrent UTI in previous pregnancy

Yes 3 (4.3) 2 (2.9) 1.52 (0.25–9.40) 0.651
No 67 (95.7) 68 (97.1) 1

*History of type 2 diabetes mellitus in first-degree relative

Yes 31 (44.3) 8 (11.4) 6.16 (2.57–14.77) < 0.001
No 39 (55.7) 62 (88.6) 1

*History of GDM in first-degree relative

Yes 7 (10) 0 – 0.01
No 63 (90) 70 (100) –

*Determinants which contribute to gestational diabetes mellitus (p values < 0.05)

Table 3 Multivariate analysis
showing risk factors for
gestational diabetes mellitus (N =
140)

Variables Unadjusted OR (95%CI) p value Adjusted OR (95% CI) p value

Menstrual cycle 2.91 (1.06–8.01) 0.04 2.78 (0.94–08.4) 0.06

History of exercise 0.12 (0.03–0.59) 0.01 0.15 (0.03–0.73) 0.02

History of type 2 diabetes
mellitus in first-degree
relatives

6.16 (2.57–14.77) < 0.001 5.26 (2.13–12.99) < 0.001
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Indian states, that is, in Karnataka [17] and Kerala [18],
have similar findings. This recurrence of GDM could be
due to a shared risk factor in repeated pregnancies [19] and
other additive factors in between two pregnancies such as
increased inter-pregnancy weight gain [15].

History of type 2 diabetes mellitus in a first-degree relative
was found to be an independent risk factor for GDMwith 44.3%
of the cases but only 11.4% of controls having such a history
(OR= 6.160, CI=2.13-12.99, p = 0.000). A cross-sectional study
in Peru showed similar results where women with a family his-
tory of diabetes were 1.5 times more prone for developing GDM
(OR= 1.51, 95% CI = 1.10–2.07) than those women who did
not [3]. Other studies in Kerala (37.3% cases vs. 12.0% controls
having history of GDM in first-degree relative) [1] and Tamil
Nadu (positive family history of diabetes in 57.87% of women
with GDM) [6] also show the same. Furthermore, a history of
GDM in the first-degree relative (p = 0.007) was also found to be
associated with GDM in current pregnancy as can be seen in
another study inKollam,Kerala. Here, the prevalence of a family
history of GDMwas 41% among the GDMwomen [20]. In fact,
while 10% of the cases in our study had a family history of GDM
in their first-degree relative, none of the controls had the same.
Thus, there seems to be a strong genetic component in the
development of GDM with both family history of GDM and
type 2 Diabetes mellitus in first-degree relative playing a role
as risk factors. This could be due to the inheritance of a genetic
insulin secretory defect which increases the predisposition for
developing GDM [19].

The importance of lifestyle interventions such as exercise
in reducing the incidence of GDM has been established in
various studies. In fact, The Royal College of Obstetricians
and Gynecologists recommend 30 min of aerobic exercise at
least four times a week [21]. Inversely, lack of exercise is an
important risk factor for GDM which has been highlighted in
studies like Kollam where among the GDM women 83.33%
were not engaging in any exercises regularly [20]. An un-
matched case–control study in Ethiopia showed how the risk
of developing GDM decreased by 97% following routine
physical exercise [19]. Another study published in the
American Diabetic Association showed that increased physi-
cal activity before or during early pregnancy was related to a
significantly lower risk of GDM [22]. This is possibly because
exercise increases the stimulation for insulin secretion [19,
21]. In our study, however, there was an inverse relationship
between exercise and history of GDM where 18.6% of the
cases exercised while only 2.9% of the controls did so. This
might be because most of the cases obtained from the wards
had already been diagnosed with GDM and admitted, so they
were recommended by the clinicians to perform mild exer-
cises like walking immediately after meals in order to reduce
their post-prandial glucose levels [18]. Thus, many cases
adopted the practice of exercising while the controls did not,
hence exercise was seen as associated with GDM.

It is interesting to note that pre-pregnancy BMI, which
has been established as a risk factor for GDM in several
studies [15, 23], showed no significant association in our
research. A study was conducted in Urban Tanzania
among 743 participants to find out if the risk factors for
type 2 diabetes well established among the Western pop-
ulations also applied to a population where majority fall
in the lower socioeconomic strata (Urban Tanzania) [24].
It was found that BMI was not an independent risk factor
for developing type 2 DM here. Furthermore, a cross-
sectional study conducted with 5100 North Indian women
from Punjab [25] and a prospective study conducted with
240 Thai women [26] showed that pre-pregnancy BMI
was not a risk factor for developing GDM. This could
be explained by evaluating the pathophysiology behind
the development of GDM among these lower socioeco-
nomic groups. A genetically decreased beta-cell function
or hepatic insulin resistance, rather than increased periph-
eral insulin resistance associated with obesity [24], could
be leading to the development of GDM. This is in con-
cordance with our study where majority of the population
belonged to the lower socioeconomic strata, and a high
pre-pregnancy BMI was not found to be a risk factor for
developing GDM.

Conclusion

It was found in our study that irregular menstrual histo-
ry, history of GDM in previous pregnancy, history of
type 2 diabetes mellitus in first-degree relative and his-
tory of GDM in first-degree relative are all independent
risk factors of GDM.
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Abstract
Objectives Maternal age at pregnancy is one of the most important risk factors for gestational diabetes mellitus (GDM); the
particulars of the association vary by racial origin. Women less than 25 years old are considered to have low risk by the American
Diabetes Association, but there are little data to support this among Chinese women. The aim of this study was to explore the
relationship of maternal age and the incidence of GDM.
Methods The data were drawn from a prenatal healthcare system and clinical record: 15,668 singleton pregnancies in women
who had no pre-pregnancy diabetes and who became pregnant naturally. The relationships of age and GDM incidence were
examined using χ2 and logistic regression models.
Results The overall incidence of GDM was 22.72% (95% CI, 22.07–23.38). The incidence increased from 10.21% (95% CI,
8.18–12.14) in the age group of 18–22 years to 37.10% (95%CI, 33.71–40.49) in the age group of 36–49 years. The risk of GDM
increased by an average of 8% for every 1 year of maternal age, and within each age group, the risk of GDM was 5% higher in
primiparas than in pluriparas, in the range of age of 22 and 35 years.
Conclusions for practice The incidence of GDM increased with maternal age. Women who got pregnant younger than 23 years
had the lowest risk, followed by those who were younger than 30 years. The incidence GDMwas especially high in women who
were primiparas and were older than 30 years.

Keywords Pregnancy .Woman . Gestational diabetesmellitus (GDM) . Age . Parity . Primiparas . Pluriparas
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Significance Previous studies have found that maternal age at pregnancy
is one of the most important risk factors for GDM. Women less than
25 years old are considered to have low risk by the American Diabetes
Association, but there are little data to support this among Chinese
women. We explored the association between maternal age and risk for
GDM in China and found: the incidence of GDM increased with maternal
age at pregnancy, and the risk for GDM increased by an average of 8% for
every year of maternal age between 23 and 36 years old; for Chinese
women, reproduction at a younger age may reduce the incidence of
GDM; for prevention GDM in China, primiparity should be encouraged
at younger ages than 23 years old or at least not older than 30 years old.
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Introduction

Gestational diabetes mellitus (GDM) is defined as glucose
intolerance that first occurs or is first identified during preg-
nancy [1]. Maternal GDM is related to short-term and long-
term adverse outcomes for both mothers and their offspring
[2]. The incidence of GDM has been increasing worldwide [3,
4], including in China [5]. One out of every five pregnant
women in Beijing had either GDM or diabetes during preg-
nancy in 2013, based on data from 15 hospitals [6].

Maternal age at pregnancy is one of the most important risk
factors for GDM [7–9]. In a previous study, rates of GDM
were greater in older women born in all of the regions studied
[10].Women less than 25 years old are considered to have low
risk by the American Diabetes Association [11], but there are
little data to support this among Chinese women. A prospec-
tive population-based study conducted in China in 2010–2012
found that older age at pregnancy was associated with increas-
ing incidence of GDM [12].

In 2016, Chinese family planning policy was changed from
a one-child to a two-child policy, which may lead to more
advanced maternal ages and larger numbers of pluriparas.
The association between maternal age and risk for GDM
should be examined to determine whether the incidence of
GDM will increase further as the new family policy takes
effect, allowing women to be able to choose the optimal age
for becoming pregnant, in terms of GDM prevention.

We explored the incidence of GDM for different age
groups and the difference between GDM incidence in primip-
aras and pluriparas to be able to inform the public of the
optimal age for women to become pregnant, with the aim of
lowering GDM risk.

Methods

Data sources

The data were drawn from the prenatal healthcare system and
the clinical record at Tongzhou Maternal and Child Health
Hospital and three community hospitals in the Tongzhou
District of Beijing. The prenatal healthcare system is held on
a computer network that connects community clinics and
birthing hospitals in the district. Women who live in the dis-
trict are advised to visit any hospital for a clinical pregnancy
diagnosis 6 to 12 weeks after last menstrual period (LMP). If a
pregnancy is confirmed, the pregnant woman must go to a
community clinic to register within 30 days of the diagnosis.
At registration, a unique 14-digit prenatal healthcare code is
given to her for the pregnancy. A maternal booklet is issued
with the prenatal code and the ID numbers of the woman and
the husband (if available). Information on demographic char-
acteristics, use of folic acid supplements, and type of

supplement (whether folic acid only or multivitamins contain-
ing folic acid) used during the peri-conceptional period, per-
sonal obstetric and gynecological history, and weight before
LMP are collected and recorded to be entered into the network
system. Height and weight are measured in the clinic as well.
Later, the woman can choose her birthing hospital and com-
plete her prenatal care there through delivery. Information on
prenatal care is entered into the system in real time at the
birthing hospital. Using the network, community doctors can
check each pregnant woman’s status each day. When the
woman is found to have delivered at a hospital, they visit
her and her child at their home within 7 days of delivery.
The statistical year in the healthcare system is defined as ex-
tending from October 1 to September 30.

Participants

In 2015 and 2016, 16,041 women received prenatal examina-
tions and gave birth at TongzhouMaternal and Child Hospital
and three community hospitals in Tongzhou. Among these,
202 women had twins, 95 became pregnant using assisted
reproductive technology, 53 had pre-pregnancy diabetes, and
23 were under 18 years old. Thus, 15,668 pregnancies in total
were included in the study (Fig. 1).

Diagnostic criteria for GDM

According to the Chinese guidelines for pre-prenatal and pre-
natal care published in 2011 [13], all pregnant women regis-
tered in the prenatal healthcare system should receive fasting
blood glucose tests at their first prenatal healthcare examina-
tion and a 75-g oral glucose tolerance test (OGTT) at 24–28
gestational weeks. GDM was diagnosed when any of the fol-
lowing criteria were met, according to the July 2011 guide-
lines of the Chinese Ministry of Health [13]: fasting plasma
glucose ≥ 5.1 mmol/L, at 1 h ≥ 10.0 mmol/L, or at 2 h ≥
8.5 mmol/L. Pre-pregnancy diabetes mellitus was diagnosed
when a diagnosis of diabetes mellitus had been made before
the beginning of the current pregnancy or when blood glucose
levels were > 7.0 mmol/L at the first health examination (be-
fore 12 weeks of gestation), ≥ 11.1 mmol/L at 2 h after con-
sumption of glucose in a 75-g OGTT, or when casual blood
glucose levels were ≥ 11.1 mmol/L, with typical manifesta-
tions of high glucose levels [14].

Statistical analysis

GDM incidence and its 95% confidence interval (CI) were
calculated using a binomial distribution model. The relation-
ships between age or parity and GDM incidence were tested
using χ2 tests and χ2 trend tests. ORs and their 95% CIs were
used to estimate the association between age or parity and risk
for GDM in a univariate logistic regression model.
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Multivariable logistic regression models were used to control
potential confounders (including ethnicity, education level,
occupation, pre-pregnancy BMI, and folic acid or multiple
micronutrients that included folic acid supplementation). The
predicted incidence of GDM was calculated using a multivar-
iate logistic model for each age group. For ORs and predicted
incidence in each age group, age was used as a category var-
iable. The rate ratio was calculated using the incidence rate in
the current year in the age group divided by the incidence rate
in the previous year of the age group to indicate changes in
GDM incidence by year of age. The average rate ratio was
exp.(â)–1, and the exp.(â) of the measurement variable was
obtained using a univariate or multivariate logistic regression
model.

Results

Participant characteristics

During the statistical years 2015 and 2016, a total of
16,041 pregnant women were registered and gave birth
at Tongzhou Maternal and Child Health Hospital and
the three other township hospitals being studied. After
202 women with twins, 95 women who used assisted
reproductive technology, and 53 women with pre-
pregnancy diagnoses of diabetes, and 23 women under
18 years old were excluded, 15,668 women were incor-
porated into the study.

The characteristics of the women in the study are shown in
Table 1.

Incidence of GDM and crude OR

The overall incidence of GDM was 22.72% (95% CI, 22.07–
23.38) (Table 2). The rate ratio for each age was between 1.02
and 1.67, with the exception of 27-year-olds, whose rate ratio
was 0.98.

The crude ORs between maternal age and GDM incidence
are presented in Table 2. The incidence of GDM increased

with age (trend χ2 = 259.11,p = 0.00). Compared with women
younger than 23 years old, the ORs of 23 years or older

Table 1 Characteristics of the women in the study

Characteristics n (%)

Delivery year

2015 7102 (45.3)

2016 8566 (54.7)

Age

18–24 2514 (16.0)

25–29 7479 (47.7)

30–34 4424 (28.2)

35–49 1251 (8.0)

Ethnicity

Han 14,765 (94.2)

Others 903 (5.8)

Education levela

Middle school or less 5593 (35.7)

High school 9733 (63.4)

Occupationb

Office work 1623 (10.4)

Managers or professional skill worker 2864 (18.3)

Commerce 2568 (16.4)

Others 4640 (29.6)

Unemployed 3243 (20.7)

Pre-pregnancy BMIc

< 18.5 1720 (11.0)

18.5–23.9 8793 (56.1)

24–27.9 2524 (16.1)

≥ 28 848 (5.4)

Parityd

0 10,139 (64.7)

≥ 1 5525 (35.3)

Folic acid or multiple micronutrient supplementation

Yes 13,949 (89.0)

No 1719 (11.0)

aMissing 342 cases; bmissing 730 cases; cmissing 1783 cases; dmissing
4 cases

16,041 women were registered in the 
prenatal care system in Tongzhou district

95 women used assisted reproductive 
technology
53 women were diagnosed as pre-
pregnancy diabetes
23 women younger than 18 years old at 
delivery

202 women had twin pregnancies

15,839 women had singleton 

15,668 women were included in 
the analyses

Fig. 1 Flow chart showing
inclusion and exclusion of
participants. Pregnant women
were registered in the perinatal
healthcare system and received
medical care at a maternal and
child hospital and three
community hospitals in
Tongzhou of Beijing, China,
2015–2016
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women changed from 1.80 (95% CI, 1.34–2.42) to 5.19 (95%
CI, 3.98–6.76).

The overall rates of GDM among primiparas and pluriparas
were 21.88% (95% CI, 21.07–22.68) and 24.29% (95%CI,
23.16–25.42), respectively (Table 2). Compared with primip-
aras women, the crude OR of pluriparas was 1.15 (95% CI,
1.06–1.24).

Adjusted ORs and the predicted incidence of GDM

The adjusted ORs for maternal age and risk for GDM inci-
dence are shown in Table 3. Compared with women younger
than 23 years old, the adjusted ORs were 1.70 (95% CI, 1.23–
2.35) for the 23-year-old and 4.45 (95%CI, 3.29–6.01) for the
36- to 49-year-old age group.

The predicted overall incidence of GDM was 23.54%
(95% CI, 22.37–23.71). Its incidence increased with age
from 10.98% (95% CI, 10.60–11.36) to 37.11% (95%
CI, 33.30–34.46) after adjusting for potential con-
founders (Table 3).

Compared with primiparas women, the adjusted OR was
0.81 (95% CI, 0.73–0.89) for pluriparas women (Table 3).
The rates were higher (by about 5%) for primiparas than for
pluriparas within each age group, particularly for those who
became pregnant at 30–35 years old (Fig. 2).

Comments

The incidence of GDM found in this study was close to the
incidence recently found for Beijing in general [6] and lower
than that for the USA [15], Scotland [9], and Korea [16].
Global country-level estimates of the prevalence of hypergly-
cemia and total diabetes have indicated that the prevalence of
all types of diabetes in pregnancy in China is only 7.0% and
China is not considered a high-incidence region [17]. This
may be due to the time of data collection, screening strategies,
or diagnostic criteria [18].

Maternal age at pregnancy has been studied as a factor for
GDM in studies of Chinese [6] and other [9, 15, 19] popula-
tions. In two previous studies, the ORs for age at pregnancy
and incidence of GDM in northern Chinese women were 1.05
to 1.1 for each year increase in age, and the risk for GDM
increased by 5.3% to 12% for the same age interval [6, 12]. In
this study, we found that from the 23-year-old to the 36- to 49-
year-old age group, the average rate ratio of predicted GDM
incidence was 1.08; after adjusting for confounders, the risk
for GDM increased by 8.0% per year of age, similar to the
findings of other studies on Chinese women [6, 12].

Few studies have explored the optimal primiparas age for
lowering the incidence of GDM in Chinese women.We found
a rate ratio of 1.70 for the 23-year-old compared with the 18-

Table 2 Incidence of GDM by
age and ORs for GDM in age
groups compared with the 16- to
22-year-old age group

Age N GDM OR

n Incidence 95% CI
(lower–upper)

Rate ratioa OR 95% CI
(lower–upper)

18–22 852 87 10.21 8.18–12.24 1.00 1.00

23 712 121 16.99 14.24–19.75 1.66 1.80 1.34–2.42

24 950 167 17.58 15.16–20.00 1.03 1.88 1.42–2.48

25 1436 278 19.36 17.32–21.40 1.12 2.11 1.63–2.73

26 1581 331 20.94 18.93–22.94 1.08 2.33 1.81–3.00

27 1620 331 20.43 18.47–22.40 0.98 2.26 1.75–2.91

28 1617 360 22.26 20.24–24.29 1.09 2.52 1.96–3.24

29 1225 280 22.86 20.51–25.21 1.03 2.61 2.01–3.37

30 1090 254 23.30 20.79–25.81 1.02 2.67 2.05–3.47

31 1039 269 25.89 23.23–28.55 1.11 3.07 2.36–3.99

32 891 237 26.60 23.70–29.50 1.03 3.19 2.44–4.16

33 800 223 27.88 24.77–30.98 1.05 3.40 2.59–4.45

34 604 178 29.47 25.83–33.11 1.06 3.67 2.77–4.87

35 472 155 32.84 28.60–37.08 1.11 4.30 3.21–5.77

36–49 779 289 37.10 33.71–40.49 1.13 5.19 3.98–6.76

Total 15,668 3560 22.72 22.07–23.38 1.08 1.07–1.09

a The rate ratio is the incidence rate in the current year of age divided by the incidence rate in the previous age
group. χ2 = 281.48, p < 0.001; χ2 trend = 259.11, p < 0.001. The rate ratio was calculated using the incidence rate
in the year of age divided by the incidence rate in the previous year of age to indicate the changes in GDM
incidence per year of age. The average rate ratio was exp.(â)–1 , and the exp.(â) of the measurement variable was
obtained using a univariate or multivariate logistic regression model
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to 22-year-old age group in our study population, which is
much greater than the ratios among other age groups. The

ORs for other age groups relative to the 18- to 22-year-old
age group extended from 1.65 to 4.45. We found that the
incidence of GDM changed with age at pregnancy and a dif-
ference between primiparas and pluriparas was observed,
namely, the rate was higher (by about 5%) for primiparas than
for pluriparas within each age group, particularly in the 30- to
35-year-old age group. Taken together, these data may indi-
cate that the optimal age for Chinese primiparas is younger
than 23 years old. A study in Finland also suggested that
primiparity should be encouraged at a younger age [20].

During pregnancy, the development of the fetus depends
on the appropriate nutrient flow from the mother to the fetus
through the placenta, including the flow of glucose [21, 22].
Young β cells are highly proliferative and increase rapidly in
number from the prenatal phase until 30 years of age [23].
Nevertheless, adult β cell proliferation can increase during
pregnancy [24]. As maternal age advances, insulin secretion
normally decreases at a rate of 0.7% per year [25]. The path-
ogenesis of GDM in aging maternal women may thus be due
to age-related insulin resistance and β cell dysfunction, and as

Table 3 Adjusted predicted
incidence of GDM by age group
and ORs for GDM in age groups
compared with the 18- to 22-year-
old age group

N GDM women Adjusted ORa Predicted incidence

OR 95%CI
(lower–upper)

Incidence 95% CI
(lower–upper)

Rate ratiob

Age

18–22 692 76 1.00 – 10.98 10.60–11.36 1.00

23 575 107 1.70 1.23–2.35 18.61 17.97–19.24 1.69

24 752 137 1.65 1.21–2.24 18.22 17.69–18.75 0.98

25 1223 245 1.88 1.42–2.50 20.03 19.59–20.47 1.10

26 1316 285 2.04 1.54–2.70 21.66 21.22–22.09 1.08

27 1364 284 1.95 1.47–2.58 20.82 20.40–21.24 0.96

28 1388 319 2.21 1.67–2.92 22.98 22.55–23.42 1.10

29 1063 247 2.22 1.66–2.96 23.24 20.70–25.78 1.01

30 914 226 2.44 1.82–3.27 24.73 22.74–23.73 1.06

31 831 216 2.65 1.96–3.57 25.99 24.18–25.82 1.05

32 768 204 2.61 1.93–3.52 26.56 25.38–26.61 1.02

33 694 207 3.21 2.37–4.35 29.83 25.92–37.21 1.12

34 516 162 3.45 2.51–4.74 31.40 29.10–30.55 1.05

35 414 138 3.58 2.57–54.99 33.33 30.54–32.55 1.06

36–49 679 252 4.45 3.29–6.01 37.11 32.30–34.36 1.11

Total 13,189 3105 1.08 1.07–1.09 23.54 22.37–23.71 1.07c

Parity

0 10,139 2218 1 – – – –

≥ 1 5525 1342 0.81 0.73–0.89 – – –

aMultivariate logistic analyses were used to adjust for confounders including age, ethnicity, occupation, educa-
tion, pre-pregnancy BMI, parity, and folic acid supplementation
b The rate ratio was calculated using the incidence rate in the current year of age divided by the incidence rate in
the previous year to indicate the changes in GDM incidence year by year. The average rate ratio was exp.(â)–1 ,
and the exp.(â) of the measurement variable was obtained using univariate or multivariate logistic regression
models
c Average predicted GDM incidence rate ratio for each age from 23 to 36 years old, after adjusting for confounders
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Fig. 2 The incidence of gestational diabetes (GDM) within each age
group by parity

118 Int J Diabetes Dev Ctries  (2021) 41:114–120



a result, the needs of the fetus and mother cannot be met
during the pregnancy.

The incidence of GDM was higher for primiparas than for
pluriparas in each age group. We were unable to find a pub-
lished study that focused specifically on the relationship be-
tween maternal parity and risk for GDM. Studies that have
touched on the topic have drawn inconsistent conclusions,
with most indicating that maternal parity is a protective factor
[26, 27]. However, one study found maternal parity to be a
risk factor (AOR = 1.78; 95% CI, 1.3–2.49) [28], and another
found an association between maternal parity and risk for
GDM (OR = 1.27; 95% CI, 0.99–1.64) using a multivariate
model [29]. The sample sizes in the three studies listed above
were not as large as those of this study, and parity could be
different in different populations. Chinese women, because of
family planning policy, have a smaller proportion of
pluriparas than other populations. In this study, around 65%
of women were primiparas, and less than 35% had one or
more previous births. Other countries have higher proportions
of pluriparas.

Since the Chinese family planning policy was adjusted in
2016, more women of advanced age have become pregnant,
making it important to clarify the relationship between mater-
nal age at pregnancy and incidence of GDM. This study fo-
cused on the relationship between GDM incidence and mater-
nal age or parity within a large sample in Beijing. The quality
of perinatal data from the healthcare system is high, and the
GDM screening strategy and process is unified. However,
certain factors, such as age of maternal menarche, genetic
factors (family diabetes history), dietary habits, and weight
gain during the gestational period, were not considered in
the multivariate model because of the limitations in the routine
data used in this study.

In summary, the incidence of GDM increased with
maternal age at pregnancy, and the risk for GDM in-
creased by an average of 8% for every year of maternal
age between 23 and 36 years old. For Chinese women,
reproduction at a younger age may reduce the incidence
of GDM. For prevention, GDM primiparity should be
encouraged at younger ages than 23 years old or at least
not older than 30 years old.
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Abstract
Objective To retrospectively analyze the mediating effects of body composition during the first trimester on the occurrence of
gestational diabetes mellitus (GDM) in early third trimester in advanced maternal age (AMA).
Methods FromDecember 2017 toMay 2018, 1635 singleton pregnant women who underwent delivery in the GuiyangMaternal
and Child Health Hospital were selected. The body composition data was measured by using the INBODY770 body composition
instrument in the first trimester (mainly at a gestational age of 10–12 weeks). The blood glucose levels at fasting for one night and
the cutoff values for them at 1 and 2 h after administration during the 75 g oral glucose tolerance test at gestational age of 24–
28 weeks (the early stage of the 3rd trimester) were also collected. According to the Baron and Kenny’s criteria (the basic
principle of interpreting the intermediary role), multivariate logistic regression was used to analyze the mediating effects of body
composition (body fat percentage and protein percentage) between AMA and GDM occurrence.
Results In total, 1635 subjects aged 30.93 ± 4.80 years were selected, and there were 376 women with AMA (23%). There were
983 pregnant women (39.88%) with a body fat percentage greater than 30% and 1331 (81.71%) pregnant women with a protein
percentage less than 15%. The results showed significant differences in height, weight, lean body weight, body fat, body fat
percentage, and GDM prevalence between AMA and low-age groups (p < 0.05). After adjusting height, parity, and AMA, the
body fat percentage showed association with GDM (odds ratio, OR 1.85 (1.38 ~ 2.48); confidence interval, CI 95%, p < 0.05).
After adjusting height, parity, and body weight percentage, the AMA showed association with GDM (OR (CI95%) 2.38 (1.68 ~
3.37)). Similarly, the protein percentage showed association with GDM (OR (CI 95%) 0.50 (0.31 ~ 0.81), p < 0.05).
Conclusion These results confirmed the mediating effects of body fat percentage and protein percentage on AMA and the
occurrence of GDM. Advanced age is directly associated with increased risk of GDM, which in turn increases with higher
percentage of body fat and lower percentage of protein.

Keywords Gestational diabetesmellitus . Advancedmaternal age . Body composition . Body fat . Protein

Introduction

Gestational diabetes mellitus (GDM) refers to abnormal glu-
cose metabolism during pregnancy, but this excludes pre-

pregnancy diabetes, Type I or Type II diabetes mellitus [1].
This might in turn lead to adverse pregnancy outcomes, such
as cesarean section and hypoglycemia in newborns, as well as
increased long-term risks of obesity, type II diabetes, and
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metabolic syndrome in filial cells [2]. Advanced maternal age
(AMA)was defined as pregnant women of age ≥ 35 [3]. AMA
is regarded as a risk factor of GDM [4], and the proportion of it
has been gradually increased with the issuance of two-child
policy in China [5]. Several clinical observations have re-
vealed that AMA population is associated with a relatively
higher body fat percentage and lower protein percentage,
and so it is assumed that the AMA population is associated
with higher risk of GDM. Therefore, this study aimed to ex-
plore the mediating effects of body composition, such as body
fat percentage and protein percentage, in the first trimester of
AMA population and the occurrence of GDM at early third
trimester by analyzing the clinical data and body composition
data in singleton pregnant women.

Subjects and methods

Subjects

Ethical clearance and informed consent

This study was conducted under the surveillance of Guizhou
University of Chinese Traditional Medicine and Women
Healthcare Department of Guiyang Maternal and Child
Health Hospital, in the People’s Republic of China. The study
protocol was approved by the ethics committee of Guiyang
Maternal and Child Health Hospital. Informed consent was
obtained from women who participated.

Singleton pregnant women who underwent delivery at
Guiyang Maternal and Child Health Hospital from
December 2017 to May 2018 were selected for this study, to
investigate the basic information of age, height, body weight,
lean body weight (LBW), body fat, body fat percentage, pro-
tein percentage, and GDM.

Inclusion criteria were as follows: women (1) with
singleton pregnancy, also including a history of gyneco-
logic oncology, (2) who voluntarily participated for body
composition testing, and (3) who underwent 75 g oral
glucose tolerance test (OGTT) at the early stage of the
third trimester.

Exclusion criteria were as follows: women (1) with type I
or type II diabetes before pregnancy, (2) who lacked the body
composition data tested in the first trimester, and (3) who
lacked the data of 75 g OGTT.

Instrument

The body composition analyzer (including height and weight
measurement) used was the INBODY770 (Biospace Co,
Korea).

Data acquisition and methods

Clinical data

The basic information of age and height during the first
trimester.

Instrument testing

The body composition was measured in strict accordance with
the operating procedure of the INBODY770 body composi-
tion analyzer. Pregnant women with empty stomach were
instructed to wear casual clothes and followed by emptying
of urine, taking off their shoes and socks, and wiping their
hands and feet with electrolytic wet tissue. The body weight
analyzer that comes with the INBODY770 body composition
analyzer was used for measuring the weight. The pregnant
women were then instructed to stand on the foot-shaped elec-
trode, holding the handle, with the thumb on the upper part of
the handle and the remaining fingers on the lower part of the
handle, keeping their arms straight and away at a certain dis-
tance from their torso, and this posture was followed by the
instruction of the measurement. The following indicators such
as the body weight, lean body weight, body fat, and protein
were measured.

GDM diagnostic criteria

GDM was diagnosed according to the criteria established by
the Obstetrics and Gynecology (9th edition) [6]. Firstly, blood
glucose levels of the pregnant women with fasting for one
night at the early stage of the third trimester were measured,
then underwent OGTT (75 g glucose was dissolved in 250 ml
warm water, drank within 5 min).The cutoff values for blood
glucose levels at 1 h and 2 h after drinking were measured. If
any values met or exceeded items of the blood glucose value
standards, 5.1 (empty stomach), 10.0 (at 1 h), and 8.5 (at 2 h)
mmol/l, respectively, they could be diagnosed as GDM.

Criteria of mediating effect

According to the Baron and Kenny’s criteria [7], there
exist mediating effects if the following four conditions
are met: (1) dependent variables are altered with inde-
pendent variables; (2) independent variables are related
to mediators; (3) dependent variables are altered with
mediators after adjusting independent variables; and (4)
dependent variables are still altered with independent
variables after adjusting the mediators. AMA was con-
sidered an independent variable, body fat percentage
and protein percentage were considered as mediators,
and GDM occurrence was considered dependent
variable.
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Calculation of indicators

Body fat percentage = body fat weight/body weight*100%,
protein percentage = protein weight/body weight*100%.

Statistical analysis

Statistical analysis was performed using SAS9.4 software.
The height, weight, lean body weight (LBW), and body fat
were normally distributed and expressed as means ± standard
deviation. The chi-square test was used to compare the differ-
ences in the constituent ratios or rates (of dependent variables)
for independent variables. A multivariate logistic regression
model was used to analyze the mediating effects of body com-
position on AMA and GDM. The effects of independent var-
iable on dependent variable and on the mediators were firstly
analyzed, and then the independent variable and the mediators
were included in the regression model to analyze their effects
on the dependent variable. A difference of p < 0.05 was con-
sidered to be statistically significant.

Results

Basic information

A total of 1635 subjects were enrolled, with age 30.93 ±
4.80 years, height 158.55 ± 5.03 cm, body weight 55.23 ±
8.25 kg, LBW 39.26 ± 4.43 kg, and body fat 15.98 ±
5.18 kg, in the first trimester. There were 983 pregnant women
(39.88%) with a body fat percentage of greater than 30%,
1331 pregnant women (81.71%) with a protein percentage
of less than 15%, 721 women ofmultipara (44.10%), 27wom-
en with a history of gynecologic oncology (1.65%), and 214
women with GDM (13.09%), (Table 1).

Comparisons of the basic body information between
different age groups

There were 1259 pregnant women (77.00%) who are younger
than 35 years, and 376 pregnant women (23.00%) who are
over 35 years. There were significant differences in height,
weight, LBW, body fat, body fat percentage, protein percent-
age, and GDM prevalence between the two groups (p < 0.05),
(Table 1 and Fig. 1).

The mediating effect of the body fat percentage on
AMA and GDM

The AMA showed association with GDM (OR (95% CI)
2.63(1.94 ~ 2.56), p < 0.05) after adjusting height;

the AMA showed association with body fat percentage
(OR (95%CI) 1.52 (1.21 ~ 1.92), p < 0.05) after adjusting
height;
the body fat percentage showed association with GDM
(OR (95% CI) 1.85(1.38 ~ 2.48), p < 0.05) after adjusting
height, parity and AMA;
the AMA showed association with GDM (OR (95% CI)
2.38 (1.68 ~ 3.37), p< 0.05) after adjusting height, parity,
and body fat percentage. Therefore, the body’s high fat per-
centage plays a risky mediating effect on AMA and GDM.

The mediating effect of protein percentage on AMA
and GDM

The AMA showed association with GDM (OR (95% CI)
2.63 (1.94 ~ 2.56), p < 0.05) after adjusting height;
the AMA showed association with protein percentage
(OR (95%CI) 0.49 (0.35 ~ 0.70), p < 0.05) after adjusting
height;
the protein percentage showed association with GDM
(OR (95%CI) 0.50 (0.31 ~ 0.81), p < 0.05) after adjusting
height, parity, and AMA;
the AMA showed association with GDM (OR (95% CI)
2.39 (1.69 ~ 3.38), p < 0.05) after adjusting height, parity,
and protein percentage. Therefore, the low-protein percent-
age plays a risky mediating effect on AMA and GDM.

Discussion

This is a retrospective study. A total of 1635 cases from preg-
nant women, who had regular examinations in Guiyang City
Maternal and Child Health Hospital (our hospital) in 2017,
were selected as the research subjects. To ensure the accuracy
and reliability of experimental study result, we analyzed the
quantity of data statistically based on classic Baron and Kenny
criteria of mediating effect. From the survey, we recorded
pregnant women’s body composition in the first trimester of
pregnancy and blood glucose levels at the early stage of the
third trimester. Authentic and credible, the blood glucose level
was measuredwith 75 g oral glucose tolerance test (OGTT) by
specialists of clinical laboratory. According to the observation
of body components in the first trimester of pregnancy, we
hope to alert the occurrence of gestational diabetes mellitus
(GDM) early and to guide obstetricians and gynecologists to
conduct nutritional interventions.

There are two types of GDM, one has been diagnosed
before pregnancy called pregnancy with diabetes, the type
we had listed as exclusion criteria. Another refers to abnormal
glucose metabolism or underlying impaired glucose tolerance
during pregnancy. Probably, owing to the changes of body

123Int J Diabetes Dev Ctries (2021) 41:121–126



structure of women in pregnancy, or the level of placental
lactogenin, estrogen, progesterone, cortisol, and placental
insulinase in the middle and third trimester of pregnancy, that
the insulin receptors in their bodies gradually lose the sensi-
tivity to insulin with the pregnancy progresses, as a result,
their blood glucose increases. However, most of the glucose
metabolism can be restored to normal after delivery. The main
object of this study is such kind of pregnant women with

restorable glucose metabolism. Before the two-child policy
was issued years ago, the incidence of GDM in China was 1
~ 5% and appears to a rising trend nowadays as a result of the
increasing number of advanced maternal age (AMA) [8].
Compared with the normal pregnant women, GDM patients
are more likely to suffer from type 2 diabetes after delivery.
During the childbirth, both GDM puerperas and newborns
associate with high risk factors such as eclampsia. Also, they

Table 1 Basic informations of the
subjects Variable Sum age<35 years age>35 years t/X2 P

n=1635 n=1259 n=376

Height, cm, M±SD 158.55
±5.03

158.83±5.04 157.62±4.91 4.10 <.0001

Weight, kg, M±SD 55.23±8.25 54.69±8.11 57.01±8.49 -4.80 <.0001

LBW, kg, M±SD 39.26±4.43 39.09±4.32 39.81±4.74 -2.79 0.0053

Body fat, kg, M±SD 15.98±5.18 15.62±5.16 17.16±5.06 -5.09 <.0001

Body fat percentage, n(%)

<30% 983(60.12) 788(62.59) 195(51.86) 13.90 0.0002

>30% 652(39.88) 471(37.41) 181(48.14)

Protein, kg, M±SD 28.88±3.27 28.76±3.19 29.31±3.50 -2.88 0.004

Protein percentage, n(%)

<15% 1336(81.71) 1002(79.59) 334(88.83) 16.55 <.0001

>15% 299(18.29) 257(20.41) 42(11.17)

Parity

Primipara 914(55.90) 851(67.59) 63(16.76) 303.55 <.0001

Multipara 721(44.10) 408(32.41) 313(83.24)

History of gynecologic oncology, n(%)

No 1608(98.35) 1242(98.65) 366(97.34) 3.06 0.0804

Yes 27(1.65) 17(1.35) 10(2.66)

GDM, n(%)

No 1421(86.91) 1132(89.91) 289(76.86) 43.35 <.0001

Yes 214(13.09) 127(10.09) 87(23.14)

Fig. 1 The conditions of body fat
percentage, protein percentage,
and GDM prevalence between
different age groups
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will develop near-term or long-term complications in serious
possibility. Therefore, it requires extensive attention to de-
crease the incidence of GDM by detecting early warning in-
dexes, and proceeding timely nutritional and lifestyle inter-
vention in the first trimester [9].

Traditionally, pre-pregnancy overweight and obesity were
treated as the risk factors for the occurrence of GDM. Body
mass index (BMI) is the most commonly used to measure the
degree of human obesity [10–14]. Once a pregnant woman’s
BMI is rising above the standard, just like she may be diag-
nosed with GDM, it will affect her, even the newborn’s quality
of life. For example, Segura MT et al. [15] believe that BMI is
closely related to GDM, demonstrating that high pre-pregnancy
BMI or GDM independently alters mRNA expression levels of
genes involved in fatty acid (FA) uptake and metabolism and
the placental FA profile, which could affect fetal development
and long-term health. Nevertheless, there may be diagnosis
deviation for muscular obesity, and latent obesity is difficult
to be distinguished by BMI solely. The more accurately body
fat percentage can be detected, the more accurately we can
evaluate obesity of pregnant women. Analysis of body compo-
sition data can make up for this deficiency. There have been
many researches on body composition analysis, including pro-
tein percentage and body fat percentage. A variety of common
data about bodies’ composition and proportion, especially mus-
cle, bone, fat, water, and minerals, are detected and recorded by
a particular instrument [16, 17]. Through these indicators, we
can evaluate the proportion of the internal structure of the body.
There are researches also supporting that body composition
analysis can better reflect the body’s relevance between obesity
and health [16, 17]. Wang Y et al. [16] have found that the
measurement of body composition can be used to identify the
gestational diabetesmellitus (GDM) risk in pregnant women. In
their retrospective case-control study, they reviewed the medi-
cal records of 3965 pregnant women who had body composi-
tion measurement, finding that percentage body fat was the
strongest risk factor for gestational diabetes after adjusting
pre-pregnancy body mass index (BMI). Through the assess-
ment of body composition, it may provide important guidance
to identify gestational diabetes in pregnant women with low
gestational diabetes risk.

So many instruments have been put to use; among which,
our hospital has introduced the INBODY770 to measure body
composition of pregnant women [18]. With the benefits as
easy operation, non-invasive measurement, and high accura-
cy, this body composition analyzer utilizes multi-frequency
bioelectrical impedance [19].Through these auxiliary means,
our clinicians gradually took steps to manage the weight of
pregnant women, up to about 12,000 people per year.

Owing to the release of two-child policy, the increase of
AMA prompted the incidence of diabetes to a concerning
level. Through the body component analysis at first trimester,
it is beneficial to supplement an early warning index of GDM.

Basically consistent with the policy, our retrospective study
showed a significantly increased GDM. The incidence of
pregnant women aged above 35 was double as those aged
below 35, supported by statistical analysis that AMA was
notably correlated with GDM.

Among the two groups, one with pregnant women aged
above 35 and another below, there was a significant difference
in body fat and body fat percentage, probably associated with
GDM. Conducted by multivariate logistic regression, the
body fat percentage was correlated with GDM after adjusting
for height, parity, history of tumor, and AMA, with the OR
(95% CI) value 1.85. AMA was correlated with GDM after
adjusting for height, parity, history of tumor, and body fat
percentage, with the OR (95% CI) value 2.38. This positive
correlation indicates that AMA is a risk factor for GDM, me-
diated by body fat percentage. Higher body fat percentage is a
risk factor for GDM, because of OR > 1.

It also seemed a difference in protein percentages between the
two groups. The protein percentage was correlated with GDM,
after adjusting for height, parity, history of tumor, andAMA,with
the OR (95% CI) value 0.50. AMA was correlated with GDM
after adjusting for height, parity, history of tumor, and protein
percentage, with the OR (95% CI) value 2.38. Indicating another
mediating effect betweenAMAandGDM; lower protein percent-
age is a risk factor for GDM, because of OR< 1.

Through the regression analysis, the history of gynecologic
tumor had no correlation with the dependent variable.
Therefore, gynecologic tumor was not excluded from this
study. This study of the intermediate effect between AMA
and GDM indicated that the examination of body composition
could be seemed as a supplement to early factor in screening
GDM among AMA. High body fat percentage and low-protein
percentage mediate the occurrence of GDM among AMA;
however, the relevant mechanism is still indistinct. Here comes
an assumption that decompensated islet β cells caused by fat
are incapable to regulate the blood sugar adequately, which
leads to GDM. As the fat tissue synthesis is a decisive effect
in the process of insulin resistance, and that women’s body fat
percentage increases while protein percentage decreases with
age [20, 21]. From both domestic and overseas, some re-
searches have pointed out a correlation between elder age and
GDM [22–27]. Similarly, some have suggested that AMA is
associated with obesity [27]. Nevertheless, few studies have
focused on the mediating effect between AMA and GDM,
especially the one mediated by body composition. The results
of this study could be seemed as a supplementary warning
signal for the risk factors of AMA and GDM.

Here is a limitation for the mediation analysis that explains
the whole pathway partially. If more relevant factors are obtain-
ed, the relationship and effect between variables could be ex-
plored more comprehensively through the pathway analysis.

In conclusion, for a better prevention and control of GDM in
the future, it is necessary to highlight the education of exercise
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and health to AMA, according to which they will realize the
adverse effect of high body fat percentage during pregnancy.
For AMA, it might be an effective measure to reduce body fat
percentage and increase protein percentage by sufficient phys-
ical activity and intake of protein before and during pregnancy.
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Abstract
Aims To explore the barriers that reduce postpartum follow-up of mothers with gestational diabetes mellitus.
Settings and design This is a mixed method study with a qualitative study followed by a detailed narrative review conducted in
Karnataka. The subjects were selected from Dr. T M A Pai Rotary Hospital, Karkala.
Methods and material A total of 6 in-depth interviews were conducted out of 9 patients who met the inclusion and exclusion
criteria. The contact number of the patients was obtained and they were contacted over the phone. Interviews were conducted at a
place and time of the women’s choice.
Narrative review Thematic analysis approach was used for analysis. The codes were formed from the transcripts and then
categories were formed. A narrative review was also conducted to explore the existing evidence on the topic. In total, 62 articles
were reviewed including various types of studies.
Results The key findings are categorized in general as barriers, then subthemes were formed. The most common barriers were lack of
prior appointment for mothers, lack of adequate hospital facilities, baby and concerns, priority and lack of knowledge or health
education.
Conclusions The overall study findings reveal that healthcare facilities must be strengthened to avoid long waiting time and
overcrowding to improve the screening after delivery. Educating the women regarding the need for dietary restrictions and
exercise and giving priority to their own health as well as reminder systems is necessary to ensure the postpartum follow-up.

Keywords Barriers . Postpartum follow-up . Gestational diabetesmellitus

Introduction

Gestational diabetes is a common condition that occurs during
pregnancy. Globally, there are 204 million women (20–
79 years) living with diabetes and this number is projected to
increase to 308 million by 2045. Half of women with a history
of GDM progress into type 2 diabetes within 5 to 10 years after
delivery [1]. According to Diabetes in Pregnancy Study group
India (DIPSI), gestational diabetic women require follow-up
with glucose tolerance test with 75 g oral glucose after 6 weeks
of delivery and that must be repeated after 6months if necessary
and then every year to determine whether the glucose tolerance

has returned to normal or has progressed [2]. However, the
screening rates during postpartum are very low which ranges
from 17 to 24% [3, 4], especially in low and middle-income
countries where the vast majority of cases of GDM occur and
access to maternal care is limited [1]. It is shown that although
there is an increase in the rates of postpartum screening since
the 1990s, it reached only up to 53.8% in 2006 [5].

The existing knowledge regarding the barriers for postpar-
tum follow-up of women who were diagnosed with gestation-
al diabetes mellitus is very limited. Very few qualitative stud-
ies have been conducted especially in a country like India
where the burden of diabetes is very high. There exist some
barriers on a personal level and in the health system level that
leads to a missed opportunity for follow-up of mothers who
had gestational diabetes mellitus. Therefore, understanding
these barriers is necessary to improve the postpartum screen-
ing and preventive behavior/s. This study is undertaken
among the women in the postpartum period up to 1 and half
years in order to explore the barriers gap for postpartum fol-
low-up. This study aims to explore the barriers for postpartum
follow-up of mothers with history of GDM.

Keymessages Given the evidence of gestational diabetes mellitus and its
progression to type 2 diabetes mellitus, we have to promote postpartum
follow-up.
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Subjects and methods

The present study was an exploratory study using a qualitative
research design followed by a detailed narrative review. It was
conducted in Karkala taluk of Udupi District and included the
women who were diagnosed with GDM and are within
18 months from the date of delivery and women who were
not coming for postpartum follow-up. Ethical clearance was
obtained from the Institutional Ethical Committee, Kasturba
Medical College and Kasturba Hospitals, MAHE. The list of
patients who were diagnosed with GDM was obtained from
the hospital after obtaining permission from the hospital au-
thorities. In total, there were 36 women who were diagnosed
with GDM and out of which 27 women were not coming for
follow-up screening. These 27 women were contacted and a
short description regarding the study was given. Out of these
27 women contacted, 14 women were relocated, 4 of them
were not willing to participate and 3 could not be contacted
due to inappropriate contact details. The interview was con-
ducted among 6 women who were willing to participate. The
methodology used for data collection is explained in Fig. 1. A
convenient time, place and date of the interview were fixed

upon participants’ willingness to take part in the study. Home
visit was done by the principal investigator. Informed consent
was obtained. The duration of the interview ranged from 20 to
40 min and audio recording of the interview was done. A
validated semi-structured interview guide was used to collect
data which included the details of sociodemographics and
other 4 domains focusing on barriers for postpartum follow-
up. The domains included antenatal period, screening and
treatment, medical care and service and postpartum follow-
up. After interviewing the participants, the transcripts of
voice-recorded interviews were prepared and translation was
done. The data were read thoroughly to develop codes and
then categories. Descriptive statistics were used to describe
the sample in terms of sociodemographics details; thereafter,
this information was used to frame a comprehensive note of
barriers to mothers who had GDM.

In order to compare the results of these 6 interviews, a
narrative review was conducted to find out the existing evi-
dence on barriers faced in postpartum period for follow-up by
women who had GDM. Studies that gave an insight on the
different barriers that the patients face in their personal life as
well as related to healthcare in postpartum follow-up were

Fig. 1 Diagram of the
methodology used for data
collection
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included. Key search terms like “Gestational Diabetes
Mellitus”, “post-partum”, “barriers”, “screening”, “post-
partum follow-up”, “lifestyle”, “physical activity” and “chal-
lenges” were used and conducted searches in electronic data-
bases like PubMed,Medline and references of selected articles
to find relevant material for barriers. All types of study designs
have been included to identify all the barriers in postpartum
follow-up. A total of 62 articles were identified for the review.
The types and number of studies identified were qualitative
studies [22], quantitative studies [32] and reviews [8] from
India and other parts of the world. The articles reviewed in-
clude 32 full-text articles and 30 abstracts. The data in this
review is analyzed by using a thematic analysis approach.
The findings were segregated into different themes as barriers
in general and subthemes were extracted.

Results

Table 1 shows the sociodemographics details of the respon-
dents. The results of the study are categorized as barriers. The
problems faced by women on the health system level or
healthcare level on a personal level for follow-up have been
identified as barriers. The codes and verbatim are presented in
Table 2.

Barriers

There were different barriers for the postpartum screening and
lifestyle modification. Those included various obstacles they
faced in their personal level and health system level.

Waiting time and inconvenience to go early in the morning

Majority of the women shared that they had experienced long
waiting time and also expressed regarding inconvenience to
go early morning for testing (blood sugar) during their ante-
natal period. They also expressed the inconvenience they had
due to long waiting hours to meet the doctor after testing.

Need for prior appointment

Majority of women expressed that it would be good if there is
a system of prior appointment especially for mothers. This
would help mothers to avoid long waiting hours.

Need for hospital facilities and services

There were other challenges that this study elicited such as
overcrowding in the hospital, staying far away from the hos-
pital and different instances where they had bad experience

from the hospital which lead to dissatisfaction in the hospital
facilities and services.

Vomiting related to the test

Two of the women expressed their experience of having
vomiting sensation after drinking glucose. They said that it
tasted sweet and made them vomit. One of them said “sweet
and vomiting was there” and it was one of the reasons for
avoiding the test.

Asymptomatic and perceived normality

Majority of the women had perception of being normal. Many
of them thought they are normal since the blood test before
discharge from the hospital showed normal blood sugar.

Table 1 Sociodemographic details of the participants

Demographic variable Frequency (%)

Age 27 1 (16.6%)

28 1 (16.6%)

30 1 (16.6%)

33 1 (16.6%)

34 1 (16.6%)

48 1 (16.6%)

Religion Christian 2 (33.3%)

Hindu 4 (66.6%)

Marital status Married 6 (100%)

Education Graduate 1 (16.6%)

Higher secondary 1 (16.6%)

PG 3 (50%)

Primary 1 (16.6%)

Occupation Housewife 4 (66.6%)

Working 2 (33.3%)

Age at marriage 24 2 (33.3%)

25 1 (16.6%)

27 2 (33.3%)

28 1 (16.6%)

Parity 1 4(66.6%)

2 1 (16.6%)

3 1 (16.6%)

Type of present delivery Caesarian 4 (66.66%)

Normal 2 (33.3%)

Income 200,000 2 (33.3)

300,000 1 (16.6%)

400,000 1 (16.6%)

60,000 1 (16.6%)

600,000 1 (16.6%)
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Majority of them were waiting for symptoms to appear and
then take up the screening test.

Time constraints and busy schedules

Lack of time was a major barrier for most of the women. They
were either busy with the baby or with work. They also
expressed their busy schedules as one of the barriers in going
for the test and also for following lifestyle behaviour.

Baby and concerns

As reported by majority of the women, concerns related to the
baby made them to miss postpartum screening and adopting
lifestyle behavior/s like diet and exercise. Women missed the
postpartum screening test because their baby would cry if
waited for a long time.

Priority

Majority of the women did not take this screening and lifestyle
modification as important. They gave priority for other things
like their children and work. One woman had financial issue
and she gave priority to her sick child rather than herself. Most
of them took an effort to go for baby’s vaccination and ignored
the screening test for themselves.

Inadequate health education

Though majority of the woman received education regarding
the screening and chances for developing type 2 diabetes, they
told that there is lack of education or information regarding
diet and exercise after delivery. They perceived that since the
blood sugar was normal immediately after delivery, there was
no need for dietary changes anymore.

Table 2 Codes and verbatim

Codes Verbatim

Waiting “we need to wait, we have to go early and then go to registration wait for a long time, do the tests and meet the
doctor, give blood then wait for two hours, if there is a system for prior appointment, we do not need to wait
for a long time”.

Go early morning “We have to go really early at around 6 o’clock in the morning and if we go early then we can get the turn,
otherwise no. So, if I go in the morning, at least by afternoon we will get a turn.”

Prior appointment “Yes, that’s the main reason why I did not go to hospital. And also, I will be shifting to Dubai soon and I thought
I will take an appointment with the doctor there meet the doctor at the time of appointment and meet them. No
need to wait, here we do not have that facility. we do not get a prior appointment and then wemeet the doctor:
that means when we are here we do not feel like going. There we can go on time and get an appointment”

Hospital facilities and care “doctor was very good, now that is too far for me know that’s why am going here. I did not go because I shifted
here know

“But somehow, I feel that there is much crowd, there is crowd like anything, it is one difficulty I found. Because
as I am a lecturer I have to come back otherwise I have to take leave for a whole day, for that I feel some of
inconvenience. Getting time to go and we used to go in the morning only.”

“I had a bad experience during caesarian section. I could feel the baby coming out and the whole that is
happening in my stomach. I had some difficulties related to that. I had some problems related to the stitch, the
stitch took some long time to heal”.

Vomiting related to test “sweet and vomiting was there”

Asymptomatic and perceived
normality

“doctor said it was normal so I thought it is okay. I am normal and I did not go.”

Time constraints and busy schedules “since amworking and that makes me busy” and another woman said “I do not have enough time to take care of
herself”

Baby and concerns “I have to go with the baby and she is very small, she is small, it is very difficult. Actually, we have to go for
check up in the morning and the baby would cry, it was a reason”

Priority “Yes, it was like that, I had thyroid issues before pregnancy and after delivery I had some symptoms so I focused
on treating that, I gave priority to that”

Inadequate health education “No no nothing, doctor did not give me dietary advice”

Lack of decision-making power and
family support

“I was interested to go but money was not there So they told me no, so I did not go”

Forgot “sometimes I thought I must go but in between I forgot and I forgot going to hospital in between the busy
schedules”.

Being frustrated “I feel I’m doing wrong, sometimes I feel frustrated because in this age only I got diabetes. I will get tension and
sometimes I do deceive myself eating when I go outside though I know I should not”.

Financial issues “Actually this house was built so financial issues were there. I did not go for checkup primarily because of the
financial problem”
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Lack of decision-making power and family support

Lack of decision-making power in the family was another
barrier for follow-up as explained by the women. One woman
from a rural area expressed her interest in going for the test but
she did not go because her husband and his family said not to
do so. Other twowomenwanted support of their family so that
they can go for testing or follow the diet and exercise.

Forgot

Four of the women said that they forgot about the test and one
of them said that she remembers it as 6 months and does not
even remember what doctor had advised and quoted “I re-
member it as 6 months. May be doctor had told me 6 weeks”.

Being frustrated

One of the main barriers to following exercise and diet control
for the womanwho had already developed type 2 diabetes was
that she felt frustrated because she still has abnormal blood
glucose level in spite of all the efforts for follow-up from her
side.

Financial difficulties

One woman from the rural area said that she had experienced
financial difficulties during the postpartum period which was
a reason for not going for the test.

Results of the narrative review

Barriers

Inconvenience associated with diagnostic test and treatment

The test used for diagnosis in all the articles for type 2 diabetes
screening was OGTT recommended by the American
Diabetes Association. The literature shows that there are ma-
jor challenges related to diagnostic test like poor laboratory
conditions [6], difficulty in completing the OGTT [7], incon-
venience associated with 2- to 3-h test [8, 9, 10]. Treatment-
related barriers point out two contrasting ideas, i.e. treatment
with insulin during pregnancy was associated with non-
adherence to postpartum screening [11] and also higher ad-
herence rate to postpartum testing in another study [12].

Lack of healthcare facilities and care

Importance and need for adequate, accessible and responsible
healthcare facilities were important barriers that were more
commonly found in many of the articles. In low- and

middle-income countries (LMIC), the barriers include lack
of trained healthcare providers, high staff turnover, lack of
standard protocols, lack of consumables and equipment, fi-
nancing of health services and treatment, lack of or poor re-
ferral systems, feedback mechanisms and follow-up systems,
distance to health facility [13], inadequate supply of glucose
[14] and lack of nearby health facility in the locality [15].

Barriers in healthcare in high-income countries included
perception of doctors about the timing of screening in post-
partum, not giving priority to postpartum screening, lack of
awareness and adherence to postpartum screening guidelines
[16–18] and lack of consensus about the type of screening test
[19]. Clinicians’ perception that “screening guidelines are in-
consistent” was also identified as a barrier from the clinicians’
side [10].

Inadequate health education, knowledge and awareness

Other important barriers to the postpartum follow-up were
lack of information about type 2 diabetes, lack of education
[20, 21, 22] and need for written detailed information and
repeating the information in the future visits [23, 24]. Lack
of knowledge [25], inadequate education from healthcare staff
regarding developing diabetes after delivery and postpartum
screening [25] were also elicited in few articles as barriers.
Few intervention studies have shown an increase in the post-
partum testing after diabetes education either in the ante
partum period or postpartum period [26] and also following
introduction of the counselling [27, 28].

Findings from another study indicated a range of gaps in
the women’s understanding of how lifestyle and diet can re-
duce the development of type 2 diabetes. Those included an
incomplete understanding of lifestyle risk factors [28], lack of
awareness of the need to attend screening and lifestyle modi-
fication [8, 15, 29] and the lack of awareness about the future
development of type 2 diabetes [30, 31, 32].

Barriers for lifestyle modification (diet and exercise)

The common barriers to both diet and exercise were difficulty
in following diet and exercise, lack of information [21, 23],
lack of time and financial constraints, childcare duties, lack of
motivation, fatigue and [33, 34] limited knowledge [35].
Other barriers include frustration over controlled diet [36],
difficulties finding food alternatives, too busy or tired and
wanting to have favourite foods after pregnancy restrictions
[21]. The tendency for the women to tolerate restrictions dur-
ing pregnancy for the sake of the baby to maximize fetal
health and finding it difficult after the birth was found in a
study [37]. Food preferences of children and family and [14,
21] different cultural practices [38] also influenced the dietary
habits. In a study done on implementers fromWorld Diabetes
Foundation (WDF), one respondent from India noted that “it
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is customary to encourage pregnant women to eat sweets and
certain calorie dense, high fat snacks in order for them to have
enough energy, and people bring such food as gifts when they
visit. Thus, being on diet where such things are banned can be
a damper on the celebrations of the pregnancy and childbirth
within the family and raise issues about the health of the
young woman thereby curbing her motivation to eat healthy”
[13]. Confidence and skills in cooking healthy foods, along
with family food preferences and time pressures, were also
important influences on eating habits [39].

Major barriers to regular postpartum exercise included lack
of advice regarding regular exercise postpartum [15], lack of
time [29, 35] and lack of child care [29, 33, 37]. Other con-
straints were lack of partner support [30], lack of transporta-
tion to get to a gym to exercise [21] and concerns about cold or
hot weather and household chores [37].

Baby and concerns

Baby and concerns were major barriers identified from the
literature review. Prioritizing the child’s and family’s needs
above their own and [40] being occupied with the baby were
the major barriers under this theme [21, 22]. Another impor-
tant constraint found for attending postpartum screening was
the need to attend screening with infants and young children
[8]. While tiredness, maternal attachment and childcare de-
mands were prominent barriers in the early post-natal months,
concerns on child development became more significant bar-
riers in the later stage says another study [41].

Financial barriers

Financial barrier emerged as a major barrier in many of the
articles. Financial concerns about buying healthy food [21].
Diabetes screening in postpartum was also associated with
having a higher income as well as [42] private insurance
Medicaid in high-income countries like the USA [43, 44].
While this is the case in countries with Medicaid or private
insurance, the low- and middle-income countries face other
barriers due to out of pocket expenditure on healthcare and
lack of health financing. This is a barrier to access care and
treatment for many women with GDM in these countries. The
cost of medication and even the cost of following dietary
recommendations are also defined as challenge in the study
[45, 46].

Self-perception

Self-perception of women regarding the screening and post-
partum health behavior/s were found as barriers in postpartum
follow-up. Perceiving postpartum diabetes screening as diffi-
cult [47], perceiving themselves as healthy and not taking the
visit as serious [16] and feeling testing as unnecessary [48]

were major identified barriers for attending screening.
Believing that GDM would disappear after delivery and dia-
betes screening as a foreign idea was one among the reasons
for not attending screening [22]. Women perceiving that they
lived a sound life and did not feel that they should change
anything in their lifestyle [23] were also found under this
theme.

Lack of family, social and psychological support

Lack of support from the family and society including the
psychological support was found to be one of the barriers
for postpartum follow-up. The societal and family barriers
were more prominent in LMIC in India. Practices related to
pregnant women’s diet, lack of decision-making power
among women regarding their own health, societal negli-
gence of women’s health, fear of stigmatization, role of wom-
en in society and expectations that the pregnant woman move
to her maternal home for delivery were found to be societal
barriers in LMIC for gestational diabetes care [13, 15]. A
study from south India states that “In India, the growing con-
cern of family and friends for a pregnant woman and her baby
is a major factor. Almost everyone within the family has an
opinion. This can confuse and complicate the pregnant
woman’s decisions to follow the health-care professional’s
advice”. [46]

Family-related issues such as time constraints due to
childcare and unhealthy family eating habits were mentioned
as barriers to diabetes prevention [21], and personal and fam-
ily adjustments due to new baby [49] and women consistently
placing the needs of their families before their own [29] were
also major barriers. A need for psychological support was
found because women were more likely to experience shock,
fear or anxiety, abandonment and uncertainty during pregnan-
cy and in postpartum [29].

Time constraints and busy schedules

Different studies have shown that time pressure and busy
schedules as barriers for the follow-up in postpartum period.
Time and busy schedule as the most frequently talked about
barrier which was due to child care and work responsibilities
[7], while other studies show that time constraints of the
physicians or feeling too busy for GDM education plays an
important role in the follow-up [44].

Discussion

Major findings of the study explore the barriers for postpartum
follow-up of mothers who had GDM. The most common bar-
riers were lack of prior appointment for mothers, lack of ade-
quate hospital facilities, baby and concerns, priority and lack
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of knowledge or health education. Other observations of the
study show that 75% of the women who had GDM were not
coming for follow-up and only 25% of the total women with
GDM came for follow-up screening in the postpartum period
(9/36). 62.9% of the women were lost to follow-up due to
relocation (51.8%) and loss of contact (11. 1%).Out of the
total 36 women who had GDM, one woman developed type
2 diabetes within 1 year of the postpartum period. The various
barriers emerged from the narrative review for postpartum
follow-up included inconvenience associated with the test
and lack of healthcare facilities. While barriers explored from
the qualitative study are long waiting time for the test, there
are also lack of prior appointments and lack of adequate hos-
pital facilities. The study also identified certain barriers like
being asymptomatic or perceived normality, which was also
found in the narrative review under the theme self-perception,
the women perceived themselves as normal and this was
found among the top three reasons for skipping postpartum
screening in a study conducted by Chang et al. in China. The
same reasons were mentioned by the study participants in the
qualitative study [23]. Another barrier was time constraints
and busy schedules. The findings from the narrative review
also point out these as barriers experienced by women from
other countries as well.

The barriers to diet and exercise were lack of education and
awareness about the importance of these preventive behavior/s
and the review also shows that the most common barriers for
undertaking dietary restrictions were lack of information, lack
of advice and lack of specific written information which were
found in three studies from across the world and out of which
one is from India.

One main important barrier was baby and concerns which
were also similar to the results of the narrative review. The
qualitative study showed that being busy with the baby and
carrying baby to the hospital were reasons for skipping post-
partum screening. In the narrative review, concerns about
child care, child development, busy in caring the baby, the
health of the baby and attending the screening with the baby
were major barriers found under this theme.

The results of the qualitative study also support the evi-
dence from the review that family support and lack of
decision-making power among Indian women were also a
barrier to postpartum screening. The most common barriers
were lack of prior appointment for mothers, lack of adequate
hospital facilities, baby and concerns, priority and lack of
knowledge or health education.

The overall study findings reveal that healthcare facilities
must be strengthened to avoid long waiting time and over-
crowding to improve the screening after delivery. Educating
the women regarding the need for dietary restrictions and ex-
ercise and giving priority to their own health as well as re-
minder systems to ensure the follow-up is necessary to im-
prove postpartum follow-up.

The strengths of the study are: it is a purely qualitative
study that exclusively followed the women who were not
coming for postpartum follow-up and 5 out of six participants
in the study have not gone for follow-up at 6 weeks postpar-
tum. The study has done 6 face to face interviews and more
than half of the eligible women were relocated. More barriers
could be extrapolated if more number of interviews could be
conducted. A multi-centric study might have been appropriate
to get enough power to the study and the findings. A focus on
a quantitative analysis using a validated standardized ques-
tionnaire could have been done to get an objective picture
on the barriers.

Code availability Not applicable.

Authors’ contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were per-
formed by Ninu P Mathew. The first draft of the manuscript was written
byNinu PMathew and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript. Each
author has contributed to the following areas of the study.

Conceptualization: Dr. P Arathi Rao, Ninu P Mathew, Dr. Prakash
Narayanan

Methodology: Dr. Arathi Rao, Ninu P Mathew, Dr. Prakash
Narayanan

Formal analysis and investigation: Ninu P Mathew
Writing - original draft preparation: Ninu P Mathew
Writing - review and editing: Dr. Arathi Rao, Ninu P Mathew, Dr.

Prakash Narayanan
Funding acquisition: Not applicable
Resources: Dr. Arathi Rao, Ninu P Mathew, Dr. Prakash Narayanan
Supervision: Dr. P Arathi Rao and Dr. Prakash Narayanan

Data availability All data and materials as well as software application or
custom code support published claims and comply with field standards.

Compliance with ethical standards

Ethical clearance was obtained from the Institutional Ethical Committee,
Kasturba Medical College and Kasturba Hospitals, MAHE.

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. International Diabetes Foundation (2018) IDF diabetes atlas -
Home. [online] Available at: http://www.diabetesatlas.org/.
Accessed 15 Nov 2017.

2. Ratner RE, Christophi CA, Metzger BE, Dabelea D, Bennett PH,
Pi-Sunyer X et al. Prevention of diabetes in womenwith a history of
gestational diabetes: effects of metformin and lifestyle interven-
tions. J Clin Endocrinol Metab. 2008; 93:4774.

3. Mahalakshmi MM, Bhavadharini B, Maheswari K, Anjana RM,
Jebarani S, Ninov L, et al. Current practices in the diagnosis and
management of gestational diabetes mellitus in India (WINGS-5).
Indian J Endocrinol Metab. 2016;20:364.

4. Stage E, Ronneby H, Damm P. Lifestyle change after gestational
diabetes. Diabetes Res Clin Pract. 2004;63:67–72.

133Int J Diabetes Dev Ctries (2021) 41:127–135



5. Ferrara A, Peng T, Kim C. Trends in postpartum diabetes screening
and subsequent diabetes and impaired fasting glucose among wom-
en with histories of gestational diabetes mellitus: a report from the
Translating Research Into Action for Diabetes (TRIAD) Study.
Diabetes Care. 2009;32:269–74.

6. Rafii F, Rahimparvar SFV, Mehrdad, Keramat. Barriers to postpar-
tum screening for type 2 diabetes: a qualitative study of women
with previous gestational diabetes. Pan Afr Med J. 2017;1:54.

7. Keely ECH, Karovitch A, Graham I. Screening for type 2 diabetes
following gestational diabetes: family physician and patient per-
spectives. Can Fam Phys. 2010;56:558–63 .

8. Sterne V, Logan T, Palmer MA. Factors affecting attendance at
postpartum diabetes screening in women with gestational diabetes.
Pract Diabetes Int. 2011;28:64–8.

9. Morrison MK, Collins CE, Lowe JM. Postnatal testing for diabetes
in Australian women following gestational diabetes mellitus. Aust
N Z J Obstet Gynaecol. 2009;49:494–8.

10. Tovar A, Chasan-Taber L, Eggleston E, Oken E. Postpartum
screening for diabetes among women with a history of gestational
diabetes mellitus. Prev Chronic Dis. 2011;8:A124 .

11. Kwong S, Mitchell RS, Chik CL. Postpartum diabetes screening
adherence rate and the performance of fasting plasma glucose ver-
sus oral glucose tolerance test. Diabetes Care. 2009;32:2242–4.

12. Cabizuca CA, Rocha PS, Marques JV, Costa TFLR, Santos ASN,
Schröder AL, et al. Postpartum follow up of gestational diabetes in
a tertiary care center. Diabet Metab Syndr. 2018;10:2–6.

13. Nielsen KK, Courten M, Kapur A. Health system and societal bar-
riers for gestational diabetes mellitus (GDM) services - lessons from
World Diabetes Foundation supported GDM projects. BMC Int
Health Hum Rights. 2012;12:33.

14. Doran F, Davis K. Gestational diabetes mellitus in Tonga: insights
from healthcare professionals and women who experienced gesta-
tional diabetes mellitus. N Z Med J. 2010;123:59–67.

15. Sakeena K, Sundari RTK. The “missing window of opportunity”
for preventing diabetes: a mixed method study on postpartum
screening for diabetes among women with gestational diabetes
mellitus in Kerala, India. Int J Non-Commun Dis. 2017;2:78–84.

16. McGovern A, Butler L, Jones S, Vlymen J, Sadek K, Munro N,
et al. Diabetes screening after gestational diabetes in England: a
quantitative retrospective cohort study. Br J Gen Pract. 2014;64:
e17–23.

17. Hunsberger ML, Donatelle RJ, Lindsay K, Rosenberg KD.
Physician care patterns and adherence to postpartum glucose test-
ing after gestational diabetes mellitus in Oregon. PLoS One.
2012;7:e47052. https://doi.org/10.1371/journal.pone.0047052.

18. Stuebe A, Ecker J, Bates DW, Zera C, Bentley-Lewis R, Seely E.
Barriers to follow-up for women with a history of gestational dia-
betes. Am J Perinatol. 2010;27:705–10.

19. Henderson CE, Kavookjian J, Leitstein H,McKoy JM,MurageMJ,
Lipman RD, et al. Window of opportunity: postpartum screening of
women with gestational diabetes for early detection of prediabetes
and type 2 diabetes. Open Diab J. 2012;25:25–8.

20. Van Ryswyk E, Middleton P, Shute E, Hague W, Crowther C.
Women’s views and knowledge regarding healthcare seeking for
gestational diabetes in the postpartum period: a systematic review
of qualitative/survey studies. Diabetes Res Clin Pract. 2015;110:
109–22.

21. Bieda J. Perceptions of risk for the development of type 2 diabetes
in African-American women with gestational diabetes [PhD].
University of Michigan; 2009.

22. Chang Y, Chen X, Cui H, Zhang Z, Cheng L. Follow-up of post-
partum women with gestational diabetes mellitus (GDM). Diabetes
Res Clin Pract. 2014;106:236–40.

23. Lindmark A, Smide B, Leksell J. Perception of healthy lifestyle
information in women with gestational diabetes: a pilot study be-
fore and after delivery. Eur Diab Nurs Spring. 2010;7:16–8.

24. Hirst JE, Tran TS, Do MA, Rowena F, Morris JM, Jeffery HE.
Women with gestational diabetes in Vietnam: a qualitative study
to determine attitudes and health behaviours. BMC Pregnancy
ChildB. 2012;9:81.

25. Hoedjes M, Berks D, Vogel I, Franx A, Duvekot JJ, Oenema A.
Motivators and barriers to a healthy postpartum lifestyle in women
at increased cardiovascular andmetabolic risk: a focus-group study.
Hypertens Pregnancy. 2012;31:147–55.

26. StasenkoM, Liddell J, Cheng YW, Sparks TN, KillionM, Caughey
AB. Patient counseling increases postpartum follow-up in women
with gestational diabetes mellitus. Am J Obstet Gynecol. 2011;204:
522–6.

27. Capula CCE, Vero A, Foti DP, Brunetti A, Vero R. Prevalence and
predictors of postpartum glucose intolerance in Italian women with
gestational diabetes mellitus. Diabetes Res Clin Pract. 2014;105:
223–30.

28. Poth M, Carolan M. Pregnant women’s knowledge about the pre-
vention of gestational diabetes mellitus: a qualitative study. Br J
Midwifery. 2013;2:692–700.

29. Graco M, Garrard J, Jasper AE. Participation in physical activity
perceptions of women with a previous history of gestational diabe-
tes mellitus. Health Promot J Austr. 2009;20:20–5.

30. Collier AS, Mulholland C, Williams J, Mersereau P, Turay K, Prue
C. A qualitative study of perceived barriers to management of dia-
betes among women with a history of diabetes during pregnancy. J
Women's Health. 2011;20:1333–9.

31. Keely E. An opportunity not to be missed – how do we improve
postpartum screening rates for women with gestational diabetes?
Diabetes Metab Res Rev. 2012;28:312–6.

32. Rayanagoudar G,Moore M, Zamora J, Hanson P, HudaM, Hitman
G. Postpartum care of women with gestational diabetes: survey of
healthcare professionals. Eur J Obstet Gynecol Reprod Biol.
2015;194:236–40.

33. Nicklas JMZC, Seely EW, Abdul-Rahim ZS, Rudloff ND, Levkoff
SE. Identifying postpartum intervention approaches to prevent type
2 diabetes in women with a history of gestational diabetes. BMC
Pregnancy Childbirth. 2011;11:1–8.

34. Tang JW, Pumarino J, Ackermann RT, Cameron KA. Perspectives
on prevention of type 2 diabetes after gestational diabetes: a qual-
itative study of Hispanic, African-American and White women.
Matern Child Health J. 2015;19:1526–34.

35. Koning SH, et al. Postpartum glucose follow-up and lifestyle man-
agement after gestational diabetes mellitus: general practitioner and
patient perspectives. Diabetes Metab Syndr. 2016;15:56 .

36. Neufeld HT. Food perceptions and concerns of aboriginal women
coping with gestational diabetes in Winnipeg, Manitoba. J Nutr
Educ Behav. 2011;43:482–91.

37. Bandyopadhyay M, Small R, Davey MA, Oats JJ, Forster DA,
Aylward A. Lived experience of gestational diabetes mellitus
among immigrant South Asian women in Australia. Aust N Z J
ObstetGynaecol. 2011;51:360–4.

38. Kim S, Sappenfield W, Sharma A, Wilson H, Bish C, Salihu H,
et al. Racial/ethnic differences in the prevalence of gestational dia-
betes mellitus and maternal overweight and obesity, by nativity,
Florida, 2004-2007. Obesity. 2013;21:33–40.

39. Zehle K, Smith BJ, Chey T,McLeanM, Bauman AE, CheungNW.
Psychosocial factors related to diet among women with recent ges-
tational diabetes: opportunities for intervention. Diabetes Educ.
2008;34:807–14.

40. Parsons J, Ismail K, Amiel S, Forbes A. Perceptions among women
with gestational diabetes. Qual Health Res. 2014;24:575–85.

41. Lie M, Hayes L, Lewis-Barned N, May C, White M, Bell R.
Preventing type 2 diabetes after gestational diabetes: women's ex-
periences and implications for diabetes prevention interventions.
Diabet Med. 2013;30:986–93.

134 Int J Diabetes Dev Ctries (2021) 41:127–135



42. Man B, Turyk M, Kominiarek M, Xia Y, Gerber B. Diabetes
screening in US women with a history of gestational diabetes,
National Health and Nutrition Examination Survey, 2007–2012.
Prev Chronic Dis. 2016;13:e-124.

43. Hale NL, Probst JC, Liu J, Martin AB, Bennett KJ, Glover S.
Postpartum screening for diabetes among Medicaid-eligible South
Carolina women with gestational diabetes. Womens Health Issues.
2012;22:e163–9.

44. Russell M, Phipps M, Olson C, Welch H, Carpenter M. Rates of
postpartum glucose testing after gestational diabetes mellitus.
Obstet Gynecol. 2006;108:1456–62.

45. Nielsen KK, Kapur A, Damm P, de Courten M, Bygbjerg IC. From
screening to postpartum follow-up – the determinants and barriers
for gestational diabetes mellitus (GDM) services, a systematic re-
view. BMC Pregnancy Childbirth. 2014;14:41.

46. Morampudi S, Balasubramanian G, Gowda A, Zomorodi B, Patil
AS. The challenges and recommendations for gestational diabetes
mellitus care in India: a review. Front Endocrinol. 2017;8:56.

47. Morrison MK, Lowe JM, Collins CE. Australian women’s experi-
ences of living with gestational diabetes mellitus. Women Birth.
2014;27:52–7.

48. Hamel MS, Werner EF. Interventions to improve rate of diabetes
testing postpartum in women with gestational diabetes mellitus.
Curr Diab Rep. 2017;17:1–7.

49. Bennett WL, Ennen CS, Carrese JA, et al. Barriers to and facilita-
tors of postpartum follow-up care in women with recent gestational
diabetes mellitus: a qualitative study. J Women’s Health. 2011;20:
239–45.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

135Int J Diabetes Dev Ctries (2021) 41:127–135



ORIGINAL ARTICLE

Ocular surface assessment in maturity-onset diabetes of the young

Osman Celikay1 & Mustafa Kosker1 & Sinan Çalışkan1
& Erman Cakal2 & Ferda Alparslan Pinarli3 & Canan Gurdal1

Received: 1 March 2020 /Accepted: 13 June 2020
# Research Society for Study of Diabetes in India 2020

Abstract
Aim To examine ocular surface changes in patients with maturity-onset diabetes of young (MODY).
Material and methods Fifty patients with MODY who were transferred to Genetic Diagnosis Department of Diskapi Yildirim
Beyazit Training and Research Hospital have been included. All patients were subjected to Ocular Surface Illness Index (OSDI)
survey, shirmer test, invasive and non-invasive tear break up time (TBUT), cornea fluorescein, and Lissamine green dye tests.
Lastly, meibography measurements have been completed using Sirius Scheimpflug camera (Sirius, CSO, Florence, Italy).
Results All 50 patients had a glucokinase (GCK) mutation. MODY diagnosis time was 5.0 ± 5.5 years (range: 0–20 years) on an
average. While the average HBa1c levels were 5.5 (range: 4.8–6.5, reference range: 4–6), none of the patients were diagnosed
with diabetic retinopathy in fundus examination. There was no significant difference betweenMODY and control group in terms
of OSDI score, Schirmer 1 test, meibomian gland loss, average BUT, TBUT ((p)0.05).
Discussion Our work is the first one which specifically evaluates ocular surface in MODY patients. Contrary to the common
concept that “dry eye is frequently seen in type 1 and type 2 DM,” we did not come across any significant difference between
MODY and control group in ocular surface tests. It might be linked to the fact that not enough time had passed for DR or DES
symptoms to be detected. Our patients’ average diabetes diagnosis length might be a short time span for clinical symptoms like
DR and DES to show up.

Keywords Ocular surface . Cataract . Retinopathy

Introduction

Cataract and retinopathy are well-known complications of di-
abetes. Recently, problems related to ocular surface—
especially dry eye syndrome (DES)—have been reported in
patients with diabetes mellitus (DM) [1–4]. While The
Canadian Dry Eye Epidemiology Study detected that 37%
of the patients with DM had DES; Seifart et al. in Germany
reported that 52.8% of the patients with DM had DES [1–2].

Jin et al. reported that patients with type 2 DM had DES
[3]. On the other hand, Akinci et al. reported that symptoms of

dry eye syndrome are more common while lacrimal secretion
and lacrima film stability are lower in children with type 1 DM
[4]. Although many papers have illustrated the correlation
between DES and type 1 and 2 DM, there is no specific work
showing the correlation between maturity-onset diabetes of
young (MODY) and DES in the literature [1–4].

Ten percent of type 2 DM originates from MODY which
arises from monogenetic defect [5–6]. It is estimated that
MODY constitutes 20% of all diabetes cases especially in
developed countries [6]. The most common presentation of
MODY, which is generally detected under 25 years and com-
monly, childhood or adolescence period, is DM in consecu-
tive generations and asymptomatic hyperglycemia in non-
obese children. DM history in three or more generations,
DM presentation in early age and non-being of obesity are
thought to be MODY more likely than type 2 DM [6].

The purpose of our study was to examine ocular surface
changes in 50 patients who were diagnosed with MODY. Our
work is the first one which specifically evaluates ocular sur-
face in MODY patients.
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Material and method

This research has been done to evaluate the ocular surfaces of
MODY patients who were transferred to Genetic Diagnosis
Department of Diskapi Yildirim Beyazit Training and
Research Hospital between January 2014 and January 2015.
While MODY has been diagnosed by endocrine specialists
(EC) and medical genetics specialists (FAP), DES has been
diagnosed by ophthalmologists (OC, MK, CG). Fifty patients
with MODY have been included in the research. Control
group has been formed of patients who applied because of
refractive errors, without any other ocular or systemic dis-
eases, compatible to age and sex requirements. Patients with
ocular surgery history, smokers, and users of contact lenses
were not included in the research. Demographic data includ-
ing age, sex, MODY diagnosis period, HBa1c levels, MODY
gene mutations, ocular and systemic history has been collect-
ed. Only the right eyes of the patients have been examined.
Inspections and measurements have been completed between
8.30 and 12.30. Fundus was examined by binocular indirect
ophthalmoscopy.

Patients have been subjected to Ocular Surface Illness
Index (OSDI) survey which composed of 12 questions
(Table 1) [7]. Following, all the patients were subjected to a
complete ophthalmologic inspection involving best corrected
visual acuity (BCVA), shirmer test, invasive and non-invasive
tear break up time (TBUT), cornea fluorescein, and Lissamine
green dye tests. Lastly, mebiographymeasurements have been
completed using Sirius Scheimpflug camera (Sirius, CSO,
Florence, Italy).

OSDI is a survey composed of 12 questions and developed
to evaluate the ocular irritation symptoms in compliance with
dry eye and correlation between these symptoms and vision in
a fast manner [8]. This survey consists of a scale from 0 to 100
and is proven to be a distinguishing test in terms of sensing the
specifications between normal cases and cases with ocular
surface problem. Patients were needed to specify the influence
on them on a scale from 0 (never) to 4 (always). In our re-
search, each patient’s OSDI score has been calculated as:

OSDI = [(total score of the all answered questions) × 100] /
[(number of questions) × 4].

According to the OSDI score, between 0 and 12 points
were taken as normal, between 13 and 22 were light, 23–32
were moderate and 33–100 were heavy ocular surface disease
[8].

Meibografi Sirius Scheimpflug Camera (Sirius, CSO,
Florence, Italy) is used to evaluate Meibomian gland (MG)
morphology with Phoenix-Meibography Monitoring Method
which provides non-contact images. Digital analysis of
Phoenix meibography module provides a classification of
gland losses. Loss rates of meibomian glands in lower and
upper palpebra of right eyes of all patients have been mea-
sured in meibography. Loss rate in meibomian gland is con-
sidered grade 0 if it is lower than 15%, grade 1 if between 15
and 33%, grade 2 if between 33 and 66%, grade 3 if higher
than 66%.

Schirmer test has been completed without anesthesia and
after conjunctival bladder attached to lower palpebra, the con-
junction of one-third of the midline attached to strip, the eye
has been kept closed for 5 min. After 5 min, the quantity of

Table 1 Ocular Surface Disease Index questions

Never (0) Rarely (1) Sometimes (2) Regularly (3) Usually (4)

(1) Have you experienced any of the following conditions during the last week?

Sensitivity to light in eyes

Feeling of something rubbing against eye

Pain or sensitivity in eye

Blurry vision

Weak sight

(2) Have you experienced any problems related with eye while doing following activities during the last week?

Reading

Driving at night

Working on computer/ Using ATM

Watching TV

(3) Have you experienced any discomfort in your eyes in the following situations during the last week?

During windy weather

Being places where the air is dry (low moisture)

Unventilated spaces
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wetting in the strip was recorded in millimeters. Five
millimeters/5 min and lower values of Schirmer test were
considered as abnormal.

For the TBUT measurements, strips soaked of 1 mg of fluo-
rescein (Visimed, İzmir, Turkey) was wetted and located on the
lower palpebra’s one third of lateral. After that, three measure-
ments have been recorded between the first appearance of first
corneal black spot and dyed tear film with full blinking.
Averages of the measurements were calculated and measure-
ments under 10 swere considered as abnormal. At the same time,
TBUT has been evaluated as non-invasive with Meibography
Sirius Scheimpflug camera (Sirius, CSO, Florence, Italy).

Cornea fluorescein dye has been evaluated under blue filter
after tear break up time measurements. A staging system has
been done using the instructions from the National Eye
Institute Workshop [9]. The cornea has been split up to five
zones: central, upper, temporal, nasal, and lower. Each zone
has been evaluated according to its dyeing score from 0 to 3:
0 = normal; 1 = light or surface dotted; 2 =moderate severity
or point dyeing with surface cornea abrasion; and 3 = severe
abrasion or deep cornea abrasion. In that way, the maximum
score has been decided to be 15.

Conjunctiva dyeing by lissamine green has been evaluated
after a drop of 1% sodium lissamine. In conjunctiva dyeing,
classification method identified by Bijsterveld is used: for
scale between 0 to 3, three dials have been decided (temporal,
central and nasal) [10–11]. According to the dyeing intensity,
every dial has been given a score between 0 and 3. In that way,
the maximum score has been determined to be 9.

Gene mutation analysis

Using the DNA Isolation Kit for Mammalian Blood (Roche
Diagnostics, Indianapolis, USA), genomic DNA was isolated
from the peripheric venous blood sample of patients. Exons
and exon-intron neighboring zones in glucokinase (GCK),
hepatocyte nuclear factor-1 alpha (HNF1A), hepatocyte nu-
clear factor-4 alpha (HNF4A), and hepatocyte nuclear factor-1
beta (HNF1B) genes were multiplicated using specific oligo-
nucleotide primer sets in PCR. PCR products were sequenced
directly and two-sided using Sanger sequence method in ABI
Prism 3130XL Genetic Analyzer (ABI Applied Biosystems,
Foster City, CA), according to the manufacturer’s directions
[12].

Statistical analysis

In the statistical analysis of the data, SPSS 18 for Windows
(SPSS Inc., Chicago, ABD) package software was used.
Continuous variables were designated as average ± standard
deviation. For the pairwise comparison, the Mann-WhitneyU
test or independent sample t test was used. In the evaluation of
the change of categoric variables, Ki-square test was used.

Evaluations were completed within the 95% reliability range,
and values of p lower than 0.05 were considered as statistical-
ly significant.

Results

A total of 50 patients were involved in the research. All of the
patients had a glucokinase (GCK) mutation. While the aver-
age age of the 50 MODY patients was 25.6 ± 14.6 years
(range: 8–58 years), the average age of the 50 patients in the
control group was 26.6 ± 12.7 years (range: 8–59 years).
MODY patients were composed of 13 males and 37 females.
In the control group, 14 male and 36 females were included in
the research (p = 0.71). There was no significant statistical
difference in age and sex patterns between the two groups.
The mean duration of diabetes after the diagnosis in the
MODY group was 5.0 ± 5.5 years (range: 0–20 years). The
mean diagnosis time was 25.6 years (range: 8–45 years).

While the average HBa1c levels were 5.5 (range: 4.8–6.5,
reference range: 4–6) in MODY group, 4.9 (range: 4.4–5.6,
reference range: 4–6) in the control group (Table 2). None of
the patients in MODY group were diagnosed with diabetic
retinopathy in fundus examination. Although none of the pa-
tients had been (were) on insülin, 19 of them had been (were)
on oral hypoglycemic agents (OHA).

Cornea sensitivity of all the patients was found to be nor-
mal after an inspection conducted by a cotton-tip stick.
According to the OSDI staging, it was found that 31 of them
(62%) were in normal range, 10 of them (20%) were light, 3 of
them (6%)weremoderate, and 6 of them (12%) were severe in
terms of ocular surface disease among MODY patients. In the
control group, 20 of them (40%) were in normal range, 20 of
them (40%) were light, 8 of them (16%) were moderate, and 2
of them (4%)were severe in terms of ocular surface disease. In
the OSDI score, there was no significant difference between
MODY patients and control group patients (13.41 ± 13.09 and
14.58 ± 10.34) (p = 0.76).

In the MODY group, while 13 of the patients had stage 0,
25 of them have 1, 12 of them had stage 2 MG loss on the
upper palpebra, none of them has stage 3 MG loss. In the
control group, 33 of the patients had stage 0, 11 of them had

Table 2 The baseline characteristics of the participants with MODY
and the control group

MODY group Control group

Age (years) 25.6 ± 14.6 (range: 8–58) 26.6 ± 12.7 (range: 8–59)

Sex (W/M) 13/37 14/36

Mean HBa1c 5.5 (range: 4.8–6.5) 4.9 (range: 4.4–5.6)

MODY maturity onset diabetes of the young

138 Int J Diabetes Dev Ctries  (2021) 41:136–140



stage 1, 4 of them had stage 2, and none of the patients had
stage 3 MG loss on the upper palpebra. In the mebiography,
MODY group had 12.04 ± 10.41 and control group had
9.3% ± 7.5 MG loss on upper palpebra on an average was
not a significant statistical difference (p = 0.16) (Table 3).

There is no significant difference between MODY and
control group in terms of Schirmer 1 test (29.7 ± 7.9 and 26
± 8 mm, respectively) (p = 0.16). No patients had lower than
5 mm in Schirmer 1 test in both groups. While MODY group
had 15 patients with TBUT result lower than 10 s or lower,
control group had 6 patients lower than 10 s or lower. In
MODY group, average TBUT was 10.56 ± 4.1 (range: 2–15)
while the average was 12 ± 2.78 (range: 5–15) in control
group (p = 0.36). Non-invasive tear break up time was 11.6
(range: 1.9–16.8) in MODY group, whereas in control group,
it was 11.2 (range: 1.4–17.8) (p = 0.83) (Table 3).

Average score of fluorescein staining was 1.57 ± 2.89 in
MODY group, while 0.17 ± 0.39 (p = 0.09) in control group.
Average Lissamine green staining score was 0.63 ± 1.02 in
MODY group; in control group, it was 0.22 ± 0.52 (p = 0.18).

Discussion

DM has been reported to be a risk factor for DES, and the
prevalence rate for DES in DM has been reported as 54.3%
[13]. DES decreases life quality because it leads to ocular
discomfort and distorted vision. DES may lead to complica-
tions such as cornea epithelial defect, corneal erosion, and
ulcers. This is why it is a continuously growing public health
problem that needs to be diagnosed and treated early [13]. Jin
et al. found that TBUT in type 2 DMpatients was significantly
short in comparison to the control group [3]. Goebels et al.
found that the production of tears in DM patients through
Schirmer test was significantly low [14]. Jain et al. did not
detect any predisposing diseases except for DM in 80 (20%)
out of 400 patients admitted to tertiary eye hospitals [15].
Contrary to the common concept that “dry eye is frequently
seen in type 1 and type 2 DM,” [14–16] we did not come

across any significant difference between MODY and control
group patients in ocular surface tests.

GCK, HNF1A, HNF4A, and HNF1B genes make up 95%
of MODY patients whose genetic causes have been clarified.
This is why we routinely looked at these four genes in patients
who were pre-diagnosed with MODY. GCK has been detect-
ed to be the most mutating gene. In our series, all of the
mutations have been detected in the GCK gene. Although it
is proposed in the literature that patients with MODY caused
by the GCK gene has low risk of micro and macro-vascular
complications, there is no study that investigates the pheno-
type and genotype relationship in terms of eye symptoms
[17–21]. We were not able to look at the phenotype-
genotype relationship because all of the patients in our series
had the GCK gene mutation.

In studies, decreased corneal sensitivity and increase in dry
eye have been found to be correlated with DR. [22] Saito et al.
reported that corneal sensitivity in DM patients has been de-
creased and this decrease was correlated with the DR phase
[22]. For this reason, the more severe DR was, the more likely
the patient was to have dry eye [23]. In our study, the fact that
none of the patients had DR and that corneal sensitivity tested
with cotton swabs was normal were in line with the normal
ocular surface tests of MODY patients. It can be said that
MODY progresses more moderately compared to other types
of diabetes because of the fact that MODY patients did not
have DR and that their dry eye tests were normal. It also can
be linked to the fact that not enough time had passed for DR or
DES symptoms to be detected.

When Kaiserman et al. compared the teardrop usage in
22,382 DM patients with non-DM population, they found
teardrop usage in DM patients to be significantly high. A total
of 20.6% of patients with diabetes and 13.8% of patients with-
out diabetes used teardrops for DES [24]. In our study, the
average age of MODY patients was 25.6 ± 14.6 years (inter-
val: 8–58 years). Unlike other studies, the absence of dry eye
symptoms inMODY patients in our study can be linked to the
fact that MODY patients were young and, therefore, the clin-
ical symptoms of diabetes had not started to show up yet.

Table 3 Test results of patients
with young adult diabetes and
control group patients

YAD group 0 Control group P value

OSDI score 13.41 ± 13.09 14.58 ± 10.34 p = 0.76

Mebiografi score (upper palpebra) 12,04 ± 10,41 10,43 ± 7.5 p = 0,21

Mebiografi scoru (lower palpebra) 11,3 ± 11.58 9,3 ± 7,5 p = 0,16

Schirmer 1 test 29,7 ± 7,9 26 ± 8,0 p = 0.16

TBUT 10.56 ± 4,1 12 ± 2,78 p = 0.36

Non-invasive TBUT 11.6 ± 2,1 11.2 ± 2,5 p = 0.83

Cornea dyeing with florescein 1,57 ± 2,89 0,17 ± 0,39 p = 0.09

Lisamin green dyeing score 0.63 ± 1.02 0,22 ± 0,52 p = 0.18

OSDI Ocular Surface Illness Index, TBUT tear break up time
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When Seifart et al. compared type 1 and type 2DMpatients
between the ages of 7 and 69 with a healthy control group,
they found that 52.8% of DM patients and 9.3% of those
healthy had DES. Also, they asserted that it is important to
regularly check up on DM patients and regulate their blood
sugar levels in order to prevent DES and retinopathy caused
by diabetes [2]. In our study, patients had an average HBa1c
of 5.5 (4.8–6.5; reference interval: 4–6). So, the fact that the
MODY patients in our study had well diabetes regulation
could be another reason why they did not show any dry eye
symptoms. Apart from the regulation of diabetes, how long
the patient has had diabetes is another important point.
Because the prevalence of DR in patients who has had DM
for less than 5 years was 28.8%, whereas the rate for those
who had DM for more than 15 years was 78.8% [25]. Our
patients’ average diabetes diagnosis length [5.0 ± 5.5 years
(0–20 years)] might be a short time span for clinical symptoms
like DR and DES to show up.

Although no effect of MODY on ocular surface was de-
tected in our study, since an increase of DES has been detected
in type 1 and type 2 DM in the literature, DES symptoms such
as burning and stinging need to be examined and dry eye tests
must be performed. Since DM patients with decreased cornea
sensitivity might have less dry eye symptoms than normal, we
think that periodically performing dry eye tests will be useful.

As a conclusion, our study is important for being the first in
the literature. Studies with patients who had been diagnosed
with MODY for long term and with more patients should be
done in order to better understand the effects of MODY on the
ocular surface.
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Abstract
Objective The aim of this study is to evaluate the nutritional status of individuals with and without diabetes over the age of 65 and
its effects on the quality of life.
Materials andmethods A total of 188 subjects, 94 diabetic individuals and 94 non-diabetic individuals as the control group, were
included in the study. Both groups were surveyed using the mini nutritional assessment short form (MNA-SF) scale, Europen
quality of life 5 dimensions-3 level version (EQ-5D-3L) quality of life scale and socio-demographic data questionnaire. Height,
weight, and body mass index (BMI) were taken for anthropometric measurements. The levels of biochemical parameters were
measured.
Results The mean age of the participants was 70.34 ± 4.63 years, and 64.9% were female. In total, 4.3% of patients with diabetes
had malnutrition and 37.2% were at risk of malnutrition. While malnutrition was not detected in patients without diabetes, 26.6%
were at risk. In terms of malnutrition, a statistically significant difference was found between the two groups (p = 0.027). The EQ-
5D-3L quality of life index score was lower in patients with diabetes (p = 0.025).
Conclusion Identifying and following up on malnutrition status in elderly diabetes patients are of importance with regard to
disease control and quality of life.

Keywords Diabetes . Nutrition . Quality of life . Malnutrition

Introduction

Today, with the growing elderly population, healthy aging is
gaining gradually increasing importance. While the popula-
tion over 65 years of age constituted 5% of the world popula-
tion in 1960, in 2018, this ratio increased to 9%. In the

projection for 2050, the population over 65 is estimated to
constitute 16% of the world population [1].

Together with that, diabetes in aging populations is a grow-
ing public health problem. Elderly individuals form one of the
fastest-growing fractions of the diabetes population. With life
expectancy on the rise, the management of diabetes in elderly
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individuals has become increasingly critical. Diabetes is asso-
ciated with malnutrition and other geriatric syndromes accord-
ing to the medical literature [2]. Assessment of nutritional
status in the elderly has significance in terms of early diagno-
sis of nutritional deficiency and its complications, as well as
the prognosis of existing diseases. Early symptoms of malnu-
trition are nonspecific and develop slowly. Since the effects of
malnutrition can easily be confused with signs of aging, the
condition is difficult to diagnose initially [3].

Diabetes in young adults often co-exists with obesity.
Therefore, in addition to medication, a change in the quality
of life, including low-calorie diets, is recommended in the
treatment of the disease [4].

In the literature, the incidence of malnutrition in elderly
people with diabetes ranges from 3.7 to 21.2% [2–5]. Low-
calorie and diabetes-focused diets prescribed only for the
treatment of diabetes can lead to an increased risk of malnu-
trition, especially in the elderly. Therefore, malnutrition status
should be checked up in elderly individuals with diabetes [2].
In the literature, there are a limited number of studies investi-
gating malnutrition in elderly individuals with diabetes, and
the majority of these studies have been conducted with hospi-
talized patients. Also, there are few publications in the litera-
ture that link the presence of malnutrition with adverse effects
on the quality of life [6]. As an important health indicator,
quality of life defines the subjective perception of one’s own
health in the sociocultural environment in which one lives.
The presence of nutrition disorders, old age, and chronic dis-
eases such as diabetes are factors affecting the quality of life
[7]. In this respect, the evaluation of elderly and diabetic indi-
viduals regarding the nutritional disorders and malnutrition is
important in preserving the well-being and quality of life of
elderly individuals.

Materials and methods

This descriptive cross-sectional study was conducted between
November 2017 and September 2018 at the Endocrinology
Outpatient Clinic of İzmir Katip Çelebi University Faculty
of Medicine Hospital. The sample size was calculated using
the Open Source Epidemiologic Statistics for Public Health
(OpenEpi) sample size calculator. When we accepted malnu-
trition frequency as 21% among diabetic patients over 65 and
6% in the general elderly population, a total sample size of
188 people, with a minimum number of 94 people for each
group, was calculated with 95% confidence interval, 5% mar-
gin of error, and 80% power.

The study included volunteers over 65 years of age, who
applied to the hospital for any reason, with type 2 diabetes
diagnosis for at least 1 year, and gave verbal and written con-
sent to participate in the study, and individuals of similar age
and characteristics without diabetes. Individuals with

advanced dementia that causes communication problems,
those who have severe psychological disorders and difficulties
in understanding and listening, and those who have other
chronic diseases than diabetes that may cause malnutrition
such as infection and malignancy were excluded from this
study.

All subjects included in the study were surveyed using the
face-to-face interview technique. The participants were given
three forms: a socio-demographic data questionnaire prepared
by researchers evaluating their general characteristics (age,
gender, educational status, marital status, family history,
etc.), diseases, treatments (medication, insulin, vitamin–min-
eral), mini nutritional assessment short form (MNA-SF) scale
evaluating their nutritional status, and Europen quality of life
5 dimensions-3 level version (EQ-5D-3L) quality of life scale
to evaluate the overall quality of life. Anthropometric mea-
surements (height, body weight, body mass index (BMI) cal-
culation) of the participants were conducted by the re-
searchers. Blood samples were collected in order to test the
fasting plasma glucose (FPG), serum albumin, prealbumin,
calcium (Ca), hemoglobin A1c (HbA1c), the lipids (total cho-
lesterol, triglyceride, high-density lipoproteins (HDL), low-
density lipoproteins (LDL)).

Assessment of nutritional status

The MNA-SF scale is a screening tool to help identify elderly
patients who are malnourished or at risk of malnutrition. The
MNA-SF scale consists of six parts to assess food intake loss,
weight loss, mobility, physical stress or acute illness, cognitive
status, and BMI. If BMI could not be determined, it was re-
placed with calf circumference [8].

Each question is scored from zero to two or three, for a
maximum score of 14. A total score of MNA-SF 7 and lower
was considered as malnutrition, 8 to 11 as the risk of malnu-
trition, and 12 to 14 as a normal nutritional status [9, 10].

Assessment of quality of life

The researchers used EQ-5D-3L tomeasure the patients’ over-
all quality of life. The EQ-5D-3L questionnaire is a self-
reported measure developed by EuroQoL that evaluates five
dimensions with five questions. These five dimensions are
mobility, self-care, usual activities, pain/discomfort, and anx-
iety/depression. Each dimension provides a range for mea-
surement: mobility from walking around to being confined
to bed, self-care from taking care of oneself to being unable
to wash or dress oneself, usual activities from performing
usual activities to being unable to perform, pain/discomfort
from no pain or discomfort to extreme pain or discomfort,
and anxiety/depression from not feeling anxious or depressed
to feeling extremely anxious or stressed. Each item is evalu-
ated using a 3-point Likert scale: no problems, some
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problems, and extreme problems (labeled 1–3). The respon-
dent is asked to indicate her/his health state by checking the
box against the most appropriate statement in each of the five
dimension. The health benefit index score can be calculated
for each dimension, in addition to obtaining the response dis-
tribution to these dimensions [11].

There is a visual analog scale in the questionnaire which
allows for a response from 0 to 100, that is, from “the worst
imaginable health” to “the best imaginable health” [11].

The study of determining reliability and validity and norms
of society for Turkish was performed by Süt et al. [11]. Süt
et al. performed the evaluation for the reliability and validity
of the Turkish version of the instrument and the norm deter-
mination study [12].

Anthropometric measurements and bioimpedance
analysis

Patients’ weight was measured without shoes or excessive
clothing, using a Tanita SC 330 bioimpedance analysis
(BIA) scale. The individuals were asked to fast and to limit
the consumption of the liquids prior to measurement (at least
for 4 h) and to remove all the metals in contact with their skin.

Height was measured with a stadiometer while the partic-
ipants were standing against the wall, feet together on the
floor, with head in the Frankfurt horizontal plane (the lower
border of the eye orbit in line with the auditory meatus and
parallel to the floor) [13]. Lower leg length was measured for
the old participants with spinal deformity. The calculation of
body mass index (kg/m2) for all participants was made using
the weight/height2 equation [11]. The values for BMI were
evaluated with cut-off values recommended by the World
Health Organization (WHO) [14].

Biochemical tests

A total of 8–10 mL of venous blood was collected from the
participants and centrifuged at 3000 rpm for 10 min under
sterile conditions to separate the serums. The serums were
stored in clean and dry Eppendorf tubes at − 20 °C in the
freezer until the time of the study. The spectrophotometric
methodwas utilized to analyze the FPG, albumin, prealbumin,
Ca, lipids (total cholesterol, triglyceride, HDL, LDL), and
HbA1c levels. The study also included hemolyzed and lipemic
sample.

Statistical method

Statistical analysis of the study was performed using
Statistical Package for the Social Sciences (SPSS) 16.0.
Descriptive analyses were presented with mean ± standard
deviation; median (the minimum and maximum value) for
numerical variables; and numbers, ratios, and percentages

for categorical variables. The normality of the distribution
was tested by visual (histogram and probability) and analytical
methods (Kolmogorov–Smirnov test). Chi-square and Mann–
Whitney U tests were used in accordance with the variables
for between-group comparisons. The association between the
groups was analyzed with Spearman’s correlation and multi-
ple linear regression methods. A p value lower than 0.05 was
considered as statistically significant.

Results

A total of 188 people participated in the study, 94 of whom
were diagnosed with diabetes. The mean age of the partici-
pants was 70.34 ± 4.63 years (min: 62, max: 87), and 64.9%
(n = 122) were female. The average age of men was found to
be statistically higher than that of women (p = 0.045; female
69.84 ± 4.57, male 71.27 ± 4.62). In terms of age, there was no
difference between those with diabetes and those without
(p > 0.05). The socio-demographic characteristics of the par-
ticipants stratified by the presence of diabetes are summarized
in Table 1.

In the study, 64.9% (n = 61) of the participants with diabe-
tes had the disease for more than 10 years, and the average age
of being diagnosed with diabetes was 57.03 ± 9.23. In total,
46.8% (n = 44) of the participants with diabetes received oral
anti-diabetic, 29.8% (n = 28) insulin, and 20.2% (n = 19) both
insulin and oral anti-diabetic, while 3.2% (n = 3) applied life-
style changes as a treatment option.

A total of 85.6% (n = 161) of the participants were obese
and overweight (BMI > 25), while 57.1% (n = 107) had
BMI ≥ 30. There was no difference in BMI between those
with and without diabetes (p > 0.05)

Nutritional status

According to the MNA-SF scale, 66% (n = 124) of the partic-
ipants had a normal nutritional status, 31.9% (n = 60) were
under risk, and 2.1% (n = 4) had malnutrition.

Among individuals with diabetes, 4.3% of participants had
malnutrition and 37.2% were under risk. No case of malnutri-
tion was detected in participants without diabetes, while
26.6% of them were at risk of malnutrition. In terms of mal-
nutrition status, a statistically significant difference was found
between the two groups (p = 0.027) (Table 2).

While 64.9% (n = 61) of patients with diabetes were diag-
nosed more than 10 years ago, 4.9% (n = 3) of them had mal-
nutrition and 39.3% (n = 24) were under risk. On the other
hand, 3% (n = 1) of the patients with diabetes for less than
10 years were malnourished, and 33.3% were under risk
(n = 11). There was no statistically significant difference be-
tween diabetes duration and malnutrition status (p > 0.05).

According to MNA-SF scale scores, there was no signifi-
cant relationship between age, gender, level of education,
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marital status, and living alone or with family (p > 0.05).
There was no correlation between age andmalnutrition in both
groups with and without diabetes (Spearman’s correlation:
diabetic r: − 0.036, p > 0.05; non-diabetic r: − 0.090,
p > 0.05) (Table 3).

Quality of life

The comparison of the EQ-5D-3L index score between
the participants with and without diabetes determined
that the quality of life of patients with diabetes was
lower. When each parameter of the EQ-5D-3L scale is
compared between the two groups, the quality of life is
found to be statistically significantly lower in the group
with diabetes (p < 0.05) with respect to the scores of
self-care, usual activities, and anxiety/depression, while
there was no significant difference in terms of mobility
and pain/discomfort score despite the lower scores in
the diabetic (p > 0.05) (Table 4). There was no signifi-
cant relationship between the EQ-5D-3l scale and the
duration of diabetes found (p > 0.05).

When the relationship between age variable and quality of
life was evaluated, there was a low-level, significant

correlation between EQ-5D-3L index, self-care score, usual
activities score, and anxiety/depression score, indicating de-
creased quality of life as age increased (p < 0.05). According
to EQ-5D-3L index scores, there was no significant relation-
ship between age, gender, level of education, marital status,
and living alone or with family (p > 0.05).

The relationship between nutritional status and quality of life

The evaluation of the association between the MNA-SF score
and the EQ-5D-3L index scale determined a weak positive
correlation (p < 0.001, r = 0.356). Similarly, when the MNA-
SF score was evaluated with each parameter of the EQ-5D-3L
scale, the correlation was weak (p < 0.001) (Table 5).

In order to assess the effect of nutrition on quality of life,
multiple linear regression analysis was performed, and the
relationship between MNA-SF scores and EQ-5D-3L index
scores was evaluated by adjusting the model by age, gender,
and presence of diabetes. Accordingly, nutritional status has a
positive effect on the quality of life, β = 0.037 (95% CI:
0.018–0.057, p < 0.001). Diabetes mellitus (DM) had a nega-
tive effect on quality of life, β = − 0.079 (95% GA: − 0.159–
0.000, p = 0.049) for the presence of diabetes (Table 6).

Table 1 Socio-demographic
characteristics of participants
based on diabetes status

Individuals with diabetes Individuals without diabetes p

Age (mean ± SD) 70.26 ± 4.40 70.42 ± 4.86 0.898

Gender n (%)

Female 55 (58.5) 67 (71.3) 0.067
Male 39 (41.5) 27 (28.7)

Marital status n (%)

Married 61 (64.9) 61 (64.9) 0.068
Divorced/widow 27 (28.7) 28 (29.8)

Single 6 (6.4) 5 (5.3)

Level of education n (%)

Illiterate 12 (12.8) 22 (23.4) 0.947
Elementary 50 (43.2) 48 (51.1)

Secondary 13 (13.8) 4 (4.3)

High school 9 (9.69) 10 (10.6)

University 10 (10.6) 10 (10.6)

Place of residence n (%)

Alone 20 (21.3) 20 (21.3) 0.887
With family 74 (78.7) 74 (78.7)

Table 2 Evaluation of
malnutrition with the MNA-SF
scale in groups with and without
diabetes

MNA-SF scale Individuals with diabetes Individuals without diabetes p
n (%) n (%)

Normal nutrition 55 (58.5) 69 (73.4) 0.027
Risk of malnutrition 35 (37.2) 25 (26.6)

Malnutrition 4 (4.3) 0 (0)
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Discussion

The incidence of malnutrition increases in individuals over the
age of 65 due to diabetes and diabetes-related complications
[5]. In this study, the malnutrition status in elderly diabetic
individuals and the relationship between malnutrition and
quality of life were investigated. As a result of our study, the
risk and incidence of malnutrition in diabetic individuals were
higher compared with that in the control group. Another out-
come of the study was that malnutrition and diabetes had a
negative effect on the quality of life.

A total of 66% of the participants (n = 124) were in normal
nutritional status, 2.1% (n = 4) were malnourished, and 31.9%
(n = 60) were under risk of malnutrition. In total, 4.3% of
diabetic patients were malnourished, and 37.2% were under
risk, whereas in non-diabetic individuals, no incidence of mal-
nutrition was found, and 26.6% were at risk. According to a
study conducted in Spain using the MNA-SF scale, 1014 el-
derly diabetic individuals admitted to an inpatient clinic had a
mean age of 77.9, and the incidence of malnutrition was 6.7%
[15]. In a study conducted by Liu et al., including 302 diabetic
individuals with the average age of 80 years who received
inpatient treatment, the incidence of malnutrition was 18.5%
and the risk of malnutrition was 33.1% [16]. In both of these
studies, hospitalization duration was closely associated with

nutritional status. In another study, conducted by Alfonso-
Rosa et al. with 42 individuals with diabetes, 14% were mal-
nourished, and 78% were at risk [17]. Similarly, in a study
conducted by Kanwa et al. with 200 diabetic individuals, mal-
nutrition incidence was found to be 14% and the risk of mal-
nutrition was 33.5% [18]. These results display that the inci-
dence of malnutrition increases in individuals over the age of
65 due to diabetes and diabetes-related complications [16].
The comparison of our results with the studies in the literature
showed that the presence of malnutrition was lower in our
study, even though similar results were obtained in terms of
malnutrition risk. This may be due to the fact that these studies
have been conducted with individuals under inpatient treat-
ment in a hospital setting. Additionally, many of these stud-
ies had a higher mean age compared with our study, and
they reported that the incidence of malnutrition escalates
as the age increases. Indeed, Yıldırım et al. conducted a
study involving 104 diabetes patients with an average age
of 65 years who received inpatient treatment due to poor
glycemic control, and they obtained results similar to ours
in that the incidence of malnutrition was 4.8% and the
risk of malnutrition 24% [19]. Similarly, in a study con-
ducted with 246 diabetic individuals, malnutrition inci-
dence was found to be 3.7% and the risk of malnutrition
was 15.9% [5].

Table 3 The relationship
between the clinical
characteristics of individuals with
diabetes and their malnutrition
status

Individuals with diabetes over
65 years of age

Malnutrition Risk of malnutrition Normal nutritional
status

p

Age (mean ± SD) 74.25 ± 6.55 70.88 ± 4.92 69.58 ± 3.73 0.242

Gender female, n (%) 2 (3.6) 21 (38.2) 32 (58.2) 0.926

Diabetes duration (mean ± SD) 11.75 ± 8.05 13.48 ± 8.40 13.18 ± 8.59 0.948

BMI (> 30) (mean ± SD) 23.93 ± 5.58 30.72 ± 4.98 30.49 ± 4.64 0.153

Waist circumference (mean ± SD) 94.33 ± 13.65 105.46 ± 8.13 105.15 ± 13.90 0.303

FPG (mean ± SD) 84.00 ± 42.79 143.71 ± 80.04 136.89 ± 84.06 0.502

Albumin (mean ± SD) 3.86 ± 0.75 4.19 ± 0.47 4.37 ± 0.38 0.131

Prealbumin (mean ± SD) 19.00 ± 8.67 19.97 ± 5.03 22.69 ± 5.18 0.190

Calcium (mean ± SD) 9.06 ± 0.87 9.34 ± 0.60 9.42 ± 0.68 0.629

HbA1c (mean ± SD) 7.17 ± 1.41 7.37 ± 1.80 7.24 ± 1.82 0.934

Table 4 Comparison of EQ-5D-
3L quality of life scale scores of
the groups with and without
diabetes

EQ-5D-3L overall quality of life score Individuals with diabetes Individuals without diabetes p
(mean ± SD) (mean ± SD)

Mobility score 1.62 ± 0.48 1.52 ± 0.50 0.14

Self-care score 1.34 ± 0.49 1.15 ± 0.36 0.02

Usual activities score 1.42 ± 0.53 1.25 ± 0.43 0.05

Pain/discomfort score 1.72 ± 0.61 1.68 ± 0.55 0.47

Anxiety/depression score 1.54 ± 0.66 1.34 ± 0.49 0.02

VAS score 56.96 ± 13.78 61.01 ± 15.78 0.082

EQ-5D-3L index score 0.63 ± 0.32 0.74 ± 0.21 0.025
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In total, 34% of the participants in our study were at nutri-
tional risk. In their study conducted with 2327 elderly individ-
uals using the MNA-SF scale, Ülger et al. found the risk of
malnutrition to be 28%, as they considered the scores below
11 to be a risk of malnutrition. In the same study, the incidence
of diabetes in individuals with and without nutritional risk was
respectively 28.7% and 24.1% [20]. In our study, 60.9% of
those at nutritional risk had diabetes, while 44.4% of those
who were not at nutritional risk had the disease, and the dif-
ference between the groups with and without diabetes was
significant. The reason why the figures in our study were
higher could be due to the fact that 94 participants in our study
were diabetes patients followed up by endocrinology outpa-
tient clinics.

Many of the studies investigating the relationship be-
tween diabetes and malnutrition in the literature have
evaluated nutritional status only in groups with diabetes.
There are a limited number of studies conducted with a
control group. In our study, the presence of malnutrition
and the risk of malnutrition were evaluated together,
and the frequency was 41.5% and 26.6% respectively
in individuals with and without diabetes. A study by
Turnbull et al. on individuals with and without diabetes
found significant differences between the two groups,

similar to our study [21]. In another study involving a
total of 100 people with and without diabetes, malnutri-
tion risk and malnutrition were evaluated together, and
similar to our results, malnutrition incidence was 58%
in people with diabetes and 22% in those without dia-
betes [22].

Our study obtained significant results that are similar
to other studies in the literature in terms of malnutrition
risk and malnutrition in diabetic individuals, and showed
the importance of malnutrition in individuals with diabe-
tes. On the other hand, some studies in the literature
determined the incidence of malnutrition in individuals
with diabetes higher than our study. However, many of
these studies involved diabetic individuals who received
inpatient treatment, and the duration of hospitalization
was shown to negatively affect nutritional status. We
believe that the incidence of malnutrition was lower than
that in the literature because the participants in our study
were individuals who visited the outpatient clinic. In ad-
dition, many studies have reported an increased risk of
malnutrition as age increases. In numerous studies ana-
lyzing the relationship between diabetes and malnutri-
tion, the mean age of the participants is higher than that
of the individuals involved in our study. This may have
resulted in a lower incidence of malnutrition compared
with other studies [15, 16].

When we evaluated the relationship between diabetes and
quality of life, we found a significant correlation indicating a
lower quality of life in patients with diabetes. Many studies in
the literature reported a lower quality of life in individuals
with diabetes in concordance with our study [23, 24].

When we examined the MNA-SF score and EQ-5D-3L
quality of life, a significant correlation indicated a lower qual-
ity of life for individuals with malnutrition. Likewise,
Alfonso-Rosa et al. found a similar correlation in their study
with individuals with first-stage diabetes [17].

In another study where malnutrition status was evalu-
ated in individuals with and without diabetes, MNA-SF
scores and quality of life were found to be significantly
correlated, similar to our study [21]. In addition, when we
evaluated the factors affecting the quality of life, we de-
termined that the presence of malnutrition and diabetes
negatively affected the quality of life.

Conclusion

Diabetes is a chronic disease frequently observed in older
people, so malnutrition and its negative consequences are
quite common in elderly diabetic individuals. For this reason,
it is possible to improve the quality of life of diabetic patients
by early assessment of malnutrition status and necessary
measures.

Table 5 The association between MNA-SF scale scores and the EQ-
5D-3L index

MNA-SF score

r p

VAS score 0.332 < 0.001

Mobility score − 0.275 < 0.001

Self-care score − 0.299 < 0.001

Usual activities score − 0.274 < 0.001

Pain/discomfort score − 0.237 0.01

Anxiety/depression score − 0.293 < 0.001

EQ-5D-3L index score 0.356 < 0.001

r, Spearman’s correlation coefficient

p < 0.05

Table 6 Linear regression analysis with respect to the factors affecting
quality of life

Variables β 95% confidence interval p

Lower Upper

Age − 0.007 − 0.015 0.002 0.120

Gender − 0.032 − 0.112 0.049 0.443

DM − 0.064 − 0.143 0.014 0.108

MNA-SF score 0.037 0.018 0.056 0.001
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Limitations

The cross-sectional nature of the study caused limitations in
interpreting the causes of malnutrition. Therefore, incorporat-
ing diabetes-related complications may constitute superior ev-
idence in evaluating this situation.
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Abstract
Objective Older people with diabetes commonly experience geriatric syndromes that affect health. Little is known about the
occurrence of geriatric syndromes and the impacts on quality of life in Chinese older people with type 2 diabetes mellitus
(T2DM). This study aimed to understand geriatric syndrome and its association with quality of life among this population.
Methods A descriptive, cross-sectional study design was used. A total of 397 older people with diabetes were consecutively
recruited from geriatric and endocrinology departments of a tertiary hospital using convenience sampling. Data on seven specific
geriatric syndromes and quality of life were collected through checking medical records and distributing questionnaires.
Results The participants had 2.81 ± 1.38 geriatric syndromes on an average, with prevalence of 94.7%. The presence of each
geriatric syndrome had significantly negative association with the physical component summary and mental component sum-
mary of quality of life. The number of geriatric syndromes, co-morbidity, and diabetes duration explained 29.1% of the total
variance in physical component summary. The number of geriatric syndromes and co-morbidity explained 23.4% of the total
variation in mental component summary.
Conclusions The number of geriatric syndromes was the major contributing factor to lower quality of life compared with socio-
demographics factors and diabetic conditions among older people with T2DM.
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Introduction

Population aging is one of the most prominent demographic
problems worldwide. China holds the largest and a rapidly
growing older population in the world. In 2018, there were
249 million people aged 60 years and above in China, ac-
counting for 17.88% of total population [1]. Older people
commonly experience age-associated diseases including
chronic non-communicable diseases such as diabetes and hy-
pertension [2]. Moreover, they suffer non-disease-specific
conditions termed geriatric syndromes that have significant
impacts on health [3, 4]. The geriatric syndrome refers to a
series of different manifestations of multiple organ function

impairment due to aging and age-related disease in the older
population, including poly-pharmacy, malnutrition, dementia,
frailty, urinary incontinence, sleep disorders, chronic pain, and
falls [5, 6].

Studies show that geriatric syndromes are highly prevalent
in older people including those with diabetes. Older people
with diabetes in the USA and Japan developed a higher oc-
currence of geriatric syndromes than their counterparts with-
out related condition [7, 8]. China is the country with the
highest diabetes prevalence in Asia and with the largest dis-
ease burden of diabetes in the world. The prevalence of dia-
betes among Chinese people aged 60 to 69 years was 22.5%
and 23.5% among people aged 70 and older in 2010, higher
than younger age group [9]. However, the prevalence of geri-
atric syndrome is rarely reported.

Geriatric syndromes predicted increased risk of incident
disabilities in US older women [10], mortality in older
Koreans [11], greater likelihood of hospitalization, and higher
nursing home admission in community-dwelling older adults
from the USA, Canada, Australia, France, and Finland [12].
For older people with diabetes, geriatric syndromes were
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associated with adverse health outcomes including mortality,
disability, and impaired quality of life (QOL) [13]. Previous
studies generally focused on the outcomes of a single geriatric
syndrome, such as depression [14], poly-pharmacy [15], and
frailty [16]. A few studies investigated the combined effects of
multiple syndromes on QOL in older people with diabetes [4,
17]. For instance, Laiteerapong et al. [4] found that geriatric
syndromes including chronic pain, depression, falls, under-
weight, and urinary incontinence contributed to lower QOL
to a comparable degree as diabetes complications in the USA.
Zhang et al. [17] assessed the combined impacts of two symp-
toms (i.e., poor sleep quality and depressive symptoms) on
reduced QOL in Chinese community-dwelling patients with
T2DM. However, few studies have explored the cumulative
effects of multiple geriatric syndromes on QOL among older
people with diabetes in China. This study was conducted to
(1) investigate the occurrence of multiple geriatric syndromes
among hospitalized older people with T2DM in China and (2)
examine the relationship between geriatric syndromes and
QOL in this population.

Material and methods

Participants

Older people with T2DM were consecutively recruited from
geriatric and endocrinology departments of a tertiary hospital
in north China by convenience sampling method from
September 2015 to March 2016. The inclusion criteria includ-
ed the following: (1) diagnosis of T2DM; (2) age ≥ 60 years;
(3) able to or have a guardian to provide consent; and (4) able
to or have a primary caregiver to provide information.

Data collection

The data were collected by means of reviewing the hospital
medical records and a face-to-face structured interview of the
participant or his/her caregiver. The measurements include
socio-demographic and disease information, geriatric syn-
dromes, and quality of life, which are further described below.

The socio-demographic information included age, gender,
religion, marital status, highest education level, and income.
The disease data of participants included diabetes duration,
glycated hemoglobin A1c (HbA1c), insulin use, and comor-
bid diseases.

Based on the literature, seven geriatric syndromes were
included in this study that were highly prevalent in older peo-
ple with diabetes [7, 8] and expected to be intervened through
clinical practice. They were chronic pain, chronic constipa-
tion, fall, poly-pharmacy, urinary incontinence, malnutrition,
and sleep disorder.

Chronic pain is defined as continuous or intermittent con-
tinuous pain lasting more than 3 months [18]. Chronic consti-
pation is defined as individual having difficulty to defecate or
having a sensation of incomplete evacuation, and the symp-
tom persists for over 6 months [19]. A fall is defined as an
event which results in a person coming to rest inadvertently on
the ground or floor or other lower level [20]. Poly-pharmacy is
defined as the current use of five or more oral prescription
drugs in this study [15]. These four geriatric syndromes were
assessed by checking the medical records or by asking the
participant whether related symptoms were present. The other
three geriatric syndromes were evaluated by using question-
naires that have good reliability and validity. Urinary inconti-
nence was assessed by employing the Chinese version of the
International Consultation on Incontinence Questionnaire
Short Form (ICIQ-SF) [21]. The ICIQ-SF has 4 items, with
total score ranging from 0 to 21. A score being greater than 7
indicates the presence of urinary incontinence. Nutrition status
was measured by using the Chinese version of Mini-
Nutritional Assessment Short Form (MNA-SF) [22]. The total
score of MNA-SF ranges from 0 to 14, with a score being
below 11 indicating malnutrition or at risk of malnutrition
[23]. Sleep quality was evaluated by using the Chinese version
of Pittsburgh Sleep Quality Index (CPSQI) [24]. The total
score ranges from 0 to 21, with a score being greater than 7
indicating poor sleep quality.

Quality of life was assessed by using the Chinese version of
theMedical Outcomes Study 36-item short form health survey
(SF-36) [25]. The SF-36 consists of 36 items in eight sub-
scales: physical functioning (PF), role limitations due to phys-
ical problems (RP), bodily pain (BP), general health (GH),
vitality (VT), social functioning (SF), role limitations due to
emotional problems (RE), and mental health (MH). The for-
mer four subscales comprise the physical component summa-
ry (PCS), and the remaining four constitute the mental com-
ponent summary (MCS). The score of each subscale ranges
from 0 to 100, with higher scores signifying better QOL.

Statistical analyses

The Statistical Package for the Social Sciences (SPSS) 21.0
(SPSS Inc., Chicago, IL, USA) was used for all statistical data
analysis. The data were described by means (M) and standard
deviation (SD), or median and interquartile range (IQR) de-
pending on variable distribution. Independent sample t test
and one-way analysis of variance (ANOVA) followed with
post hoc analysis by least-significant difference (LSD) t test
were used to examine differences in QOL among groups of
participants with different characteristics. Spearman rank cor-
relation analysis was used to examine the correlation between
diabetes-related conditions, geriatric syndromes, and QOL.
Multiple linear stepwise regression analysis was conducted
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to identify factors associated with QOL. Statistical signifi-
cance was set at p < 0.05.

Results

Participants’ characteristics and the association with
quality of life

A total of 420 questionnaires were distributed, while 410
questionnaires were returned. Finally, 13 questionnaires were
excluded due to missing data, and thus, 397 questionnaires
were included for data analysis. The participants were aged
65–91 years (M = 74.2 years, SD = 5.4), with slightly more
males (212, 53.4%). The majority of the participants had a
partner (74.6%) and completed secondary education
(66.3%). Of the participants, 241 (60.7%) were treated with
insulin. The median of diabetes duration, number of comorbid
diseases, and HbA1c were 13 years (IQR 8–18; range 1–27), 3
(IQR 2–4; range 0–10), and 8.0% (IQR 7.4–9.6%; range 5.4–

14.9%), respectively. Table 1 presents other characteristics of
the participants.

The means of PCS and MCS scores were 277.10 ± 64.30
and 307.00 ± 60.45, respectively. The lowest and highest rat-
ings of QOL were on GH (63.60 ± 19.32) and RE (81.44 ±
28.03) subscales. The average scores of the other six subscales
(i.e., RP, PF, VT, BP, SF, andMH) were 67.76 ± 35.62, 71.52
± 19.19, 72.64 ± 17.22, 74.23 ± 18.81, 76.41 ± 19.97, and
76.50 ± 15.94, respectively.

Group comparison by t test and ANOVA showed that age
(p = 0.008), diabetes duration (p = 0.048), and number of co-
morbid diseases (p < 0.001) were significantly associatedwith
PCS of QOL. Age (p = 0.008), marital status (p = 0.013),
educational level (p = 0.031), and number of comorbid dis-
eases (p < 0.001) were significantly related to MCS (Table 1).
Specifically, LSD t test showed that participants aged 60–
69 years reported both greater PCS (p = 0.003) and MCS
(p = 0.004) than participants aged 70–79 years. Participants
with shorter duration of diabetes (0–5 years and 6–10 years)
reported greater PCS (p = 0.038; p = 0.026) than those with

Table 1 Characteristics of participants according to PCS and MCS (n = 397)

Variables n (%) PCS MCS

M (SD) t/F p M (SD) t/F p

Age (year) Young old (60–69) 100 (25.2) 294.37 (67.29) 4.911 0.008 323.08 (61.15) 4.853 0.008
Middle old (70–79) 229 (57.7) 271.43 (63.81) 302.04 (60.60)

Very old (≥ 80) 68 (17.1) 270.87 (57.40) 300.05 (55.24)

Gender Male 212 (53.4) 282.81 (61.34) 1.896 0.059 308.90 (60.32) 0.672 0.502
Female 185 (46.6) 270.58 (67.11) 304.82 (60.68)

Religion Yes 28 (7.1) 264.79 (62.35) − 1.052 0.293 295.88 (60.85) − 1.009 0.313
No 369 (92.9) 278.05 (64.43) 307.84 (60.42)

Marital status Married or living with a partner 296 (74.6) 280.61 (63.09) 1.860 0.064 311.39 (58.85) 2.496 0.013
Living without a partnera 101 (25.4) 266.87 (67.00) 294.12 (63.47)

Educational level Primary school or below 64(16.1) 258.92 (59.48) 2.171 0.091 289.28 (54.59) 2.996 0.031
Junior middle school 167 (42.1) 282.66 (65.38) 312.81 (60.55)

High school 96 (24.2) 278.91 (63.49) 302.66 (59.79)

College or above 70 (17.6) 278.06 (65.39) 315.29 (63.54)

Monthly income (CNY) < 1000 10 (2.5) 248.00 (83.77) 1.991 0.115 299.42 (53.58) 2.080 0.102
1001–2000 26 (6.5) 254.27 (53.71) 280.34 (56.70)

2001–3000 96 (24.2) 278.05 (65.47) 312.96 (57.60)

> 3000 265 (66.8) 280.11 (64.30) 307.74 (61.63)

Diabetes duration (years) 0–5 54 (13.6) 290.06 (70.93) 2.653 0.048 317.37 (72.73) 1.187 0.314
6–10 100 (25.2) 287.47 (61.70) 310.39 (63.55)

11–15 94 (23.7) 271.55 (63.87) 307.67 (52.07)

> 15 149 (37.5) 268.93 (62.72) 300.62 (58.39)

Insulin use Yes 241 (60.7) 275.17 (64.04) − 0.746 0.456 306.60 (59.38) − 0.162 0.871
No 156 (29.3) 280.11 (64.79) 307.61 (62.24)

No. of comorbid diseases 0 8 (2.0) 326.75 (35.88) 11.512 < 0.0001 333.69 (48.62) 10.663 < 0.001
1–2 134 (33.8) 294.63 (63.03) 324.75 (54.68)

≥ 3 255 (64.2) 266.35 (63.04) 296.83 (61.43)

PCS, physical component summary; MCS, mental component summary; M, mean; SD, standard deviation
a Including separated, divorced, widowed, or never married
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diabetes longer than 15 years. Participants with higher educa-
tion (junior middle school, and with college or above) report-
ed greater MCS (p = 0.008; p = 0.013) than less educated
older people. Other characteristics including gender, religion,
income, and insulin use showed no statistically significant
difference in both PCS and MCS.

Geriatric syndromes and quality of life

The participants had 2.81 ± 1.38 geriatric syndromes on an
average, with prevalence of 94.7%. Among the participants,
325 (81.9%) had two or more syndromes. Poly-pharmacy was
the most prevalent condition (70.5%), followed by sleep dis-
order (56.4%), chronic pain (44.1%), chronic constipation
(31.5%), fall (31.2%), urinary incontinence (26.4%), and mal-
nutrition (20.9%) (Table 2).

Independent sample t test showed that participants with any
of the seven geriatric syndromes reported significantly lower
PCS and MCS scores than those without specific geriatric
syndrome (all p < 0.001 except p = 0.029 for sleep disorders
for PCS). ANOVA showed that the difference among partic-
ipants with varying numbers of geriatric syndromes was sig-
nificant (p < 0.001). Fig. 1 illustrates no significant difference
in PCS score between participants with 1 or no geriatric syn-
drome by using LSD t test, and no significant difference in
MCS score among participants with no, 1, and 2 geriatric
syndromes. Participants with 2, 3, and ≥ 4 geriatric syndromes

reported lower PCS score than those with 1 or no geriatric
syndrome (all p < 0.001). Participants with 3 and ≥ 4 geriatric
syndromes reported lower MSC score than those with 1 or no
geriatric syndrome (all p < 0.001).

As Table 3 shows, Spearman correlation analysis indicated
that HbA1c, diabetes duration, the number of comorbid dis-
eases, and number of geriatric syndromes were negatively
correlated with both PCS and MCS of QOL (all p < 0.01),
and the number of geriatric syndromes was moderately corre-
lated with lower QOL. In addition, HbA1c, diabetes duration,
and the number of comorbid diseases were positively corre-
lated with the number of geriatric syndromes.

Multiple regression analysis on quality of life

With independent variables identified as being statistically
associated with PCS and MCS by the abovementioned uni-
variate analysis, multiple stepwise regression analysis was
conducted. The analysis found that the number of geriatric
syndromes was the major contributing factor to lower scores
of both PCS (β = − 0.44, p < 0.001) and MCS (β = − 0.41,
p < 0.001). For the PCS, the most significant influencing fac-
tor was the number of geriatric syndromes (adjusted R2 =
0.252, p < 0.001), followed by the number of comorbid dis-
eases (adjusted R2 = 0.036, p < 0.001), and diabetes duration
(adjusted R2 = 0.009, p < 0.001). These three variables togeth-
er explained 29.1% of the total variance in PCS (p < 0.001).

Table 2 Comparisons of PCS and MCS according to geriatric syndromes (n = 397)

Variables n (%) PCS MCS

M (SD) t/F p M (SD) t/F p

Poly-pharmacy Present 280 (70.5) 267.5 (61.8) − 4.71 < 0.001 297.6 (59.9) − 4.95 < 0.001
Absent 117 (29.5) 300.0 (64.7) 329.6(55.9)

Sleep disorder Present 224 (56.4) 261.0(63.0) −5.94 0.029 293.5(60.3) −5.21 <0.001
Absent 173 (43.6) 298.0(59.9) 324.4(56.1)

Chronic constipation Present 125 (31.5) 260.1 (65.8) − 3.63 < 0.001 289.4 (60.9) − 4.00 < 0.001
Absent 272 (68.5) 284.9 (62.2) 315.1 (58.6)

Chronic pain Present 175 (44.1) 257.9 (62.5) − 5.47 < 0.001 294.2 (60.8) − 3.81 < 0.001
Absent 222 (55.9) 292.2 (61.7) 317.1 (58.4)

Fall Present 124 (31.2) 255.8 (60.2) − 4.56 < 0.001 290.7 (58.3) − 3.67 < 0.001
Absent 273 (68.8) 286.8 (63.9) 314.4 (60.1)

Urinary incontinence Present 105 (26.4) 256.8 (58.5) − 3.84 < 0.001 295.3 (58.2) − 2.33 < 0.001
Absent 292 (73.6) 284.4 (64.8) 311.2 (60.8)

Malnutrition Present 83 (20.9) 263.4 (58.7) − 2.19 < 0.001 287.7 (61.8) − 3.31 < 0.001
Absent 314 (79.1) 280.7 (65.3) 312.1 (59.1)

No. of geriatric syndromes 0 21 (5.3) 344.3 (47.7) 32.83 < 0.001 358.7 (58.5) 29.07 < 0.001
1 51 (12.9) 326.1 (41.5) 344.7 (50.0)

2 90 (22.7) 294.0 (64.7) 334.0 (37.6)

3 103 (25.9) 269.1 (54.3) 291.8 (53.9)

≥ 4 132 (33.2) 242.2 (56.8) 277.7 (61.8)

PCS, physical component summary; MCS, mental component summary
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For the MCS, the most significant influencing factor was also
the number of geriatric syndromes (adjusted R2 = 0.203,
p < 0.001), followed by the number of comorbid diseases (ad-
justed R2 = 0.034, p < 0.001). The two factors accounted for
23.4% of the total variance in MCS (p < 0.001) (Table 4).

Discussion

The study found that the older people with T2DM had low
QOL, in which the score of general health (GH) subscale was
the lowest and role-emotional (RE) was the highest. In SF-36,
GH assesses participants’ self-assessment of current health
condition and treatment perspectives, and RE reflects the

degree of emotional problems impeding daily activities [25].
The lower score of GH in this study may be closely associated
with aging and diabetes conditions such as presence of car-
diovascular disease and hypoglycemia that affect physical
function [7]. Older people with T2DM reporting relatively
high RE scores in this study may suggest that mental health
was not severely affected to extent that physical health was
impaired. These findings are consistent with that of a previous
study in which community-dwelling older Japanese with dia-
betes reported significant impairment in PCS of QOL, yet no
difference in mental health and social functioning compared
with those without diabetes [8].

With regard to socio-demographic factors, this study
showed significant difference in PCS score by age, and sig-
nificant difference in MCS score by age, marital status, and
educational levels while no difference by gender and income.
These findings partially correspond with recent studies in
China [3] and other parts of the world [26]. Patients with
younger age, with a partner, and higher educational level
may better deal with emotional stress associated with having
T2DM and thus had higher MCS score [27]. In contrast, some
studies found that female patients and those with lower in-
come reported lower QOL [14, 28]. The inconsistence may
be attributed to different characteristics of the study popula-
tions such as in wide age ranges or living in varied socio-
cultural contexts.

Older people with T2DM in this study reported high prev-
alence of geriatric syndromes, and over one-third of them had
4 or more geriatric syndromes. Specifically, the occurrence of
poly-pharmacy, chronic pain, and sleep disorder in this popu-
lation was higher than their counterparts in Italy (57.1%) [15],
in the USA (41%) [4], and communities living in China
(33.6%) [17], respectively. These findings indicate that prev-
alence of geriatric syndromes increased in older people with
diabetes, in line with the results of previous research [7, 8, 29].
The high prevalence of geriatric syndromes in older people
with T2DM could be a result of the interactions between
symptoms of T2DM, adverse effects of treatment, and

Table 3 Correlation analysis of
diabetes-related conditions, co-
morbidity, geriatric syndromes,
and QOL

Variables rs

1 2 3 4 5 6

HbA1c (1) –

Diabetes duration (2) 0.042 –

No. of comorbid diseases (3) 0.042 0.043 –

No. of geriatric syndromes (4) 0.238** 0.131* 0.248** –

PCS (5) − 0.188** − 0.170* − 0.342** − 0.519** –

MCS (6) − 0.172* − 0.132* − 0.299** − 0.489** 0.615** –

HbA1c, glycated hemoglobin A1c; PCS, physical component summary; MCS, mental component summary;
QOL, quality of life; rs, Spearman rank correlation coefficient

*p < 0.01; **p < 0.001

Fig. 1 Comparison of PCS andMCS according to the number of geriatric
syndromes by post hoc LSD-t tests. †Compared with participants without
geriatric syndrome, participants with 2, 3, and ≥ 4 reported significantly
lower PCS score (all p < 0.001). ‡Compared with participants with 1
geriatric syndrome, participants with 2, 3, and ≥ 4 reported significantly
lower PCS score (all p < 0.001). §Compared with participants without
geriatric syndrome, participants with 3 and ≥ 4 reported significantly
lower MCS score (all p < 0.001). ¶Compared with participants with 1
geriatric syndrome, participants with 3 and ≥ 4 reported significantly
lower MCS score (all p < 0.001). There was no significant difference in
PCS score between participants without and with 1 geriatric syndrome,
and no significant difference in MCS score among participants without,
with 1, and 2 geriatric syndromes. PCS, physical component summary;
MCS, mental component summary
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underlying vulnerability [7, 29]. For example, patients with
T2DM are prone to suffer from some co-morbidities and com-
plications including peripheral neuropathy, hyperglycemia,
and hypoglycemia that can result in persistent pain, impaired
gait balance, and vision. These comorbid conditions could
subsequently increase the risk of falls, urinary incontinence,
and sleep disorder [7]. In addition, treatment for glycemic
control often requires patients to take medications and dietary
restriction, potentially resulting in poly-pharmacy, chronic
constipation, and risk of malnutrition [30]. Correlation analy-
sis in this study revealed that HbA1c, diabetes duration, and
the number of comorbid diseases were positively correlated
with the number of geriatric syndromes. These diabetes-
related conditions perhaps are more serious for the hospital-
ized patients in this study than community-dwelling older pa-
tients that may consequently contribute to the high prevalence
of geriatric syndromes.

The presence of each geriatric syndrome (i.e., chronic pain,
chronic constipation, urinary incontinence, fall, malnutrition,
sleep disorders, and poly-pharmacy) assessed in this study
was found to be correlated with reduced QOL. Geriatric syn-
dromes represent common yet serious conditions for older
persons, which may affect self-care abilities and thus are as-
sociated with adverse outcomes and low QOL [29]. Other
studies consistently found that presence of geriatric syn-
dromes including poor sleep quality [3], falls [4], and chronic
pain [31] was correlated with reduced QOL in older people
with diabetes. In addition, participants with 1 geriatric syn-
drome in this study may be relatively healthy and thus

reported no difference in QOL than patients without geriatric
syndrome.

Diabetes-related conditions including HbA1c, duration,
and the number of comorbid diseases were reversely related
with QOL, in line with findings of previous studies [26, 28].
However, a study among older Japanese patients with diabetes
revealed no significant associations between QOL and
disease-specific factors including duration of diabetes [8].
The discrepancy may lie in that the participants in Japan were
community dwellers with relatively better diabetic status com-
pared with the hospitalized patients in the current study. Co-
morbidities can directly impair QOL in patients with diabetes
as they affect patients’ functional status [4]. A study showed
that the presence of co-morbidity increased the burden of ge-
riatric syndromes for older people with diabetes [32] that may
further impair QOL.

Further multiple regression analysis found that the number
of geriatric syndromes rather than diabetic conditions was the
major contributing factor closely related to lower PCS and
MCS of QOL in older people with T2DM. This suggests the
cumulative and predominant effects of multiple geriatric syn-
dromes on reduced QOL for this study population. The find-
ings support previous work demonstrating that the combina-
tion of geriatric syndromes instead of chronic diseases were
the most prominent predictors of poor health outcomes in US
older people [33].

Overall, this study showed that geriatric syndromes were
prevalent and significantly contributed to impaired QOL in the
older people with T2DM. The findings provide important

Table 4 Multiple stepwise regression analysis on PCS and MCS (n = 397)

Constant B β t Adjusted R2 (R2) F p

PCS Model 1 342.659 0.250 (0.252) 133.061 < 0.001

No. of geriatric syndromes − 23.317 − 0.502 − 11.535 < 0.001

Model 2 362.405 0.284 (0.288) 79.704 < 0.001

No. of geriatric syndromes − 21.148 − 0.455 − 10.401 < 0.001

No. of comorbid diseases − 8.123 − 0.196 − 4.468 < 0.001

Model 3 372.222 0.291 (0.297) 55.260 < 0.001

No. of geriatric syndrome − 20.478 − 0.441 − 10.007 < 0.001

No. of comorbid diseases − 8.115 − 0.195 − 4.485 < 0.001

Diabetes duration − 0.975 − 0.094 − 2.197 0.029

MCS Model 1 362.355 0.201 (0.203) 100.840 < 0.001

No. of geriatric syndromes − 19.692 − 0.451 − 10.042 < 0.001

Model 2 380.389 0.234 (0.237) 61.332 < 0.001

No. of geriatric syndromes − 17.711 − 0.406 − 8.953 < 0.001

No. of comorbid diseases − 7.419 − 0.190 − 4.194 < 0.001

For PCS, compared model 2 with model 1, with no. of comorbid disease entering into the regression model, adjusted R2 was increased from 0.252 to
0.288, indicating that no. of comorbid diseases could explain 0.036 (adjusted R2 = 0.036, obtained by 0.288 minus 0.252) of the variance. Compared
model 3 with model 2, diabetes duration could explain 0.009 of the variance adjusted (R2 = 0.009, obtained by 0.297 minus 0.288). For MCS, compared
model 2 with model 1, no. of comorbid diseases could explain 0.034 of the variance adjusted (R2 = 0.034, obtained by 0.237 minus 0.203)

PCS, physical component summary; MCS, mental component summary; B, unstandardized coefficient; β, standardized coefficient beta
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implications for clinical practice and education. The geriatric
conditions imply complex health needs of older people with
T2DM and raise distinct challenges for health professionals.
As suggested by other scholars [29], care guidelines and tools
such as the comprehensive geriatric assessment for effectively
assessing and managing the co-occurrence of T2DM and ge-
riatric syndromes for older people are warranted. Furthermore,
intervention programs led by interdisciplinary health pro-
viders including exercise training and diet therapy are benefi-
cial to prevent certain geriatric syndromes including fall, mal-
nutrition, chronic constipation, and urinary incontinence [29].
Therefore, healthcare professionals including nurses in China
should consider integrating geriatric syndrome assessment in-
to clinical practice and transitional care, along with taking
effective interventions to improve QOL for older people with
T2DM.

Strengths and limitations

The study focused on hospitalized older people with T2DM,
explored the prevalence of geriatric syndromes, and found the
significantly negative impacts on their quality of life.
However, several limitations need to be recognized. First,
we surveyed hospitalized older people with a relatively small
sample size. For community-dwelling older people with
T2DM, the prevalence of geriatric syndromes and its associa-
tion with QOL may be different. Second, we only examined 7
geriatric syndromes and thus cannot reveal the overall preva-
lence of geriatric syndrome among older people with T2DM.
Other geriatric syndromes such as cognitive impairment and
depression were not included in the survey. Older patients
with cognitive impairment may not be able to perform self-
care tasks such as compliance with dietary plan and medica-
tion, leading to persistent hyperglycemia and increased risk of
diabetic complications, which in turn worsen their QOL [34].
Third, this study is cross-sectional descriptive and thus cannot
examine the causal relationship between variables. Further
large-scale and multi-institutional studies with inclusion of
mental state assessment are needed to explore the complex
interactions between geriatric syndromes, diabetes conditions,
and QOL.

In addition, the regression analysis in this study showed
that number of geriatric syndromes, comorbid diseases, and
diabetic conditions accounted for only a small part of the total
variance in QOL. This indicates other factors besides the var-
iables included in this study affect QOL. For instance, previ-
ous research reported that activities of daily life, physical ac-
tivity, self-efficacy, family function, and social support were
predictors of QOL for older people [28]. Family support could
improve patients’ diabetes self-management and prognosis,
and thus was associated with a low sense of diabetes distress
and a strong mental health-related QOL [35]. Moreover, some
of these factors such as lack of physical activity and social

support (e.g., living alone) increased the risk of geriatric syn-
dromes [36]. Therefore, a potential limitation of this study is
that we did not collect data about living situation (living alone
or with someone) of older patients and thus could not evaluate
the impacts on geriatric syndrome and QOL. Future studies
are required to further explore predictors of geriatric syn-
dromes and QOL in this population through adding more var-
iables in personal and family domains.

Conclusions

Chinese older people with T2DM had multiple geriatric syn-
dromes. The number of geriatric syndromes was the major
contributing factor closely related to lower QOL, along with
the number of comorbid diseases and diabetes duration.
Therefore, screening for and managing geriatric syndromes
need to be considered as a priority in nursing practice to im-
prove QOL of older people with diabetes. Interventions that
target geriatric syndromes in patients with T2DMmay help to
prevent the aggravation of geriatric conditions and thus to
reduce the detrimental impacts on QOL.
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Abstract
Background Resource-poor primary health settings in an urban slum presented with special challenges in diabetes care. The study
evaluated a need-based, patient-friendly, acceptable, appropriate package of care and its implementation in primary healthcare setup.
Material and Methods An open-label two-arm parallel randomized controlled trial with 40 patients in the control group who received
medical management as prescribed by physician and patients in the intervention group receiving usual medical care + group-based
comprehensive diabetesmanagement program.HbA1c, weight, BMI,Quality of Life Instrument for IndianDiabetes Patients (QOLID)
scores, and audit of Self Care Inventory-Revised Version (SCI-R) were assessed at baseline and 6 months.
Result There was a significant reduction in mean HbA1c levels in the intervention arm (8.44, SD = 1.802 to 7.56, SD = 1.87) as
compared with the control arm (8.4, SD = 1.87 to 8.19, SD = 1.77). Multiple linear regressionmodel (R2 = 0.886, ANOVAF (7, 72) =
79.733, p < 0.001) found a fall in blood sugar levels (β = − 0.511, p < 0.001), improvement in QOLID scores (β = 0.221, p = 0.004),
increase in physical activity (β = 0.198, p = 0.006), and fall in BMI (β = 0.153, p = 0.009) to be predictive of change in HbA1c.
Discussion The patient profile consisted predominantly of homemakers, with low formal education and belonging to lower socio-
economic strata. They depended primarily on the public health system for their health care needs and could benefit most from the
implementation of the program. There was an improvement in knowledge, regular follow-up, compliance to medication, diet, and
physical activity along with improvement in glycemic control, self-care behavior and quality of life of patients in the intervention arm.

Keywords CDMPMUM .Diabetesmellitus . Urban slum . Group-based comprehensive care

Introduction

India is presently home to 62 million diabetics, and by 2030,
diabetes numbers are expected to cross the 100 million mark
[1]. Adequate care of diabetics requires a formal and more
structured involvement of the primary care sector, together
with the diabetes units and diabetes centres [2].
Comprehensive programs have been developed to treat and
prevent chronic diseases such as diabetes in western countries.
The diversity in Indian population paired with lack of re-
sources makes diabetes care especially challenging.

Studies from India reveal a huge gap between the recom-
mended and actual diabetes care, resulting in poor health out-
comes [3–7]. Lack of knowledge, poor treatment adherence
and lack of self-care behavior all mar treatment outcome and
lead to poor glycemic control which in turn leads to a poor
quality of life for the patients.
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Adoption of non-pharmacological interventions remains un-
monitored in primary care settings. The authors endeavoured to
assess the role of a group-based comprehensive Diabetes care
program to improve glycemic control, quality of life and self-
care behaviors in patients with type 2 diabetes mellitus. The
study integrates the recommended program interventions in a
structured manner. It has been designed as need-based, patient-
friendly, acceptable, appropriate package. This study gives prac-
tical insights regarding mainstreaming of comprehensive diabe-
tes management in primary health settings.

Aim

To assess the role of a group-based comprehensive diabetesman-
agement program to improve glycemic control, quality of life and
self-care behaviors in patients with type 2 diabetes mellitus.

Objectives

1. Study the profile and health needs in confirmed type 2
diabetes patients with reference to barriers to glycemic
control, quality of life and self-care behavior.

2. To evolve and implement a feasible behavioral interven-
tion program along with usual medical care of type 2
diabetes mellitus based on assessment of study subjects.

3. To compare outcomes in study and control subjects.

Material and methods

The study was designed as an open-label two-arm parallel
randomized controlled trial with patients in the control group
receiving usual medical care (medical management as pre-
scribed by the physician) and those in intervention group re-
ceiving usual medical care + group-based comprehensive di-
abetes management program.

Study area

Study was conducted at Malavni, Urban Health Training Centre
situated in an urban slum of Mumbai. A chronic disease OPD is
run by the department of Community Medicine where patients
from surrounding region come to avail treatment.

Recruitment

Among the patients registered and availing treatment at chron-
ic diseases OPD, eligible patients who met the inclusion
criteria and gave a written informed consent were recruited.

Sample size estimation

A pilot study was conducted in 20 randomly selected patients
meeting the inclusion criteria. The standard deviation of Fasting
HbA1c was found to be 1.5. The targeted sample size sufficient
to detect an estimated net intervention to control difference of 1%
in fastingHbA1c levels at 6months after randomisationwithα=
0.05, β = 0.2 and one-tailed significance test was included in
each arm. Similar studies have shown an attrition rate ranging
from 11 to 17% [ 8–11]. A further addition of 15% to the calcu-
lated sample size was done considering the attrition rate based on
previous studies. The intervention to control ratiowas 1:1. A total
of 40 patients were recruited in each group.

Data collection and study instruments

Data collection was carried out by one on one structured inter-
view with the patients. Help of medical social worker was taken
in counselling the patients and their families. Baseline data in-
cluded socio-demographic profile, clinical history, nutritional as-
sessment, weight, height and BMI. Quality of Life Instrument for
Indian Diabetes Patients (QOLID) scale containing 8 domains
and 34 questions was used to assess the quality of life in patients
with diabetes. It has been found reliable and valid tool for assess-
ment of quality of life of Indian patients with diabetes
(Cronbach’s alpha = 0.894) [12] Self Care Inventory-Revised
Version (SCI-R), a 13-item scale used to find the level of self-
care among diabetic patients (alpha = 0.84) [13]. Three items that
are not relevant in the Indian scenario were dropped, and the
audited 10-item scale was administered. Glycosylated hemoglo-
bin (HbA1c), and fasting blood glucose were estimated at base-
line and at the end of 6 months.

Randomisation

Since all the patients to be recruited in the study were already
registered in the OPD (i.e. all participants had already been
identified), proportionate stratified randomized allocation
method was used from the two arms of study.

This was done to control for the possible influence of covar-
iates that would jeopardize the conclusions of the research. This
scheme also ensured 1:1 ratio of intervention and control arms.

Stratified randomisation was achieved by generating a sepa-
rate block for each combination of covariates to be controlled.
After all subjects had been identified and assigned into blocks,
simple randomisation was performedwithin each block to assign
subjects to one of the two groups [14].

Blinding An open-label design was chosen, since being a be-
havioral intervention study, it was impossible to blind the
patients or the investigators.
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Prevention of spillover In order to avoid spillover from inter-
vention arm to control arm, the patients in control arm and
intervention arm were followed up on separate (alternate)
weeks to minimize interaction.

Intervention

Grouping The patients in the intervention arm were divided
into peer groups. The group setting aimed to provide social
interaction and peer support. The participants were encour-
aged to bring their spouses or significant others with them
for counselling.

We adopted a framework, that is ( i.e. ) an amalgamation of
various theoretical models of behavior change, ensuring va-
lidity and generalizability of intervention in the target popula-
tion [15]. The process involved:

1. Identifying problem areas: These included lack of diet
control, lack of physical activity, lack of motivation and
lack of social support.

2. Education about self-care: The education included basic
information about diabetes in simple language which was
given to patients by investigator and Medical Social

Worker. Information regarding proper diet, proper exer-
cise, foot care, taking timely medication and regular
checkupswas given. Patient educationmaterial developed
in local language by the patient education cell was used
for this purpose. Further, group discussions were conduct-
ed to address any doubts that patients had.

3. Collaborative goal setting: The groups were interviewed
and motivated to set specific time bound goals that they
could attain. A dietary plan was given, and information
regarding food groups was given to participants and their
family members to ensure compliance. Preparing an ex-
ercise schedule or having evening walks in the local park
for at least half an hour for 5 days a week was encouraged.
Family members were encouraged to actively participate
in ensuring compliance by patients. The goals were
reviewed during follow-ups.

4. Maintaining and revising goals: Progress was assessed at
every follow-up meeting. New goals were set once old
goals were achieved. Patients were kept motivated to sus-
tain the change already achieved. In case of relapse in
behavior, the cycle was repeated again.

Outcome variables

& Primary outcome:

1. Change in level of glycosylated hemoglobin (HbA1c)
& Secondary outcomes:

1. Anthropometric measures: weight and BMI
2. Changes in fasting blood glucose level

3. Changes in quality of life as seen by Quality of Life
Instrument for Indian Diabetes Patients (QOLID)

4. Changes in self-care behavior as seen by audit of Self
Care Inventory-Revised Version (SCI-R)

Statistical analysis

Descriptive statistical analysis was done at baseline as well as at
the end of follow-up. Chi-square test was used to compare

Key components of group-based comprehensive diabetes care program

Knowledge Diet Self-care and timely
medications

Physical activity Follow-up

Basic information about
diabetes in simple
language regarding proper
diet, proper exercise, foot
care, taking timely
medication and regular
checkups was given.

Advice regarding reducing
food portions, frequent
small meals, foods to avoid
and foods to eat was given
after ensuring the cultural
appropriateness,
acceptability and feasibility
of the designed diet plan.
Counselling along with a
family member was done
wherever necessary to
ensure compliance with the
diet plan. Help of medical
social worker (MSW) was
takenwhile counselling and
follow-up.

The patients were asked to
follow-up regularly at
the chronic OPD. Blood
sugar levels were
checked free of cost at
this OPD. Timely intake
of medication was
advocated, and improve-
ments were assessed by
self-care inventory at
6 months.

A moderate physical activity
like 30-min brisk walk 5
times a week has been
found to be useful in
weight maintenance in di-
abetic patients. Patients
were encouraged to form
peer groups and walk for
30 min in the community
park near the UHC in the
evening. They were ad-
vised to slowly increase
their activity level. An ac-
tivity chart was main-
tained.

While taking baseline data of
patients, their complete
address and phone
number were noted. In
case the patient did not
have telephone, the
number of a close relative
or a neighbour was noted.
Follow-up at UHC every
2 weeks. In case of loss to
follow-up, the patient was
contacted. Reasons for
loss to follow-up were
noted.
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baseline characteristics among intervention and control groups
(Table 1). Unpaired t test was used to compare continuous vari-
ables in control and intervention group. Mann-Whitney U test
was applied to compare scores of Quality of Life Instrument for
Indian Diabetes Patients (QOLID) and audit of Self Care
Inventory-Revised Version (SCI-R) in control and intervention
group (Table 2). Linear regression model was also applied to find
predictors.

The study was approved by Institutional ethics committee
of Seth GS Medical College & KEM Hospital.

Results

Both intervention and control groups had comparable socio-
demographic profile. Multiple linear regression model was
applied (R2 = 0.886, ANOVA F (7, 72) = 79.733, p < 0.001).
Fall in blood sugar levels (β = −0.511. p < 0.001),

improvement in quality of life-QOLID scores (β = 0.221,
p = 0.004), increase in physical activity (β = 0.198, p =
0.006) and fall in BMI (β = 0.153, p = 0.009) were all predic-
tive of change in the dependent variable HbA1c.

Discussion

The patient profile consisted predominantly of females whowere
homemakers, with low formal education and belonging to lower
socio-economic strata. The study population depended primarily
on public health system for their health care needs and could
benefit most from implementation of the program.

Most patients (71.25%) were in overweight category, while
25% had normal BMI and only 3 were obese and none was
morbidly obese. This is in keeping with the Indian scenario. In
the intervention group, the mean weight reduced from 62.35 kg
(SD= 7.04) at baseline to 59.7 kg (SD= 6.39) at end of 6-month
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Table 1 Baseline characteristics of patients in intervention & control arm

Characteristic Total
n= 80 (%)

Intervention Arm
n= 40 (%)

Control Arm
n= 40 (%)

Chi Square
Test

Sex χ2= 0.287

Female 62 (77.5) 32 (80) 30 (70) df= 1

Male 18 (22.5) 8 (20) 10 (30) p=0.592

Marital Status χ2= 1.067

Married 60 (75) 32 (80) 28 (70) df=1

Widow / Widower 20 (25) 8 (20) 12 (30) p=0.302

Religion

Hindu 21 (26.2) 8 (20) 13 (32.5) χ2= 1.653

Muslim 50 (62.5) 27 (67.5) 23 (57.5) df=3

Buddhist 7 (8.8) 4 (10) 3 (7.5) p=0.647
Christian 2 (2.5) 1 (2.5) 1 (2.5)

Type of Family

Nuclear 47 (58.8) 22 (55) 25 (62.5) χ2= 0.487

Joint 29 (36.2) 16 (40) 13 (32.5) df=1

Three Generation 4 (5) 2 (5) 2 (5) p=0.485

Education

Illiterate 39 (48.8) 20 (50) 19 (47.5) χ2= 0.117

Literate but Uneducated 30 (37.5) 15 (37.5) 15 (37.5) df=2

Primary (till 5th std.) 9 (11.2) 4 (10) 5 (12.5) p=0.943
Middle School (5th-10th) 2 (2.5) 1 (2.5) 1 (2.5)

Occupation

Homemaker 60 (75) 30 (75) 30 (75) χ2= 2.269

Unemployed 4 (5) 2 (5) 2 (5) df=2

Unskilled Labour 14 (17.4) 6 (15) 8 (20) p=0.319
Skilled Labour 1 (1.3) 1 (2.5) -

Shop Owner 1 (1.3) 1 (2.5) -

Socio Economic Status

Lower Class 7 (8.7) 3 (7.5) 4 (10) χ2= 1.886

Upper Lower Class 63 (78.7) 30 (75) 33 (82.5) df=2

Lower Middle Class 10 (12.6) 7 (17.5) 3 (7.5) p=0.390

Detection of Diabetes

1 year or less 17 (21.2) 9 (22.5) 8 (20) χ2= 0.149

1-5 years 52 (65) 26 (65) 26 (65) df=2

5-10 years 11 (13.8) 5 (12.5) 6(15) p=0.927

Duration of Treatment

1 year or less 17 (21.2) 9 (22.5) 8 (20) χ2= 0.075

1-5 years 52 (65) 26 (65) 26 (65) df=1

5-10 years 11 (13.8) 5 (12.5) 6(15) p=0.785

Regularity of follow up & medication χ2= 0.053

Regular 49 (61.2) 24 (60) 24 (62.5) df=1

Irregular 31 (38.8) 16 (40) 15 (37.5) p=0.818

Type of Diet χ2= 0.738

Vegetarian 15 (18.75) 6 (15) 9 (22.5) df=1

Mixed 65 (81.25) 34 (85) 31 (77.5) p=0.390

Medications

Metformin 47 (58.8) 24 (60) 23 (57.5) χ2= 0.052

Metformin + Glibenclamide 24 (30) 11 (27.5) 13 (32.5) df=1

Oral Hypoglycemics + Anti-Hypertensives 9 (11.2) 5 (12.5) 4 (10) p=0.820
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follow-up. Agurs-Collins et al. reported a mean BMI of 33.9
(SD= 5.1) andmeanweight of 93.3 (SD= 18.6) [9]. Our patients
showed lower BMI values at baseline and post intervention as
compared to western studies. Snehalatha et al. have found that
Asian Indians tend to have more visceral adipose tissue, causing
higher insulin resistance, despite having lean BMI [16]. It is also
possible that people with higher BMI may have been excluded
due the exclusion criteria of study.

At baseline, the mean HbA1c value was 8.42%, which was
higher than theWHO recommended value of 6.5%. The baseline
data of A1chieve Study by Viswanathan Mohan et al. (2013) in
20,554 Indian type 2 DM patients showed mean Hba1c 9.2%
[17]. This indicates poor glycemic control among patients at
baseline. Both groups show reduction in HbA1c levels after
6 months of follow-up as compared to baseline with intervention
group showing highly significant (p < 0.01) reduction in HbA1c
levels in intervention arm. Both groups show reduction in fasting
blood sugar levels after 6 months of follow-up. There was a
highly significant (p < 0.01) reduction in fasting blood sugar
levels in intervention arm as compared to control arm.

We found that the median scores of Quality of Life
Questionnaire for Indian Diabetics (QOLID) among interven-
tion and control group are comparable at baseline with the

exception of perceived Role Limitation Due to Physical
Health in which control group fared better. There was a highly
significant improvement in intervention arm as compared to
control arm in all the domains of the scale with the exception
of financial worries. Addressing financial worries was beyond
the scope of our intervention. Nevertheless, our intervention
succeeded in improving general health, treatment satisfaction
symptom botherness, diet satisfaction and quality of life as a
whole among the intervention arm. Separate measures need to
be taken to address financial worries of the patients.

One of the major objectives of study was to assess
improvement in self-care behavior. At baseline, both the
groups displayed similar self-care behavior (Table 3).
People rarely got blood glucose checked regularly; the
awareness regarding proper and timely diet, regular
medications, management of hypoglycemia and exercise
was low among both groups. Education regarding im-
provement in self-care behavior was given with help of
patient education material in local language. Post inter-
vention, there was a significant improvement in self-care be-
havior in intervention group. The scores of Intervention arm
show a highly significant improvement as compared to control
arm after 6 months of intervention (p < 0.001) (Table 4).

Table 1 (continued)

Characteristic Total
n= 80 (%)

Intervention Arm
n= 40 (%)

Control Arm
n= 40 (%)

Chi Square
Test

H/o Addiction 7 (8.8) 5 (12.5) 2 (5) *p=0.215

H/o Hypertension 9 (11.3) 5 (12.5) 4 (10) *p=0.5

Note: Rows had to be suitably clubbed to ensure applicability of test in some cases.*Fisher Exact test used

Table 2 Quality of life at baseline and after 6 months of Intervention

Items Median QOLID Score
At baseline
(95% CI)

Mann-Whitney
U

Median QOLID Score
At 6 months
(95% CI)

Mann-Whitney
U

Intervention Control p value Intervention Control p value

Role limitation due to physical
health

16 (13.05–17) 17 (15–17.9) 0.008 21 (16–24) 17 (15–19) 0.001

Physical endurance 19 (16–22) 19 (16–22) 0.965 21 (18–25.95) 20 (16–22.95) 0.001

General health 7 (5–8) 7 (5–8) 0.642 9 (6–10) 8 (5–9) 0.001

Treatment satisfaction 8 (6–9) 7.5 (6–9) 0.762 15 (9–17.95) 8 (6–10) 0.001

Symptom botherness 9 (6–11) 9 (6–11) 0.852 12 (8–14.95) 9 (7–11) 0.001

Financial worries 9 (7–11.95) 9 (7–11.95) 1.000 9 (8–11.95) 9 (7–12) 0.964

Emotional and mental satisfaction 13 (9–15) 13 (9–15) 0.871 17 (10–19) 13 (9–15) 0.001

Diet satisfaction 8.50 (6–9) 8 (7–9) 1.000 11 (9–13) 8.5 (7–10) 0.001

Total score 89 (77.05–5.95) 88.45 (79–95) 0.497 116 (90.05–128.8) 91.5 (82.05–98.95) 0.001

At 6 months except for financial worries there was a significant improvement in all otherdomains of QOLID score in intervention arm as compared to
control arm
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Improvement in regularly blood sugar checkup, tak-
ing medications on time, reduced food proportions and
consumption of frequent small meals, managing hypo-
glycemia and regular exercise was evident. Peer support
played a key role in improving physical activity. The
patients also attended appointments regularly. This has
led to a highly significant improvement in an overall
self-care behavior. The only behavior that did not show
marked improvement was the maintaining of diet re-
cords. This could be attributed to the lack of conceptual
understanding of nutrition and the absence of a trained
dietician or low level of education among the partici-
pants. In studies conducted in the west, most of the
respondents are often literate and this was not the con-
dition in the current study. Thirty-five out of 40 patients
in intervention arm attended all 12 follow-ups while
only 21 of control patients attended all follow-ups.

There were no dropouts from any of the groups.
Intervention arm showed better follow-up as compared
to control arm.

Conclusion

It is possible to overcome the barriers of providing di-
abetes care at resource poor primary settings by devel-
oping need-based comprehensive programs. There was
good patient response to all 4 key areas of intervention
that the program sought to encompass (namely knowl-
edge, regular follow-up and medication, diet and physi-
cal activity). There was improvement in glycemic con-
trol, self-care behavior and quality of life of diabetic
patients in the intervention arm.

Table 3 Comparison of Self-care Inventory–Revised scores at baseline and after 6 months

Items Median SCI R Score
At baseline

Median SCI R Score
After 6 months

Intervention Control Intervention Control

Get blood glucose checked regularly 2 2 4 2

Take the correct dose of diabetes pills or insulin 4 4 5 4

Take diabetes pills or insulin at the right time 3 3 5 3

Eat the correct food portions 2 2 4 2

Eat meals/snacks on time 2 2 4 2

Keep food records 1 1 3 1

Treat low blood glucose with just the recommended amount of carbohydrate 2 2 4 2

Carry quick acting sugar to treat low blood glucose 1 1 5 2

Come in for clinic appointments 3 3 5 4

Exercise 2 2 4 2

Total score 21.5 (19–24) 21.5 (19–24) 41.5 (38–44) 24 (21–34.8)

Applying Mann-Whitney U test, the difference in SCI R scores was not significant at baseline(p = 0.833) but became significant at 6 months (p < 0.01)

Table 4 Comparison of lab and anthropometric findings at baseline and 6 months

Baseline After 6 months of intervention

Intervention arm Control arm p value Intervention arm Control arm p value

Mean Weight (SD) 62.35 (7.04) 64.33 (6.91) 0.723 59.7 (6.39) 63.35 (6.8) 0.016

Mean BMI (SD) 25.96 (1.9) 26.42 (1.7) 0.23 24.9 (1.77) 26.02 (1.6) 0.003

Mean HbA1c level (SD) 8.44 (1.802) 8.4 (1.87) 0.937 7.56 (1.67) 8.19 (1.77) 0.001

Mean fasting BSL (SD) 184.78 (37.447) 188.03 (44) 0.723 158.13 (28.83) 179.03 (35.18) 0.005

p values for unpaired t test

There was statistically significant difference in MeanWeight, Mean BMI, Mean HbA1c and Mean fasting BSL values in intervention arm at 6 month as
compared to the control arm
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Abstract
Background The study was conducted to examine the relationship between metabolic control variables and the coping strategies
of type 2 DM patients with stress perception.
Methods The study design was a descriptive and cross-sectional survey. The study sample consisted of 153 patients who
reported to the Internal Medicine Outpatient Clinic. Data were collected using the descriptive characteristic form, perceived
stress scale, and the coping styles inventory.
Results Patients’ mean BMI was 28.82 ± 7.14, and the mean HbA1c level was 10.31 ± 2.75. The prevalence of metabolic
syndrome identified in patients with type 2 DM was 68%. A negative correlation was determined between perceived stress
and age and the problem-focused coping method, whereas a positive correlation was found between BMI, number of accompa-
nying chronic diseases, insulin use period, waist circumference, and emotion-focused coping method and perceived stress.
Conclusions The variable that most affects the stress perception levels of patients with diabetes mellitus is problem-focused
coping. Following these results, teaching patients how to use efficient techniques for stress coping and providing support for
psychosocial care is necessary.

Keywords Diabetesmellitus . Metabolic variables . Perceived stress . Coping

Introduction

Diabetes mellitus (DM) is one of the most common metabolic
disorders in the world [1–4]. According to the Diabetes Atlas
(2017) of the International Diabetes Federation (IDF), the prev-
alence of DM among the adult population (20–79 years) world-
wide is 8.8% [5]. According to the TURDEP-II study of Turkey
Diabetes Epidemiology, type 2 diabetes in Turkish adults
(13.7%) is above the global average [6]. DM-caused metabolic
disorders may negatively influence both the mood and

cognitive functions of individuals [7, 8]. Perceived stress level
is a factor that influences the metabolic control level [1, 4,
9–11]. While stress increases glucose and HbA1c levels in
DM patients, diabetes and its complications increase stress
levels. For this reason, stress is a problem that plays an impor-
tant role in DM patients as both the cause and the effect of the
disease [12]. Once the disease is perceived as a threat by affect-
ed individuals, their anxiety and stress level will increase [13].
Cortisol, which is secreted due to stress, may cause hormonal
abnormalities and obesity [14, 15]. Earlier research has also
demonstrated that many people with type 2 diabetes experience
high levels of emotional distress stemming from concerns and
worries associated with their diabetes, its management, and the
experience of more complications [10, 16, 17]. According to
previous studies, living with type 2 diabetes over a long period
and using insulin may increase psychological distress [18–22].
Worries about increased BMI may be a source of higher levels
of distress [21]. In the literature, more intensive diabetes treat-
ment, long disease duration, increased numbers of accompany-
ing chronic diseases, the number of diabetes-related complica-
tions, increased BMI, and coping methods are all important
indicators of diabetes-related strains that may influence the
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level of distress among adults with type 2 diabetes [1, 10, 11,
16, 18, 20, 21, 23–25]. Coping methods are pictured as a reac-
tion set of behavioral and cognitive responses against stressful
circumstances [25–27]. To overcome the stress that manifests
due to diabetes and other stress factors, DM patients use
problem-focused and emotion-focused methods [2, 28]. The
patient uses direct coping behaviors that change the person-
environment relationship in the problem-focused method,
whereas in the emotion-focused method, the change in the
person-environment relationship manifests in the form of the
patient’s interpretation of the environment [21]. Studies have
demonstrated that during the clinical course of patients, using
the problem-focused coping method loses less ground, and pa-
tients using the emotion-focused copingmethod have poormet-
abolic control [9, 29]. Using the problem-focused coping meth-
od is themost efficacious solution to copewith the stress, which
exerts negative effects on the disease and treatment [25].

In the literature of our country, there is no study on the
relationship between metabolic control and coping styles
and perception of stress in DM patients. The aim of this re-
search is to assess the perception of stress predictors of type 2
diabetic patients in Turkey and the relationship between them.

Methods

The study design was a descriptive and cross-sectional survey.

Sample and setting

The population of the research included adults aged 19 and older
having type 2 DM who were admitted to the Internal Medicine
Outpatient Clinic of the State Hospital. A total of 153 patients
admitted to the Internal Medicine Outpatient Clinic between
March 2015 and March 2016 formed the sample. Applying
the multiple regression R2 (deviation from zero) test in the
G*Power program, a power analysis was conducted at the end
of the research. In the retrospective analysis, the effect size (f2)
was found to be 0.37 and the power of the study was 0.99 in the
calculation performed by taking the sample size as 153, the
squared multiple correlation (R2) as 0.272, and the significance
level (p) as 0.05. Data were obtained from adults aged 18 years
or older who participated in the research of their own free will,
were already diagnosed with Type 2 DM at least 6 months prior,
and had no deficiency in Turkish reading or comprehension.

Data collection tools

Data were collected using the descriptive characteristic form,
perceived stress scale (PSS), and coping styles inventory
(CSI).

Descriptive characteristic form

Prepared by the researchers, this form includes questions gath-
ering data about the sociodemographic characteristics of the
patients such as sex, educational level, marital status, employ-
ment, family income, health insurance, and other information
(body mass index, duration of diabetes, treatment used, chron-
ic diseases accompanying the diabetes, and metabolic syn-
drome status).

Metabolic syndrome status According to the revised NCEP
ATP III criteria for the classification of metabolic syndrome,
study participants should have at least three of the five follow-
ing components, which were categorized as “normal” or “al-
tered:” large waist circumference (102 cm in men or 88 cm in
women); elevated triglycerides (150 mg/dL) or on drug treat-
ment for elevated triglycerides; reduced HDL-C (40 mg/dL in
men and 50 mg/dL in women) or on drug treatment for re-
duced HDL-C; elevated blood pressure (130 mmHg systolic
blood pressure or 85 mmHg diastolic blood pressure) or on
antihypertensive drug treatment in a patient with a history of
hypertension; and elevated fasting glucose (100 mg/dL) or on
drug treatment for elevated glucose.

Body mass index

Anthropometric measurements were measured by researchers
following standard procedures. Body mass index (BMI) was
defined as weight in kilograms divided by height in meters
squared [30]. BMI was categorized as underweight (< 18.50),
normal (18.50–24.99), overweight (25.00–29.99), and obese
(≥ 30.00).

Perceived stress scale

Perceived stress scale was developed by Cohen et al. in 1983
[31]. In addition to the 14-item long-form, ASO has two other
forms with 10 and 14 items. Formwith 10 items has been used
in this research. The responses were measured using a five-
point Likert-type scale (0 = never to 4 = very often). The items
4, 5, 7, and 8 of the scale are reversely scored. The possible
score range was from 0 to 40. A higher score indicates higher
perceived stress. The internal consistency of the original scale
was 0.78. The scale was adapted into Turkish by Eskin et al.
Cronbach’s α of the Turkish version was 0.82 [32]. The in-
ternal consistency was found to be 0.69 in the present study.

The coping styles inventory

The scale was developed by Folkman and Lazarus [33]. It was
adapted into Turkish by Sahin and Durak in 1995 [34]. It
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contains 30 questions and uses a 4-point Likertscale (between
0 and 3). The items 1 and 9 of the scale are reversely scored.
Coping styles inventory (CSI) consists of five subscales as
self-confidence, helpless, optimistic, submissive, and seeking
of social support approaches. The scale measures two major
styles of coping with stress. These are problem-focused/effec-
tive and emotion-focused/ineffective styles. Problem-focused
styles are the subscales of seeking of social support, optimistic
approach, and self-confident approach, whereas emotion-
focused styles are the subscales of helpless approach and sub-
missive approach. The score of subscale is obtained by divid-
ing total score obtained from the relevant subscale into the
number of items. The high score obtained from the subscale
signifies that the subscale is mainly used by individuals.
Cronbach’s Alpha values vary between 0.45 and 0.80 for the
mentioned five factors [34].

Data analysis

Data were analyzed using the Statistical Package for Social
Sciences (SPSS). For the intergroup comparison, an indepen-
dent sample t test and Kruskal Wallis test were used. To deter-
mine the link between dependent variables and independent
variables, Pearson’s correlation and stepwise multiple regres-
sion were used. The significance level was defined as p < 0.05.

Results

The average age of the participants was 57.03 ± 13.87; 47.1%
of the patients were women, 66.7%were primary school grad-
uates, 73.9% were married, 39.9% were employed, 48.4%
were in the middle-income level, and almost all had social
security. The average BMI of the patients was 28.82 ± 7.14,
and the average HbA1c level was 10.31 ± 2.75 (Table 1).

The prevalence of metabolic syndrome determined in type
2 DM patients was 68% in this study. Based on the distribu-
tion of prevalence of components of metabolic syndrome, the
levels of FBS, BP, TG, and WCwere high in 94.10%, 58.8%,
56.90%, and 46.40% of the sample, respectively. In contrast,
HDL was low in 35.30% of patients, as shown in Fig. 1.
Meanwhile, 40.5%, 25.5%, and 2% of the patients met three,
four, and five of the metabolic syndrome criteria, respectively.

The specifications, illness, and treatment characteristics of
the DM patients were analyzed from the point of the stress
perceived. There was a significant difference between the
stress perception of insulin users and nonusers. When the cop-
ing methods were investigated with regard to the stress per-
ception, the stress perception of the patients experiencing
emotion-focused coping methods was found to be higher,
and the difference was significant (Table 2).

The correlation results exhibit a significant link between
some variables and perceived stress (Table 3). A negative
correlation seemed to exist between perceived stress and age
and problem-focused coping methods; meanwhile, positive
correlations were found between BMI, the number of accom-
panying chronic diseases, the insulin use period, the waist
circumference, and the emotion-focused coping method and
the perceived stress. No significant link was found between
other variables and perceived stress.

When the R2 values were analyzed, the problem-focused
coping method encompassed 11% of the total variance in the
first phase. In the second stage, with the addition of emotion-
focused coping methods into the predictive model, the total
variance increased to 20%; in the third stage, with the number
of accompanying chronic diseases variable, the total variance
increased to 22%; in the fourth stage, with the age variable, the
total variance increased to 25%; and in the final stage, with the
insulin period variable, the total variance increased to 27%
(R2 = 0.272, R = 0.522, p < 0.01) (Table 4).

The stepwise multiple regression analysis found that the
most important predictor was the problem-focused coping
method (β = − 0. 284), followed by the emotion-focused cop-
ing method (β = 0.288), the number of accompanying chronic
diseases (β = 0.219), the age (β = −0.206), and the insulin use
period (β = 0.146).

When the aspects of the relationships between the variables
were examined, the problem-focused coping and age were
negatively correlated with the perceived stress level, whereas
the emotion-focused coping method, number of accompany-
ing chronic diseases, and insulin use period were positively
correlated with the perceived stress level.

In conclusion, as a result of the analyses conducted with
regard to the regression assumptions, the use of the model
obtained was significant in explaining the DM patients’ stress
perception levels, encountering no multiple correlations and
homoscedasticity problems and exhibiting normally distribut-
ed error terms.

Discussion

Our study investigated predictions of the stress perception
variables of DM patients in Turkey. The most predictive var-
iable was the copingmethods used by the patients followed by
some metabolic variables. Conducting such a study is essen-
tial, as defining the factors and effect levels in relation to DM
patients’ stress perception will identify the cases that need to
be addressed first. Long-term stress and inadequate stress-
coping mechanisms lead to mental, emotional, and physiolog-
ical problems in individuals [35, 36].

DM patients’ metabolic control variables were investigat-
ed, and 68% of the patients met the metabolic syndrome
criteria per the National Cholesterol Education Program
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(NCEP). Many studies have been conducted by using the
NCEP ATP III criteria in DM patients. In the studies per-
formed in type 2 diabetes patients in Turkey, metabolic syn-
drome prevalence was determined to be 70.5% [37] and
80.4% [38]. The metabolic syndrome prevalence of type 2
DM patients in some studies performed outside Turkey varies
between 45.0% and 91.9% [39–44]. Among these studies,
some results were similar to our research findings [45] and
some were different. The reason for this may be because the
average age, sex, and duration of DM in the countries in which
the studies were performed differ from each other.

The HbA1c level of the patients was found to be 10.31% in
our study, but no significant relationship was discovered be-
tween this and the perceived stress. Similarly, no relationship
was found between psychometric variables and HbA1c in
some studies conducted [21, 46, 47]. In a study conducted in
Malaysia, a significant relationship was not found between
depression, anxiety, and stress and glycemic control in pa-
tients diagnosed with type II DM with an average age of 61
[48], while in a study conducted in a younger population in the
same country, anxiety, and stress were significantly correlated
with higher HbA1c levels [49]. In accordance with some other
study results, there is a significant association between HbA1c
and perceived stress and coping methods [1, 9–11]. In a
review study which is included 22 different studies results
from different countries, there was a significant relationship
between HbA1c and stress factors and copingmethods where-
as according to other study results in the same review study,
there was no relationship as in our study results [50]. These
differences are thought to be due to the studies being per-
formed in patients of different races, ages, sexes, and HbA1c
levels [1, 10, 46, 50].

In our study, 70% of the patients were overweight and
obese, the average BMI was 28.82, and the average waist
circumference was 94.16. We found that the higher the BMI
value of the DM patients, the more their perception of stress
increased, and the patients with increased stress perception
benefit from emotion-focused coping methods much more.
In the studies performed, obese people were found to use both
methods, but they used emotion-focused coping methods
much more [21]. Once they perceive the situation as irrevoca-
ble, these kinds of patients tend to accept and submit to it, and
then, they begin to use emotion-focused coping methods in
particular. Patients should be encouraged to lose weight and
be oriented to benefit from more active coping methods,
which are problem-focused coping methods.

At the end of the study, problem-focused coping, emotion-
focused coping, and number of accompanying chronic

Table 1 Descriptive characteristics of patients with diabetes mellitus

Variables Frequency (%) x SDð Þ

Age 57.03 (13.87)

Gender

Female 72 (47.1)

Male 81 (52.9)

Educational level

Illiterate-literate 20 (13.1)

Primary school 102 (66.7)

Middle school 20 (13.1)

High school/university 11 (7.2)

Marital status

Married 113 (73.9)

Single 40 (26.1)

Employment

Working 61 (39.9)

Not working 92 (60.1)

Family income

High 6 (3.9)

Moderate 74 (48.4)

Low 73 (47.7)

Body mass index 28.82 ± 7.14

HbA1c 10.31 ± 2.75

53.60%

5.90%

41.20% 43.10%

64.70%

32.00%

46.40%

94.10%

58.80% 56.90%

35.30%

68.00%

WC FBS BP TG HDL MS

Fig. 1 Distribution of the
components of metabolic
syndrome in patients with
diabetes mellitus. WC waist
circumference, FBS fasting blood
sugar, BP blood pressure, TG
triglycerides, HDL high-density
lipoprotein cholesterol, MS
metabolic syndrome
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diseases, age, and duration of insulin use, which are stress-
overcoming strategies, were found to be predictor variables of
perceived stress level. The analyses showed that the five
above mentioned variables had a 27% explanatory stress per-
ception, and the relationship between them was at a level of
0.52. The variable that contributed the most to the stress per-
ception levels of DM patients who participated in this study
was problem-focused coping. As the problem-focused coping
levels and age increased, the patients experienced lower stress
perception; as the emotional coping levels, year of insulin use,
and the number of accompanying chronic diseases increased,
the patients experienced higher stress perception. There is no

way to completely separate life from stress; what matters is
how stress is interpreted and addressed. It will be useful to
have DM patients recognize their stresses and to teach them
how to cope with stress [7].

In our research, the problem-focused coping method was
the best predictive variable of the stress perception; the higher
its level, the lower the stress perception. The problem-focused
coping method is an active coping method and includes ratio-
nal responses that were concentrated on the data and deliber-
ate actions against stress sources [21, 27]. It subsumes actions
that change the environment or the way people behave [27]. In
the studies conducted, good glycemic results have been ob-
tained in DM patients using problem-focused coping
methods, compliance with treatment increased, and symptoms
of depression were seen less often [11, 23, 26, 46].
Stimulation of the benefits from problem-focused coping
may hinder the progression of stress in patients. In addition
to being a physical disease, DM also has psychological and
psychosocial bearings. Individuals with a diagnosis of DM
should be considered holistically while maintaining the meta-
bolic control on the one hand, and the individual’s mood
should be supported by interventions on the other hand [7].
In our study, type 2 DM patients were found to experience
lower stress perception as they grew older. In other studies, a
negative relationship between age and stress has been found
[1, 10]. Elderly DM patients are more inclined to cope while
young people have more difficulty in perceiving the burden
related to diabetes management and coping with the disease
[10, 21]. The retirement of older patients and the lack of work
stress along with a more stable and regular life may be among
the reasons that lower the perception of stress. In line with

Table 2 Descriptive characteristics of the patients, average stress
score distribution according to disease and treatment-related
characteristics

Variables N Mean Std. deviation t or KW p

Gender

Male 72 19.68 6.71 − 1.284 0.201

Female 81 21.06 6.58

Educational level

Illiterate-literate 20 19.70 6.01

Primary school 102 20.63 6.59 0.281 0.963

Middle school 20 20.30 7.85

High school/university 11 19.91 6.86

Marital status

Married 113 19.88 6.69 − 1.655 0.100

Single 40 21.90 6.39

Employment

Working 61 21.15 7.27 1.115 .267

Not working 92 19.92 6.20

Family income

High 6 16.83 8.95

Moderate 74 20.08 6.28 2.344 0.310

Low 73 21.04 6.80

Chronic diseases accompanying the diabetes

No 59 19.56 6.97 − 1.258 0.210

Yes 94 20.95 6.42

Insulin use

Yes 112 21.38 6.55 3.039 0.003

No 41 17.78 6.29

Regular drug use

Yes 140 20.36 6.71 − 0.332 0.740

No 13 21.00 6.28

Metabolic syndrome

Yes 104 19.89 6.90 1.406 0.162

No 49 21.51 6.02

Stress coping style

Problem-focused 119 19.08 6.32 − 4.987 0.001

Emotion-focused 34 24.88 5.87

t Student t test, KW Kruskall Wallis

Table 3 Relationship between perceived stress and other variables

PSS
r

Age − 0.165*
BMI 0.185*

Duration of diabetes 0.043

Number of chronic diseases accompanying 0.160*

Insulin use period (year) 0.191*

Metabolic variables

HbA1c 0.098

Waist circumference 0.199*

Fasting blood sugar 0.048

Blood pressure systolic 0.040

Blood pressure diastolic 0.137

Triglycerides − 0.049
High-density lipoprotein − 0.013

Problem-focused styles − 0.324**
Emotion-focused styles 0.289**

***PSS perceived stress, r correlation coefficient, p < 0.05, p < 0.01

168 Int J Diabetes Dev Ctries  (2021) 41:164–171



these findings, patients should be taught and supported in
problem-oriented coping methods starting from a younger
age.

In our study, as the emotion-focused coping levels in-
creased, the patients experienced much higher stress percep-
tion. During the coping process, individuals with high levels
of perceived stress tend to use emotion-focused coping
methods that include helplessness [16, 23]. Studies have
shown that treatment compliance problems, poor glycemic
control, and psychosocial problems related to illness are more
common in DM patients using emotion-focused coping
methods [16, 23, 25, 46]. In particular, newly diagnosed DM
patients experience more anxiety and depression and believe
that diabetes will negatively affect their future and thus use
emotion-focused coping methods [24, 51]. Benefiting from
the inert coping methods for chronic diseases such as DM
may have critical adverse results on the physical health and
sanity of individuals [9]. If patients do not resist the threats to
their individual integrity, especially on a mental level, the
accumulated and intensifying effects of stresses that they can-
not cope with reverberate in their behaviors [36]. With regard
to Folkman and Lazarus, in the problem-focused copingmeth-
od cognitive strategies are used, whereas the emotion-focused
coping method targets diminishing the emotional effects of
stress factors [33]. In line with these results, patients should
be taught methods of coping, and support should be provided
to use problem-oriented coping methods rather than emotion-
based coping methods. In our study, the stress perception of
DM patients using insulin was found to be higher than that of
patients who did not use insulin, and their stress perception
increased as the years of insulin use increased while the
problem-focused coping levels decreased as their stress

perception increased. In studies conducted on DM patients,
insulin use has been reported to increase stress due to the need
for self-injection and blood glucose monitoring and the fear of
hypoglycemia [18–22, 52]. For patients, insulin treatment cre-
ates a perception that the disease is worsening. In our research,
as the number of chronic diseases accompanying DM in-
creased, the patients were found to experience higher stress
perception. As they do not know how to handle more than one
illness, they start to experience more stress. The symptoms
and treatment process in chronic diseases lead to preventing
daily life activities of the individual, decreased capacity of
individual coping, changes in perception of identity, sacrifices
in important goals, financial loss to the family and society, and
increased level of individual dependence and anxiety [53].

The results of our study found that the use of the problem-
oriented coping method was the variable that predicted the
stress perception positively. The fact that patients use
emotion-oriented coping methods increases their perception
of stress. In line with these results, diabetic patients should
be taught at the earliest age to handle stress and be encouraged
to use effective methods. Healthcare team members, using
their education and counseling knowledge and skills, provide
basic knowledge and skills to DM patients and their families,
check this knowledge and these skills periodically and evalu-
ate patients physiologically and psychologically, to enable
early detection of problems and thus early treatment.
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Abstract
Background Both RTA and T1DM have been associated with autoimmunity but they have been reported together rarely.
Case description A 23-year-old female presented with DKA persisted to have acidosis after normalization of sugars. She was
diagnosed with concurrent RTA on urine analysis without any underlying cause. The simultaneous occurrence of these two
conditions is challenging because of the need for bicarbonate therapy in RTA; and its relative contraindication in DKA.
Management of hypokalemia also becomes challenging in this condition.
Conclusion Both RTA and DKA have a similar clinical presentation and, therefore, require a higher degree of clinical suspicion,
especially in cases of non-resolving acidosis.

Keywords Type 1 diabetes . Diabetic ketoacidosis . Renal tubular acidosis . Treatment dilemma

Introduction

Type 1 diabetes mellitus frequently presents with diabetic
ketoacidosis (DKA), a potentially life-threatening condition
whose incidence remains high even in countries with a highly
developed medical care system [1]. Our case represents con-
current diabetic ketoacidosis with distal renal tubular acidosis
(RTA) in a patient of type 1 diabetes mellitus (T1DM) as its
first presentation. We want to highlight the treatment dilemma
posed by the simultaneous occurrence of these two conditions
and the need to screen for RTA in non-resolving acidosis.

Case report

A 23-year-old female was presented to Emergency with a his-
tory of decreased appetite and abdominal pain for 2 days. There
was no history of diarrhea, blood in the stool, or burning mictu-
rition. She had been lethargic for 3 days with a low-grade fever.
The patient did not have a history of any kidney disease like

nephrocalcinosis or renal osteodystrophy. There was no family
or gestational history of diabetes and the patient was not on any
knownmedication. On examination, shewas dehydrated, lethar-
gic with a Glasgow Coma Scale of 13 (E3V4M6). Her pupils
were sluggishly reacting, plantar bilateral flexor, and there was
no neck rigidity. There were no lateralizing neurological signs
and the rest of the physical examination was normal. Her BP
was 100/70 mmHg and she had a heart rate of 142 beats/min.
She was hyperventilating with a respiratory rate of 35 and SpO2

100%.
Dipstick blood glucose gave a reading as HI (measurable

up to 600 mg/dL) and blood ketones of 7.2. The patient was
admitted to ICU with a diagnosis of DKA and the blood in-
vestigations were done (Table 1). ECG and chest X-ray were
normal. Initial ABG revealed metabolic acidosis with hypo-
kalemia. She was treated with 0.9% saline and potassium ini-
tially followed by IV insulin infusion 0.1 U/kg/h with concur-
rent potassium. During the treatment, her blood sugar normal-
ized and hydration improved but the patient continued to be
drowsy. CT scan did not reveal any edema. The patient’s
consciousness improved after 3 days but the acid-base imbal-
ance with low potassium persisted (Table 2). So, a cause for
acidosis other than DKA was sought. Urine analysis revealed
high PH with high urine anion gap (26 mEq/L) and low po-
tassium (Table 3).

The diagnosis of distal RTA was made in view of the nor-
mal serum anion gap. As the patient became conscious and
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started taking food, she was shifted on subcutaneous insulin
along with sodium bicarbonate and potassium replacement.
USG revealed no kidney pathology such as stones or
nephrocalcinosis and markers of autoimmunity were negative.
Her thyroid hormones and renal function tests were normal.
She was discharged on insulin along with oral bicarbonate and
potassium supplements.

Discussion

Type 1 DM is a chronic autoimmune disease of young caused
by the destruction of beta cells. Distal RTA—hereditary or
autoimmune—is a syndrome of systemic normal anion gap
hyperchloremic acidosis with alkaline urine pH, hypokalemia,
hypocitraturia, and hypercalciuria due to reduced secretion of
H+ ions by the cells of the collecting tubules [2].

Both RTA and T1DM have been associated with autoim-
munity but they have been reported together only in a few case
reports [3]. Whether this coexistence is purely coincidental or
is because of common autoimmune pathogenesis is unclear. In
addition to being reported together in association with auto-
immune diseases such as Sjogren syndrome [4] or in associa-
tion with a renal pathology [5], additional cases have been
reported without discernible cause [3, 6].

The primary etiology of acidemia in patients with DKA is
ketoacidosis, with the contribution of lactic acidosis and renal
dysfunction. In most countries, the treatment of DKA follows
standard protocols of intravenous fluids and insulin infusion.
After metabolism during the recovery phase, bicarbonate is
regenerated and aids the restoration of acidosis. The mean
time to achieve pH > 7.3 and bicarbonate > 15 is 10–14 h
[7]. Rosenbloom [8] defines persistent acidosis as bicarbonate
< 10 mmol/L after 8–10 h treatment. It can be due to inade-
quate insulin dose or renal impairment secondary to severe
dehydration.

Our patient had persistent acidosis for more than 5 days,
even after normalization of blood glucose. Our patient had a
normal renal function and the insulin preparation and dose
(0.1 U/kg/h) were appropriate. Infections were also ruled
out. Persistent acidosis with alkaline urine and hypokalemia
and normal anion gap were consistent with type 1 renal tubu-
lar acidosis. The clinical spectrum of distal RTA in T1DM is

Table 1 Blood investigations

Investigation Day 1 Day 6

Hemoglobin (g/dL) 14.6 13.6

Total leucocyte count (/μL) 13,500 5950

Differential leucocyte count N73L20.8M5.5 N84L6.6M7.6

Platelet (/μL) 196,000 140,000

Blood sugar (mg/dL) 696 123

Blood urea (mg/dL) 44 67

Serum Creatinine (mg/dL) 1.38 1.2

Total bilirubin (mg/dL) 0.39 0.57

Direct bilirubin (mg/dL) 0.18 0.25

SGOT (IU/L) 38 22

SGPT (IU/L) 32 18

Alkaline phosphatase (IU/L) 232 214

Total protein (g/dL) 6.9 7.44

Serum albumin (g/dL) 4.15 3.7

TSH (μIU/L) 2.92

fT3 (pmol/L) 1.88

fT4 (pmol/L) 16

Table 2 ABG analysis of the
patient Investigation Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

pH 6.9 7.252 7.255 7.267 7.325 7.336

Sodium (mmol/L) 158.8 159.7 155.7 155.1 150.1 2.43

Potassium (mmol/L) 2.28 1.97 1.88 2.88 2.6 2.43

Bicarbonate (mmol/L) 3.5 10.3 9.3 11.1 10.9 9.4

Anion gap (mmol/L) 8.4 5.3 17.5 1.9 11.8 13

Ionic calcium (mmol/L) 0.655 0.717 0.806 0.965 1.012 1.157

Chloride (mmol/L) 149.1 146.1 127.3 145.9 131.0 130.7

Table 3 Urine
investigations Day 3 Day 6

pH 8 7

Sodium (mmol/L) 70

Potassium (mmol/L) 18

Calcium (mg/dL) 8

Chloride (mmol/L) 62

Phosphorous (mg/dL) 3.22

Glucose ++++ Nil

ketones ++++ Nil

Albumin + +
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similar to that of diabetic ketoacidosis complicating T1DM,
except for urine pH > 5.5 in the former and presence of
ketonuria in the latter. Concurrent occurrence of both
ketoacidosis and renal tubular acidosis is challenging for the
physician as the treatment is contrary in both. Bicarbonate
therapy is associated with poor prognosis and cerebral edema
in children in diabetic ketoacidosis treatment [9], whereas bi-
carbonate is essential for the management of hypokalemia in
distal RTA. It is complicated by the fact that without correc-
tion of hypokalemia, the use of insulin is contraindicated in
diabetic ketoacidosis. We did not initiate bicarbonate treat-
ment until she had regained consciousness.

The further management of such a patient also is important.
They should be managed on a nutritionally balanced diet with
a greater proportion of base-producing components like fruits
and vegetables. They also require lifelong potassium and al-
kali replacement at the rate of 1 to 2 mmol/kg per 24 h [10].
Strict correction of the hypercalciuria and appropriate supple-
mentation of calcium and vitamin D is required to prevent
osteomalacia and nephrocalcinosis. These patients are more
prone to end-stage renal disease than either RTA or T1DM
alone, making adequate management with proper doses of
insulin vital.

Conclusion

This case describes the challenges in managing two seemingly
contrary conditions with similar symptoms together. It also em-
phasizes the importance to document the presence or absence of
ketones in diabetic patients presenting with acidosis, especially
if persisting despite aggressive treatment. There is a need to
explore the possible mechanisms involved in distal RTA in
T1DM and the plan treatment guidelines for these patients.
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Diabetes is a complex syndrome, and guidelines are expected to
simplify the process of clinical decision making. The consensus
by the American Diabetes Association (ADA and the European
Association for the Study of Diabetes (EASD [1]) stratifies per-
sons with type 2 diabetes based on established atherosclerotic
cardiovascular disease (ASCVD)/chronic kidney disease
(CKD) and supports use of glucagon-like peptide 1 receptor
agonists (GLP1RA) and sodium glucose cotransporter 2 inhibi-
tors (SGLT2i). Better-established drug classes, supported by ex-
perience and evidence [2], have been relegated to third-line
status.

This consensus, by focusing on vascular disease as the main
determinant of glucose-lowering medication, has missed the
wood for the trees. Diabetes is equivalent to a dense tropical
jungle, full of heterogenous flora and fauna. Obstacles encoun-
tered in such an environment necessitate individualization of
coping strategies at every bend and corner. This is absolutely true
for diabetes care as well.

The term “established ASCVD” is difficult to understand.
Many people with diabetes have subclinical ASCVD [3].
Where these individuals will fit in the current algorithm is uncer-
tain. A similar dilemma occurs in atypical CVD, or anginal
equivalent symptoms. Single-minded emphasis on established
ASCVD, without acknowledging subclinical and atypical
CVD, is as limited in relevance as the glucocentricity of earlier
guidelines.

CKD offers similar challenges for the practicing diabetes care
provider. eGFR-based triage does make pharmacodynamic

sense, but deflects attention from other aspects of renal health,
such as albuminuria.

Current guidance relegates adverse events and patient satis-
faction to the sidelines. Adverse events that occur with GLP1RA
and SGLT2i are not insignificant, and should be considered be-
fore issuing blanket recommendation for their use.

Persons with symptomatic severe hyperglycemia, or those
who are “sick,” are not right candidates for GLP1RA and
SGLT2i. For example, how does one classify a person with
recent acute coronary syndrome, heart failure, stroke, or acute
kidney injury? Should preexisting GLP1RA or SGLT2i be con-
tinued during the acute illness?What time lag should be allowed
to lapse before prescribing GLP1RA or SGLT2i [4, 5]?

Medicine is built upon physiology and biochemistry. The
consensus makes no mention of the pathophysiologic basis of
diabetes, or the need to assess insulin resistance or secretory
defect while treating the syndrome.

Ideal management must take the entire glucophenotype
of the individual into account. The current consensus may
be used, with a caveat: it does not apply to severe hypergly-
cemia, symptomatic diabetes, sick persons (with acute co-
morbidity special situations such as pregnancy, hepatic, re-
nal impairment), and susceptibility to side effects (e.g., gas-
trointestinal discomfort with GLP1RA; genital infections
with SGLT2i) (Table 1).

The “glycemic personality” model responds to the mne-
monic ASSURE (Associated complications and comorbid

Table 1 Caveats for the
applicability of current
ADA/EASD consensus

Does not apply to

• Severe hyperglycemia

• Symptomatic diabetes

• “Sick” diabetes

• Special situations

• Special situations

Downplays, for certain drug classes

• Contraindications

• Potential adverse effects
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conditions, Sensitivity and social reality, Severity and urgency
of glucose lowering (in both short and long term), Relative
risk of hypoglycemia, and Expected efficacy of various
glucose-lowering therapies should be considered while
planning treatment for diabetes) (Table 2).

Inclusion of the caveats and considerations mentioned
above will help improve the utility of the ADA/EASD
guidance.
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Table 2 The glycemic personality: ASSURE

A Associated complications and comorbid conditions

S Sensitivity and social realities

S Severity and style of hyperglycemia

U Utility and urgency of glucose lowering

R Relative risk of hypoglycemia

E Expected efficacy of various glucose lowering therapies
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