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EDITORIAL

Long live the Liver!

Nishant Raizada1 · S. V. Madhu1

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

As the new-fangled COVID-19 pandemic begins to recede, 
the spectre of the old and familiar pandemic of obesity looms 
large once again. Of the many diseases, obesity predisposes 
to one of the most sinister albeit silent is non-alcoholic fatty 
liver disease.

The recent worldwide prevalence estimates of NAFLD 
are alarming to say the least. A meta-analysis published in 
July 2022 estimates the NAFLD worldwide prevalence to 
be 32.4% with a suggestion of a rapid increase in the past 
decade [1]. The numbers in patients with diabetes are even 
more unsettling. The NAFLD prevalence in patients living 
with type 2 diabetes mellitus is more than twice that of the 
general population. A 2019 meta-analysis pegs the preva-
lence of NAFLD in type 2 diabetes mellitus to be 55.5% [2].

Closer home, while the data may not be that extensive, 
the numbers here are far from reassuring. Data on overall 
prevalence of NAFLD in India is scanty—small studies 
suggest that the prevalence ranges between 8 and 32% [3]. 
Notably, most of these studies are from the past decade and 
do not take into account the temporal effects observed in 
the Western data. Hence, it may be wise to assume a much 
higher current prevalence of NAFLD.

In a recently published study from India, a review of elec-
tronic medical records of more than 1.5 lakh patients with 
diabetes suggests that 44.48% of them have NAFLD, the 
prevalence being close to 60% for males [4].

The link between NAFLD and diabetes appears to be 
sinister. Insulin resistance is proposed to be a major player 
in the pathogenesis of NAFLD. Increase in lipolysis, de 
novo triglyceride synthesis, hepatic triglyceride uptake and 
accumulation are consequences of insulin resistance which 
promote NAFLD. Features of metabolic syndrome (MS) are 
present in most patients with NAFLD—some authors refer 
to NAFLD as the hepatic manifestation of MS [3]. The close 

association between NAFLD and other metabolic factors 
explains the high prevalence of NAFLD in diabetes.

It is however interesting to study which type 2 diabe-
tes patients are likely to develop NAFLD. In a study from 
Brazil, patients with diabetes and NAFLD had more obe-
sity, waist circumference, hypertriglyceridemia and ele-
vated alanine transaminases as compared to those with-
out NAFLD [5]. A large data set from Italy suggests that 
patients with diabetes and NAFLD are likely to be older 
and have higher age adjusted prevalence of macrovascular 
complications when compared with those with diabetes but 
without NAFLD [6]. Interestingly, a small study from Sri 
Lanka found that patients of diabetes who had NAFLD were 
younger than those without NAFLD. Increased BMI, waist 
circumference and transaminitis were present in those with 
NAFLD [7]. Among patients with diabetes with normal ami-
notransferases, those with NAFLD had worse HbA1c and 
higher insulin resistance than those without NAFLD [8].

In this issue, Ayaz et al. [9] studied diabetes patients with 
and without hepatic steatosis. Surprisingly, they found that 
glycemic status was not significantly different between the 
two groups. Previous studies have reported positive correla-
tion between HbA1c and NAFLD in both diabetes patients 
and those without diabetes [10, 11]. This discrepancy prob-
ably hints at the now well-known concept of type 2 diabetes 
being a heterogeneous group of disorders rather than a single 
disease. Novel subtypes of type 2 diabetes have now been 
identified. Some of these subtypes have less insulin resist-
ance and more decrements in insulin secretion. If insulin 
resistance is the underlying cause of NAFLD, the insulin 
deficient subtypes may not share the burden of NAFLD 
equally. More studies on subtypes of diabetes and NAFLD 
would be informative.

Keeping the heterogeneity of diabetes in mind, racial fac-
tors are important in NAFLD as well. Asian Indians can 
have nearly two times higher hepatic fat for the same BMI 
when compared with Caucasians [12]. Petersen et al.simi-
larly reported two times higher hepatic triglyceride content 
and IL-6 levels in Asian Indians as compared to Caucasians 
[13]. This suggests that in our country, type 2 diabetes 
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mellitus with NAFLD would be a common clinical scenario. 
Not only do we, as physicians involved in diabetes care, need 
to understand this in detail to better manage our patients, but 
there is also a need to further characterize our diabetes clus-
ters to see if those with NAFLD emerge as a unique cluster 
with distinct pathogenesis, natural history and prognosis.

Other factors in the pathogenesis of NAFLD also need 
to be explored. Depletion of antioxidants such as vitamin 
E, vitamin A and glutathione may lead to hepatic inflam-
mation. In this issue, Saber et al. demonstrate that in an 
animal model of NAFLD, the levels of vitamin A, vitamin 
E and selenium reduce significantly as compared to controls. 
Other data has looked at role of hormones, such as leptin and 
adiponectin, and incretins as well as intestinal microbes and 
bile acids in pathophysiology of NAFLD. These and other 
studies on pathophysiology are important as they provide 
vital clues on developing therapeutic options for NAFLD. 
Although the mainstay of NAFLD therapy continues to be 
lifestyle intervention and weight reduction, several pharma-
cotherapeutic measures are now available. Vitamin E has 
shown promise in therapy of non-alcoholic steatohepatitis 
(NASH) in patients without diabetes [14]. Similarly, biopsy-
proven NASH appears to respond well to pioglitazones [15]. 
These pharmacotherapeutic measures have been shown to 
be beneficial in biopsy-proven NASH, but their utility in 
other milder forms of NAFLD has yet to be demonstrated. 
Metformin, omega-e fatty acids, obeticholic acid and urso-
deoxycholic acids are other drugs which have shown pos-
sible benefit [16]. More recently, data on potential benefits 
of diabetes medications including SGLT-2 inhibitors and 
GLP-1 analogues has emerged [16]. As these drugs cause 
significant weight reduction and improve glycemic control, 
these findings were not unexpected. Although this data is 
still evolving, semaglutide has shown improvement in cases 
of biopsy-proven NASH [17]. While conclusive evidence is 
awaited, it is prudent to prioritize these drugs in the treat-
ment of patients with co-existent diabetes mellitus and 
NAFLD.

The silent nature of NAFLD often results in the disease 
being ignored in its initial stages. However, once inflamma-
tion progresses, this disorder can lead to serious morbidity 
as well as mortality. While on one hand efforts to elucidate 
the pathophysiology and management aspects of NAFLD 
need to be expedited, the benefits of the same cannot be 
harnessed unless the awareness of this disorder grows.

Healthcare providers at all levels need to be sensitized 
about the looming threat on the liver so that appropriate 
advice and screening can be provided to patients. Keep-
ing obesity in check, eating a healthy diet and exercising 
regularly can have myriad benefits including reduced risk of 
NAFLD. As is true for other lifestyle disorders, for NAFLD, 
prevention would be much better than cure.
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Abstract
Objectives To systematically review all current studies on diabetes risk assessment tools used in sub-Saharan Africa (SSA) to
diagnose diabetes in symptomatic and asymptomatic patients.
Methods Tools were identified through a systematic search of PubMed, Ovid, Google Scholar, and the Cochrane Library for
articles published from January 2010 to January 2020. The search included articles reporting the use of diabetes risk assessment
tool to detect individuals with type 2 diabetes in SSA. A standardized protocol was used for data extraction (registry #177726).
Results Of the 825 articles identified, 39 articles met the inclusion criteria, and three articles reported tools used in SSA population but
developed for the Western population. None was validated in SSA population. All but three articles were observational studies (136
and 58,657 study participants aged between the ages of 15 and 85 years). The Finnish Medical Association risk tool, World Health
Organization (WHO) STEPS instrument, General Practice Physical Activity Questionnaire (GPPAQ), Rapid Eating and Activity
Assessment for Patients (REAP), and an anthropometric tool were the most frequently used non-invasive tools in SSA. The accuracy
of the tools was measured using sensitivity, specificity, or area under the receiver operating curve. The anthropometric predictor
variables identified included age, body mass index, waist circumference, positive family of diabetes, and activity levels.
Conclusions This systematic review demonstrated a paucity of validated diabetes risk assessment tools for SSA. There remains a
need for the development and validation of a tool for the rapid identification of diabetes for targeted interventions.

Keywords Type 2 diabetes . Validation . Diabetes risk assessment . Africa . Sub-Saharan region . Risk factors

Introduction

Diabetes mellitus (DM) is a major public health problem glob-
ally as the prevalence and burden are uncontrolled in urban

areas due to significant lifestyle choices [1, 2]. Globally, it was
reported in 2016 that more than 422 million adults were living
with diabetes and estimated to increase by 55% to over 591.9
million by 2035 [3]. Three-quarters of those with diabetes live
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in low- to middle-income countries (LMICs), and this is
projected to increase [4] with a median prevalence estimate
at 5% in sub-Saharan Africa [5].

Due to increasing urbanization, demographics, and nutri-
tional changes in the region [6–8], compounded by a lack of
awareness of the lifestyle risk factors for diabetes, inadequate
healthcare infrastructure, and lack of access to quality
healthcare on the sub-continent [2, 9], the prevalence of dia-
betes is predicted to increase from 4.85% in 2013 to 5.35% in
2035 [10]. In addition, the proportion of adults aged 20–79
years with undiagnosed diabetes was estimated to be 90% of
the diabetic population in LMICs compared with 33% in high-
incom`e countries [10]. The burden of the disease is evident
and keeps increasing [2, 9].

Diabetes has become one of four prioritized non-
communicable diseases (NCDs) by the World Health
Organization (WHO) [11]. The projected increase in the prev-
alence of diabetes mellitus (DM) in SSA will exert consider-
able economic and human resource costs on the healthcare
system that is already lacking in funding and trained human
resource [12, 13]. To mitigate this effect, there is a need for an
effective, non-invasive screening tool for DM in this region
such as the diabetes risk assessment tools which are conve-
nient for early screening and detection of diabetes to avoid
diabetes-related morbidity, reduce the cost of healthcare, and
improve quality of life [11).

Screening for diabetes in general practice by measuring
fasting blood glucose levels is feasible, but expensive, inva-
sive, and time-consuming. This could be more efficient if
targeted at high-risk patients [14]. Different strategies have
been suggested to improve diabetes detection including op-
portunistic screening and population-based screening [15].

Over the last decade, many diabetes risk assessment tools
used for identifying previously undiagnosed diabetes and in-
dividuals at high risk of diabetes have been developed and
validated in various countries. However, these tools were de-
veloped for different population groups using both
community- and population-based studies [16–27], predomi-
nantly among Caucasian [20, 28, 29]Biostatistics, Asian [18,
21, 22, 30, 31], and Middle Eastern [32, 33] populations. The
tools identified age, sex, obesity, family history of diabetes,
and hypertension as the most common factors associated with
diabetes [18, 20–22, 28–30, 32, 33]. In a population-based
systematic review conducted using 5 qualitative analysis tools
(two each from Mexico and Peru and another from Brazil),
researchers found that the area under the curve (AUC) ranged
from 66 to 72% and recommended the use of different diabe-
tes risk scores for the Latin American populations [34].

In Africa, there is paucity of data on the use of non-invasive
tools for diabetes risk assessment despite the growing popu-
lation and prevalence of diabetes. For example, in a
population-based study conducted in Egypt on 1032 individ-
uals without a history of diabetes, the authors found that a

predictive model could easily detect undiagnosed diabetes
[35]. Another study conducted on 3094 Mauritian Indians
using risk prediction models found that the AUC was 62%
for men and 64% for women [36]. In Ogun State, Nigeria,
using a community-based diabetes risk assessment tool on
56,567 individuals, authors found higher risk scores for dia-
betes and a higher rate of obesity among females than males.
A study by Alebiosu et al. suggested that current evidence
should be examined in order to implement diabetes preventa-
tive strategies [37]. Overall, these studies [35–37] are in agree-
ment that diabetes assessment tools are limited to the popula-
tion for which they were developed, and when used in differ-
ent populations including among SSAs, their validity could be
affected resulting in an inferior predictive model.

Therefore, this study was designed to provide evidence on
the availability and use of diabetes risk assessment tools in
SSA by systematically reviewing all current studies on diabe-
tes risk assessment tools within the region. This was supported
by reviewing studies conducted outside SSA countries on di-
abetes risk assessment tools so that the findings are generaliz-
able to a wider population. Identifying the diabetes risk as-
sessment tool models available in the SSA region would be
valuable at the primary care level, for clinicians and public
health workers to facilitate early detection of DM among those
who are unaware of their status. Also, the study will provide
evidence of the risk factors and diabetes risk scores that could
be further studied in different SSA countries or integrated into
the guidelines for policy-makers as a standard of practice for
diabetes screening at the population level. Findings can also
be used to develop diabetes prevention and education pro-
grams across SSA communities.

Research design and methods

This study was conducted in conformance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement on reporting items
for systematic reviews and meta-analyses [38] following
a protocol for this systematic review which was registered
in Prospero (registry #177726). The search was performed
in the following databases: PubMed, Ovid, Google
Scholar, and the Cochrane Library. The databases were
searched and articles published from January 2000 to
January 2020 were included and no language limits were
applied. A literature search strategy was developed and
implemented using the Populat ion, Intervention,
Comparison, Outcome, and Study (PICOS) framework,
as shown in Table 1. The search goals were first to identify
studies on the development of tools for non-invasive dia-
betes risk assessment in Africa, and then to expand that
search to other continents. Search terms included diabetes
risk assessment tools, diabetes mellitus risk assessment
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tools, diabetes risk assessment tools in Africa, “diabetes”
AND “risk assessment tools” AND Africa.

Search strategy and selection criteria

Two experienced reviewers, EE and GO, independently car-
ried out the searches on two separate dates. PubMed and Ovid
databases were searched on January 13, 2020, while Cochrane
Library was searched on January 15, 2020. Both reviewers
used the same predefined search terms as detailed in the
Supplementary file (S1). The search hits were then manually
screened for relevance and collated for more detailed scrutiny
using predefined inclusion and exclusion criteria. All articles
selected by both reviewers were collated for data extraction. A
third experienced reviewer, KO, adjudicated disputed articles.
The full electronic search strategy for PubMed database, in-
cluding the limits used, is presented (S1).

Data extraction and quality assessment

A total of 825 articles were selected for review of the abstracts,
and 786 articles were excluded after duplicate removal and
after applying the inclusion and exclusion criteria below.
Data were extracted after assessing the quality of the studies
by using Cochrane collaboration’s tool for assessing risk of
bias in publications. The following data were extracted from
each study where available: authors, year of publication, num-
ber of study participants, the location, mean age and/or age
range of study participants, sample size, predictor variables
(age, body mass index (BMI), waist circumference, waist to
height ratio), diabetes risk assessment tools used, accuracy
level of the tools and/or risk of developing diabetes, and tool
validation.

The article selection process is presented in the PRISMA
flow chart (Figure 1). For synthesis of results, qualitative de-
scription of data was performed using area under the receiver
operating curve (AUC), sensitivity, specificity, positive pre-
dictive value, negative predictive value, and odds ratios.

Inclusion and exclusion criteria

Eligible articles for inclusion were those that reported on the
following: individuals 15 years and older; quantitative scores

of predictive models; diabetes risk assessment tools developed
and used in an African population; validated tools for
assessing risk factors for diabetes in an African population;
and on specific tools developed for assessing diabetes risk
factors in an African population.

Exclusion criteria included articles that reported on validat-
ed tools for assessing risk factors for diseases other than DM;
on health topics other than DM; and on invasive diabetes risk
assessment tools. In addition to those included, articles were
also selected and grouped if they included information on
diabetes risk assessment tools developed for non-African pop-
ulations. The same exclusion criteria were adopted but these
articles were considered separately from the African studies,
only if they met the inclusion criteria.

Results

Diabetic risk assessment tools in Africa

Thirty-nine articles met the inclusion criteria for a full review.
Only three of those articles were from sub-Saharan Africa [37,
39, 40] and involved the use of non-invasive diabetes risk
assessment tools in local populations (Table 2). The quality
of the data in each of the studies conducted in SSA countries is
presented in Table 2.

In the current review, the age range of participants in the
studies that includedAfricans was 18–62 years and the sample
size ranged from 136 to 58,657 persons. All the studies were
observational. The most common non-invasive predictor var-
iables used in the three studies on the African population were
age, body mass index (BMI), waist circumference, family his-
tory of diabetes, and activity levels. Others include vegetable
consumption, waist-to-height ratio (WHtR), and history of use
of antihypertensive agents.

Type of tools and tool accuracy

Five different tools were used in the selected studies including
the Finish Medical Association DM risk tool, WHO STEPS
instrument, General Practice Physical Activity Questionnaire
(GPPAQ), Rapid Eating and Activity Assessment for Patients
(REAP), and an anthropometric tool. The accuracy of disease

Table 1 The search strategy for
literature selection PICOS Description

Population Indigenous African population aged 15 years and over

Intervention Application of diabetes risk assessment tools

Comparison Comparison of DM risk tools to other previously validated tools

Outcome Accuracy levels of risk assessment tools

Study All studies including but not limited to clinical trials, cohort,
case-control, cross sectional, and reviews
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assessment tools was measured in terms of sensitivity, speci-
ficity, or as the area under the receiver operating curve (AUC).
Among residents in Nigeria, one study [40] reported that the
predictor WHtR has the highest AUC for predicting two or
more cardiometabolic syndrome (CMS) in women (0.70);
BMI has the highest AUC for predicting two or more CMS
in men, and another [37] measured the risk of developing DM
in 10 years using logistic regression and found a mean risk
score of 5.60 ± 3.90 for developing DM for their sample
population. Among Ghanaians, Gudjinu and Sarfo [39] found
total cholesterol greater than 6.3, REAP score greater than 51,
BMI greater than 35 kg/m2, GPPAQ score for inactivity, serv-
ing of fruit per meal less than one, and middle socio-economic
status (SES) to be predictors with the highest odds ratios for
developing DM. None of the studies reported validation of the
tools used for the study population.

Diabetic risk assessment tools outside Africa

Given the few studies in Africa, in addition, we reviewed the
36 articles that met our criteria but were outside of SSA. This
was done to broaden the understanding and the depth of

interpretation of the African tools since the tools used in the
African studies have been used previously in non-African
populations. The continents covered include North America,
South America, Europe, Asia, and Australia and two studies
from the Middle East Region [54, 55]. The age range of sub-
jects was between 15 and 85 years with a sample size ranging
from 44 to 15,768 participants. The most used predictor var-
iables common to all studies were anthropometric variables
including BMI, WHtR, and waist circumference (WC), as
well as age and family history. Other less commonly used
variables were visceral adiposity index (VAI), body adiposity
index (BAI), triglyceride (TG) level, smoking, ethnicity, sed-
entary lifestyle, and hypertension.

Type of tools and accuracy

Twenty different tools were used in seven studies but the
anthropometric and Finnish diabetes risk assessment tools ac-
counted for about 40% of all tools. Others used locally
adapted questionnaires and compared accuracy results with
published diabetic risk tools [18, 22, 49, 51, 54, 59, 65].
Most (69.2%) of the articles reviewed use AUC to report the

Fig. 1 Flow chart of the article
selection process. Of the 42
studies that met the inclusion
criteria, only three were from sub-
Saharan Africa
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accuracy of the tools with values ranging from 0.60 to 0.88,
while others used sensitivity and specificity for performance
validation of the risk assessment tools (51.3%). Validation of
tools was recorded in 77.1% of the studies using methods such
as internal, external, measurement, and split-sample
validation.

Discussion

This study found that the diabetes risk factors pertinent to SSA
included waist circumference to height ratio, age, BMI, waist
circumference below the ribs, exercise, vegetable consump-
tion, use of anti-hypertensives, previous history of hypergly-
cemia, positive family history of diabetes, rapid eating, fasting
venous blood glucose, and fasting lipids. Different diabetes
risk assessment tools have been used in different populations
in SSA, but none was developed and/or validated for use in
the SSA populations. The findings provide insights and guide-
lines in a first phase for developing a more population-based
diabetes risk assessment tool for SSA based on the reported
risk factors in the available studies, and in a second phase for
devising and building new risk assessment methods based
upon the data collected from the tool design project. The study
also reviewed evidence from non-African populations to en-
sure results are applicable to a wider population. By reviewing
both African and non-African studies, this study provides the
basis for the selection of the most relevant risk score to be
implemented within the population.

It is typical to validate a newly developed tool for use in a
population, or adapt a tool previously validated for use in
another population. Studies [41] have indicated that available
diabetes risk assessment tools perform differently for different
populations. This underscores the need to validate a tool prior
to its use in a population that is different from its original
design. Differences in lifestyle, diet, and other socio-
demographic characteristics could account for this variability
warranting the need for validation of the tool. In this review,
we found that the studies used various validation methods
including split-sample cross-validation [50, 69], validation
with another external population [18, 45, 61, 70], and
bootstrapping [31, 48].

Studies conducted in sub-Saharan Africa

This review study did not identify a diabetic risk assessment
tool specifically designed and validated for the population of
SSA and that reported tool accuracy metrics like AUCs, sen-
sitivity and specificity, and positive and negative predictive
values. The implication is that clinicians may have to depend
on tools developed for other populations to screen for diabetes
in the sub-region. Given the vast variation in social, economic,
nutritional, demographic, and genetic factors between

different populations, and how these factors interplay in the
etiology of diabetes, the accuracies of these external diabetic
risk assessment tools may be in question. This claim seems to
have empirical support from the study done by Skogberg et al.
[41] who demonstrated higher accuracy levels among Finns
compared to Russian, Somali, and Kudish immigrants when
the variables WC and WHtR were used to predict DM. With
the prevalence of DM in SSA expected to grow significantly,
the need for accurate early detection is imperative. Our study
argues strongly in favor of developing such tools.

We found some issues with three studies [55, 59, 65] iden-
tified in this review. Paramount among them was the fact that
tools developed for other populations were used in some local
SSA populations without validating them for the local popu-
lations. The study by Alebiosu et al. [55] provides one such
example. They used the Finnish Medical Association diabetes
risk assessment (FINDRISK) tool, without validating the tool
in the local SSA population. Although they reported a signif-
icant correlation between total risk score and fasting blood
sugar, they did not report any of the standard measures of
tool accuracy like the AUC, sensitivity and specificity, and
negative and positive predictive values. Without accurate
results, it is not clear if the tool could accurately screen for
DM particularly at the early stages in the population they
studied.

The WHO STEPS instrument, GPPAQ, and REAP were
used in Ghana by another study [51] to assess the risk factors
for type 2 DM but did not predict DM directly. Although the
tools have utility in associating DM risk factors to scores,
robust predictive values were not reported and as with the
study by Alebiosu et al. [55], the tools were not validated for
the local population. One study [59] reported accuracy levels
using the area under the receiver operating characteristics
curve (AUC). Anthropometric variables were not used to pre-
dict DM directly but of cardiometabolic syndrome (CME), a
syndrome which comprises hyperglycemia, hypertension, and
hypertriglyceridemia. Although they demonstrated similar
AUCs for female and male anthropometric variables like
WHtR and BMI, the tool was designed specifically to predict
CMS; therefore, its predictive utility for DM remains unclear.

An accurate DM risk assessment tool validated for local
SSA populations does not seem to exist yet. However, the
few related studies we reviewed showed pertinent anthropo-
metric risk factors for DM that could be used to develop and
validate a DM tool in SSA. These anthropometric factors in-
clude waist circumference to height ratio, age, BMI, waist
circumference below the ribs, exercise, vegetable consump-
tion, use of anti-hypertensives, previous history of hypergly-
cemia, positive family history of diabetes, and rapid eating.
The cut-off values of the anthropometric variables used in the
reviewed studies are presupposed normative values for popu-
lations outside Africa and could lower the predictive value of
the tools in the African population. Perhaps a non-invasive
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tool that uses normative values for WC, WHtR, BMI, dietary
intake, exercise regimen, etc., which are pertinent to the local
population, could give higher overall accuracy including sen-
sitivity and specificity values. These findings therefore pro-
vide insights and guidelines in a first phase for developing a
more population-based diabetes risk assessment tool for SSA
based on the reported risk factors identified for local popula-
tions. A second phase will involve devising and building new
risk assessment methods based on the data collected from the
tool design project.

Studies conducted outside sub-Saharan Africa

Regarding the studies conducted outside of SSA, a total of 36
articles on diabetes risk assessment tools were reviewed. In
general, the tools were developed in Europe, Asia, the USA,
and the Middle East. However, none of the tools was devel-
oped or validated for the African population [57]. A similar
lack of validated risk assessment tools found in SSA has been
noted among some Latin American populations with the study
recommending that the health authorities prioritize the devel-
opment, validation, and implementation of a risk assessment
tool [58]. Considering the high prevalence of diabetes and
undiagnosed diabetes in the SSA region [10], the health au-
thorities in the various countries should take similar actions by
prioritizing the development and validation of a tailored dia-
betes risk assessment tool. Such tool should ideally be non-
invasive, easy to use, free, and easily available to clinicians,
public health workers, researchers, and individuals to assess
their level of risk for developing diabetes. As with other
Western countries, making the tool available on Ministry of
Health websites will enable screening and early diagnosis of
diabetes to reduce the rate of complications related to
undiagnosed diabetes.

The number of cases of diabetes used in the derivation
model for risk factors in the studies conducted outside of
Africa varied from 48 [60] to 207 [62], and for validation, it
was between 29 and 582 cases. Compared to studies in SSA
populations, these studies reported similar risk factors outside
of Africa [62–64] including age, waist circumference, and
family history of diabetes. These were the most common pre-
dictors of diabetes and in one study oral glucose tolerance test
was the outcome. Of five studies that assessed the use of
diabetes risk assessment tools in South America [58], one
review study found a high discrimination performance
(AUC 70%, range: 66–72%) across studies, and the highest
metric was always the negative predictive value [30, 60, 63,
64]. Although discrimination estimates in those studies were
largely acceptable, calibration metrics were not reported. For
countries such as Brazil [66], Mexico [67], and Peru [30]
where risk assessment tools were developed and validated
both cross-sectionally and prospectively, there was enough
scientific evidence to implement these tools as part of the

standard of care for type 2 DM screening at the population
level [30]. Two studies from the Middle East also reported a
high discrimination performance (AUC ranged from 76 to
83%) and only one study reported the tool’s accuracy in terms
of sensitivity and specificity [43] while another study reported
the negative predictive value of the tool [41].

Generally, diabetes risk assessment tools cannot be directly
transferred from one demographic group to another, due to the
variation in factors such as diet and activity levels in different
population groups. This is because the accuracy level of the
tool varies with racial demographics [61] and since the three
studies conducted in the African population used tools that
were neither developed nor validated for the SSA population,
it may be problematic to assume that their results can be rep-
licated. In addition, only one of the studies reported an accu-
racy level for the tools used making it impossible to assess the
performance of these tools in the SSA population. These find-
ings indicate the need for the development of an accurate and
validated non-invasive diabetes risk assessment tool for the
SSA population. This tool should be cost-effective and able
to identify persons at high risk of developing type 2 diabetes
with reasonably high accuracy levels. Such a tool is important
because the projected increase in the prevalence of diabetes in
Africa will no doubt exert an enormous cost on the healthcare
delivery systems in SSA, which are already chronically
underfunded and understaffed [17, 18].

Limitations and strengths

One of the limitations of the current review relates to the
fact that there was no standardized format for reporting
the outcome variables in the different studies. For exam-
ple, only one of the three studies in sub-Saharan Africa
reported the level of accuracy of the screening tool used.
The variation in the different tools used in the studies did
not allow for comparison of the performance of the
screening tools when used for the African population.
Another limitation of this study was the small number of
published reports on the diabetes risk assessment tools,
leading to the inclusion of studies published in non-
African regions to enlarge the scope of the discussion as
suggested by a reviewer. Despite these limitations, this is
the first study to provide evidence on the diabetes risk
assessment tools used in SSA. The study reviewed evi-
dence from non-African populations to ensure results are
applicable to a wider population. By reviewing both
African and non-African studies, this study provides the
basis for the selection of the most relevant risk score to be
implemented within the population such that the findings
can be used as a reference to developing a tool for use
among the African population.
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Conclusions

This comprehensive review of the available literature found
that no available diabetes risk assessment tool was developed
and validated for the SSA population, despite the dispropor-
tionately high prevalence of diabetes in this region and the
projected increase. This review found only three articles for
the SSA region over a 20-year period which demonstrates the
limited published research on diabetes risk assessment tools in
the region. Although the existing European or American dia-
betes risk tools cannot be adopted in SSA countries without
prior validation in the specific population, the findings of this
study provided useful evidence of the risk factors and diabetes
risk scores that could be further studied in different SSA coun-
tries. There is need for practical strategies to address the bar-
riers to the implementation of diabetes risk assessment tools
including that a low-cost, reliable screening tool for undiag-
nosed diabetes be developed and internally validated for the
SSA population. The potential for cost and morbidity savings
could be significant. Development of such tools should take
into account the peculiar demographic characteristics of the
sub-region identified in this study. Having a validated diabetes
risk assessment tool with sufficiently high sensitivity and
specificity will help healthcare policy-makers make informed
decisions in the prudent allocation of scarce resources. The
tool could then be deployed by trained healthcare workers in
the screening of those at risk of diabetes for further clinical
examination and possible care and it can be adapted by differ-
ent SSA countries for validation in different communities. As
in many developed countries, such tools can be integrated into
the guidelines for policy-makers as a standard of practice for
diabetes screening at the population level.
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Abstract
Background Formal nutrition education improves diabetes management. We aimed to assess the effects of formal nutrition 
education on anthropometric indices, lipid profile, and glycemic control of patients with type 2 diabetes.
Methods Pubmed, Scopus, and Embase were searched. Randomized controlled trial design which evaluated nutritional 
education programs in adults with type 2 diabetes were selected.
Results Twenty-six publications were included in analysis. Formal nutrition education reduced glycated hemoglobin 
(− 0.72%; 95% CI: − 0.95, − 0.49), fasting blood glucose (− 13.40 mmol/L; 95% CI: − 22.47, − 4.34), total cholesterol 
(− 6.28 mmol/L; 95% CI: − 10.77, − 1.79), triacylglycerol (− 17.26 mmol/L; 95% CI: − 29.10, − 5.42), waist circumference 
(− 2.02 cm; 95% CI: − 3.11, − 0.92), diastolic blood pressure (− 2.92 mmHg; 95% CI: − 4.74, − 1.11), and systolic blood
pressure (− 6.16 mmHg; 95% CI: − 11.03, − 1.28). However, no significant differences were observed in formal education 
for body mass index, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol.
Conclusions Formal nutrition education in type 2 diabetic patients can improve fasting blood glucose levels, glycated hemo-
globin, reduce total cholesterol, triacylglycerol, blood pressure, and waist circumference.

Keywords Socialization · Education · Nutrition · Diabetes mellitus

Introduction

Type 2 diabetes mellitus (T2DM) is one of the most com-
mon metabolic disorders worldwide [1, 2] According to the 
World Health Organization (WHO), DM prevalence will 
increase from 4 to 5.40% in 1995 till 2035 [1]. Genetic and 

environmental risk factors affect incidence of diabetes [3]. 
The main complications of T2DM are microvascular (retin-
opathy, neuropathy, and nephropathy) and macrovascular 
(hypertension, hyperlipidemia, coronary artery disease, cer-
ebral vascular disease, etc.). Generally, unhealthy lifestyle 
including physical inactivity and unhealthy dietary pattern 
is the main modifiable risk factor of T2DM [4].

DM decreases quality of life, rises premature death, 
and increases health care costs [5–8]. In addition, unlike 
developed countries that DM cases are predominantly 
older than 60 years, in developing countries, DM is most 
common in 20–59 years old adults, which can negatively 
affect the economic growth [5]. Education is necessary 
for diabetes care. Education socializes people regarding 
the expected behaviors for especial situations and people 
learn the expected values, norms, manners, styles, and 
behaviors [9, 10]. In other words, socialization teaches 
people what behaviors or tasks are expected of them. 
Especial socialization is needed for patient people includ-
ing diabetic patients. Education, as a socialization factor, 
can be introduced formally or informally. Scientifically, 
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formal education means using direct, rule-based, and 
organizational structures and informal education means 
using indirect, non-rule-based, and non-organizational 
structures. Formal methods focus on academic, schools, 
hospitals, clinics, and health centers education, while 
informal methods consist of web-based, phone, or printed-
material educations [11–13]. The self-management use of 
web-based materials, networking-based and social media-
based, which apply informally, is the most significant type 
of education among new types of education. The education 
(formal and informal) as a mechanism of socialization has 
important situation in individual and social behaviors and 
traits.

Nutritional education finds and addresses unhealthy die-
tary patterns and decreases sedentary behaviors. It is basic 
principal regarding self-management of diseases such as 
diabetes [11]. The most significant diabetic self-manage-
ment education (DSME) models are the “group education” 
and the “individual education [14].” The basic method for 
DSME is face-to-face method [15]. “Face-to-face” edu-
cation is one of the most common educational methods 
in health care systems. Patients have chance to ask their 
questions or discuss their issues. In addition, health care 
givers can change false information of patients and build 
an active relationship with them [14]. With group-based 
DSME, patients can meet each other and discuss their 
concerns about their health problems and consequences 
of diabetes. It increases diabetes information and quality 
of life [11, 16]. In other methods, dietary records, dietary 
consultation, and assessment can be performed efficiently 
by using internet and web-based platform. These methods 
increase patients’ awareness about dietary intake and dis-
ease control [17].

Nine studies about formal education were included in 
the Cochrane review (2010); six studies compared face-to-
face education with usual care and three of them compared 
face-to-face education with group education. Individual 
education for 6 to 12 months in comparison with usual care 
did not significantly attenuate glycemic indices, body mass 
index (BMI), blood pressure, or total cholesterol in T2DM 
patients. There were not any significant differences between 
individual education and group education regarding glyce-
mic control, BMI, and systolic or diastolic blood pressure 
[18]. Although limited trials were available regarding the 
effects of web-based education on T2DM individuals, the 
available evidence suggested using web-based interventions 
improved nutritional knowledge and glycemic indices [19].

There is no consensus regarding the most effective model 
for the education of patients with type 2 diabetes educations. 
So, the aim of the present study was to assess the effec-
tiveness of formal nutrition education compared with usual 
care on glycemic indices, lipid profiles, blood pressures, and 
anthropometric variables of type 2 diabetes patients.

Methods

Search strategy

A systematic literature search was conducted in PubMed, 
Scopus, and Embase up to November 2019. The follow-
ing Medical Subjects and Headings (MeSH) terms and 
keywords were used: (1) “nutrition education”[Title/
Abstract] OR “nutrition education”[MeSH Terms] 
OR “nutrition training”[Title/Abstract] OR “nutri-
tion training”[MeSH Terms]; (2) “television”[Title/
Abstract] OR “television”[MeSH Terms] OR “web”[Title/
Abstract] OR “phone”[Title/Abstract] OR “press”[Title/
Abstract] OR “newspaper”[Title/Abstract] OR “printed 
matter”[Title/Abstract] OR “university”[Title/Abstract] 
OR “university”[MeSH Terms] OR “academic”[Title/
Abstract] OR “pre-university”[Title/Abstract] OR “health 
center”[Title/Abstract]; (3) “type 2 diabetes mellitus”[Title/
Abstract] OR “type 2 diabetes mellitus”[MeSH Terms] OR 
“obesity”[Title/Abstract] OR “obesity”[MeSH Terms]; (4) 
1 & 2 & 3. To find more relevant papers, the reference lists 
of related articles were checked. We included all relevant 
studies that had been published in English language.

Study eligibility

There was not any language restriction. Two different 
authors (AM, SMDR) reviewed and screened the title, 
abstract, and full text of included studies. Eligibility crite-
ria were based on the PICOS. “population” was adults with 
type 2 diabetes mellitus, “intervention” was formal educa-
tion, “Comparator” was a control group that received usual 
care, the standard of care was annual checkups or regular 
visits with health professionals, “outcomes” refer to all 
variables of serum blood glucose, lipid profiles, and anthro-
pometric indices, and “study design” was randomized con-
trolled trial studies. In other words, studies were included if 
they had randomized controlled trial design which evaluated 
nutritional education programs in adults with type 2 diabetes 
in comparison with usual care. Animal study, editorial/letter 
to editor, review article, studies that were not published in 
peer-reviewed journals such as abstracts from conference 
proceedings, dissertations, and master’s theses, and designs 
other than randomized controlled trial studies with insuf-
ficient data were excluded.

Data extraction

Three authors (AM, SMDR, MHB) were responsible for 
extracting the data. The following data were extracted 
from each relevant paper: first author’s information, study/

396 



International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):395-411 

1 3

publication year, study design, sample size, intervention, 
control, study duration, age, sex, including family/friends, 
and outcomes. Means and standard deviations (SD) or stand-
ard errors (SE) of outcomes (FBS, HbA1c, total cholesterol 
(TC), LDL-C, HDL-C, triglyceride (TG), waist circumfer-
ence (WC), and BMI) were also extracted for the effect size 
calculation.

Statistical analysis

We used percent (%), mmHg, mmol/L, kg/m2, and centim-
eter (cm) as unit scale for all values of HbA1C, blood pres-
sure, lipid profile, blood glucose, and waist circumference, 
respectively. We used changes in the mean and standard 
deviation (SD) to estimate the effect size. Mean difference 
was measured by subtracting the mean before- and after-
intervention values for the intervention and control groups 
if we could not extract the effect size directly. SE was con-
verted to SD for effect size calculation [20].

I-squared and chi-squared tests were used for heteroge-
neity assessment. In chi-squared test, alpha value of less 
than 0.1 declared significant heterogeneity. In I-squared test, 
values < 25% were considered low heterogeneity, 25 to 50% 
as moderate heterogeneity, and more than 50% were consid-
ered large amounts of heterogeneity. Random-effect model 
(I–V heterogeneity, no standard) was applied for calculating 
pooled effect size. Ninety-five percent confidence intervals 
were calculated for the weighted mean difference (WMD), 
and 0.05 or less were considered significant level. For 
assessing small-study effects, Begg’s test, Egger’s test, and 
funnel plot were used. To adjust the publication bias, “Trim 
and fill” analysis was used. All statistical analyses were done 
with Stata version 11.0 software (Stata Corporation).

Results

Study characteristics

Among 1356 papers, 81 full-text articles were assessed for 
inclusion and exclusion criteria (Fig. 1). Fifty-five articles 
were excluded after full-text screening: 29 studies on chil-
dren, five studies on prevention, 16 studies with insufficient 
data, and five studies without control group. The PICOS 
criteria of eligible studies are described in Tables 1. The 
study duration varied from 8 to 192 weeks. The mean age of 
the participants ranged from 52.5 to 72.5 years. One study 
was performed on women, and 15 studies were applied on 
both genders. Finally, 20 studies, with 2422 participants in 
formal nutrition education, had sufficient data to be enrolled 
in the meta-analysis.

Meta‑analysis results, formal nutrition education

The overall effect of formal education on FBS 
was − 13.40 mmol/L (95% CI: − 22.47, − 4.34; p= 0.004)) 
with significant heterogeneity (I2 = 63.3%, and p= 0.005) 
(Fig. 2). The overall effect of formal education on HbA1c 
was−0.72% (95% CI:−0.95,−0.49; p<0.001) with signifi-
cant heterogeneity (I2 = 55.1%, and p= 0.003) (Fig. 2). The 
overall effect of formal education on TG was−17.26 mmol/L 
(95% CI: − 29.10, − 5.42; p= 0.004) without significant het-
erogeneity (I2 = 0.0%, and p= 0.617) (Fig. 3). The overall 
effect of formal education on TC was − 6.28 mmol/L (95% 
CI: − 10.77, − 1.79; p= 0.006) without significant heteroge-
neity (I2 = 0.0%, and p= 0.997) (Fig. 3). The overall effect 
of formal education on LDL-C was − 1.80 mmol/L (95% 
CI: − 9.12, 5.51; p= 0.629) without significant heteroge-
neity (I2 = 0.0%, and p= 0.845) (Fig. 3). The overall effect 
of formal education on HDL-C was − 0.36 mmol/L (95% 
CI:−2.39, 1.67; p=0.728) without significant heterogeneity 
(I2 = 14.1%, and p= 0.322) (Fig. 3).

The overall effect of formal education on SBP 
was − 4.23 mmHg (95% CI: − 8.84, 0.39; p= 0.073) with-
out significant heterogeneity (I2 = 36.7%, and p= 0.162). 
After excluding two studies according to sensitivity analy-
sis (Cheskin LJ, et al. 2008; and Muchiri JW, et al. 2016) 
[23, 34], the overall effect of formal nutrition education on 
SBP changed (WMD:−6.16 mmHg; 95% CI:−11.03,−1.28 
without significant heterogeneity I2: 33.6% and p= 0.211) 
(Fig. 4). The overall effect of formal education on DBP 
was − 2.92 mmHg (95% CI: − 4.74, − 1.11; p= 0.002) with-
out significant heterogeneity (I2 = 0.0%, and p= 0.545) 
(Fig. 4).

The overall effect of formal education on BMI 
was − 0.58 kg/m2 (95% CI: − 1.00, − 0.17; p= 0.006) with-
out significant heterogeneity (I2 = 13.0%, and p= 0.314). 
After excluding a study according to sensitivity analysis 
(Gutschall MD, et al. 2009) [26], the overall effect of for-
mal nutrition education on BMI changed (WMD − 0.40 kg/
m2; 95% CI: − 0.91, 0.10 without significant heterogeneity 
I2: 4.9% and p= 0.397) (Fig. 4). The overall effect of formal 
education on WC was − 2.02 cm (95% CI: − 3.11, − 0.92; 
p< 0.001) without significant heterogeneity (I2 = 4.7%, and 
p= 0.380) (Fig. 4).

Publication bias

No evidence of publication bias was observed regarding 
the effects of formal education on blood glucose, lipid 
profile, blood pressure, and anthropometric indices (Fig-
ure S1). The Begg and Egger tests did not show publi-
cation bias for the effects of formal education on FBS 
(p = 0.532, p = 0.424), HBA1C (p = 0.970, p = 0.732), 
LDL (p = 0.602, p = 0.489), HDL (p = 1.00, p = 0.777), 
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Fig. 1  Flow diagram of database searches and study selection
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Fig. 2  Meta-analysis of the effect of formal nutrition education on fasting blood sugar and HbA1C in type 2 diabetic patients
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Fig. 3  Meta-analysis of the effect of formal nutrition education on blood lipids levels (LDL-C, HDL-C, TC, and TG) in type 2 diabetic patients
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LDL (p = 0.602, p = 0.489), TG (p = 0.531, p = 0.328), 
SBP (p= 0.573, p= 0.984), DBP (p= 0.452, p= 0.447), 
BMI (p= 0.246, p= 0.465), and WC (p= 1.00, p= 0.790), 
respectively.

However, Begg and Egger tests were significant 
regarding the effect of formal education on TC (p= 0.025, 
p = 0.017). After publication bias adjustment, the 
pooled estimate of TC level did not change − 6.28 (95% 
CI: − 10.77, − 1.79), and there was low level of heteroge-
neity among the studies (I2 = 0.0%; p= 0.997).

Sensitivity analysis

To evaluate the effects of formal nutrition education on 
anthropometric and blood biomarkers of type 2 diabetic 
patients, we performed a sensitivity analysis according to 
the random-effects model. Results of sensitivity analysis 
showed that one study had no effect on results. However, 
the results revealed significant influence of one study on 
the pooled estimated effects of formal nutrition educa-
tion on BMI (Gutschall MD, et al. 2009) [26] and SBP 

Fig. 3  (continued)
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Fig. 4  Meta-analysis of the effect of formal nutrition education on blood pressures and anthropometric indices in type 2 diabetic patients
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Fig. 4  (continued)
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(Cheskin LJ, et al. 2008; and Muchiri JW, et al. 2016) [23, 
34] (Figure S2).

Discussion

This meta-analysis suggests that formal education decreases 
the blood glucose, blood pressure, waist circumference, and 
lipid profiles especially total cholesterol and triacylglycerol, 
significantly.

Consistently, Chineyed et  al. in 2013 suggested that 
although HbA1c decreased in all three groups of individual 
education, group education, or taking usual care, patients 
who had face-to-face education showed better glucose con-
trol than those who received group education by conver-
sation map [17]. However, Li et al. in 2016 demonstrated 
that group education for diabetic patients was more effec-
tive on improving psychosocial metrics and 3-month HbA1c. 
Accordingly, the 3 months HbA1C was significantly lower 
in group education model than individual education model. 
However, the 6 months HbA1C did not have any statistically 
significant differences between groups [41]. Deakin et al. in 
2003 had shown a significant 0.4% decrement in HbA1c for 
4 months, and in 2005, they found that group-based educa-
tion method reinforced diabetes control and knowledge of 
T2DM patients. [18, 24] Lozano et al. in a meta-analysis on 
395 participants demonstrated the overall reduction of 1.4% 
in HbA1C, and a significant improvement in FBS by group 
education [31].

At 4–6 months, among three studies including 629 partic-
ipants, there were no significant differences in total choles-
terol levels among group education versus usual care groups 
[22, 24, 35]. At 12–14 months, TG levels were different 
between groups in three studies with 552 patients [22, 24, 
40]. Studies on 628 patients showed 0.24 mmol/L descend-
ing in TG levels after group education program [22, 24, 35].

Conversely, the overall reduction in BMI was 0.2 kg/m2

via group education without any heterogeneity between stud-
ies in three studies with overall 718 participants. But no 
statistically significant differences were observed for body 
weight [22, 35, 36]. Consistently, four studies with 566 par-
ticipants did not show any significant effect of group-based 
diabetes education program on body weight or BMI. The 
overall reduction in body weight was 2.1 kg more than con-
trol group but difference was not statistically significant [24, 
27, 35, 36].

Two studies showed that at 4 to 6 months, SBP decreased 
significantly about 5 mmHg, after group education [24, 
35]. A trend towards 3 mmHg reduction in DBP was also 
observed. At 12–14 months, two studies demonstrated a 
small non-significant reduction of 3 mmHg in SBP after 
group education [24, 40].

Different results from different studies can be attributed 
to various methodological issues. Different educational con-
tents in each subgroup (academic, health centers, hospital, 
or clinics); different educational targets (individual-based 
or group-based); variation in duration of each educational 
sessions, duration of the intervention, and involvement of 
families, friends, or none lead to different results. In addi-
tion, some prognostic factors including severity of the dis-
ease, different age groups, differences in blinding condition, 
and having different control groups can lead to controversy 
in the results. Most of the studies used routine treatments 
while the others used enhanced usual care, waiting list, and 
printed health education materials and computer-assisted is 
another reason for contradictory results.

This review has some strength. It includes the major-
ity RCTs regarding the impact of nutritional education on 
T2DM adult patients, and it is the latest systematic review 
and meta-analysis in this topic. Other strengths include 
uncovering of biases like small-study effects, or defaults in 
the design, conduct, analysis, and interpretation. Neverthe-
less, the present review features some limitations. First, test 
condition bias is probable, since we used the data of pub-
lished papers, and each patient’s data were not available. 
Second, considering the small sample size of some of the 
relevant RCTs, significant metabolic changes associated 
might not have been detected. Third, in general, meta-anal-
ysis cannot improve the quality of the original studies, or 
cannot address the variability of patient populations, the 
quality of the data, and the potential for underlying biases.

Conclusion

Formal nutrition education can significantly improve total 
cholesterol, triacylglycerol, blood sugar, blood pressure, 
and waist circumference in type 2 diabetic patients. More 
research is needed based on these methods for decision-
making. Totally, the results of this study showed that formal 
education as an important factor of socialization system of 
each society has important impact on the nutrition of type 2 
diabetic patients, and consequently on their clinical indices. 
The improvement of formal nutrition education for diabetic 
patients and control the clinical indices of type 2 diabetic 
patients is advised.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13410-021-01023-6.
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Abstract
Background/purpose of the study With the conflicting results on available studies regarding the association of the Pro12Ala
polymorphism with the response of patients with type 2 diabetes mellitus (T2DM) to thiazolidinediones (TZDs), this meta-
analysis was conducted to obtain more precise estimates.
Methods Relevant studies were searched in PubMed and Google Scholar and were selected according to the set inclusion criteria.
Data were extracted and analyzed using both Review Manager 5.4.1 and Meta-Essentials. Pooled mean difference (MD),
standardized mean difference (SMD), and odds ratios (ORs) and their 95% confidence intervals were computed to measure
the association of the polymorphism with TZD treatment response.
Results Only four studies were included in this meta-analysis, with a sample size of 680. The pooledMD analysis results showed
that FBG and HbA1c are significantly higher in the post-intervention group than in the pre-intervention group. No significant
differences were noted between the genotypic groups (Pro12Pro vs. Pro12Ala and/or Ala12Ala). On the other hand, pooled OR
analysis showed that T2DM that carry the PPARG gene variant are more likely to respond to TZD therapy.
Conclusion Based on the results of this meta-analysis, our findings suggest that the presence of the PPARG gene variant is
associated with the response of patients with T2DM to TZD therapy. However, further studies are still needed to verify our
claims.

Keywords Pro12Ala . PPARGgene . Thiazolidinediones . Type 2 diabetes . Meta-analysis

Introduction

Thiazolidinediones (TZDs) are a class of insulin sensitizers
used in treating type 2 diabetes mellitus (T2DM), and these
drugs are known to act by increasing the transactivation activ-
ity of the peroxisome proliferators activated receptors or
PPARs [1]. The mechanism of action of these TZDs involves

altering the transcription of genes influencing carbohydrate
and lipid metabolism, resulting in changed amounts of protein
synthesis. It is believed that TZDs reduce insulin resistance in
adipose tissue, where PPARG or the PPAR gamma is predom-
inant, and also inmuscle and liver tissues [2]. Pioglitazone and
rosiglitazone are the most common TZDs in the market; both
are medications used to treat T2DM and are classified as ag-
onists for the PPARG [3]. Pioglitazone improves glycemic
control in people with T2DM by improving insulin sensitivity
through its action at PPARG1 and PPARG2 [4]

The PPARG is a ligand-activated transcription factor locat-
ed at 3p25, which plays an essential role in regulating lipid
storage, fatty acid uptake, glucose uptake, and energy balance.
It has a significant role in forming adipose tissue and the
subcellular metabolism of the macrophage cells in the arterial
wall [5]. The PPARG also activates genes involved in both
glucose and insulin metabolism [6, 7]. Several single nucleo-
tide polymorphisms (SNPs) in the PPARG have been
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associated with lipoprotein levels and insulin resistance.
Among these polymorphisms, one significant SNP is the
Pro12Ala that has been linked to lipoprotein levels and even
insulin resistance of certain individuals [8–10]. This polymor-
phism causes the missense mutation CCA-GCA located at the
exon 2 of the PPARG gene [11]. This results in the replace-
ment of Proline to Alanine at the amino acid residue 12, hence
the term Pro12Ala. Multiple studies have stated that the
Pro12Ala polymorphism improves insulin sensitivity in
humans [12, 13]. Individuals with at least one copy of Ala
have lower BMI and higher insulin sensitivity. Also, having
the Ala allele appeared to have a protective role against T2DM
[14].

Certain studies show that patients with the Pro12Ala poly-
morphism respond better to TZD treatment [15–19].
However, results from various studies are still conflicting.
Some studies emphasized that the Pro12Ala polymorphism
in the PPARG gene has no significant effect on pioglitazone
efficacy. The reaction to pioglitazone treatment is not depen-
dent on the Pro12Ala polymorphism in the PPARG gene [20].
Hence, we performed this meta-analysis to obtain more pre-
cise estimates of the association of the Pro12Ala polymor-
phism in the PPARG gene with response to TZD therapy of
patients with T2DM.

Methods

Literature search strategy, eligibility criteria, and
study assessment

Articles were searched in PubMed and Google Scholar (ti-
tle search only) using a combination of the following key
search terms: “Pro12Ala” OR “rs1801282” OR “polymor-
phism” AND “pioglitazone” OR “rosiglitazone” OR “thia-
zolidinedione” AND “diabetes” as of September 26, 2021.
No restrictions were applied to the date of publication.
Titles and abstracts of the resulting studies were checked
for eligibility. Only studies written in English were consid-
ered for this meta-analysis. Full text of the studies that
passed the initial screening was collected and further
assessed. Full-text articles were included in the meta-
analysis if: (1) studies are conducted among T2DM pa-
tients; (2) studies that grouped their T2DM participants
based on their Pro12Ala polymorphism genotype; and (3)
studies that have pre- and post-intervention data for glyco-
sylated hemoglobin (HbA1c) and fasting blood glucose
(FBG) that are grouped based on their Pro12Ala polymor-
phism genotype. In this study, we defined treatment re-
sponse as (1) changes in the post-intervention FBG and
HbA1c between the genotypic groups (Pro12Pro group
vs. Pro12Ala and/or Ala12Ala group); and (2) an increase
in the number of responders to TZD based on the criteria set

by Bluher et al. [20] as used by most included studies [20].
Briefly, TZD responders were defined as those with a >
15% decrease in HbA1c levels or > 20% decrease in FPG
levels (or both) after TZD therapy. For the study design,
articles classified as reviews, case reports, case studies,
commentaries, and editorials were not included.

Data extraction

The following data were obtained from each included study:
(i) first author’s last name; (ii) year of publication; (iii) country
where the study was conducted; (iv) method of SNP detection;
(v) PPARG gene variants of the study groups; (vi) the total
number of participants; (vii) the total number of participants
per sex; (viii) mean age of the study groups; (ix) mean dura-
tion of diabetes in years; (x) duration of the TZD therapy; (xi)
type of TZD therapy initiated; (xii) HbA1c (in %) and FBG (in
mg/dL) data pre- and post-intervention in each genotypic
group; and (xiii) number of TZD responders and non-
responders across the study groups. For consistency and to
preserve the original values of the HbA1c and FBG results,
data obtained were no longer converted. Instead, only those
with similar units were used for the analysis. All data needed
were initially extracted by two of the authors. The other au-
thors reviewed, verified, and counter-checked the extracted
data and resolved any disagreements.

Study quality assessment

The quality of each included study was assessed using the
Quality Assessment Tool for Before-After (Pre-Post) Studies
With No Control Group by the National Heart, Lung, and
Blood Institute (https://www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools). Results obtained were
described accordingly.

Data analysis

Pooled mean difference (MD), standardized mean difference
(SMD), and odds ratios (ORs) computation were used in this
study. The MD (for dependent groups), SMD (for indepen-
dent groups), and the 95% confidence interval (CI) of the
levels of HbA1c and FBG among patients with T2DM be-
tween the study groups (with and without the PPARG gene
variant) were calculated and pooled. The protocol for analyz-
ing the MDs/SMDs and ORs was adapted from previous re-
searches done by the same author [21–23]. Computations of
the pooled ORs and 95% CIs were done to measure the out-
comes (responder or non-responder to TZD therapy) of an
exposure (presence of the PPARG gene variant). The pooled
MD, SMD, and OR estimates were determined either by the
fixed- or random-effects model, depending on the presence of
heterogeneity [24, 25]. The presence of heterogeneity was
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examined using a chi-based Q test, and its degree was mea-
sured using I2 statistics [26, 27]. All p-values (PA) for associ-
ation were two-sided with a significance threshold of < 0.05,
whereas the p-value (PH) for heterogeneity is set at < 0.10 due
to the low power of the test [28]. All statistical analyses were
done using both Review Manager ver. 5.4 (Copenhagen:
Nordic Cochrane Centre, Cochrane Collaboration, 2014) and
Meta-Essentials (Erasmus Research Institute of Management,
2017) [29]. The analysis for publication bias was no longer
performed due to the limited number of eligible studies in this
meta-analysis.

Results

Search results, characteristics, and quality of the
included studies

The initial search resulted in 75 studies from both PubMed
and Google Scholar. After screening the title and abstract, a
total of 18 studies qualified for full-text assessment. Only four
studies [15–17, 20] were included in this meta-analysis. No
other study was obtained from checking the cited reference
from each included text. The full summary of the literature
search is presented in Fig. 1. As for the characteristics of the
included studies, this is summarized in Table 1. Overall, a total
sample size of 680 T2DM patients was included in this meta-
analysis. All studies were conducted in various countries be-
tween the years 2003 and 2011. As shown in Table 1 as well,
it can be noted that there is heterogeneity in the methodologies
of the four studies in terms of the method of SNP detection,
duration of intervention, and the TZD therapy initiated among
the patients.

The risk of bias in each study could be judged as low in five
out of 12 items, namely, study question; eligibility criteria and
study population; enrollment of eligible participants; measure-
ment of outcomes; and the use of appropriate statistical anal-
ysis, whereas items on study participants representative of
clinical populations of interest, description of the intervention,
and follow-up rate were indeterminable by the authors. Some
studies did not report items on sample size, blinding of out-
come accessors, and multiple outcome measures. Lastly, there
was no mention that group-level interventions were adjusted
for the individual-level outcomes.

FBG and HbA1c response of T2DM patients with the
PPARG gene variant after TZD treatment

FBG and HbA1c data from the individual studies are summa-
rized in Table 2. The analysis for the pooled difference using
SMDs between the FBG andHbA1c levels between the various
study groups is presented in Table 3. For this, three comparison
models were done, namely, (M1) pre- and post-interventionTa
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FBG and HbA1c between the groups with the wild-type
(Pro12Pro) genotype, (M2) pre- and post-intervention FBG
and HbA1c between the groups with the PPARG variant

(Pro12Ala and/or Ala12Ala), and (M3) post-intervention
FBG and HbA1c between the groups with wild-type genotype
and PPARG variant.

Fig. 1 Summary of the literature
search

Table 2 Biochemical parameters of T2DM patients per study across the different PPARG genotypes

Wild type (Pro12Pro) PPARG variant (Pro12Ala or Ala12Ala or 12Ala)

Pre-intervention Post-intervention Pre-intervention Post-intervention

First author Mean SD n Mean SD n PPARG variant Mean SD n Mean SD n

FBG (mg/dL)

Hsieh 185.8 58.2 197 142.6 42.5 197 12Ala 192.2 58.8 53 141.8 37.8 53

Kang 161.9 45 183 137.6 38.5 183 Pro12Ala 169.7 41.2 15 119.1 20.7 15

Namvaran 196.47 66.92 95 153.25 57.92 95 Pro12Ala 184.67 40.82 6 134.33 22.76 6

HbA1c (%)

Bluher 8.92 1.2 110 7.7 1 110 Ala12Ala 8.84 0.9 5 7.34 1.4 5

Pro12Ala 9.15 1.1 16 8.18 1.2 16

Hsieh 8.51 1.66 197 8.16 1.61 197 12Ala 8.32 1.55 53 7.78 1.25 53

Kang 8.12 1.51 183 7.55 1.25 183 Pro12Ala 8.36 1.5 15 6.95 0.66 15

Namvaran 9.22 2.06 95 8.24 1.74 95 Pro12Ala 9.93 2.57 6 9.1 1.53 6

PPARG, peroxisome proliferator-activated receptor gamma; n, number of participants; FBG, fasting blood glucose
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Results of FBG for both M1 and M2 (MD: −50.46 to
−36.03, 95% CI: −64.10, −21.86, PA: < 0.00001) show that
its levels are higher in the post-intervention group than the
pre-intervention group with varying heterogeneity (I2 = 0–
78%, PH = 0.01 to 1.00) of outcomes. On the other hand,
results for HbA1c for both M1 and M2 (MD: −0.88 to
−0.77, 95% CI: −1.26 to −0.35, PA: < 0.00001 to 0.0003)
also showed the same observations as the FBG results.
Varying heterogeneity (I2 = 0–83%, PH = 0.004 to 0.43)
of outcomes were also noted. No significant difference
was observed for the M3 comparison for both FBG and
HbA1c.

Association of the PPARG gene variant with TZD
response

The association of the presence of the PPARG gene variant to
the response of patients with T2DM to TZD was further de-
termined using ORs analysis. Figure 2 shows the result of the
fixed-effects model analysis. Based on the results, a signifi-
cant association (OR: 2.69; 95% CI: 1.52 to 4.75; PA =

0.0006) was observed with homogeneity (I2 = 42%, PH =
0.18) on the pooled outcome.

Discussion

Summary and interpretation of findings

Overall, the findings of this meta-analysis showed significant
associations. For the SMD analysis, FBG and HbA1c levels
were higher in the post-intervention group than in the pre-
intervention groups. This means that TZD therapy was able
to lower the levels of both markers after the intervention.
However, when assessing the results of the wild-type group
vs. the PPARG gene variant group, there was no significant
difference in the reduction of both FBG and HbA1c in the
post-intervention groups. On the other hand, for the OR anal-
ysis, a significant association was noted. The results suggest
that those that carry the PPARG gene variant are more likely
to respond to TZD therapy than those with the wild-type
genotype.

Table 3 Summary of the MD and SMD analysis for the response of T2DM patients with the PPARG variant after TZD treatment

Parameter Comparison Test for heterogeneity Test for association

I2 PH AM MD/SMD 95% CI PA

FBG (mg/dL) Model 1 78% 0.01* Random −36.03 −50.21, −21.86 < 0.00001**

Model 2 0% 1.00 NS Fixed −50.46 −64.10, −36.82 < 0.00001**

Model 3 20% 0.29 NS Fixed −0.15 −0.40, 0.10 0.23 NS

HbA1c (%) Model 1 83% 0.0004* Random −0.77 −1.19, −0.35 0.0003**

Model 2 0% 0.43 NS Fixed −0.88 −1.26, −0.51 < 0.00001**

Model 3 58% 0.05* Random −0.05 −0.44, 0.33 0.78 NS

FBG, fasting blood glucose; I2 , degree of heterogeneity; PH , p-value for heterogeneity; AM, analysis model;MD, mean difference; SMD, standardized
mean difference; CI, confidence interval; PA , p-value for association; NS, not significant

Model 1: comparison of the analyte in the wild-type pre- (control) and post-intervention (experimental) groups using MD analysis

Model 2: comparison of the analyte in the PPARG variant pre- (control) and post-intervention (experimental) groups using MD analysis

Model 3: comparison of the analyte between the wild-type (control) and PPARG variant (experimental) group post-intervention using SMD analysis

*Significant at p-value of < 0.10

**Significant at p-value of < 0.05
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Findings from previous studies

Several researches have provided useful information on the
possible mechanism through which the Pro12Ala polymor-
phism reduces the risk of T2DM [15–17, 20]. In the study
of Bluher et al., the link between the Pro12Ala and the
Pro12Pro variants in the PPARG gene and the pioglitazone
response rate was investigated [20]. Results revealed that
such PPARG genotype in position 12 did not affect the
efficacy of pioglitazone in white patients with T2DM.
Additional findings identified that initial fasting glucose
of > 11.0 mmol/L, HbA1c value of > 9.0%, BMI of > 33
kg/m2, and fasting C-peptide concentrations at baseline of >
2.5 pmol/L were the most common confounding factors for
the responder frequency to pioglitazone treatment. Another
study that aimed to establish the association between the
Pro12Ala variant with pioglitazone response rate was done
by Namvaran et al. [15, 30]. Here, multiple logistics regres-
sion was used and yielded no statistical correlation between
the occurrence of the Pro/Pro or Pro/Ala variation and the
frequency of response to pioglitazone treatment in the
Iranian population. The considerable variations in insulin-
to-glucose ratio before and after pioglitazone therapy, on
the other hand, show that the Ala allele may have some
protective effects.

Other studies that evaluated the probable link between
the Pro12Ala polymorphism and TZD responsiveness in
T2DM yielded contradictory results. According to Hsieh
et al. [16], Chinese diabetes patients with the Pro12Ala
and Ala12Ala genotypes of the PPAR-γ gene were more
likely to respond to pioglitazone than the patients with the
Pro12Pro genotype positively. These results disclose a link
between Pro12Ala polymorphism and therapeutic respon-
siveness to pioglitazone in Chinese patients with T2DM. It
was discovered that baseline FBG and triglyceride levels
were related to pioglitazone response, while other parame-
ters such as age, gender, and BMI were not. However, fol-
lowing repeated logistic regression analysis, the link be-
tween baseline FBG and triglyceride levels and response
to pioglitazone treatment diminished. Kang et al. [17] con-
cluded yet another investigation and found an association
for another member of the TZD drug family — rosiglita-
zone. The study reported that Korean T2DM patients with
the Pro12Ala genotype in the PPAR-γ gene had a better
therapeutic response to rosiglitazone than patients with
the Pro12Pro genotype. They concluded that the genetic
variation in the PPARG gene can affect the response to
rosiglitazone of patients with T2DM as shown in the sig-
nificant reduction of FBG and HbA1c in the Pro12Ala
group after treatment. Both studies were performed in
Asian populations, suggesting that ethnic factors may be
important. With the contradicting research findings and
various factors that are yet to be considered, the question

of the relationship between the Pro/Ala polymorphism and
clinical response to pioglitazone treatment remains open.

Association of the Pro12Ala with TZD treatment
response

The most well-known PPARG agonists are long and very
long-chain fatty acids, their derivatives, and TZDs such as
rosiglitazone and pioglitazone [31]. TZDs are diabetes medi-
cations that function as insulin sensitizers and treat T2DM
[32]. TZDs stimulate PPARG, which modifies the transcrip-
tion of insulin-sensitive genes, thereby enhancing insulin sen-
sitivity in muscle and adipose tissues while decreasing insulin
resistance in the liver and peripheral tissues [15]. This also
controls glucose, lipid, and protein metabolism [33].
However, they are costly agents that have been linked to seri-
ous side effects. Clinical choices may benefit from genetic
factors that predict individual patients’ responses to TZDs
[16].

The effects of several genetic variations of the PPAR gene
on drug reactions in vitro were observed as well in previous
studies [34], especially in TZD therapy [35]. These changes
may induce variances in the efficacy of TZD therapy in clin-
ical practice and may constitute a biological reason for a
strong or poor response to TZD treatment [15]. Because of
the high incidence of the Pro12Ala polymorphism, it is the
most likely option to explain the potential link between PPAR
and TZD response. Since adipose tissues exclusively express
PPAR2, the metabolic effects of this SNP seem to be a result
of alterations in the adipocytes, which leads to the release of
many cytokines, such as adiponectin. Hence, since these adi-
pocytokines are under the transcriptional control of PPAR,
they may mediate the Pro12Ala effect on the pharmacologic
action of TZDs. TZDs will increase adiponectin concentra-
tions in the blood, improving insulin sensitivity and lowering
blood glucose levels [36].

Limitations of the study

Even with the promising results, caution should still be taken
when interpreting them and applying them clinically. Some of
the study’s limitations include (a) no recent publication on the
topic, the latest study published was in 2011; (b) methodolog-
ical heterogeneity wherein the method of SNP detection, du-
ration of intervention, and the TZD therapy initiated among
the patients substantially differ per study; (c) heterogeneity of
some of the outcomes; (d) no representation of other ethnic
groups in the study; (e) lack of standardization in the diagnos-
tic tests used; (f) socioeconomic, sociodemographic, and the
medical history of the participants were not controlled for; and
(g) inconsistencies in the study groups. Other analyses in the
study such as the association between the Pro12Ala polymor-
phism and the benefits of TZDs (e.g., effects on inflammation
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and vascular changes) were no longer done since studies col-
lected only focused on the effect of the SNP with treatment
response. Also, other treatment response variables such as
BMI, lipid profile, and insulin resistance were no longer stud-
ied since publications that contained such data are only two or
below or there are inconsistencies in the unit of measurement
used which could affect the overall results of the study. Lastly,
because of the limited number of studies included, it is not
possible to give the association of the gene polymorphism
with pioglitazone and rosiglitazone separately.

Conclusion

To our knowledge, this is the first meta-analysis that investi-
gated the association of the Pro12Ala SNPwith TZD response
in patients with T2DM. Overall, based on the results of the
analysis, our findings suggest that the presence of the PPARG
gene variant is associated with the response of patients with
T2DM to TZD therapy. However, care should be taken when
interpreting these findings since the exact mechanism of this
association is still in question. Further controlled studies in
various geographic locations and ethnic groups should be con-
ducted. Also, studies that would look into the association of
the polymorphismwith the benefits offered by TZD should be
done to further support this relationship.

Author contribution All authors have contributed substantially to col-
lecting and analyzing the data and in writing and critically revising the
manuscript.

Declarations

Ethics approval This article does not contain any studies with human or
animal subjects.

Consent to participate Not applicable.

Competing interests The authors declare no competing interests.

References

1. Nanjan MJ, Mohammed M, Prashantha Kumar BR, Chandrasekar
MJN. Thiazolidinediones as antidiabetic agents: a critical review.
Bioorg Chem. 2018;77:548–67.

2. Hauner H. The mode of action of thiazolidinediones. Diabetes
Metab Res Rev. 2002;18:S10–5.

3. Jia C, Huan Y, Liu S, Hou S, Sun S, Li C, Liu Q, Jiang Q, Wang Y,
Shen Z. Effect of chronic pioglitazone treatment on hepatic gene
expression profile in obese C57BL/6J mice. Int J Mol Sci. 2015;16:
12213–29.

4. Smith U. Pioglitazone: mechanism of action. Int J Clin Pract Suppl.
2001.

5. Tyagi S, Gupta P, Saini A, Kaushal C, Sharma S. The peroxisome
proliferator-activated receptor: a family of nuclear receptors role in
various diseases. J Adv Pharm Technol Res. 2011;2:236–40.

6. Alves MC, de Morais CC, Augusto EM, Abdalla DSP, Horst MA,
Cominetti C. Polymorphisms in PPARG and APOE: relationships
with lipid profile of adolescents with cardiovascular risk factors.
Nutrire. 2017;42(1).

7. Chan KHK, Niu T, Ma Y, You NCY, Song Y, Sobel EM, Hsu YH,
Balasubramanian R, Qiao Y, Tinker L, Liu S. Common genetic
variants in peroxisome proliferator-activated receptor-γ (PPARG)
and type 2 diabetes risk among women’s health initiative postmen-
opausal women. J Clin Endocrinol Metab. 2013;98(3).

8. Stryjecki C, Peralta-Romero J, Alyass A, Karam-Araujo R, Suarez
F, Gomez-Zamudio J, Burguete-Garcia A, Cruz M, Meyre D.
Association between PPAR-γ 32 Pro12Ala genotype and insulin
resistance is modified by circulating lipids in Mexican children. Sci
Rep. 2016;6.

9. Johansson LE, Danielsson P, Norgren S,Marcus C, RidderstråleM.
Interaction between PPARG Pro12Ala and ADIPOQ G276T con-
cerning cholesterol levels in childhood obesity. Int J Pediatr Obes.
2009;4(2):119–25.

10. Hsiao TJ, Lin E. The Pro12Ala polymorphism in the peroxisome
proliferator-activated receptor gamma (PPARG) gene in relation to
obesity and metabolic phenotypes in a Taiwanese population.
Endocrine. 2015;48(3):786–93.

11. Shanmuga Priya S, Sankaran R, Ramalingam S, Sairam T,
Somasundaram L. Genotype phenotype correlation of genetic poly-
morphism of PPAR gamma gene and therapeutic response to pio-
glitazone in type 2 diabetes mellitus—a pilot study. J Clin Diagn
Res. 2016;10(2):FC11–4.

12. Trombetta M, Bonetti S, Boselli ML, Miccoli R, Trabetti E,
Malerba G, Pignatti PF, Bonora E, Del Prato S, Bonadonna RC.
PPARG2 Pro12Ala and ADAMTS9 rs4607103 as “insulin resis-
tance loci” and “insulin secretion loci” in Italian individuals. the
GENFIEV study and the Verona Newly Diagnosed Type 2
Diabetes Study (VNDS) 4. Acta Diabetol. 2013;50(3):401–8.

13. Tellechea ML, Aranguren F, Pérez MS, Cerrone GE, Frechtel GD,
Taverna MJ. Pro12Ala polymorphism of the peroxisome
proliferator activated receptor-γ gene is associated with metabolic
syndrome and surrogate measures of insulin resistance in healthy
men. Circ J. 2009;73(11):2118–24.

14. Watanabe RM, Black MH, Xiang AH, Allayee H, Lawrence JM,
Buchanan TA. Genetics of gestational diabetes mellitus and type 2
diabetes. Diabetes Care. 2007;30(Supplement 2):S134–40.

15. Namvaran F, Azarpira N, Rahimi-Moghaddam P, Dabbaghmanesh
MH. Polymorphism of peroxisome proliferator-activated receptor γ
(PPARγ) Pro12Ala in the Iranian population: relation with insulin
resistance and response to treatment with pioglitazone in type 2
diabetes. Eur J Pharmacol. 2011;671(1–3):1–6.

16. Hsieh MC, der Lin K, Tien KJ, te Tu S, Hsiao JY, Chang SJ, Lin
SR, Shing SJ, Chen HC. Common polymorphisms of the peroxi-
some proliferator-activated receptor-γ (Pro12Ala) and peroxisome
proliferator-activated receptor-γ coactivator-1 (Gly482Ser) and the
response to pioglitazone in Chinese patients with type 2 diabetes
mellitus. Metab Clin Exp. 2010;59(8):1139–44.

17. Kang E, Park S, Kim H, Kim C, Ahn C, Cha B, Lim S, NamC, Lee
H. Effects of Pro12Ala polymorphism of peroxisome proliferator-
activated receptor γ2 gene on rosiglitazone response in type 2 dia-
betes. Clin Pharmacol Therap. 2005;78(2):202–8.

18. Zhang R, Wang J, Yang R, Sun J, Chen R, Luo H, Liu D, Cai D.
Effects of Pro12Ala polymorphism in peroxisome proliferator-
activated receptor-γ2 gene on metabolic syndrome risk: a meta-
analysis. Gene. 2014;553:90–7.

19. Ramirez-Salazar M, Parez-Luque E, Fajardo-Araujo M, Garza SM,
Malacara JM. Effect of the Pro12Ala polymorphism of the

418 International Journal of Diabetes in Developing Countries (July–September 2022) 42 (3):412–419



PPARγ32 gene on response to pioglitazone treatment inmenopaus-
al women. Menopause. 2008;15:1151–6.

20. Blüher M, Lübben G, Paschke R. Analysis of the relationship be-
tween the Pro12Ala variant in the PPAR-γ2 gene and the response
rate to therapy with pioglitazone in patients with type 2 diabetes.
Diabetes Care. 2003;26(3):825–31.

21. Tiongco RE, Paragas NA, Dominguez MJ, Lasta SL, Pandac JK,
Pineda-Cortel MR. ABO blood group antigens may be associated
with increased susceptibility to schistosomiasis: a systematic review
and meta-analysis. J Helminthol. 2018;11:1–10.

22. Pabalan N, Tiongco RE, Pandac JK, Paragas NA, Lasta S lo,
Gallego N, Jarjanazi H, Pineda-Cortel MR. Association and bio-
marker potential of elevated serum adiponectin with nephropathy
among type 1 and type 2 diabetics: a meta-analysis. PLoS ONE.
2018;13(12).

23. Tiongco RE, Cabrera FJ, Clemente B, Flake CC, Salunga MA,
Pineda-Cortel MR. G276T polymorphism in the ADIPOQ gene is
associated with a reduced risk of polycystic ovarian syndrome: a
meta-analysis of Asian population. Taiwan J Obstet Gynecol.
2019;58(3):409–16.

24. Mantel N, Haenszel W. Statistical aspects of the analysis of data
from retrospective studies of disease. J Natl Cancer Inst.
1959;22(4):719–48.

25. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials. 1986;7(3):177–88.

26. Lau J, JPA I, Schmid CH. Quantitative synthesis in systematic
reviews. Ann Intern Med. 1997;127:820–6.

27. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring
incons i s t ency in me t a -ana lyses . BMJ : Br Med J .
2003;327(7414):557–60.

28. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21(11):1539–58.

29. Suurmond R, van Rhee H, Hak T. Introduction, comparison, and
validation of Meta-Essentials: a free and simple tool for meta-anal-
ysis. Res Synth Methods. 2017;8:537–53.

30. Snitker S,Watanabe RM, Ani I, XiangAH,Marroquin A, Ochoa C,
Goico J, Shuldiner AR, Buchanan TA. Changes in insulin sensitiv-
ity in response to troglitazone do not differ between subjects with
and without the common, functional Pro12Ala peroxisome
proliferator–activated receptor-γ2 gene variant. Diabetes Care.
2004;27(6):1365–8.

31. Mirza AZ, Althagafi II, Shamshad H. Role of PPAR receptor in
different diseases and their ligands: physiological importance and
clinical implications. Eur J Med Chem. 2019;166:502–13.

32. Cariou B, Charbonnel B, Staels B. Thiazolidinediones and PPARγ
agonists: time for a reassessment. Trends Endocrinol Metab.
2012;23(5):205–15.

33. Arnold Sv., Inzucchi SE, Echouffo-Tcheugui JB, Tang F, Lam
CSP, Sperling LS, Kosiborod M. Understanding contemporary
use of thiazolidinediones. Circulation: Heart Failure. 2019;12(6).

34. Cresci S. PPAR genomics and pharmacogenomics: implications for
cardiovascular disease. PPAR Res. 2008;2008:1–11.

35. Aquilante CL. Pharmacogenetics of thiazolidinedione therapy.
Pharmacogenomics. 2007;8(8):917–31.

36. Lehmann JM,Moore LB, Smith-Oliver TA,WilkisonWO,Willson
TM, Kliewer SA. An antidiabetic thiazolidinedione is a high affin-
ity ligand for peroxisome proliferator-activated receptor γ
(PPARγ). J Biol Chem. 1995;270(22):12953–6.

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

International Journal of Diabetes in Developing Countries (July–September 2022) 42 (3):412–419 419





/ Published online: 18 October 2021

International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):421-427 

Vol.:(0123456789)1 3

https://doi.org/10.1007/s13410-021-01009-4

ORIGINAL ARTICLE

Evaluation of the reciprocal interaction between hepatic steatosis 
and type 2 diabetes: a comparative analysis with respect 
to anti‑diabetic treatment, glycemic control, renal and hepatic 
function

Teslime Ayaz1 · Hatice Beyazal Polat1 · Bilgesah Kilictas1

Received: 30 September 2020 / Accepted: 7 September 2021 
© Research Society for Study of Diabetes in India 2021

Abstract
Background This study aimed to evaluate reciprocal interaction between hepatic steatosis (HS) and type 2 diabetes (T2D) 
through comparative analysis of anti-diabetic treatment, glycemic control, and renal and hepatic function in T2D patients 
with versus without concomitant HS.
Methods A total of 102 T2D patients were included in this cross-sectional single-center study, and patients were divided 
into two groups including those with HS (n=58) and those without HS (n=44). Data on patient demographics, current anti-
diabetic treatment, and serum levels for fasting blood glucose (FBG), HbA1c (%), urea, creatinine, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and lipids were recorded.
Results Diabetic patients with HS had younger age (59.6±10.5 vs. 63.5±14.5 years, p=0.034) and lower serum urea levels 
(28.5 (3–61) vs. 39 (14–138), p=0.012). Metformin (74.1% in patients with HS, 65.9% in patients without HS) was the most 
frequent anti-diabetic treatment in both groups with similar rate of glycemic control (HbA1c<7%, 39.7%, and 40.9% of patients, 
respectively). HbA1c levels were positively correlated with serum urea (r=0.308, p=0.042), creatinine (r=0.306, p=0.044), 
and triglyceride (r=0.358, p=0.017) levels only in patients without HS. In patients with HS, no significant difference was 
noted in ALT and AST levels with respect to anti-diabetic regimen. Logistic regression analysis revealed that the presence of 
proteinuria (OR, 0.327, 95% CI 0.12 to 0.91, p=0.032) was associated with decreased likelihood of HS in T2D patients.
Conclusion In conclusion, our findings revealed no increase in the risk of poor glycemic control, dyslipidemia, or nephropa-
thy pertaining to concomitant HS in T2D patients, as well as no difference in ongoing anti-diabetic treatments in terms of 
serum ALT and AST levels.

Keywords Type 2 diabetes · Hepatic steatosis · Anti-diabetic treatment · Glycemic control · Nephropathy · Transaminases

Introduction

NAFLD refers to a spectrum of liver damage that ranges 
from relatively benign hepatic steatosis to non-alcoholic 
steatohepatitis (NASH), advanced fibrosis, and cirrhosis 

[1–3]. Being also considered as the hepatic manifestation of 
metabolic syndrome, NAFLD is a major risk factor for type 
2 diabetes mellitus (T2D), and the two diseases frequently 
occur concomitantly with contribution of insulin resistance 
in the pathogenesis of both diseases [4–7].

Co-morbid NAFLD has been associated with significantly 
elevated risk for both macrovascular and microvascular com-
plications in patients with T2D, particularly nephropathy 
and cardiopathy, while patients with NAFLD who also have 
T2DM are at an elevated risk for progression to fibrosis and 
NASH [5, 8–10]. In addition, the presence of NAFLD has 
been considered to be associated with increased likelihood 
of developing advanced chronic kidney diseases (CKD) [11] 
and with an increased risk for cardiovascular events [12] 
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even in an advanced CKD cohort with high comorbidity 
[13, 14].

Therefore, the prognosis for patients with concomitant 
NAFLD and T2D is worsened due to the reciprocal influ-
ence of these two diseases that lead to increased risk for 
life-threatening sequela such as cardio-metabolic diseases 
and hepatocellular carcinoma, emphasizing the need for 
improved treatment options [4, 5, 9, 15].

This study was therefore designed to evaluate reciprocal 
interaction between hepatic steatosis (HS) and T2D through 
comparative analysis of anti-diabetic treatment, glycemic 
control, renal function, and hepatic function in T2D patients 
with versus without concomitant HS.

Materials and methods

Study population

A total of 102 T2D patients were included in in this cross-
sectional single-center study, and patients were divided 
into two groups including those with HS (n= 58) and those 
without HS (n=44), via ultrasound-based techniques for the 
diagnosis of HS. Adult patients (over 18 years of age) with 
T2D and available data on laboratory findings during their 
follow-up at internal medicine and endocrine clinics were 
included in the study.

Written informed consent was obtained from each patient 
following a detailed explanation of the objectives and proto-
col of the study which was conducted in accordance with the 
ethical principles stated in the “Declaration of Helsinki” and 
approved by the institutional ethics committee.

Study parameters

Data on patient demographics (age, gender), current anti-
diabetic treatment, blood biochemistry including fasting 
blood glucose (FBG, mg/dL), glycated hemoglobin (HbA1c, 
%), urea (mg/dL), creatinine (mg/dL), alanine aminotrans-
ferase (ALT, U/L), aspartate aminotransferase (AST, U/L), 
cholesterol (mg/dL), triglyceride (mg/dL), low-density lipo-
protein (LDL, mg/dL), and high-density lipoprotein (HDL, 
mg/dL) levels were recorded in patients with and without 
HS. Target HbA1c (< 7%) achievement rates were also 
recorded in both groups of diabetic patients.

Glycemic control rates were compared in patients with vs. 
without HS according to gender and treatment subgroups, 
while correlation of HbA1c levels with other laboratory 
parameters was analyzed in patients with vs. without HS. 
Glycemic and liver function test parameters were also evalu-
ated with respect to anti-diabetic treatment in patients with 
HS.

Statistical analysis

Statistical analysis was made using MedCalc Statistical 
Software version 12.7.7 (MedCalc Software bvba, Ostend, 
Belgium; http://www.medcalc.org; 2013). Chi-square (χ2) 
test and Fisher exact test were used for the comparison 
of categorical data, while numerical data were analyzed 
using Student’s t test for variables with normal distribution 
and via Mann–Whitney U test for non-normally distrib-
uted variables. Correlation analysis was performed with 
Spearman correlation analysis. Data were expressed as 
mean ± standard deviation (SD), minimum–maximum, and 
percent (%) where appropriate. p< 0.05 was considered 
statistically significant.

Results

Patient demographics, laboratory findings, 
and treatment according to presence of HS

Diabetic patients with HS had younger age (59.6 ± 10.5 vs. 
63.5 ± 14.5 years, p= 0.034), lower serum urea levels (28.5 
(3–61) vs. 39 (14–138) mg/dL, p=0.012), and higher serum 
AST (24.5 (9–117) vs. 17( 7–43) U/L, p< 0.001) and ALT 
(20 (10–58) vs. 18 (9–107) U/L, p= 0.019) levels (Table 1).

Metformin (74.1% in HS group, 65.9% in patients with-
out HS) was the most frequent anti-diabetic treatment in 
both groups, as followed by dipeptidyl peptidase-4 inhibi-
tor (DPP4i; 40.9% and 29.3%, respectively) and insulin 
(34.1% and 27.6%, respectively). Median HbA1c levels 
were 7.3% in both HS and no-HS groups with achievement 
of glycemic control (HbA1c < 7%) in 39.7% and 40.9% of 
patients, respectively. No significant difference was noted 
in diabetes patients with vs. without HS according to gen-
der, anti-diabetic treatment, and HbA1c levels (Table 1).

Glycemic control in T2D patients with vs. without HS 
in gender and treatment subgroups

No significant difference was noted in glycemic control 
achievement rates in patients with vs. without HS in gen-
der and anti-diabetic treatment subgroups (Table 2).

Correlation of HbA1c with laboratory parameters 
in T2D patients with vs. without HS

HbA1c levels were positively correlated with serum urea 
(r= 0.308, p= 0.042), creatinine (r= 0.306, p= 0.044), and
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triglyceride (r= 0.358, p= 0.017) levels only in patients 
without HS (Table 3).

Glycemic parameters and serum transaminases 
with respect to treatment in T2D patients with HS

In patients with HS, no significant difference was noted in 
ALT and AST levels with respect to anti-diabetic regimen. 
FBG and HbA1c levels were significantly higher in insulin-
treated vs. insulin-naïve (193.5 (48–350) vs. 117 (71–266) 
mg/dL, p< 0.001 and 10.1 (7.1–16.1) vs. 6.7 (5.7–10.5%, 
p<0.001, respectively) patients, in patients with vs. without 
DPP4i treatment (158 (114–321) vs. 117 (48–350) mg/dL, 
p= 0.002 and 8.2 (6.4–12.8) vs. 6.8 (5.7–16.1)%, p= 0.002, 
respectively), and in those without vs. with metformin ther-
apy (162 (48–350) vs. 122 (71–321) mg/dL, p= 0.047 and
8.3 (6.2–14.4) vs. 7 (5.7–16.1)%, p= 0.013, respectively) 
(Table 4).

Multivariate logistic regression analysis for factors 
predicting the risk of HS

Logistic regression analysis revealed the decrease in urea 
(OR, 0.958, 95% CI 0.93 to 0.99, p= 0.005) and proteinuria 
(OR, 0.327, 95% CI 0.12 to 0.91, p= 0.032) but increase in 
ALT levels (OR, 1.078, 95% CI 1.03 to 1.13, p= 0.002) to 
significantly predict the risk of HS in T2D patients (Table 5).

Discussion

Our findings revealed no significant difference in diabetic 
patients with and without HS in terms of selected anti-
diabetic regiments and glycemic control, regardless of the 
gender, as well as no significant difference between ongo-
ing anti-diabetic regimens in terms of serum transaminase 
levels. HbA1c levels were positively correlated with serum 
urea, creatinine, and triglyceride levels only in patients 

Table 1  Patient demographics, laboratory findings, and treatments in T2D patients according to concomitant hepatic steatosis

Values in bold indicate statistical significance (p<0.05)
DPP4i dipeptidyl peptidase-4 inhibitor; SGLT2 sodium-glucose co-transporter-2; FBG fasting blood glucose; HbA1c glycated hemoglobin; ALT
alanine aminotransferase; AST aspartate aminotransferase; HDL high-density lipoprotein; LDL low-density lipoprotein
1Mann Whitney U test, 2Yates continuity correction χ2 test, 3Student t test

Hepatic steatosis p value

No (n=44) Yes (n=58)

Age (year) Mean±SD 63.5±14.5 59.6 ±10.5 0.0341

Median (min–max) 67.5 (27–87) 59 (38–82)
Gender, n (%)

  Male 13 (29.5) 20 (34.5) 0.7532

  Female 31 (70.5) 38 (65.5)
Anti-diabetic treatment, n (%)

  Metformin 29 (65.9) 43 (74.1) 0.4942

  Pioglitazone 3 (6.9) 11 (19) 0.1402

  DPP4i 18 (40.9) 17 (29.3) 0.3122

  SGLT-2 inhibitor 7 (15.9) 8 (13.8) 0.9872

  Insulin 15 (34.1) 16 (27.6) 0.6242

Laboratory findings, median (min–max)
  FBG (mg/dL) 138.5 (82–278) 125.5 (48–350) 0.5911

  Urea (mg/dL) 39 (14–138) 28.5 (3–61) 0.0121

  Creatinine (mg/dL) 0.8 (0.4–28) 0.8 (0.5–1.8) 0.1911

  ALT (U/L) 17 (7–43) 24.5 (9–117) < 0.0011

  AST (U/L) 18 (9–107) 20 (10–58) 0.0191

  Cholesterol (mg/dL), mean±SD 218.4 ±45.9 219.9 ±46.6 0.8713

  Triglyceride 146 (56–660) 155.5 (63–477) 0.6461

  HDL (mg/dL) 47 (29–82) 47 (30–93) 0.7611

  LDL (mg/dL), mean ±SD 132.8±45.9 137.5 ±42.5 0.5933

  Proteinuria 13 (29.5) 7 (12.1) 0.0512

HbA1c (%) Median(min–max) 7.3 (5.5–11.2) 7.3 (5.7–16.1) 0.9031

At target (<7%) 18 (40.9) 23 (39.7) 1.002

Not at target (≥7%) 26 (59.1) 35 (60.3)
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without HS, while serum urea levels were also significantly 
higher in diabetic patients without HS.

Although serum urea and creatinine are simple and useful 
biomarkers to assess kidney functions in diabetic patients, 
their correlation with HbA1c-based glycemic status has 
been addressed in a few studies among diabetics which also 
revealed conflicting data [16]. Accordingly, a statistically 
significant increase in serum creatinine and urea levels was 
reported in T2D patients as compared to the healthy control 
subjects [16], whereas some studies revealed no correlation 
of serum urea or creatinine levels with HbA1c levels or dia-
betes duration in T2D patients [16, 17], and others reported 
correlation of HbA1c positively with creatinine but nega-
tively with blood urea level [18, 19].

Serum creatinine was reported to be significantly associ-
ated with different categories of impaired glucose regulation 

independent of known metabolic risk factors and gender 
[20], while our findings indicate the potential role of under-
lying liver functional status on the association of creatinine 
with impaired glycemic control in diabetic patients.

Besides, some authors suggested that NAFLD is associ-
ated with an increased incidence of chronic kidney disease in 
T2D patients, regardless of patient demographics, diabetes 
duration, glycemic control, lipid status, microalbuminuria, 
hypertension, and medications use [9].

Table 2  Glycemic control in patients with vs. without hepatic steato-
sis in gender and treatment subgroups

DPP4i dipeptidyl peptidase-4 inhibitor; SGLT2 sodium-glucose co-
transporter-2; OAD oral anti-diabetics
1Yates continuity correction, 2Fisher exact test

Hepatic steatosis p value

Yes (n=58) No (n= 44)

Males
  Glycemic control Yes 10 (50) 7 (53.8) 1.001

No 10 (50) 6 (46.2)
Females

  Glycemic control Yes 13 (34.2) 11 (35.5) 1.001

No 25 (65.8) 20 (64.5)
Metformin-treated patients

  Glycemic control Yes 21 (48.8) 13 (44.8) 0.9251

No 22 (51.2) 16 (55.2)
Pioglitazone-treated patients

  Glycemic control Yes 5 (45.5) 2 (66.7) 1.002

No 6 (54.5) 1 (33.3)
DPP4i-treated patients

  Glycemic control Yes 2 (11.8) 4 (22.2) 0.6582

No 15 (88.2) 14 (77.8)
SGLT2 inhibitor-treated patients

  Glycemic control Yes 1 (12.5) 1 (14.3) 1.002

No 7 (87.5) 6 (85.7)
Metformin alone

  Glycemic control Yes 16 (72.7) 10 (76.9) 1.002

No 6 (27.3) 3 (23.1)
Metformin plus other OADs

  Glycemic control Yes 5 (23.8) 3 (18.8) 1.002

No 16 (76.2) 13 (81.3)
Insulin-treated patients

  Glycemic control Yes 0 1 (6.7) 0.4842

No 16 (100) 14 (93.3)

Table 3  Correlations of HbA1c in patients with vs. without hepatic 
steatosis

Values in bold indicate statistical significance (p<0.05)
FBG fasting blood glucose; HbA1c glycated hemoglobin; ALT ala-
nine aminotransferase; AST aspartate aminotransferase; HDL high-
density lipoprotein; LDL low-density lipoprotein
r correlation coefficient
Spearman correlation analysis

Correlation with HbA1c

Hepatic steatosis 
(−)

Hepatic 
steatosis 
( +)

Patient age r −0.062 0.312
p 0.688 0.017
n 44 48

FBG r 0.673 0.732
p <0.001 <0.001
n 44 58

Urea r 0.308 0.077
p 0.042 0.567
n 44 58

Creatinine r 0.306 0.023
p 0.044 0.862
n 44 58

ALT r −0.054 0.070
p 0.730 0.603
n 44 58

AST r −0.289 0.143
p 0.057 0.285
n 44 58

Cholesterol r 0.062 0.048
p 0.690 0.723
n 44 58

Triglyceride r 0.358 0.120
p 0.017 0.371
n 44 58

HDL r −0.065 −0.171
p 0.673 0.198
n 44 58

LDL r −0.006 0.015
p 0.972 0.913
n 44 58
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In fact, increased levels of serum creatinine and urea in 
T2D patients were reported not to correlate with duration 
of diabetes, and authors considered the long-term conse-
quences of other factors such as aging, arterial hypertension, 
dyslipidemia, or obesity on kidney prior to development of 
hyperglycemia [16]. In the current study, significant positive 
correlation of serum creatinine and urea levels with HbA1c 
only in T2D patients without HS seems consistent in this 
regard, with higher serum urea levels and older age in this 
group of patients as compared to T2D patients with HS.

Our findings revealed no increase in the risk of poor gly-
cemic control, dyslipidemia, or nephropathy pertaining to 
concomitant HS in T2D patients, as well as no difference 
among T2D patients with HS for serum transaminase levels 
according to ongoing anti-diabetic treatments.

NAFLD per se associates with increased risk of incident 
diabetes pointing to specific liver-related mechanisms [21, 
22] as well as with increased risk of cardiovascular events 
even in an advanced CKD cohort with high comorbidity 
[23, 24]. In addition, the presence of T2D in NAFLD is 
considered to be associated with a 2.3- and 2.8-fold hazard 
ratio for overall and CVD-related mortality, respectively 
[25]. Notably, while insulin resistance, T2D, hyperlipidemia, 
and obesity are considered to be the common pathogenic 
mechanisms for both NAFLD and CKD [24], recent stud-
ies emphasize the variations in the role of NAFLD in T2D 
depending on the different subtypes of diabetes in terms 
of clinical and metabolic features, the insulin resistance in 

Table 4  Glycemic parameters 
and transaminases with respect 
to treatment in T2D patients 
with hepatic steatosis

Values in bold indicate statistical significance (p<0.05)
Data are expressed as median (min–max)
DPP4i dipeptidyl peptidase-4 inhibitor; SGLT2 sodium-glucose co-transporter-2; FBG fasting blood glu-
cose; HbA1c glycated hemoglobin; ALT alanine aminotransferase; AST Aspartate aminotransferase
Mann Whitney U test

T2D patients with hepatic steatosis

Anti-diabetic treatment FBG HbA1c ALT AST

Metformin No (n=15) 162 (48–350) 8.3 (6.2–14.4) 19 (10–117) 18 (10–42)
Yes (n=43) 122 (71–321) 7 (5.7–16.1) 26 (9–89) 21 (13–58)
p value 0.047 0.013 0.194 0.216

Pioglitazone No (n=47) 127 (48–350) 7.4 (5.7–16.1) 23 (9–89) 19 (10–58)
Yes (n=11) 118 (95–162) 7 (5.7–7.4) 26 (16–117) 21 (10–42)
p value 0.242 0.084 0.493 0.897

DPP4i No (n=41) 117 (48–350) 6.8 (5.7–16.1) 25 (9–117) 19 (10–58)
Yes (n=17) 158 (114–321) 8.2 (6.4–12.8) 22 (10–82) 22 (10–49)
p value 0.002 0.002 0.745 0.817

SGLT2 inhibitor No (n=50) 122.5 (48–350) 7.1 (5.7–14.4) 26 (9–117) 20 (10–58)
Yes (n=8) 156.5 (117–214) 8.8 (6.6–16.1) 20 (11–82) 19.5 (15–49)
p value - - - -

Insulin No (n=42) 117 (71–266) 6.7 (5.7–10.5) 26 (9–117) 20 (10–58)
Yes (n=16) 193.5 (48–350) 10.1 (7.1–16.1) 20 (10–82) 20 (10–49)
p value < 0.001 <0.001 0.454 0.760

Table 5  Logistic regression analysis for the factors predicting the risk 
of hepatic steatosis in T2D patients

Values in bold indicate statistical significance (p<0.05)
DPP4i dipeptidyl peptidase-4 inhibitor; SGLT2 sodium-glucose co-
transporter-2; FBG fasting blood glucose; HbA1c glycated hemo-
globin; ALT alanine aminotransferase; AST aspartate aminotrans-
ferase; OR odds ratio; CI confidence interval; LB lower bound; UB
upper bound

OR 95% CI (LB-UB) p value

Gender 1.255 0.54–2.92 0.598
Age 0.974 0.943–1.007 0.119
Glycemic control 0.949 0.427–2.11 0.989
Metformin treatment 1.483 0.63–3.49 0.368
Pioglitazone treatment 3.199 0.84–12.26 0.090
DPP4 treatment 0.599 0.26–1.37 0.223
SGLT2 treatment 0.846 0.28–2.54 0.765
Insulin treatment 0.737 0.31–1.72 0.480
FBG 0.999 0.99–1.01 0.715
Urea 0.958 0.93–0.99 0.005
Creatinine 0.357 0.11–1.20 0.096
ALT 1.078 1.03–1.13 0.002
AST 1.012 0.98–1.06 0.324
Cholesterol 1.001 0.99–1.01 0.869
TG 0.999 0.996–1.003 0.743
HDL 1.006 0.97–1.04 0.727
LDL 1.002 0.99–1.01 0.589
HbA1C 1.062 0.87–1.30 0.557
Proteinuria 0.327 0.12–0.91 0.032
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particular [23, 26, 27]. Accordingly, the German Diabetes 
Study (GDS) reported that only the severe insulin-resistant 
diabetes cluster (SIRD) had increased prevalence of NAFLD 
and its progression along with higher risk of diabetic kidney 
disease and CVD [26].

Hence, the lack of any significant impact of concomitant 
liver disease on nephropathy along with identification of 
proteinuria as an independent risk factor for decreased likeli-
hood of HS in T2D patients in the current study seems to be 
consistent with assessment of HS as a relatively benign and 
mild form of NAFLD, given that the severity of liver disease 
(raised hepatic transaminases and advanced fibrosis) was 
considered to predict the presence of impaired renal function 
[28]. However, findings from a meta-analysis also revealed 
that there is no association between the presence of T2D 
and impaired renal function in patients with NAFLD [29].

Hence, our findings seem to indicate no significant impact 
of concomitant NAFLD on diabetes course in terms of gly-
cemic control and nephropathy as well as no difference in 
hepatic function with respect to ongoing anti-diabetic regi-
men in patients with T2D at the time of HS. However, given 
the elevated risk for progression to fibrosis and NASH in 
T2D patients [5], the likelihood of reciprocal deteriorative 
interaction between T2D and NAFLD seems more likely 
after progression to an advanced liver disease.

In this regard, given the consistently reported increased 
risk of diabetic microvascular (retinopathy, nephropathy) 
and macrovascular (cardiovascular disease) complications 
in T2D patients in the presence of concomitant NAFLD [5, 
8–10], our findings support that the presence of NAFLD in 
T2D patients should alert clinicians to the coexistence of 
other chronic diabetic complications (including CKD and 
CVD) warranting evaluation and more intensive therapy as 
much as the risk for advancing liver disease [9].

Past studies revealed metformin, thiazolidinediones 
(TZDs), glucagon-like peptide-1 (GLP-1) analogs and 
statins to be safe options for the treatment of NAFLD/NASH 
in patients with concomitant T2DM, with slightly higher 
efficacy of metformin on histological markers associated 
with NAFLD, in relation to improved weight and metabolic 
profile [30, 31]. Accordingly, metformin was the most com-
mon anti-diabetic regimen in T2D patients, regardless of 
concomitant HS, supporting the consistently reported asso-
ciation of metformin treatment with improved transaminases 
in patients with NAFLD [4, 32]. Nonetheless, ın the current 
study, liver function parameters were similar with respect to 
type of ongoing anti-diabetic treatment in patients with HS, 
while metformin rather than DPP4i and insulin seems to be 
associated with better glycemic control in the presence of 
HS, possibly in relation to already advanced disease stage 
in patients initiating treatment intensification.

Certain limitations to this study should be considered. 
Firstly, due to cross-sectional single-center design of the present 

study, establishing any cause and effect relationships as well as 
generalizing our findings to overall diabetic population seems 
not possible. Second, lack of data on more advanced forms of 
NAFLD is another limitation which otherwise would extend 
the knowledge achieved in the current study.

In conclusion, our findings revealed no significant dif-
ference in diabetic patients with and without HS in terms 
of selected anti-diabetic regiments and glycemic control, 
regardless of the gender, as well as no significant differ-
ence between ongoing anti-diabetic regimens in terms of 
serum transaminase levels among T2D patients with HS. 
Considering nephropathy, HbA1c levels were positively cor-
related with serum urea and creatinine only in T2D patients 
without HS, which may be related to older age and higher 
serum urea levels in this group of patients as compared to 
those with HS. Future larger scale longitudinal studies in 
T2D patients with concomitant NAFLD that comparatively 
address the whole spectrum of liver disease and the entire 
diabetes-related microvascular and macrovascular compli-
cations are needed to elucidate the nature of the reciprocal 
interaction between T2D and NAFLD.
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Abstract
Background Non-alcoholic fatty liver disease (NAFLD) has become the most common cause of fatty liver disease, which 
occurs due to the accumulation of fat in the liver called steatosis.
Aim and objective In this study, the effect of high-fat diet on vitamin A and E and selenium and also the relationship between 
serum levels of triglyceride (TG) and vitamin A, as well as the hepatic levels of these two factors along with serum levels 
of vitamin E, selenium, and non-esterified fatty acids (NEFA) and its comparison with tri-acyl glycerol (TAG) of liver cells 
in rats fed a high-fat diet, were evaluated.
Material and methods Forty adult male Wistar rats were randomly divided into 2 equal groups of 20 animals, including the 
control and treatment groups fed with a high-fat diet. At the end of the study, serum and liver triglyceride levels, vitamin A, 
liver TAG, serum NEFA, serum vitamin E, and selenium were measured.
Result  A significant decrease was observed in serum and liver vitamin A levels, serum levels of vitamin E, and selenium in 
the treatment group compared to the control group. Also, a significant increase was seen in serum and liver TG levels, TAG, 
and NEFA in the treatment group compared to the control groups (p< 0.05). The results of the present study suggested that 
increasing the TG, TAG, and NEFA levels caused a significant decrease in the amount of vitamin A and E and selenium 
levels in serum and hepatocytes.
Conclusion Finally, evaluation of serum and liver titers of vitamin A, E, and selenium at different time intervals with pro-
gressive changes in fatty liver (hepatitis, fibrosis, and cirrhosis) over a period of 1 month as well as pathological evaluation 
along with a serological examination of vitamin A and E and selenium in fatty liver is suggested for future studies.

Keywords NAFLD · Vitamin A · Vitamin E · High-fat diet · Rat

Introduction

Detoxification of drugs, excretion of substances caused by 
the destruction and renewal of red blood cells in the form 
of bile, production of coagulation factors, storage of sugar 
as glycogen, and regulation of sugar and fat metabolism are 
the most important roles of the liver in the body. Of course, 
the role of the liver in absorbing fat and defending against 

microbes and toxins absorbing fat and defending against 
microbes and toxins absorbed through food should not be 
ignored [1].

Non-alcoholic fatty liver disease (NAFLD) has become 
the most common cause of fatty liver disease, which occurs 
due to the accumulation of fat in the liver called steatosis, 
and the reason is not alcohol consumption [2]. This disease 
has become a major public health issue since it is increas-
ingly occurring as a systemic disease in metabolic syndrome 
[3]. NAFLD leads to a wide range of liver diseases, includ-
ing simple steatosis, non-alcoholic hepatitis (NASH) deter-
mined by fibrosis, and hepatocellular injury, which may pro-
gress to cirrhosis and hepatocellular carcinoma and so on 
[2–4] Complications of this disease that most patients show 
include obesity, insulin resistance, metabolic syndrome, 
type 2 diabetes, cardiovascular disease, dyslipidemia, and 
elevated triacylglycerol (TAG) and triglyceride (TG) levels 
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[2, 5]. Accumulation of fat in the liver can cause cellular 
stresses such as oxidative stress, endoplasmic reticulum 
stress, and insulin resistance (IR) and inflammation[2, 5].

Vitamin A, which is a fat-soluble vitamin, is an important 
micronutrient that is essential for embryonic development, 
nerve cell growth, vision, reproduction, immune function, 
spermatogenesis, testosterone synthesis and release [6], gly-
colysis, adipogenesis and lipogenesis, cell differentiation and 
proliferation, triglyceride, and cholesterol metabolism [7]. 
Vitamin A has three physiological active forms (vitamins), 
namely retinol (alcohol), retina (aldehyde), and retinoic acid 
(acid), which are collectively known as retinoids [8].

Hepatic stellate cells (HSCs) are non-parenchymal cells 
that are found homogeneously throughout the peri-sinusoi-
dal space of the Disse. Fifteen percent of liver cells belong to 
these cells. Microvascular pressure between the sinus Disse 
and the hepatic sinusoids and tensile pressure due to changes 
in sinus pressure are two types of mechanical pressure to 
which HSCs are exposed [9, 10]. Normally, stellate cells 
have no physiological activity and are a place to store vita-
min A in the body [10]. The metabolic status of retinoic acid, 
retinol, and retinyl esters is closely relevant to HSC activa-
tion [10]. In a study by Saeed et al., it stated that vitamin 
A has a crucial role in NAFLD and the progression of liver 
disease, as well as it has a therapeutic potential [11]. During 
liver injury, HSCs lose their vitamin A storage capacity due 
to the secretion of myofibroblasts and extracellular matrix 
(ECM) components, including collagen type 1 and wound 
smooth muscle actin alpha. Activation of HSCs in NAFLD 
progression without investigation leads to irreversible liver 
ulcers and advanced fibrotic disease [12].

Vitamin E is an important fat-dissolving antioxidant in 
the chain in all cell membranes and protects against lipid 
peroxidation. Vitamin E can also act as a direct radical pro-
tector against superoxide and hydroxyl radicals. In the pres-
ence of fatty acids, fatty acid hydro-peroxide is produced 
by the free radical chain reaction, which causes cell damage 
[13]. Vitamin E reacts with lipid radicals to place electron-
free radical pairs in a more stable vitamin E derivate. The 
role of vitamin E in inhibiting inflammation, cell adhesion, 
platelet aggregation, and smooth muscle cell proliferation 
has also been demonstrated in cell culture [14]. Oliveira 
et al. stated that vitamin E neither prevented the develop-
ment of fatty liver nor reduced the oxidative stress in the 
rat model of NAFLD [15]. On the other hand, Pacana et al. 
indicated that vitamin E (RRR-α-tocopherol) is the only rec-
ommended treatment in NASH adults without diabetes or 
cirrhosis and with aggressive histology [16].

Selenium is an essential trace element associated with 
various functions involved in reproduction, fertility, and 
disease prevention [17]. While toxicity can be a serious 
threat when overdosed, observing a deficiency, which can 
lead to disease progression, slows growth. It exerts its three 

biological functions when combined in proteins as selenium 
cysteine residues, replacing the sulfur portion in cysteine. 
Most of the biological effects of selenium are caused by 
selenoproteins, and more than 30 selenoproteins (glutathione 
peroxidases, thioredoxin reductases, deiodinases, P seleno-
proteins, etc.) are expressed in mammals [18]. Selenium is 
mainly stored as glutathione peroxidase 1 (GPx1) in cytosol 
and red blood cells [14]. Mousavi et al. in a study showed 
that high-fat diet may result in low serum zinc and selenium 
levels rather than NAFLD in a rat model of NAFLD-fed 
high-fat diet [19].

Based on a review of past studies, it was found that a 
study related to the relationship between serum levels of 
TG and vitamin A as well as the liver levels of these two 
factors as well as serum levels of vitamin E, selenium, and 
unsaturated fatty acids and its comparison with TAG (tri-
acyl glycerol) of liver cells in rats fed a high-fat diet, and 
also the effect of high-fat diet on vitamin A, E, and selenium 
has not been done yet, so this study was designed and done.

Material and methods

To prevent bias in the study, the different stages of the study 
were performed in a double-blind manner, meaning that 
the different stages of the experiment were planned so that 
neither the therapist nor the laboratory was aware of the 
experimental and control groups at any stage.

Animals

In this study, 40 adult male Wistar rats weighing 200 ± 20 g 
were used. The rats were kept in the experimental facility 
at 60% humidity and 23 ± 2 °C on a 12-h light–dark cycle. 
Storage conditions were the same for all groups, with the 
same diet and water freely available. After a week, the 
experiment began. Rats were randomly divided into 2 equal 
groups of 20: (1) control group and (2) treatment group 
with high-fat diet. In the treatment group, high-fat emul-
sion, 10 mg/kg daily at 8 am by gavage, was used accord-
ing to Liang et al. (2006) method for one month to induce 
liver steatosis (Table 1) [20]. Standard food was used in the 
control group.

Sampling

At the end of the study, the rats were anesthetized with high 
doses of ketamine 60 mg/ kg (Alfasan, Germany) and xyla-
zine 5 mg/kg (Alfasan, Germany), and 0.1 cc Heparin was 
injected into their heart.

Before sacrifice and after deep anesthesia, 3 cc blood 
was taken from the tail vein. Ten grams of liver samples 
was taken. The samples were transferred to the laboratory to 
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measure serum triglyceride, liver triglyceride, serum vitamin 
A, and liver vitamin A, liver TAG, serum NEFA, serum 
vitamin E, and selenium levels.

Blood and tissue tests

Hepatocyte triglyceride was measured in the control and 
treatment groups according to Neri Frings method [21]. The 
amount of serum triglyceride, serum vitamin A, and hepatic 
vitamin A was measured by spectrophotometry using Ran-
dox kits (Randox, UK).

TAG levels in hepatocytes were measured by the Neri 
method [22], and in the serum of the studied rats, NEFA 
(non-esterified fatty acid) and vitamin E levels were meas-
ured by the HPLC method, and selenium was measured by 
atomic absorption spectrophotometry method.

Data analysis

Independent T test and Pearson correlation test (SPSS 
ver.22) were used to test differences among the control and 
treatment groups. The criterion for statistical significance 
was set at p< 0.05.

Results

Comparison of serum and liver vitamin 
A and triglyceride in study groups

According to the Table 2, the results show that there was 
a significant difference between serum triglyceride level 
(p< 0.05), serum vitamin A, liver vitamin A, and liver tri-
glyceride levels (p< 0.01) in the study groups.

According to Table 3, it obtained a direct but insignificant 
relationship between liver triglyceride and serum vitamin A 
levels in the treatment group (r= 0.264 and p= 0.432) and
an indirect relationship in the control group (r=  −0.195 and
p= 0.805). There was an inverse and significant relation-
ship between liver triglyceride and liver vitamin A in the 
treatment group (r=  − 0.685 and p= 0.020) and also found 
a direct but insignificant relationship in the control group 
(r= 0.493 and p= 0.407). There was an indirect but insig-
nificant relationship between liver triglyceride and serum tri-
glyceride in the treatment group (r=  − 0.559 and p= 0.074) 
and in the control group obtained an indirect but insignifi-
cant relationship (r=  − 0.034 and p= 0.966). An indirect 
but insignificant relationship between serum triglyceride 
and serum vitamin A in the treatment group was obtained 
(r= 0.228 and p= 0.500) and in the control group an indi-
rect, but insignificant relationship was found (r=  − 0.605 
and p= 0.395). Also, there was an indirect but insignificant 
relationship between serum vitamin A and liver vitamin A 
in the treatment group (r=  −0.367 and p=0.267), and in the 
control group, an indirect but insignificant relationship was 
observed (r=  − 0.690 and p= 0.310).

Comparison of mean serum levels of vitamin E, 
selenium, and NEFA and hepatic TAG values of liver 
cells

Based on the data in Table 4, the difference observed in 
the mean serum vitamin E in the two groups is significant, 
meaning that the mean of vitamin E was different in the 
control and treatment groups and this amount was higher 

Table 1  Composition of high-
fat emulsion for gavage to rats

Materials Amount

Corn oil 400 g
Sucrose 150 g
Whole milk powder 80 g
Cholesterol 100 g
Sodium dioxycholate 10 g
Polysorbate 80 36.4 g
Propylene glycol 31.1 g
Multivitamin 2.5 g
Salt 10 g
Mixed minerals 1.5 g
Water 300 ml

Table 2  Comparison of serum 
and liver vitamin A and 
triglyceride in study groups

Groups Mean Std. deviation Std. error p value

Serum vitamin A (µmol/l) Treatment 26.54 0.93 0.28 0.001
Control 33.25 1.70 0.85

Serum triglyceride (mg/dl) Treatment 54.00 3.28 0.99 0.036
Control 49.75 2.50 1.25

Liver vitamin A (µg/g tissue) Treatment 21.72 1.27 0.38 0.001
Control 28 1.41 0.70

Liver triglyceride (µmol/g tissue) Treatment 7.72 0.25 0.07 0.002
Control 6.64 087 0.43
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in the control group (p< 0.05). According to Table 4, the 
observed difference in the mean serum selenium of both 
groups is significant, meaning that the mean selenium was 
different in the two groups and this value was higher in the 
control group (p<0.05). Also, the mean value of NEFA was 
different in the two groups, and this value was higher in 
the treatment group (p< 0.05). The mean value of TAG was 
different in the two groups, and this value was higher in the 
treatment group (p< 0.05).

Evaluation of the relationship between mean TAG 
values of liver cells and mean serum levels of NEFA, 
vitamin E, and selenium

Based on the obtained data and according to Pearson corre-
lation coefficient, it indicates the negative effect of TAG val-
ues of hepatocytes on the amount of serum vitamin E, which 

decreases with increasing TAG values of hepatocytes. Also, 
this coefficient indicates the negative effect of hepatocyte 
TAG on serum selenium, which decreases with increasing 
hepatocyte TAG. This coefficient indicates the positive effect 
of liver cell TAG on serum NEFA. Therefore, with increas-
ing TAG of liver cells, the amount of NEFA increases.

Discussion

In this study, serum and liver levels of vitamin A and their 
comparison with serum triglyceride and liver triglyceride 
levels in rats fed with high-fat diet were evaluated. The 
relationship between serum levels of vitamin E, selenium, 
NEFA, and hepatic TAG levels in the studied rats was also 
investigated. According to the results, we had a significant 
decrease in serum and liver vitamin A levels in rats in the 
treatment group compared to the control group. Also, we 
saw a significant increase in serum and liver triglyceride 
levels in rats in the treatment group compared to the control 
groups. On the other hand, in the treated group, a significant 
increase in TAG and NEFA was observed compared to the 
control group, and also a significant reduction in the serum 
levels of vitamin E and selenium was observed.

Accordant with the findings of the present investigation, 
a study which was done by Mahan et al. in 2008 showed 
that adding saturated fatty acids (animal oil, animal butter, 
margarine) to the diet of rats can cause fatty liver disease 
[23]. Excess vitamin A in the diet, which is more than the 
body needs immediately, is stored in the liver as retinol ester 
along with long-chain fatty acids [24]. The results of this 
study showed that with increasing serum hepatic triglyceride 
levels, serum and hepatic vitamin A levels are significantly 
reduced, which indicate that there is probably a relationship 
between these two parameters. Hepatic glucose and lipid 
metabolism are regulated by vitamin A metabolites at many 
different levels. Moreover, disease progression within the 
NAFLD spectrum to NASH, cirrhosis, and cancer is asso-
ciated with declining circulating and hepatic retinol levels 
[25].

Contrary to the present study, an investigation con-
ducted by Bravo et al. in 2012 on mice fed a high-fat diet 
(57% metabolizable energy as fat) for 18 weeks showed 
that feeding a high-fat diet caused elevated hepatic tri-
glycerides and plasma insulin values, which promotes 
fatty liver and induces non-alcoholic fatty liver disease 
(NAFLD), while the results revealed the changes in vita-
min E levels and a significant reduction in plasma glucose 
and vitamin A levels [26]. In a study which was done by 
Chaves et al. in 2014, serum retinol and also hepatic reti-
nol levels were both analyzed in NAFLD patients. The 
result showed that hepatic retinol levels encountered an 
intense inverse relation with the grade of the disease, 

Table 3  Relationship between the level of serum and liver vitamin A 
with liver triglyceride level in studied groups

Liver triglyceride

Groups Number Pearson correla-
tion

p value

Serum vitamin A Treatment 20 0.264 0.432
Control 20 −0.195 0.805
Liver triglyceride

Liver vitamin A Treatment 20 − 0.685 0.020
Control 20 0.493 0.507
Liver triglyceride

Serum triglyc-
eride

Treatment 20 −0.559 0.074

Control 20 − 0.034 0.966
Serum vitamin A

Serum triglyc-
eride

Treatment 20 − 0.228 0.500

Control 20 − 0.605 0.395
Liver vitamin A

Serum vitamin A Treatment 20 −0.367 0.267
Control 20 − 0.690 0.310

Table 4  Comparison of the average of two by two variables in differ-
ent groups

Groups mean± SD p value

Serum vit E (µg/dl) Treatment 59.90±3.90 (p<0/05)
Control 86.80 ±7.155

Serum selenium (µg/ml) Treatment 0.14 ±0.31 (p<0/05)
Control 1.09 ±0.01

Serum NEFA (µEq/dl) Treatment 414.50 ±18.05 (p<0/05)
Control 216.40 ±15.59

Liver TAG (mg/g) Treatment 48.70 ±5.88 (p<0/05)
Control 38± 1.58
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which this result is consistent with the findings of the pre-
sent study [27]. The possible mechanism of this contra-
diction may be the different causes of the disease or the 
grade of it. Retinol prevents the expression of PNPLA3 in 
HSC (hepatic satellite cells), while it is induced upon reti-
nol depletion. In addition, PNPLA3 expression is induced 
upon HSC activation, and the PNPLA3-I148M variant 
further promotes fibrogenic features of HSC, including 
enhanced proliferation, migration, and expression of col-
lagen type 1 alpha 1, pro-inflammatory cytokines, and 
chemokines alongside lower cellular retinol levels [28]. 
According to the mechanism, the cause of the development 
of liver damage in NAFLD due to vitamin A deficiency 
can be explained. Consistent with the result of the present 
study, another study which was done by Liu et al. in 2015 
indicated that serum retinoic acid levels were shown to be 
inversely related to liver damage in NAFLD. In addition, at 
RA concentration and RXR-α levels were inversely asso-
ciated with liver triglyceride content in the disease [29]. 
In another study on vitamin A deficiency, rats have been 
shown an elevation in free cholesterol and triglyceride lev-
els in the hearts and total cholesterol in the aorta [30, 31].

A study which was done by Zamin et al. in 2010, found 
that fatty liver model rats had reduced hepatic levels of vita-
min E and methionine, which was consistent with our study 
[32]. On the other hand, a study by Ateşşahin et al., in 2005 
showed that NAFLD could cause the reduction of vitamin 
E and selenium levels in serum and the liver by increasing 
oxidative stress [33]. In a study, Sanyal et al. demonstrated 
that vitamin E has a beneficial effect on the treatment of 
non-alcoholic steatohepatitis in adults. They also stated that 
vitamin E was effective by improving the antioxidant system 
[34]. The result of a study by Schäfer et al. (2004) showed 
that dietary selenium levels increase the amount of fat in 
liver cells and decrease serum selenium and vitamin E levels 
by increasing the TAG of liver cells which is consistent with 
the results of our study [35]. In a study by Tzanetakou et al. 
(2012), 24 weeks of high cholesterol diet in rats increased 
total serum cholesterol and decreased serum levels of vita-
min E and selenium. Consistent with this result, in our study, 
a high-fat diet reduced serum levels of vitamin E and sele-
nium [36]. Vitamin E has powerful antioxidant properties. 
On the other hand, vitamin E increases the production of 
transforming growth factor-b, which plays a major role in 
fibrosis and increases mRNA-procollagen-I expression in 
stellate cells. Vitamin E can decrease inflammation, which is 
so important in NAFLD, by reducing TNF-a and decreasing 
interleukin 1, 6, and 8 expressions. Because of its antioxi-
dant effects, its possible role in NAFLD is being studied in 
recent years. These antioxidant properties of vitamin E are 
widely being used in several clinical settings such as cardio-
vascular diseases, stroke prevention, prevention of dementia, 
and prevention and treatment of steatohepatitis [37].

The results of the present study showed that increasing 
the triglyceride levels of hepatocytes caused a significant 
decrease in the amount of vitamin A in hepatocytes. Also, 
with increasing the triglyceride values of hepatocytes, the 
serum levels of vitamin A decreased insignificantly. Also, 
based on the present findings, it can be concluded that the 
incidence of NAFLD increases the TAG values of hepato-
cytes and serum NEFA and decreases the serum levels of 
vitamin E and selenium. Suano de Souza et al., in a study 
on overweight/obese school children, showed that non-
alcoholic fatty liver disease causes micronutrient deficien-
cies like vitamin A [38]. Another study, Botella-Carretero 
et al., showed that serum retinol and alpha-tocopherol are  
inversely correlated with body mass index. They also stated 
that serum retinol is inversely associated with serum con-
centrations of transaminases in non-alcoholic fatty liver dis-
ease patients [39]. Chaves et al., in another study, stated that 
there is an association between liver retinol and the degree 
of NAFLD [27].

Finally, evaluation of serum and liver titers of vitamin A, 
E, and selenium at different time intervals with progressive 
changes in fatty liver (hepatitis, fibrosis, and cirrhosis) over 
a period of 1 month as well as pathological evaluation along 
with a serological examination of vitamin A and E and sele-
nium in fatty liver is suggested for future studies.
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Abstract
Introduction Dysglycemia includes prediabetes and diabetes. We aimed to study the prevalence of dysglycemia, and its 
associations with age and body mass index (BMI) among community dwelling adults in Sri Lanka.
Methods The prevalence of dysglycemic state (FPG > 100 mg/dL) and its associations with age and BMI in males and
females were estimated. The association between gender and glycemic status in different BMI ranges and age groups were 
estimated. The optimal cut-off points of BMI to determine the risk of dysglycemia in both genders were calculated.
Results Prevalence of prediabetes and diabetes of females were 25.3% and 16.4% and of males were 26.2% and 17.4% 
respectively. Dysglycemia showed a significant positive correlation with age in both genders and a significant positive 
correlation with BMI in males (p< 0.05). Aging (OR = 1.05, CI 1.02–1.08, p< 0.001) and increasing BMI (OR = 1.10, CI 
1.05–1.15, p< 0.001) of males and aging (OR = 1.04, CI 1.02–1.06, p< 0.001) of females are significantly associated with 
dysglycemia. The optimal cut-off point of BMI for males was 22.86 kg/m2 (sensitivity 76.6%, specificity 53.9%) to determine 
the risk of dysglycemia.
Conclusions Four out of ten adults in the screened population were dysglycemic. An increase in BMI is significantly associ-
ated with dysglycemic status in males compared to females. The recommended cut-off value of BMI as 23 kg/m2 for South 
Asian population to categorize overweight individuals has an adequate sensitivity to recognize dysglycemic adult males but 
not the females in this community.

Keywords Dysglycemia · Body mass index · Fasting plasma glucose · Obesity · Prevalence

Introduction

Dysglycemia in the form of either pre-diabetes or diabetes 
mellitus (DM) is a leading metabolic abnormality which 
affects individuals in the developing as well as in developed 
countries [1]. The early stage of dysglycemia is termed as 
pre-diabetes and includes individuals with impaired glucose 
tolerance (IGT) and/or impaired fasting glucose (IFG). The 
global prevalence of pre-diabetes is rising rapidly and is 

estimated that number of people with pre-diabetes in the age 
group of 20–79 years is 352 million in 2017. The numbers 
are predicted to reach 587 million by the year 2045 [2]. A 
substantial majority of these people live in low- and middle-
income countries. According to the International Diabetes 
Federation (IDF) data, the prevalence of IGT is 3.0% in 
people aged 20–79 years in the South East Asia region [2]. 
People with pre-diabetes have a high risk of developing DM 
and its associated comorbidities especially cardiovascular 
diseases [2]. The prevalence of DM is increasing globally 
and the IDF has estimated as 415 million adults suffer from 
DM at present and this number will reach to 642 million by 
2040 [3]. Notably, the number of individuals living in the 
South East Asian region with DM has risen sharply during 
the past few years. The IDF has estimated that 6.8–10.8% 
of the adult population is living with DM in the South East 
Asian countries [3]. Environmental changes, behavioral 
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patterns, and lifestyle changes of people resulted in escalat-
ing rates of development of DM in this region [4, 5].

According to the recent estimates of IDF, prevalence of 
diabetes among adults in Sri Lanka is 8.6% [2]. Subsequent 
problems due to high prevalence of DM have become a 
major health care burden in Sri Lanka. Therefore, screen-
ing of individuals for dysglycemia which includes both 
categories of prediabetes and diabetes seems important 
and cost effective practice to prevent or delay the occur-
rence of hyperglycemia associated complications. The 
commonly available tools for screening dysglycemic state 
are fasting plasma glucose (FPG) concentration, oral glu-
cose tolerance test (OGTT) and percentage of glycated 
hemoglobin (HbA1C). The American Diabetes Association 
(ADA) has defined the individuals who have pre-diabetes 
as IFG measured by FPG level 100 mg/dL (5.6 mmol/L) to 
125 mg/dL (6.9 mmol/L), or IGT measured by 2-h values 
in the OGTT test of 140 mg/dL (7.8 mmol/L) to 199 mg/
dL (11.0 mmol/L) [6]. Even though pre-diabetes status is 
defined using HbA1C as 6.0 to 6.5% range, it fails to iden-
tify a considerable number of patients who have IFG and/
or IGT. Individuals with FPG concentration ≥ 126 mg/dL 
(≥ 6.9 mmol/L), OGTT ≥ 200 mg/dL (≥ 11.0 mmol/L), and 
HbA1C level ≥ 6.5% are classified as patients with DM [6]. 
According to the recent findings, HbA1C cutoff values for 
diabetes vary across different ethnicities and geographical 
regions compared to FPG and OGTT cutoff values. Studies 
carried out in different settings have proposed several cutoff 
values for HbA1C [7, 8] and for Sri Lankans, it was reported 
as ≥ 6.3% according to a local study [9].

Epidemiological studies have revealed that increasing 
age and body mass index (BMI), prevalence of dyslipi-
demia, hypertension, and family history of DM are impor-
tant and well-established risk factors associated with dys-
glycemia. Among these factors, increasing age and BMI 
were considered in the present study. A recent study has 
found several associations between increasing BMI and 
dysglycemia operating via proinflammatory cytokines 
(tumor necrosis factor and interleukin-6), insulin resist-
ance, deranged fatty acid metabolism, and cellular pro-
cesses such as mitochondrial dysfunction and endoplasmic 
reticulum stress [10]. The BMI, calculated as weight (kg) 
divided by height square (m2), is the most common method 
of assessing overweight and obesity in routine clinical 
practice. The World Health Organization (WHO) has 
defined the cut-off points of BMI to classify overweight 
and obesity as 25 kg/m2 and 30 kg/m2 respectively based 
on the epidemiological evidence investigating associations 
with mortality and morbidity [11]. The evidences on these 
cut-off points originate from white populations, and the 
level of risk associated with the classification of over-
weight and obesity vary across racial groups. Based on 
this, an expert committee of the WHO has recommended 

revised cut-off points to classify overweight and obesity 
as 23 kg/m2 and 27.5 kg/m2 respectively for the Asian 
population [12]. However, further evidences suggest that 
these revised cut-off points exert some limitations at the 
determination of risk of some epidemic diseases in Asians 
[13, 14].

Previous studies revealed the association of dysglyce-
mia and its associated comorbidities and mortality with 
increasing age [15, 16]. Factors such as increasing insulin 
resistance and impaired pancreatic islet cell function are 
linked to the increased prevalence of dysglycemia with 
aging [17]. The age-related increase in insulin resistance 
is associated with adiposity, sarcopenia, and physical inac-
tivity which has also been identified as risk factors for 
dysglycemia [18]. Furthermore, vitamin D deficiency is 
one of the factors accelerating insulin resistance, obesity 
and DM [19–21]. The ADA recommends to screen indi-
viduals having high BMI with other risk factors and all 
others aged ≥ 45 years for dysglycemia at a minimum of 
three-year intervals using one of the screening tools such 
as FPG, OGTT, or HbA1C [17].

Even though the associations of risk factors with dys-
glycemia and the gender differences are well established, 
whether the association of dysglycemia with increasing age 
and BMI is similar in both genders has not been explored 
previously in the Sri Lankan population. Based on all these, 
we aimed to study the gender wise prevalence of glycemic 
status, its associations with age and BMI and to determine 
an optimal cutoff of BMI to assess the risk of dysglycemia 
in the Sri Lankan population.

Materials and methods

Study design

This study was a community based cross-sectional study 
conducted in randomly selected divisional secretariat areas 
of semi urban localities in Southern Sri Lankan city of Galle, 
during February 2018 to September 2019. A cluster sam-
pling method was used to recruit study subjects. Prior to the 
commencement of the study, the study was clearly explained 
to the study population by the researchers.

Study population and study sample

The present study was the first phase of a clinical trial 
designed to test the efficacy of a herbal drug in newly 
diagnosed individuals with type 2 diabetes mellitus. To 
assess the prevalence of newly diagnosed type 2 diabetes 
mellitus, considering a confidence limit of 95%, expected 
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prevalence of newly diagnosed type 2 diabetes mellitus 
as 10% and a precision of 0.05, the required sample size 
was 138. Five divisional secretariat areas were randomly 
selected to enroll the participants. With an estimated design 
effect of 1.5 for cluster sampling, 207 individuals from each 
selected divisional secretariat area were required. Assum-
ing that the prevalence of type 2 diabetes mellitus in each 
of those selected areas was different, the minimum sample 
required for the study was 1035. Considering 20% of non-
responders and screen failures, a minimum of 1250 subjects 
were required. In the present study, a total number of 1691 
individuals were invited to participate.

Five divisional secretariat areas were randomly selected 
from the total of 19 divisions following the simple random 
sampling method using excel based random number genera-
tion. A number of seven “Grama Niladhari” divisions (divi-
sions similar to wards or villages) were selected randomly 
from each of the selected divisional secretariat areas follow-
ing the simple random sampling method. An average num-
ber of 48 individuals (belong to age group of 30–60 years) 
were recruited for the present study from each of selected 
“Grama Niladhari” division. One eligible individual was 
selected randomly from one household. A random starting 
point was identified and the households on either side of 
the road in a randomly determined direction were visited 
to identify and select eligible individuals until the required 
numbers from each “Grama Niladhari” division were being 
enrolled. Patients with previously diagnosed diabetes both 
type 1 and type 2, and who were on long term steroids for 
chronic disorders and pregnant women were excluded from 
the study.

Detection of indices

Demographic and anthropometric parameters such as age, 
gender, height and weight were collected from all partici-
pants. Weight was measured using a portable scale without 
shoes and height was measured using a height bar in stand-
ing position without shoes while keeping the shoulder in 
erect position. Subjects with a BMI below 18.5 kg/m2 were 
classified as underweight, between 18.5 and 22.9 kg/m2 as 
normal, between 23.0 and 24.9 kg/m2 as overweight, and 
equal or larger than 25.0 kg/m2 were classified as obese.

Overnight fasting (8–10 h) venous blood samples were 
collected from each participant. Collected blood samples 
were stored in an ice bath till the delivery to laboratory. 
The separated plasma samples were stored at− 80° C until 
analyzed. FPG concentration was estimated by glucose oxi-
dase method. Dysglycemia was diagnosed based on the ADA 
recommended criteria [6]. FPG concentration < 5.6 mmol/L
and ≥ 5.6 mmol/L were considered normoglycemia and 
dysglycemia respectively [6]. FPG concentration between 

5.6 mmol/L to 6.9 mmol/L and ≥ 6.9 mmol/L were consid-
ered pre-diabetes and diabetes respectively.

Statistical analysis

Data were analyzed using the version 25.0 of Statistical 
Package for Social Sciences (SPSS) software. The con-
tinuous variables were presented as mean ± SD while the 
categorical data were expressed as percentages. Normality 
of the data sets was checked using Kolmogorov–Smirnov 
test. Descriptive data of both genders were compared using 
independent sample t-test. The correlation between FPG 
values and anthropometric measures of age and BMI were 
assessed in both genders through the linear correlation 
analysis. Binary logistic regression was used to calculate 
odds ratio for the association of age and BMI (independ-
ent variables) with dysglycemia as the dependent variable 
in both genders. The chi-square test was used to assess the 
association between gender and glycemic status in each of 
BMI categories and age groups. Receiver operating char-
acteristic (ROC) curves were developed for BMI values of 
both genders separately as a risk factor of dysglycemia. The 
optimal cut-off point of BMI was determined using Youden 
index (maximum [sensitivity+specificity−1]) [22]. p≤0.05 
was considered statistically significant.

Results

Although 1691 individuals were invited for the screening 
programs, only 1334 individuals participated with a non-
response rate of 21.1%. The eligible population consisted of 
1120 individuals with 803 (71.7%) females and 317 (28.3%) 
males. Figure 1 shows the flow diagram of the recruitment 
of eligible participants for the present study.

Mean age, BMI and FPG concentration of female subjects 
were 45.7 ± 9 years, 26.8 ± 6.4 kg/m2 and 5.9 ± 2.1 mmol/L 
respectively. Mean age, BMI, and FPG concentration of 
male subjects were 44.5 ± 8.1 years, 24.8 ± 5.5 kg/m2, and 
6.0 ± 2.2 mmol/L respectively (Table 1).

Of the total number of females, 468 (58.3%) were normo-
glycemic, 203 (25.3%) were pre-diabetic, and 132 (16.4%) 
were detected to have diabetes. Among the male population, 
179 (56.5%) individuals were normoglycemic, 83 (26.2%) 
were pre-diabetic, and 55 (17.4%) were detected to have 
diabetes. The gender wise prevalence of glycemic status 
diagnosed by FPG concentration is summarized in Table 2.

Glycemic status diagnosed by FPG concentration showed 
a significant positive correlation with the age in both gen-
ders and a significant positive correlation with BMI in males 
(Table 3).

Regression analysis revealed that increase in age and BMI 
in the whole population are significantly associated with 
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dysglycemia (Table 4). When considering the gender wise 
associations, increase in age in both genders and increase in 
BMI only in males were significantly associated with dys-
glycemia (Table 4).

As shown below, the prevalence of normoglycemia 
decreased and the prevalence of dysglycemia increased with 
rising BMI and age in both genders (Figs. 2 and 3).

Results of the chi-square test showed that there is a sig-
nificant difference between gender and glycemic status in 
normal weight (X2 (1) = 7.663, p= 0.006) and obese (X2

(1) = 7.476, p= 0.006) categories. However, there is no 
association between gender and glycemic status diagnosed 
by FPG concentration in any of the considered age groups.

Figure 4 shows the ROC curve of BMI to assess the 
risk of dysglycemia for both genders separately. The area 
under the ROC curve (AUC) of females was not-significant 
(0.516 ± 0.021, p= 0.43) whereas ROC curve for males was 
significant (0.651±0.031, p=0.000) in assessing the risk of
dysglycemia by means of BMI. The optimal cut-off value of 
BMI for males was 22.86 kg/m2 (sensitivity 76.6%, specific-
ity 53.9%) to determine the risk of dysglycemia.

Fig. 1  Flow diagram for the 
recruitment of eligible partici-
pants

Table 1  Descriptive statistics of the participants

BMI, body mass index; FPG, fasting plasma glucose

Female Male p value

Mean SD Mean SD

Height (cm) 149.4 10.9 161.6 11.0 0.000
Weight (kg) 57.0 10.6 64.2 12.1 0.000
BMI (kg/m2) 26.8 6.4 24.8 5.5 0.095
Age (years) 45.7 8.7 44.6 7.9 0.037
FPG (mmol/L) 5.9 2.1 6.0 2.2 0.450

Table 2  Prevalence of glycemic status according to gender

Glycemic status Number of 
females

% Number of 
males

%

Normoglycemia 468 58.3 179 56.5
Pre diabetes 203 25.3 83 26.2
Diabetes 132 16.4 55 17.4

Table 3  Gender wise 
correlations between glycemic 
status vs age and BMI

BMI, body mass index; FPG, fasting plasma glucose

Females Males

Age BMI Age BMI

FPG r=0.158 p=0.000 r=0.003 p=0.932 r=0.160 p=0.004 r=0.162 p=0.004
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Discussion

Results of the present study revealed high prevalence of 
dysglycemia in the community and the gender specific 
associations of two major risk factors namely increas-
ing age and BMI. The cutoff value of FPG ≥ 5.6 mmol/L 
(100 mg/ dL) was used to define dysglycemia as the value 
is well established universally with considerable specific-
ity and sensitivity. One of the important findings of the 
present study is almost four out of ten adults suffer from 
dysglycemia either in the form of pre-diabetes or diabetes. 

Further, the prevalence of pre-diabetes (26.2%) as well as 
diabetes (17.4%) is higher in males than that of females as 
25.3% and 16.4% respectively. Although there are no pre-
viously reported facts on the prevalence of dysglycemia, 
a higher prevalence of diabetes in men (14.2%) than in 
women (13.5%) in four provinces in Sri Lanka by involv-
ing of individuals between 35 and 65 years of age has been 
reported [23]. Similar observations were made in the studies 
carried out in different settings [24, 25] and is suggested 
that high prevalence of DM in males than in females is due 
to gender specific differences in visceral fat accumulation 
[24]. However, the exact mechanism related to the higher 
prevalence of dysglycemia in males than in females is still 
unclear and further investigations are warranted. Our study 
is the most recent population-based study conducted with 
an aim of estimating of the prevalence of dysglycemia. With 
respect to the preexisted prevalence of diabetes mellitus in 
Sri Lanka [23], the present study clearly indicated a dramatic 
increment in newly diagnosed cases of diabetes mellitus in 
Galle, as one of the rapidly growing cities in Sri Lanka. The 
spatial structure of Galle is being subjected to changes over 
the time by expanding the growth towards outer city. This 
scenario has made significant changes in the city structure 
as well as in the lives of resident individuals and as a result 

Table 4  Study population associations of age and BMI with dysgly-
cemia

BMI, body mass index

Variable OR 95% CI p value

Whole population Age 1.04 1.03–1.06 0.000
BMI 1.03 1.01–1.05 0.006

Females Age 1.04 1.02–1.06 0.000
BMI 1.01 0.99–1.03 0.474

Males Age 1.05 1.02–1.08 0.000
BMI 1.10 1.05–1.15 0.000

Fig. 2  Prevalence of glycemic 
status according to BMI in A
females B males

56.8

56.5

66.7

66.7

43.2

43.5

33.4

33.4

Obese

Overweight

Normal

Underweight

Normoglycemia % Dysglycemia %

A

43.5

44.9

75.5

74.2

56.5

55.1

24.5

25.8

Obese

Overweight

Normal

Underweight

Normoglycemia % Dysglycemia %

B

50.0

55.6

70.0

50.0

44.4

30.0

51-60

41-50

30-40

Normoglycemia Dysglycemia %

46.1

59.7

60.7

53.9

40.3

39.3

51-60

41-50

30-40

Normoglycemia % Dysglycemia %

BA

%
g

Fig. 3  Prevalence of glycemic status according to age in A females B males
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the individuals are on unhealthy diet, physical inactivity etc. 
All these facts might contribute for this increment of high 
prevalence of newly detected cases of dysglycemia and fur-
ther studies are warranted on this concern. In contrast, a high 
prevalence of dysglycemia was seen in females than in males 
in a study conducted in rural, urban and plantation sector in 
Kalutara district, Western province, Sri Lanka by involving 
1300 adults between aged of 35 to 64 years [22].

Findings of the present study also revealed that FPG 
concentration was significantly and positively correlated 
with age in both genders whereas significant association 
with BMI was seen only in males. Furthermore, the binary 
logistic regression analysis revealed that increase in age of 
both genders and BMI of males are significantly associated 
with dysglycemia. Although the development of dysglyce-
mia is multifactorial, insulin resistance and decrement of the 
pancreatic insulin secretion are well reported pathogenetic 
mechanisms associated with dysglycemia. Age is the one of 
the most important factors which affects these mechanisms. 
Development of insulin resistance with increasing age of 
population has also been demonstrated using hyperinsuline-
mic-euglycemic clamp method [26] and responsible factors 
for the reduced insulin effectiveness with aging have been 
summarized as increased abdominal fat mass, decreased 
physical activity, mitochondrial dysfunction, hormonal 
changes, increased oxidative stress and inflammation [27]. 
Indeed, the prevalence of dysglycemia has increased rapidly 
with aging in the past decades and management of dysgly-
cemia in elders is very complicated as they commonly have 
several co-existing health issues that could affect the overall 
management of patients.

Over the past decades, progressive increase in body 
weight among individuals in developed countries than in 

the low- or middle-income developing countries has been 
reported [28]. A recent trend of similar weight gain among 
individuals is highlighted in developing countries as well 
[29]. The mean BMI values of females (26.8 ± 6.4 kg/m2) 
and males (24.8 ± 5.5 kg/m2) found in our study were in the 
range of obese and overweight respectively. These values 
suggest a possible interplay of genetic factors, westernized 
lifestyle, physical inactivity etc. among Sri Lankans as a 
nation living in a developing country of South East Asian 
region. According to the classification of BMI, our results 
revealed that the prevalence of dysglycemia is increased with 
an increment in BMI in both genders. Moreover, the present 
study disclosed that there is a significant difference between 
the gender and glycemic status in normal weight and obese 
categories. The male population with normal weight has the 
lowest prevalence of dysglycemia (24.5%). However, in the 
obese category, males have the highest prevalence of dysgly-
cemia (56.5%). This might be due to their careless behavior 
in the management of early stage of dysglycemia because 
of their occupational activities and their habits including 
smoking and addiction to intake of alcohol. In fact, males 
are often the breadwinners of the family and hence more 
likely to be employed than females in the South East Asian 
countries including Sri Lanka. These factors also influence 
the inclusion of a smaller number of males than females in 
the community screening programs as in the present study. 
However, further research is warranted to rectify this finding.

As it was important to determine the optimal cut-off 
points of BMI to assess the risk for dysglycemia, ROC 
curves were drawn for both genders separately. According 
to the results, cut-off value for BMI in males was 22.86 kg/
m2 with 76.6% sensitivity and 53.9% specificity. The 
AUC value for BMI (0.651) in ROC analysis unveiled that 

Fig. 4  ROC curve for BMI as the risk of dysglycemia in A females B males
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BMI > 22.86 kg/m2 could be used as an acceptable clinical 
parameter to determine the risk of dysglycemia among adult 
males in this community. The observed BMI cut-off point of 
22.86 kg/m2 is very close to the WHO recommended revised 
cut-off value for overweight (23 kg/m2) among the South 
Asian population. However, since the AUC value of BMI for 
females is almost 0.5 (0.51), this was not further subjected 
to estimate sensitivity or specificity.

The main strength of this study was its community-
based design to detect previously undetected dysglycemia 
and the study of gender wise differences in association of 
age and BMI with dysglycemia in a developing South East 
Asian country during an era of an obesity pandemic. Our 
findings highlight the rising burden of both dysglycemia 
and obesity among adults in a developing country in this 
region. It also strengthens the use of recommended cut-off 
value of 23 kg/m2 for the South Asian region to categorize 
overweight individuals especially the males in this popula-
tion. However, even with higher representation of females 
(72%) in the study sample, similar conclusion for females 
could not be arrived from our findings. We hope the findings 
would stimulate further studies to determine the possibility 
of distinct gender-based association of obesity and dysgly-
cemia in this community. Without analyzing the results of 
such large-scale studies, it would be premature to predict 
the necessity to adopt separate, gender specific BMI cut-off 
values to categorize overweight and obesity as in the case 
of using separate cut-off values of waist circumference for 
defining central obesity for males and females. Conducting 
the study in a limited geographical locality in Southern Sri 
Lanka, the presence of relatively high female representation 
in the study sample and the use of FPG test results instead of 
the gold standard OGTT to screen dysglycemia are the main 
limitations of this study.

Conclusions

The prevalence of dysglycemia either in the form of predia-
betes or diabetes in the male population (43.6%) is higher 
than that of the female population (41.7%) in this cohort. 
An increase in age in both genders and BMI in males is sig-
nificantly associated with dysglycemia. The cut-off value of 
BMI > 22.86 kg/m2 could be used as an acceptable clinical 
parameter to determine the risk of dysglycemia by means of 
overweight among the male population in Sri Lanka. Hence, 
the WHO recommended cut-off point of 23 kg/m2 is further 
corroborated for the male population in Sri Lanka in assess-
ing the risk of dysglycemia by means of overweight. Based 
on the finding of this study, it is important to implement 
measures to control overweight and obesity more vigorously 
in males to reduce the onset of dysglycemia.
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Abstract
Background and objectives The prevalence of diabetes mellitus (DM) is rising in sub-Saharan Africa, including Nigeria. 
A previous study in Abia State, Nigeria, showed a high prevalence of diabetes, with no significant difference in urban and 
rural communities. This study aimed at investigating the prevalence and risk factors for impaired fasting glucose (IFG) and 
impaired glucose tolerance (IGT), which represent reversible and preventable early signs of DM.
Subjects, materials, and methods A cross-sectional comparative study of 2800 adult residents of Abia State, comprising 
equal number of urban and rural respondents. Interviewer-administered semi-structured questionnaires were used for data 
collection. Fasting blood glucose was performed for all the respondents, while oral glucose tolerance test (OGTT) was done 
for 2424 respondents, comprising 1117 urban residents and 1307 rural residents. Data was analyzed using SPSS version 20.
Results Mean age of the respondents was 48.54 ± 13.24 years: rural = 54.23 ± 14.26 years and urban = 42.85 ± 13.24 years,
p < 0.001. Male to female ratio was 1:2.5 (p < 0.001). Pre-diabetes (IFG and IGT) was observed in 6.3% of the respondents, 
comprising 3.9% in urban and 8.7% in rural residents, p < 0.001. The prevalence of IFG and IGT was 4.7% and 12%, respec-
tively, p < 0.001. Independent predictors of pre-diabetes included abnormal waist circumference (WC), hypertension, and 
daily intake of fruits and vegetables in the urban area, while in the rural area, they included hypertension and abnormal WC.
Conclusion The prevalence of pre-diabetes is high in Abia State, with a higher burden among rural residents. Hypertension 
and abnormal WC are significant predictors of pre-diabetes in Abia State. Daily consumption of fruits/vegetables in processed 
forms may be associated with an increased risk of pre-diabetes.

Keywords Pre-diabetes · Urban · Rural · Abia · Nigeria

Introduction

Impaired fasting glucose (IFG) and impaired glucose toler-
ance (IGT) also known as pre-diabetes pre-date the onset 
of DM 1,2. When identified early, the progression of IFG/
IGT to diabetes can be reduced by 25–60%, with adequate 
intervention, mainly lifestyle interventions aimed at weight 
reduction and with the use of metformin 1,2. A previous 

community-based study in Abia State revealed an overall 
prevalence of DM of 3.6%, with no significant difference 
between the urban and rural communities studied (4.4% and 
3.0%, respectively) High alcohol intake, low physical activ-
ity, and obesity were significant associations with DM in 
the study 3.

Urbanization with the adoption of western lifestyles in 
developing countries has led to the abandonment of the 
healthier traditional lifestyles, characterized by regular vig-
orous physical activities and subsistence on high-fiber diet, 
rich in vegetables and fruits, with a resultant increase in the 
prevalence of diabetes and other non-communicable diseases 
(NCDs) 4,5

The health systems in many countries including Nigeria 
are not equipped to meet the increasing challenges of dia-
betes and other NCDs care, hence the need for preventing 
or delaying their development. Pre-diabetes represents early 
warning sign of diabetes, which is largely reversible with 
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appropriate interventions. This study is aimed at investigat-
ing the prevalence and predictors of pre-diabetes (IFG and 
IGT) in Abia State. Knowledge of this will help in planning 
appropriate preventive measures as well as measures to halt 
or delay its progression to diabetes.

Methodology

The study was carried out in Abia State, one of the 36 states 
of the Federal Republic of Nigeria, located in the eastern 
part of the country. It has three senatorial districts, namely 
Abia north, Abia south, and Abia central, and two main cit-
ies, namely Umuahia, the capital city, and Aba, the com-
mercial city 6. It also has 17 local government areas and an 
approximate population of 2.8 million, with males form-
ing 46.6% and females 53.4% 6. The predominant tribe is 
Igbo, and the major source of income is from agriculture 
and commerce 6. The study was cross-sectional compara-
tive, involving adults, aged 18 and above, who had lived in 
Abia State for at least 2 years. Exclusion criteria included 
being very ill, having a mental illness, pregnancy, or being 
in the puerperium.

The sample formula for comparison of proportions 
between two groups, 7 was used to estimate a minimum sam-
ple size of 1382 for each group, using the previous preva-
lence of diabetes for rural and urban areas in Abia State, of 
3.0% and 4.4%, respectively 3. This was rounded off to 1550 
for each group, to take care of 10% attrition rate. A total 
sample size of 3100 was calculated; however, a total of 2800 
respondents were studied, comprising equal number of urban 
and rural residents.

A multistage (3 stage) cluster random sampling method 
was used to select the respondents.

1st stage: From a list of all the 14 LGAs that house the 
rural communities in Abia State, a simple random technique 
(balloting) was used to select Isiala Ngwa North LGA. Simi-
larly, from the 3 LGAs that house the major urban cities in 
Abia State, a simple random technique (balloting) was used 
to select Aba North LGA.

2nd stage: All the administrative wards in the selected 
LGAs were listed (12 in Aba North and 10 in Isiala Ngwa 
North). A simple random technique (balloting) was used to 
select Ama-asaa ward (ward 01) in the rural area and Eziama 
(ward 01) in Aba North.

3rd stage: Catchment villages from the selected ward 
in the rural LGA (Ama-asaa) were listed. Five villages 
(Umueke-Amachi, Umuogele-Amachi, Umunkolo-Amachi, 
Usaka-Umuofor, and Umuosonyike) were selected by simple 
random technique, and they formed the unit of selection in 
the rural area. Catchment areas From Eziama ward in Aba 
North LGA were listed. Umungasi and Brass were selected 
by simple random technique. Brass, Umungasi, and their 

environs (Faulk’s road and Umungasi-Abayi road) formed 
the unit of selection in the urban area. Community mobi-
lization was done via announcements by town and market 
announcers and religious organizations in the selected areas, 
as well as house to house and street to street announcements. 
Recruitment of respondents was done centrally at Amachi-
Nsulu health center and Usaka-Umuofor town hall in the 
rural area, while in the urban area, it was done at Umungasi 
town hall and Abayi town hall. Recruited respondents who 
gave consent to participate in the study were selected con-
secutively, until the required sample size was obtained.

An interviewer-administered semi-structured question-
naire (modified WHO screening tool for non-communicable 
diseases) was used to collect the respondents’ data 8. The 
questionnaires were pre-tested before use. Copies of the pre-
tested tool were made and administered to all consenting 
respondents.

Recruitment and selection of the respondents were done 
on the first day of contact with them. Socio-demographics, 
medical history, and physical examination were obtained for 
each of them on the first day, while fasting blood glucose 
(FBG) tests were done on the following day (2nd day), using 
pre-calibrated and pre-tested Accu-chek glucometers and 
finger pricked blood samples. Respondents who were not 
previously diagnosed to have diabetes mellitus and with IFG 
or FBG within the normal range, following the initial blood 
glucose test, had an oral glucose tolerance test (OGTT) done 
on the same day.

Weight (Wt) in kg and height (Ht) in cm were obtained 
using a seca weighing scale and stadiometer 8. Body mass 
index (BMI) was calculated by dividing the weight (Wt) in 
kg by the square of the height (Ht2) in meters, viz. BMI=Wt/
Ht2 (in kg/m2). All values were taken to the nearest one deci-
mal place 8. Waist circumference (WC) and hip circumfer-
ence (HC) in centimeters (cm) were measured, using a flex-
ible inelastic tape to the nearest 0.1 cm 9. Blood pressure 
(BP) was measured using Accoson mercury sphygmoma-
nometer (standard cuff: 15×55 cm). A resting systolic BP of 
140 mmHg and above and/or a diastolic BP of 90 mmHg and 
above were regarded as hypertension. Respondents taking 
antihypertensive drugs were also regarded as hypertensive, 
even if their BP were below these cutoff points 8.

The OGTT was done by preparing a glucose solution 
using 82.5 g Allenbury’s glucose D (an equivalent of 75 g 
anhydrous glucose), which was dissolved in 200 ml of clean 
drinking water and given to each eligible respondent to 
drink. Blood glucose was measured 2 h after intake of the 
glucose drink, with the use of the same Accu-chek glucome-
ter used to estimate the fasting blood glucose level. This was 
recorded as the 2-h post-glucose load value. A fasting blood 
glucose value of 110 to 125 mg/dL (6.1 to 6.9 mmol/L) 
was termed impaired fasting glucose (IFG). A 2-h value 
between 140 and 199 mg/dL (7.8–10.9 mmol/L) was termed 
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impaired glucose tolerance. A value lower than 140 mg/dL 
(7.8 mmol/L) was taken as normal, while those ≥ 200 mg/
dL (11.1 mmol/L) were regarded as diabetes 8.

Data generated from the study was cleaned and analyzed 
using SPSS version 20 (SPSS Inc. Chicago, IL, USA) statis-
tical software. Mean ± standard deviation was computed for 
normally distributed continuous variables. Proportions of the 
categorical variables were computed. Differences in anthro-
pometric and clinical characteristics between urban and rural 
as well as pre-diabetes were analyzed using Student’s t test. 
The association of pre-diabetes with age, anthropometric 
parameters (BMI, WC, HC, WHR), and blood pressure was 
determined using multiple logistic regression. p value≤0.05 
was taken as statistically significant. Results were presented 
in a chart and tables.

Ethical approval for the study was obtained from the Abia 
State Ministry of Health ethical committee. Permission was 
also sought from the community leaders before the study 
was commenced. The study was carried out from January 
to March 2017.

Results

The study aimed at investigating the prevalence and pre-
dictors of pre-diabetes in Abia State, Nigeria. A total of 
2800 respondents, comprising 1400 urban and 1400 rural 
residents, were studied. Oral glucose tolerance test (OGTT) 
was performed for 2424 respondents, comprising 1117 urban 
residents and 1307 rural.

The mean age ± SD of the respondents in the study 
was 48.54 ± 14.89 years, urban = 42.85 ± 13.24 years, and 
rural = 54.23 ± 14.26 years, p < 0.001. There were more 
female respondents in both the urban and the rural areas, 
with a ratio of 3:1.2 for urban and 3:1 for rural. The age 
distribution of the respondents is shown in Fig. 1. In the 

rural area, 961 (68.6%) of the study respondents were farm-
ers, while in the urban area, 850 (60.7%) were engaged in 
business activities for their livelihood. Other socio-demo-
graphic characteristics are as shown in Table 1. Hyperten-
sion, overweight, obesity, and abnormal waist circumference 
are significantly more prevalent among the urban respond-
ents, while abnormal waist-hip ratio is significantly more 
observed in the rural area as shown in Table 2.

Pre-diabetes (IFG and IGT) was observed in 6.3% (176) 
of the respondents in this study, with urban constituting 54 
(3.9%) and rural 122 (8.7%). Pre-diabetes was significantly 

Fig. 1  Age distribution of the 
respondents
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Table 1  Socio-demographic characteristics of the respondents

p* significant, BMI body mass index, WHR waist-hip ratio, WC waist 
circumference

Urban n (%) Rural n (%) �
2 p value

Occupation
Farming 159 (11.4) 961 (68.6) 998.164 <0.001*
Fishing 0 (0.0) 12 (0.9)
Business 850 (60.7) 303 (21.6)
Housewife 48 (3.4) 11 (0.8)
Retired 41 (2.9) 31 (2.2)
Civil servant 280 (20.0) 80 (5.7)
Student 22 (1.6) 2 (0.2)
Marital status
Single 324 (23.1) 57 (4.1) 356.515 <0.001*
Married 939 (67.1) 926 (66.1)
Widowed 125 (8.9) 417 (29.8)
Separated 12 (0.9) 0 (0.0)
Educational level
No formal 109 (7.8) 85 (6.1) 1963.076 <0.001*
Primary 242 (17.3) 1005 (71.8)
Secondary 681 (48.6) 284 (20.3)
Tertiary 368 (26.3) 26 (1.8)
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more prevalent in the rural area, when compared with urban 
(p<0.001, OR=5.10, 95%CI=3.244–8.029). Impaired fast-
ing glucose alone was observed in 2.4% of the respondents, 
with urban having 1.3% and rural 3.4%, while IGT alone 
was observed in 5.7% of the respondents, with urban having 
4.3% and rural 7.7%.

Obesity was present in 78 (44.3%) of those with pre-dia-
betes, while 89 (60.6%) had waist circumference above nor-
mal. Obesity, abnormal WC, abnormal WHR, and hyperten-
sion are significant associations with pre-diabetes as shown 

in Table 3. Age greater than 45 and daily consumption of 
fruits and vegetables are significantly associated with pre-
diabetes in the urban area, while in the rural area, lack of 
physical activity is associated with pre-diabetes as shown 
in Table 4. Independent predictors of pre-diabetes include 
hypertension, abnormal WC, and daily intake of fruits/
vegetables in the urban areas, while in the rural areas, it is 
hypertension and abnormal WC as shown in Table 5.

Discussion

The study aimed at determining the prevalence and pre-
dictors of pre-diabetes in rural and urban communities of 
Abia State, Nigeria. A high prevalence of pre-diabetes was 
observed in this study. Previous studies in Nigeria and other 
parts of the world have reported varying prevalence of IFG 
and IGT, with, however, similar risk factors which include 
family history of diabetes, increasing age, increased BMI, 
high WC, high WHR, and hypertension 10–18. These factors 
have been shown to cause varying degrees of insulin resist-
ance, with resultant pancreatic dysfunction and DM 19. Ejike 
et al. reported a prevalence of IFG of 1.1%, in Umudike, a 
sub-urban town in Abia State, with female sex and markers 
of obesity (high BMI, increase WHR and WC) being sig-
nificant associations 10. Enang et al. reported a prevalence of 
IFG and IGT of 9% and 20%, respectively, in a study carried 
out in Calabar, Nigeria 11, while Nwatu et al. in their own 
study in Enugu, Nigeria, reported a prevalence of IFG and 
IGT of 9.3% and 15.8%, respectively, and pre-diabetes of 
21.5%, with age, hypertension, and physical inactivity being 

Table 2  Clinical characteristics of the respondents

p* significant, BMI body mass index, WC waist circumference, WHR
waist-hip ratio

Urban n (%) Rural n (%) �
2 p value

Hypertension
Yes 568 (40.6) 857 (61.2) 119.354 <0.001*
No 832 (59.4) 543 (38.8)
BMI
Normal 493 (35.2) 650 (46.4) 149.478 <0.001*
Underweight 7 (0.5) 94 (6.7)
Overweight 502 (35.9) 430 (30.7)
Obesity 398 (28.4) 226 (16.1)
WC
Abnormal 459 (32.8) 289 (20.6) 52.720 <0.001*
Normal 941 (67.2) 1111 (79.4)
WHR
Abnormal 682 (48.7) 1294 (92.4) 633.606 <0.001*
Normal 718 (51.3) 106 (7.6)

Table 3  Association of 
pre-diabetes with some 
clinical characteristics of the 
respondents

p* significant, BMI body mass index, WC waist circumference, WHR waist-hip ratio, FHxDM family his-
tory of diabetes

Pre-diabetes p value OR 95%CI for OR

Yes
N =176 n (%)

No
N =2624 n (%)

BMI
Normal 54 (30.7) 1089 (41.5)
Underweight 8 (4.5) 93 (3.5) 0.162 1.735 0.802–3.755
Overweight 36 (20.5) 896 (34.1) 0.339 0.810 0.527–1.247
Obesity 78 (44.3) 546 (20.8) <0.001* 2.881 2.006–4.137
WC
Abnormal 89 (50.6) 659 (25.1) <0.001* 3.050 2.241–4.152
Normal 87 (49.4) 1965 (74.9)
WHR
Abnormal 143 (81.2) 1833 (69.9) 0.002* 1.870 1.269–2.755
Normal 33 (18.8) 791 (30.1)
Hypertension
Yes 134 (76.1) 1444 (55.0) <0.001* 2.607 1.828–3.718
No 42 (23.9) 1180 (45.0)
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significant predictors 12. These are higher than the preva-
lence of IFG and IGT observed in our study, which may be 
a reflection of the rising trend in diabetes and its risk factors 
in the study areas. An earlier rural community screening 
for DM and its risk factors in Anambra state, Eastern Nige-
ria, by Mezie et al., showed that 8.2% of the participants 

had impaired fasting glucose (IFG), with male gender, age, 
and hypertension being significantly associated with IFG 
13. Nyenwe et al. reported a lower prevalence rate of IGT 
of 2.2%, in Port-Harcourt, about two decades prior to this 
study, with obesity, high WHR, family history of diabetes, 
and increasing age being factors associated with diabetes 
and pre-diabetes 14. The study was done more than a decade 
ago and may not reflect the current prevalence of IGT in the 
region studied. The predictors of pre-diabetes observed in 
our study (abnormal WC and hypertension) are similar to 
what was observed in previous studies 10–18.

Differences in geographical location and rapid progres-
sion from pre-diabetes to diabetes may explain the lower 
prevalence of IFG and IGT observed in our study, when 
compared with recent studies in other parts of the coun-
try. Chiwanga et al., in Uganda, reported a prevalence of 
pre-diabetes of 13.8%, with family history of diabetes and 
hypertension, being significant associations 17. Thorpe et al. 
in New York city reported a much higher prevalence of IFG 
of 23.5%, with older age and low income being significant 
associations 18. Despite the variations in the reported preva-
lence of IFG and IGT from different studies, the prevalence 
observed in this study falls within what the International 
Diabetes Federation (IDF) estimated (4.5–12.1%) 5. Type 
2 diabetes mellitus has insidious onset, often preceded by a 
long period of insulin resistance, and in resource poor coun-
tries, it is recognized late, with various short- and long-term 
complications 20. This preceding period of insulin resistance 
represents the pre-diabetes state (IFG and IGT), which is 
largely preventable and reversible through lifestyle modifica-
tions 1,2. The presence of both IFG and IGT in an individual 
represents more marked insulin resistance at the liver and 
skeletal muscles 21. Pre-diabetes has variable natural history, 

Table 4  Association between sociodemographic, lifestyle characteris-
tics of respondents and pre-diabetes in urban and rural areas

p* significant, Family hx of DM family history of diabetes mellitus, 
F/V fruits and vegetables, NA not applicable

Pre-diabetes

Yes n (%) No n (%) p value OR 95%CI for OR

Urban
Age (years)
≥ 46 31 (5.5) 533 (94.5) 0.010* 2.06 1.19–3.56
<46 23 (2.8) 813 (97.2)
Family hx of DM
Yes 7 (4.0) 166 (96.0) 0.890 1.059 0.471–2.381
No 47 (3.8) 1180 (96.2)
Tobacco use
Yes 51 (3.8) 1290 (96.2) 0.618 0.738 0.223–2.437
No 3 (5.1) 56 (94.9)
Alcohol use
Yes 54 (4.0) 1294 (96.0) NA NA NA
No 0 (0.0) 52 (100.0)
Daily intake of F/V
Yes 22 (6.4) 321 (93.6) 0.006* 2.195 1.258–3.832
No 32 (3.0) 1025 (97.0)
Lack of phys. activity
Yes 42 (3.9) 1048 (96.1) 0.989 0.955 0.517–1.915
No 12 (3.9) 298 (96.1)
Rural
Age (years)
<46 28 (7.1) 368 (92.9) 0.172 0.737 0.475–1.143
≥46 94 (9.4) 910 (90.6)
Family hx of DM
Yes 8 (9.8) 74 (90.2) 0.730 1.142 0.537–2.428
No 114 (8.6) 1204 (91.4)
Tobacco use
Yes 118 (8.9) 1215 (91.1) 0.418 1.530 0.547–4.277
No 4 (6.0) 63 (94.0)
Alcohol use
Yes 118 (9.1) 1185 (90.9) 0.106 1.530 0.547–4.277
No 4 (4.1) 93 (95.9)
Daily intake of F/V
Yes 13 (5.8) 213 (94.2) 0.088 0.596 0.329–1.080
No 109 (9.3) 1065 (90.7)
Lack of phys. activity
Yes 18 (14.5) 106 (85.5) 0.018* 1.91 1.12–3.28
No 104 (8.2) 1172 (91.8)

Table 5  Multivariate analysis showing predictors of pre-diabetes in 
urban and rural areas

p* significant, WC waist circumference, F/V fruits and vegetables

95%CI for OR

p value OR Lower Upper

Urban
Hypertension 0.032 1.965 1.060 3.643
WC (abnormal) <0.001* 4.127 2.039 8.356
Underweight 0.183 1.698 0.778 3.705
Age group (<46) 0.058 0.565 0.314 1.019
Daily intake of F/V 0.003* 2.382 1.341 4.231
Rural
Age group (<46) 0.752 0.928 0.582 1.478
Hypertension 0.027* 1.730 1.063 2.814
WC (abnormal) <0.001* 3.598 2.216 5.841
Underweight 0.441 1.397 0.597 3.267
Physical activity 0.072 0.598 0.341 1.046
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with approximately 25% progressing to diabetes, 50% 
remaining in their abnormal glycemic state, and 25% revert-
ing to normal glucose tolerance over an observational period 
of 3–5 years 22,23. Individuals who are older, overweight, 
and have other diabetes risk factors are more likely to pro-
gress 22,23. It is worrisome that IGT which is a more sensitive 
predictor of cardiovascular risk than IFG is higher in this 
study. This study suggests that the prevalence of IFG, IGT, 
and even DM may be rising in Abia State. Rapid urbaniza-
tion, increasingly sedentary lifestyles, and unhealthy eating 
habits are factors that may contribute largely to the increased 
prevalence of pre-diabetes. The prevalence of pre-diabetes 
in this study is significantly higher in the rural area when 
compared to urban. This is in contrast to previous reports 
from communities in Nigeria, where a higher prevalence 
of pre-diabetes and diabetes was reported in urban commu-
nities when compared with rural 15,16. It is worrisome to 
note that a previous community-based study in Abia State, 
conducted 6 years earlier, showed no urban–rural difference 
in the prevalence of DM 3. This may be a reflection of an 
ongoing epidemiologic transition. In developing countries 
with low-income settings, diabetes is often postulated to be 
a disease of the rich, but with increasing economic devel-
opment and lifestyle transition among all groups, diabetes 
now affects the poor also 24,25. Ramchandra et al. in India 
found no significant urban–rural difference in the prevalence 
of IGT (8.7% and 7.8%, respectively), which was thought 
to be due to rapid conversion of IGT to DM in the urban 
community 26. Alberts et al. reported a high prevalence of 
DM of 8.8% in a study conducted a few years ago in a poor 
rural black community of South Africa 27. More recently, a 
community-based study in Uganda and Tanzania, two sub-
Saharan African countries, showed an overall prevalence of 
diabetes of 10.1% which was highest among rural Ugandan 
residents (16.1%) compared to teachers in Tanzania (8.3%) 
and peri-urban Ugandan residents (7.6%) 17. The prevalence 
of pre-diabetes was also high in that study, with family his-
tory of diabetes and hypertension being significant associa-
tions 17. Another large community survey in China reported 
a higher prevalence of pre-diabetes and diabetes in rural 
communities, when compared to urban provinces (30.5%, 
6.0%, and 10.5%, respectively) 28. Similarly, a higher preva-
lence of DM was reported recently in a rural community of 
Ghana by Kweku et al. 29. This trend is worrisome, since 
pre-diabetes is a risk factor for the development of type 2 
DM, which was previously thought to be less prevalent in 
rural sub-Saharan countries, when compared with urban. 
The reasons that may account for the higher prevalence in 
the rural areas include increasing age, higher life expectancy, 
hypertension, variations in dietary habits, and influence of 
proximity of rural areas to major urban centers.

The association of daily physical activity with a reduc-
tion in the frequency of pre-diabetes observed only in the 

rural area may be due to the type of physical activities rural 
dwellers engage in, which include farming, trekking and use 
of bicycles as a means of transportation. Physical activities 
especially moderate intensity exercises have been shown 
to be beneficial in the prevention and delaying of diabetes 
in at risk individuals 1,2. The association of daily intake of 
fruits and vegetables with pre-diabetes observed in the urban 
areas in this study is at variance with previous studies, where 
daily consumption of fruits and vegetables is linked with 
a reduction in the prevalence of pre-diabetes and diabetes 
30–33. This may be due to the consumption of the fruits and 
vegetables in processed forms, instead of eating them in the 
raw form. Overconsumption of fruits and vegetables may 
occur when processed prior to consumption. There may also 
be additives like sugars in the processed fruits/vegetables. 
The assessment of fruits and vegetables consumption in this 
study was via self-report by the respondents; also, the pat-
tern of consumption and the quantity consumed were not 
assessed for. However, the majority of the fruit vendors in 
urban communities of Abia State is observed to display their 
goods in blended forms of a cocktail of fruits. It is likely that 
the majority of the fruit and vegetable consumption by the 
respondents was done in this form. Intake of fruits and veg-
etables in processed forms has been linked with the develop-
ment of diabetes, due to its high sugar and low fiber content 
34,35. Fruits have also been found to contain relatively high 
levels of fructose, which is linked with insulin resistance and 
pancreatic dysfunction 36.

Previous studies have linked daily consumption of fruits 
and vegetables with a reduction in the prevalence of pre-
diabetes and diabetes and other range of diseases as it has 
both a high antioxidant and fiber content and relatively low-
energy density and glycemic index 30–33. The consumption 
of fruits and vegetables in those studies was done in the raw 
(unprocessed) forms.

Regular consumption of alcohol is associated with an 
increased risk of pre-diabetes in this study. Though the quan-
tities and types of alcohol consumed were not assessed for in 
this study, previous studies have demonstrated that chronic 
heavy consumption of alcohol is an independent predictor 
of diabetes as it is linked to insulin resistance and beta cell 
dysfunction 37,38

Conclusion and Recommendation

In conclusion, there is a high burden of pre-diabetes among 
rural residents of Abia State, Nigeria, similar to what has 
been observed in studies from other parts of the world, 
including sub-Saharan Africa 17,27–29. Daily consumption of 
fruits and vegetables in processed forms may be linked with 
an increased risk for pre-diabetes. When providing counsel-
ling on fruits and vegetable consumption, emphasis should 
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be made on consuming them in the raw (unprocessed forms) 
to derive their health benefits. More frequent community-
based education on lifestyle changes and screening for dia-
betes is recommended in Abia State, Nigeria.
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Abstract
Background The Research Society for Study of Diabetes in India (RSSDI) has developed country-specific guidelines focus-
ing on patient-centric approach for effective management of type 2 diabetes mellitus(T2DM) depending on modifiable and 
non-modifiable risk factors and pre-existing complications (ABCDEFG).
Methods We conducted a multicenter, retrospective real world study (n = 780) to validate the use of RSSDI therapeutic 
wheel by using individually preferred guidelines and clinical expertise of Indian physicians.
Result In elderly population (> 60 years), most commonly prescribed oral hypoglycemic agents (OHA) were DPP-4i 
(91.23%), metformin (74.74%), sulfonylureas (66.49%), and SGLT-2i (56.18). In patients with BMI > 30 kg/m2 (n = 133), 
order of preference was metformin (92.48%), DPP-4i (34.58%), and SGLT-2i (34.58%). In patients with eGFR 30–45 ml/
min/1.732 (n = 32), metformin (81.25%), DPP-4i (40.63%), and SGLT-2i (40.63%) were prescribed. Analysis of prescription 
pattern according to baseline glycemic status (n=380) shows most commonly prescribed OHA in patients with HbA1c>10% 
(n = 144) were metformin (n = 144, 100%), sulfonylureas (n = 75, 52.08%), insulin (n = 74, 51.38%), and DPP-4i (n = 71, 
50%). We observed increasing use of DPP-4i (43.33% for<6 months to 51.69% for>10 years), SGLT-2i (30% for<6 months, 
34.74% for > 10 years), insulin (20% for < 6 months to 46.61% for > 10 years), and AGI (6.66% for < 6 months to 12.71% 
for > 10 years) with increasing duration of diabetes. Most commonly prescribed drugs in T2DM with CVD were metformin 
(81.30%), DPP-4i (49.59%), and insulin (34.96%). In patients with limited financial status, metformin (67.70%), sulfonylu-
reas (45.07%), and insulin (39.43%) were commonly used. The findings from prescriptions prescribed after identifying the 
most important factors (ABCDEFG) helped in obtaining better glycemic control among these subjects. This validated the 
suggestions of RSSDI therapeutic wheel.
Conclusion Physicians can adopt RSSDI therapeutic wheel for simple patient centric and effective management of T2DM.
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Introduction

Diabetes is one of the huge global health issues of the 
twenty-first century. Type 2 diabetes mellitus (T2DM) 
accounts for 90–95% of cases of diabetes diagnosed in 
adults and is associated with increased risk of microvas-
cular, macrovascular cardiovascular complications, and 
premature deaths. The prevalence of T2DM has increased 
consistently over the past years. It is estimated that over 
463 million individuals are suffering with T2DM glob-
ally, while around 50% of patients remain undiagnosed [1]. 
India ranks second in the world after China for the highest 
number of diabetes cases. International Diabetes Federa-
tion (IDF, 2019) reported 77 million diabetic individuals 
in India with prevalence of 10.4% and has anticipated this 
number to reach 134.2 million by 2045 [2]. Recent Inter-
national guidelines such as American Diabetes Associa-
tion (ADA) and European Association for the Study of 
Diabetes (EASD) have recommended Individualization 
of T2DM management according to different patients’ 
factors [3]. Despite these efforts, diabetes management 
practices in India remain suboptimal [4]. This could be 
partly due to diverse religions, cultures, languages, food 
habits, lifestyles, Asian Indian Phenotype, and reduced 
metabolic capacity associated with higher susceptibility 
to diabetes [5, 6].

Adopting country-specific guidelines can improve the 
success of treatment outcomes in diabetes. The Research 
Society for the Study of Diabetes in India (RSSDI) there-
fore published the clinical practice recommendations for 
the management of T2DM in 2015, thereafter updated 
every 2nd year which can significantly impact holistic 
diabetes care. The recommendations by RSSDI were spe-
cifically designed considering the diverse cultural and 
socioeconomic background of Indians [7]. RSSDI has 
developed therapeutic wheel which is a patient-centric 
approach also called as ABCD (EFGH) approach for dia-
betes management. However, the utility and practicability 
of this therapeutic wheel need to be validated by clinical 
experience of Indian physician and diabetologist. We con-
ducted a study to validate the use of RSSDI therapeutic 
wheel by using individually preferred algorithms based on 
personal clinical expertise.

Methods

We conducted a multicenter, retrospective real-world study 
in 5 centers across India (Guwahati, Kolkata, Thiruvanan-
thapuram, Nagpur, and Ahmedabad). The data between the 
year 2018 and 2019 were retrospectively collected for the 

factors determining the selection of antidiabetic drugs: A, 
age; B, BMI; C, CKD; D, duration of diabetes; E, estab-
lished CVD; F, finance; G, glycemic status; H, hypoglyce-
mia, along with the therapy prescribed to the patients by 
physicians from these centers using the standard of care 
and clinical judgement. These data were then compared 
with the preferred diabetes management from the thera-
peutic wheel suggested by the RSSDI guidelines (2018).

Statistical analysis

Demographic details were analyzed by descriptive statistics, 
while other data were analyzed by using inferential statistics 
in MS Excel V.2016. Categorical variables were expressed 
as numbers and percentages.

Results

We analyzed the data of 780 patients of type 2 diabetes mel-
litus from 5 centers across India (Guwahati, Kolkata, Thiru-
vananthapuram, Nagpur and Ahmedabad) for validation of 
parameters of RSSDI therapeutic wheel—age, BMI, CKD, 
duration of diabetes, established CVD, finance status, and 
hypoglycemia.

A‑Age

Majority of patients belonged to age 30–60 years (71.79%), 
while 24.87% and 3.33% of patients belonged to age group 
of > 60 years and < 30 years, respectively. Out of 24.87% 
of elderly population (> 60 years) in our study, most com-
monly prescribed antidiabetic drugs were DPP-4 inhibitors 
(91.23%), which was followed by metformin (74.74%), sul-
fonylureas (66.49%), and SGLT-2 inhibitors (56.18). How-
ever, in age group of 30–60 years (out of 71.79%), the order 
of prescribed antidiabetic drugs were metformin (79.28%), 
alpha glucosidase inhibitors (42.69%), DPP-4 inhibitors 
(42.32%), and sulfonylureas (39.10%) (Table 1).

B‑BMI

We analyzed the prescription pattern according to body mass 
index (BMI) categories (n = 753). In our study, majority of 
patients were obese with BMI>25 kg/m2 (n=505, 66.93%). 
In BMI category 25–29.99 kg/m2, Metformin was most com-
monly prescribed antidiabetic drug (84.90%), followed by 
DPP-4 inhibitors (46.09%) and SGLT-2 inhibitors (19.94%). 
Similar pattern of prescription was observed in patients with 
BMI > 30 kg/m2 (Table 2).
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C‑CKD

We could analyze the data of 309 patients, majority of 
which belonged to e-GFR categories of > 60–90  ml/
min/1.732 (n = 136, 44.01%) and 45–60  ml/min/1.732

(n = 73, 23.65%). When the use of antidiabetic drugs 
was analyzed according to kidney function (eGFR), met-
formin (100%) was most commonly used antidiabetic 
drug which was followed by DPP-4inhibitors (62.5%) 
sulfonylureas (59.55%) and SGLT-2 inhibitors (37.5%) 
in e-GFR category of > 60–90 ml/min/1.732 (n = 136). In 
eGFR of 45–60 ml/min/1.732 (n = 73), order of prescrip-
tion was metformin (79.45%), DPP-4 inhibitors (54.79), 
and SGLT-2 inhibitors (34.24). In eGFR of 30–45 ml/
min/1.732 (n = 32), metformin (81.25%), DPP-4 inhibi-
tors (40.63%), and SGLT-2 inhibitors (40.63%) were 
most commonly prescribed drugs. In advance CKD with 
e-GFR < 30 ml/min/1.732 (n = 44), DPP-4 inhibitors (75%) 
and insulin (52.27%) were most commonly prescribed 
antidiabetic drugs (Fig. 1).

D‑Duration of diabetes, E‑ Established CVD

We could analyze the data of 311 patients of T2DM for 
drug prescription pattern according to duration of diabetes 
and established cardiovascular disease (CVD).Around 38% 
of patients had more than 10 years of duration of diabetes, 
while 26.68, 25.72 and 9.64% of patients had duration of 
diabetes of 6 months-5 years, 5–10 years, and < 6 months
respectively. We observed increasing use of DPP-4 inhibitors 
(43.33% for < 6 months to 51.69% for > 10 years), SGLT-2 
inhibitors (30% for < 6 months to 34.74% for > 10 years),
insulin (20% for < 6  months to 46.61% for > 10  years),
and AGI (6.66% for < 6 months to 12.71% for > 10 years)
with increasing duration of diabetes. In contrasts, the 
use of sulfonylureas (36.66% for < 6 months to 20.03% 
for > 10 years) and pioglitazone (33.33% for < 6 months 
to 12.71% for > 10 years) was reported to decrease with 
advancing duration of diabetes (Fig. 2). Our study reported 
123 (15.76%) of established cardiovascular disease (CVD) 
cases. Most commonly prescribed drug in T2DM patients 

Table 1  Antidiabetic drug 
prescription pattern according 
to age

Values are expressed as number (percentage), n =780

Age group (in years)

<30 (n=26) 30–60 (n=560) >60 (n =194)

Metformin (M) 20 (76.92) 444 (79.28) 145 (74.74)
Sulfonylureas (SU) 7 (26.92)) 219 (39.10) 129 (66.49)
DPP-4 inhibitors (D) 8 (30.76) 237 (42.32) 177 (91.23)
Pioglitazone (P) 0 71 (12.67) 58 (29.89)
SGLT-2 Inhibitors (Sg) 4 (15.38) 89 (15.89) 109 (56.18)
Alpha glucosidase inhibitors (A) 1 (3.84) 38 (42.69) 54 (18.51)
Glinides (GL) 0 7 (1.25) 10 (5.15)
GLP analogues (G) 0 3 (0.53) 10 (5.15)
Insulin (I) 6 (23.07) 100 (17.85) 56 (28.86)

Table 2  Antidiabetic drug prescription pattern according to BMI

Values are expressed as number (percentage). BMI body mass index, n=753

BMI (in kg/m2)

<18.5 (n=9) 18.5–22.9 (n=100) 23–24.9 (n=140) 25–29.9 (n=371) >30 (n=133)

Metformin 3 (33.33) 68 (68) (73.57) (84.90) 123 (92.48)
Sulfonylurea (SU) 5 (55.55) 53 (53) 49 (35) 34 (09.16) 18 (13.53)
DPP4 inhibitors (D) 2 (22.22) 39 (39) 62 (44.28) 171 (46.09) 46 (34.58)
Pioglitazone (P) 2 (22.22) 33 (33) 18 (12.85) 30 (8.08) 13 (9.77)
SGLT2 inhibitors (Sg) 1 (11.11) 6 (6) 19 (13.57) 74 (19.94) 46 (34.58)
Alpha glucosidase inhibitors (A) 0 5 (5) 7 (5.00) 41 (11.05) 9 (6.76)
Glinides (GL) 0 0 3 (2.14) 5 (1.34) 4 (3.00)
GLP analogues (G) 0 0 0 7 (1.88) 4 (3.00)
Insulin 4 (44.44) 31 (31) 25 (17.85) 41 (11.05) 4 (3.00)
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with CVD were metformin (81.30%), DPP-4 inhibitors 
(49.59%), and insulin (34.96%), while SGLT-2 inhibitors 
and GLP-1 analogues were used only in 18.70% and 7.31% 
respectively (Table 3).

Glycemic status

When we analyzed the prescription pattern according 
to baseline glycemic status (n = 380), most commonly 
prescribed antidiabetic drugs in T2DM patients with 
HbA1c > 10% (n = 144) were metformin (n = 144, 100%), 
followed by sulfonylureas (n = 75, 52.08%), insulin (n = 74,
51.38%), and DPP-4 inhibitors (n = 71, 50%). In HbA1c 

categories of 7–10% (n = 179), most commonly prescribed 
antidiabetic drugs following metformin (n = 179, 100%) 
were DPP-4 inhibitors (n = 92, 61.11%), and sulfonylureas 
(n = 88, 63.88%) (Fig. 3).

Finance

We analyzed the data of 214 patients for prescription pat-
tern according to financial status of patients. Most com-
monly prescribed drug in patients with adequate financial 
status were metformin (82.51%), DPP-4 inhibitors (60.13%), 
SGLT-2 inhibitors (44.76%), and insulin (32.16%). In 
patients with limited financial status, metformin (67.70%), 

Fig. 1  Distribution of the antidi-
abetic drugs according to eGFR. 
M metformin, SU sulfonylureas, 
D DPP-4 inhibitors, P pioglita-
zone, Sg SGLT-2 inhibitors, A
alpha glucosidase inhibitors, GL
glinides, G GLP-1 analogues, 
I insulin, Unit of eGFR is ml/
min/1.72 m2; n=309

Fig. 2  Distribution of the 
antidiabetic drugs accord-
ing to duration of diabetes. M
metformin, SU sulfonylureas, D
DPP-4 inhibitors, P pioglita-
zone, Sg SGLT-2 inhibitors, A
alpha glucosidase inhibitors, GL
glinides, G GLP-1 analogues, I
insulin; n=311
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sulfonylureas (45.07%), and insulin (39.43%) were com-
monly used antidiabetic drugs (Fig. 4).

Discussion

Lifestyle modifications and monotherapy with oral hypogly-
cemic agent metformin are generally considered first-line 
intervention for glycemic control. As the disease progresses, 
β cell function continues to decline in T2DM patients who 
require effective glycemic control. Most often, the efficacy of 
monotherapy decreases after a few years of treatment, result-
ing in ineffective glycemic control, and does not prevent the 
progression of disease, which requires an additional agent 

Table 3  Antidiabetic drug prescription pattern according to estab-
lished CVD

n =123, Values are expressed as number (percentage), CVD cardio-
vascular disease

Sr. No Anti-diabetic drug No. of patients (%)

1 Metformin (M) 100 (81.30)
2 Sulfonylureas (SU) 31 (25.20)
3 DPP-4 inhibitors (D) 61 (49.59)
4 Pioglitazone (P) 7 (5.69)
5 SGLT-2 inhibitors (Sg) 27 (18.70)
6 Alpha glucosidase inhibitors (A) 10 (8.13)
7 Glinides (Gl) 7 (5.69)
8 GLP analogues (G) 9 (7.31)
9 Insulin (I) 43 (34.96)

Fig. 3 Distribution of the 
antidiabetic drugs according to 
the glycemic status (HBA1c). M
metformin, SU sulfonylureas, D
DPP-4 inhibitors, P pioglita-
zone, Sg SGLT-2 inhibitors, A
alpha glucosidase inhibitors, GL
glinides, G GLP-1 analogues, I
insulin, HbA1c is expressed in 
percentage (%); n =380

Fig. 4  Distribution of the 
antidiabetic drugs according to 
financial status. M metformin, 
SU sulfonylureas, D DPP-4 
inhibitors, P pioglitazone, Sg
SGLT-2 inhibitors, A alpha 
glucosidase inhibitors, I insulin, 
A adequate financial status, L
Limited financial status, n =211
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for effective glycemic control. For the successful manage-
ment of T2DM, there arises a need for combination therapy 
with agents having complementary mechanisms of action 
[8, 9]. Choice of any antidiabetic agent should be taken into 
account with regard to the patients’ general health status 
and associated medical conditions. RSSDI guidelines have 
recommended patient-centric approach, which is also called 
RSSDI therapeutic wheel for selecting antidiabetic drugs 
after metformin in Indian patients of T2DM. This therapeu-
tic wheel has recommended the combination of metformin 
and one of the treatment options based on patients age (A), 
BMI (B), CKD (C), duration of diabetes (D), established 
CVD (E), financial condition (F), glycemic status (G), and 
hypoglycemia concern (H). This recommendation is also 
called ABCD (EFGH) approach for individualizing phar-
macotherapy for patients of T2DM [7]. We conducted retro-
spective analysis to validate the utility of RSSDI therapeu-
tic wheel (2018) with clinical practice of Indian healthcare 
practitioner (Fig. 5).

The Global Burden of Disease Study reported higher prev-
alence of diabetes in elderly population with age > 60 years 
(16.1–19%) compared with younger [10]. The underlying 
pathophysiology of diabetes in these patients is intensified 
by the direct effects of aging on metabolic regulation [11]. 

Careful consideration to goal-directed glycemic manage-
ment can help avoid complications of uncontrolled hyper-
glycemia and hypoglycemia in these patients [12]. In elderly 
patients of T2DM, metformin is recommended as the initial 
oral medication in addition to lifestyle management similar 
to that of the younger population [7, 11]. eGFR-adjusted 
doses of DPP-4 inhibitors may be a suitable addition to 
metformin for elderly patients to avoid hypoglycemia and 
weight gain. Multiple clinical studies supported the Gliptins 
as efficacious and safe with no tolerability issue when used 
as add-on therapy in elderly patients with T2DM [13–16]. 
Using DPP-4 inhibitor in elderly patients with T2DM com-
bined with post-stroke mild cognitive impairment can lower 
blood glucose and improve cognitive ability by improvement 
of Aβ gathering and reduction in inflammatory response 
[17]. A clinical study- GENERATION has shown similar 
glycemic efficacy and safety saxagliptin and glimepiride 
in elderly T2DM patients [18]. Also multiple studies have 
found beneficial efficacy of insulin without increasing the 
risk of hypoglycemia or greater total direct healthcare costs 
in elderly population [19]. Although AGI are recommended 
in elderly population by RSSDI due to moderate efficacy 
and minimal side effects like hypoglycemia, gastrointes-
tinal (GI) safety of these drugs needs to be monitored in 

Fig. 5  RSSDI- ESI therapeutic 
wheel
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elderly patients of diabetes [20]. Based on these evidences, 
RSSDI therapeutic wheel has recommended DPP-4 inhibi-
tors, short-acting sulfonylureas (SU), AGI, and insulin after 
first-line treatment of metformin [7]. Our findings are in line 
with RSSDI recommendation as DPP-4 inhibitors (91.23%), 
metformin (74.74%), and SU (66.49%) were most commonly 
used antidiabetic drugs. However, insulin (28.86%) and AGI 
(18.51%) were less frequently used in elderly population in 
our study. This might be due to safety concerns of these 
classes of drugs (hypoglycemia with insulin, GI safety with 
AGI) in elderly patients.

While prescribing treatments for overweight or obese 
patients with T2DM, providers should first consider anti-
diabetic medications which cause either weight neutrality 
or weight loss. In those T2DM patients with higher BMI, 
RSSDI therapeutic wheel recommends GLP-1 analogues, 
SGLT-2 inhibitors (associated with weight loss), and AGI 
and DPP-4 inhibitors (weight neutral) [7]. In our study 
with BMI category of > 30 kg/m2, the order of preference 
was metformin (92.48%), DPP-4 inhibitors (34.58%), and 
SGLT-2 inhibitors (34.58%). Reason for non-preference of 
GLP-1 analogues in patients with higher BMI in this study 
could be non-compliance to GLP-1 analogues injectable 
therapy by patients.

In patients of renal impairment with reduced e-GFR, 
DPP-4 inhibitors can be safely administered with dose 
adjustment. In fact, linagliptin and teneligliptin do not 
require any dose adjustment in renal disease [21]. Insulin, 
preferably short-acting insulin, may be used in any stages 
of renal insufficiency with reduced dose at failing e-GFR 
[22]. Repaglinide may be used across all stages of renal 
insufficiency [23]. SGLT-2 inhibitors has shown improve-
ment of renal outcomes in T2DM patients with CKD [24]. 
On the background of these data, RSSDI therapeutic wheel 
recommends SGLT-2 inhibitors, DPP-4 inhibitors, insulin, 
and glinides in patients of T2DM with CKD [7]. In patients 
with eGFR of 30–45 ml/min/1.732 (n=32) in our study, met-
formin (81.25%), DPP-4 inhibitors (40.63%), and SGLT-2 
inhibitors (40.63%) were most commonly prescribed drugs. 
In advance CKD with e-GFR < 30 ml/min/1.732 (n = 44), 
DPP-4 inhibitors (75%) and insulin (52.27%) were most 
commonly prescribed antidiabetic drugs. These findings are 
in line with RSSDI therapeutic wheel.

Glycemic durability of antidiabetic drug should be taken 
into consideration while selecting the drug for the long-term 
management of diabetes mellitus [25]. With advancing dura-
tion of T2DM, RSSDI therapeutic wheel has recommended 
to use DPP-4 inhibitors, pioglitazone, insulin, and SGLT-2 
inhibitors in addition to metformin because of durable gly-
cemic efficacy of these antidiabetic drugs [7]. We observed 
increasing use of DPP-4 inhibitors (43.33% for < 6 months
to 51.69% for > 10  years), SGLT-2 inhibitors (30% 
for < 6 months to 34.74% for > 10 years), and insulin (20%

for < 6 months to 46.61% for > 10 years) with increasing 
duration of diabetes. In contrasts, the use of sulfonylureas 
(36.66% for < 6 months to 20.03% for > 10 years) and piogl-
itazone (33.33% for < 6 months to 12.71% for > 10 years) 
was reported to decrease with advancing duration of diabe-
tes. This prescription pattern supports the RSSDI therapeutic 
wheel (except for pioglitazone).

RSSDI therapeutic wheel has recommended SGLT-2 
inhibitors, DPP-4 inhibitors, insulin, and pioglitazone in 
patients of established CVD where lesser options are avail-
able [7]. Our findings are in line with these recommenda-
tion as metformin, DPP-4 inhibitors, SGLT-2 inhibitors, and 
insulin were prescribed in T2DM patients with established 
CVD. Lesser preference to pioglitazone in T2DM patients 
with CVD could be because of risk of associated heart fail-
ure with pioglitazone [26].

Metformin, sulfonylureas and insulin were commonly 
used antidiabetic drugs in patients with limited financial sta-
tus observed in our study which are as per the recommenda-
tion by therapeutic wheel [7]. We were not able to collect the 
data for hypoglycemia as it is subjective most of the time. 
The use of SGLT2i and glinides has been observed to be in 
much limited numbers in spite of the recommendations at 
the time of the retrospective data collection. This could be 
attributed to the limitations of financial status of the patients 
and/or the choice of insulin above glinide prescription for 
the prescribing HCP.

Conclusion

ABCD (EFGH) or RSSDI therapeutic wheel is a patient-
centric approach for the management of T2DM in routine 
clinical practice in India. Most of our findings of antidiabetic 
drug prescription are in consistency with RSSDI therapeutic 
wheel. Physicians and healthcare professionals should adopt 
the RSSDI therapeutic wheel for effective management of 
T2DM.
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Abstract
Background and aims Mobile or electronic health technology (e-health) initiatives are being employed in various health 
programmes for disease monitoring. Very few such studies have been conducted in India and other developing countries. 
We planned this study to assess the feasibility and usefulness of e-health intervention for health workers as accredited social 
health activist (ASHA) in screening and management of diabetes.
Methods We developed a web-based application for use on a portable device (tablet) to screen and diagnose non-commu-
nicable diseases like diabetes, provide health education focused on diet and physical exercise and promote adherence to 
therapies. ASHA workers were recruited in two villages of Rajasthan and trained to use this technology.
Results With the use of e-health initiatives, among populations above 18 years, we found 1.19% (29/2430) diabetics, 44.82% 
(13/29) newly detected and 2.84% (69/2430) prediabetics. The prevalence of prediabetes decreased over a period of time 
in the population under follow-up. Also, could start 37.93% diabetics on treatment due to constant follow-up, referral and 
monthly specialist visits to the village.
Conclusion Training ASHA worker in e-health is feasible and can assist in screening for diseases. This technology facilitates 
lifestyle and diet modifications and leads to better adherence to therapies by repeated sessions of one-to-one health educa-
tion. In our study area, we found low levels of diabetes and prediabetics, which can be due to low waist circumference, low 
BMI and W/H ratio and high MET.

Keywords Diabetes · Prediabetes · E-health · App · ASHA · Rural

Introduction

E-health refers to the use of information and communication 
technology within healthcare environments. It is mostly used 
to describe health initiatives where the Internet is used to 
deliver health information, data or services. It also includes 
initiatives on mobile phones, tablets and other m-health ini-
tiatives as well [1]. Virtualization, cloud-based software and 
software as a service are mature technologies, which devel-
oping countries like India are adopting fast [2].

In a vast country like India, the majority of the population 
residing in rural areas have low access to proper healthcare. 
Also, epidemiological data is inaccessible and undepend-
able [3], thus affecting various preventive programmes. The 
utilization of Information and Communication Technologies 
(ICT) as in e-health can improve reach quality healthcare, 
and also enhance the quality of health-related data, as seen 
in other developing countries [4, 5].
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The Global Burden of Disease Study shows a growing 
number of chronic disease patients due to a considerable 
rise in life expectancy [6]. Thus, authorities are focusing to 
decrease this growing load by the use of technology to help 
outpatient monitoring and self-aid [7].

In a recent review of developing countries’ health sys-
tems, it has been concluded that web-based electronic health 
record systems and m-health has contributed to enormous 
health advances in countries like Bangladesh [8, 9]. In 
developed countries, e-health improves the efficiency and 
effectiveness of healthcare delivery, while in emerging and 
developing countries, it provides access to basic healthcare 
to people, usually facing poverty [10].

A major benefit of e-health is it can be administered 
to a large section of the population in a short duration. It 
decreases the time required for analyzing a large amount of 
data in comparison to the paper-based data collection sys-
tem. This is especially helpful in the case of non-communi-
cable diseases since these involve multiple follow-ups [11].

To provide accessible and affordable healthcare to the 
rural population at their doorstep, we have a female Accred-
ited Social Health Activist (ASHA) via National Rural 
Health Mission, in every village of India. They act as a link 
between the community and the public health system. As 
ASHA may be an eight pass or more, many times they do 
not properly maintain the data and many times these data are 
lost due to improper maintenance of files.

An e-health initiative, Swasthya Slate, has also been 
developed by the Public Health Foundation of India; it can 
do 33 tests and has attachments like BP apparatus, glucom-
eter, urine analyzer etc. to give on-the-spot and accurate 
results [12].

This study is an attempt to see the changes a techno-
logically equipped grass-root level health worker can do in 
bringing down the burden of diabetes in rural India. Through 
this study, we aim to use e-health in screening and provide 
timely intervention for diabetes and its predisease state i.e. 
prediabetes (PD). We used conventional methodologies like 
glucometer to diagnose patients for the above-mentioned 
disease states and used e-health initiatives in surveillance 
and management of these disease states.

Methods

This prospective observational cohort study was funded by 
Rajasthan University of Health Sciences, Jaipur.

Location

Two villages having difficult approaches and inadequate 
health services were identified:

Lakhesra village, 30 km from our Medical College under 
Luniyawas PHC (primary health centre), Agra Road, 
Jaipur District; and
Kapurwala village, 25 km from our Medical College 
under Dadiya PHC on Diggi-Malpura Road, Jaipur Dis-
trict.

Study population

The total population covered under this project was around 
4000. We identified and contacted ASHAs of the concerned 
villages. Before the start of the study, ethics approval was 
taken from Institutional Ethics Committee for conducting 
this study.

Study conduct

The study was conducted in three phases in a time period 
of 1 year.

(i) Vanguard phase (1 month): All aspects of the proto-
col were further refined and tailored, development 
of an android application for tablet, development of 
training module for ASHA, final training and stand-
ardization of methods.

(ii) Recruitment phase (3 months): We numbered all the 
households starting from the entry point of the vil-
lage consecutively while recruiting the households. 
Initial cross-sectional analysis using baseline data 
was initiated.

(iii) Follow-up phase (8 months): Follow-up of all dia-
betic, prediabetic subjects (above 18 years of age) 
every month, for up to 1 year of the beginning of 
the project (i.e. 8 months), to document any changes 
in their health profile and educate them about their 
diet and physical activity, increase awareness among 
them about complications of these disease states 
through videos in our app and our monthly special-
ist visits and also do a follow-up on them for the 
compliance of these. Also, making them aware of the 
need for regular treatment and removing their myths 
about the disease and treatments and tracking their 
compliance with treatment.

E‑health application (Health Smart App)

An android-based application was developed, which was 
used on tablets. It had some pop-up videos for information 
and education on the relevant problem. These pop-up videos 
automatically appeared for the health education of the partic-
ipants as soon as the app identified the risk, e.g. for smokers, 
alcoholics, high-risk pregnancies, incomplete immunization,  
also those related to family planning and sanitation. Pop-up 
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videos would also spring up on a high BMI (obesity), W/H 
ratio, high blood pressure, high blood sugar (diabetes) and 
for those diagnosed with anemia.

There were various types of questionnaires in the 
application.

Questionnaires consisted of various parts:
Community (village) Profile Questionnaire
Family level forms

– Family Census—records demographic information, 
tobacco use, education and morbidities in all inhabitants 
of the household.

– Household Questionnaire—covers domains related to 
house structure, amenities, access to water and sanitation

Individual-level forms/measurements

– Records information about lifestyle-related diseases, 
maternal and child health, different morbidities.

– Physical measures: blood pressure (above 18 years), 
height, weight, heart rate, waist circumference.

– Blood sample: for blood sugar determination (fasting) by 
a glucometer and Hb estimation by hemoglobin colour 
scale strips.

The health worker (ASHA) was provided with tablets 
which were GPS, Skype and 3G equipped, which enabled 
them to conduct real-time data collection with visualisa-
tion and real-time processing of information at the central 
location (RUHS College of Medical Sciences, Jaipur). Auto-
matic data transfer and report generation at the central loca-
tion (RUHS College of Medical Sciences, Jaipur) were the 
vital characteristics of this application.

All subjects were followed up every month, for up to 
1 year of the beginning of the project (i.e. 8 months), to 
document any changes in the health profile of all the par-
ticipants. For those households being recruited in the first 
month, the follow-up started from the consecutive month 
and so on.

The work plan of ASHA

ASHA was trained for 2 weeks to use the tablet. She was 
trained to do entry in the tablet, using questionnaires in it, 
and to take physical measurements like BP, height, weight, 
measuring blood pressure, blood sugar through glucom-
eter etc. She collected baseline data (3 months) and then 
did monthly follow-up. ASHA tracked changing lifestyles, 
risk factors and screening of non-communicable diseases 
(NCDs) using periodic standardized data collection in the 
two villages. She provided health education to subjects 
through pop-up videos in the app.

Blood sugar determination (fasting) (above 18 years) was 
done by glucometer by glucose oxidase method as per WHO 
and was interpreted. In the case of fasting plasma glucose 
(FPG), > 126 mg/dl, a repeat test  was conducted [13].

Regular follow-up was done by ASHA for those who 
were at high risk (hypertension, diabetes mellitus, anae-
mia) in the form of BP monitoring, blood sugar estimation 
and hemoglobin estimation. For diabetics and prediabetics, 
monthly blood sugar estimation was done; also, health edu-
cation through pop-up videos was done. ASHA referred such 
patients to the first referral unit (FRU). We also organised 
specialist visits once a month to the village itself, to provide 
treatment, and health education to the patients individually 
there. Tracking of these newly diagnosed cases and old cases 
for regular treatment and follow-up was done by ASHA. 
Reporting of any new event in the household in the form 
of morbidity, mortality and birth was done on a daily basis. 
Supervision and monitoring of ASHA by the coordinating 
team was done weekly. We trained and retrained the ASHAs 
to use these e-health initiatives to empower them in provid-
ing better services at the grass-root level to the people and 
also be able to screen the population for various NCDs and 
provide timely referrals so that we can control the occur-
rence of these diseases.

Data collection

The data was transferred directly to the central computer, 
and reports on various aspects were generated automatically 
on a daily basis. This helped us to capture any deviation from 
normal in the health status of the community and family.

Statistical analysis

Statistical analysis was done using Excel, and analysis was 
done in the form of percentage, mean, standard deviation, 
confidence intervals and tests of significance. A signifi-
cance level of 0.05 was regarded for the interpretation of 
the analysis.

Results

A total of 825 families, 405 in Lakhesra and 420 in Kapur-
wala, were surveyed, using e-health initiatives through our 
health smart app on tablets by ASHAs, covering a total 
population of 3853 (1807 and 2046 at Lakhesra and Kapur-
wala respectively) in 3 months; they were then followed 
up for 8 months. Out of this total population surveyed, we 
took a population above 18 years (2430 individuals mak-
ing for about 63% of the total population) for blood sugar 
measurement.
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Demographic characteristics of the studied partici-
pants showed the maximum number of participants in the 
age group 25–35 years (28.9%) followed by those in the 
18–25 years age group (25.8%). Also, there was almost an 
equal proportion of males and females (Table 1).

We found 1.19% diabetics (29/2430), although there were 
only 55.2% (16/29) known diabetics, and 44.8% (13/29) 
were newly detected. The mean blood sugar level of diabet-
ics was 159.31 mg/dl±38.92. We also found 2.8% (69/2430)
prediabetics.

At the end of our follow-up, we could bring down the 
blood sugar levels of 30/69 (43.5%) prediabetics to the nor-
mal range. The mean blood sugar level for prediabetics was 
116.17 mg/dl ± 4.66, while after follow-up of 8 months, 
blood sugar levels of prediabetics decreased to 106.42 mg/
dl ± 14.09. This difference in blood sugar level at 95% 
confidence interval (95% CI 6.21–13.28) was found to be 
highly significant (p less than 0.0001). Although no change 
was seen in the number of diabetics, we could start 11/29 
(37.9%) on treatment, while 14/29 (48.3%) were already on 
treatment.

Discussion

The current research has tried to highlight the importance 
and practical utility of e-health initiatives in reaching out 
to the remotest villages of India to provide healthcare, in 
form of a simplified tablet-based application that can be used 
by village-level health functionaries to store data, provide 
health education and get timely reminders to visit patients. It 
will be a boon to the second-most densely populated nation 
of the world. The current study has emphasized the appli-
cation of e-health in the Indian healthcare system. A total 
of 825 families, 405 in Lakhesra and 420 in Kapurwala, 
were surveyed using e-health initiatives through our health 
smart app used on tablets by ASHAs, covering a total popu-
lation of 3853 (1807 and 2046 at Lakhesra and Kapurwala 

respectively). Out of this total population surveyed, we 
focused on population above 18 years of age (2430 indi-
viduals making for about 63% of the total population) for 
blood sugar measurement. Most of the studies conducted to 
determine the burden of the above-mentioned diseases have 
included this age group [14–16].

Prediabetes

An ICMR-funded study [17] showed 15% of people in the 
state to be prediabetic, 14% in rural and 17% in the urban 
sector. When compared to other rural studies in India, we 
found a lower prevalence of prediabetes 2.8% in our study 
area, which is also lower as compared to that reported by 
Gaur et al. [18] which is 6.15%, Anjana et al. [19] 8.3%, 
12.8%, 8.1% and 14.6% in rural areas of TN, Maharashtra, 
Jharkhand and Chandigarh, respectively [19] and 13.5% 
in rural Tamil Nadu by Balagopal et al. [20], indicating 
regional disparities and lower prevalence of prediabetics in 
our area.

Diabetes

As per the World Health Organization (WHO), diabetes 
global prevalence among people (over 18 years) is 8.5% 
(2014), while in India, the number is estimated to be 72.96 
million cases. The prevalence in urban and rural India ranges 
from 10.9 to 14.2% and 3.0 to 7.8% respectively among 
20 years and above population (INDIAB Study).

When compared to other rural studies in India using 
WHO criteria, we found a lower prevalence of diabetes 
(1.2%), which is also lower as compared to that reported by 
Balagopal et al. [20], Anjana et al. [19], Paliwal et al. [21] 
and Little et al. [14]. A study conducted in Northwestern 
Rajasthan (2004) in the RAICA community suggested the 
association of camel milk with a low prevalence of diabetes 
[22].

We also observed relatively low BMI and WHR and low 
waist circumference among adults in our study area. Also, 
the MET (metabolic equivalent of task) of the adults ranged 
from moderate to vigorous levels.

All these together in our area may be a cause of low levels 
of diabetes and prediabetes.

Approximately half (44.82%) of individuals with diabe-
tes were undiagnosed previously or newly diagnosed. The 
ratio of known to newly diagnosed diabetes was similar to a 
study by Anjana et al. [19] (48% undiagnosed) and 56.4% by 
Little et al. [14], but lower than a study by Misra et al. [23] 
(25% undiagnosed). This shows low awareness of diabetes 
amid the study population and variation in the coverage of 
screening programmes.

Table 1  Demographic characteristics of participants

Age group no. (%)
  18–25 years 627 (25.8)
  25–35 years 703 (28.9)
  35–45 years 485 (19.9)
  45–60 years 389 (16.0)
  ≥60 years 226 (9.3)

Total 2430 (100.0)
Gender no. (%)

  Male 1239 (51.0)
  Female 1191 (49.0)

Total 2430 (100)
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Post intervention

We could bring down the blood sugar levels of prediabetics 
(43.5%), but there was no change in the number of diabetics, 
due to constant follow-up of these patients by ASHAs and 
through health education through videos in our app and also 
health education related to their diet and physical activity 
during our monthly specialist visits. For diabetics, we could 
start 11/29 (37.9%) on treatment while 14/29 (48.3%) were 
already on treatment. In keeping with other lifestyle modi-
fication studies as Balagopal et al. [20] in a rural village, 
reported a decrease in fasting blood sugar levels by 11% 
among prediabetes and 25% among diabetics. Ramachan-
dran et al. [24] used SMS for the intervention and showed a 
decrease in diabetes incidence. Reduction in HbA1c using 
e-health initiatives like m-health has been reported by many 
authors in India recently [25–27]. In a metanalysis done in 
13 different studies in China on mobile-health intervention 
to improve diabetes care and self-management, there was a 
moderate effect on glycemic control after intervention [28].

Our intervention proved that e-health initiatives are fea-
sible and may be effective for screening and management of 
diabetes in a rural population. Moreover, studies based on 
e-health at different sites should evaluate their cost-effec-
tiveness and replicability.

Limitation of our study

We covered only two villages that are located nearby the 
capital of Rajasthan. Also, the duration of follow-up was 
relatively short (8 months only). We can plan a study with 
longer follow-up to be able to draw more authentic conclu-
sions. This article will serve as a seed for further research in 
the said subject to cover more villages and tribal areas and 
even urban areas with e-health initiatives.
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Abstract
Objective Family members, especially the spouse, could reinforce or discourage lifestyle/behavioral change to manage one’s 
diabetes. This study was done to describe and validate a scale that measured the spouse’s support specific to the manage-
ment of diabetes.
Method A questionnaire that embodies various domains of self-care was developed and administered to both the patient 
and their spouse. The total score was used to validate the scale, using glycemic control (HbA1c) as the criterion. Various 
measures of validity with their respective 95% CI were calculated.
Results There were 249 eligible couples. Mean age of those with diabetes was 57.4±11.3 years. Duration of diabetes ranged 
from less than a year to 40 years, with a mean duration of 12.0 ± 8.3 years.
The spousal support score was negatively correlated to HbA1c (r=  − 0.25, p< 0.0001) and had a significant discriminatory
power (AUC: 0.62 (0.55–0.69)) based on ROC curve. Those who scored greater than 13 were considered to be supportive 
based on Youden’s Index J. Using this cut-off, the likelihood ratio was significantly high [LR + (95% CI): 1.7 (1.4–2.2)] and 
those who had poor support from their spouses had 2.4 times the odds of having uncontrolled diabetes compared to those with 
good spousal support [OR (95% CI):2.4 (1.3–4.5)], irrespective of other factors. The internal consistency of the questions 
used for this multidimensional scale was appropriately low (Cronbach’s alpha= 0.67). Self-care was constant across groups.
Conclusion Being clearly associated with glycemic control, the Spousal Support Scale can be used in the clinic for health 
education and as a self-assessment tool by the couple.

Keywords Type 2 diabetes · Spousal Support Scale (SSS) in diabetes · Social support · Health behavior · Adherence · 
Exercise · Diet · Self-management · Family

Abbreviations
T2 DM  Type 2 diabetes mellitus
AADE  American Association of Diabetes Educators
ROC  Receiver operating curve
SSS  Spousal Support Scale
SCS  Self-Care scale
LR  Likelihood ratio

Introduction

Living with diabetes can be extremely frustrating. Maintain-
ing and controlling diabetes requires a strict diet plan and 
exercise routines as well as medications. Support systems 
at various levels are necessary in order to handle the chal-
lenges involved in the management of the same. In addition 
to the treating physician, a multi-disciplinary team involving 
nurses, dieticians, and physiotherapists, along with diabetes 

* Anulekha Mary John 
anulekhamaryjohn@bcmch.edu.in

Anju K. Francis 
anjufrancis2013@gmail.com

Jeswin Nainan Joseph 
jeswinnjoseph231@gmail.com

Mariamma Joseph 
lizabiju777@gmail.com

Alice David 
alicedavid@bcmch.edu.in

1 Department of Endocrinology & Metabolism, Believers 
Church Medical College Hospital, South India, Thiruvalla, 
Kerala 689103, India

2 West China School of Medicine, Sichuan University, Wuhou 
District, Chengdu 610041, Sichuan, China

3 Department of Medical Research (Epidemiology & 
Biostatistics), Believers Church Medical College Hospital, 
South India, Thiruvalla, Kerala 689103, India



International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):465-473 

1 3

educators [1], is required. Also, implementing Electronic 
Health Records with disease registries and real-time clini-
cal guideline support [2]; shifting the disease management 
from tertiary care hospitals to primary health centres; using 
standardized treatment protocol, and consistent follow-up 
and patient education by trained personnel [3]; using text 
messaging services via mobile phones [4]; and using health 
video blogs (vlogs) [5] are all various means of support.

These ideas have been successful in some people groups. 
However, most often they have not been able to show con-
sistent and significant change in glycemic control. Moreo-
ver, the shift away from the acute care model is not usu-
ally appreciated by the patient [6]. Reminders via mobile 
phones are useful for medication adherence but may not be 
sufficient for lifestyle changes [7]. Therefore, other forms 
of support such as engaging communities [8] or peers with 
diabetes who are themselves non-professionals [9] or family 
members, friends and spouses or partners [10] to provide 
social support were explored. Of these the most support was 
perceived to come from the spouse or partner, especially by 
women [11].

Since it was noted that families, including the spouse, 
could reinforce or discourage lifestyle/behavioral change to 
manage diabetes care [12], we hypothesized that spousal 
support can be measured and developed into a scale. The 
components of this scale would highlight areas of neglect, 
and the score would be an indicator of glycemic control 
which can be used as a self-help tool. For this we first devel-
oped a scale based on the seven behaviors recommended by 
the American Association of Diabetes Educators (AADE) 
for Self-Care and then validated the same. Unlike other stud-
ies that measured the quality of support [13], we assessed 
the spouse’s behavioral support specific to the management 
of diabetes.

Methods

This was a cross-sectional study, done among patients who 
attended an integrated diabetes clinic of the endocrinology 
department, at a tertiary care teaching institute of Kerala 
over 6 months, from August 2019 to February 2020.

Adults with diabetes who have a spouse or partner living 
with them and consenting for the study were included. How-
ever, those with major comorbidity like malignancy or end-
stage organ dysfunction were excluded. Similarly, patients 
or spouse of a patient who is wheelchair or bed bound, and 
patients with extreme financial difficulty, acute illness, or 
other stressor that could affect an interview were excluded.

The minimum required sample size to be able to validate 
a tool with a likelihood ratio [14] whose lower bound of 
the 95% confidence interval is greater than 1 is 108 cou-
ples under the following assumptions: sensitivity of 50%, 

specificity of 50%, pre-test probability of 66.7%. That is, 
the ratio of those with uncontrolled to controlled diabetes is 
2:1. However, all patients who fulfilled the criteria during 
the 6-month study period were included (n= 249 couples).

Thorough history and clinical examination were per-
formed by the first author. Baseline investigations were 
done at an accredited in-house lab. Glycemic control was 
measured using HbA1c. A value of 8.0% or higher was con-
sidered uncontrolled diabetes. Though HbA1c of < 6.5% 
indicates acceptable control as per ADA recommendation 
[15] and a value < 7% is considered appropriate, having a 
strict target will also put a person with diabetes at risk of 
hypoglycemia, particularly in those who are elderly [16]. 
Hence, we considered an HbA1c value of < 8% as desirable 
in this study.

Patients and their spouses were interviewed during their 
routine visit to the hospital. A questionnaire was used to 
measure self-care and spousal support.

Tool development

This multidimensional scale developed to measure the role 
of day to day management of diabetes (by the patient and 
spouse), addressed all seven behaviors recommended by 
the American Association of Diabetes Educators (AADE) 
for Self-Care. However, the questions were not asked one 
domain at a time. Rather, the information was elicited dur-
ing the health education session in a conversational style.

The choice of questions to elicit these behaviors and the 
weight given to each domain by adding more questions to 
certain domains and less to others were based on the clinical 
experience of a group of Endocrinologists, Clinical Pharma-
cists, and Diabetes Nurse Educator, to ensure content valid-
ity. These questions were based on well-established norms of 
diabetes care and addressed the various aspects of self-care 
and support.

The seven behaviors and the choice of questions to elicit 
each behavior are described below. We included only the 
simplest or most basic characteristic of each behavior as we 
have ample evidence that even small lifestyle changes would 
have an effect on glycemic control.

•  Healthy coping: positive coping behaviors such as show-
ing concern and being able to talk/discuss issues related 
to diabetes openly in the home could reduce stress [13] 
which in turn may lead to better glycemic control. Two 
weightage points were given to this behavior.

•  Healthy eating: a weightage of 2 was given for this 
behavior. A 3 meal 3 snack diet pattern and regular meal 
time was considered sufficient to cause a change in gly-
cemic control [17] by preventing hypoglycemia which in 
turn would prevent binge eating causing fluctuating blood 
glucose levels (roller-coaster effect).
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•  Being active: only the regularity of exercising was con-
sidered for this behavior, hence got only 1 weightage 
point. The effect of physical activity on blood sugar will 
last about 24 h [18]. Exercise helps to decrease insulin 
resistance.

•  Taking medication: rather than the type of medication 
used we considered timely medication important as gly-
cemic control can be maintained if there is regularity in 
medication [19–21], physical activity, and food intake. 
Only 1 weightage point was given for this behavior.

•  Monitoring: monitoring blood glucose is the best way 
to manage diabetes; therefore, 3 weightage points were 
given to this behavior. Thus, 3 questions were used to 
elicit this behavior, one related to home based monitor-
ing, another related to frequency of monitoring using 
home based monitors, and third one related to HbA1c. 
A conscientious person, either the patient or the spouse, 
can use a tool such as a glucometer at home to adjust 
food intake and medication/insulin use to bring about 
glycemic control [22–25].

•  Reducing risk: learning to reduce the risk of develop-
ing other complications is very important as once other 
comorbidities set in, glycemic control will be given less 
importance [26]. Therefore, 3 weightage points were 
given for this behavior. Quarterly doctor’s visit, being 
able to talk to the doctor about the disease, and being 
aware of the complications of diabetes have been shown 
to reduce the risk of developing these complications [27].

•  Problem solving: the major problem of those with poor 
glycemic control is handling episodes of hypoglycemia. 
Therefore, knowing what to do in those situations is a 
sure indicator of both self-care and support as studies 
have shown that this is the major cause of anxiety in 
diabetic patients [28]. One weightage point was given to 
this behavior.

A verbal frequency type scale with thirteen questions each 
for Self-Care practices and Support was created. Potential 
answers being ‘yes /always’, ‘sometimes’, and ‘no /never’.

Four questions each, related to insulin administration, 
storage and refill were created to be used if applicable. How-
ever, these values were not added to the Self-Care or Sup-
port scores. Two questions were used to assess the patient’s 
opinion of spousal support and the remaining three were 
related to HbA1c, other stressors if any etc.

Thus, a total of 39 questions were asked to the cou-
ple, of which only 13 each formed the Self-Care scale 
and the Spousal Support Scale respectively. All nega-
tive answers (no/never) were scored as zero and positive 
answers (yes/always) as two. When an answer was given as 
‘sometimes’, it was scored as one. Questions were formu-
lated in such a way that all positive answers were the desira-
ble answers, thus making a higher score more desirable. The 

sum of the scores of the set of thirteen questions was used to 
calculate the Self-Care Score and the Support Score.

Statistical analysis

The following statistical analysis was done to test the valid-
ity of the scale: Pearson’s correlation coefficient to meas-
ure the linear relationship of the above scores with HbA1c, 
an indicator of blood glucose control; area under the curve 
of a receiver operating curve (ROC) to test the discrimina-
tory power of the Support Score; Youden’s Index J to find 
the optimal cut-off associated with uncontrolled diabetes. 
Prevalence odds ratio with 95% confidence interval was cal-
culated to estimate the odds of uncontrolled diabetes using 
this cut-off. Validity was measured using likelihood ratio and 
95% confidence interval. Cronbach’s alpha was calculated to 
check the internal consistency of the scale.

Ethical considerations

This study (Ref No. IEC/2019/03/75) was reviewed by the 
Institutional Ethics Committee of our institution which is 
registered under the Drugs Control General of India (Reg. 
No. ECR/1098/Inst/KL/2018). No incentive was given to the 
study subjects to participate.

Results

Among the 719 patients who presented with diabetes dur-
ing the study period, 249 patients were eligible as per the 
inclusion and exclusion criteria. Among them 165 (69.0%) 
had uncontrolled diabetes (HbA1c > 8.0), 125 (50.2%) 
were on insulin, and 135 (54.2%) were men. Mean age was 
57.4±11.3 years. Duration of diabetes ranged from less than 
a year to 40 years, with a mean duration of 12.0 ± 8.3 years.

The distribution of consistent self-care practices and 
spousal support based on the seven behaviors of self-care 
is shown in Table 1, where the answer, ‘yes /always’ to any 
question was taken as consistent behavior.

The distribution of Self-Care practices and Spousal Sup-
port specific to insulin usage is shown in Table 2.

Two questions were added to assess the patient’s opin-
ion of support extended by their spouse. Only 16 (6.4%) 
believed their spouse supported them to be active. However, 
236 (94.8%) believed their spouses supported regular visits 
to the doctor.

Validity of support scale

The internal consistency of the questions used for this multi-
dimensional scale was 0.67 as measured by Cronbach’s 
alpha.
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Spousal involvement scale included two parts: one on 
self-care practices and the other on support. Interestingly, 
increase in self-care score was associated with a slight 
decrease in HbA1C (r=  − 0.15, p= 0.02) and an increase in 
support score also was associated with a slight decrease in 
HbA1C (r=  − 0.26, p=  < 0.0001) as shown in Fig. 1.

On comparing the average self-care score for those with 
controlled diabetes, defined as≤8% HbA1c, and those with-
out, the difference was not statistically significant (p=0.31). 
However, the average score for support was significantly dif-
ferent (p= 0.0012). That is, those with controlled diabetes 
had a significantly higher support score.

The support score also had a significant discriminatory 
power as shown by the area under the ROC curve of 0.62 

(0.55–0.69) (see Fig. 2). The optimal cut-off using Youden’s 
Index J was at 13. Those with scores greater than 13 were 
considered to have good support. Using this cut-off, those who 
had poor support from their spouses had 2.4 times the odds 
of having uncontrolled diabetes than those with good spousal 
support [POR (95% CI): 2.4 (1.3–4.5)], irrespective of other 
factors. The only other independent factor was age at diagnosis 
[POR (95% CI): 2.4 (1.02–5.4)]. The interaction of these two 
factors was not significant. Neither were other factors such as 
gender, education, and income significantly different for those 
with and without controlled diabetes.

Using the same cut-off, the likelihood ratio, another meas-
ure of validity, was significantly high [LR + (95% CI): 1.7 
(1.4–2.2)]. The results of both measures of validity are shown 
in Table 3.

Table.1  Distribution of consistent Self-Care practices and Spousal Support

Domain Self-care (N=249)
n (%)

Support (N=249)
n (%)

Healthy coping
Are you concerned about your/your spouse’s blood sugar reading? 152 (61.0) 216 (86.8)
Do you discuss/read about DM at home? 132 (53.0) 134 (53.8)
Healthy eating
Do you follow/encourage eating at a regular time 11 (4.4) 142 (57.0)
Do you follow/encourage 3 Meal-3 Snack diet Pattern? 35 (14.1) 72 (28.9)
Being active
Do you/encourage to exercise regularly? 37 (14.9) 16 (6.4)
Taking medication
Do you take/remind to take medicines on time? 182 (73.1) 227 (91.2)
Monitoring
Do You check/remind to check HbA1c every 3 months? 24 (9.6) 39 (15.7)
Do You check/ help to check Blood Glucose at home? 147 (59.0) 130 (52.2)
Do You check/remind to check Blood Glucose at least twice per week? 90 (36.1) 172 (69.1)
Reducing risk
Do you go/accompany your spouse to the hospital for check-up regularly? 131 (52.6) 242 (97.2)
Are you able to ask questions about the illness to your doctor? 222 (89.2) 231 (92.8)
Do you know about complications of diabetes? 76 (30.5) 80 (32.1)
Problem solving
Do you know what to do at the time of hypoglycemia? 167 (67.1) 10 (4.0)

Table.2  Distribution of 
consistent Self-Care practices 
of insulin usage and Spousal 
Support

Self-care (n=125), 
n (%)

Support 
(n=125), n
(%)

Do you store/encourage to store insulin in refrigerator? 105 (84.0) 28 (22.4)
Do you refill/encourage to refill on time? 92 (73.6) 57 (45.6)
Do you self-administer/help administer insulin? 87 (69.6) 45 (36.0)
Do you know where insulin must be administered? 44 (35.2) 47 (37.6)
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Discussion

A systematic approach is required for successful dia-
betes care. To this end, awareness of diabetes-related 

complications and self-care among those living with 
diabetes has been advocated widely. However, glycemic 
control still seems to be evasive. Of the various efforts to 
manage diabetes, various forms of social support seem to 
have some effect. Spousal support, as indicated by various 
studies mentioned earlier, seems to be the most sustainable 
and the best way forward. Therefore, to harness spousal 
support, we developed a scale that is specific to diabe-
tes care behaviors. The objective was to arrive at a scale 
which not only points out areas where support is low but 
also acts as a self-help tool which would be a good indica-
tor of glycemic control, even if not diagnostic in nature. 
We have considered both content validity and criterion 
validity to establish that Spousal Support Scale (SSS) is a 
valid tool for the above mentioned purpose.

Content validity

The SSS includes all the domains recommended by the 
American Association of Diabetic Educators (AADE) for 
Self-Care. Relevant questions reflecting each domain were 
included to assess self-care based on the clinical experience 
of the panel of experts. The number of questions per domain 
was also decided based on the experience of the panel of 
experts. A matching question to elicit supportive behavior 
formed the support scale. The appropriately low Cronbach 
alpha of 0.67 validates the multi-dimensionality of the scale.

Areas of poor support were easily identified using the 
SSS, as described below.

Maximum support was seen in risk reduction by accom-
panying the spouse for doctor’s appointments (97.2%) and 
by asking the doctor for any clarifications regarding the dis-
ease (92.8%) followed by reminding to adhere to medica-
tion (91.2%) and showing concern over the blood glucose 
readings (86.8%).

a b

Fig. 1  Linear inverse correlation between HbA1c (%) and a Self-care score and b Spousal Support score

Fig. 2  Area under the curve displays discriminatory power of Spousal 
Support Scale

Table.3  Tests of validity of Support score

Likelihood ratio (95% CI) 1.7 (1.4–2.2)

Prevalence odds ratio (95% CI) 2.4 (1.3–4.5)
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As expected, adherence to anti-diabetes agents is associ-
ated with a decrease in HbA1c [29]. However, worldwide, 
adherence rates for medication for diabetes range from as 
low as 38.5% to as high as 93.1% [30]. The high proportion 
of spouses who support not only to adhere to medication but 
also for regular check-ups and involvement in blood glucose 
reading and in talking to the doctor is promising.

However, more support could have been given in 
biweekly blood glucose monitoring (69.1%); eating on 
time (57.0%); proactive acquisition of knowledge on DM 
(53.8%); and checking blood glucose at home (52.2%).

Although the benefits of routine glucose monitoring are 
well documented, it may not always be feasible in resource-
poor settings. Even when the patient can afford such intense 
monitoring, these newer technologies and devices may seem 
challenging. Moreover, decreasing vision and mobility also 
adds to the burden of monitoring glucose levels and as com-
plications increase, patients tend to concentrate more on the 
complications alone, ignoring glycemic control. We have 
noticed that our patients prefer to check blood glucose levels 
in a laboratory at infrequent intervals rather than overcome 
the above hurdles. Therefore, this is one area where spousal 
support becomes essential. Taking the responsibility of mon-
itoring at home or just reminding to monitor will definitely 
go a long way.

Five areas where support was very low included being 
aware of complications (32.1%), encouraging diabetic diet, 
as in portion control and avoiding simple sugars (28.9%), 
quarterly monitoring of HbA1c (15.7%), exercising (6.4%), 
and knowing what to do in case of hypoglycemia (4.0%).

In the event of severe hypoglycemia, a person suffering 
from it may not be able to help themselves and will need 
external help to recover without sequelae. People living 
with diabetes have expressed feelings of fear and anxiety 
and have themselves articulated the need to make others in 
their social circle aware of hypoglycemia and of their own 
need during such events [31]. Therefore, it is imperative that 
the spouse knows about hypoglycemia and its immediate 
management. However, in this study, the least support was 
seen in this area.

Adhering to an exercise regimen in the presence of com-
plications such as neuropathy or periarthritis becomes tedi-
ous with increasing age. Social support has been shown to 
be a significant factor in increasing or sustaining exercise 
adherence in general [32, 33].

Prior studies have shown that lack of support is associated 
with non-adherence to proper diet [34]. Diabetes-related 
complications such as neuropathy and renal failure can be 
prevented easily by maintaining good glycemic control by 
both monitoring HbA1c every quarter and by adhering to 
proper diabetic diet. Therefore, support from the spouse 
in diet control, sustained exercise, and regular monitoring 

would be even more effective than any other form of social 
support.

Similarly, the support offered for insulin users in admin-
istering, storing, refilling insulin, and the knowledge of 
where the insulin has to be administered was very low. This 
is another area where the role of spouse may help improve 
glycemic control. If a spouse or partner can also be present 
with the patient when skill training on insulin administration 
is imparted, this ought to help.

As much as diabetes education and external support pro-
grammes are appropriate for people with diabetes, support 
of family, particularly the spouse in the care of diabetes, 
plays a significant role in improving glycemic control. This 
simple tool that we created can be easily used by the physi-
cian to find out areas where more support can be given by 
the spouse. While administering this tool, a comprehensive 
diabetes education can be achieved as it stresses on several 
details of managing diabetes every day. Moreover, the value 
of the tool is enhanced, since this tool’s validity in predicting 
glycemic control is quite reasonable, as shown by various 
measures of validity, discussed below.

Criterion validity

A non-invasive and non-pharmaceutical intervention like 
care has long been known to improve the condition of a 
patient. However, such care is often not quantified or meas-
ured nor is their effect on cure or disease management ever 
measured. We sought to do the same, not only to identify 
specific areas of neglect but also to check if it is associated 
with glycemic control.

The total score obtained by just adding the score of these 
various domains was correlated with HbA1c. As support 
increased, the HbA1c decreased, with a correlation coeffi-
cient of − 0.26. Although the value of the coefficient is low, 
the inverse relationship indicated by the negative sign and 
the linear relationship indicated by the low p value (< 0.05) 
shows that this scale is associated with glycemic control. 
However, the low value of the coefficient clearly indicates 
that this tool cannot be used as a surrogate for more accurate 
diagnostic tools. Since the purpose of this study, as men-
tioned above, was not to develop a tool to diagnose diabetes 
but a tool that would measure effective support, the inverse 
and linear relationship supports the criterion validity of the 
tool.

Using a score of 13 as cut-off, based on Youden’s Index 
J after drawing a ROC curve, the likelihood ratio of 1.7 also 
validates the use of the tool [35]. A value greater than 1 is 
sufficient to validate the tool. A much higher value would 
make the scale more diagnostic. However, that is not the pur-
pose of the tool. Other measures of validity such as positive 
(PPV) and negative predictive value (NPV) of a scale are 
dependent on the prevalence of the condition and therefore 
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could vary according to the population tested and therefore 
not included here. Similarly measures such as sensitivity 
and specificity are used for diagnostic tools and hence not 
included either.

Although the area under the curve (AUC) of 0.62 
(0.55–0.69) is modest, the scale is able to discriminate 
clearly as shown by AUC being greater than 0.50 and as 
seen from the ROC curve which does not cross the line of 
‘no discrimination’ at any point. In other words, this scale is 
not ambiguous at any point. Since the purpose of the scale 
was not to diagnose diabetes, but to measure effective sup-
port, the fact that the scale clearly discriminates those who 
had uncontrolled diabetes from those who did not, validates 
the use of the scale.

In our study population, the average level of self-care was 
the same for all and was not associated with glycemic con-
trol. However, those who maintained a good control of their 
blood glucose were 2.4 times more likely to have supporting 
spouses (with a score greater than 13) than those who did not 
maintain glycemic control [POR (95% CI): 2.4 (1.3–4.5)]. 
Factors such as gender, education, and income were not 
significantly different for those with and without controlled 
diabetes. The only other independent factor associated with 
glycemic control was age at diagnosis. Since almost 20% 
were diagnosed before the age of 35, we used 35 years as 
a cut-off. We found that those diagnosed before the age of 
35 were 2.4 times more likely to have uncontrolled diabetes 
than those who were diagnosed later. However, the interac-
tion term was not significant, indicating that the association 
between spousal support and glycemic control as measured 
using this scale is not affected by age at diagnosis. Neither 
it is affected by other socioeconomic factors such as gender, 
education, and income.

Based on all the measures of criterion validity tested 
above, it is clear that spousal support as measured by this 
scale is modestly associated with glycemic control. This tool 
therefore is both an educational tool as well as a measure of 
effective spousal support. It can also be used by the couple 
themselves as a self-help tool, to manage their illness by 
having a rough idea of glycemic control and figure out areas 
that need attention which would lead to a better quality of 
life. Other scales to measure support are either unidimen-
sional such as for exercise only [36] or a measure of per-
ceived support from friends and family [37, 38] unlike the 
SSS which is multidimensional and addressed directly to the 
spouse. Moreover, it is a short tool that can easily be used in 
the clinic, unlike the others.

This study was conducted in Kerala, a southern state of 
India, which has a very high cumulative incidence of diabe-
tes (21.9%) as per a recent prospective cohort study [39]. It 
is much higher than any other Indian state despite the fact 
that the health sector is well established in Kerala, with an 
efficient primary health care network. Eventually, the onus 

of looking after one’s health lies primarily on the individual, 
indicating the need to strengthen the capacity to self-manage 
diabetes care at home. Moreover, in places like India, finan-
cial freedom of the woman is limited and dependence on the 
spouse for her medical needs is the norm. That is, spousal 
support is essential even to keep medical appointments or 
refill medications. Therefore, roping in the husband for dia-
betes care may show improvement in glycemic control. Fur-
ther studies that follow up these patients after introducing 
them to this scale are required to prove the effectiveness of 
the scale as a self-help tool.

Limitations

This study included only those who came regularly with 
their spouse. Therefore, those with very poor support were 
inadvertently excluded. However, had we included them, the 
importance of spousal support in maintaining glycemic con-
trol would have been only further emphasized. Another limi-
tation is that since we used HbA1c value of 8% as adequate 
control, comparing with other studies is not easy. However, 
this target was chosen, as mentioned above, since a major-
ity of our patients were elderly and so having a strict target 
could put them at risk of hypoglycemia. Finally, the charac-
teristics of the spouse were not collected. We examined them 
and included only those who were physically and mentally 
able to give support.

Conclusion

The Self-Care Scale and the Spousal Support Scale can be 
used to measure self-care and spousal support. The Spousal 
Support Scale is a good tool, not only to point out areas of 
deficiency in support by the treating team, but also for the 
couple themselves to self-assess their supportive skills — as 
higher score is associated with better glycemic control. It 
should be noted that this tool was not created as a surrogate 
for definitive diagnosis of diabetic control but only to meas-
ure effective spousal support.
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Abstract
Objective To evaluate the services rendered by pharmacists, including the education offered, and the counseling barriers 
that are involved in providing necessary pharmaceutical care to patients with diabetes.
Methods A cross-sectional survey was conducted among a representative sample of licensed pharmacists from Abu Dhabi. 
A self-administered questionnaire was designed and validated through pilot study and consisted of the demographics, coun-
seling services, education provided, and barriers involved in providing pharmaceutical care to patients with diabetes. A total 
of 68 questions (20 closed-ended and 48 open-ended), of which the closed-ended questions used a 5-point Likert-type scale 
to evaluate responses (1 = never, 2 = rarely, 3 = sometimes, 4 = usually, 5 = always). The data obtained were analysed using 
the Statistical Package for Social Sciences (SPSS®) program. Inferential statistics (chi-square test) was used to identify any 
significant differences between the responses of the participants regarding certain statements in the questionnaire with a 
p-value of < 0.05
Results The response rate was 60%, and the results indicated that over 35% of the pharmacists surveyed were actively 
involved in providing basic services to patients with diabetes. More than half of the respondents (45–75%) made a positive 
contribution towards educating patients on the role of medication in diabetic management. Less than 30% of pharmacists 
always provided counseling services on diabetes-associated complications. Almost 40% of the pharmacists always provided 
necessary insights relating to the need for a healthy lifestyle and living choices. Time constraints (89%) and workload (89.7%) 
represent the main barriers to providing diabetic care. Chi-square test was performed to determine the proportional differ-
ences in response patterns between gender, years of work experience, and average number of patients/customers per day. 
This is then compared with education services which seems to be differed from expected individual distribution indicating 
positive correlation.
Conclusions A positive impact seems to be reflected on diabetes care management, and thus, a collaborative approach 
between the pharmacist and practitioners is a welcome move.

Keywords Pharmacists’ counseling · Pharmacist-led management · Glycemic control · Outcome

Introduction

Diabetes mellitus disorder results in a state of hyperglycemia 
caused by defects in insulin secretion, insulin action, or both  
[1]. Being a progressive metabolic disease, diabetes mellitus 
needs to be managed properly to avoid microvascular and 
macrovascular complications, which lead to chronic morbid-
ity/mortality  [2].

The International Diabetes Federation (IDF) in 2011 stated 
that United Arab Emirates (UAE) ranks tenth in the prevalence 
of disease and shares 18.8% global burden of diabetics which 
is approximated to rise to 21.6% by the year 2030  [3]. The 
number of patients with diabetes in the Middle East and North 
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Africa (MENA) region was recorded to be more than 39 mil-
lion in the year 2017.

Diabetes care is a lifelong procedure requiring therapeutic 
management, strict medical adherence, and lifestyle modifica-
tion  [4]. Communication between the physician, pharmacist, 
and patient is crucial for effective application of therapy [5, 6]. 
The role of a pharmacist has evolved from being just a medi-
cine provider to a social influencer or guide for the patients. 
The World Health Organization developed a “seven-star con-
cept” stating the necessity for pharmacists to play a role far 
bigger than just selling drugs  [7]. Community pharmacies 
are easily accessible to the local population where the phar-
macist can play a major role in educating the patients with 
diabetes, thereby improving their health and quality of life  [5]. 
Although community pharmacies are quite popular among the 
general public, yet adherence to traditional pharmacy practices 
has rendered community pharmacies unreliable in some cases. 
Furthermore, these pharmacies suffer due to huge workload, 
shortage of time, lack of qualified staff, and limited support 
from physicians and management  [8, 9]. New initiatives are 
currently being undertaken in UAE, which include employ-
ing licensed pharmacists in hospitals and engaging pharmacy 
colleges in standardization of the pharmacy policies  [8, 9].

.The pharmacist can contribute in diabetes management 
by screening patients for diabetes, assessing patients’ health 
status, medical compliance, referring patients to other health-
care professionals, and monitoring the outcomes. A pharmacist 
educating patients with diabetes should preferably be a certi-
fied diabetes educator, market savvy, possess effective com-
munication skills, and be able to devote time and effort  [10].

In order to get the certification for diabetes educator, the 
pharmacist requires at least 1000 h of experience in provid-
ing disease-state management for diabetic patients and suc-
cessful completion of an examination  [10]. To better educate 
patients, pharmacists are rampantly working in ambulatory 
care clinics and community health centers, thereby improv-
ing medication outcomes for diabetic patients  [11].

The aim of the current research is to encompass the coun-
seling services provided by pharmacists related to glycemic 
control by checking glucose levels and Hb1Ac cut off and 
to counsel on signs and symptoms of hypoglycemia, use of 
insulin pen, and side effects of oral hypoglycemics and insu-
lin pen. The current research also assembles the information 
regarding health living choices and barriers to provide phar-
maceutical care to patients.

Methods

Study design and population

This is a cross-sectional study design which was conducted 
among the licensed pharmacists employed in community 

pharmacies, private, semi-government, and government 
hospitals in Abu Dhabi and Al Ain city, UAE. The con-
tact details of the pharmacist including their emails were 
obtained from Department of Health–Abu Dhabi registered 
pharmacists.

A total of 3348 qualified pharmacists were invited via 
email with information pertaining to survey, stating its vol-
untary nature with freedom to decline to participate or to 
withdraw from research at any point of time. The contact 
details of the researchers were also included for any possi-
ble queries arising during the completion of survey. Partici-
pants were assured that their confidentiality and anonymity 
be strictly maintained.

A mere 500 licensed pharmacists who accepted the 
invitation were included initially. This was followed by a 
reminder email for the non-responders every week from July 
to the end of September 2018.

Sample size The sampling groups were classified as com-
munity pharmacists, private hospital pharmacists, semi-gov-
ernment pharmacists, and government hospital pharmacists. 
Raosoft© Research Solutions  [12] was used to calculate the 
sample size, using a 95% confidence level with 5% margin 
of error. From a total population size of 3348 pharmacists, a 
minimum of around 300 responses was needed for statistical 
analysis. A conservative estimated response rate of 15% was 
used in the survey.

Inclusion and exclusion criteria The inclusion criterion was 
pharmacist holding a valid license and exclusion criteria 
involved all trainee pharmacists or pharmacist practicing 
outside Abu Dhabi.

After receiving the responses, the data were exported into 
Microsoft Excel spread sheet on a secure computer. Survey 
responses were kept confidential and used only for the pur-
poses of completing this study.

Study instrument

A self-administered questionnaire was designed after thor-
ough literature search  [13–16] and consisted of the follow-
ing sections: demographics, counseling services, education 
provided, and barriers involved in providing pharmaceutical 
care to patients with diabetes. The questionnaire consisted 
of six sections, containing a total of 68 questions (20 closed-
ended and 48 open-ended), of which the closed-ended ques-
tions used a 5-point Likert-type scale to evaluate responses 
(1=never, 2=rarely, 3=sometimes, 4=usually, 5=always).

The first section highlighted the demographic details 
and contained 15 questions, on age, gender, position, loca-
tion, education, number of patients with diabetes seen daily, 
method of dispensing, and specialized training in diabetic 
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care. Section II-A included five questions, based on the phar-
macist’s willingness to provide additional care and their edu-
cation around blood glucose meters. Section II-B contained 
eleven questions to identify willingness of pharmacists to 
educate patients with diabetes on signs, causes, and treat-
ment of hypoglycemia, medication adherence, refill history, 
time of administration, adverse effects, use and storage of 
syringes, and insulin pens. Section II-C contained nine ques-
tions on the pharmacists’ ability to provide counseling on 
the management of comorbidities, such as cardiovascular 
disease and high blood pressure. Section II-D contained 
six questions, on the pharmacists’ willingness to provide 
additional education around immunization, diet, exercise, 
smoking cessation, and healthy lifestyle. The final section 
examined the pharmacist- and pharmacy-related barriers and 
patient-related barriers encountered. Any additional obsta-
cles encountered by the pharmacists were also specified. The 
questionnaire was designed in English language and was 
subjected to face validity and content validity.

Instrument validation

Face validity was done by subjecting to five experts in the 
field and their comments were considered.

The content validity ratio (CVR) was computed for all 
questionnaire items. Items with a CVR score of 0.7 or more 
were considered acceptable, while items that had a CVR 
of less than 0.7 were revised. Moreover, the content valid-
ity index (CVI) was calculated to be 0.74, which indicated 
acceptable content validity of the entire questionnaire. The 
reliability of the questionnaire was assessed by comput-
ing Cronbach’s α, for which a value of 0.935 was obtained, 
indicating acceptable internal consistency for research pur-
pose. Finally, the validated version of the questionnaire was 
piloted with 20 subjects to ensure relevance and clarity. The 
pilot sample was excluded from the final sample.

The pilot study findings conform to the adjustments to the 
items and to the rating scale and were incorporated into the 
finalized questionnaire. The survey was further revised by 
two academic experts before administering it to the target 
population.

Ethics approval

Al Ain University Ethical Review Committee approved 
the study and approval letter was obtained to allow the 
researcher to distribute and collect the questionnaires. The 
participation of the pharmacist in this study was entirely 
voluntary and without compensation. Before data collec-
tion, they were informed about the purpose of the survey 
and that the administration and completion of questionnaire 
would be done with their consent. All participants signed the 

informed consents. Anonymity of respondents was preserved 
in the study.

Data analysis

The data were analysed using Statistical Package for the 
Social Sciences (SPSS, version 20, Chicago, IL, US). The 
internal reliability of the survey was measured using Cron-
bach’s alpha. Descriptive statistics and frequency distribu-
tions were calculated from the responses received. Descrip-
tive statistics was also used to determine the most prominent 
barriers faced by pharmacists in providing care to patients 
with diabetes and the proportion of each group of respond-
ents who replied to each statement in the questionnaire. 
Inferential statistics (Chi-Square Test) was used to identify 
any significant differences between the responses of the par-
ticipants regarding certain statements in the questionnaire 
with a p-value of < 0.05.

For open-ended questions, simple content analysis was 
applied to infer the differences in between the responses.

Results

Response rate

The survey questionnaire was sent to 500 pharmacists who 
agreed to participate in the survey, and 300 completed 
responses were received. The response rate was calculated 
as 60%.

If more than two questions were left unanswered in a sub-
mission, it was considered an incomplete response. Twelve 
such surveys were eliminated to keep all the parameters of 
survey response same.

In order to complete the 300 participants, follow-up was 
performed with non-responders and therefore the researchers 
achieved the target sample.

Description of the study population

The 300 respondents referred above have been categorized in 
Table 1. Female pharmacists (60.7%, n = 182), pharmacists 
belonging to the age group 30–40 years (59.3%, n = 178), 
were in majority. From the total respondents, 92.7% were 
pharmacists (n = 278), while 7.3% were clinical pharmacist 
(n = 22). Nearly three-fourths of the respondent pharmacists 
graduated with a bachelor’s degree (71%; n=213); 36% had 
practice experience of 5–10 years (n = 108) who worked 
alone with no collaboration.

In terms of pharmacy type, community pharmacists show 
the highest response rate of 37.3% (n = 112). With regard to 
location, two-thirds of the survey responses were from phar-
macists practicing in Abu Dhabi (56.7%, n = 170). In terms 
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of the average number of patients visiting the pharmacy per 
day, 54.7% of the pharmacists were from pharmacies that 
filled fewer than 100 prescriptions per day. Notably, 103 
(34.3%) of the respondents had specialized training in deal-
ing with counseling of patients with diabetes.

A positive attitude was expressed towards educating the 
patients on the use of glucometers, a suitable schedule for 
blood glucose testing, interpretations, and counseling on 
current treatment targets for blood glucose (41.3% n = 124; 
39.3% n = 118; 36.7% n = 110, respectively) (Table 2).

Approximately 30% of pharmacists expressed willing-
ness to educate patients with diabetes on the causes, signs 
and symptoms, and management of hypoglycemia (n = 98, 
88, 90, respectively). Slightly more than one-fourth of the 
pharmacists reported reviewing the drug refill histories of 
patients to uncover poor medication adherence. As expected, 
over 50% of the pharmacists were engaged primarily in rou-
tine activities, such as drug handling and storage (Table 2).

The results of the study show less involvement of the 
pharmacists in offering education on complications associ-
ated with diabetes. For example, 23.7% of the respondents 
reported providing recommendations on appropriate drug 
therapy, 20.7% reported educating patients on the risk of 
cardiovascular diseases, 29% reported counseling diabetes 
patients on taking care of the feet, and only 22% reported 
offering regular screening of neuropathic pain and retin-
opathy. All participants reportedly had access to patients’ 
profiles and the ability to order blood lipid profile tests, but 
less than a fourth routinely educated patients regarding eye 
exams, cardiovascular problems, kidney function screening, 
foot care, and setting the recommended targets (Table 2).

It was observed that 39.3%, 39.7%, and 41.7% of the total 
respondents reported educating their patients on the impor-
tance of a healthy balanced diet, exercise, and maintenance 
of healthy lifestyle, respectively (Table 2). The respondents 
affirmed that their employers routinely offer smoking ces-
sation programs, but only 36.3% of the pharmacists were 
reportedly involved in explaining the impact of smoking on 
patient health (Table 2). Less than a quarter of the pharma-
cists reported educating patients with diabetes on the signifi-
cance of annual immunizations (Table 2).

Nearly 90% of the participants revealed that time con-
straints and workload were the major challenges limiting 
their ability to deliver quality services in the management 
of diabetes. Around 90% of the pharmacists reported a lack 
of time as well as workload being the major impediments in 
attending patients whereas 49% reported lack of reimburse-
ment and motivation which account as barriers to provide 
good counseling to patients. Nearly half of the pharmacists 
reported patient hesitation in discussing their diseases while 
44% explained lack of privacy in the pharmacy as the major 
reason for the communication barrier (Table 3).

Table 1  Demographic characteristics of the study population

Parameter N (%)

Gender
  Male 118 (39.3)
  Female 182 (60.7)
Age
  20–29 98 (32.7)
  30–40 178 (59.3)
  >40 24 (8)
Counselor position
  Pharmacist 278 (92.7)
  Clinical pharmacist 22 (7.3)
Level of education
  Bachelor 213 (71)
  Master 54 (18)
  Pharm D 31 (10.3)
  PhD 2 (0.7)
Languages spoken
  Arabic 258 (86)
  English 42 (14)
Years of work experience:
  Less than 1 year 30 (10)
  1–5 years 90 (30)
  6–10 years 108 (36)
  More than 10 years 72 (24)
Pharmacy type
  Community 112 (37.3)
  Private hospital 99 (33)
  Government hospital 70 (23.3)
  Semi-government hospital 19 (6.3)
Pharmacy location area
  Abu Dhabi 170 (56.7)
  Al Ain 130 (43.3)
Counseling area
  Available 243 (81)
  Not available 57 (19)
The average number of patients/customers per day
  Below 100 164 (54.7)
  100–200 46 (15.3)
  201–400 48 (16)
  >400 42 (14)
Diabetic patient seen on daily bases
  <10 119 (39.7)
  10–29 88 (29.3)
  30–50 37 (12.3)
  >50 56 (18.7)
Have you had specialized training in dealing with diabetic patient 

counseling
  Yes 103 (34.3)
  No 197 (65.7)
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More than half of the respondents reported lack of patient 
motivation (57.3%) and lack of knowledge in the pharma-
cists role (66.7%), lack of reimbursement (49.7%), and 
inadequate health insurance (55%) as contributing factors 
to patients’ decision to reach out to pharmacists for treatment 
of their disease (Table 3).

A chi-square test of independence was performed to 
determine proportional differences in response patterns 

between demographic characteristics as mentioned in 
Table 1. The test indicated that gender and education ser-
vices provided to patients with diabetes were significant 
(p = 0.036). It was also observed that male pharmacists 
were more likely to show an interest in providing education 
services related to diabetes than their female counterparts 
(p = 0.036). Pharmacists with more than 10 years of expe-
rience appeared more likely to provide education services 

Table 2  Education services

Variable Never
N (%)

Rarely
N (%)

Sometimes
N (%)

Usually
N (%)

Always
N (%)

Section II-A Blood glucose and HbA1c of pharmacists towards providing additional care to patients with diabetes mellitus
  Counsel on the use of a blood glucose meter including how to obtain a blood sample 20 (6.7) 27 (9) 62 (20.7) 67 (22.3) 124 (41.3)
  Counsel on the appropriate times to check blood glucose sample 22 (7.3) 36 (12) 65 (21.7) 59 (19.7) 118 (39.3)
  Counsel on the current treatment targets for blood glucose 21 (7) 42 (14) 65 (21.7) 62 (20.7) 110 (36.7)
  Counsel on the interpretation of A1C results 42 (14) 61(20.3) 82 (27.3) 58 (19.3) 57 (19)
  Provide drug therapy recommendations to the physician to help the patient reach 

blood glucose targets
56 (18.7) 57 (19) 64 (21.3) 46 (15.3) 76 (25.3)

Section II-B Diabetes medication
  Counsel on signs and symptoms of hypoglycemia 7 (2.3) 50 (16.7) 77 (25.7) 68 (22.7) 98 (32.7)
  Identify possible causes of hypoglycemia 12 (4) 44 (14.7) 87 (29) 69 (23) 88 (29.3)
  Provide recommendations for treatment of hypoglycemia 12 (4) 47 (15.7) 92 (30.7) 59 (19.7) 90 (30)
  Review the patient’s drug refill history to identify poor adherence 27 (9) 61 (20.3) 78 (26) 51 (17) 83 (27.7)
  Conduct a drug history (including prescription medications over-the-counter prod-

ucts, herbal products)
24 (8) 39 (13) 80 (26.7) 59 (19.7) 98 (32.7)

  Describe potential adverse effects of each oral anti-diabetic drug 12 (4) 45 (15) 101 (33.7) 53 (17.7) 89 (29.7)
  Describe the appropriate time to administer oral anti-diabetic drug 3 (1) 15 (5) 44 (14.7) 57 (19) 180 (60)
  Counsel on the appropriate use of syringes and needles 7 (2.3) 31 (10.3) 64 (21.3) 65 (21.7) 133 (44.3)
  Counsel on the appropriate use of insulin pens 4 (1.3) 22 (7.3) 60 (20) 56 (18.7) 158 (52.7)
  Counsel on the appropriate storage of insulin 1 (0.3) 11 (3.7) 34 (11.3) 40 (13.3) 214 (71.3)
  Counsel on appropriate insulin administration (mixing insulin, injection technique, 

timing of injection, rotation of sites)
14 (4.7) 34 (11.3) 56 (18.7) 53 (17.7) 143 (47.7)

Section II-C Comorbid diseases management
  Providing education on cardiovascular disease-associated risk factors 22 (7.3) 59 (19.7) 81 (27) 76 (25.3) 62 (20.7)
  Provide education on the importance of controlling blood pressure in diabetes 11 (3.7) 45 (15) 74 (24.7) 66 (22) 104 (34.7)
  Provide drug therapy recommendations to the physician to help the patient reach 

blood pressure targets
48 (16) 59 (19.7) 78 (26) 44 (14.7) 71 (23.7)

  Provide education on the importance of regular screening of nephropathy (e.g., type 
of test, where to get the test, how often to test)

37 (12.3) 63 (21) 79 (26.3) 60 (20) 61 (20.3)

  Review the patient’s drug profile to identify drugs that are renally cleared 48 (16) 61 (20.3) 73 (24.3) 49 (16.3) 69 (23)
  Provide education on the importance of regular screening for neuropathic pain 33 (11) 56 (18.7) 86 (28.7) 59 (19.7) 66 (22)
  Provide education on the importance of regular screening for retinopathy 40 (13.3) 62 (20.7) 79 (26.3) 55 (18.3) 64 (21.3)
  Counsel on good foot care techniques 25 (8.3) 50 (16.7) 85 (28.3) 56 (18.7) 84 (28)
  Provide education on the importance of diabetes foot care 23 (7.7) 50 (16.7) 87 (29) 53 (17.7) 87 (29)
Section II-D Healthy living choices
  Provide education about the importance of immunization for influenza and pneumo-

coccal pneumonia in diabetes
52 (17.3) 80 (26.7) 77 (25.7) 46 (15.3) 45 (15)

  Provide basic information on diet as it relates to diabetes management 10 (3.3) 32 (10.7) 69 (23) 71 (23.7) 118 (39.3)
  Provide basic information on exercise as it relates to diabetes management 12 (4) 35 (11.7) 75 (25) 59 (19.7) 119 (39.7)
  Providing education on smoking cessation for smoker 23 (7.7) 42 (14) 74 (24.7) 52 (17.3) 109 (36.3)
  Providing education on healthy life style and determine healthy choices 10 (3.3) 29 (9.7) 70 (23.3) 66 (22) 125 (41.7)
  Providing education on immunization 44 (14.7) 69 (23) 79 (26.3) 61 (20.3) 47 (15.7)
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to patients with diabetes as compared to others (p = 0.044). 
Pharmacists visited by fewer patients per day appeared more 
likely to provide education services than those pharmacists 
who were visited by a high number of patients, in which 
case, the pharmacist would be more likely to resort to tradi-
tional practice (p = 0.018) (Table 4).

Discussion

This work is one of the few studies to discuss about the 
pharmacists generalized positive attitude towards diabetic 
care management—their activities, knowledge, and attitude 
towards the patients with diabetes in UAE. Despite the posi-
tive behavior of the community pharmacist in providing rou-
tine services such as patient counseling, they rarely offered 
services associated to the management of comorbidities. The 
key finding and the utmost barrier to offer services were 
reported to be the visualization of pharmacist as medical 
dispenser only by physicians and patients.

The current research reported that pharmacists in UAE 
are not actively involved in counseling diabetic patients 
towards application and treatment of blood glucose levels 
which is comparable to the findings made by various studies  

[13–16]. The study also reported that pharmacists in UAE 
lack active engagement; as a member of a multidiscipli-
nary team, many of them did not show proactive behavior 
in offering drug therapy-based recommendations to physi-
cians. These findings are in concordance with the findings 
of El Hajj et al.  [15].

The current research reflected that the pharmacist were 
willing to deliver basic services such as appropriate drug 
administration counseling and the usage of insulin to the 
patients but their willingness to provide hypoglycemia 
related services was less. In contrast to that, a study from 
Kuwait by Al-Haqan et al.  [16] reported that male pharma-
cists offered hypoglycemia management services more fre-
quently than females. This may be related to fewer number 
of female pharmacists that generally work in community 
pharmacies in the Mediterranean region.

The study shows that only few respondents (pharma-
cists) were bound to be counseling patients on diabetes-
associated complications due to insufficient time, inad-
equate reimbursement, and lack of defined scope of a 
pharmacist’s ability in the eyes of the patient  [3]. Since 
pharmacies in UAE remain open for long hours, pharma-
cists can be approachable easily to provide patient care 
without further delay (if required)  [14]. The confidence 
levels of UAE pharmacists towards providing diabetes care 

Table 3  Summary of barriers

Variable YES
N (%)

NO
N (%)

Barriers of providing pharmaceutical care to diabetic patients: pharmacist and practice site–related factors
  Time constraint 267 (89) 33 (11)
  Lack of training 194 (64.7) 106 (35.3)
  Lack of pharmacy management support 144 (48) 156 (52)
  Workload 269 (89.7) 31 (10.3)
  Lack of motivation 147 (49) 153 (51)
  Lack of reimbursement 149 (49.7) 151 (50.3)
  Lack of patient appreciation 145 (48.3) 155 (51.7)
  Communication barriers 133 (44.3) 167 (55.7)
  Lack of private counseling area 131 (43.7) 169 (56.3)
  Incomplete patient history or profile needed for assessment 213 (71) 87 (29)
  Lack of support from patient physician 178 (59.3) 122 (40.7)
Barriers of providing pharmaceutical care to diabetic patients: patients-related factors
  Lack of motivation 172 (57.3) 128 (42.7)
  Financial reasons 144 (48) 156 (52)
  Level of education 191 (63.7) 109 (36.3)
  Waiting time 258 (86) 42 (14)
  Lack of knowledge about pharmacist roles 199 (66.3) 101 (33.7)
  Patient age 170 (56.7) 130 (43.3)
  Communication barriers 172 (57.3) 128 (42.7)
  Lack of referral from patient physician 209 (69.7) 91 (30.3)
  Inadequate health insurance 165 (55) 135 (45)
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could be related to their educational qualifications being 
acquired from different pharmacy schools  [15]. It is perti-
nent that pharmacists should provide specialized training, 
such as workshops and certification programs followed by 
practice-based diabetes training program to offer adequate 
primary care services to their patients [17, 18].

Although clinical practice guidelines mentioned immu-
nization in diabetes (influenza and pneumonia vaccine 
administration), pharmacists reported ignorance in guid-
ing patients on the significance of immunizations  [19].

The community pharmacists reported improvement in 
offering regular screening of neuropathic pain and retin-
opathy which is higher than previously reported research  
[20]. Only few pharmacists reported that they routinely 
educate patients regarding eye exams, cardiovascular prob-
lems, kidney function screening, foot care, and set recom-
mended targets for their testing.

Research findings from Qatar and Kuwait clearly high-
lighted that pharmacists promoted the importance of diet 
and exercise as non-pharmacological approaches to their 
patients [15, 16]. This is in concordance with the findings 
of present research done in UAE.

While most of the pharmacists were supported by the 
management, still time constraints and workload were 
highlighted as major barriers in providing sufficient care 
to patients. This is in line with the work of Shatnawi and 
Latif  [14] in which similar barriers were cited to provide 
optimum patient care services in diabetes.

The current research reported positive correlation 
between the number of patients visits and provision of 
educational services as fewer than 100 customers/day 
placed pharmacist at ease to provide counseling services 
in comparison to more than 100 customers/day where the 
pharmacists be able to use traditional dispensing approach.

Having many patients encourage the pharmacists to 
have a detailed discussion with each one of them; however, 
a long waiting time prompts the patients to defer treatment 
which can be easily avoided by scheduling appointments  
[14], increasing pharmacy staff and technicians, upgrad-
ing to electronic health records, providing private areas 
for counseling in pharmacies, and promoting pharmacist-
based services  [15].

Simpson et al.  [21] reported that pharmacists who are 
certified diabetes educators (CDEs) receive additional fees, 
have positive vision towards diabetes, and offered increased 
number of services in diabetes management as compared 
to non-specialized community pharmacists. This visible 
difference between speciality trained CDEs and non-spe-
cialized pharmacists suggests the incorporation of diabetic 
management training programs into existing pharmacists’ 
curriculum. Such training program will encourage more 
community pharmacists to undertake CDE training courses 
to help improve diabetes care and more inclination to serve 
their patients. Therefore, that for successful integration of 
a healthy lifestyle, regular reminders from sources like 
healthcare team are necessary to improve quality of life in 
patients with diabetes mellitus. Last but not the least, UAE 

Table 4  Correlation between demographics and educational services

Gender Education services provided to patient with diabetes Total Significant chi-square P value
.036Never

N (%)
Rarely
N (%)

Sometimes
N (%)

Usually
N (%)

Always
N (%)

Male 0 (0) 8 (6.8) 36 (30.5) 41 (34.7) 33 (28) 118
Female 5( 2.8) 24 (13.2) 67 (36.8) 55 (30.2) 31 (17) 182
Years of work experience Education services provided to patient with diabetes

Total
Total Significant chi-square P value

.044
Never
N (%)

Rarely
N (%)

Sometimes
N (%)

Usually
N (%)

Always
N (%)

Less than 1 year 4 (13.2) 7 (23.2) 6 (20) 5 (16.6) 8 (27) 30
1–5 years 2 (2.2) 10 (11.1) 27 (30) 23 (25.6) 28 (31.1) 90
6–10 years 2 (1.8) 12 (11.1) 38 (35.2) 23 (21.3) 33 (30.6) 108
More than 10 years 1 (1.4) 3 (4.2) 27 (37.6) 11 (15.3) 30 (41.7) 72
The average number of patients Education services provided to patient with diabetes

Total
Total Significant chi-square P value

.018
Never
N (%)

Rarely
N (%)

Sometimes
N (%)

Usually
N (%)

Always
N (%)

Below 100 1 (0.6) 21 (12.8) 36 (22) 60 (36.6) 46 (28) 164
100–200 3 (6.5) 6 (13) 12 (26.1) 13 (28.3) 12 (26.1) 46
201–400 1 (2.1) 5 (10.4) 21 (43.8) 13 (27) 8 (16.7) 48
>400 8 (19.5) 3 (7.3) 12 (29.3) 10 (24.4) 8 (19.5) 41
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being a region of multiethnicities need to have different 
intervention programs towards the identification of preven-
tion of diabetes progression as different ethnicities have 
various other risk factors and prevalence statistics  [22].

Conclusion

The current research reported pharmacists’ willingness 
towards detailed management of diabetes-related comorbidi-
ties. Nevertheless, the limited services they provide elicited 
the concept that the pharmacist role must be vital to multidis-
ciplinary team approach and mutual collaboration among all 
the stakeholders is vital for the implementation of a patient-
centered care. It is imperative to remind the general public and 
physicians that pharmacists are trusted and easily approach-
able healthcare professional who are confident enough to 
provide management towards diabetes-related comorbidities.

Limitations

The major limitation of the current research is that the 
sample is recruited from Abu Dhabi and Al Ain city, and 
henceforth, it is suggested to include all seven Emirates to 
extrapolate the findings.
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Abstract
Objective To compare the treatment strategies and pregnancy outcomes between women with gestational diabetes mellitus 
carrying twin and singleton pregnancies.
Method We conducted a retrospective chart review of women with singleton and twin pregnancy; those visited Sunil’s Dia-
betes Care n’ Research Centre, Nagpur, and Gupte Hospital Pune, between 2006 and 2019, for the treatment of gestational 
diabetes mellitus (GDM). Propensity scores for baseline characteristics were used to assemble a matched-pairs cohort of 
women with twin and singleton pregnancies.
Results A subset of 132 singleton cases was obtained from 801 records that matched with 44 cases of twin pregnancy, with 
a ratio of 3:1. Treatment modalities, insulin dose, and mode of delivery differed insignificantly between the two groups. 
Univariate analysis showed significantly higher risk of Premature Baby Unit (PBU) admission > 48 h (OR 2.687; 95% CI 
1.064–6.784; p= 0.0364) and small for gestational age newborns (OR 5.286; 95% CI 2.826–9.887; p< 0.0001) in twin 
pregnancies, and lower risk of premature birth (OR 0.225; 95% CI 0.127–0.402; p< 0.0001) and large for gestational age 
newborns (OR 0.239; 95% CI 0.068–0.841; p< 0.0257). In a multiple regression analysis, twin pregnancies were found to 
be the strongest predictors of small for gestational age infant (OR 3.960; 95% CI 1.928–8.135; p< 0.0001).
Conclusion Although treatment strategies and insulin doses differ insignificantly between gestational diabetes mellitus 
women carrying twin and singleton pregnancies, their treatment should be planned to achieve glycemic goals.

Keywords Gestational diabetes mellitus · Twin pregnancy · Insulin doses · Neonatal outcome · Perinatal death

Introduction

Gestational diabetes mellitus (GDM) incidence is increasing 
globally due to the increasing prevalence of obesity among 
women of reproductive age and advancing maternal age 
[1]. Indian women have a higher predisposition to develop 
diabetes in pregnancy possibly due to genetic predisposi-
tion. A community-based study showed a GDM prevalence 

Highlights
• The treatment strategies and adverse pregnancy outcomes 

were compared between twin and singleton gestation in India
• Treatment modalities, insulin dose, and mode of delivery 

differed insignificantly between the two groups.
• Women with GDM and twin pregnancies were at 3.96 times 

higher risk for having small for gestational age infant.

* Sunil Gupta 
drsunilsgupta@gmail.com; drsgupta_ngp@rediffmail.com

Sanjay Gupte 
guptehospital@gmail.com

Shlok Gupta 
shloksgupta@gmail.com

Parvinder Bamrah 
parvinderkaurbamrah@gmail.com

Kavita Gupta 
kavitagupta1205@gmail.com

1 Sunil’s Diabetes Care n’ Research Centre Pvt. Ltd, 42, 
Lendra Park, Ramdaspeth, Nagpur 440010, Maharashtra, 
India

2 Gupte Hospital, 904, Bhandarkar Road, Deccan Gymkhana, 
411004 Pune, Maharashtra, India

3 Diabetes Care Foundation of India (Nagpur), Nagpur, 
Maharashtra, India

International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):482-488 

/ Published online: 22 August 2021

1 3



International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):482-488

of 13.9% in India [2]. The average twin pregnancy rate in 
developing countries is 13.1 per 1000 or one twin birth in 
76.3 births. India has a twinning rate of 8 per 1000 or one in 
125 births. Twin pregnancies represent 0.8% of all pregnan-
cies in India [3]. Some of the studies have shown a higher 
incidence of GDM in twin gestations versus singleton [4–6].

It is an established fact that GDM is associated with 
maternal and neonatal complications in singleton pregnan-
cies [7–9]. However, the findings are inconsistent about the 
impact of GDM in twin pregnancies. Some studies have 
reported an increased risk of preeclampsia, cesarean deliv-
ery, neonatal hypoglycemia, neonatal respiratory compli-
cations, and admission to the neonatal intensive care unit 
(NICU) in twin pregnancies because of the higher baseline 
risk of prematurity and hypertensive complications [10–18]. 
While few reported that GDM does not increase the risk 
of adverse pregnancy outcomes in women with twins [19]. 
Also, good glycemic control in GDM twin pregnancies was 
not necessarily associated with better clinical outcomes [20].

Currently, the same glucose targets are applied to all 
women with GDM and there is no evidence that glucose 
targets for twin pregnancies are different from singleton 
pregnancies. Some of the studies have observed that women 
with GDM twin pregnancies were less likely to have a family 
history of diabetes; this may infer that their future risk for 
developing diabetes may be different. Data are conflicting 
on insulin therapy in twin gestation. One study showed that 
GDM twin pregnancies were less likely to require insulin 
therapy. The reasons for this are unclear [21]. Another study 
has shown that twin pregnancy in type 1 diabetes requires 
twice the dose of insulin as that of singleton pregnancy [22].

Presently, there is little evidence to guide the management 
of GDM twin pregnancies. Data from South Asia on GDM 
twin pregnancy is rare. Moreover, only a limited number of 
studies have used GDM singleton pregnancies as a control 
group. Thus, the current study aimed to test the hypothesis 
that treatment strategies and adverse pregnancy outcome is 
likely to differ in twin compared to singleton gestation.

Material and methods

Diagnosis of GDM was made by a single-step fasting and 
2-h 75-g oral glucose tolerance test (OGTT). Subjects were 
considered to have GDM if the 2-h post glucose plasma glu-
cose values were≥140 mg/dL, based on the WHO definition 
[23]. Subjects with pre-existing diabetes, pregnancies com-
plicated by genetic or structural fetal anomalies, and those 
with clinically suspected pre-gestational diabetes, where 
hyperglycemia was diagnosed for the first time during preg-
nancy, but glycemic status suggestive of pre-existing diabe-
tes was excluded. The maternal history and clinical charac-
teristics of selected subjects were assessed. Demographic, 

anthropometry, biochemical, and treatment-related data were 
collected from diagnosis till delivery. As there is no central 
registry on GDM in India, fetal outcome data were collected 
from attending obstetrician and was correlated with manage-
ment strategies.

In this study, Bad obstetric history (BOH) is defined as 
the occurrence of three or more consecutive spontaneous 
abortions before 20 weeks of gestation from the last men-
strual period [24]. Large for gestational age (Macrosomia) 
is defined as a birth weight of more than 3.5 kg as per Indian 
recommendations, while low birth weight is defined as a 
birth weight of less than 2.5 kg [25–27]. The WHO growth 
chart was used to identify the low birth weight and large 
for gestational age (LGA) infants [28]. Neonatal hypoglyce-
mia is defined as a blood glucose concentration of less than 
40 mg% in term infants during the first 48 h of life [29]. Pre-
term birth is defined as any birth before 37 completed weeks 
of gestation or fewer than 259 days since the first day of the 
woman’s last menstrual period (LMP) [30]. The neonatal 
period is referred to as the first 28 days following birth, and 
the neonatal intensive care unit (NICU) admission of more 
than 48 h was considered for evaluation. Neonatal death 
is defined as the death of a live-born baby during the first 
28 days of life (0–27 days) [31]. Perinatal mortality has been 
used to include deaths that might somehow be attributed to 
obstetric events, such as stillbirths and neonatal deaths in the 
first week of life [31].

Statistical analysis

The qualitative factors like parity, bad obstetric history, 
family history of DM, history of GDM, mode of delivery, 
and GDM treatment were expressed in terms of frequencies 
and percentages. The quantitative variables such as age, pre-
pregnancy BMI, 2 h Post Glucose Plasma Glucose (PGPG) 
were described in terms of mean and standard deviation. The 
qualitative variables were compared between singleton and 
twin pregnancy groups using Pearson’s Chi-square test, while 
the quantitative variables were compared using Student’s t
test. The logistic regression was used to quantify the risk of 
various adverse neonatal outcomes in twin pregnancies with 
reference to singleton pregnancies. Further, multiple logistic 
regression was used to evaluate the risk after adjusting with 
maternal clinical parameters between the two groups. All 
the statistical analyses were performed using R-3.6.1. The 
significance level is considered as a p value less than 0.05.

Results

The incidence of twin pregnancy in women with GDM was 
found to be 2.01% in the studied population. A subset of 132 
singleton cases was obtained from 801 records that matched 
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with 44 cases of twin pregnancy, with a ratio of 3:1. The 
descriptive statistics of the singleton and twin groups are 
shown in Table 1. The twin group had a higher proportion 
of primipara mothers (p=0.0007), while the singleton group 
had a higher incidence of bad obstetric history (p= 0.0003). 
There was no significant difference in maternal age, pre-
pregnancy BMI, a family history of DM, and prior GDM 
between the twin and singleton groups.

Table 1 also provides a comparison of treatment strategy 
and mode of delivery in two study groups. Regarding the 
GDM treatment, there was no significant difference in diet 
and the rate of insulin requirement between the twin and 
singleton groups. Among those requiring insulin therapy, the 
mean insulin dose in singleton pregnancy at diagnosis was 
13.70 ± 12.23 units/day which increased to 24.42 ± 18.90 
units/day at delivery, while in twin pregnancy it was 
17.35 ± 15.73 units/day at diagnosis, which increased to 
27.30 ± 19.57 units/day. The mean insulin dose between the 
two groups also differed insignificantly. Likewise, there was 
no significant difference in the mode of delivery between the 
twin and singleton groups. Further, the number of live births 
in the singleton group was comparable to that in the twin 
group respectively [129/132 (97.72%) vs. 86/88 (97.72%)].

Univariate analysis showed a lower risk of preterm 
delivery (< 37  weeks) (OR, 0.225; CI, 0.127–0.402; 
p< 0.0001) and large for gestational age (LGA) infants 
(OR, 0.239; CI, 0.068–0.841; p = 0.0257) in twin 
pregnancies (Table 2). Also, the risk of having small for 
gestational age infants was about five times (OR, 6.00; 
CI, 2.826–9.887; p< 0.0001), and the likelihood of PBU 
admission for > 48 h was more than 2.5 times in twin 
pregnancies (OR, 2.687; CI, 1.064–6.784; p= 0.0364). 
After adjustment for confounders (i.e., age of mother, 
BOH, family history of DM, 2 h PGPG, GDM treatment, 
and mode of delivery) by multivariate analysis, the risk of 
delivering small for gestational age infants was 3.96 times 
higher in twin group (adjusted odds ratio 3.960; 95% CI, 
1.928–8.135; p= 0.0001).

Discussion

Many studies have compared GDM and non-GDM twin 
pregnancies, but only a few have compared twin and sin-
gleton pregnancies in women with GDM [1]. In the current 
study, we aimed to test the hypothesis, that the treatment 

Table 1  Baseline characteristics 
and GDM treatment in singleton 
and twin pregnancies

FTND full-term normal delivery, LSCS lower segment cesarean section, *Obtained using Pearson’s Chi-
square test; NS non-significant, PGBG Post Glucose Blood Glucose

Factor Pregnancy p value

Singleton (n=132) Twin (n=44)

Age (in years) [mean±SD] 28.98±3.97 29.09±4.07 0.8723 (NS)*

Primipara [no. (%)]
No 74 (56.06) 11 (25) 0.0007 (S)†

Yes 58 (43.94) 33 (75)
Bad obstetric history [no. (%)]
No 87 (65.91) 42 (95.45) 0.0003 (S)†

Yes 45 (34.09) 2 (4.55)
Family history of DM [no. (%)]
No 47 (35.61) 19 (43.18) 0.4721 (NS)†

Yes 85 (64.39) 25 (56.82)
Pre-pregnancy BMI [mean±SD] 24.29±4.56 23.75±5.33 0.5473 (NS)*

2 h PGBG [mean±SD] 163.36±42.75 155.35±41.78 0.3292 (NS)*

Past history of GDM [no. (%)]
No 128 (96.97) 43 (97.73) 0.9999 (NS)†

Yes 4 (3.03) 1 (2.27)
GDM treatment
Diet 47 (35.61) 19 (43.18) 0.4721 (NS)
Insulin 85 (64.39) 25 (56.82)
Mode of delivery
FTND 15 (11.36) 1 (2.27) 0.1301 (NS)
LSCS 117 (88.64) 43 (97.73)
Number of live babies 129 86 -
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strategies and pregnancy outcomes are likely to differ in 
twin pregnancies compared to a matched cohort of single-
ton pregnancies in women with GDM. Our results indicate 
that GDM women with twin or singleton gestation differed 
insignificantly in their treatment strategies and insulin doses. 
Insulin requirements need not be proportional to the number 
of fetuses. Regression analysis found a significant associa-
tion between the twin pregnancies complicated by GDM and 
the decreased incidence of premature birth and LGA birth. 
However, the odds of having premature baby unit (PBU) 
admission > 48 h and SGA births were higher in twin preg-
nancies compared to singleton pregnancies.

GDM women carrying twins had a higher risk of cesar-
ean delivery and preterm birth as compared with women 
without GDM [32]. Ooi et al. [21] have shown that twin 
pregnancies were less likely to require insulin therapy. Other 
studies have shown that the need to start insulin therapy 
among GDM twin pregnancies varied from 11–36% [33, 
34]. Being tertiary care referral centers, higher number of 
pregnant women with GDM required insulin therapy to 
achieve target glycemic control in our study. However, the 

difference was statistically insignificant in diet or insulin 
therapy to GDM between twin and singleton pregnancies. 
The results are in line with a previous study reporting no 
significant difference between the proportion of women 
requiring insulin and the average daily insulin doses in twin 
and singleton pregnancies associated with GDM and carbo-
hydrate intolerance [35]. The possible explanation for such 
findings may be the increased utilization of glucose in twin 
pregnancies due to two fetuses and the higher maternal basal 
metabolic rate. A study by Fox et al. has revealed that the 
insulin dose requirement need not be proportional to the 
number of fetuses, rather the treatment could be planned just 
to achieve glycemic control in GDM patients throughout the 
gestation period, even in twin pregnancy [20]. Though not 
GDM, a retrospective study by Callesen et al. on 15 twins 
versus 108 singleton pregnancies in women with type 1 dia-
betes have demonstrated that they require higher insulin, and 
the weekly increase in insulin dose between 14 and 27 weeks 
was doubled compared with singleton pregnancies [22]. This 
was not observed in our GDM cohort.

Table 2  Unadjusted and 
adjusted risk of various neonatal 
outcomes in twin pregnancies 
as compared to singleton 
pregnancies

‡Adjusted with parameters like age of mother, bad obstetric history, family history of DM, 2  h PGBG, 
GDM treatment, mode of delivery;*Obtained using Fisher’s exact test; HS highly significant, S significant, 
NS non-significant

Neonatal 
outcome

Group Odds ratio [95% CI; p value*]

Unadjusted Adjusted‡

Premature birth (< 37 weeks)
Singleton 1.000 1.000
Twin 0.225 [0.127–0.402;<0.0001 (HS)] 0.495 [0.080–3.056; 0.4489 (NS)]

Large for gestational age
Singleton 1.000 1.000
Twin 0.239 [0.068–0.841; 0.0257 (S)] 0.360 [0.093–1.387; 0.1377 (NS)]

Appropriate for gestational age
Singleton 1.000 -
Twin 0.353 [0.201–0.619; 0.3526 (NS)]

Small for gestational age
Singleton 1.000 1.000
Twin 5.286 [2.826–9.887;<0.0001 (HS)] 3.960 [1.928–8.135; 0.0001 (S)]

Neonatal hypoglycemia
Singleton 1.000 -
Twin 0.647 [0.263–1.727; 0.4112 (NS)]

Hyperbilirubinemia
Singleton 1.000 -
Twin 0.241 [0.029–2.040; 0.1918 (NS)]

NICU admission>48 h
Singleton 1.000 1.000
Twin 2.687 [1.064–6.784; 0.0364 (S)] 2.215 [0.704–6.968; 0.1737 (NS)]

Perinatal mortality
Singleton 1.000 -
Twin 0.488 [0.096–2.477; 0.3869 (NS)]
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The mode of twin delivery depends on their presentation. 
Vaginal birth is usually preferred when both the twins are in 
vertex presentation and not associated with any risk factors. 
In 2011, a systematic review and meta-analysis involving 
18 articles (39, 571 twin sets) found no difference in second 
twin outcomes between vaginal and cesarean delivery when 
both the twins are in vertex position [36]. A single-center 
retrospective study by Poulain et al. found no association 
between twin pregnancies complicated by glucose intoler-
ance and an increased risk of macrosomia or cesarean sec-
tion [37]. In our study, the mode of delivery by cesarean 
section was higher in the twin pregnancy group compared 
to the singleton group; however, the difference was statisti-
cally insignificant. This is in agreement with the previous 
studies reporting a higher rate of cesarean sections in women 
with GDM and twin pregnancies. In 2016, a prospective 
observational study reported that the preference for cesarean 
delivery was higher in twin pregnancies [38]. The presence 
of non-vertex position for one or both twins and/or some 
maternal or fetal complications may be the cause of the high 
cesarean delivery rate in twin pregnancies.

A study from South India has reported BOH in about 
39% of women with GDM [39]. However, another study 
from North India has reported previous perinatal losses in 
about 15% of GDM mothers [40]. In this chart review, only 
2 (4.55%) women in the twin group were identified to have 
BOH compared to 45 (34.09%) women in the singleton 
group. This may be attributed to more number of primipara 
in the twin pregnancy versus singleton group.

In this review, we found twin babies at risk of > 48 h 
NICU stay with OR of 2.69. In 2015, Foeller et al. conducted 
a study using US birth data (from 2006 to 2009) to compare 
neonatal outcomes between twin pregnancies with diabetes 
(16,562 GDM and 2137 preexisting diabetic) and without 
diabetes [41]. Similar to our study, Foeller et al. noticed an 
increased risk of prolonged ventilation (> 6 h) and NICU 
admission in diabetic twin pregnancies [41]. However, 
Hiersch et al. compared the women with or without GDM 
for pregnancy outcomes in singleton and twin pregnancies 
and reported no higher risk of admission to NICU, and hypo-
glycemia in twin infants of women with GDM [32]. We also 
found insignificant differences in neonatal hypoglycemia and 
perinatal mortality in both groups. We did not find any case 
of congenital malformation in our study cohort, as all of 
them were cases of GDM.

Earlier publications have stated that the risk of fetal 
growth restriction remains high in women with twin preg-
nancies. Similarly, we found a 5.29 times greater risk of 
SGA infants in twin pregnancies. This is due to the decreas-
ing growth rate in twins relative to that of singletons start-
ing from the 30th week of gestation onwards, it is rather 
unlikely to have LGA fetuses in twin pregnancies with 

GDM [42]. Similarly, in our study, we found a lower risk 
for LGA infants in twin pregnancies (OR, 0.239; 95% CI, 
0.068–0.841; p=0.0257). A retrospective cohort study from 
Japan has reported an extremely lower risk of LGA and a 
higher risk of low birth weight in GDM twins compared to 
singletons. This might be attributed to the limited maternal 
resources that are being shared by multiple fetuses [43].

Studies have shown a significantly higher risk of pre-
term delivery in twin pregnancies versus singleton preg-
nancies and no association between prematurity and GDM 
[44]. In contrast, we found a lower risk of preterm deliv-
ery (< 37 weeks) among women carrying twin pregnancies 
(OR, 0.225; CI, 0.127–0.402; p< 0.0001). In 2006, Cho 
et al. comparing perinatal outcomes of twin pregnancies in 
women with or without GDM found no differences [45]. 
They concluded that well-controlled GDM may not increase 
perinatal complications in twin pregnancies. Our observa-
tions were similar to this study.

Strengths and limitations

Data on twin GDM from South East Asia are rare as most of 
the studies have compared GDM twin pregnancy with non-
GDM singleton or non-GDM twin pregnancies. This study 
is probably the first Indian and rare from South East Asia, 
which has compared GDM twin with GDM singleton gesta-
tion. Propensity score-based matching of baseline features 
has been hardly used earlier in such studies. The treatment 
(either insulin or diet plan) administered to these patients 
in two groups was also captured during the analysis and 
the resultant in terms of neonatal outcomes was compared 
between the groups. The limitations of this study are its ret-
rospective nature, the scanty data available for comparing 
insulin therapy in twin GDM versus singleton GDM, and 
data is captured from only two centers; however, being both 
tertiary care diabetes institutes, we deal with the scattered 
population (high-risk complicated pregnancies) across the 
central and western part of India.

Conclusion

GDM women with twin or singleton gestation differed insig-
nificantly in their treatment strategies and insulin doses. 
Insulin requirements need not be proportional to the number 
of fetuses. Treatment should be planned to achieve glycemic 
goals, even in twin pregnancy.
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Abstract
Background Diabetic nephropathy (DN) is a common complication of diabetes. The Notch pathway plays an important role 
in podocyte injury and decreases the expression of podocyte-specific proteins in DN. However, the exact mechanisms are 
still elusive.
Objective The purpose of this study was to investigate the effect of the Notch pathway on podocyte injury by regulating 
Krüppel-like factor 4 (KLF4) in high glucose (HG)-induced podocytes.
Methods The expression of the Notch pathway and KLF4 was regulated in HG-induced podocytes. Western blotting was 
used to detect the protein expression of Notch1, Notch intracellular domain 1 (NICD1), KLF4, nephrin, and integrin β1. The 
mRNA levels of Notch1, KLF4, nephrin, and integrin β1 were determined by real-time polymerase chain reaction.
Results HG increased the expression of Notch1 and NICD1 in podocytes and inhibited the expression of KLF4 (p< 0.05 
or p< 0.01). Inhibition of the Notch pathway by DAPT increased the KLF4, nephrin, and integrin β1 levels in HG-induced 
podocytes (p< 0.01). Downregulation of KLF4 expression by KLF4-siRNA inhibited the expression of nephrin and integrin 
β1 in HG-induced podocytes (p< 0.01).
Conclusion The Notch pathway may regulate the expression of nephrin and integrin β1 through KLF4 in HG-induced 
podocytes.

Keywords Diabetic nephropathy · High glucose · Podocyte · Notch pathway · Krüppel-like factor 4

Introduction

Diabetic nephropathy (DN), a common complication of dia-
betes, is one of the main causes of end-stage renal failure. It 
is of great significance for the majority of diabetic patients 
to explore its pathogenesis and seek effective prevention and 
treatment. Podocytes attach to the outside of the glomerular 
basement membrane (GBM) and are an important part of 
the glomerular filtration barrier (GFB). Most studies have 
shown that podocyte injury plays a major role in proteinuria 
and glomerulosclerosis in DN [1].

The Notch pathway plays a critical role in kidney devel-
opment and disease. The binding between ligand and recep-
tor leads to a conformational change in the Notch receptor, 
which releases the Notch intracellular domain (NICD) by 
γ-secretase. Then, the NICD enters the nucleus and activates 
the transcription of downstream genes [2]. A γ-secretase 
inhibitor (DAPT) can inhibit the activity of γ-secretase, 
reduce the production of NICD, and then inhibit the activa-
tion of the Notch pathway [3]. The mechanism of the Notch 
pathway in podocyte injury in DN has been confirmed. The 
increased expression of NICD1 induces podocyte apoptosis 
through the activation of p53 and causes proteinuria and 
glomerulosclerosis [4]. We also found that the activation 
of the Notch pathway under high glucose (HG) conditions 
induces podocyte apoptosis and decreases the expression of 
podocyte-specific proteins [3, 5].

Krüppel-like factor (KLF), a transcription factor of 
eukaryotic zinc finger protein, participates in the regulation 
of various biological processes of cells, including prolif-
eration, differentiation, growth, and development [6, 7]. In 
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recent years, the role of KLF4 in glomerular disease has 
been gradually studied. KLF4 plays a renoprotective role in 
diabetic kidney disease, which is associated with the acti-
vation of podocyte autophagy and is involved in the mTOR 
signaling pathway [8]. Inhibition and overexpression of 
the Notch pathway changes KLF4 expression and goblet 
cell differentiation in the mouse intestine, which indicated 
that the relationship between the Notch pathway and KLF4 
expression was key to promote intestinal tumorigenesis [9]. 
Whether the Notch pathway regulates KLF4 expression in 
podocyte injury in DN has not been confirmed. In this study, 
podocytes were cultured with HG to assess the expression of 
the Notch pathway and KLF4. Subsequently, we suppressed 
Notch pathway to investigate the expression of KLF4 and 
podocyte-specific proteins, further explored the mechanism 
of podocyte injury in DN and provided a basis for the pre-
vention and treatment of DN.

Materials and methods

Cell line and reagents

Conditionally, immortalized mouse podocytes were pur-
chased from the Cell Resource Center, Peking Union Medi-
cal College, Beijing, China. RPMI-1640 medium and fetal 
bovine serum (FBS) were purchased from Gibco-BRL 
(Gaithersburg, MD, USA). D-glucose and γ-secretase inhibi-
tor (DAPT) were purchased from Sigma (St. Louis, MO, 
USA). γ-Interferon was purchased from Peprotech (Rocky 
Hill, NJ, USA). Rabbit polyclonal antibodies against Notch1 
and NICD1 were purchased from Cell Signaling Technology 
(Danvers, MA, USA). A rabbit polyclonal antibody against 
KLF4 was purchased from Proteintech (Chicago, IL, USA). 
Rabbit polyclonal antibodies against nephrin and integrin 
β1 were purchased from Abcam Technology (Cambridge, 
MA, USA). A rabbit anti-β-actin polyclonal antibody was 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Lipofectamine 2000 and TRIzol reagent were 
obtained from Invitrogen Life Technologies (Carlsbad, CA, 
USA). The real-time polymerase chain reaction (PCR) sys-
tem was obtained from Promega (Madison, WI, USA).

Cell culture

Mouse podocytes were first cultured in an incubator at 
33 °C in 5% CO2 with RPMI-1640 containing 10% FBS 
and 10 U/ml γ-interferon to induce proliferation. After 
the proliferative process, the cells were cultured in RPMI-
1640 without γ-interferon in an incubator at 37  °C in 
5% CO2 for 14 days to induce differentiation. After the 
podocytes had grown to 75–85% confluence, the cells 
were synchronized in serum-free RPMI-1640 medium for 

24 h. Podocytes were cultured to assess the expression of 
KLF4, Notch1, and NICD1 with HG (30 mmol/L d-glu-
cose) for 0, 12, 24, 48, and 72 h. Then, we used DAPT 
to inhibit activation of the Notch pathway. Podocytes 
were divided into three groups: normal glucose group 
(NG, 5.5 mmol/L d-glucose), HG group, and HG + DAPT 
(1 μmol/L) group. Transient transfections of podocytes 
with nonspecific small interfering RNA (NS-siRNA) and 
KLF4-siRNA (Santa Cruz Biotechnology) were performed 
with Lipofectamine 2000 according to the manufacturer’s 
instructions.

Western blotting

Total protein was extracted from podocytes and assessed 
by the Coomassie Protein Assay Reagent (Sigma-Aldrich). 
A total of 30 μg protein was separated on SDS–polyacryla-
mide gel and then transferred to polyvinylidene difluoride 
(PVDF) membranes. After blocking with 5% fat-free dry 
milk at 37  °C for 1 h, the membranes were incubated 
overnight at 4 °C with rabbit anti-Notch1, NICD1, KLF4, 
nephrin, integrin β1, and β-actin polyclonal antibodies. 
After washing with Tris-buffered saline with Tween-20 
(TBST), the membrane was incubated with a goat anti-
rabbit IgG horseradish peroxidase-conjugated secondary 
antibody and then scanned using the Odyssey Fc System 
(LI-COR; Amersham, Piscataway, NJ, USA). The intensity 
of Western blot bands was measured using the UVP Image 
Station Lab Works 4.5 software (Upland, CA, USA). Pro-
tein expression was normalized relative to β-actin.

Real‑time PCR

Total RNA was extracted from podocytes and reverse tran-
scribed into cDNA. The cDNA was prepared on an ABI 
7500 real-time PCR system with the following conditions: 
95 °C for 30 s and 40 cycles of amplification (95 °C for 
5 s, 60 °C for 30 s). Two oligonucleotide primers were 
used for each gene as follows: Notch1, 5′-GTG GAT GAC 
CTA GGC AAG TCG-3′ and 5′-GTC TCC TCC TTG TTG 
TTC TGC A-3′; KLF4, 5′-TTC CAA CTC GCC GCC AAC 
CCA CC-3′ and 5′-TTG ATG TCC GCC AGG TTG TTG 
AA-3′; nephrin, 5′-GCT CAG GGA AGA CAG CAA 
CA-3′ and 5′-GAT AGA GCC CAG AAG CCT CG-3′; 
integrin β1, 5′-TCG ATC CTG TGA CCC ATT GC-3′
and 5′-AAC AAT TCC AGC AAC CAC GC-3′; and 18S, 
5′-GTA ACC CGT TGA ACC CCA TT-3′ and 5′-CCA 
TCC AAT CGG TAG TAG CG-3′. The mRNA levels of 
each gene were normalized to 18S and analyzed using the 
relative standard curve method of analysis/ΔCt method 
of analysis.
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Statistical analysis

SPSS 17.0 software was used for statistical analysis. One-
way analysis of variance (ANOVA) was used for the multi-
ple-group comparisons. Statistical significance was consid-
ered at p< 0.05.

Results

Expression of Notch pathway molecules and KLF4 
in HG‑induced podocytes

The protein and mRNA levels of Notch1 increased gradu-
ally in HG-induced podocytes in a time-dependent manner 
(p< 0.05 or p< 0.01, Fig. 1a-c). After HG stimulation of 
podocytes, NICD1 protein expression increased starting at 
12 h, peaked at 48 h and then decreased at 72 h (p< 0.01, 
Fig. 1a and b). HG decreased the protein and mRNA lev-
els of KLF4 in a time-dependent manner and decreased 

gradually from 12 to 72 h (p< 0.01, Fig. 1a-c). HG acti-
vated the Notch pathway and reduced KLF4 expression in 
podocytes.

Notch pathway inhibition changed the expression 
of KLF4, nephrin, and integrin β1 in HG‑induced 
podocytes

Compared with the NG group, the Notch1 protein and 
mRNA levels were increased in podocytes stimulated by 
HG at 48 h (p< 0.01, Fig. 2a-c). The use of DAPT did not 
inhibit the increase in Notch1 protein and mRNA expres-
sion in HG-induced podocytes (p> 0.05). HG dramatically 
increased NICD1 protein expression in podocytes for 48 h. 
DAPT reduced the expression of NICD1 protein in HG-
induced podocytes (p< 0.01, Fig. 2a and b). HG stimula-
tion decreased the KLF4, nephrin, and integrin β1 protein 
and mRNA levels in podocytes compared with NG for 48 h. 
After DAPT inhibited the activation of the Notch pathway, 
the KLF4, nephrin, and integrin β1 protein and mRNA levels 

Fig. 1  Time course of the activation of the Notch pathway and KLF4 
by HG in podocytes. Podocytes were incubated with HG at the indi-
cated times (0–72 h). (a) The protein expression of Notch1, NICD1, 
and KLF4 was analyzed by Western blot. (b) The protein levels of 

Notch1, NICD1, and KLF4 were quantified by densitometry. (c) The 
mRNA expression of Notch1 and KLF4 was assessed by real-time 
PCR analysis. Values are expressed as means±SD, n=6. *p<0.05, 
**p<0.01 vs. control (0 h)
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were markedly increased (p<0.01, Fig. 2a-c). DAPT upreg-
ulated the expression of KLF4, nephrin, and integrin β1 in 
HG-induced podocytes.

KLF4 silencing changed the expression of nephrin 
and integrin β1 in HG‑induced podocytes

As shown in Fig. 3a-c, HG stimulation reduced KLF4 pro-
tein and mRNA expression compared with NG for 48 h 
(p< 0.01). KLF4-siRNA was added to further inhibit KLF4 
expression in the HG group. The protein and mRNA levels 
of nephrin and integrin β1 in the HG group were signifi-
cantly lower than those in the NG group. Nephrin and inte-
grin β1 expression was further decreased after podocytes 

were transfected with KLF4-siRNA (p<0.01). KLF4-siRNA 
downregulated nephrin and integrin β1 expression in HG-
induced podocytes.

Discussion

The normal structure and function of podocytes play impor-
tant roles in maintaining the integrity of GFB. When DN 
occurs, the cytoskeleton changes, and the structure of the slit 
diaphragm (SD) protein complex is destroyed [10]. Nephrin 
is a type 1 transmembrane protein that is the central mol-
ecule of the SD protein complex and plays a role in bridging 
adjacent pods through nephrin-nephrin or nephrin-Neph-1 

Fig. 2  Effect of DAPT on HG-induced expression of Notch1, NICD1, 
KLF4, nephrin, and integrin β1 in podocytes. (a) The protein expres-
sion of Notch1, NICD1, KLF4, nephrin, and integrin β1 was analyzed 
by Western blot. (b) The protein levels of Notch1, NICD1, KLF4, 

nephrin, and integrin β1 were quantified by densitometry. (c) The 
mRNA levels of Notch1, KLF4, nephrin, and integrin β1 were ana-
lyzed by real-time PCR. Values are expressed as means ±SD, n=6. 
**p<0.01 vs. NG, ##p<0.01 vs. HG
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interactions. A decrease in nephrin expression in DN causes 
foot process effacement, podocyte detachment from GBM, 
and the occurrence of proteinuria [11]. The heterodimer 
formed by integrin β1 and integrin α3 is the main compo-
nent of podocyte adhesion, and integrin β1 and integrin α3 
expression is abnormal in DN [12]. The results of this study 
also confirmed that nephrin and integrin β1 levels decreased 
in podocytes stimulated by HG. The loss of these podocyte-
specific proteins can cause podocyte injury in DN.

The Notch pathway is a relatively conserved and widely 
existing signal transduction pathway between cells [13]. The 
Notch pathway is activated by the interaction between the 
receptor and the ligand. The ligand induces the conforma-
tional change in the Notch receptor, which is hydrolyzed 
under the action of extracellular metalloproteinase, and then 
releases NICD [3]. NICD represents an activated form of 
the Notch pathway, which enters the nucleus and affects cell 
differentiation, proliferation, and apoptosis. We found that 
the Notch pathway was activated in HG-induced podocytes 
and played a critical role in podocyte injury in DN. Elevated 

circulating growth hormone (GH) levels are associated with 
podocyte injury and proteinuria in diabetes, and induced 
TGF-β1-dependent Notch1 signaling contributes to the 
mitotic catastrophe of podocytes [14]. The Notch pathway 
has been shown to be activated in a diabetic mouse model 
and HG-induced podocytes, which decreases the expres-
sion of nephrin and podocin and results in proteinuria and 
accumulation of extracellular matrix [13]. In this study, 
DAPT inhibited the activation of the Notch pathway and 
increased the expression of nephrin and integrin β1 in HG-
induced podocytes. It was proven that the Notch pathway, 
as an important signaling pathway in the progression of DN, 
may regulate the production of nephrin and integrin β1 in 
podocytes.

KLF4 is an important member of the KLF family. 
Hayashi et al. [15] found that the expression of KLF4 in 
glomerular podocytes is reduced in adriamycin (ADM)-
induced nephrotic mice with increased proteinuria. KLF4 
mRNA expression in patients with type 2 diabetes and dia-
betic nephropathy was found to be lower than that in the 

Fig. 3  Effect of KLF4 interference on HG-induced expression of 
KLF4, nephrin, and integrin β1 in podocytes. (a) The protein expres-
sion of KLF4, nephrin, and integrin β1 was analyzed by Western blot. 
(b) The protein levels of KLF4, nephrin, and integrin β1 were quan-

tified by densitometry. (c) The mRNA levels of KLF4, nephrin, and 
integrin β1 were analyzed by real-time PCR. Values are expressed as 
means ±SD, n=6. **p<0.01 vs. NG, ##p< 0.01 vs. HG+NS-siRNA
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control group [16]. We also found that KLF4 expression was 
decreased in HG-induced podocytes. With the decrease in 
KLF4, the nephrin and integrin β1 protein and mRNA levels 
were also obviously reduced. When KLF4-siRNA was used 
to inhibit the expression of KLF4 in podocytes, nephrin and 
integrin β1 expression was further reduced. These results 
suggested that KLF4 may regulate nephrin and integrin β1 
expression in podocytes under HG conditions.

It has been confirmed that the Notch pathway inhibits 
KLF4 expression and promotes hepatic fibrosis. When 
the activation of the Notch pathway is inhibited by DAPT 
in primary hepatic stellate cells, the KLF4 levels gener-
ally increase [17]. After inhibition of Notch1 expression 
in human bladder cancer cells, the expression of KLF4 is 
increased, the growth and proliferation of cancer cells are 
inhibited, tumor cells are arrested in G0/G1 phase, and cell 
apoptosis is increased [18]. The Notch pathway promotes 
tumor-derived endothelial transdifferentiation by regulat-
ing the expression of KLF4, which changes the phenotype 
of tumor vessels and increases the probability of tumor 
metastasis [19]. In this study, we found that Notch pathway 
inhibition by DAPT in HG-induced podocytes alleviated 
the decrease in KLF4 expression caused by HG and then 
increased nephrin and integrin β1 levels. In HG-cultured 
podocytes, the Notch pathway may regulate the expression 
of nephrin and integrin β1 through KLF4. Since we only 
used DAPT to reduce NICD1 production and inhibit the 
activation of the Notch pathway, it may be possible that the 
Notch pathway has other ways to regulate KLF expression in 
podocyte injury in DN. To determine this will require further 
study. The Notch pathway and KLF4 are involved in regulat-
ing the differentiation of specific segments of nephrons and 
single cells during kidney development [20]. In the process 
of podocyte injury in DN, the Notch pathway and KLF4 
jointly regulate the expression of podocyte-specific proteins.

This study suggests that the Notch pathway may regulate 
the expression of nephrin and integrin β1 through KLF4 in 
podocyte injury in DN.
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Abstract
Background Type 2 diabetes is a chronic metabolic disease characterized by vascular complications, the prevalence of 
which varies widely.
Aim Determine the prevalence of microvascular and macrovascular complications in type-2 diabetes in North India and their 
correlation with various risk factors.
Design Prospective observational study
Setting Tertiary referral centres
Methods A total of 6400 patients attending diabetes clinic were screened, out of which 6105 patients were enrolled during 
April 2018 to February 2021. Data were collected using a standardized electronic case record form. Prevalence estimates of 
microvascular and macrovascular complications were performed, and multivariate regression was applied for the analysis 
of correlation with known modifiable and non-modifiable risk factors. ROC analysis was done to find the best cut-offs for 
predictors of diabetic vascular complications.
Results The mean age of the participants was 58.3 ± 9.1 years (57% males). The mean duration of diabetes was 11.3 ± 7 
years and HbA1c was 8.4 ± 4%. Prevalent diabetic neuropathy was observed in 30.1%, nephropathy in 18.8% and retin-
opathy in 13.7%. Coronary artery disease (CAD) was prevalent in 15.7%, cerebrovascular accident (CVA) in 3.6% and foot 
complications in 2.9%. In the multivariate regression model, all microvascular complications significantly correlated with 
the longer duration of diabetes but the same was not observed for macrovascular complications. Obesity [BMI cut-off>26.4 
kg/m2 (AUC 0.51, p=0.04) and waist circumference>94 cm (male) and >98 cm (female)] significantly predicted prevalent 
diabetic neuropathy and nephropathy. A BMI of >25.7 kg/m2 had a sensitivity of 55.2% (AUC 0.57), p<0.001 for predicting 
foot complications.
Conclusion There is a strong association of obesity and longer diabetes duration with the prevalent microvascular and foot 
complications irrespective of the glycemic control but not for macrovascular complications.

Keywords Diabetic neuropathy · Nephropathy · Diabetic foot · Coronary artery disease · Microvascular complications · 
Macrovascular complications · Glycemia · HbA1c

Introduction

According to the diabetes atlas (9th edition), the global 
prevalence of diabetes is estimated at 463 million and is 
expected to reach 578 million by 2030 and 700 million 

by 2045 [1]. Of all the nations, India leads the world 
and has earned the distinction of ‘Diabetes capital of the 
world’. This is possible due to the Asian-Indian pheno-
type characterized by higher insulin resistance, increased 
abdominal adiposity, lower adiponectin which predisposes 
Indians to a higher risk of diabetes and its vascular com-
plications. In the Global burden of disease study, it was 
shown that among the major non-communicable diseases, 
diabetes had the highest increase in DALY rate in India 
from 1990 to 2016, with a crude increase of 80.0% and 
an age-standardized increase of 39.6% [2]. In 2016, the 
age-standardized DALY rate of diabetes in India was 1.3 

* Ashu Rastogi 
ashuendo@gmail.com; Rastogi.ashu@pgimer.edu.in

1 Department of Endocrinology, PGIMER, Room no-16, 
Nehru Extension Block, Chandigarh  160012, India

2 Department of Endocrinology, PGIMS, Rohtak, 
Haryana 124001, India



International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):495-504 

1 3

times the global average. Much of this increased morbidity 
and mortality has been attributed to delayed diagnosis and 
poor glycemic control leading to long-term damage and 
diabetic complications mainly affecting the eyes, nerves, 
kidneys and heart.

The increasing prevalence of diabetes and its vascular 
complications have burdened the national health systems 
which are now facing huge economic losses. A study in 
India in 2008–2009 found that total costs per hospitaliza-
tion visit comprising consultation charges and medicines for 
patients without complications were Rs.4493 compared to 
Rs.14,691.75 (US$ 301.32) for patients with complications. 
Among the different types of complications investigated, 
foot complications incur the highest cost [3, 4]. Patients 
with foot complications spent four times more than patients 
without such complications along with higher mortality [5, 
6]. Patients with renal disease, cardiovascular and retinal 
complications spent three times more than those without 
complications. Consultation and hospitalization costs were 
especially high for patients with complications. Hence, it is 
imperative to estimate the real burden of vascular complica-
tions and their risk factors for the early identification of indi-
viduals within a diabetic population and also to formulate 
preventive measures and realign the healthcare strategies for 
screening and management of these complications.

A linear relationship between microvascular complica-
tions and duration of disease has been established by the 
authors where they documented the presence of microvas-
culopathy across different age groups in 25–40% of diabetic 
patients aged >25 years with more than 5 years duration of 
diabetes [7].

Previous trials like UKPDS [8] and DCCT [9] have 
shown that intensive control of hyperglycemia decreases 
the incidence of microvascular complications, thus proving 
a cause-and-effect relationship between cumulative glycemic 
burden and microvascular damage. The Wisconsin Epide-
miological Study of Diabetic Retinopathy showed a consist-
ent exponential relationship between worsening glycemic 
control and prevalence of microvascular complications [10]. 
The Veterans Affairs (VA) Cooperative Study on Glycemic 
Control and Complications in Diabetes showed a signifi-
cant reduction in proteinuria at the end of 2 years with more 
intensive glycemic control [11]. However, whether the same 
holds true for development of macrovascular complications 
like coronary artery disease, stroke or peripheral artery dis-
ease still remains controversial.

A favourable beneficial effect between the glycemic con-
trol and cardiovascular disease (CVD) is expected but a sub-
stantial evidence in the form of outcome studies is still lack-
ing. Also, whether this macrovascular damage is sequential 
to microvascular complications, with the two representing 
a continuum or they are isolated events sharing some risk 
factors (common soil), remains debatable.

Hence, the aim of this study is to estimate the preva-
lence of microvascular and macrovascular complications in 
patients with established type 2 diabetes and to identify its 
relationship with the duration and severity of hyperglycemia.

Materials and methods

Patient enrollment

A total number of 6400 patients attending diabetes clinic of 
PGIMER, Chandigarh and PGIMS, Rohtak, were screened 
for the study, out of which 6105 patients were enrolled in 
duration of April 2018 to February 2021. Two hundred 
patients were excluded because of the secondary cause of 
diabetes (steroid-induced, pancreatogenous) or shorter dura-
tion of diabetes (<5years). Ninety-five patients were further 
excluded due to incomplete information about their vascular 
complications.

Data collection

The variables recorded at baseline included demographic 
and socioeconomic characteristics, physiological param-
eters (blood pressure, pulse rate, weight, height, body mass 
index [BMI] and waist circumference), change in glucose-
lowering therapy and reason(s) for change, glycated hemo-
globin (HbA1c) level and other laboratory parameters (serum 
urea, creatinine and urine albumin), occurrence of major and 
minor hypoglycemic events, comorbidities (including micro-
vascular and macrovascular complications), co-medications 
and patient-reported outcomes. Duration of diabetes was 
assessed as time since diagnosis of diabetes until data analy-
sis. Hypertension was defined as blood pressure > 130/80 
mm Hg or the history of use of anti-hypertensives. In line 
with the observational nature of the study, information with 
regard to glycemic control and other clinical variables was 
collected as measured in routine clinical practice at each 
site, according to the prevalent standard of care. The values 
of Hba1c, blood glucose (self-monitoring of blood glucose) 
[12] and renal function tests, within last available visit, were 
considered for analysis.

Definitions

Vascular complications

The presence of vascular complications was assessed by his-
tory as well as relevant investigations. Diagnosis and clas-
sification of complications were based on the best clinical 
judgement of the investigators.
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Microvascular complications

• Retinopathy was diagnosed by history of laser therapy 
or history of anti-VEGF injection or a detailed fundus 
examination done as a part of routine screening.

• Nephropathy was diagnosed by presence of chronic 
kidney disease defined by eGFR < 60 ml/min/1.73 m2

as estimated by MDRD (modification of diet in renal 
disease) equation. Measurement of urine albuminuria or 
proteinuria was not available for all participants, in line 
with the prospective nature of the study.

• Neuropathy: history of peripheral neuropathy (both posi-
tive and negative symptoms — numbness, cotton wool 
sensation, tingling, paresthesias or burning pain) was 
taken. Patients with a vibration perception threshold 
(VPT) test >25 and/or absence of monofilament percep-
tion at five standardized plantar sites were considered to 
have distal symmetric polyneuropathy (DSPN).

Macrovascular complications

• Coronary artery disease: history of stroke, angina, myo-
cardial infarction, percutaneous coronary intervention or 
coronary artery bypass grafting and mortality from the 
same were obtained.

• Cerebrovascular complications: history of stroke, tran-
sient ischemic attack, carotid artery stenting or carotid 
endarterectomy.

• Peripheral artery disease: history of peripheral artery 
disease including revascularization procedures, diabetic 
foot and amputation was recorded. Ankle brachial index 
(ABI) was recorded and an ABI<0.9 was included for the 
diagnosis of PAD with or without symptoms.

Foot complications

• Presence or a history of prior diabetic foot ulcer or Char-
cot neuroarthropathy with or without amputation.

Additional information on mortality was obtained from 
hospital medical records in case of in-hospital death.

Statistical analysis

Data analysis was performed using the Statistical Package 
of Social Sciences (SPSS) version 21. Normality of the data 
was evaluated by Kolmogorov-Smirnov test and Shapiro-
wilk test. In case of normal distribution, mean with SD was 
used for descriptive statistics. Prevalence of the complica-
tions in subgroups was compared by chi-square tests. The 
significance test was two-tailed and p-value of less than 
0.05 was considered statistically significant. Multiple logis-
tic regression analysis with stepwise additions of variables 

(age, duration of diabetes, Hba1c and hypertension) was 
performed to assess their association with each of the dia-
betic complication studied. To determine the relevance of 
predictors for vascular complications, a receiver operating 
characteristic curve (ROC) analysis was done to derive sen-
sitivity, specificity and best cut-offs for parameters depicting 
cumulative glycemic burden, i.e. Hba1c, duration of diabetes 
and anthropometric parameters of obesity — BMI and waist 
circumference for early prediction of vascular complications. 
Youden index (J) was calculated. Waist circumference was 
analysed separately for males and females, given the gender-
specific cut-offs for defining central obesity.

Results

A total of 6105 patients were included for analysis. The 
mean duration of diabetes was 11.3 ± 7 years and Hba1c 
was 8.4 ± 3.9 % as shown in Table 1. Majority of the par-
ticipants (83%) were on at least two or three classes of 
oral hypoglycemic agents (OHA) and 43.5% were on both 
OHAs and insulin. The most common prevalent microvas-
cular complication was diabetic neuropathy with estimated 
prevalence of 30.1% followed by diabetic nephropathy in 
18.8% and retinopathy in 13.7% of the study population. Of 
the macrovascular disease, prevalent CAD was observed in 
15.7% of the individuals. CVA was recorded in 3.6% and 
foot complications were present in 2.9% of the participants. 
Hypertension was present in 68.6% of the participants.

Correlation analysis for vascular complications 
with duration of diabetes and prevalent glycemic 
values

There was a significant correlation between the prevalence 
of all the microvascular complications (neuropathy, nephrop-
athy and retinopathy) and the duration of the diabetes (p < 
0.01 for each) as shown in Table 2. Among macrovascular 

Table 1  Baseline characteristics of study population.

Data has been represented as mean values and percentage of popula-
tion
OAD, oral antidiabetic drugs

Parameters N = 6105

Age (years) 58.3 ± 9.1
HbA1c (%) 8.4 ± 4
Gender (n%) Male = 3481 (57%)

Female = 2623 (43%)
Duration of diabetes (years) 11.3 ± 7.0
On OAD (n%) 3851 (63.1%)
On OAD + Insulin (n%) 2651 (43.5%)
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complications, cardiovascular events increased statistically 
with increasing duration of diabetes (p<0.01). There was no 
correlation between the prevalence of stroke and diabetes 
duration (p=0.483).

With respect to severity of prevalent hyperglycemia, neu-
ropathy (p = 0.01) and retinopathy (p=0.09) showed signifi-
cant correlation with the increasing HbA1c but the same was 
not observed for nephropathy (p=0.41) as shown in Table 3. 
CAD had no correlation (p=0.57), but CVA had significant 
correlation with increasing HbA1c (p=0.02).

Regression models for predictors of vascular 
complications

In the multivariate regression model comprising the per-
tinent risk factors of age, duration of diabetes, HbA1c and 
hypertension, both the age of the patient and duration of 
diabetes independently predicted the occurrence of micro-
vascular complications. For retinopathy and nephropathy, 
presence of hypertension was an equally important risk fac-
tor. Similarly, age and presence of hypertension were the 
most important risk factors for prevalent cardiovascular dis-
ease. The risk for CAD was found to be increased only with 

poorly controlled diabetes, i.e. at HbA1c more than 9.5% 
and duration of diabetes more than 10 years. The odds of 
having CAD was 1.43 (95% CI: 1.05–1.94) with diabetes 
duration of > 10 years and 1.35 times (95% CI: 1.15–2.07) 
if the HbA1c was > 9.5%. For CVA, none of the risk factors 
was found to be significantly associated except Hba1c > 
7.9% after at which the odds of having stroke increased by 
twofold (Table 4).

ROC analysis for identifying anthropometric 
parameter and diabetes characteristics cut‑offs 
to predict vascular complications

ROC analysis highlighted that Hba1c was not a significant 
predictor for any of the vascular complications whereas 
duration of diabetes was an important predictor for all 
complications — neuropathy (sensitivity: 65%, p < 0.001), 
nephropathy (sensitivity: 55.8 %, p < 0.001), retinopathy 
(sensitivity: 62.2%, p < 0.001), CAD (sensitivity: 55.9 %, 
p < 0.001), foot complications (sensitivity: 56%, p = 0.01), 
except CVA, as shown in Table 5. Among obesity-related 
parameters, BMI was significant factor for predicting neu-
ropathy (sensitivity: 51.4%, p: 0.04) and foot complications 

Table 2  Correlation 
of microvascular and 
macrovascular complications 
with duration of diabetes.

*p value <0.05 is considered significant
CAD, coronary artery disease
CVA, cerebrovascular disease

Parameter Duration of diabetes (years) p value

<6.0 6.0–10 10.01–15 >15

Neuropathy (n%) 288 (15.7%) 471 (25.6%) 444 (24.2%) 635 (34.5%) 0.01*
Nephropathy (n%) 165 (14.4%) 261 (22.7%) 287 (25%) 435 (37.9%) 0.01*
Retinopathy (n%) 97 (11.6%) 190 (22.6%) 196 (23.4%) 356 (42.4%) 0.01*
CAD (n%) 176 (18.4%) 246 (25.7%) 226 (23.6%) 309 (32.3%) 0.01*
CVA (n%) 51 (23%) 69 (31.1%) 50 (22.5%) 52 (23.4%) 0.483
Foot complications (n%) 29 (16.6%) 48 (27.4%) 43 (24.6%) 55 (31.4%) 0.04*

Table 3  Correlation 
of microvascular and 
macrovascular complications 
with prevalent HbA1c.

*p value <0.05 is considered significant
HTN, hypertension
CAD, coronary artery disease
CVA, cerebrovascular disease

Parameters Prevalent HbA1c (%) p value

<6.8 6.8–7.9 7.9–9.5 >9.5

Neuropathy (n%) 235 (22.7%) 253 (24.5%) 259 (25%) 287 (27.8%) 0.01*
Nephropathy (n%) 192 (27%) 184 (25.8%) 177 (24.9%) 159 (22.3%) 0.41
Retinopathy (n%) 96 (24.1%) 115 (28.9%) 108 (27.1%) 79 (19.8%) 0.01*
HTN (n%) 652 (28.9%) 572 (25.4%) 525 (23.3%) 507 (22.5%) 0.01*
CAD (n%) 113 (24.8%) 114 (25.1%) 110 (24.2%) 118 (25.9%) 0.57
CVA (n%) 22 (17.6%) 27 (21.6%) 36 (28.8%) 40 (32%) 0.02*
Foot complications (n%) 15 (16.0%) 26 (27.7%) 24 (25.5%) 29 (30.9%) 0.076
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(sensitivity: 55.2%, p: 0.002) while waist circumference was 
significant for predicting neuropathy (male, sensitivity: 58%, 
p: <0.001; female, sensitivity: 65.7%, p: <0.001), nephropa-
thy (male, sensitivity: 58.8%, p: <0.001; female, sensitivity: 
50 %, p: <0.001) and risk of CVA (male, sensitivity: 57.1%, 
p: 0.004; female, sensitivity: 54.4%, p: 0.013) as shown in 
Table 6.

Discussion

This is a large observational cohort study from North India 
suggesting a significant burden of diabetic complications in 
people with type 2 diabetes. The mean HbA1c was much 
higher than recommended by ADA guidelines [13] suggest-
ing an overall poor glycemic control in the studied popula-
tion. This observation was like that of Diabcare-Asia study 
in which Indian patients had mean HbA1c level of 8.9 ± 
2.1%, with more than 83% of participants having HbA1c lev-
els above 7%. Similarly, ICMR-INDIAB phase I study [14] 
reported mean HbA1c of 9.1% with 25.3% of patients having 
HbA1c > 10%. So was observed by Borgharkar et al. [15] in 
the TIGHT study on real-world evidence of glycemic control 
among patients with type 2 diabetes in India where out of 
55639 participants, two-thirds (76.65%) had poor glycemic 
control defined by Hba1c > 7%. These studies including ours 
clearly reflect a gap between the recommended HbA1c target 
and the real-world observation which may be attributed to 

poor awareness of targets, ignorance about vascular compli-
cations, clinical inertia in timely initiation and intensifica-
tion of treatment and poor drug adherence.

The prevalence of microvascular complications correlated 
significantly with duration of diabetes than the glycemic 
control. The microvascular and macrovascular complica-
tions that occur in diabetes contribute substantially to the 
increased morbidity and mortality. These vascular changes 
are an outcome of metabolic changes induced by chronic 
hyperglycemia. Of late, it has been shown that these meta-
bolic changes are not only related to the disease duration 
but also the severity of hyperglycemia. The acute glycemic 
excursions also have a significant impact on these metabolic 
changes leading to cellular damage and metabolic memory 
that persists even when hyperglycemic crisis resolves.

Despite multiple observational studies on the prevalence 
of vascular complications in patients with type 2 diabetes, 
the estimates from these studies vary greatly. This is due to 
the lack of standardization in the assessment methods used 
which renders them difficult to compare. Also, this may be 
due to the heterogeneity of the populations being studied 
as we know that these vascular complications depend not 
only on the acquired risk factors but also genetic imprints. 
A study by Mohan et al. [16] had shown that at any degree 
of hyperglycemia, Indians have a higher predilection for 
development of metabolic complications suggesting eth-
nicity-specific outcomes as described by Neels thrifty gene 
[17] and thin fat Indians [18] hypothesis. Hence, a better 

Table 5  ROC analysis for Hba1c and duration of diabetes as predictors of vascular complications.

*p value <0.05 is considered significant
CAD coronary artery disease, CVA cerebrovascular disease

Predictors of complication Cut-off Sensitivity (%) Specificity (%) Youden index (J) AUC p

Neuropathy
  HbA1c (%) 8.7 47.3 58.2 0.05 0.50 0.91
  Diabetes duration (years) 9.8 65.0 51.3 0.16 0.60 <0.001*

Nephropathy
  HbA1c (%) 8.0 57.4 53.9 0.11 0.58 0.06
  Diabetes duration (years) 11.2 55.8 62.0 0.17 0.61 <0.001*

Retinopathy
  HbA1c (%) 8.1 47.4 48.8 −0.03 0.50 0.34
  Diabetes duration (years) 10.5 62.2 59.8 0.22 0.65 <0.001*

CAD
  HbA1c (%) 7.9 46.7 54.0 0.00 0.53 0.34
  Diabetes duration (years) 10.1 55.9 54.0 0.09 0.56 <0.001*

CVA
  HbA1c (%) 7.9 56.3 54.4 0.10 0.61 0.13
  Diabetes duration (years) 9.5 53.6 46.4 0.00 0.50 0.94

Foot complications
  HbA1c (%) 8.4 60.0 52.0 0.12 0.51 0.86
  Diabetes duration (years) 10.1 56.0 52.7 0.08 0.55 0.01*
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understanding of the burden of vascular complications in 
patients with type 2 diabetes across the globe is of consider-
able importance, particularly in countries like India where 
population characteristics are diverse and available data 
about diabetic complications is scarce. The Global burden 
of Disease study had stratified Indian states based on epi-
demiological transition level (ETL), defined on the basis of 
the ratio of DALYs from communicable diseases to those 
from non-communicable diseases and injuries combined and 
had shown that there was a 2.5 times variation in the preva-
lence of diabetes between the states in 2016 and hence the 
subsequent variation in vascular complications [2]. Owing 
to this considerable heterogeneity, a region-wise study on 
the prevalence of vascular complications is likely to pro-
vide critically important information for making decisions 
on health policy and strategies for prevention of diabetic 
complications.

In our study, we observed the prevalence of diabetic retin-
opathy to be 13.7% at median duration of diabetes of 11.3 
years. Previously, retinopathy prevalence of 17.6% (confi-
dence interval 95% CI: 15.8–19.5] is reported by the Chen-
nai Urban Rural Epidemiology Study (CURES) study, which 

was a population-based large cross-sectional study [19]. 
The Sankara Nethralaya DR Epidemiology and Molecular 
Genetic Study had estimated an urban prevalence of 18.0% 
[20] (95% CI: 16.0–20.1) and a rural prevalence of 10.3% 
(95% CI: 8.53–11.97%) of DR in South India [21]; Ara-
vind Comprehensive Eye Study reported 10.5% prevalence 
of DR (in self-reported subjects with diabetes) in the rural 
South Indian population [22] and Ramchandran et al. [23] 
showed retinopathy in 23.7% at a diabetes centre in Chennai. 
In Northern India, Chawla et al. [24] reported DR preva-
lence of 21.2% and Agrawala [25] reported a prevalence of 
32.5%. The prevalence rate in our study was lower than that 
estimated by other studies because participants with other 
forms of diabetic retinopathy such as mild to moderate non-
proliferative DR may not have experienced sight-threatening 
complications and hence may not have sought fundus evalu-
ation and treatment. However, this prevalence rate in our 
study is much higher than the 0.9% prevalence of PDR in 
South-east Asian cohort of the DISCOVER programme [26], 
which aimed to estimate and compare the prevalence rates of 
vascular complications across the globe. In the DISCOVER 
study, retinopathy was diagnosed on the basis of history of 

Table 6  ROC analysis for anthropometric parameters as predictors of vascular complications.

*p value <0.05 is considered significant
CAD coronary artery disease, CVA cerebrovascular disease

Predictors of complication Cut-off Sensitivity (%) Specificity (%) Youden index (J) AUC p

Neuropathy
  Waist(M) (cm) 93.5 58.0 48.3 0.06 0.54 <0.001*
  Waist(F)(cm) 93.1 65.7 40.5 0.06 0.54 <0.001*
  BMI (kg/m2) 26.4 51.4 50.6 0.02 0.51 0.04*

Nephropathy
  Waist(M) (cm) 94.7 58.8 50.6 0.09 0.56 <0.001*
  Waist(F) (cm) 98.3 50.0 59.6 0.09 0.57 <0.001*
  BMI (kg/m2) 26.4 50.5 50.0 0.00 0.50 0.90

Retinopathy
  Waist(M) (cm) 95.3 50.5 52.3 0.02 0.50 0.70
  Waist(F) (cm) 95.9 52.2 45.6 −0.02 0.51 0.36
  BMI (kg/m2) 26.3 52.0 51.1 0.03 0.52 0.06

CAD
  Waist(M) (cm) 94.9 52.4 49.2 0.01 0.50 0.73
  Waist(F) (cm) 97.9 55.9 45.0 0.00 0.50 0.64
  BMI (kg/m2) 26.4 50.4 50.0 0.00 0.50 0.74

CVA
  Waist(M) (cm) 95.2 57.1 52.1 0.09 0.58 <0.001*
  Waist(F) (cm) 97.9 54.4 54.0 0.08 0.57 0.01*
  BMI (kg/m2) 26.3 51.6 49.3 0.00 0.51 0.06

Foot complication
  Waist(M) (cm) 94.9 51.8 48.9 0.00 0.56 0.22
  Waist(F)(cm) 97.9 54.8 53.8 0.08 0.57 0.13
  BMI (kg/m2) 25.7 55.2 56.5 0.11 0.57 <0.001*
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retinopathy or laser photocoagulation. This low prevalence 
in the DISCOVER study could be due to the shorter duration 
of diabetes (mean duration 4.6 years compared to 11 years 
in the present study), with a comparable Hba1c of 8.6% 
and participants age of 53 years. On multivariate regres-
sion analysis, age of the patient, duration of diabetes and 
hypertension were found to be independent risk factors for 
the presence of retinopathy. A diabetes duration of >10.1 
years significantly predicted the occurrence of DR unlike the 
presenting Hba1c, suggesting point of care Hba1c may not 
correlate with the occurrence of retinopathy. This is plausi-
ble as the microvasculature damage occurring at the level of 
retinal capillaries would take time to set in and is observed in 
11% of prediabetics as well. However, prevalent retinopathy 
was independent of anthropometric variable of obesity.

The prevalence of nephropathy in our study was 18.8% as 
compared to CURES 45 data that reported a prevalence of 
2.2% for overt diabetic nephropathy and 26.9% for microal-
buminuria [15]. Agrawala et al. [25] had reported prevalence 
of 30.2% (combined macroalbuminuria and overt nephrop-
athy) from Northwest India. Ramchandran et al. [23] had 
reported 19.7% prevalence of proteinuria in South Indian 
diabetes subjects while Gupta et al. had reported microalbu-
minuria in 26%. The DISCOVER programme showed preva-
lence of CKD and albuminuria as 0.7% and 5.6%, respec-
tively, in South-east Asian cohort [26]. This low prevalence 
in the DISCOVER study could be attributed to shorter dia-
betes duration or may be lesser prevalence of hypertension 
in their study population. In our study, we did not measure 
albuminuria and estimated overt nephropathy. Our study 
showed a fairly high prevalence of overt nephropathy due 
to higher prevalence of hypertension in our study which is 
a well-known established risk factor for renal parenchymal 
disease. Our study was limited by the fact that urine albumin 
estimation was not available for all participants, while it is 
well known that diabetic kidney disease may manifest as 
isolated proteinuria without affecting GFR. Like retinopathy, 
multivariable regression revealed that increasing age, dura-
tion of diabetes > 11.2 years and presence of hypertension 
significantly predicted the occurrence of nephropathy unlike 
prevalent Hba1c. Also, a waist circumference of >94.7 cm 
(male) and 98.3 cm (female) significantly predicted the 
occurrence of diabetic nephropathy in the present study.

Diabetic neuropathy was the most prevalent microvascu-
lar complication in our study, observed in one-third of the 
participants. This was similar to that reported by Agrawala 
et al. [25] (26.85%) and Ramachandran et al. [23] (27.5%) 
while much less than that reported by Shobhana et al. [27] 
(70%). The increased prevalence noted by Shobhana et al. 
may be related to referral bias or the modality of assess-
ment. The prevalence of peripheral neuropathy may vary 
according to the modalities and expertise for assessment 
as monofilament sensation testing and vibration perception 

assessment are subjective methods and have significant 
inter-observer variability unlike objective measures of nerve 
conduction study (NCS) or electromyography (EMG). In the 
DISCOVER study, the prevalence of diabetic neuropathy 
was estimated at 9.6% [26]. On multivariate regression, age 
and duration of diabetes were the risk factors and hyperten-
sion and HbA1c did not predict neuropathy. This correla-
tion estimate was different from the study by Agrawala et al. 
[25] which revealed a positive association for duration of 
diabetes, blood pressure, fasting blood sugar, serum cho-
lesterol, serum LDL and serum VLDL. We also observed 
that diabetes duration of >11.2 years and obesity with waist 
circumference of >93.5 (male) and 93.1 cm (female) and 
BMI>26.4 kg/m2 were significantly associated with preva-
lent neuropathy.

Among the macrovascular complications, clinical CAD 
was reported by 15.7% of the participants in our cohort. 
Agrawal et al. [25] found the prevalence of CAD in 25.8% 
while Ramachandran et al. [23] found the prevalence of 
coronary artery disease in 11.4%. The occurrence of CAD 
correlated with duration of diabetes while CVA correlated 
with Hba1c value at the time of participation in our study. 
On multivariate regression, age of the patient and duration 
of diabetes (>10.1 years) were the most important risk fac-
tors for CAD occurrence. The odds of having CAD were 
1.4 times (95% CI: 1.05–1.94) with diabetes duration > 10 
years and 1.3 times (95% CI: 1.15–2.07) for Hba1c > 9.5%. 
This can be explained by the fact that the causation of ath-
erosclerosis is multifactorial that depends not only on the 
cumulative glycemic burden in diabetes but also other risk 
factors like dyslipidemia, hypertension, smoking and famil-
ial predisposition. Much of the higher prevalence of ASCVD 
in diabetes can be explained by the common soil hypothesis, 
[28] which refers to the amalgamation of risk factors that are 
similar for the development of diabetes and atherosclerosis. 
Matheus and Gomes reported also reported that cardiovas-
cular events may not go hand in hand with microvascular 
complications [29]. For CVA, there was a twofold higher 
odd of having stroke at HbA1c above 7.9% and the risk was 
independent of hypertension. However, anthropometric vari-
ables of waist circumference and BMI did not corelate with 
the prevalent CAD in the present study unlike CVA, where a 
waist circumference >95.2 cm (male) and 97.9 cm (female) 
significantly predicted the occurrence of CVA.

An assessment of prevalent foot complications among 
people with diabetes is pertinent considering an increased 
morbidity (limb amputation) and mortality risk as compared 
to diabetic patients without foot abnormalities [5, 6]. We 
observed that only 3% of participants had manifest foot com-
plications in the form of foot ulcers or Charcot neuroarthrop-
athy after a mean diabetes duration of 8 years. This could 
be an underestimation of foot complications as minor foot 
abnormalities like claw toes, other deformities or subclinical 
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peripheral arterial abnormalities might not be reported. A 
study from south India found that more than half of the 
studied patients had diabetic foot syndrome considering the 
IWGDF definition of foot at risk [30, 31]. We found that the 
duration of diabetes >10.1 years and obesity (BMI>25.7 kg/
m2) significantly predicted occurrence of foot complications.

Our study included a large number of participants from 
primarily north-west India. The study population was heter-
ogenous and comprised of both urban and rural population. 
Since it was a prospective observational study, no specific 
intervention was planned, and this study represented the 
real-world scenario of vascular complications. However, 
there were several limitations. Patients with non-prolifer-
ative diabetic retinopathy were not included and a limited 
information about proteinuria or albuminuria was available 
which might have underestimated the prevalence of retin-
opathy and nephropathy. ASCVD was not further confirmed 
on ECG or 2D echocardiography in asymptomatic individu-
als and hence might not concur with the true prevalence of 
CVD. The present analysis is based on electronic registry 
database which is updated timely but a prospective time 
bound evaluation of participants was not ensured, limiting 
the estimation of incidence rate of vascular complications.

Conclusion

This real-world study of people with type 2 diabetes suggests 
poor glycemic control despite more than 10-year duration of 
diabetes and on multiple class of oral hypoglycemic agents. 
Diabetic neuropathy was the most prevalent vascular com-
plication. Diabetic microvascular complications correlated 
with increasing duration of diabetes but not with the preva-
lent Hba1c. Obesity also significantly predicted the occur-
rence of diabetic neuropathy, nephropathy, cerebrovascular 
and foot complications independent of age and duration of 
diabetes Fig 1 .
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Abstract
Background Diabetes mellitus is one of the major non-communicable diseases in India. Kamareddy district, with the sup-
port of Novartis under its Public Health Initiatives, has implemented secondary screening camps for subjects with higher 
risk of diabetes through screening under NPCDCS. In this analysis, we aim to identify the utility of the camps in monitoring 
diabetes management and early detection complications like diabetic retinopathy (DR).
Methods Seventeen camps were conducted in the rural Kamareddy district during Jun 2019 to Mar 2020. Subjects with 
RBS ≥ 140 mg/dl in the field screening were counselled and referred to the camps conducted as per schedule for further 
assessment through HbA1c, fundoscopy, ECG and lipid profile in an algorithm-based screening protocol.
Results Twelve percent (24,965/208,685) of screened subjects had abnormal RBS and were referred to the camps. Of them, 
9.2% (n= 2287; male = 1291; female = 996) could avail HbA1c testing in the camps, which consisted of 45% (1022) known 
diabetics. Forty-nine percent of the subjects belonged to age group 40–59 years (range: 6–88). Nearly one-third (34%) had 
HbA1c levels ≥ 7%. More than 63% of the known Diabetic subjects had HbA1c ≥ 7% indicating the need for strengthening 
treatment adherence (p< 0.001). Among subjects with HbA1c ≥ 7%, ~ 14% (75/547) had abnormal fundoscopy results indi-
cating need for regular screening for DR.
Conclusion Our cross-sectional study observations suggest that there is high probability of undetected diabetes cases with 
or without DR in the field. Results indicate the need for regular active referral of known diabetics for necessary treatment 
adherence counselling for prevention and early detection of DR.

Keywords Diabetes · Diabetic retinopathy · Fundoscopy · Early detection · Complications · Rural referral mechanism · 
Active screening

Introduction

In India, the leading cause of death, accounting to nearly 
60% of all deaths, is due to non-communicable diseases 
(NCDs) such as cardiovascular diseases (CVD), cancer, 
chronic respiratory diseases and diabetes mellitus (DM) 
[1]. This cause of pre-mature mortality due to NCDs is pro-
jected to increase over the years. Hence, the Government 
of India (GoI), in 2010, launched the National Program for 
Prevention and Control of Cancer, Diabetes, Cardiovascu-
lar Diseases and Stroke (NPCDCS) in 100 districts across 
21 States, in order to prevent and control the major NCDs. 
The main focus of the program is on health promotion, 
early diagnosis, management and referral of cases, besides 
strengthening the infrastructure and capacity building [1]. 
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According to the National Multi-sectoral Action Plan 
(NMAP) for Prevention and Control of Common NCDs 
(2017–2022), revised in October 2017, [2] health promo-
tion mechanisms is one of the envisaged roles to be played 
by the private sector in achieving the goals of NPCDCS. 
The framework also enlists the desired achievement of 
reduction in premature mortality due to NCDs by 10% 
by 2020 and by 25% by 2025. In the larger context of 
achieving the above-mentioned goal, the Department of 
Public Health and Family Welfare (DPHFW) of Telangana 
State has made a non-financial agreement with Novartis 
Healthcare Private Limited (Novartis) to utilize the sup-
port from Novartis Public Health Initiatives in 5 identified 
districts in the state. As part of the agreement, Novartis 
supported the District Medical and Health Office (DMHO) 
of Kamareddy district through arranging an algorithm 
based-screening camps [3, 4] in identified locations at 
stipulated frequency.

Kamareddy district is the 15th largest district in Telan-
gana State in India with its spread over an area of 3,652.00 
km2 (1,410.05 sq mi). Kamareddy is bounded by Nizamabad 
district on North, Sircilla district and Siddipet district on 
East and South East respectively; it is bounded on South by 
Sangareddy district and Medak district and on the West and 
South West by Nanded district of Maharashtra and Bidar 
district of Karnataka state. According to 2011 Census of 
India, the district has a population of 972,625, making it 
the 15th most populous district in the state. Majority (92%, 
n= 893,912) of the population in the district is rural with its 
males and females are 439,532 (49.2%) and 454,380 (50.8%) 
respectively. In rural areas of Kamareddy district, sex ratio 
is 1036 females per 1000 males [5].

Diabetic subjects require life-long treatment and regular 
follow-up after diagnosis. Though there are concerns on the 
accuracy of HbA1c, the benefits such as ease of use, no 
need of fasting, being relatively cheap and high accessibil-
ity have made it as a go-to-test during follow-up. Among 
subjects with diabetes, prevalence of site-threatening dia-
betic retinopathy (STDR) is 10.2% globally [6]. There are 
several factors, which influence DR such as duration and 
type of DM, blood pressure and serum lipid. After onset 
of non-insulin-dependent DM, the DR develops generally 
in 4–7 years for which Ophthalmologists advise a com-
prehensive eye examination which includes dilated fundus 
examination for all subjects with diabetes on regular basis 
[7]. DR is the leading cause of visual disability in subjects 
with diabetes. The reported prevalence of DR in India ranges 
from 17.6 to 28.2% [8–11].

In this analysis, we are presenting the observations from 
this intervention, which can add value to the existing infor-
mation on role of strengthening community-based screening 
and early detection of diabetic complications especially DR 
towards achieving the goals of NPCDCS.

Materials and methods

Our cross-sectional study was conducted in Kamareddy 
district of Telangana State in India during Jun 2019 to Mar 
2020. Kamareddy district is one of the 5 districts identi-
fied for implementation of the non-financial collaboration 
between DPHFW, GoTS and Novartis under its public 
health initiatives. DMHO of Kamareddy, as per NPCDCS 
strategy, implemented the field level screening for iden-
tifying potential diabetes cases through house to house 
survey and using rapid test kits for Random Blood Sugar 
(RBS). Accredited Social Health Activist (ASHAs), Aux-
iliary Nurse Midwifery (ANMs) and other field health staff 
of DMHO, Kamareddy, conducted house-to-house survey 
in their respective villages to identify potential diabetes 
cases. These field staff also conducted RBS test on all the 
people above 40 years and those who are known diabet-
ics irrespective of age. The known diabetics and the new 
suspects for DM if RBS ≥ 140 mg/dl were referred to the 
NCD screening camps arranged at predefined locations.

Fortnightly NCD screening camps with higher test-
ing have been arranged based on the information gener-
ated from field-level screening camps and in accordance 
with the non-financial agreement. In the screening camps 
arranged at Primary Health Centres (PHCs) or Community 
Health Centres (CHCs) on a prefixed date as per the camp 
calendar, the Novartis team along with necessary test kits 
provided the additional screening tests as per the attached 
screening algorithm (Fig. 1). The study-specific algorithm-
based screening has given options to cover all the eligible 
subjects with necessary tests while utilizing the resources 
effectively. According to the algorithm, known diabetics 
were provided with HbA1c right away and similarly sub-
jects with markedly high hyperglycemia (HbA1c ≥ 10%) 
were provided with screening tests for complications 
irrespective of the age of subject and duration of diabe-
tes (Fig. 1). Diabetes and its complications related to the 
retina and heart were covered through these camps.

HbA1c results were generated using rapid test kit (SD 
Multicare), which generates results within 3 min, and the 
same were shared with the subjects attending the camps 
on the spot. Guidelines by the American Diabetes Asso-
ciation (ADA) and the National Institute for Health and 
Care Excellence (NICE) of the United Kingdom suggest 
6-monthly follow-up using HbA1c with a goal to main-
tain it < 7.% (52 mmol/mol) [12, 13]. A community-based 
study from Chandigarh demonstrated that HbA1c level 
cut-off point of 7.0% had 92% sensitivity for diagnosis 
of diabetes while cut-off point of 6.5% has 88% sensitiv-
ity [14]. In general, in Indian settings, though the HbA1c 
goal of < 6.5% is considered as decent (good) glycemic 
control, there is a shift towards the cut-off value of 7% 
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in recent times [15]. Hence, we have made the HbA1c 
levels into four categories such as ‘Normal (< 5.7%), 
Good Control/Pre-diabetic (5.7–6.9%), Hyperglycemia 
(7–8.5%) and Marked Hyperglycemia (> 8.5%)’. A spe-
cial category of ‘Marked Hyperglycemia’ was used to tag 
the severity level among follow-up subjects. If the HbA1c 
was ≥ 7% and based on other criteria of algorithm, the 
Medical Officer (MO) in the PHC/CHC recommended 
further testing with fundoscopy, ECG and lipid profile 
(Fig. 1).

Fundoscopy was performed using Bosch fundus cam-
era and the image was shared immediately with the MO 
in the camp for an immediate counselling to the subject. 
However, a printed copy of the image with reporting by 
a qualified ophthalmologist was shared in courier to the 
health facility within 7 days for data updation in the NCD 
registers and further distribution to the subjects. As the 
focus of the study was limited to complications of diabe-
tes, in our study, we labelled all the fundus abnormalities 
representing diabetic retinopathy as ‘DR’ and all other 
observations were labelled as ‘Normal Fundus/Other than 
DR’. Electrocardiogram (ECG) was performed using a 
portable ECG machine and the printed report of ECG 
was handed over to the subject immediately after MO’s 
review. Whole blood was collected for performing lipid 
profile. The sample was centrifuged using a portable cen-
trifuge equipment brought by Novartis technicians and the 
sample was taken to the main lab for further processing. 
Results of lipid profile were shared in hard copy through 
courier to the health facility for updation in the NCD 
registers and further distribution to the subjects.

Results

A total of 24 secondary screening camps were conducted 
in the district during Jan 2019 to Mar 2020 through 
Novartis collaboration. Of them, 7 were in Urban and 17 
were conducted in rural settings between Jun 2019 and 
Mar 2020. The 7 urban camps conducted at District Hos-
pital, Kamareddy, were not considered for further analysis, 
as the subjects attended these camps were not through the 
referral mechanism and they were incidental outpatients 
visiting the hospital on the day of the camp.

Through the 17 rural camps, approximately 208,685 
people were screened in the field through government 
health system and 24,965 (12.0%) subjects were found 
to have abnormal RBS and were referred to the camps. 
Camp-wise data is reflected in Table 1 which reflects that 
in 4 locations, the camps were conducted twice and in 
9 locations, camp was conducted once only in the given 
period. One-tenth (9.9%; 2469/24965) of the referred 
could reach the camp on specified date and location. 
Among them, 92.6% (2287/2469) could actually utilize 
the HbA1c testing. Number of HbA1c tests conducted in 
one camp ranged from 50 to 295 (Table 1).

Among those utilizing the screening camps, 56.4% 
(1291/2287) were males and 43.6% (996/2287) were 
females. Of them, 1022 were known Diabetic subjects and 
1265 did not know their DM status or were known non-
diabetic. Age of the subjects ranged from 6 to 88 years, 
while majority (49%) of the subjects belonged to 40–59-
year age group (Table 2). As the age increased, there was 

Fig. 1  Screening algorithm for 
diabetes and complications of 
DM. RBS, random blood sugar; 
HbA1c, glycosylated haemoglo-
bin; ECG, electrocardiogram; 
DM, diabetes mellitus
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significant higher utilization of screening camps by men 
compared to similar age group of women (p < 0.001) 
(Fig. 2 and Table 2).

The mean and standard deviation of HbA1c levels of the 
study population were 6.53% and 1.41%, respectively. The 
abnormal HbA1c results were significantly higher among 
men compared to women (p< 0.026). More than 63% of 
the known Diabetic subjects had HbA1c ≥ 7% that indi-
cates the treatment adherence needs to be strengthened 

(p < 0.001). Nearly one-third (34%) had HbA1c lev-
els ≥ 7% (Fig. 3).

Higher proportion of subjects with high HbA1c level 
were found among known Diabetics compared to the sub-
jects without prior diabetes or unknown status (p< 0.001) 
(Table 3 and Fig. 4).

Of 2287 total cases, ECG was provided to 1042 (45.6%) 
and lipid profile to 1571 (68.7%) subjects as per screening 
algorithm (Table 2). However, data related to lipid profile 

Table 2  Demographics of study 
subjects and the screening tests 
offered

ECG Electrocardiogram

Variable Gender Total Pearson Χ2

statistic and 
p-valueFemale Male

n (row %) n (row %) n

Total 996 (43.6%) 1291 (56.4%) 2287

Age group (years)
  0–19 3 (50.0%) 3 (50.0%) 6 40.679

p<0.001  20–39 131 (53.0%) 116 (47.0%) 247
  40–59 533 (47.9%) 580 (52.1%) 1113
  60–79 321 (35.8%) 576 (64.2%) 897
  ≥80 8 (33.3%) 16 (66.7%) 24

Diabetes status prior to camp
  Known diabetic 395 (38.6%) 627 (61.4%) 1022 18.051

p<0.001  Unknown status/non-diabetic 601 (47.5%) 664 (52.5%) 1265
HbA1c results

  Normal (<5.7%) 311 (48.4%) 331 (51.6%) 642 9.297
p=0.026  Good control (5.7–6.9%) 364 (42.5%) 492 (57.5%) 856

  Hyperglycemia (7–8.5%) 240 (40.5%) 353 (59.5%) 593
  Marked hyperglycemia (>8.5%) 81 (41.3%) 115 (58.7%) 196

Lipid profile 686 (43.7%) 885 (56.3%) 1571 NA
ECG 461 (44.1%) 583 (55.9%) 1044 NA
Fundoscopy 250 (45.7%) 297 (54.3%) 547 NA

Fig. 2  Age distribution of the 
subjects by gender
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and ECG could not be assessed further due to gaps in data 
recording as the primary focus was on complications of 
diabetes and the reports were not immediately available. 
Among 956 subjects with HbA1c ≥ 7%, 547 (58%) could 
have fundoscopy test during the camps of which 75 (13.7%) 
had fundoscopy results reflecting DR indicating need for 
regular screening for DR (Table 4). There was no significant 

difference in fundus abnormalities across gender. Fundus 
abnormalities did not differ significantly across known or 
unknown status of diabetes. However, abnormal fundus sta-
tus has significantly increased with the increase in age of the 
subject between 20 and 80 years age (Table 4).

Discussion

Diabetes is one the major health concerns in India contrib-
uting to preventable blindness in India. It is estimated that 
the number of people with DM is likely to reach 79.4 mil-
lion in numbers by 2030 while those with DR to reach 22.4 
million [16]. Rural India has seen less prevalence of DM 
(10%) and DR (12%) compared to urban India, but never the 
less to be ignored as majority of Indian population (70%) 
resides in rural India [17, 18]. A population-based study 
from rural India demonstrated an abysmally low confirma-
tion of DM in the study population due to low ‘risk percep-
tion’. The study also suggested for community-focused risk 
communication interventions to increase the uptake of DM 
confirmatory tests [19]. A study on population-based study 
from India reported < 1% uptake of confirmatory tests by 
the DM high-risk patients identified through screening 

Normal
(<5.7%),
642, 28%

Good Control (5.7-
6.9%), 856, 37%

Hyperglycemia 
(7-8.5%), 593,

26%

Marked Hyperglycemia 
(>8.5%), 196, 9%

HBA1c Results

Fig. 3  HbA1c results

Table 3  HbA1c results versus DM status before testing in the camp

DM Diabetes mellitus

Normal 
(<5.7%)

Good control/pre-
diabetic (5.7–6.9%)

Hyperglycemia 
(7–8.5%)

Marked hypergly-
cemia (>8.5%)

Total Pearson Χ2 statistic and p-value

DM status not known 586 536 128 15 1265 807.45
p< 0.0001Known diabetic 56 320 465 181 1022

Total 642 856 593 196 2287

Fig. 4  HbA1c results versus DM 
status before testing in the camp
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[20]. However, few other studies reported varied uptake of 
confirmatory tests ranging from 28 to 50% [21–23]. In our 
study, we observed the uptake of HbA1c as confirmatory 
was at 9.2% (2287/24965).

Our analysis of 2287 rural population of Kamareddy dis-
trict of Telangana State through 17 focused screening camps 
had observed that 34.5% of the subjects screened (789/2287) 
had HbA1c ≥ 7%. Higher proportion of these cases can be 
attributed to specific referral mechanism where the rural pop-
ulation with higher RBS value (> 140 mg/dl) was mobilized 
to these screening camps. However, it is interesting to find 
that of those with HbA1c ≥ 7%, only 18% (143/789) were 
either not aware of their DM status or they were found to 
be non-diabetic earlier, while 82% (646/789) were known 
Diabetic subjects. It implies that the blood sugar maintenance 
in the known diabetic needs a drastic improvement in those 
who are prone for all complications of DM unless the treat-
ment adherence is achieved through proper counselling and 
management.

Diabetic retinopathy is a preventable complication if 
detected early among the patients with diabetes. Accord-
ing to a study on knowledge about DM and DR in rural 
India, 49.9% subjects had knowledge of DM and only 37.1% 
about DR. Knowledge and belief about controlling blood 
sugar that can avoid DR were limited to only 36.5% [24]. 
A study from Myanmar observed that 34% patients decided 
to visit an ophthalmologist for eye check-up when they had 
any problems with eye sight [25]. Lack of awareness about 
DR was the prime reason for the delay besides other factors 
such as poor doctor-patient communication, cultural beliefs, 
poor literacy and misconceptions about treatment [25, 26].

Our analysis also observed that around 14% (75/547) 
had abnormal retina in fundoscopy testing. Interestingly 

the abnormalities in fundus were seen in higher propor-
tions in those without prior DM diagnosis 16% (37/231) 
compared to those in known DM cases 12% (38/316). This 
result implies that there is higher proportion of abnormal 
fundus cases seen even before the subjects are identified 
with diabetes. In line with general expectations, with age, 
the abnormal fundus results have increased from 0% (0/2) 
in 0–19 years age group, 6.6% (4/61) in 20–39 years, 8.2% 
(21/255) in 40–59 years, 22% (49/224) in 60–79 years and 
20% (1/5) in subjects with > 80 years age group. However, 
interestingly, there was no gender difference in fundus 
results with 12% (30/250) abnormality in females and 15% 
(45/297) in males.

Some of the strengths of our study are that, firstly, for 
the first time in Telangana State, the secondary screen-
ing support provided through a non-financial collabora-
tion was effectively integrated into the population-based 
screening program of DM as part of NPCDCS effectively. 
Secondly, a structured planning of schedule of the camps 
was done and the same was informed to population-based 
screening teams so that the referrals to the confirmatory 
tests on scheduled dates and locations are successfully 
completed. Thirdly, the report of confirmatory test for DM 
was instantaneous which helped the MO in the facility to 
take immediate necessary actions in terms of counselling 
and treatment modifications besides identifying candidates 
for further testing related to complications of DM. Results 
of fundoscopy were also instantaneous through images 
which helped the MO for providing further counselling 
and referral to higher centres for further management.

Table 4  Fundoscopy 
observations across age, gender 
and DM Status

DR, Diabetic retinopathy; DM, diabetes mellitus; #Χ2 test performed only for 3 age groups, 20–39, 40–59 
and 60–79 years, as both the extreme age groups have very minimal frequency of study subjects

Diabetic retin-
opathy

Normal fundus/other 
than DR

Total Pearson Χ2

statistic and 
p-value(n=75) (n=472) (n=547)

Age group (years) 21.729
p<0.001#

  0–19 0 2 2
  20–39 4 57 61
  40–59 21 234 255
  60–79 49 175 224
  ≥80 1 4 5

Gender 1.139
p=0.286  Female 30 220 250

  Male 45 252 297
DM Status 1.797

p=0.180  Known diabetic 38 278 316
  DM status unknown 37 194 231
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Limitations

One major limitation in our study is that only 58% of sub-
jects with HbA1c ≥ 7% could utilize fundoscopy due to 
algorithm-based screening. Secondly, data on results of lipid 
profile and ECG could not be used effectively in identifying 
the other complications as the primary focus on complica-
tions of diabetes. Thirdly, only a tenth of the referred popula-
tion have actually reached the camps on specified location 
on specified date, which reflects the need of regularizing the 
tests provided through camps at these peripheral locations.

Conclusions

The observations suggest that there is high probability of 
undetected diabetes cases with or without complications 
in the field, which might be missed during routine popu-
lation-based screening, as the uptake of confirmatory test 
after referral from field is only 9.2%. Our results indicate 
the abnormality in fundus due to DM is higher (13.7%) 
than generally expected which emphasizes the need for 
structured counselling on treatment adherence to those 
who are already diagnosed with DM towards prevention 
and early detection of diabetic retinopathy.
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Abstract
Background Vasculopathy is an important complication of type 2 diabetes mellitus (T2DM) and the leading cause of 
morbidity and mortality in type 2 diabetes mellitus (T2DM), which is closely related to oxidative stress and inflammation. 
Haptoglobin (Hp), an acute-phase protein, binds to hemoglobin (Hb) and prevents haeme-iron oxidative damage.
Objective To investigate the distribution of the frequencies of Hp genotypes and to analyse the association between Hp gene 
polymorphisms and vascular complications in diabetes patients.
Methods The study included 171 patients with T2DM without vascular complications and 797 patients with T2DM with 
vascular complications. The clinical characteristics of the studied population were recorded. Hp genotyping was performed 
using polymerase chain reaction–sequence specific primers (PCR-SSP).
Results Our results showed that the frequencies of Hp genotypes in all 968 T2DM patients were as follows: Hp1-1, 4.98%; 
Hp2-1, 38.07%; and Hp2-2, 56.95%. Although there was no significant difference in the Hp allele or genotype frequencies 
among individuals with vascular complications in the T2DM groups and controls regardless of gender, we found that the 
distribution of the Hp2-2 genotype and allele frequency was higher in males with diabetic retinopathy than in the control 
group (p< 0.05), and Hp2-2 had higher odds ratio (OR) for DR in univariate analysis (OR 3.760, [95% confidence interval 
[CI] (1.374–10.286)], p= 0.010). In multivariate logistic regression analysis, Hp2-2 genotype was used as a predictor of 
increased DR risk; after adjusting for major risk factors, such as DC, TG, and TC, the increased risk of DR predicted by the 
Hp2-2 genotype could not be estimated.
Conclusions The Hp2-2 genotype may be associated with an increased risk of male diabetic retinopathy with T2DM in the 
northern Chinese Han population.

Keywords Haptoglobin · Haptoglobin genotypes · Type 2 diabetes mellitus · Diabetic retinopathy

Introduction

Diabetes mellitus is a common chronic clinical syn-
drome that is characterized by a disorder in blood glu-
cose metabolism, resulting from a complex inheritance-
environment interaction [1]. The eighth edition of the 

global diabetes map released by International Diabetes 
Federation in 2017 showed that there were 451 million 
adults with diabetes worldwide, and the figure may reach 
700 million by 2045 [2]. According to its pathogenesis, 
diabetes mellitus can be divided into four categories: 
type 1 diabetes (T1DM), type 2 diabetes (T2DM), ges-
tational diabetes (GDM), and special type diabetes [3]. 
China has the largest diabetes population and one of the 
most dramatic rises in diabetes prevalence in the world. 
The main type of diabetes in China is T2DM, accounting 
for more than 90.0% [4]. Diabetic vascular complications 
are divided into micro- and macrovascular complications. 
Microvascular complications include diabetic retinopathy 
(DR) and diabetic nephropathy (DN), and macrovascu-
lar complications include cardiovascular disease (CVD) 
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[5, 6]. The pathogenesis of T2DM and diabetic vascular 
complications have been associated with inflammation 
and oxidative stress [7, 8].

Haptoglobin (Hp) is an acute phase protein pro-
duced and released by the liver. The human Hp gene is 
located on chromosome 16q22 and is characterized by 
two alleles: Hp1 and Hp2 [9]. The Hp1 allele is con-
served among species. The Hp2 allele is the result of a 
small intragenic duplication within the fourth and second 
introns of two Hp 1 genes [10]. The two common alleles 
for Hp1 and Hp2 result in three common phenotypes 
(Hp1-1, Hp2-2, and Hp2-1) in human populations and 
a rare allele deletion genotype, Hpdel. Hp binds specifi-
cally to hemoglobin (Hb), which is released into the cir-
culation by hemolysis or normal red blood cell turnover, 
and then the Hp-Hb complexes are degraded by endo-
cytosis mediated by the scavenger receptor CD163 on 
macrophages [11]. Therefore, Hp possesses antioxidative 
and anti-inflammatory properties. The distributions of Hp 
alleles and genotypes are ethnically and regionally differ-
ent. In European Americans, the distribution of Hp allele 
frequencies is approximately 40% Hp1 and 60% Hp2 and 
for Hp genotypes is approximately 16% Hp1-Hp1, 48% 
Hp2-Hp1, and 36% Hp2-Hp2 [12]. In contrast, in Sin-
gapore, compared with a prevalence of 67% in Chinese 
individuals, the prevalence of the Hp2 allele is 83% in 
Indians [13]. Three common genotypes can be amplified 
by polymerase chain reaction–sequence specific primers 
(PC-SSP), followed by agarose electrophoresis for Hp 
phenotyping [14].

The development of vascular diseases accounts for the 
majority of morbidity and mortality in diabetes patients. 
Clinical and experimental data have demonstrated that Hp 
genotyping is an independent risk factor for diabetic vas-
cular disease. Hp genotypes have been more consistent 
with cardiovascular complications in T1DM [13]. Kath-
ryna et al. [11]found that the Hp1-1 genotype was shown 
to be associated to T2DM. Another study also showed 
that the Hp1-1 can serve as a genetic marker to regulate 
the possibility of developing diabetic complications in 
patients with T2DM [15]. Some previous studies found 
that the Hp2-2 was a genotypic risk factor for CVD in 
T2DM [16, 17]. The Hp2-2 was associated with increased 
risk of T2DM in the northern Chinese Han population 
[18]. However, another reported that Hp1-1 phenotype 
was associated with increased risk of incident AMI in 
Chinese T2DM patients [19]. Although the relationship 
between vascular complications and Hp has been reported 
in different populations, the results remain unclear. We 
describe our analysis of the association between Hp gene 
polymorphism and clinical parameters in a group of north-
ern Chinese Han populations with T2DM.

Materials and methods

Patients

A total of 968 patients with T2DM, including 491 males 
and 477 females, were randomly selected from The Sec-
ond Hospital of Shijiazhuang from August 2016 to June 
2019. The average age of patients was 63.95 ± 8.76 years,
and the average body mass index (BMI) was 25.54 ± 4.34. 
All patients met the 1999 WHO diagnostic criteria for 
diabetes: FPG ≥ 7.0  mmol/L, 2 hPG ≥ 11.1  mmol, or 
HbA1c ≥ 47.5 mmol/mol (6.5%). Diagnoses of diabetic 
retinopathy, diabetic nephropathy, and cardiovascular 
disease were performed by the relevant physicians and 
specialists according to Guidelines for the Prevention and 
Treatment of Type 2 Diabetes in China (2013 Edition). 
The inclusion criteria were as follows: individuals with 
T2DM; 50 years of age or older. The exclusion criteria 
were as follows: immune vasculitis; acute cardiovascular 
and cerebrovascular events in the past 3 months; acute 
or chronic infection; and acute complications of diabetes.

Blood biochemical assessments

The basic demographic information, including age, sex, 
course of diabetes, height, and weight, were recorded for 
all 968 patients with T2DM. All participants fasted for 
10 h, and peripheral blood was collected the next morn-
ing to detect the clinical biochemical indexes and for 
DNA extraction. Body mass index (BMI) was calculated 
as weight (kg)/height (m)2. Systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) were measured using 
an automated sphygmomanometer (HEM-1000, OMRON, 
Japan) after 5 min of rest in the sitting position. Fasting 
venous blood sample was analysed for estimation of fast-
ing blood-glucose (FPG) by glucose oxidase peroxidase 
method. Serum was collected from remaining blood sample 
and was subjected to biochemical analyses by an automatic 
biochemical analyser (AU5800, Beckman Coulter, USA) 
and instrument-based reagents, including triglycerides 
(TG), total cholesterol (TC), α1 microglobulin (α1-M),β2 
microglobulin (β2-M), blood urea nitrogen (BUN), serum 
creatinine (Cr), high-density lipoprotein cholesterol (HDL-
C), and low-density lipoprotein cholesterol (LDL-C). TC, 
TG, and BUN were measured using enzymatic techniques.
α1-M andβ2-M were measured using immunoturbidimetry. 
Cr was measured using picric acid method. LDL-C and 
HDL-C were measured using direct method. C-peptide 
(CP) and fasting insulin (FIns) were measured using an 
electrochemiluminescence analyser (Cobas e 601, Roche, 
Swiss). Glycosylated hemoglobin (HbA1c) was measured 
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using high-performance liquid chromatography by an auto-
mated glycohemoglobin analyser (HLC-723G8, Tosoh Cor-
poration, Japan). Hemoglobin (Hb) was measured using 
cyanide methemoglobin colorimetric by a blood cell ana-
lyser (DxH800, Beckman Coulter, USA). Urine microal-
bumin (mAlb) was measured using immunoturbidimetry 
(DCA Vantage2000, Siemens, Germany).

Hp genotyping

Genomic DNA isolation was performed in an automated 
nucleic acid extraction instrument (GeneRotex96, TIAN-
LONG, China) using a nucleic acid extraction kit (ZTLYQ-
Y40, TIANLONG, China). Hp genotyping was performed 
using polymerase chain reaction–sequence specific primers 
(PCR-SSP) according to a report by Koch et al. [10]. The 
20 μL reactions contained 20 ng of DNA, 1 μL of upstream 
primer and downstream primer (10 μM/L), 2X Rapid Taq 
Master Mix as suggested by the supplier (Vazyme, China), and 
ddH2O to 20 μL. Primers A (5′-GAGGGGAGCTTGCCTTTC
CATTG-3′) and B (5′-GAGATTTTTGAGCCCTGGCTGGT-
3′) and primers C (5-CCTGCCTCGTATTAACTGCACCAT
-3) and D (5-CCGAGTGCTCCACATAGCCATGT-3) were 
synthesized by Sangon Biotech. Primers A and B were used 
for amplification of the 1757-bp Hp1 allele–specific sequence 
and the 3481-bp Hp2 allele–specific sequence. Then, only 
the 349 bp Hp2 allele–specific sequence was amplified using 
primers C and D. The PCR procedure was as follows: initial 
denaturing at 95 °C for 2 min, followed by 33 cycles of 95 °C 
for 1 min, 69 °C for 2 min (primer A and B) or 1 min (primer 
C and D), followed by 7 min at 72 °C for a final extension. 
PCR products were observed and photographed in the imag-
ing system after 1.5% agarose electrophoresis.

Sanger sequencing

After Hp phenotyping, the electrophoresis strips were cut 
off and the DNA was recovered by a recovery kit (Tiangen, 
China), and sent to Sangon Biotech (China) for first-gener-
ation sequencing. Forward sequencing was used, and then 
the gene sequences were compared with standard sequences 
for further verification.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware (version 21.0, IBM, USA). The allele frequencies or 
genotype frequencies were compared using either the x2

test or Fisher’s exact test. For comparison of clinical and 
biochemical parameters among groups, Student’s t-test 
was used for continuous variables, and Mann–Whitney 
test was used for non-parametric variables. All results are 
expressed as n or the mean ± standard deviation (SD) or 

median (range). A two-sided p value < 0.05 was considered
significant. Initial diabetes risk factors including Hp geno-
typing variables were assessed in univariate analysis, and 
then multivariate logistic regression was used to analyse 
the major risk factors for DR.

Results

Hp genotyping based on PCR

We determined the Hp genotypes of 968 T2DM samples by 
PCR-SSP. The three phenotypes (Hp1-1, Hp2-1, and Hp2-2) 
were easily distinguished by representative bands (Fig. 1). 
Then, we confirmed that the target fragments obtained by 
PCR were Hp1 and Hp2 through first-generation sequencing. 
The obviously redundant bands of approximately 1 kbp and 
2 kbp obtained by primer A and B amplification of genomic 
DNA were confirmed to be the product of separate amplifi-
cation of primer B and haptoglobin-related protein precursor 
(HPR), respectively, through Primer-BLAST (PubMed) and 
first-generation sequencing.

Association between Hp genotypes and vascular 
complications in patients with T2DM

We examined the association between Hp genotypes and vas-
cular complications in patients with T2DM. The genotypic 

Fig. 1  Haptoglobin genotyping. The agarose gel indicated the geno-
types of three individuals representing Hp1-1, Hp2-1, and Hp2-2, 
respectively, Lane I, DNA marker III (Biosharp); the reactions in 
lanes II, IV, VI contain DNA products from the synthesis of prim-
ers A and B of three individuals, respectively; the reactions in lanes 
III, V, and VII contain DNA products from the synthesis of primers 
C and D of three individuals, respectively; lanes II and III, genotype 
Hp2-1; lanes IV and V, genotype HP1-1; lanes VI and VII, genotype 
Hp2-2
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distributions were consistent with Hardy–Weinberg propor-
tions in each group. We divided 968 patients into six groups: 
T2DM without vascular complications group (control); type 
2 diabetes mellitus with diabetic nephropathy group (DN); 
type 2 diabetes mellitus with diabetic retinopathy group (DR); 
type 2 diabetes mellitus with cardiovascular diseases group 
(CVD); type 2 diabetes mellitus with diabetic nephropathy 
and retinopathy (DN+DR) group; and type 2 diabetes melli-
tus with diabetic nephropathy, retinopathy, and cardiovascular 
diseases group (DN+DR+CVD). The Hp allele frequencies 
or genotype frequencies among each group and control group 
were not significantly different (p> 0.05) (Table 1). In our 
study, microvascular complications included DR and DN, and 
macrovascular complications included CVD. Hpdels were 
detected in only very few cases in several groups.

Clinical characteristics of all the patients by Hp 
genotypes

Table 2 includes the clinical characteristics for the sam-
ples and for each HP genotype group. For all participants, 
964 individuals carried at least one Hp1 or Hp2 geno-
type, and 4 individuals carried the Hpdel allele. Among 
the patients without the Hpdel allele, the common Hp 
genotypes obtained in 964 individuals with their distri-
bution were as follows: Hp1-1 48 (4.98%), Hp2-1 367 
(38.07%), and Hp2-2 549 (56.95%). The common Hp 
genotypes were in Hardy–Weinberg equilibrium. There 
were significant differences among the different com-
mon Hp genotypes: the mean age was 63.95 ± 8.76 years
(Hp1-1: 64.00 ± 9.58 years, Hp2-1: 63.51 ± 12.61 years, 
and Hp2-2: 61.56 ± 13.56 years; p < 0.035), the mean 
TG was 21.2 ± 2.43 (Hp1-1: 3.11 ± 6.48 mmol/L, Hp2-
1: 2.02 ± 2.44 mmol/L, and Hp2-2: 2.10 ± 1.63 mmol/L;
p< 0.034), and the mean LDL-C was 2.83 ± 1.82 (Hp1-
1: 3.02 ± 1.04 μg/mL, Hp2-1: 2.82 ± 2.70 µg/mL, and 
Hp2-2: 2.82 ± 0.96  μg/mL; p < 0.045), with the trend 
that Hp2-2 was significantly lower than Hp1-1; the 

mean BMI was 25.45 ± 3.58 (Hp1-1: 23.80 ± 2.90 kg/m2, 
Hp2-1: 25.00 ± 3.32 kg/m2, and Hp2-2: 25.88 ± 3.68 kg/
m2; p < 0.007), the mean Hb was 132.13 ± 22.86 (Hp1-
1: 128.89 ± 25.33 g/L, Hp2-1: 131.56 ± 18.59 g/L, and 
Hp2-2: 132.72 ± 25.16 g/L; p < 0.009), the mean α1-M 
was 4.52 ± 7.09 (Hp1-1: 4.12 ± 4.99  μg/mL, Hp2-1: 
4.16 ± 7.51  μg/mL, and Hp2-2: 4.83 ± 6.96  μg/mL;
p< 0.044), and the mean β2-M was 0.59 ± 2.19 (Hp1-1: 
0.25 ± 0.51 μg/mL, Hp2-1: 0.50 ± 1.46 μg/mL, and Hp2-
2: 0.69 ± 2.66  μg/mL; p < 0.036), with the trend that 
Hp2-2 was significantly greater than Hp1-1. The groups 
of different Hp genotype carriers showed no significant 
difference in gender, course of diabetes, blood pressure, 
FBP, HbA1c, FIns, C-peptide, TC, HDL-C, mAlb, Cr, or 
BUN (p> 0.05).

Association between common Hp genotypes 
and vascular complications in male patients 
with T2DM

We further investigated the correlation between Hp geno-
types and vascular complications in different genders with 
T2DM (Table 3). The genotypic distribution was con-
sistent with Hardy–Weinberg equilibrium in each group. 
We divided all participants into six groups as shown in 
Table 1 for males and females. Only the Hp genotype and 
allele frequencies among male DR and male control were 
significantly different (p< 0.05). The frequencies of Hp
genotypes in the group of male DR and male control were 
as follows: Hp1-1, 3.12% and 0.00%; Hp2-1, 36.46% and 
14.71%; Hp2-2, 59.38% and 85.29%, respectively.

Comparison of clinical characteristics between male 
T2DM patients with DR and T2DM non‑DR controls

We included 96 male T2DM patients without DR and 
34 male T2DM patients with DR for this analysis. The 

Table 1  Distribution of Hp genotype and allele frequency in T2DM patients among each group

Control, type 2 diabetes mellitus without vascular complications group; DN, type 2 diabetes mellitus with diabetic nephropathy group; DR, type 
2 diabetes mellitus with diabetic retinopathy group; CVD, type 2 diabetes mellitus with cardiovascular disease group. p values indicate the sig-
nificance of differences among each group and Control. p<0.05 are shown in bold

Group n Allele [n(%)] Genotype [n(%)] p value

Hp1 Hp2 Hpdel Hp1-1 Hp2-1 Hp2-2 Hpdel Allele Genotype

Control 171 78 (22.81) 260 (76.02) 4 (1.17) 9 (5.26) 60 (35.09) 100 (58.48) 2 (1.17)
DN 148 70 (23.65) 226 (76.35) 8 (5.40) 54 (36.49) 86 (58.11) 0.925 0.981
DR 74 27 (18.24) 121 (81.76) 2 (2.70) 23 (31.08) 49 (66.22) 0.281 0.536
DN +DR 143 75 (26.22) 211 (73.78) 8 (5.59) 59 (41.26) 76 (53.15) 0.401 0.560
CVD 117 58 (24.79) 172 (73.50) 4 (1.71) 7 (5.98) 44 (37.61) 64 (54.70) 2 (1.71) 0.617 0.828
DN+DR+CVD 315 155 (24.60) 475 (75.40) 14 (4.44) 127 (40.32) 174 (55.24) 0.636 0.545
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clinical and anthropometric characteristics of all patients 
are described in Table 4. There was no significant difference 
in age, BMI, SBP, DBP, FPG, HbA1c, FIns, Hb, CP, α1-M, 
β2-M, HDL-C, LDL-C, mAlb, Cr, or BUN between male 
T2DM patients with or without DR. Patients with DR pre-
sented higher TC (4.89 ± 2.48, p< 0.0001) levels and lower 
TG (1.55 ± 0.80, p< 0.0001) levels, and a longer duration 
of diabetes (10 (3–30), p< 0.005), than those without DR.

Risk factor analysis of DR

As determined by univariate logistic regression, patients 
with Hp2-2 were more likely to have DR than those with 
other genotypes (odds ratio (OR) 3.760, (95% confidence 
interval (CI) (1.374–10.286)), p= 0.010). Among the estab-
lished biochemical and clinical characteristics, DC, TG, and 
TC were the only independent predictors of DR. In multi-
variate regression analyses prepared for the Hp2-2 genotype 
as a predictor of an increased risk of DR, the significant 
association between Hp2-2 and DR identified in univari-
ate testing did not exist in multivariate testing (OR 2.445 
(95%CI (0.577–10.360)), p= 0.225), as shown in Table 5.

Discussion

To our knowledge, there are few trials investigating the asso-
ciation between the Hp phenotypes and the risk of vascu-
lar complications with T2DM in the northern Chinese Han 
population. To date, the majority of studies have focused 
on investigating the association of the Hp level or Hp geno-
types with diabetic macrovascular complications. Our study 
showed that the Hp2-2 genotype may be associated with an 
increased risk of diabetic retinopathy (DR) in male patients 
with T2DM.

First, we presented the genotype and allele distribution of 
the Hp gene (Hp2-2 56.95%, Hp2-1 38.07%, Hp1-1 4.98%) 
in participants, which is similar to the results of previous 
studies that there were significant differences in the geno-
typic and allelic distributions between the T2DM patient 
group (Hp2-2 51.7%, Hp2-1 39.7%, and Hp1-1 8.6%) and 
the nondiabetic control group (Hp2-2 44.1%, Hp2-1 45.1%, 
and Hp1-1 10.9%) in the northern Chinese Han population 
[18]. One study reported that individuals with the Hp2-2 
phenotype are under greater oxidative stress [16]. Another 
study found that compared to controls, Hp2 allele carriers 

Table 2  Clinical and biochemical data among groups of Hp genotype in T2DM patients (n=964)

Continuous data are presented as mean± standard deviation or median (range),categorical data are presented as numbers (percentages). p<0.05 
are shown in bold. Hp, haptoglobin; BMI, body mass index; DC, course of the disease; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; FPG, fasting blood-glucose; HBA1c, glycosylated haemoglobin; FIns, fasting insulin; Hb, haemoglobin; CP, C-peptide; TG, triglycerides; 
TC, total cholesterol, α1-M, α1 microglobulin; β2-M, β2 microglobulin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein cholesterol; mAlb, urine microalbumin; Cr, serum creatinine; BUN, blood urea nitrogen. p values indicate the significance of differences 
among common Hp genotypes and clinical traits

Variable Total cohort Hp genotype p value

Hp1-1 (n= 48) Hp2-1 (n=367) Hp2-2 (n=549)

Male/female 491/475 22/26 170/197 297/252 0.055
Age (years) 63.95±8.76 64.00 ±9.58 63.51±12.61 61.56±13.56 0.035
BMI (kg/m2) 25.45± 3.58 23.80 ±2.91 25.00±3.32 25.88±3.68 0.007
DC (years) 10 (0–40) 10 (1–23) 10 (0–40) 10 (1–40) 0.584
SBP (mmHg) 130 (75–210) 130 (100–180) 130 (88–210) 130 (75–180) 0.138
DBP (mmHg) 80 (55–120) 80 (60–112) 80 (55–110) 80 (60–120) 0.913
FPG (mmol/L) 8.83±3.51 9.48 ±4.60 8.54±3.41 8.97±3.47 0.091
HbA1c (%) 8.52±3.43 8.73 ±2.20 8.30±1.96 8.64 ±4.20 0.250
FIns (mU/L) 9.00 (0.20–813.90) 9.50 (2.52–163.60) 9.05 (1.36–813.90) 8.95 (0.20–783.40) 0.876
Hb (g/L) 132.13 ± 22.86 128.89 ±25.33 131.56±18.59 132.72 ±25.16 0.009
CP (ng/mL) 2.37± 1.31 2.69 ±1.35 2.36±1.27 2.35±1.34 0.214
TG (mmol/L) 2.12± 2.43 3.11 ±6.48 2.02±2.44 2.10 ±1.63 0.034
TC (mmol/L) 4.60 ± 1.49 4.93 ±1.89 4.46±1.45 4.66±1.48 0.112
α1-M (μg/mL) 4.52±7.09 4.12 ±4.99 4.16±7.51 4.83±6.96 0.044
β2-M (μg/mL) 0.59±2.19 0.25 ±0.51 0.50±1.46 0.69±2.66 0.036
HDL-C (mmol/L) 1.23 ±0.33 1.22 ±0.34 1.23±0.35 1.23±0.31 0.581
LDL-C (mmol/L) 2.83±1.82 3.02 ±1.04 2.82±2.70 2.82±0.96 0.045
mAIb (μg/mL) 11.04(0.03–506.00) 16.60(0.50–506.00) 10.00(0.20–330.40) 11.04(0.03–481.60) 0.319
Cr (μmol/L) 82.05± 31.82 87.07 ±25.79 82.96±33.73 81.09±31.08 0.098
BUN (mmol/L) 5.82 ± 2.62 6.26 ±2.57 5.83±2.90 5.78±2.43 0.181

518 

1 3



International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):514-522 

contributed to higher Hp levels in T2DM [11]. Addition-
ally, some studies have also reported an association between 
the Hp2-2 genotype and T2DM [16, 18, 19]. Moreover, the 

Hp2-2 phenotype is a genotypic risk factor for vascular com-
plications in T2DM patients [20]. However, some studies 
failed to find any association between the Hp genotype and 

Table 3  Distribution of Hp genotype and allele frequency in T2DM Patients among each group

Control, type 2 diabetes mellitus without vascular complications group; DN, type 2 diabetes mellitus with diabetic nephropathy group; DR, type 
2 diabetes mellitus with diabetic retinopathy group; CVD, type 2 diabetes mellitus with cardiovascular disease group. p values indicate the sig-
nificance of differences among each group and control. p<0.05 are shown in bold

Gender Group n Allele [n (%)] Genotype [n (%)] p value

Hp1 Hp2 Hpdel Hp1-1 Hp2-1 Hp2-2 Hpdel Allele Genotype

Male Control 96 41 (21.36) 149 (77.60) 2 (1.04) 3 (3.12) 35 (36.46) 57 (59.38) 1 (1.04)
DN 76 34 (22.37) 118 (77.63) 5 (6.58) 24 (31.58) 47 (61.84) 0.896 0.499
DR 34 5 (7.35) 63 (92.65) 0 (0.00) 5 (14.71) 29 (85.29) 0.009 0.026
DN+ DR 82 43 (26.22) 121 (73.78) 4 (4.88) 35 (42.68) 43 (52.44) 0.319 0.593
CVD 51 17 (16.67) 83 (81.37) 2 (1.96) 2 (3.92) 13 (25.49) 35 (68.63) 1 (1.96) 0.440 0.415
DN+DR+CVD 152 74 (24.34) 230 (75.66) 8 (5.26) 58 (38.16) 86 (56.58) 0.513 0.744

Female Control 75 37 (24.67) 111 (74.00) 2 (1.33) 6 (8.00) 25 (33.33) 43 (57.34) 1 (1.33)
DN 72 36 (25.00) 108 (75.00) 3 (4.17) 30 (41.67) 39 (54.16) 1.000 0.439
DR 40 22 (27.50) 58 (72.5) 2 (5.00) 18 (45.00) 20 (50.00) 0.752 0.502
DN + DR 61 32 (26.23) 90 (73.77) 4 (6.56) 24 (39.34) 33 (54.10) 0.889 0.796
CVD 66 41 (31.06) 89 (67.43) 2 (1.51) 5 (7.58) 31 (46.97) 29 (43.94) 1 (1.51) 0.232 0.243
DN+DR+CVD 163 81 (24.85) 245 (75.15) 6 (3.68) 69 (42.33) 88 (53.99) 1.000 0.217

Table 4  Clinical and biochemical data of male T2DM patients with and without retinopathy (n=130)

non-DR, male without vascular complications in type 2 diabetes mellitus; DR, male with diabetic retinopathy in type 2 diabetes mellitus. Data 
are presented as mean±standard deviation, median (range) or percentages. Hp, haptoglobin; BMI, body mass index; DC, course of the disease; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting blood-glucose; HBA1c, glycosylated haemoglobin; FIns, fasting insu-
lin; Hb, haemoglobin; CP, C-peptide; TG, triglycerides; TC, total cholesterol, α1-M, α1 microglobulin; β2-M, β2 microglobulin; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; mAlb, urine microalbumin; Cr, serum creatinine; BUN, blood urea 
nitrogen. p values indicate the significance of differences among male with diabetic retinopathy in type 2 diabetes mellitus and male without 
vascular complications in type 2 diabetes mellitus. p<0.05 are shown in bold

Variable Total cohort Non-DR (n=96) DR (n=34) p value

Age (years) 60.70± 8.18 60.89±8.28 60.18±7.97 0.506
BMI (kg/m2) 25.91±2.77 25.85±3.06 26.01±2.27 0.501
DC (years) 8 (1–30) 7 (1–20) 10 (3–30) 0.003
SBP (mmHg) 130 (100–180) 130 (100–180) 130 (102–175) 0.680
DBP (mmHg) 80 (60–120) 80 (60–120) 80 (60–100) 0.211
FPG (mmol/L) 8.15 ±3.32 8.01±3.32 8.57±3.34 0.157
HbA1c (%) 8.11 ±2.16 8.00±2.12 8.41±2.27 0.264
FIns (mU/L) 8.64 (1.66–53.35) 8.14 (1.66–22.87) 9.29 (3.84–53.35) 0.198
Hb (g/L) 144.51 ±15.07 144.77±12.94 143.76±20.21 0.987
CP (ng/mL) 2.35 ±1.31 2.43±1.44 2.10±0.72 0.522
TG (mmol/L) 2.77 ±1.84 3.21±1.92 1.55±0.80 0.000
TC (mmol/L) 3.45 ±2.27 2.94±1.97 4.89±2.48 0.000
α1-M (μg/mL) 3.50 ±3.60 3.63±3.77 3.16±3.13 0.311
β2-M (μg/mL) 0.54 ±1.45 0.64±1.65 0.25±0.62 0.102
HDL-C (mmol/L) 1.13 ±0.25 1.13±0.22 1.12±0.30 0.814
LDL-C (mmol/L) 2.74 ±0.92 2.79±0.91 2.68±0.97 0.837
mAIb (μg/mL) 8.31 (0.5–35.16) 8.53 (0.50–35.16) 8.29 (0.50–24.90) 0.598
Cr (μmol/L) 83.28 ±22.03 81.96±12.90 87.05±37.52 0.794
BUN (mmol/L) 5.55 ±1.56 5.44±1.45 5.87±1.82 0.482
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vascular complications in T2DM [21, 22]. In summary, the 
current data show conflicting results, and the correlation of 
the Hp genotypes and diabetes mellitus remains undeter-
mined. Then, we subdivided the T2DM participants into 
control, DN, DR, DN + DR, CVD, and DN + DR + CVD. 
However, the Hp allele frequencies or genotype frequen-
cies among each group and control still had no significant 
difference. Although our result was not expected, it shows 
the Hp genetic characteristics of the northern Chinese Han 
population with T2DM.

Then, we compared the clinical characteristics of all the 
patients among each Hp genotype group. Regardless of their 
younger age, those in the Hp2-2 genotype group had higher 
BMI, Hb, α1-M, and β2-M levels (p< 0.05). In addition, we 
found that the Hp2-2 genotype was associated with the levels 
of TG and LDL-C (p< 0.05), which are also risk factors for 
T2DM. To our knowledge, obesity, especially abdominal 
obesity, negatively affects glucose metabolism and is an 
independent risk factor for T2DM development [23]. Simi-
larly, our study found that Hp2-2 were more obese than Hp1-
1, which may be a risk for developmental complications. 
The Hp expressed by the Hp2 allele presents a lower ability 
to bind Hb and the Hp-Hb complex to the CD163 receptor 
in T2DM, and Alshiek et al. [14] have also shown that the 
clearance efficiency of the Hp2-2-Hb complex is lower than 
that of the Hp1-1-Hb complex, especially in DM, explain-
ing our results that the Hp2-2 genotype is associated with 
higher levels of Hb. The increased amounts of Hp2-2-Hb 
complexes can specifically bind to ApoA1 on HDL particles, 
leading to oxidative modification and HDL dysfunction. 
HDL-C can mediate cholesterol outflow from macrophages, 
prevent the accumulation of cholesterol in the arterial wall, 
and transport cholesterol to the liver for metabolism [24]. 
Although our study did not find an association between the 
Hp genotype and cardiovascular events in type 2 diabetes, 
oxidative damage to HDL due to high levels of Hb and Hp2-
2-Hb may explain the high risk of developing vascular com-
plications in diabetic patients with Hp2-2 phenotype. The 
important risk factors for vascular diseases are high levels 
of TC, LDL-C, and TG; interestingly, our results show that 
the Hp2-2 genotype has lower LDL-C and TG levels than the 
Hp1-1 genotype, which means that the Hp1-1 genotype may 
also contribute to lipid metabolism in T2DM. Our results 
show increasing levels of α1-M and β2-M, suggesting that 

early Hp-susceptible cases of nephropathy may have been 
included. Taken together, these results emphasize that Hp1-1 
and Hp2-2 may have their respective contributions in T2DM.

Bilkan et al. [25] believe that, in general, males are at 
a higher risk for diabetic microvascular complications (dia-
betic nephropathy, neuropathy, and retinopathy) than females, 
while the consequences of macrovascular complications may 
be greater in females. Mogarekar et al. [26] reported that 
Hp2-2genotype is a risk factor of retinopathy in T2DM. 
Therefore, we further studied the correlation between the 
Hp genotype and vascular complications in male and female 
T2DM patients, respectively. We found that there was a 
significant difference in allele frequency and genotype dis-
tribution between male DR with T2DM and male T2DM 
controls, and the Hp2 allele frequency and Hp2-2 genotype 
were higher in the male DR group with T2DM (p<0.05). In
Scotland and the UK, male sex has been reported to be an 
independent risk factor for advanced DR in T2DM for pro-
gression of the disease [27, 28]. There is a growing body of 
evidence that oestrogens are generally considered to be car-
dioprotective and androgens are detrimental to cardiovascular 
health [25]. The principle steroidal androgens are testoster-
one and its metabolite 5α-dihydrotestosterone (DHT), while 
testosterone increases mitochondrial ROS generation in vas-
cular smooth muscle cells [29]. Oxidative stress is implicated 
in the development and progression of diabetic retinopathy 
[30]. Therefore, the Hp2-2 genotype may increase the risk of 
DR by affecting androgens in males.

We further analysed the clinical and anthropometric char-
acteristics and found that the male DR group had a longer 
course of disease (p< 0.01), higher TC (p< 0.001), and
lower TG (p< 0.001) levels than the male control group. 
According to univariate logistic regression analysis, the male 
diabetics with Hp2-2 genotype had higher OR for the devel-
opment of DR than those with Hp2-1or Hp1-1 genotype. 
In multivariate logistic regression analysis, Hp2-2 genotype 
was used as a predictor of increased DR risk; after adjusting 
for major risk factors, such as DC, TG, and TC, the increased 
risk of DR predicted by the Hp2-2 genotype could not be 
estimated. Therefore, Hp2-2 genotype is an additional risk 
factor of retinopathy in type 2 diabetes mellitus, and there 
may be other unconsidered factors that influence the role of 
Hp2-2 genotype in the development of male DR. Neverthe-
less, some limitations of this study must be acknowledged. 

Table 5  Logistic regression 
analysis of relative factors for 
retinopathy

DC, course of the disease; TG, triglycerides; TC, total cholesterol

Variable B SE Wald OR 95C%I p value

Hp genotype 0.894 0.737 1.472 2.445 0.577–10.360 0.225
DC 0.450 0.116 14.952 1.569 1.249–1.971 0.000
TG −1.187 0.349 11.580 0.305 0.154–0.604 0.001
TC 1.170 0.332 12.425 3.222 1.681–6.175 0.000
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First, we did not analyse the effect of the serum Hp and sex 
hormone levels as a direct indicator in the case and control 
groups. Second, this study requires larger prospective studies 
for further investigation.

Conclusion

Considering the global prevalence of diabetes and vascular 
complications, few studies have examined or reported sex 
differences in vascular complications in diabetes. Our study 
is the first to report that the Hp2-2 genotype may be associ-
ated with an increased risk of male DR with T2DM in the 
northern Chinese Han population, suggesting that determi-
nation of Hp genotype may be helpful in the risk assessment 
and management of male DR. Furthermore, population-
based prospective studies in a larger cohort are necessary to 
validate our findings in different ethnic groups.
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Abstract
Background Inflammation plays a central role in pathogenesis of diabetic nephropathy (DN), a major cause of morbidity 
and mortality in type 2 diabetes mellitus (T2DM). Neutrophil lymphocyte ratio (NLR) is a novel and easily available inflam-
matory marker that can be used to predict DN.
Objective The objective was to evaluate NLR as a predictive and prognostic marker for DN.
Material and methods It was an observational cross-sectional study. A total of 324 T2DM patients and 212 healthy controls 
(HC) were selected by consecutive sampling between June 2019 and June 2020. Complete blood count, erythrocyte sedi-
mentation rate (ESR), renal function parameters, 24-h urinary protein, and fundoscopy were done. Appropriate statistical 
analysis was applied using SPSS software.
Results Of 324 T2DM patients, 146 (45%) had DN and 178 (55%) did not. Mean NLR (± SD) for T2DM without DN, 
T2DM, with DN and HC was 2.73 ± 0.91, 4.85 ± 1.37, and 2.05 ± 0.73, respectively (p-value < 0.05). Positive correlation 
between NLR vs ESR (r =  + 0.335), creatinine (r =  + 0.282), and 24-h urinary protein (r =  + 0.508) (p-value < 0.001) and 
negative correlation with hemoglobin (r =  − 0.335) and estimated glomerular filtration rate (r =  − 0.163) (p-value = 0.001) 
was observed. Receiver operating characteristic curve for NLR was highest (0.882) (Std. error − 0.019 and p-value < 0.000), 
and best cut-off value was 3.28 (sensitivity = 89.7% and specificity = 69.7%).
Conclusion NLR is a better and reliable inflammatory marker compared to a frequently assayed inflammatory parameter 
like ESR. Thus, it can be considered as a predictive and prognostic marker for DN.

Keywords Biomarker · Diabetes · Diabetic nephropathy · Neutrophil–lymphocyte ratio

Introduction

Diabetic nephropathy (DN) is a major microvascular com-
plication occurring in approximately 30% and 40% of type 
1 diabetes mellitus (T1DM) and type 2 diabetes mellitus 
(T2DM), respectively [1]. DN is a major cause of morbidity 
and mortality in diabetes mellitus (DM) patients as it not 
only leads to end-stage renal disease (ESRD) but also is 
a major contributor to cardiovascular adverse events. DN 
is clinically detected by the presence of albuminuria or 
proteinuria with diabetic retinopathy (DR) in DM patients 
without evidence of other non-diabetic kidney diseases [2]. 
Currently, 463 million people worldwide are affected by dia-
betes and it is expected to increase to 700 million by 2045. 
After China, India has the world’s largest population liv-
ing with diabetes approximately 82 million as of 2017, and 
estimated to be 151 million by 2045 [3]. The prevalence of 
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DN is increasing parallelly with a dramatic worldwide rise 
in the prevalence of diabetes [4].

Though the exact molecular mechanism of pathogenesis 
of DN is unknown, various mechanisms have been pro-
posed such as kidney injury by activating several cellular 
pathways including diacylglycerol (DAG)-protein kinase C 
(PKC) pathway, advanced glycation end-products (AGE), 
polyol pathway, hexosamine pathway, and oxidative stress 
due to direct glucotoxicity. As inflammation is the final com-
mon outcome of these cellular pathways, thus, it plays a 
critical role in developing DN [5]. Moreover, there is grow-
ing evidence that chronic inflammation and inflammatory 
cytokines such as TNF-α, IL-1β, and IL-6 play a central role 
in endothelial dysfunction, and atherosclerosis contributing 
to both developments as well as the acceleration of microan-
giopathy and macroangiopathy in DM patients [6, 7].

Neutrophil–lymphocyte ratio (NLR) stands out as a novel 
marker of chronic inflammation because it reflects a coun-
terbalance between two complementary components of the 
immune system; neutrophils being the active nonspecific 
mediator of inflammation, whereas lymphocytes act as the 
protective or regulatory component of inflammation [8].

NLR has been demonstrated to be a greater risk factor and 
better prognostic marker than total leucocyte count (TLC) 
in the prediction of adverse outcomes in various medi-
cal conditions like cancer and cardiovascular diseases [9, 
10]. Though microalbuminuria is considered as the earli-
est marker for DN, a substantial percentage of patients with 
microalbuminuria may remain microalbuminuric or revert to 
normoalbuminuria over a period of time [11]. Hence, a reli-
able biomarker is lacking in these subsets of patients. Thus, 
there is a quest to find a novel biomarker for the detection of 
individuals at risk to develop DN.

However, after doing an extensive search using vari-
ous search engines, only one study was found evaluating 
the predictive and prognostic value of NLR in our country 
[12]. Probably, due to this reason, NLR is not being used 
frequently in clinical practice, hoping that our study would 
add to the literature that would give more confidence to the 
clinicians to rely on this parameter especially in a resource-
poor setting. Thus, considering these aspects and the dearth 
of literature present in context to the Indian population, we 
conducted this study aiming to evaluate NLR as a novel bio-
marker for DN.

Materials and methods

This was a hospital-based observational cross-sectional 
study conducted from June 2019 to June 2020. All diagnosed 
T2DM patients aged >13 years with a minimum duration of 
5 years from the time of diagnosis, attending out-patient, or 
admitted in medicine department were screened. Age and 

sex-matched healthy controls (HC) were also taken from 
the same population.

Among those excluded from the study were diagnosed 
cases of T1DM; gestational diabetes; secondary diabetes; 
non-diabetic organic kidney disease; patients with active 
infections, for example, urinary tract infection (UTI), respir-
atory tract infections (RTI), gastrointestinal infection, genital 
infection, skin infection, otitis media, viral hepatitis, pyrexia 
of unknown origin, tuberculosis, and AIDS; patients with 
systemic diseases such as cardiovascular disease, obesity, 
chronic liver disease, blood disorders, autoimmune disor-
ders such as systemic lupus erythematosus; cancer patients, 
known and unknown poisoning; patients on non-steroidal 
anti-inflammatory drugs, systemic or topical steroids, angi-
otensin-converting enzyme inhibitors, angiotensin II recep-
tor blockers; alcoholics; smokers; patients with uncontrolled 
hypertension; and patients having diseases affecting urinary 
protein excretion as nephritic syndrome, urolithiasis, renal 
artery stenosis, pregnancy, and dehydration states. At the 
time of sample collection, patients who performed exces-
sive exercise within 24 h or had fever were excluded. Fur-
thermore, on urine sample, processing those with significant 
bacteriuria or hematuria were also excluded.

All the participants were subjected to a comprehensive 
history and clinical examination. Relevant information such 
as age, sex, duration of diabetes, drug history, family history, 
alcohol, smoking, and any other medical or surgical illness, 
height, weight, body mass index (BMI), waist circumfer-
ence, waist to hip ratio, blood pressure, pulse rate, and the 
temperature was documented.

Routine blood investigations such as complete blood 
count (CBC), liver function tests (LFTs), kidney function 
tests (KFTs), fasting lipid profile, thyroid profile, fasting 
blood sugar (FBS)/postprandial blood sugar (PPBS), gly-
cated hemoglobin (HbA1c), chest X-ray, and ultrasonog-
raphy of the abdomen were done. Fundoscopy was done 
to assess diabetic retinopathy. Absolute neutrophil count 
(ANC), absolute lymphocyte count (ALC), and NLR were 
calculated by analyzing differential leukocyte count.

Also, a mid-stream morning urine sample was taken for 
routine urine analysis as well as for urine albumin to creati-
nine ratio (UACR) estimation, and 24 h urine was collected 
for 24-h urinary protein excretion estimation. The estimated 
glomerular filtration rate (eGFR) was calculated using the 
chronic kidney disease-epidemiology collaboration (CKD-
EPI) formula. Diabetes was diagnosed as per American Dia-
betes Association (ADA) 2019 criteria [13]. DN was diag-
nosed as 24-h urinary albumin excretion>300 mg supported 
by the co-existence of DR after excluding other non-diabetic 
organic kidney diseases [2].

All the data collected were analyzed using Social Sci-
ences (SPSS for Windows, version 23.0 Chicago, SPSS Inc.) 
software. For the analysis of continuous quantitative data, 

524 



International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):523-528 

1 3

Student t-test and ANOVA were applied whereas for quali-
tative data, Chi-square test was used. The reciever operat-
ing characteristic (ROC) curve analysis was done to test the 
ability of various parameters to predict DN risk, while the 
Spearman correlation coefficient (r) was used for correla-
tion analysis between NLR and other relevant parameters. 
A p-value of < 0.05 was considered statistically significant.

Results

This study included 324 T2DM cases with a mean age 
(±standard deviation (SD)) 56.21±10.37 years, categorized 
into 2 groups: 178 (55%) T2DM without DN (DM-DN), 
and 146 (45%) T2DM with DN (DM + DN), and 212 HC 
with mean age 55.85±10.52 years. The baseline parameters 
were compared and projected in Table 1 with their respec-
tive p-value. There was a significant difference between 
the groups with respect to renal parameters, triglyceride, 
HDL, and LDL-cholesterol (p-value< 0.05). The inflamma-
tory parameters like erythrocyte sedimentation rate (ESR), 
TLC, ANC, ALC, and NLR were compared among the 
DM-DN group (group 1), DM + DN group (group 2), and 
HC group (group 3) and projected in Table 2. The analysis 
was also done between group 1 vs group 2, group 1 vs group 
3, and group 2 vs group 3. Though on comparing all the 
groups together, we got the p-value < 0.05 in each section 
but on comparing group 1 vs group 3, TLC was not found 
to have a significant difference (p-value > 0.05). Similarly, 
there was no significant difference in ALC when group 1 
and group 3 were compared (p = 0.82). The mean value 

(± SD with 95% confidence interval) of NLR for DM-DN, 
DM + DN, and HC group was 2.73 ± 0.91, 4.85 ± 1.37, and 
2.05 ± 0.73, respectively (Fig. 1). Correlations between 
NLR and other studied parameters are shown in Table 3. 
There was a significant positive correlation between NLR 
vs ESR (r =  + 0.335), creatinine (r =  + 0.282) and 24-h 
urinary protein (r =  + 0.508) (p-value < 0.001). Significant

Table 1  Comparison of baseline 
parameters of diabetic patients

Mean±standard deviation includes the 95% confidence interval
Abbreviatons: Hb hemoglobin, HbA1c glycated hemoglobin, eGFR estimated glomerular filtration rate, 
UACR urinary albumin creatinine ratio, HDL high density lipoprotein, LDL-C low-density lipoprotein cho-
lesterol

Biochemical parameters DM–DN (mean±S.D.) DM+DN (mean ±S.D.) p-value

Numbers 178 (55%) 146 (45%)
Gender (male) 109 (61.2%) 86 (58.9%) 0.66
Age(years) 55.59±10.64 56.66±10.23 0.62
Hb (gm%) 11.00 ±2.49 9.03 ±2.32 0.37
HbA1c (%) 7.99±2.32 8.36±2.52 0.29
Duration of diabetes 12.83 ±3.83 13.34 ±3.57 0.37
Serum Creatinine(mg/dl) 0.91 ±0.23 2.74±1.80 < 0.001
eGFR (ml/min/1.73m2) 98.78 ±11.88 35.27±29.79 < 0.001
24-h urinary protein (gm/24 h) 18.91±5.60 1241.14 ±814.85 <0.001
UACR (mg/gm) 15.37 ±4.76 1133.38±775.29 < 0.001
Total cholesterol (mg/dl) 143.07±47.40 152.08 ±53.86 0.10
Triglycerides (mg/dl) 122.22±52.16 148.99±78.43 < 0.001
HDL (mg/dl) 40.67±13.01 37.05 ±10.90 0.02
LDL–C (mg/dl) 79.87 ±27.53 83.47±36.86 < 0.001

Table 2  Comparison of various inflammatory parameters between 
DM-DN group DM +DN group and Healthy Control (HC) group

ESR erythrocytic sedimentation rate, TLC total leucocyte count, ANC
absolute neutrophil count, ALC absolute lymphocyte count, NLR neu-
trophil lymphocyte ratio; mean ±standard deviation includes the 95% 
confidence interval
*p1, p-value for comparing between DM-DN group and DM +DN 
group; p2, p-value for comparing between DM-DN group and HC 
group; p3, p-value for comparing between DM+DN group and HC 
group

Parameters DM-DN 178 
(mean±SD)

DM +DN 
146 
(mean±SD)

HC 212 
(mean±SD)

p-value

ESR 38.37 ±19.08 63.09±25.87 21.64 ±15.5 <0.001
*Significance between groups: p1– 0.0001, p2– 0.003, p3- <0.001
TLC 6985±1420 7440±1764 5736±1327 0.0004
*Significance between groups: p1– 0.005, p2– 0.34, p3- 0.0001
ANC 4731 ±1126 5741±1522 3869±912 <0.001
*Significance between groups: p1– 0.0001, p2– 0.003, p3- <0.001
ALC 1708±573 1209±440 1917±564 0.0017
*Significance between groups: p1– 0.001, p2– 0.82, p3- 0.001
NLR 2.731 ±0.91 4.85±1.37 2.05±0.73 < 0.001
*Significance between groups: p1-<0.001, p2-0.002, p3- <0.001
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negative correlation was seen between NLR vs hemoglobin 
(r =  − 0.335) and eGFR (r =  − 0.163) (p-value = 0.001). 
A ROC curve was plotted for NLR, ESR, creatinine, total 
WBC count (TC), ANC, and ALC (Fig. 2). The area under 
the curve (AUC) for NLR was 0.882 (Std. error – 0.019 
and p 0.000). Based on the graph, 3.28 was found to be 
the best cut-off value (sensitivity = 89.7% and specific-
ity = 69.7%) which predicts the presence of DN in T2DM 
patients (CI 95% 0.846–0.919). The AUC for ESR and cre-
atinine was 0.765 (Std. error – 0.027 and p-value = 0.000) 
and 0.773 (Std. error – 0.026 and p-value = 0.000), respec-
tively. The AUC values for TC, ANC, and ALC were 0.606 
(Std. error – 0.032 and p-value = 0.001), 0.751 (Std. error 
– 0.028 and p-value = 0.000), 0.225 (Std. error 0.026 and 
p-value = 0.000), respectively.

Fig. 1  Mean Neutrophil–Lym-
phocyte Ratio of various groups
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Table 3  Correlation between Neutrophil–Lymphocyte Ratio and 
other studied variable

ESR erythrocytic sedimentation rate, HbA1c glycosylated hemo-
globin, eGFR estimated GFR
The ones which are in bold are of significance

Study parameters Correlation coef-
ficient (r)

p-value

ESR (mmHr) +0.335 <0.001
Hemoglobin (gm/dl) −0.335 < 0.001
HbA1c +0.063 0.254
Duration of diabetes (years) +0.095 0.295
Creatinine (mg/dl) +0.282 <0.001
eGFR (ml/min/1.73m2) − 0.163 0.003
24 h urinary protein (gm/dl) + 0.508 <0.001

Fig. 2  ROC analysis of the predictive accuracy of NLR and other markers
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Discussion

In this study, high NLR levels were found to be signifi-
cantly associated with T2DM with DN as compared to 
T2DM without DN, as well as HC. DN being the most 
common and dreaded complication of DM needs to be 
detected at the earliest to decrease mortality and morbidity. 
A major role of inflammation and endothelial dysfunction 
in diabetes and progression to DN has been well estab-
lished in various studies [14]. In several studies, higher 
TLC was related to increased urinary albumin excretion 
rates [15, 16]. The exact biological mechanisms by which 
leukocytes and their subtypes play a role in mediating 
increased protein and albumin excretion are not completely 
understood. The increased spontaneous adherence of neu-
trophils to endothelial cells was described as a possible 
mechanism of DN and proteinuria [17].

NLR is considered superior to other leukocyte param-
eters such as TLC, ALC, and ANC as its stability is less 
influenced by physiological, pathological, and physical 
factors [18]. Moreover, it is a dynamic marker of inflam-
mation representing a combination of two parameters of 
uncontrolled chronic inflammatory condition (i.e., high 
neutrophil and low lymphocyte) [19]. Estimation of NLR 
is simple, easy, and relatively cheap compared to other 
inflammatory markers, e.g., C-reactive protein (CRP), 
cytokines, such as IL-6, IL-1b, and TNF-α. In our study, 
the mean NLR among T2DM with DN patients was sig-
nificantly higher as compared to T2DM without DN 
(p-value = 0.001) and healthy controls (p-value < 0.001). 
In concordance with our study, Huwang et al. also reported 
significantly higher NLR values in diabetic patients with 
evidence of nephropathy (2.48 ± 0.59) than in diabetic
patients without nephropathy (2.20 ± 0.62) and HC sub-
jects (1.80 ± 0.64) [20]. Similarly, Khandare et al. found 
the mean NLR among Indian diabetic patients with pro-
teinuria (2.83 ± 0.85) to be significantly higher than those 
without proteinuria (1.94 ± 0.65) [12]. Asfar et al. reported 
that NLR could be associated with DN as increased NLR 
was independently associated with both 24-h urinary 
protein (p-value < 0.001) and urinary albumin excretion 
(p-value < 0.001) in newly diagnosed Turkish patients with 
type 2 diabetes [21]. Recently, Onalan et al. reported NLR 
to be a predictive hematological parameter for microvas-
cular complications in T2DM [22].

Ashar et al. found NLR values to be higher in patients 
with DN though it did not reach the significant level 
(p-value > 0.05). However, a significant association was 
observed with retinopathy and peripheral neuropathy 
(p-value < 0.0001) which upholds the evidence that NLR 
has got an association with microvascular complications 
in diabetics. The difference can be explained by the fact 

the author had excluded ESRD patients who might have 
severe inflammation with higher NLR [23].

We found that NLR had a positive correlation with ESR, 
serum creatinine, and 24-h urinary protein excretion and 
a negative correlation with hemoglobin and eGFR. These 
findings strongly advocate NLR to be considered as a novel 
biomarker for DN. In agreement with the above finding, a 
positive correlation between NLR and ESR was reported by 
Moursy et al. [24]. Similarly, Kahraman et al. reported that 
NLR was significantly negatively correlated with eGFR, and 
positively with albuminuria and CRP [25].

As we excluded the potential causes of inflammation 
and active infection, results of our study reflect the inflam-
mation associated with diabetic nephropathy. In our study, 
NLR showed better predictive value for DN with AUC of 
0.882 as compared to other inflammatory parameters such as 
TLC, ANC, ALC, and ESR as evident from the ROC curve. 
Moreover, NLR showed a better predictive value for renal 
dysfunction than creatinine. Similar findings were reported 
in a study by Huang et al. where the performance of NLR 
was higher (AUC 87.2%) than TLC, ANC, ALC, and cre-
atinine [26].

There were several limitations to our study. As it was a 
single-centered cross-sectional study comprising a relatively 
small sample size, it did not provide any direct evidence for a 
cause-effect association between NLR and DN. Multicenter, 
prospective studies with larger sample size are required for 
establishing the direct association between NLR and DN. 
Furthermore, the analyses in this study were based on a sin-
gle measurement of TLC and NLR, the results of this study 
might not reflect the relationship between NLR and DN over 
time. It would be fruitful to measure the serial changes of 
TLC and NLR to further clarify the prognostic role of NLR 
in DN. We were unable to correlate the prognostic value of 
NLR with other inflammatory markers such as IL-6, TNF-α, 
CRP, and fibrinogen as they were costly and not routinely 
done.

Conclusion

We conclude that NLR is a reliable marker of inflammation 
and can be considered as a novel predictive as well as a 
prognostic marker for diabetic nephropathy. Further studies 
are required to support the findings of this study.
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Abstract
Background Diabetic foot ulcer (DFU) is one of the most serious complications of diabetes mellitus with devastating out-
comes. Poorly treated DFU leads to osteomyelitis, gangrene and limb amputation. There is an increased risk of mortality for 
the amputees and increased number of bacterial resistance in survived patients. Struggle on choice of the best antibiotic(s) 
for DFU is escalating.
Objectives To determine risk factors associated with mortality in patients with DFU. To investigate bacterial drug resistance 
in survived or deceased patients around amputation.
Methodology This is a retrospective cohort study that involved all diabetic patients who had DFU or minor or major ampu-
tation at Hebron Governmental Hospital from 2013 to 2020. Antibiotic use and bacterial isolates along with culture and 
sensitivity test results were retrieved from patients’ profiles and laboratory records. Major outcome of study was survival 
rate around amputation. Patients who missed test results for FBS or HbAc1, or who had no wound culture were excluded. 
SPSS version 22 was used to analyze data.
Results Eighty four subjects were included in this study, 64.8 ± 12.58 years old, 63.1% males who had diabetic foot ulcer, 
minor or major limb amputation between 2013 and 2020 at Hebron Governmental Hospital. Forty tow patients (50%) had 
diabetic foot ulcer, 28 patients (33.3%) had major limb amputation, and 14 patients (16.7%), succumbed to minor amputa-
tion. Average FBS was 292.8 ± 136.33 mg/dl and average HbA1C was 8.55 ± 1.89%. Mortality rate was 9.5%. Using the 
Chi square test, we found a significant relationship between mortality and type of isolated bacteria, p = 0.033 and between 
diabetic complications (nephropathy) and mortality, p = 0.033. There was a significant relationship between antibiotic use 
and mortality, p = 0.04, especially with metronidazole and colistin, if they were used around limb amputation.
Conclusions Mortality of diabetic patients with DFU was associated with nephropathy and Acinetobacter or E. coli infections.

Keywords DFU · Amputation · Mortality rate · Antibiotic-resistance · Bacterial isolates

Introduction

Diabetes mellitus (DM) is a chronic multifactorial condition. 
It occurs when the pancreas is unable to produce enough 
insulin or the human body is incapable of using effectively 
the secreted insulin. Patients with DM suffer a variety of 
complications due to micro- and macro-vascular abnormali-
ties. Complications such as neuropathy, nephropathy, obe-
sity, hypertension, and increased susceptibility to a variety 

of infectious diseases are most common. However, poor 
control over blood sugar leads to life-threatening complica-
tions such as cardiovascular disease, foot damage, hearing 
impairment, fungal and bacterial infection, Alzheimer dis-
ease, memory deficits and depression [1].

Type I DM affects 5–10% of patients and commonly 
occurs in young ages which have autoimmune destruction 
of beta-cell. This type is treated mainly by insulin. Patients 
in this type are non-obese [2].

Type II DM affects 90% of patients and commonly 
occurs in older people which have low sensitivity to insu-
lin. This type of DM is treated by diet. If not well-con-
trolled by diet alone, oral hypoglycemic agent is added to 
the regimen, then, insulin is added as per case. Nutritional 
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medical treatment is another option. Patients in this type 
are obese and highly affected by family history of DM [3].

Patient education is crucial for all diabetic patients 
especially those with high risk of DM. High risk patients 
should be advised to make dietary adjustments, lose excess 
weight, do regular light exercise, check their blood sugar 
periodically, smoking cessation, and foot care.

A Palestinian study performed in 2019 demonstrated 
that smoking, sensory loss to vibration, sensory loss to 
monofilament, loss of pedal pulse, presence of calluses, 
nephropathy, retinopathy, neuropathy, and poor self-care 
behaviors were associated with DFU [4].

The same study above recommended that: knowing 
risk factors and predictors of amputation will help nurses 
and physicians design a suitable program to minimize the 
incidence of DFU development such as integrating audio-
visual teaching strategies. Also, increasing public aware-
ness and knowledge about risk factors and importance of 
self-care practices by the healthcare team can decrease the 
incidence of diabetic foot ulcers in Palestine.

One of the most serious complications of DM is dia-
betic foot ulcer (DFU). It occurs more commonly in males 
than females as suggested by a recent study in Saudi Ara-
bia. Up to 2–3% of patients with DM are thought to have 
an active foot ulcer, it is also increasingly recognized that 
latter stages of complications from foot ulcers are associ-
ated with serious morbidity and overall reduction in qual-
ity of life. Managing tissue damage and enhancing wound 
healing and repair in DFU might be quite challenging. 
Wound dressings that might form a barrier against contam-
ination and debridement by removal of necrotic and hyper-
keratotic tissue are widely used. Improving vascularization 
through Percutaneous Trans luminal angioplasty (PCTA) 
is the gold standard for placement of narrow blood vessels 
with or without stents. This procedure can also improve 
blood flow and promote healing in a timely manner. It 
is estimated that more than two-thirds of non-traumatic 
lower limb amputations are preceded by an ulcer [5, 6].

Foot ulcer commonly affects people with type II DM. It 
can lead to infection and amputation of lower extremities. 
The risk of developing an ulcer increases with peripheral 
vascular disease, neuropathy, diabetes duration ≥ 10 years,
insulin use, retinopathy, nephropathy, age 45 years, cer-
ebral vascular disease, and poor glycemic control. Increas-
ing cumulative glycemic burden, coronary artery disease, 
male gender, smoking, and hypertension are all present in 
these patients [7–10].

Patients with poorly treated DFU may develop diabetic 
foot osteomyelitis leading to gangrene and amputation. 
Diabetic foot infections (DFI) are predominantly poly-
microbial and multidrug resistant (MDR) with the ability 
to form biofilm [11].

Our study aims at determining main risk factors associ-
ated with lower limb amputation among diabetic patients in 
Palestine. We focused on survival rate and quality of life of 
patients after amputation. This issue was poorly studied in 
the literature.

We aim at tracing antibiotic resistance among non-hospi-
talized patients with recurrent infection and re-hospitaliza-
tion at time of severe infection and amputation.

Methods

We decided to review all diabetic patients’ profiles with DFU 
who went through foot, part of foot, or below knee amputa-
tion at the orthopedic department at Hebron Governmental 
Hospital between 2013 and 2020. We defined 126 patients 
who complied with our inclusion criteria. Unfortunately, we 
had to exclude some of them due to missing information 
such as FBS or HbAc1, bacterial culture and antibiotic sen-
sitivity test results around amputations. Sensitivity test was 
done using fully automated Mcfarland antibiotic sensitivity 
test using VITEX 2 compact device, without Mueller Hinton 
agar. Bacterial swabs were taken from all DFU patients and 
bacterial identification by culture was done. SPSS version 
22 was used for analysis of data.

Results

A total of 84 patients with diabetic foot infection were 
included in the present study whose sociodemographic and 
clinical data are shown in Table 1 below. The mean age of 
patients was 64.8 ± 12.58 with predominantly male patients 
53 (63.1%). Majority of subjects (95.24%) had Type 2 diabe-
tes mellitus. Mean HbA1c of the patients was 8.55 ± 1.89% 
and mean FBS was 292.8 ± 136.33 mg/dl (Table 1).

Patients were then categorized according to main out-
come of study, the survival rate. Bacterial isolates from 
survived or dead patient’s foot were identified as shown in 
Table 2.

Chi square test showed a significant relation between 
death and microorganism isolated from diabetic foot, 
p = 0.033. The results also indicated a significant rela-
tion between diabetic complications and death, p = 0.033, 
Table 2.

We also depicted percentage of bacteria species isolated 
from diabetic foot as related to main outcomes of the study 
as shown in Fig. 1.

However, when we stratified bacterial species with dia-
betic complications, we found that all dead patients suffered 
from some kind of diabetic complications. For example, 
100% of dead patients who had Proteus, Enterococcus or 
Enterobater species isolates, had nephropathy.
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Table 1  Sociodemographic, 
diabetic complications, 
microorganism isolated and 
antibiotic use per diagnosis

Diagnosis

Variables Diabetic foot ulcer
N (%)

Major amputation
N (%)

Minor amputation
N (%)

Microorganism
  Proteus spp. 9 (21.4) 3 (21.4) 5 (17.9)
  Klebsiella pneumoniae 5 (11.9) 1 (7.1) 9 (32.1)
  Stappylococcus aureas 5 (11.9) 2 (14.3) 3 (10.7)
  Pseudomonas spp. 3 (7.1) 1 (7.1) 2 (7.1)
  MRSA 8 (19) 2 (14.3) 3 (10.7)
  Acinetobacter spp. 4 (9.5) 3 (21.4) 1 (3.6)
  ‡E. coli 4 (9.5) 1 (7.1) 4 (14.3)
  Enterococcus spp. 1 (2.4) 1 (7.1) 1 (3.6)
  Enterobacter spp. 2 (4.8) 0 (0) 0 (0)
  Staphylococcus epidermidis 1 (2.4) 0 (0) 0 (0)
  Total 42 (100) 14 (100) 28 (100)

Complication
  Nephropathy 3 (7.1) 3 (21.4) 3 (10.7)
  Retinopathy 2 (4.8) 1 (7.1) 3 (10.7)
  Cardiovascular problem 2 (4.8) 1 (7.1) 1 (3.6)
  Peripheral vascular disease 4 (9.5) 1 (7.1) 8 (28.6)
  Neuropathy 31 (73.8) 8 (57.1) 13 (46.4)
  Total 42 (100) 14 (100) 28 (100)

D.M*

  Type 1 2 (4.8) 0 (0) 2 (7.1)
  Type 2 40 (95.2) 14 (100) 26 (92.9)
  Total 42 (100) 14 (100) 28 (100)

Antibiotic
  Ceftriaxon 16 (38.1) 2 (14.3) 8 (28.6)
  Ceftazidime 3 (7.1) 0 (0) 2 (7.1)
  Meropenem 6 (14.3) 3 (21.4) 3 (10.7)
  Colistin 4 (9.5) 3 (21.4) 1 (3.6)
  Teicoplanin 1 (2.4) 3 (21.4) 2 (7.1)
  Gentamicine 2 (4.8) 0 (0) 0 (0)
  Cefuroxime (9.5) 3 (21.4) 3 (10.7)
  Amoxicillin/clavulanic acid 1 (2.4) 0 (0) 2 (7.1)
  Metronidazole 4 (9.5) 0 (0) 3 (10.7)
  Vancomycin 1 (2.4) 0 (0) 1 (3.6)
  Ciprofloxacin 0 (0) 0 (0) 3 (10.7)
  Total 42 (100) 14 (100) 28 (100)

FBG§

  70–110 0 (0) 2 (15.4) 0 (0)
  111–126 3 (8.1) 0 (0) 2 (8.7)
  127–199 9 (24.3) 3 (23.1) 4 (17.4)
  More than 200 25 (67.6) 8 (61.5) 17 (73.9)
  Total 42 (100) 14 (100) 28 (100)

Age
  30–45 1 (2.4) 0 (0) 0 (0)
  46–61 15 (35.7) 5 (35.7) 11 (39.3)
  62–77 20 (47.6) 5 (35.7) 13 (46.4)
  78–93 6 (14.3) 4 (28.6) 4 (14.3)
  Total 42 (100) 14 (100) 28 (100)
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On the other hand, Pseudomonas species isolates along 
with neuropathy lead to death for all patients, as shown in 
Fig. 2.

We also sought antibiotic percentage use among dead 
and survived subjects to provide a clear picture of antibiotic 
contribution to the main outcome. As shown in Fig. 3, high 
percentage usage of certain antibiotic was found in dead 
subjects around amputation, such as metronidazole.

We followed the trends of antibiotic use and bacterial 
resistance over the past 7 years (2013–2020). There was 
inconsistent use of antibiotics through these years for many 
reasons such as; antibiotic availability, appearance of spe-
cific antibiotic-resistant bacteria, and protocol and clinical 
decision.

We could find sufficient data for the past 5 years only 
about trends of antibiotic use and bacterial isolate, see 
Fig. 4. Empty year columns mean no use of that antibiotic 

at that year due to emergence of resistance as was confirmed 
by bacterial culture and sensitivity test. (Only consistently 
used antibiotics with confirmed cultures and sensitivity tests 
during these years were shown here. You can follow by color 
any antibiotic through all years or any bacteria per antibiotic 
per year in this figure.)

Discussion

Many studies focused on microorganism species isolated 
from diabetic foot without linking these findings to limb 
amputation or survival rates among afflicted patients. Here 
are some of these studies. Kaimkhani et al. found that the 
most common organisms isolated from DFU are Staphy-
lococcus aureus, Proteus, Pseudomonas, and Escherichia 
coli [12].

Table 1  (continued) Diagnosis

Variables Diabetic foot ulcer
N (%)

Major amputation
N (%)

Minor amputation
N (%)

Mortality
  Survived 36 (85.7) 14 (100) 26 (29.9)
  Deceased 6 (14.3) 0 (0) 2 (7.1)
  Total 42 (100) 14 (100) 28 (100)

‡ E. coli, Escherichia coli; *D.M, Diabetes Mellitus; §FBG, Fasting Blood Glucose, mg/dl

Table 2  Percentage survival 
rates per microorganisms 
isolated or diabetes mellitus 
complications at time of 
amputation

‡MRS, Methicillin Resistant Staphylococcus aureas; ** spp., species

Survived
N (%)

Dead
N (%)

Chi-square statistic Sig

Microorganism
  Proteus spp. 16 (21.1) 1 (12.5) 14.016 0.033
  Klebsiella pneumoniae 15 (19.7) 0 (0)
  Staphylococcus aureas 10 (13.2) 0 (0)
  Pseudomonas spp.** 5 (6.6) 1 (12.5)
  MRSA‡ 13 (17.1) 0 (0)
  Acinetobacter spp. 6 (7.9) 2 (25)
  E. coli 7 (9.2) 2 (25)
  Enterococcus spp. 2 (2.6) 1 (12.5)
  Enterobacter spp. 1 (1.3) 1 (12.5)
  Staphylococcus epidermidis 1 (1.3) 0 (0)
  Total 76 (100) 8 (100)

Complications
  Nephropathy 5 (6.6) 4 (50) 14.016 0.033
  Retinopathy 6 (7.9) 0 (0)
  Cardiovascular problem 4 (5.3) 0 (0)
  Peripheral vascular disease 11 (14.5) 2 (25)
  Neuropathy 50 (65.8) 2 (25)
  Total 76 (100) 8 (100)
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Carro et al. (2019) found that gram negative bacteria were 
the most frequent microorganisms isolated from DFU and 
the study recommended an empiric therapy of antibiotics 
with amoxicillin/clavulanate plus ciprofloxacin should be 
given as a regimen of choice for management [13].

In Lebanon, a study found that Pseudomonas spp. was the 
most common Gram-negative organism isolated from DFU 
in some Middle Eastern countries. The study also showed 
that a combination of amoxicillin/clavulanate and cipro-
floxacin was the most appropriate empirical oral antibiotic 
for outpatient. Piperacillin/tazobactam would then be the 
treatment of choice for hospitalized a patient if oral treat-
ment has failed [14].

In another study that was conducted in Kenya, the major-
ity of organisms isolated were gram negative bacteria. Most 
common were S. aureus, E. coli, Proteus mirabilis, Kleb-
siella pneumoniae and Pseudomonas aeruginosa. These 
bacteria showed resistance to commonly used antibiotics 
like ampicillin, amoxicillin, ceftazidime and pipracillin with 
tazobactam [15].

In our study, gram negative bacteria were also the most 
common bacteria isolated from diabetic foot, such as Pro-
teus species (17 patients), Klebsiella (15 patients), and 
MRSA (gram positive) (13 patients), among others such as 
S. aureus, E. coli, and Acinobacter species. This comes in 
align with some studies as above. However, subjects in our 

Fig. 1  Percentage of bacterial 
isolates from subjects before 
death or in survived patients 
around amputation
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study have higher percentage of MRSA which is usually 
hospital-acquired infection that is hard to eradicate.

Our study showed an extensive use of strong antibiotics 
by parental route (IV or IM) in hospital setting. As shown in 
Figs. 3 and 4 above, 2nd, 3rd, and 4th generation cephalospor-
ins are extensively used and still showing activity. Almost 
34% of survived patients were on cefuroxime IM around 
amputation and 37% of dead subjects were on metronidazole 
(Fig. 3). Colistin, metronidazole, and amoxicillin/clavulanic 
acid are facing higher rates of bacterial resistance and their 

use is increasingly associated with death. This is similar to 
the results of Kenya and Lebanon studies above.

Mixed infections (bacterial with fungal) are rare but also 
found in DFU patients. Candida species (albicans and parap-
silosis) and Aspergillus flavus were the most common fungal 
isolates from DFU. They were successfully treated with oral 
fluconazol. Seemingly, another study showed that candida 
was resistant to fluconazol and Aspergillus was resistant to 
itraconazole. Fungal infection if not recognized and treated 
can impede wound healing [16–18]. Minority of cases in our 

Fig. 3  Percentage of antibiotics 
use among patients at time of 
amputation as related to main 
outcome of the study
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study had mixed infection and were treated successfully but 
were not included in the study.

A plethora of studies addressed the risk factors associated 
with DF amputation whether it was major amputation (above 
the ankle) and minor amputation (below the ankle). Major 
amputations were associated with short recovery time and 
greater mortality rate. The rate of amputation was directly 
proportional to HbA1c values more or equal to 8%. Risk 
factors for major amputation include increase in WBC count 
and ulcer history. Minor amputation risk factors include; 
increased duration of diabetes, increased WBC count, infec-
tion, revascularization history, and decreased postprandial 
blood sugar. Foot deformity and serum urea were also asso-
ciated with diabetic lower extremity amputations [19–22].

In this study, almost all patients had uncontrolled diabetes 
as shown by average HbAC1 around 8.55% and average FBS 
around 292 mg/dl. However, we could not find a significant 
relation between some of the studied factors including cumu-
lative blood sugar, FBS, and other factors in Table 1 and 
amputation risk. This could be attributed to 2 factors; first, 
FBS and HbAC1 were not different among subjects of our 
study whether they had minor or major amputation or DFU. 
All patients (dead or survived) had uncontrolled diabetes 
with complications at varying degrees upon admission to 
orthopedic department.

Second, we didn’t study severity of DFU infection pro-
spectively, as per University of Texas scale [9], which 
plays major role in progression of infection into major or 
minor amputation. However, we found a significant relation 
between diabetic complications and survival rate of patients 
after amputation. Diabetic complications are an inevitable 
end result of uncontrolled diabetes. All dead patients (8 
patients) had diabetic complications, Table 2.

Nephropathy (10% of patients) was associated with death 
of all patients who had this complication along with Pro-
teus species isolates, Fig. 2. Noteworthy, Proteus itself, as 
independent factor, was not associated with highest num-
ber of deaths as shown in Table 2. This proves valid the 
conclusion that nephropathy plays a major role in death in 
patients with DFU around amputation due to direct effect on 
infection complications and intervention with antibiotic effi-
cacy and/or excretion rate. This comes in align with a study 
by Shojaiefard et al. (2008) that found higher incidence of 
nephropathy(as independent factor) in patients who needed 
amputation [23].

Neuropathy (62%) of patients and peripheral vascular dis-
ease (15%) were independently associated with death of half 
patients with E. coli isolates, Fig. 2. Other studies related 
neuropathy and peripheral vascular disease to amputation 
in DFU but not to death [24, 25].

One might expect that MRSA, a multidrug resistant 
bacteria, should lead to death in rates more than E. coli
or other species. This was not the case in our study since 

patients who had MRSA infection didn’t have diabetic 
complications as shown in Fig. 2 above.

However, Acinobacter species and E. coli were asso-
ciated with highest percentage of death in our patients 
around amputation. Antibiotic-resistance might be one of 
the contributing factors and the deterioration of patient 
condition might be the main reason. This is an epidemio-
logic evidence of increasing death rate with these bacte-
rial species. We can’t really confirm causative relationship 
with death, Table 2. We didn’t confirm direct cause of 
death among these patients neither did we calculate time 
elapsed between amputation and death. This might be one 
of the limitations of this study.

A study by Martins-Mendes, et al., found that complica-
tion count and previous DFU were related with death [26]. 
They also concluded that previous DFU was associated 
with DFU, amputation and death. Actually, many of our 
patients had recurrent DFU infections and went through 
serial amputations before final major amputation with or 
without death.

Our study doesn’t present a solution for antibiotic resist-
ance neither gives suggestions for antibiotic of choice for 
use, since there isn`t one antibiotic or a combination of anti-
biotics that might fit all patents at all times. This came along 
with other studies conclusions where it was found that no 
single antibiotic used empirically offers adequate coverage 
for all potential bacteria found in diabetic foot ulcers [27]. 
In addition to that, poor penetration of antibiotics into the 
lower limb tissue due to peripheral arterial disease makes 
therapy less effective [28].

Thirteen of our patients (15%) (11 survived after amputa-
tion and 2 dead) had peripheral vascular disease as explained 
above.

It was so frustrating to see the extensive use of parenteral 
antibiotics in these patients to the degree they are no longer 
effective and patients are losing their choices. Actually 
patients and their families or care-providers share respon-
sibility in that. We have noticed that subjects in this study 
came to hospital at end stage of infection with very poor 
control of blood sugar. Both factors lead to devastating end 
of amputation.

To make sense of all what we have done, we followed 
trends of antibiotic use along with bacterial resistance as 
was confirmed by bacterial culture and sensitivity tests dur-
ing the past years in this hospital. It was shown that E. coli, 
which happens to be sensitive to many agents in the year 
2015, was no longer sensitive to any of them in 2016, as 
shown in Fig. 4 above. On the other hand, Klebsiella species 
that were sensitive to many of the listed agents in 2017, were 
no longer sensitive to any of them in 2018. S. aureus became 
resistant to almost all listed drugs in 2020 including cefo-
taxime that was effective in 2018–2019. MRSA was found 
to be resistant to most listed drugs since 2019.
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Management of DFU firstly can be achieved by good 
glycemic control. Pharmacological therapy using suitable 
antibiotics depending on wound culture result comes next. 
Quite few studies suggested that intake of some vitamins 
improves wound healing. These vitamins include; magne-
sium, zinc and vitamin D. Significant improvement in DFU 
was observed when these vitamins were taken for 12 weeks 
[29–31].

Patients with DFUs and COVID-19 infection who require 
surgical intervention should be treated with considerable 
care. The surgery should be performed under protective 
conditions in a negative-pressure operating room. General 
anesthesia should be avoided in these patients [32].

We highly recommend early diagnosis and treatment of 
DFU, routine foot inspection, training and employment of 
Podiatricians in all diabetic clinics of the ministry. Also 
early use of pressure off-loading devices might protect 
patients’ foot and prevent amputation or worsening of bac-
terial infection.

We have noticed that amoxicillin/clavulanate and/or cip-
rofloxacin were the drugs of choice for empirical treatment 
in most patients in this hospital as part of the general proto-
col of management by the ministry. However, as we found 
in our study later, most bacterial species are resistant now 
to both agents and to combination of both. We recommend 
highly the personal approach of management of DFU and 
that there is no single antibiotic that fits all patients. On the 
light of that, we refused to accept the use of antibiotics upon 
availability or as per the hospital formulary or best list. The 
use of IV, or IM antibiotics should be limited to severe cases 
and for few days only, then a patient has to step down to oral 
treatment in order to minimize kidney failure and antibiotic 
resistance. In addition to that, we recommend exploring the 
possibility of Ozone clinics in the country.

Study limitations

We didn’t determine the survival rate of patients per infec-
tion severity neither did we classify bacterial infection into 
aerobic or anaerobic bacteria, which could shed light on 
important aspects of resistance and severity of infection.

We focused on sensitivity of bacteria to antibiotic(s) used 
around amputation without linking it to severity of DFI 
according to Wagnar or other universal systems due to the 
retrospective nature of the study and availability of informa-
tion in the profiles.

Year of survival after amputations was not determined, 
since it wasn’t one of our end results to determine survival 
rate, rather than death or amputation as the main outcomes.

Small sample size makes it hard to globally generalize 
conclusions from this study; however, results might be valid 
in the Middle East.

Conclusions

Mortality rate is alarmingly increasing in diabetic patients 
who suffer from diabetic foot ulcer with or without amputa-
tion. Mortality was associated with nephropathy and Acine-
tobacter species or E. coli infections. Wise use of antibiotics 
and personalized treatment of DFU should be adopted.
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Abstract
Introduction There is an increased prevalence of cognitive impairment (CI) in patients with type 2 diabetes; thus, there is 
a need for a sensitive and a convenient screening tool for its detection. While Mini-Mental State Examination (MMSE) is 
a widely used tool for the assessment of cognition, it is not available for free for research. Hindi version of Addenbrooke’s 
Cognitive Examination III is a freely available cognition assessment tool that has been widely used on diverse group of 
diseases including diabetes.
Aims and objectives To assess cognitive function in patients with type 2 diabetes using Hindi version of ACE-III and com-
pare its performance with MMSE.
Materials and methods Cognition was assessed using validated Hindi version of ACE-III and MMSE among 54 participants 
with type 2 diabetes and similar number of age, sex, and educational status matched healthy controls. The cut-off for CI was 
taken at 82/100 for ACE-III, and for MMSE, education level–based cut-offs were used: 21 for the illiterate group, 22 for the 
low education group, 23 for the middle education group, and 24 for the high education group.
Results Mean age of the study population was 64.5 ± 5.3 years. The average duration of diabetes was 8.5 ± 6.0 years with
mean HbA1C of 8.8 ± 2.5%. Both the tools showed high prevalence of CI among cases, but ACE-III was more sensitive in 
detection of CI when compared to MMSE (64.8% vs. 55.6%). There was a good agreement between ACE-III and MMSE 
outcomes (Cohen’s kappa = 0.732).
Conclusion Type 2 diabetes mellitus is an independent risk factor for cognitive decline in elderly patients. ACE-III is an easy 
to use, sensitive, and freely available screening tool for cognition assessment in diabetes population.

Keywords Diabetes · Elderly · MMSE · ACE-III

Introduction

Diabetes is strongly associated with cognitive decline, and 
it also increases risk for vascular dementia and Alzheimer’s 
disease by about 100–160% and 45–90%, respectively [1]. 
Diabetes is also associated with faster progression from mild 
cognitive impairment (MCI) to frank dementia, and patients 
with type 2 diabetes and cognitive impairment (CI) are less 

likely to receive adequate diabetes care compared to those 
who have diabetes alone [2]. On the other hand, CI in dia-
betes also increases risk of both hyperglycemia and hypo-
glycemia [3]. Neuroimaging studies have shown that there is 
increased prevalence and faster progression of brain atrophy 
in diabetes affecting both gray and white matter which is 
related to poor cognitive function [4, 5].

The prevalence of CI in diabetes is variable and depends 
on the underlying population and the assessment tool. For 
instance, one study had shown a 96.31% prevalence of CI 
among diabetic patients [6] but the cohort was from neurol-
ogy clinic and hence had more chances of underlying CI 
irrespective of diabetes. Other studies have shown preva-
lence to vary from 48 to 63%, but the assessment tools 
were different in these studies [7–9]. The CI may produce 
difficulty in managing diabetes particularly for patients on 
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multiple oral drugs and insulin as it can affect correct insu-
lin administration, timing, and dose adjustments. Thus, it is 
necessary to detect CI in patients with diabetes at an early 
stage to plan for better overall care. Moreover, there is some 
evidence that a strict glycemic control in midlife prevent 
CI [10] but a caution to be exercised in older patients as 
intensive glycemic control may not be beneficial to retard 
progression of CI [11].

The Mini-Mental State Examination (MMSE) has been 
the most widely used test for assessment of cognitive func-
tion in diabetes [7, 12, 13], while some studies have used 
Montreal Cognitive Assessment (MoCA) [9]. There has not 
been any standard tool for cognitive assessment in diabetes. 
The Addenbrooke’s Cognitive Examination III (ACE-III) is 
a cognitive screening tool in patients above 50 years of age 
[14]. The ACE-III had been used in Chinese cohort of type 
2 diabetes subjects with good reliability, and it was able to 
detect impairment in global and individual domains of cog-
nition [15]. ACE-III is also available in Hindi version [16] 
and is free from copyright with the facility of online training 
(https://www.mvls.gla.ac.uk/aceIIItrainer/). However, there 
have been very few studies in India using ACE in diabe-
tes [6]. The present case–control study was thus designed 
to assess the cognition among patients with diabetes using 
ACE-III and MMSE tools and compare their utility in detec-
tion of CI.

Materials and methods

Study design and setting

We conducted a case control study over a period of 2 years 
(May 2018 to April 2020). The study was conducted in the 
Department of Internal Medicine, GSVM Medical College, 
Kanpur, and subjects were recruited from the outpatient 
department.

Participants

Patients of age ≥ 60 years with type 2 diabetes of dura-
tion ≥ 2 years were considered for the study. The diagnosis 
of diabetes was based on previous biochemical investi-
gations (fasting plasma glucose and/or HbA1c) or those 
diagnosed elsewhere but requiring treatment for glycemic 
control. Those who were willing to participate were evalu-
ated for exclusion criteria. Patients with known depres-
sion, epilepsy, or patients on antiepileptics, psychiatric ill-
ness, acutely ill patients, or patients with chronic systemic 
illness, substance abuse, stroke, and encephalopathy were 
excluded from the study. Patients who were unable to read, 
prior stroke with impaired higher mental function, and 
those who had significant hypoglycemia over past 4 weeks 

(a documented glucose of ≤ 54 mg/dl and/or loss of con-
sciousness secondary to hypoglycemia) were not consid-
ered for the study. A total of 180 type 2 diabetes patients 
were surveyed and 118 subjects were excluded. Remaining 
62 subjects were interviewed for Beck’s Depression Inven-
tory – Hindi version (H-BDI) [17] to exclude patients with 
underlying undiagnosed depression (subject with a score 
of ≥ 30 was excluded from the study). Finally, we had 54 
type 2 diabetes subjects as study participants. We took 54 
age-, sex-, and educational status–matched healthy sub-
jects as controls for comparison. The control participants 
were recruited from the relatives of non-diabetic patients 
presenting in out-patient department.

Study tools

Subjects from both the groups were assessed for cogni-
tive dysfunction by using paid Hindi version of the Mini-
Metal State Examination (MMSE) (https://www.parinc.
com/Products/Pkey/243) as well as validated Hindi ver-
sion of Addenbrooke’s Cognitive Function Test or ACE-
III (https://www.sydney.edu.au/content/dam/corporate/
documents/brain-and-mind-centre/ace-diagnostic-tests/
ace-iii---standard/ACE-III-Administration-Hindi.pdf). 
MMSE includes tests of orientation, attention, memory, 
language, and visuospatial skills. The maximum score for 
MMSE is 30. As the subjects had heterogeneous education 
level, we used education level–based cut-offs based on a 
previous study [18] and following cut-offs were used: 21 
for the illiterate group, 22 for the low education group, 23 
for the middle education group, and 24 for the high educa-
tion group. ACE-III tool assesses 5 cognitive sub-domains: 
attention, memory, fluency, language, and visuospatial. It 
has a maximum score of 100 and recommended cut-off for 
CI is 82 with sensitivity of 93% and specificity of 100% 
[14]. The two investigators SA and ST had a formal train-
ing for ACE-III assessment from university of Glasgow, 
UK (online). We used illiterate and literate versions of 
ACE-III for illiterate and literate (primary education and 
above) individuals, respectively, for assessment.

Sample size

For sample size calculation, the prevalence of cognitive 
impairment in elderly population was assumed to be 25% 
and among diabetic population was taken to be 54% based 
on two previous Indian studies on elderly general popula-
tion and elderly diabetes population, respectively [19, 20]. 
The required sample in each group was 45; we recruited 
54 subjects in each group.
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Statistical analysis

The data obtained was transferred to Microsoft Excel (ver-
sion 2016). Analysis was done using SPSS software ver-
sion 22.0. The descriptive analysis was done in terms of 
range, frequency, percentages, mean, and standard deviation. 
The significance of difference for cognition assessment by 
ACE-III and MMSE was done by chi square test using rec-
ommended cut-offs and odds ratio was also calculated. “p” 
value < 0.05 denoted significant difference. We also inves-
tigated the agreement between ACE-III and MMSE scores 
using Bland Altman plot and calculated the Cohen’s kappa 
agreement between these two tools. Controls were matched 
for age and education status; however, hypertension and dys-
lipidemia were possible confounding factors between the 
two groups.

Results

Table 1 describes the baseline characteristics of the cases 
and controls. The diabetic subjects were matched with con-
trols in terms of age, gender, and educational status. Mean 
age of the study population was 64.5 ± 5.3 years with an 

average duration of diabetes of 8.5±6 years. The two groups 
had similar prevalence of smoking and alcohol intake. How-
ever, there was a significant difference between the cases and 
controls in prevalence of hypertension and HbA1c which is 
expected in the former. Mean MMSE and ACE-III scores 
were significantly lower among cases compared to controls 
(Table 2). Thus, both the tools depicted a higher incidence of 
CI in diabetes; however, CI detection was better with ACE-
III compared to MMSE in both cases and controls. There 
was also good agreement between the two tools (Fig. 1) with 
Cohen’s kappa value of 0.732 which suggests that as MMSE 
score decreases, ACE-III score is also expected to decrease.

Discussion

Our cohort of diabetic participants had an advanced age, 
long duration of diabetes, and poor glycemic control. Ear-
lier studies have found an increased prevalence of CI in 
diabetes [7–9]. Thus, it is required to have formal cogni-
tive assessment in this population. In this study, both the 
tools (MMSE and ACE-III) detected a high prevalence of 
CI among patients with diabetes when compared to con-
trols (Table 2). A screening tool which is more sensitive 

Table 1  Demographic profile of 
cases and controls

*Tobacco smoking (including cigarettes and bidi) for several years
#Daily alcohol intake of≥2 drinks for men and≥1 drink for women for several years

Variable Cases
(mean±SD)

Controls
(mean ±SD)

p value

Age (years) 64.5±5.3 64.9±4.8 0.356 (t test)
Gender (%) Males 50 50 p=0.15 (χ2)

Females 43 57
Education (%) Illiterate 14.8 18.5 p=0.86 (χ2)

Primary school 38.9 46.3
High school 25.9 13
Graduate and above 20.3 22.2

Hypertension (%) 46.3 14.8 0.004 (χ2)
Duration of diabetes (years) 8.5 ±6 NA
HbA1C (%) 8.8 ±2.5 5.2±0.2 0.003 (t test)
Smokers*(%) 9.3 11.1 0.507 (χ2)
Alcoholic# (%) 8.9 14.8 0.732 (χ2)

Table 2  Comparison of ACE-III and MMSE scores

Subjects with diabetes Subjects with-
out diabetes

Odds ratio 95% CI Z statistic p value

Mean score (SD) on ACE-III 74.98±11.2 86.92 ±5.3 <0.001
Mean score (SD) on MMSE 23.15 ±4.4 25.63 ±3.0 <0.001
Subjects with low score on ACE-III (%) 34 (64.8) 11 (20.3) 6.6 2.8—15.7 4.305 <0.0001
Subjects with low score on MMSE (%) 30 (55.6) 8 (14.9) 7.2 2.9 -18.1 4.189 <0.0001
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may be more helpful, and ACE-III was a more sensitive 
tool compared to MMSE for detection of CI in our study 
as it picked up more cases with probable CI (64.8% vs. 
55.6%). ACE-III picked up 4 more cases of CI among dia-
betes compared to MMSE. Moreover, ACE-III also picked 
up 3 additional cases of CI among control participants 
compared to MMSE. The agreement between the two tools 
on Bland Altman analysis was also good (Fig. 1), suggest-
ing that ACE-III has comparable diagnostic accuracy when 
compared to MMSE, and thus, ACE-III can also work as a 
screening tool for cognition assessment. This tool has also 
been validated in a previous study on type 2 diabetes [15]. 
Moreover, as MMSE has issues of copyright after 2001 
[21], ACE-III can be used for research studies and as it 
had also shown comparable results to other screening tools 
like Montreal Cognitive Assessment (MoCA) and Rowland 
Universal Dementia Assessment Scale for discriminating 
healthy individuals from CI [22, 23]. Another important 
advantage with ACE-III over MMSE is its ability to detect 
mild cognitive impairment (MCI) [24]. Moreover, the sub-
domains of ACE-III determine the day-to-day functional 
impairments better than MMSE and MoCA [25]. One 
study also suggested that it can detect moderate to severe 
dementia at a cut-off of 61 [25]. However, caution is to 
be exercised as specificity of both the scores and optimal 
cut-offs in diabetic population is still unknown and any 
patient diagnosed to have low scores in the absence of 
obvious clinical history and/or examination suggestive of 
CI should undergo formal neuropsychological assessment 
before making a final diagnosis.

Conclusion

Considering an exceedingly high prevalence of CI among 
elderly diabetic patients, cognitive assessment must be 
included in evaluation of diabetic patients. ACE-III is an 
easy to use, sensitive, reliable, and freely available screen-
ing tool for cognitive assessment of patients with diabe-
tes and has similar diagnostic utility as MMSE. However, 
abnormal ACE-III scores should be supplemented with 
appropriate neuropsychological tests.

Strengths of the study

The study used most updated ACE-III tool for assessment 
of cognitive function in diabetes. The population studied 
was carefully selected and after exclusion of possible con-
founding factors and excluding subjects with underlying 
undiagnosed depression by use of H-BDI tool.

Limitations

This is not a validation study and hence does not define 
optimal cut-offs for defining CI in diabetes. We used cut-
offs for CI which were defined from different set of popu-
lation. Moreover, unlike MMSE, we did not have educa-
tion level–based cut-offs for ACE-III (although we used 

Fig. 1  Agreement between 
ACE-III and MMSE using 
Bland Altman plot
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illiterate and literate versions of ACE-III) as there are 
limited studies in this regard.
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Abstract
Background of the study Periodontitis is a chronic inflammatory disease caused by pathogenic dental plaque which causes 
microbial dysbiosis leading to destruction of supporting structures of teeth with a consequent tooth loss. Diabetes mellitus 
and periodontitis are non-communicable diseases with a bidirectional relation. The awareness of the medical community 
about potential effect of periodontal infections on systemic health is important. The aim of this study was to understand the 
physician’s knowledge, practice behavior, and awareness about periodontal disease and its association with diabetes.
Methods A cross-sectional study was undertaken among 210 endocrinologists and diabetologists based on the selection 
criteria. A validated questionnaire was sent to the participants wherein the respondent demographic characteristics, aware-
ness about the periodontal disease, and information about their practice was collected. Descriptive analysis was done for 
the collected data and was presented as frequency counts and percentages. The association between categorical variables 
was done by Pearson’s chi-square test.
Results The response rate for the study was 90.3% (p< 0.001). Seventy-nine percent of the respondents were males with a 
fair knowledge about oral hygiene aids. Oral health awareness regarding frequency of dental examination (80%) and oral 
prophylaxis (69%) was significant. Only 11% respondents referred their patients for dental examination. Eighty-five percent 
of the participants agreed that oral health is necessary for overall health and 65% were in favor of bidirectional referrals 
among the dentist and endocrinologists. Significant response was also collected on inclusion of patient’s oral health records 
in diabetic health history assessments (58%). Eighty percent of the respondents strongly agreed on the collaborative training 
for medical and dental students in their educational curriculum.
Conclusion Our study concluded that in the awareness about periodontal disease, its bidirectional relation was high among 
the study participants but did not significantly relate to their referral rate to dental office. Integrated collaborative approaches 
by physicians and periodontists should be a part of the management protocols diabetes and oral/periodontal health. Such 
collaborations would aim for an early detection of the diabetic patients at periodontal risk (as a pre-diabetic screening 
parameter) and vice versa.

Keywords Periodontitis · Endocrinologists · Periodontal medicine · Diabetes · Periodiabetes · HbAIc · Inter professional 
education

Introduction

Periodontitis is an inflammatory disease of supporting tis-
sues of teeth caused by specific microorganisms or groups 
of specific microorganisms, resulting in progressive destruc-
tion of periodontal ligament and alveolar bone with pocket 
formation and recession or both [1]. Periodontal pathogens 
and their toxins enter the bloodstream leading to systemic 
production of inflammatory mediators causing and/or con-
tributing to the development of systemic diseases/conditions. 
These include cardiovascular diseases, diabetes mellitus, 
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preterm delivery of low-birth-weight baby, and respiratory 
infections. There has been a growing interest with respect 
to association between periodontal disease and systemic 
diseases/conditions. The scientific basis of evidence for 
independent associations between type 2 diabetes mellitus 
(T2DM) and periodontitis is its bidirectional influence [2]. 
The underlying mechanisms that link these two diseases 
involve impaired immune function, neutrophil activity, and 
cytokine biology [3, 4]. Epidemiological data confirm that 
diabetes is a major risk factor for periodontitis as suscepti-
bility to periodontitis is increased threefold in diabetics [5]. 
Incidence of macroalbuminuria and end-stage renal disease 
is increased in diabetics with severe periodontitis versus 
diabetics with a healthy mouth [6]. One of the first pub-
lished study investigating the progression of HbA1c among 
diabetes-free individuals concluded that the patients with the 
severe periodontitis demonstrate fivefold increase in HbA1c 
over the 5 years as compared with those with no periodonti-
tis at baseline [7]. Uncontrolled HbA1c levels and elevated 
cardiovascular risk factors significantly increase the severity 
of periodontitis in type 2 diabetes mellitus [8].

Oral health problems despite affecting overall quality of 
life remains a neglected and under-recognized issue. The 
aim of this study was to understand the current knowledge 
and practices of endocrinologists and diabetologist on the 
periodontal disease and diabetes continuum.

Material and methods

This study was conducted in accordance with the ethical 
standards as laid down in the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards. 
This study conforms to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guide-
lines. Ethics approval was obtained from the Institutional 
Ethical Committee at Indraprasatha Apollo Hospital, New 
Delhi, India. Two hundred ten board-registered endocrinolo-
gists were screened and invited to participate in the study. 
Written informed consent was obtained from all participants 
included in the study. The inclusion criteria for this study 
was specialists practicing/teaching (full time or part time) 
in a public, private, or government practice. Retired doctors 
were excluded from the study. A closed-ended survey ques-
tionnaire was designed with variables: 2 point scale response 
(yes/no) or 5-point scale response (strongly agree/agree/
don’t know/disagree/strongly disagree). The validity of the 
questionnaire was assessed by the faculties and revealed a 
high degree of agreement during test–retest of question-
naire. The reliability of the questionnaire was determined 
by Cronbach’s α coefficients. The final questionnaire was 
prepared that comprised of thirty-four questions divided into 
three sections: (1) awareness about periodontal disease and 

its relation to diabetes, (2) demographics and oral health, 
(3) practice setting. In order to maintain the confidential-
ity of the records, coded questionnaire form was sent along 
with the cover note via email to all the study participants. 
The participants emailed back their completed forms to the 
investigators.

Data analysis

For statistical analysis, data were entered into a Microsoft 
Excel spreadsheet and then analyzed by SPSS (version 27.0; 
SPSS Inc., Chicago, IL, USA) and GraphPad Prism version 
5. Participant characteristics were presented as means and 
standard deviations (SD) for continuous variables and as 
percentages for categorical variables. Z-test (Standard Nor-
mal Deviate) was used to test the significant difference of 
proportions. Chi-square test (χ2) was performed to detect the 
significant associations between the unpaired proportions. 
Statistical significance was set at p≤ 0.05.

Results

Analysis of demographic data

Maximum respondents were in the age group of 41–50 years 
(64.8%) and least in the age group less than 30 years (1%). 
28.6% respondents followed the correct frequency of brush-
ing but a good level of awareness is evitable by the fact that 
44.8% used interdental and supplemental aids. Sixty-one 
percent practiced tongue brushing (Table 1).

Analysis of oral health awareness

80.5% had their dental examination in the last 6–12 months 
out of which 61.9% had their last prophylaxis within this 
time frame. High response rate reveals a good oral health 
awareness level. 56.2% were informed about their oral 
hygiene status and 69% knew that prophylaxis was required 
every 6–12 months (Table 2).

Analysis of practice setting

43.8% reported inquiring patients about their dental prob-
lems. Although 72.9% respondents were aware of a dental 
facility in the vicinity, periodontal referral was only 11%. 
70.5% of the respondents were aware of the fact that the 
dental specialization dealing with treatment of gingival 
and periodontal disease is periodontology and the trained 
specialist doctor is called a periodontist. Sixty-five percent 
were in favor of a bidirectional referral. 74.8% of the spe-
cialists had a hospital-based practice and only 20% were 
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into academics. Majority of the clinicians (57.6%) had been 
practicing for 10–20 years (Table 3).

Analysis of awareness about periodontology 
as a specialty

85.2% of the specialists agreed that oral health is necessary 
for overall health, and 64% were aware about periodontal 
disease and its symptoms. 49.5% strongly agreed that inflam-
mation is the key component between these two diseases. 
Forty-eight percent responded in affirmation on the effect of 
periodontal treatment on diabetes management. Periodontitis 
as a complicating factor in diabetes management presents a 
35% agreement. A significant response for diabetics being 
more prone to periodontal disease was received (55%). The 
level of awareness about the research studies coincided 
with the level of agreement about bidirectional relationship 
between the two diseases. Inclusion of oral/periodontal 
health report in diabetic health review received a high level 
of agreement (58%). Dose-dependent relationship between 
severity of periodontitis and complications of diabetes, 
e.g., macro albuminuria and end-stage renal disease, was 
not quite well known with the respondents (28%) (Table 4).

Analysis of dental care recommendations

Inclusion of oral health examination as a part of diabetic 
screening was found significant in relation to type of prac-
tice (p= 0.0001, hospital based) and age group (p= 0.003, 

Table 1  Survey demographic data by number and percentage of 
respondents and non-respondents

p<0.05=level of significance
N number, % percentage

Variable Respond-
ents

Non-
respond-
ents

Z score

N % N %

Age in years 5 2.4 1.8999
  < 30 2 1
  31–40 15 7.5 5
  41–50 136 64.8

Gender 10 2.1 11.906
  Male 166 79 5
  Female 44 21 5

Frequency of brushing 2 1% 8.5883
  Once 148 70.5
  Twice 60 28.6

Use of dental floss/interdental aid – – 7.8576
  Yes 94 44.8
  No 94 44.8

Sometimes 22 10.5
Tongue brushing 5 2.4 7.702
  Yes 128 61
  No 50 23.8

Sometimes 27 12.9

Table 2  Survey respondents 
oral health practice and 
information

p<0.05=level of significance
N number, % percentage

Variable Respondents Non-respondents Z score

N % N %

Last dental examination visit 6 2.9 2.4876
  6 months 72 34.3
  12 months 97 46.2
  Never done 18 8.6
  Don’t remember 17 8.1

Last oral prophylaxis 9 4.3 1.8999
  6 months 56 26.7
  12 months 74 35.2
  Never done 50 23.8
  Don’t remember 21 10

Informed about periodontal health status? 10 4.8 5.114
  Yes 118 56.2
  No 66 31.4
  Maybe 16 7.6

Awareness about prophylaxis (6–12 months)? 7 3.3 8.4951
  Yes 145 69
  No 58 27.6
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41–50 years and experience (p= 0.021, > 20 years). Dental 
referral for diabetics showed significant relation with experi-
ence (p=0.0198, 11–20 years) and type of practice (p=0.024, 
hospital based). The question on collaborative training of 
medical and dental students received a significant response 
with respect to participants years of practice (p= 0.0129, 
11–20 years). Bidirectional collaborative practice between 
endocrinologist and dentist had a significant response with 

age of participant (p= 0.021, 41–50 years) and experience 
(p=0.030, 11–20 years) (Table 5).

Analyses of participant’s awareness on periodontal 
health and its association to diabetes

Effect of periodontal inflammation on diabetes and its role in 
increasing diabetic complications had a significant response 
in relation to age (p= 0.0005, p= 0.028, 41–50 years) and 

Table 3  Survey respondents: 
inquiring patients about dental 
problems, referral to dental 
professional, awareness about 
periodontology as speciality, 
concept of collaborative 
practices, years and type of 
practice

p< 0.05=level of significance
N number, % percentage

Variable Respondents Non-
respond-
ents

Z score

N % N %

Do you ask about dental or oral problems from patients with diabe-
tes?

22 10.5 0.3925

  Yes 92 43.8
  No 96 45.7

Any dental college/dental department in practice vicinity 8 3.8 11.788
  Yes 153 72.9
  No 33 15.7
  Not aware 16 7.6

Periodontal referral for diabetics 4 19 0.3217
  Yes 23 11
  No 60 28.6
  Occasionally 60 28.6
  No, but a good idea 63 30

Collaborative practice between endocrinologist and periodontist 6 2.9 0.2932
  Yes, bidirectional referral is good 136 65
  No 50 24
  I don’t know 24 11.6

Are you aware about the specialist who treat periodontal diseases is 
known as a periodontist?

6 2.9 8.9819

  Yes 148 70.5
  No 56 26.7
  Type of practice 4 1.9 11.2383
  Hospital-based practice 157 74.8
  Academics 42 20
  Solo practice 7 3.3

Years in practice 3 1.4 7.9103
  < 5 13 6.2
  5–10 31 6.2
  10–20 121 57.6
  > 20 42 20
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experience (p=0.017, 11–20 years). Effective control of peri-
odontitis in diabetes management was also significantly associ-
ated to participant’s age (p=0.052, 41–50 years), experience 
(p=0.018, 11–20 years), and type of practice (p=0.018, hos-
pital based). Participants’ years of experience (11–20 years) 
and type of practice (hospital based) showed a significant 
response in relation to (a) their awareness for symptoms of 

periodontal diseases (p=0.004), (b) increased risk of perio-
dontitis among diabetics (p=0.02), and (c) bidirectional rela-
tion between periodontitis and diabetes (p=0.0001) (Table 6).

Table 4  Survey respondents: awareness on importance of periodontal health in diabetics, scientific evidence between periodontitis and diabetes, 
importance of oral health screening and intervention in diabetic management protocol

P<0.05=level of significance
N number, % percentage

Variable Respondents N (%) Non-respondents
N (%)

Z score

Strongly agree Agree Don’t know Disagree Strongly 
disagree

15.9479

Good oral health is important for overall health 179
(85.2)

16
(7.6)

– – – 15
(7.1)

Aware about periodontal diseases? 10 (4.8)
  Yes 136

(64.8)
  No 64

(30.5)
Do you know the symptoms of periodontal dis-

eases?
29
(13.8)

8.3995

  Yes 131
(62.4)

  No 46
(21.9)

Inflammation is a key component between peri-
odontal disease and diabetes

104
(49.5)

52 (24.8) 28
(13.3)

14
(6.7)

12
(5.7)

23(4.8) 5.2513

Control of periodontal infection is important in 
management of diabetes

54
(25.7)

101 (48.1) 17
(8.1)

20(9.5) 1
(0.5)

17(8.1) 4.7526

Periodontitis increases risk for complications of 
diabetes

56
(26.7)

73 (34.8) 44
(21)

19
(9)

5
(2.4)

13
(6.2)

4.4965

Diabetics are more likely to be suffering from peri-
odontitis

24
(11.4)

94 (44.8) 38
(18.1)

22
(10.5)

19
(9)

13(6.2) 5.8861

Should there be a collaborative training for medical 
and dental students

168
(80.4)

36 (17.2) 3
(1.4)

– – 2(1) 12.8871

Periodontitis is sixth complication of diabetes—is 
awareness important among endocrinologist?

76
(36.2)

122 (58.1) – – – 12(5.7) 4.4965

Severe periodontitis increases the incidence of 
macro albuminuria and end-stage renal disease in 
diabetics

2
(1)

59 (28.1) 86
(41)

26
(12.4)

9
(4.3)

28(13.3 2.771

Should endocrinologists include an oral and peri-
odontal report in their review?

56
(26.7)

121 (57.6) 13
(6.2)

2
(1)

– 20
(9.5)

6.4232

There is a bidirectional relationship between peri-
odontal diseases and diabetes

83
(39.5)

73 (34.8) 35
(16.7)

12
(5.7)

– 7
(3.3)

1.0099

Are you aware about the studies linking periodontal 
disease and diabetes?

78
(37.1)

88 (41.9) 26
(12.4)

– – 18
(8.6)

0.9981
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Analyses of participant’s personal dental health 
awareness

Significant association was observed in relation to partici-
pant age and experience with regard to his/her last dental 
examination (p = 0.0001, 41–50 years, last dental visit 
was 12 months) and use of supplemental oral hygiene aids 
(p= 0.0019, 11–20 years) respectively (Table 7).

Discussion

EFP/AAP 2012 workshop on periodontitis and systemic dis-
eases concluded with recommendation for drafting guide-
lines for periodontal care in diabetes both for professionals 

and for patients [9]. Research indicates that collaboration 
between dental and medical community on co-management 
for diabetics is sub-optimal and may be lagging due to pau-
city of knowledge resulting in non-utilization of scientific 
research into practice [10]. European Federation of Peri-
odontology (EFP) and International Diabetes Federation 
(IDF) 2017 updated the evidence from the EFP/AAP 2012 
workshop and released a dual set of guidelines: (1) for the 
patients with diabetes, (2) for the physicians/other medical 
health professionals treating diabetes and periodontitis. The 
guidelines emphasized need for the (a) oral healthcare per-
sonnel to identify the undiagnosed diabetes and pre-diabetic 
conditions and (b) need for the physicians to be aware of 
periodontal disease and its implications on glycemic control 

Table 5  Comparative outcomes of participant’s age, experience and type of practice on dental care recommendations

p<0.05
*  =significant, N (%) =number (percentage), **= survey questionnaire response

Recommendation Age of the participant
p value, n (%), response category

Type of practice
p value, n (%), 
response category

Years in practice
p value, N (%), 
response category

Dental problems should be inquired from diabetic patients 0.046*, 18 (26.5)
(41–50 years)

0.003*, 48 (70.6)
(hospital based

0.0812

Oral and periodontal health examination should be included in 
diabetic screening protocols

0.003*, 53 (73.5)
(41–50 years)

0.0001*, 31 (68.9)
(hospital based)

0.021*, 27 (51.2)
(> 20 years)

Diabetics patients should be referred for dental check up 0.1905 0.024*, 14 (60.9)
(hospital based)

0.019*, 26 (47.2)
(11–20 years)

Collaborative training for medical and dental students should be a 
part of the curriculum

0.6494 0.2596 0.012*, 22 (13)
(11–20 years)

Collaborative practice should be there between endocrinologist 
and dentist

0.02*, 45(65.2)
(41–50 years: bidirectional referral)

0.172 0.030*, 37 (71.2)
(11–20 years)

Table 6  Comparative outcomes of participant’s age, experience and type of practice on awareness of diabetes and periodontitis

p<0.05
*=significant, n (%) =number (percentage), **=survey questionnaire response

Periodontitis and diabetes mellitus Age of the partici-
pant  p value, n (%), 
response category

Type of practice
p value, n (%), 
response category

Years in practice
p value, n (%), 
response category

Inflammation is a key component between periodontal disease and diabetes 0.0005*, 22 (27.5)
41–50 years

0.4998 0.7822

Control of periodontal infection important in management of diabetes 0.042*, 9 (26.5)
41–50 years

0.018*, 22 (64.7)
hospital based

0.018*, 6 (17.6)
11–20 years

Periodontitis increases risk of diabetic complications 0.028*, 12 (25.5)
41–50 years

0.0668 0.017*, 8 (17)
11–20 years

Do you know the symptoms of periodontal diseases? 0.473 0.004*, 65 (66.3)
hospital based

0.044*, 14 (14.3)
11–20 years

There is a bidirectional relationship between periodontal diseases and diabetes 0.1988 0.0001*, 47 (62.7)
hospital based

0.018*, 12 (16)
11–20 years

Diabetics have increased risk of poor periodontal health 0.3512 0.0278*, 38 (73.1)
hospital based

0.021*, 11 (21.2)
11–20 years
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[11]. It is prudent for the medical physicians to have a fair 
understanding about the oral health and systemic health [12].

A Turkish study done on medical doctors demonstrated 
that 90.8% respondents believed that there is a relationship 
between periodontal disease and systemic health and the 
most frequent systemic disease (66.8%) known to be related 
to periodontal disease was diabetes. [13]. However, this 
awareness was not supported by precise knowledge and did 
not translate into appropriate clinical practice. Medical doc-
tors got the information regarding the relationship between 
periodontal disease and its association with systemic health, 
primarily from lessons/workshops, dental practitioners, 
medical journals, and magazines [14].An effort has been 
made in our study to highlight the knowledge of bidirectional 
link and not mere reporting effect of diabetes on periodontal 
health. To the best of our knowledge, this is the first Indian 
study undertaken exclusively among the super specialists. 
The Indian studies published so far have enrolled either 
only patients/interns/medical practitioners [12, 15, 16]. A 
study from University of North Carolina (UNC) conducted 
among medical interns (85%) and endocrinologists (15%) 
demonstrated a fairly high knowledge about periodontal 
disease and diabetes. However, only 21% were aware about 
the bidirectional link [17]. This is in contrast to a relatively 
high level of awareness (73%) about this link in our study 
and is comparable to a study from Hong Kong (76%) [18]. 
The UNC study revealed 50% of the subjects did not know 
or disagreed that treatment of periodontal disease might 
improve glycemic control which proves lack of knowledge 
about evidence-based studies [15]. In our study, 80% of the 
respondents strongly agreed that collaborative training for 
medical and dental students is important in their educational 
curriculum. The participants concurred that control of peri-
odontal infection is important in management of diabetes. 
Total referral rate in the North Carolina study was 28.7%, 
wherein endocrinologist’s referral rate was more (48.7%) 
as compared to internists (25.1%).This translates to the fact 
that super specialists are better versed with the association 
between two diseases [15]. Referral rate in our study was 
11% and is similar to the study from Hong Kong (12%) [19], 

higher than a study from Iran (4.4%) [20], and lower than 
the published studies from Cyprus (42%) [21] and China 
(26%) [18].

A study involving 510 general practitioners (232 physi-
cians and 278 dentists) concluded that dentists were sig-
nificantly more aware (52%) on the bidirectional association 
than the physicians (31%) [14]. Awareness on bidirectional 
link between diabetes and periodontitis in our study was 
(73%) and is comparable to study from Hong Kong (76%) 
[19]. Awareness on diabetics more prone to periodontitis 
was reported higher (90%) in the study from Hong Kong 
[19] as compared to our study (55%). 56.5% of the medi-
cal doctors refer their patients to a periodontist for different 
reasons out of which gingival bleeding was most common 
(44%) [13]. A qualitative study exploring the perception and 
barriers of GPs (general practitioners) in Australia revealed 
that despite the current recommendations, GPs’ oral health 
care practices among diabetic patients is limited. Develop-
ment of appropriate oral health training programs and risk 
assessment tools along with accessible referral pathways are 
required to address the current barriers [22].

A recent study demonstrated a predictive model (age, 
gender, ethnicity, HbA1c, and smoking habit) that could be 
used as a reliable screening tool for periodontitis in primary 
medical care settings to facilitate referral of patients at risk 
for oral examination. This study further reinforced the need 
for guidelines to screen for periodontitis, pre-diabetes, and 
diabetes in dental and medical care settings. Measures of 
modifiable risk factors for periodontitis and diabetes, such as 
glycemic control and adiposity, were reported to be univer-
sally applicable screening parameters [23]. With a response 
rate of 90.3% and on comparison of the outcomes, our study 
revealed a significant association of dental care recommen-
dations with type of practice and experience years of partici-
pants (p< 0.05). This suggests the role of the participant’s 
own experience in reaching out to conclusions pertaining 
to the relationship between diabetes and periodontitis and 
its effect on the dental care recommendations they would 
provide. It is important to understand here that the type of 
practice, suggestive of conducive environment, is also a 

Table 7  Comparative outcomes 
of participant’s age, experience, 
and type of practice on dental 
health awareness

*p< 0.05
*= significant, n (%)=number (percentage), **=survey questionnaire response

Characteristic Age of the participant
p value, n (%), response 
category

Type of practice
p value, n (%), response 
category

Years in practice
p value, n (%), 
response, cat-
egory

When was your last dental 
examination visit?

0.0001*, 25 (36.2)
41–50: 12 months

0.4754 0.2665

Do you floss your teeth/use 
any interdental aid?

0.2843 0.1880 0.001*, 6 (11.3)
11–20 years
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significant factor in including oral health examination and 
subsequent referral. Similarly, the awareness on relation 
between diabetes and periodontitis had a significant asso-
ciation with years of experience and type of practice. These 
results hint towards a lacuna in the training imparted during 
medical education due to which there is a seemingly more 
dependence on experience and possibly less utilization of 
scientific research into practice. Hitherto, the main thrust 
comes from clinicians’ own experience, a favorable environ-
ment, and his/her own interest and endeavor for continuous 
learning through published research studies and scientific 
conferences.

Conclusion

Our study concluded that the participants had a high level 
of awareness about periodontal disease and its bidirectional 
relation with diabetes. However, it did not significantly 
translate to the referral rate to dental office. Interdiscipli-
nary collaborative approaches should be a part of the man-
agement protocol for diabetes and periodontitis. Such team 
approach would aim at detecting the diabetic patients at peri-
odontal risk (as a pre-diabetic screening at dental office) and 
vice versa. Table 8 proposes few future recommendations 
that can be incorporated in the realm of clinical practice 
by the dentist and physician to bridge the lacuna between 
documented evidence and clinical practice in India.
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Abstract
Purpose To investigate the effect of aerobic exercise (AE) versus resistance exercise (RE) on outcomes of cardiac autonomic 
recovery in type 2 diabetes mellitus (T2DM) patients with cardiac autonomic neuropathy (CAN).
Methods Fifty T2DM patients with CAN (age: 52.2 ± 6.8 years) were recruited for the present study. They were randomly 
allocated into two groups: AE (n = 25) and RE (n = 25). The AE group performed graded maximal exercise test using Balke 
protocol while the RE group performed 5 sets of leg press exercise at 10 repetition maximum (RM) intensity. Heart rate 
variability (HRV) was assessed for 10 min after both exercise bouts while heart rate recovery (HRR) was recorded for the 
first 3 min after completion of the exercise bouts. Key outcome measures for the study were standard time and frequency 
domain parameters of HRV and HRR1min, HRR2min, and HRR3min. Standard statistical analysis which included independent 
t-test and repeated measures analysis of variance was performed in order to test the study hypothesis.
Results Significant impairment was observed in both HRV and HRR after both AE and RE (p < 0.05). However, alterations 
in both HRV and HRR responses were found to be more after AE as compared to RE (p <0.05) in T2DM patients with CAN.
Conclusion Findings of the present study suggest significant blunting of autonomic responses after both AE and RE in T2DM 
patients with CAN. However, deterioration in them was found to be more after AE as compared to the RE indicating that 
AE may pose greater stress on the cardiovascular system of T2DM patients with CAN.

Keywords Autonomic nervous system · Diabetes · Exercise · Recovery

Abbreviations
30:15 ratio  Ratio of the longest R-R interval during 30 s 

and the shortest R-R interval during 15th 
second of the head-up tilt test

AE  Aerobic exercise
ANCOVA  Analysis of covariance
ANS  Autonomic nervous system
BP  Blood pressure
BRS  Baroreflex sensitivity
CAN  Cardiac autonomic neuropathy
CARTs  Cardiovascular autonomic reflex tests
CVD  Cardiovascular disease

DBP  Diastolic blood pressure
DBT  Deep breathing test
E:I ratio  Ratio of the average of longest R-R interval 

during expiration and the shortest R-R inter-
val during inspiration of the deep breathing 
test

ECG  Electrocardiogram
HF  High frequency
HGT  Hand grip test
HR  Heart rate
HRR  Heart rate recovery
HRV  Heart rate variability
HUT  Head-up tilt
LF/HF ratio  Ratio of low- and high-frequency power
LF  Low frequency
Mean NN  Average of N–N intervals
MHR  Maximal heart rate
pNN50  Proportion of differences in consecutive 

N–N intervals that are longer than 50 ms
PNS  Parasympathetic nervous system
RE  Resistance exercise
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RM  Repetition maximum
RMSSD  Root mean square of successive differences 

between adjacent R-R intervals
SBP  Systolic blood pressure
SDNN  Standard deviation of N–N intervals
SNS  Sympathetic nervous system
T2DM  Type 2 diabetes mellitus
TP  Total power
VM  Valsalva maneuver
VR  Valsalva ratio
ΔHR  Change in R-R intervals during six con-

secutive cycles of deep inspiration and 
expiration

Introduction

Type 2 diabetes mellitus (T2DM) is a global epidemic 
linked to various macro- and micro-vascular complications 
of which cardiovascular complications are quite common 
[1]. Cardiac autonomic neuropathy (CAN) manifested in 
the form of cardiac autonomic dysfunction is one of the 
commonest cardiovascular complication in T2DM patients 
which is strongly associated with the occurrence of ventricu-
lar arrhythmias and myocardial infarction [2].

The heart has been suggested to be vulnerable to car-
diovascular events during exercise and the recovery phase 
after completion of exercise due to the predominant sympa-
thetic activity [3]. CAN in T2DM not only impairs resting 
cardiac autonomic tone but also negatively influences car-
diac autonomic recovery. During exercise, a continuous and 
reciprocal functioning of the sympathetic nervous system 
(SNS) and parasympathetic nervous system (PNS) regulates 
heart rate (HR) [3]; however, this interaction between the 
two arms of autonomic nervous system (ANS) is disrupted 
during recovery phase after exercise due to the differences in 
firing patterns between these systems [4]. There is parasym-
pathetic reactivation followed by sympathetic withdrawal 
in the later stages which protects the heart by a timely and 
sequential reduction in HR. However, this autonomic recov-
ery pattern is largely disrupted in T2DM patients with CAN, 
with prolonged SNS activity and delayed PNS reactivation 
during the recovery phase [4, 5]. Post-exercise heart rate 
variability (HRV) and heart rate recovery (HRR) are often 
utilized to measure cardiac autonomic recovery after exer-
cise [5, 6]. Reduction in HRV parameters and blunting of 
HRR response during the recovery period are hallmarks of 
impaired cardiac autonomic recovery and is often observed 
in T2DM patients [4–6].

International guidelines strongly recommend exercise 
as part of the comprehensive rehabilitation of T2DM [7]. 
Exercise can be performed in a variety of modes; however, 
most common forms are still aerobic (AE) and resistance 

exercises (RE) which are strongly recommended for T2DM 
patients as well [7]. Since acute exercise has been shown to 
disrupt the cardiac autonomic activity [4], understanding 
the autonomic recovery responses to these exercise forms 
is imperative in order to comment on the cardiovascular 
safety during these exercises. Moreover, this research ques-
tion becomes even more important and relevant for patients 
with CAN in which there is quite evident disruption of auto-
nomic responses [8]. Therefore, the present study intended 
to compare the cardiac autonomic recovery after AE versus 
RE in T2DM patients with CAN. We hypothesized that there 
will be a significant difference in the autonomic recovery 
patterns after AE  versus RE in T2DM patients with CAN.

Materials and methods

Participants

Sample size for the present study was calculated using the 
Software G. Power (3.1.9.7) with the effect size obtained in 
a previous study [9] (d=1.06) between high-frequency (HF) 
power of HRV after aerobic versus resistance exercise. A 
sample size of 50 T2DM patients (n=25 in each group) with 
0.98 power and 0.05 α was found to be necessary to test the 
study hypothesis. Patients with T2DM (HbA1c>6.5%) [10] 
which were found to be positive for CAN as per the Ewing’s 
criteria [11] with a duration of T2DM≥1 year were recruited 
into the study. Patients with any severe cardiovascular dis-
ease [12] or morbid obesity (> 40 kg/m2) or those who suf-
fered from uncontrolled hypertension (systolic blood pres-
sure/diastolic blood pressure (SBP/DBP) > 165/95 mmHg) 
or any musculoskeletal problem that could limit his/her abil-
ity to participate in exercise testing without inducing pain, 
those involved in any structured exercise training for last 
6 months, or those who were unable to follow directions and 
recognize symptoms were excluded. A random sample of 
50 T2DM patients with CAN was selected from the popula-
tion. Fifty T2DM patients with CAN were randomly allo-
cated into either AE or RE group using the lottery method 
wherein a researcher randomly picks numbers, with each 
number corresponding to a subject or item, in order to create 
the sample. The present study constituted comparative cross-
sectional design wherein comparison of autonomic recov-
ery was made between the AE and RE groups. The present 
study was approved by the Institutional Ethics Committee of 
Jamia Millia Islamia (Proposal No 16/9/146/JMI/IEC/2017), 
and the study procedures were executed in accordance with 
the Declaration of Helsinki. Written informed consent was 
obtained from all the participants.
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Experimental procedures

The present investigation was conducted at Jamia Millia 
Islamia, New Delhi, India, after taking approval from the 
Institutional Ethics Committee between April, 2018, and 
January, 2019. Eligible participants were evaluated for 
demographic and clinical parameters followed by standard 
cardiovascular autonomic reflex tests (CARTs) for diagnos-
ing CAN. Thereafter, 50 T2DM patients with CAN were 
randomly divided into AE (n = 25) and RE (n = 25) group. 
Both groups underwent HRV assessment at rest followed 
by AE and RE in the AE and RE groups respectively. Post-
exercise HRV and HRR were recorded in both groups after 
completion of respective exercise bouts.

Aerobic and resistance exercise

For the AE, a maximal graded exercise test was conducted 
on a motorized treadmill in accordance with the Balke 
protocol [13]. The test was terminated when either attain-
ment of 90% of age-predicted maximal HR (MHR) or voli-
tional fatigue or VO2max was achieved (defined as VO2 that 
increased < 1 mL/kg/min for ≥ 30 s despite increment in 
workload) [14].

RE consisted of 5 sets of 10 repetitions (at 10 repetition 
maximum (RM) intensity) each on a leg press machine (8 
station multi-gym, Fitness World, India). Prior to the actual 
test, 10 RM for each participant was calculated using a ramp 
protocol. Ten RM was defined as the load at which elev-
enth repetition could not be performed. Two minutes of rest 
period was provided between each set and the pace of repeti-
tions was controlled by a metronome.

Autonomic function assessment

Cardiovascular autonomic reflex tests

CARTs proposed by Ewing et al. [11] evaluate CAN on the 
basis of 5 tests of autonomic reactivity. The CART battery 
comprises of three HR tests (deep breathing test (DBT), Val-
salva maneuver (VM), and head-up tilt (HUT) test) and two 
blood pressure (BP) tests (HUT and hand-grip test (HGT)) 
which provides objective information on parasympathetic 
and sympathetic reactivity respectively. CARTs were per-
formed following the standard procedures and variables such 
as E:I ratio, ΔHR, VR, 30:15 ratio, ΔSBP, and ΔDBP were 
calculated [11].

Heart rate variability and heart rate recovery assessment

HRV at rest was evaluated under controlled conditions in a 
quiet, temperature-controlled room. A rest period of 15 min 
was provided in supine position prior to the actual testing. 

After the rest period, the actual test included electrocardio-
gram (ECG) recording for 10 min with a standard lead II 
configuration. Of the 10-min ECG record, the last 5 min was 
utilized for HRV analysis. For post-exercise HRV, partici-
pants were asked to assume supine position on a nearby bed 
immediately after completion of the exercise bouts. Again, 
ECG was recorded (standard lead II configuration) for the 
next 10 min which included a 3-min transitional phase. This 
transitional phase was provided so as to provide the partici-
pant adequate time to dismount from the treadmill/leg press 
machine, assume supine position on the bed, and safeguard 
the position of electrodes. Post-exercise HRV analysis was 
performed on the R-R intervals between 3 and 8 min of the 
post-exercise ECG record [15].

HR was derived from a continuous ECG record obtained 
via lead II ECG configuration during the recovery phase. 
HRR was calculated as the absolute difference between HR 
at peak exercise and HR recorded at 1 (HRR1min), 2 min 
(HRR2min), and 3 min (HRR3min) after the AE and RE [16].

Heart rate variability analysis

We recorded HRV data at the sampling rate of 1000 Hz 
using a low-pass filter (at 40-Hz cutoff frequency). The 
beat classifier module of the software was utilized to visu-
ally and automatically inspect the ectopic beats which were 
then interpolated as per standard guidelines [17]. Fast Fou-
rier transform was utilized in order to decompose the data 
into its frequency components for frequency domain HRV 
analysis. Total power (TP) and the power density in areas 
of low-frequency (LF) (0.04 to 0.15 Hz) and HF (0.15 to 
0.4 Hz) bands were calculated at rest and after exercise 
along with the ratio of LF and HF power, i.e., LF/HF ratio. 
Considering the possible impact of respiratory oscillations 
on HRV during the post-exercise period, the range of HF 
band was extended (HF, 0.15–0.5 Hz) for post-exercise 
HRV analysis [18]. Standard time domain indices such as 
average of N–N intervals (Mean NN), standard deviation 
of N–N intervals (SDNN), root mean square of successive 
differences between adjacent R-R intervals (RMSSD), and 
proportion of differences in consecutive N–N intervals that 
are longer than 50 ms (pNN50) were also calculated. Mean 
NN, SDNN, and TP denote overall variability in R-R inter-
vals while RMSSD, pNN50, and HF power are indicators of 
parasympathetic cardiac control. LF power represents sym-
pathetic cardiac control whereas LF/HF ratio is an indicator 
of sympatho-vagal balance [19]. HRV recording and analysis 
were performed in accordance with the guidelines proposed 
by the Taskforce of European Society of Cardiology and 
North American Society of Pacing and Electrophysiology 
[19] using the AD instruments Lab Chart version 7.3.7 with 
HRV module version 1.4.2 (Power Lab 8 SP, AD Instru-
ments, Australia).
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Statistical analysis

Data was analyzed using SPSS software version 21. Data 
are presented in the form of mean ± standard deviation, 
median (interquartile range), and frequencies/percentages 
wherever required in the tables. Normality of the data was 
examined using the Shapiro–Wilk test. Non-normal data was 
log transformed prior to any further analysis. Demographic 
and clinical variables were compared between the groups 
(AE versus RE) using independent t-test/Mann–Whitney U
test. Data  recorded in frequencies/percentages such as co-
morbidities, complications, drugs, and gender was compared 
between the groups using chi-square test. CARTs and HRV 
parameters at rest were also compared between the groups 
(AE versus RE) using independent t-test/Mann–Whitney 
U test. A 2 × 2 repeated measures analysis of variance was 
employed to examine main effects of time (rest versus post-
exercise), group (AE versus RE), and group × time interac-
tion. If any outcome variable was found to be significantly 
different between the groups at rest, analysis of covariance 
(ANCOVA) was applied to compute group differences by 
considering the baseline value as a covariate. Statistical sig-
nificance was set at p < 0.05.

Results

Demographic and clinical characteristics were found to be 
statistically similar between the groups (Table 1). CARTs 
and resting HRV parameters were also found to be statis-
tically similar between the groups except SDNN and HF 
power (Table 2) which were analyzed using ANCOVA.

All time domain HRV parameters showed significant 
time effect (Mean NN, p < 0.001; RMSSD, p < 0.001; 
pNN50, p < 0.001) indicating significant impairment 
in these parameters from rest to post-exercise period in 
both AE and RE groups. Moreover, a significant group 
and interaction effect was observed for Mean NN (Group, 
p = 0.04; Interaction, p = 0.007), and a significant group
effect was observed for SDNN (p < 0.001), and RMSSD 
(p = 0.008) showing significantly greater impairment in 
these parameters after AE as compared to RE (Table 3).

Among frequency domain parameters, TP (p < 0.001) 
and LF power (p = 0.01) showed significant time effect 
signifying significant impairment in these parameters from 
rest to post-exercise period in both groups. Moreover, a 
significant group and interaction effect was observed for 
LF power (Group, p = 0.005; Interaction, p = 0.006) and
a significant group effect was observed for HF power 
(p = 0.001) demonstrating significant impairment in these 
parameters after AE as compared to RE (Table 3).

Table 1  Comparison of demographic and clinical characteristics 
between the groups

SD standard deviation, RE resistance exercise, AE aerobic exercise, 
CI confidence intervals, M male, F female, DM diabetes mellitus, 
BMI body mass index, HRrest resting heart rate, SBP systolic blood 
pressure, DBP diastolic blood pressure, FBG fasting blood glucose, 
PPBG post-prandial blood glucose, HbA1c glycosylated hemoglobin, 
TC total cholesterol, TG triglycerides, HDL high-density lipopro-
tein, LDL low-density lipoprotein, VLDL very-low-density lipopro-
tein, HTN hypertension, ACE angiotensin-converting enzyme, DPP4
dipeptidyl peptidase 4; independent t-test/Mann–Whitney U test 
applied; to compare frequencies, chi-square test applied

Variables RE (n=25) AE (n=25) p-value
Mean±SD Mean ±SD

Demographic variables
  Age (years) 53.4±8.01 51.1±5.59 0.24
  Gender, M/F (n, n%) 16/9 17/8 0.76
  Height (m) 1.6 ±0.07 1.6±0.09 0.87
  Weight (kg) 73.5±9.42 74.8 ±11.72 0.66
  BMI (kg/m2) 28.0±3.84 28.4 ±4.73 0.80
  DM duration (years) 7.7±5.37 8.6±6.26 0.51
  HRrest (beats/min) 81.8 ±12.98 81.1±12.60 0.84
  SBP (mmHg) 124.8±13.56 131.5 ±15.13 0.10
  DBP (mmHg) 78.4±6.42 80.5±9.47 0.39
  FBG (mg/dl) 171.8±69.21 181.9 ±66.91 0.48
  PPBG (mg/dl) 234.8±94.89 244.1±86.26 0.63
  HbA1c (%) 8.3±1.81 9.0 ±1.78 0.11
  TC (mg/dl) 178.2±33.03 174.7±41.61 0.73
  TG (mg/dl) 140.9±36.95 158.3 ±44.84 0.14
  HDL (mg/dl) 45.0 ±8.38 42.0±6.80 0.27
  LDL (mg/dl) 103.9±31.10 104.4 ±38.98 0.79
  VLDL (mg/dl) 26.9±5.98 27.4±9.53 0.84

Co-morbidities (n, n%)
  HTN 13 (52) 13 (52) 0.77
  Dyslipidemia 15 (60) 17 (68) 0.55
  Thyroid dysfunction 5 (20) 3 (12) 0.44
  Musculoskeletal issues 4 (16) 5 (20) 0.71

DM complications (n, n%)
  Peripheral neuropathy 6 (24) 10 (40) 0.22
  Retinopathy 2 (8) 3 (12) 0.63
  Nephropathy 0 (0) 1 (4) 0.31

Drugs (n, n%)
  Metformin 11 (44) 12 (48) 0.77
  Insulin 2 (8) 4 (16) 0.38
  Sulfonylureas 3 (12) 5 (20) 0.44
  ACE inhibitors 1 (4) 1 (4) 1.00
  Statins 4 (16) 2 (8) 0.38
  Calcium channel block-

ers
0 (0) 3 (12) 0.07

  DPP4 inhibitors 1 (4) 2 (8) 0.55
Thiazolidnedione 1 (4) 0 (4) 0.31

  α Glucosidase inhibitors 0 (4) 2 (8) 0.14
  Dapaglifzone 1 (4) 1 (4) 1.00
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Peak HR showed a significant time effect (p <0.001) indi-
cating significantly greater rise in HR at peak exercise from 
the resting conditions. HRR1min, HRR2min, and HRR3min also 
demonstrated significant time effect (p < 0.001) indicating a 
significant decline in post-exercise HR from the peak HR. 
A significant group and interaction effect was observed 
for HRR1min (Group, p = 0.03; Interaction, p < 0.001) and
HRR2min (Group, p = 0.04; Interaction, p < 0.001) while 
a significant interaction effect was seen for HRR3min
(p < 0.001) indicating a significantly greater impaired HRR 
after AE as compared to RE (Table 3).

Discussion

Purpose of the present study was to investigate and com-
pare the autonomic recovery patterns after AE versus RE in 
T2DM patients with CAN. Significantly greater impairment 
was observed in autonomic recovery pattern after AE bout 

than the RE bout suggesting that AE was more strenuous 
than RE for T2DM patients with CAN.

Attenuated HRR after exercise has shown to be linked 
with reduced parasympathetic activity [20] and is also found 
to increase the risk for cardiovascular events and associated 
mortality in asymptomatic patients with T2DM [21]. It has 
been proposed that HRR represents the coordinated inter-
action between sympathetic and parasympathetic arms of 
ANS in order to safeguard the heart with parasympathetic 
reactivation initially (HRR1min) followed by sympathetic 
withdrawal in later parts of recovery (HRR2min and HRR3min) 
[22]. Our findings demonstrated that HRR from 1st to 3rd 
minute post-exercise remained significantly greater after 
the RE bout than the AE bout which points towards greater 
cardiovascular stress posed by AE in the present sample. 
Findings of the present study suggested that both parasym-
pathetic reactivation and sympathetic withdrawal (denoted 
by altered HRR1-3 min) were significantly impaired in both 
AE and RE groups; however, greater impairments were 

Table 2  Comparison of 
cardiovascular autonomic reflex 
tests and heart rate variability 
parameters at rest between the 
groups at baseline

SD standard deviation, SMD standardized mean difference, CARTs cardiovascular reflex tests, HRV heart 
rate variability, RE resistance exercise, AE aerobic exercise, CI confidence intervals, E:I ratio ratio of the 
average of longest R-R interval during expiration and the shortest R-R interval during inspiration of the 
deep breathing test, ΔHR change in R-R intervals during six consecutive cycles of deep inspiration and 
expiration, 30:15 ratio ratio of the longest R-R interval during 30 s and the shortest R-R interval during 
15th s of the head-up tilt test, VR valsalva ratio, ΔSBP change in systolic blood pressure during head-up tilt 
test, ΔDBP change in diastolic blood pressure during hand grip test, HR heart rate, Mean NN average of 
N–N intervals, SDNN standard deviation of N–N intervals, RMSSD root mean square of successive differ-
ences between adjacent N–N intervals, pNN50 Proportion of differences in consecutive N–N intervals that 
are longer than 50 ms, TP total power, LF low frequency, HF high frequency, LF/HF ratio ratio of low and 
high frequency power; #median (interquartile range) reported and non-parametric tests applied for ΔSBP; 
*significant difference between the groups; chi-square test applied to compare frequencies in the different 
stages of CAN and independent t-test applied to compare other variables

Variables RE (n=25) AE (n =25) SMD (95% CI) p-value

CARTs, n (n%)
  Early 18 14 - 0.13
  Definite 04 07 - 0.30
  Severe 02 04 - 0.38

Mean ±SD Mean ±SD
  E:I ratio 1.16±0.11 1.14 ±0.14 0.00 (-0.55, 0.56) 0.52
  ΔHR (beats/min) 9.9 ±5.26 11.4 ±9.01 -0.40 (-0.96, 0.16) 0.70
  VR 1.02 ±0.66 1.21±0.56 -0.03 (-0.58, 0.53) 0.20
  ΔDBP (mmHg) 17.6 ±5.39 16.1±5.80 0.26 (-0.29, 0.82) 0.45
  30:15 ratio 1.06 ±0.09 1.12±0.14 -0.50 (-1.07, 0.06) 0.07

  #ΔSBP (mmHg) -3.00 (-14.00, 14.00) -2.00 (-16.00, 22.00) 0.91
HRV (rest)

  Mean NN (ms) 746.5±114.73 723.3 ±80.48 0.23 (−0.33, 0.79) 0.41
  SDNN (ms) 28.5±10.89 36.8 ±15.61 −0.14 (− 0.70, 0.41) 0.01*
  RMSSD (ms) 27.5±8.35 24.5 ±11.66 0.24 (−0.32, 0.79) 0.13
  pNN50 (%) 1.59±1.32 1.59 ±1.22 0.00 (−0.55, 0.55) 0.45
  TP (ms2) 757.5 ±372.11 711.9±284.74 0.14 (−0.42, 0.69) 0.62
  LF power (ms2) 247.0 ±172.98 198.9±109.80 0.20 (−0.35, 0.76) 0.54
  HF power (ms2) 320.2±187.61 165.7±82.88 0.99 (0.40, 1.58) 0.005*
  LF/HF ratio 1.20 ±0.01 1.28±0.51 −0.00 (−0.56, 0.55) 0.22
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observed post-AE. Blunted HRR has been observed after 
acute exercise in T2DM patients; however, to the best of our 
knowledge, no study so far exists which compares HRR after 
AE versus RE in T2DM patients. Vianna et al. [23] have 
demonstrated significant impairment in HR kinetics after 
lower limb and upper limb resistance exercise with greater 
deterioration following lower limb exercise. Moreover, HR 
kinetics was also found to be impaired in healthy men fol-
lowing AE [24]. Regarding the comparison of autonomic 
responses between control, AE, and RE, Niemela et al. [25] 
also observed significant impairment in recovery pattern 
of baroreflex sensitivity (BRS) after both exercise forms in 
comparison to the control condition. The BRS response after 
high-intensity RE was blunted for a duration of 60 min as 
compared to 30 min in the AE group [25].

The variables of HRV provide direct information on the 
parasympathetic cardiac control and inferred information 
on the sympathetic cardiac control [19]. Findings suggested 
that most of the HRV parameters demonstrated significant 
impairment after both AE and RE bouts in T2DM patients 
with CAN. Previous studies [5, 26] have demonstrated the 
same and have shown that short-term exercise significantly 
blunts autonomic responses after exercise in patients with 
T2DM. A recent study [5] demonstrated slower autonomic 
recovery after maximal aerobic exercise in patients with dia-
betes than non-diabetic controls which was further slowed 
down by the presence of hypertension. Similar to aerobic 
exercise, research [26] has shown altered HRV kinetics as 

compared to resting conditions in patients with hypertension. 
The present study revealed that most of the HRV measures 
showed significant deterioration from rest to post-exercise 
conditions in both exercise groups while greater impairment 
was observed in the AE group. In contrary to our findings, 
studies by Heffernan et al. [27, 28] have shown significantly 
greater alteration in the autonomic recovery pattern after RE 
bout than AE in healthy male participants. BRS was reduced 
after both bouts of exercise, but significantly greater reduc-
tions were seen following RE [27]. Heffernan et al. [28] in 
another experiment reported a significant increase in LF/HF 
ratio after both AE and RE, and a decrease in TP, LF, and HF 
power was also observed which was more pronounced after 
RE than AE indicating that RE was more strenuous than AE 
in the healthy male participants. However, it is to be noted 
that they [27, 28] investigated autonomic responses to exer-
cise in healthy participants in contrary to our diseased sam-
ple and that physiological responses are highly dependent 
on the presence or absence of pathology [29]. Also, in their 
studies [27, 28], BRS and HRV, i.e., autonomic recovery was 
recorded 20 min and 30 min after completion of the exer-
cise bouts in contrary to our experimental procedures which 
involved assessment of immediate post-exercise autonomic 
recovery (up to 10 min after exercise). Differences in the 
findings of these studies [27, 28] and the present study could 
be accounted by differences in exercise volume because 
these previous investigations [27, 28] involved whole-body 
RE protocols in contrast to our protocol which involved only 

Table 3  Comparison of post-exercise heart rate variability and heart rate recovery parameters between the groups

SD standard deviation, SMD standardized mean difference, HRV heart rate variability, HRR heart rate recovery, RE resistance exercise, AE aero-
bic exercise, CI confidence intervals, Mean NN average of N–N intervals, SDNN standard deviation of N–N intervals, RMSSD root mean square 
of successive differences between adjacent N–N intervals, pNN50 Proportion of differences in consecutive N–N intervals that are longer than 
50  ms, TP total power, LF low frequency, HF high frequency, LF/HF ratio ratio of low and high frequency power; #analysis of covariance 
applied; *significant difference; 2× 2 repeated measures analysis of variance applied to calculate the main effects of group (AE versus RE), time 
(rest versus post-exercise) and group×time interaction

Variables RE (n=25) AE (n =25) SMD (95% CI) p-values
Mean± SD Mean±SD Group Time Group ×time

Post-exercise HRV
  Mean NN (ms) 680.8 ± 93.67 604.6± 65.67 0.93 (0.34, 1.51) 0.04* <0.001* 0.007*

  #SDNN (ms) 24.0±4.77 18.8±7.93 0.78 (0.21, 1.36) <0.001*
  RMSSD (ms) 15.2±5.80 10.7±4.29 -0.87 (0.29, 1.45) 0.008* <0.001* 0.12
  pNN50 (%) 1.18±1.07 0.45±0.35 0.90 (0.32, 1.49) 0.16 <0.001* 0.15
  TP (ms2) 498.7±93.21 351.9±224.19 0.84 (0.26, 1.42) 0.12 <0.001* 0.24
  LF power (ms2) 208.9±54.27 128.4±90.61 1.06 (0.47, 1.66) 0.005* 0.01* 0.006*

  #HF power (ms2) 156.4 ±36.09 98.3±86.81 0.86 (0.28, 1.44) 0.001*
  LF/HF ratio 1.24±0.33 1.41±0.58 0.35 (−0.91, 0.20) 0.12 0.08 0.57

Post-exercise HRR
  HRpeak (beats/min) 152.3 ±10.16 166.6 ±12.69 −1.22 (−1.83, −0.62) 0.005* <0.001* <0.001*
  HRR1min (beats/min) 17.5±14.14 14.3 ±5.55 0.29 (−0.26, 0.85) 0.03* <0.001* <0.001*
  HRR2min (beats/min) 27.6±12.06 25.7 ±6.22 0.19 (−0.36, 0.75) 0.04* <0.001* <0.001*
  HRR3min (beats/min) 59.4±15.8 43.1 ±12.40 1.13 (0.53, 1.73) 0.72 <0.001* <0.001*
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leg press exercise and indicates that the amount of mus-
cle mass involved during exercise is also relevant. Another 
important point which should be taken into consideration is 
that resistance exercise protocol utilized in the present study 
was intermittent which may explain the differences observed 
by us and the studies of Heffernan et al. [27, 28].

Though there exists plenty of literature regarding the 
effects of exercise training on autonomic modulation in 
T2DM patients, however, the literature remains to be scarce 
regarding the acute effects of these exercise forms on car-
diac autonomic recovery. Moreover, it was important to 
understand the acute effects of these exercise forms in order 
to quantify autonomic stress posed by them. AE has direct 
effects on the cardiovascular system while RE has inferred 
effects. Therefore, it may be speculated that due to its direct 
actions on the cardiovascular system [30], AE exerted 
greater cardiovascular stress in T2DM patients in the pre-
sent study. RE on the other hand may be considered to pose 
lesser stress on the cardiovascular system since it primarily 
works upon the peripheral muscles in order to direct its car-
diovascular effects [30]. Of notice is the fact that peak HR 
achieved during RE was significantly less than the peak HR 
achieved during AE (Table 3) which might be responsible 
for exaggerated blunting of autonomic recovery after AE in 
the present investigation.

The present study had a few limitations. RE bout was 
performed at 10 RM intensity which is equivalent to 75% 
of 1 RM whereas AE bout utilized a maximal graded exer-
cise test. Therefore, differences in exercise intensity might 
have influenced the results. Also, we did not measure energy 
expenditure during the two exercises which might have 
some influence on the observed findings. Moreover, these 
patients were on anti-diabetic medications too which could 
have modified autonomic function; however, the intake of 
medicines was prohibited 24 h prior to the autonomic test-
ing. Focus of the present study was immediate autonomic 
recovery and we did not assess long-term autonomic recov-
ery which is also relevant from a physiological point of view 
and therefore, future research should focus on long-term 
recovery from exercise along with immediate autonomic 
recovery. Also, it would be interesting to investigate and 
compare autonomic recovery after different intensities of AE 
and RE. Furthermore, we did not include a control with no 
exercise in this study, inclusion of which could have further 
strengthened the design of the present study.

Conclusion

Findings of the present study suggest that cardiac autonomic 
function parameters showed significant impairment after 
both AE and RE; however, deterioration in them was found 
to be more after AE in comparison to RE in T2DM patients 

with CAN. These findings are relevant since AE and RE are 
routinely performed in these patients and recovery methods 
should be practiced keeping in mind the amount of auto-
nomic stress posed by two exercise forms.
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Abstract
Background/purpose of the study The HbA1c test was officially introduced by the American Diabetes Association (ADA) 
as a diagnostic and monitoring tool for diabetes mellitus in 2010.The following year, the World Health Organization (WHO) 
decided to accept the use of this test for similar reasons. The HbA1c test reflects average plasma glucose over the proceed-
ing 8 to 12 weeks. Therefore, this test should ideally be performed every 2 to 3 months. The HbA1c value can be inaccurate 
with certain comorbidities such as hemoglobinopathies, high turnover of erythrocytes, and following blood transfusion. In 
developing countries, HbA1c tests are quite expensive so its demand must be appropriate. This study aims to evaluate the 
early HbA1c test, which was performed in less than 3 months, and its association with the incidence of hemoglobinopathies 
in the Dr. Saiful Anwar Hospital.
Methods This is a retrospective study using historical data from the Laboratory Information System (LIS) in the period of 
2012 until 2017.
Results Over 5 years, there were 32,000 HbA1c tests. About 18% were repeated more than two times in less than 3 months. 
Of this number, 6.4% was performed in less than a month, 5.9% in 1 to 2 months, and 5.7% in 2 to 3 months.
Conclusion This may not only be caused by the lack of communication between clinicians and laboratory personnel, but 
also the presence of hemoglobinopathies, causing unreliable results. Requesting HbA1c test too early can result in inaccurate 
measurements. As a consequence, there is a need for better communication between clinicians and laboratory personnel.

Keywords Repeated examinations · Diabetes mellitus · Hemoglobinopathy · Laboratory management · HbA1c

Introduction

Glycated hemoglobin (HbA1c) is a form of hemoglobin, 
glycated non-enzymatically through the condensation 
of glucose. HbA1c is used by clinicians to diagnose and 
monitor hyperglycemia in type 2 diabetes patients. It also 
serves as a predictor of diabetic complications [1–6]. The 
HbA1c level reflects the average value of plasma glucose 
over 8 to 12 weeks and is not meaningfully affected by gly-
cemic instability after adjusting for mean blood glucose 

[2, 7, 8]. Therefore, it is a more accurate tool to evaluate 
diabetic patients, compared to blood glucose tests [7]. The 
World Health Fund has made efforts to reduce costs while 
maintaining quality. As a consequence, this will affect the 
type of laboratory examinations, of which 70 to 80% are for 
diagnostic or therapeutic decisions, with costs covered by 
government insurance [9].

One of the things that are urgent is the increase in inap-
propriate test orders resulting in overutilization (over-order-
ing) of tests. Many studies suggest that about 25% of clinical 
pathology examinations are unnecessary; other studies have 
even found higher numbers. The UK Department of Health 
stated that a similar number may occur against requests for 
clinical pathology that should have been done but were not 
(underutilization or under-ordering) [9]. Driskell et al. stated 
that inappropriate HbA1c test orders, that do not comply 
with the guidelines, may significantly affect diabetes con-
trol [10]. However, only a few studies with evidence in this 
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regard have been published, probably because of the dif-
ficulty in collecting such data [9].

The large variability in the average test orders between 
general and hospital practice supports the notion that inap-
propriate test orders are widely prevalent. It is also observed 
in diabetes mellitus, a disease in which guidelines for tests 
frequency had been established by the American Diabetes 
Association (ADA), the UK National Institute for Health 
and Clinical Excellence (NICE), and the Canadian Diabe-
tes Association. Identifying the variations, prevalence, and 
consequence of inappropriate test orders done too soon or 
too late has major implications, mainly excessive healthcare 
costs. This study was conducted to determine the prevalence 
of inappropriate HbA1c test orders [9].

The UK NICE guideline for HbA1c testing on uncon-
trolled type 1 and 2 diabetes recommends a 2- to 6-month 
gap, with measurement taken every 3 months. Meanwhile, 
patients on routine medication with controlled diabetes are 
advised to have HbA1c testing in 6 to 12 monthly intervals. 
ADA recommends HbA1c testing at least twice a year in 
patients who have achieved therapeutic goals and have sta-
ble glycemic control, and once every 3 months in patients 
whose treatment regimens have changed or have not reached 
glycemic targets. Based on ADA and NICE recommenda-
tions, HbA1c levels less than 7.0% indicate stable glycemic 
control. This cut-off point can be used as a guide to deter-
mine whether test orders are too soon (defined as sooner than 
6 months for patients with initial HbA1c < 7% and less than 
3 months for patients with 7% or over) or too late (defined as 
more than 12 months for patients with initial HbA1c< 7.0% 
and more than 6 months for patients with 7.0% or over). The 
latest HbA1c results are required to precisely determine the 
next test interval. In this case, the optimum interval for each 
patient may change with fluctuations in glycemic control 
over time [9].

Despite being favored as one of the diagnostic param-
eters in diabetes mellitus, HbA1c testing possesses some 
limitations. This test cannot be used in pediatric patients, 
pregnant women, women in the early postpartum period 
(< 2 months), patients with suspected type 1diabetes, short 
duration of diabetic symptoms (< 2 months), and with high 
risk of diabetes in severe illness, patients on medication that 
raise blood glucose levels such as corticosteroids or antipsy-
chotic drugs, patients with history of acute pancreas damage 
or post-pancreatic surgery, chronic kidney disease, chronic 
liver disease, and patients on antiretroviral therapy. Careful 
use and interpretation of HbA1c is needed in patients with 
hemoglobinopathies, anemia, changes in erythrocytes age 
(i.e. post-splenectomy patients), and recent blood transfusion 
[11–14]. Vitamin C and E can inhibit non-enzymatic glyca-
tion of hemoglobin, resulting in false low HbA1c values 
[15]. Furthermore, there are several markers that correlate 
with HbA1c in patients with type 2 diabetes mellitus. These 

include frailty score [16], neuregulin [17], uric acid/HDL 
cholesterol ratio [18], neutrophil/lymphocyte ratio [19], 
platelet/lymphocyte ratio [20], red cell distribution width 
[21], and serum vitamin D [22].

Considering the high prevalence of diabetes, inappropri-
ate overuse of HbA1c test is very likely to occur. Futility in 
repeated laboratory tests is considered important. Especially 
in developing countries with limited financial resources, 
laboratory tests utilization should be accurate and efficient 
[1]. Given the lack of local data, it is necessary to study the 
accuracy of HbA1c tests utilization in Indonesia, which is 
a developing country with a high prevalence of diabetes. In 
addition, the cost of HbA1c testing is also quite expensive.

In this retrospective study, the goal is to identify the prev-
alence of inappropriate HbA1c test orders in the Dr. Saiful 
Anwar General Hospital in Malang, Indonesia. The results 
can later become the basis for finding ways to reduce unnec-
essary tests, which in turn would ease some of the burden on 
health care costs without affecting the quality of patient care.

Materials and methods

The study was conducted in the central laboratory of the 
Dr. Saiful Anwar General Hospital from October 2017 to 
March 2018. Data on HbA1c test orders were obtained from 
the Laboratory Information System (LIS). This study was 
approved by ethics committee with ethical clearance number 
400/028/K.3/302/2019.

The study sample included all patients tested for HbA1c 
levels in the Dr. Saiful Anwar General Hospital, Malang 
from August 27, 2012 until September 25, 2017 whose data 
were recorded in the LIS. Within this timeframe, there were 
32,000 HbA1c test orders from 16,439 patients in the hos-
pital. Patients with incomplete data were excluded from the 
analysis.

Inappropriate HbA1c test orders can be defined as either 
over-ordered or under-ordered. In this case, over-ordering 
means the test was carried out in less than 3 months for 
patients with initial HbA1c > 7.0% and less than 6 months 
for patients with less than 7.0%. Meanwhile, the term 
under-ordering means the test was carried out in more than 
6 months for patients with initial HbA1c ≥ 7.0% and more 
than 12 for patients with less than 7.0%. Analysis was per-
formed using Microsoft Excel to calculate the percentage of 
the under-requests, over-requests, or appropriate requests.

Results

HbA1c examination data were obtained retrospectively 
through data in LIS; the HbA1c data was taken from August 
27, 2012 to September 25, 2017. Within this timeframe, 
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there were 32,000 HbA1c examinations from 16,439 patients 
in the Dr. Saiful Anwar General Hospital.

As many as 13,364 tests were carried out in less than 
6 months. Of this number, 10,144 (31.7% of all tests) tests 
were carried out in less than 3 months (over-ordering). 
About more than half of it, 5,755 tests (17.98% of all tests) 
were ordered more than once in less than 3 months. For 
a more in-depth analysis, these 5,755 tests were further 
divided into several groups based on inter-demand intervals 
described in Table 1.

From the table above, 108 tests were repeated on the same 
day and 823 tests were repeated within 1 to 10 days. The 
data was then analyzed to find the reasons for repeated tests, 
as shown in Tables 2 and 3. The reasons for repeated tests 
were listed in the LIS. Based on the HbA1c results, the data 
was further grouped into time intervals as shown in Tables 4
and 5. From this data, 11,034 (34.48%) tests were considered 

too soon, 3,616 (11.3%) were done in a timely manner, and 
17,350 (54.22%) were considered too late.

Discussion

Of all HbA1c tests, very low HbA1c levels of less than 5% 
were found in 505 tests;< 4% in 51 tests; and 0% in as much
as 36%. We use the cut-off value of < 5% for low HbA1c
based on a study by Aggarwal et al. [23] and < 4% based on 
studies by Carson et al. and Christman et al. [24, 25]. The 51 
tests with HbA1c < 4% levels were further divided into two 
groups, one with high HbA2 values (44 tests in 20 patients) 
and the other with unknown HbA2 data (seven tests in six 
patients). In the first group, there were 32 repeated tests from 
eight patients, while the other 12 were not repeated. In the 
second group, two tests originated from one patient and five 
tests from five patients were not repeated. Patients with high 
HbA2 who had undergone repeated tests turned out to be 
tested for two to five times with the shortest interval of one 
day.

HbA1c results supplemented with HbA2 levels were 
found in 320 tests from 141 patients. Based on these tests, 
nine tests from nine patients were not repeated and the other 
311 from 132 patients were repeated. A total of 110 patients 
were retested one time (220 tests in total), 20 patients were 
retested three times (80 tests in total), one patient was 
retested four times (five tests in total), and the other one 
was retested five times (six tests in total).

Based on these data, it can be concluded that there were 
many instances of over-ordering of HbA1c tests. The propor-
tion of tests that were considered too soon reached 35.48% 
of all tests in the 5-year period. In fact, 56.73% of the tests 
were repeated more than once. It was found that unknown 
results of previous HbA1c level (within the last 3 months) 
were the most common reason for repeating the test, par-
ticularly those performed more than once. This might occur 
due to lack of communication between the clinician and the 
patient. It could be that the clinicians might have forgotten 

Table 1  HbA1c tests ordered more than once in less than 3 months in 
the Central Laboratory

Interval of 
repeated tests

Frequency Percentage Percentage 
of all tests

Same-day 108 1.88% 0.34%
1–10 days 823 14.30% 2.57%
10–20 days 365 6.34% 1.14%
20–30 days 743 12.91% 2.32%
1–2 days 1.887 32.79% 5.90%
2–3 days 1.829 31.78% 5.72%
Total 5.755 100% 17.98%

Table 2  Reasons for repeating HbA1c tests on the same day

Reason Frequency Percentage Percentage 
of all tests

Didn’t know prior result 76 70.37% 0.24%
Inappropriate sample 27 15.74% 0.08%
Inappropriate result 4 3.70% 0.01%
N/A 1 0.93% 0.003%
Total 108 100% 0.34%

Table 3  Reasons for repeating HbA1c tests in within 1 to 10 days

Reason Frequency Percentage Percentage 
of all tests

Didn’t know prior result 809 98.3% 2.53%
Inappropriate sample 4 0.49% 0.01%
Inappropriate result 10 1.22% 0.03%
N/A 0 0% 0%
Total 823 100% 2.57%

Table 4  HbA1c tests performed within a 3- to 6-month interval

HbA1c result Frequency Note

<7.0% 890 Over request
≥7.0% 2,330 Appropriate

Table 5  HbA1c tests performed within a 6- to 12-month interval

HbA1c result Frequency Note

<7.0% 1,286 Appropriate
≥7.0% 2,162 Under request
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to explain the monitoring plan or the patients failed to under-
stand the clinician’s explanation. A similar thing could also 
happen between the clinician and the laboratory personnel.

Another frequent cause is the presence of untrusted 
results or hemoglobinopathies. In the case of hemoglobi-
nopathies, HbA1c results may be inaccurate. These hemo-
globinopathies may either falsely raise or lower the results. 
Poor communication would cause the clinician to doubt 
the test result which is not in line with the patient’s condi-
tion. There were 311 (1%) repeated HbA1c tests from 132 
patients with hemoglobinopathies. This should raise the con-
cern that simply improving communication can significantly 
lower the costs of unnecessary repetition of tests. In fact, the 
central laboratory of the Dr. Saiful Anwar General Hospital 
has made a policy that every HbA1c test in patients with 
hemoglobinopathies should be accompanied with a note 
stating that inaccurate result. However, lack of communica-
tion between both parties caused frequent premature HbA1c 
tests.

In the UK, Driskell et al. found that from 2001 to 2011 
17.7% of the tests were a result of over-ordering of HbA1c 
tests [9] while other study in Turkey, by Akan et al., showed 
that from 2002 to 2004 35.5% of the tests were results of 
over-ordering of HbA1c tests [2]. Another study in the US 
conducted from2001 to 2013 by McCoy et al. found that 
there were 60.3% of the tests resulted from the over-ordering 
of HbA1c tests [26].

On the other hand, this study found that 54% of all HbA1c 
tests were considered too late. This was likely to occur 
when the patient had previous normal HbA1c results or the 
patient had not complied. In this case, better communica-
tion between clinicians and patients is needed. In developing 
countries like Indonesia, HbA1c test is costly. Therefore, 
repetition of ultimately futile tests must be avoided to reduce 
unnecessary health care expenditure.

In conclusion, over-ordering of HbA1c tests in the Dr. 
Saiful Anwar General Hospital was still prevalent. The 
test was useless because the HbA1c value is constant for 
3 months. Lack of communication between the clinician, 
the laboratory personnel, and the patient could be the root 
of the problem. These futile tests must be avoided to reduce 
unnecessary health expenses. HbA1c test is costly, so reduc-
ing laboratory test orders will certainly lower the govern-
ment’s expenditure.

This study has some limitations, particularly because it 
was conducted only at one health care center. Studies from 
other health care centers are needed to support the results. 
Another limitation is that the reasons for repeating HbA1c 
tests were more of a hypothesis rather than being obtained 
from a questionnaire.
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Abstract
Background Diabetes is increasing at an alarming rate worldwide, but little is known about its risk factors in Morocco.
Objective This study aimed to investigate the prevalence and risk factors of diabetes.
Methods Data from the national survey on risk factors for non-communicable diseases conducted in 2017–2018 was used. 
Data collection was based on the WHO STEPwise approach to surveillance (STEPS). A total of 1522 adults aged 18 years 
and older were included in our analysis.
Results The overall prevalence of prediabetes and diabetes was 12.8% and 17.9%, respectively. Women had a significantly 
higher likelihood of diabetes than men (p = 0.049). Adults aged 45 years or older were more likely than the 18–29-year-old 
group to have prediabetes (p < 0.033) and diabetes (p < 0.001). Similarly, urban individuals were more likely to develop 
diabetes than rural individuals (odds ratio (OR): 4.58; 95% confidence interval (95%CI): 3.06–6.84). Overweight/obesity, 
abdominal obesity, hypertension, and dyslipidemia were associated with a significantly higher risk for prediabetes and 
diabetes. Compared with never smokers, former smokers were found to be at increased risk of diabetes, while current smok-
ers had a reduced risk of both prediabetes and diabetes. Alcohol drinkers also had a slightly lower risk of prediabetes and 
diabetes than non-drinkers.
Conclusions More than 30% of adults had prediabetes or diabetes. Increased age (≥45 years), female gender, living in urban 
areas, overweight/obesity, hypertension, and dyslipidemia were associated with a greater risk for prediabetes and diabetes. 
Public health interventions are urgently needed to prevent and control diabetes and therefore avoid associated morbidity 
and mortality.

Keywords Alcohol consumption · Diabetes · Dyslipidemia · Education level · Hypertension · Obesity · Overweight · Place 
of residence · Prediabetes · Smoking

Introduction

Worldwide, diabetes prevalence is increasing at an alarm-
ing rate [1]. This increase is likely due to the aging of the 
world’s population, economic development, and rapid urban-
ization that have resulted in increasingly sedentary lifestyles 
and greater consumption of unhealthy foods associated with 
rising prevalence rates of overweight and obesity [2]. Even 
though genetic predisposition partly determines individual 
susceptibility to diabetes, this disease may be associated 
with multiple risk factors including ethnicity, family his-
tory, level of education, and socioeconomic status, as well 
as increased body weight, metabolic syndrome, and its com-
ponents [3, 4].
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There is evidence that diabetes can lead to serious life-
long complications such as blindness, kidney failure, car-
diovascular diseases, and lower limb amputation [5]. The 
burden of diabetes and related complications has been ris-
ing more rapidly in developing countries than in developed 
countries. African, Middle Eastern and Northern African, 
and Southeast Asian regions are expected to experience the 
highest increase in diabetes incidence during the next three 
decades [6].

Although diabetes has been the fourth cause of death in 
Morocco and remains a major public health problem [7], 
little is known about its risk factors particularly in some 
densely populated regions such as Casablanca-Settat and 
Rabat-Sale-Kenitra regions. Identifying individuals living 
with diabetes or prediabetes and addressing the upstream 
determinants of diabetes are important not only for making 
projections of the probable health burden in the country but 
also for designing effective strategies that aim to prevent and 
control this disease.

The main purpose of our study was to estimate the preva-
lence of prediabetes and diabetes and to investigate their 
association with gender, age, place of residence, education 
level, general and abdominal obesity, hypertension, dyslipi-
demia, smoking history, and alcohol consumption among 
Moroccan adults.

Methods

Study design

This study reports data collected as part of a recent national 
survey on risk factors for non-communicable diseases. The 
survey was conducted during the years 2017–2018 among 
adults aged 18 years and older who were randomly selected 
using a multistage stratified and geographically clustered 
sampling design.

Study setting

In this paper, only diabetes data collected in Casablanca-
Settat and Rabat-Sale-Kenitra regions are presented and ana-
lyzed. These regions are highly populated and account for 
32% of the total Moroccan population (36 million in 2018) 
of which 69% live in urban areas [8]. It should be noted that 
Rabat city is the national political capital, and Casablanca is 
the largest city in Morocco and is considered the economic 
and business center of the country.

Data collection

Data were collected by trained investigators based on the 
World Health Organization (WHO) STEPwise approach to 

surveillance (STEPS) methodology, including three stand-
ardized “steps” [9].

Step 1 consisted of a face-to-face interview using a 
structured questionnaire to collect information on sociode-
mographic parameters (age, education level, and place of 
residence, among others), smoking history, alcohol con-
sumption, and medical history.

Step 2 entailed physical measurements of survey partici-
pants using standardized methods and equipment. Height 
was measured to the nearest 0.1 cm using an adult port-
able stadiometer (Seca, Germany; 200 ± 0.1 cm). Body 
weight was measured to the nearest 0.1 kg using a digital 
weighing scale (Seca, Germany; 150 ± 0.1 kg). Waist cir-
cumference (WC) was horizontally measured using a non-
stretchable measuring tape to the nearest 0.1 cm. Body 
mass index (BMI) was calculated as a ratio of weight (kg) 
to height squared (m2). Body weight status was categorized 
into four groups: underweight (BMI < 18 kg/m2), normal 
weight (18 kg/m2 ≤ BMI < 25 kg/m2), overweight (25 kg/
m2 ≤BMI<30 kg/m2), and obese (BMI≥30 kg/m2) accord-
ing to WHO criteria [10]. Abdominal obesity was defined 
based on criteria from the NCEP ATP III (WC > 102 cm for
men and > 88 cm for women) [11].

Hypertension was defined as a systolic blood pres-
sure ≥ 140 mmHg or a diastolic blood pressure ≥ 90 mmHg 
or current treatment with antihypertensive drugs [12].

Step 3 dealt with biochemical measurements, including 
fasting plasma glucose (FPG) and total cholesterol. Venous 
blood samples were collected for biochemical analyses after 
a 12-h fasting. All blood samples were centrifuged imme-
diately to separate serum, and transferred under cold chain 
condition to the Reference Laboratory of the Joint Research 
Unit in Nutrition and Food, Regional Designed Center of 
Nutrition (AFRA/IAEA), Ibn Tofail University-CNESTEN, 
Rabat, Morocco. FPG values for the diagnosis of prediabetes 
and diabetes were set according to the WHO criteria [13]. 
Individuals who self-reported history of diagnosed diabetes 
with a physician prescription of diabetes medication, and/
or diagnosed diabetes, and/or had recorded survey-measured 
FPG levels ≥ 7 mmol/L (126 mg/dL) were considered dia-
betic. Those who had recorded survey-measured FPG levels 
of 6.1–6.9 mmol/L (110–125 mg/dL) were considered pre-
diabetic. There was no distinction between type 1 diabetes 
and type 2 diabetes. Dyslipidemia was defined as total cho-
lesterol ≥ 5 mmol/L (∼ 190 mg/dL) [14].

Statistical analyses

Statistical analyses were performed using the Statistical 
Package for Social Sciences (SPSS) software (version 20.0; 
IBM Corp, Armonk, NY, USA). The Kolmogorov–Smirnov 
test was initially used to investigate the normality of each 
variable. Results are expressed as medians and interquartile 
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ranges (IQR: 25th–75th percentile) or as proportions and 
95% confidence interval using descriptive statistics. Differ-
ences between proportions and medians of the three diabe-
tes status groups were assessed by the Chi-square test and 
the Kruskal–Wallis test, respectively. Multinomial logistic 
regression analysis was applied to investigate the association 
of prediabetes and diabetes with weight status and sociode-
mographic factors. A two-tailed p-value of < 0.05 was con-
sidered to be statistically significant.

Results

A total of 1522 adults were included in our analyses. The 
estimated prevalence of prediabetes and diabetes in the 
present study was 12.8% and 17.9%, respectively (Fig. 1). 
The median age was 46.0 years (IQR: 35.0–59.0), and the 
proportion of men was 36.7%. Subjects with diabetes or pre-
diabetes had significantly higher age, BMI, WC, and FPG 
than those with normal blood glucose levels (p < 0.001). 
Similarly, overweight and both general and abdominal obe-
sity were more common among individuals with diabetes or 
prediabetes compared to those without diabetes or prediabe-
tes (p < 0.001). The prevalence of hypertension and dyslipi-
demia was associated with diabetes status, with statistically 
significant positive trends across the three diabetes status 
groups (p < 0.001 and p = 0.001, respectively). However, 
there were no significant differences in smoking and alco-
hol consumption between diabetes status groups (Table 1).

Logistic regression analysis showed that women had 
a significantly higher likelihood of diabetes as compared 
with men (odds ratio (OR): 1.37; 95% confidence interval 
(95%CI): 1.00–1.88). Adults aged 45 years or older were 

significantly more likely than the 18–29-year-old group to 
have prediabetes (p < 0.033) and diabetes (p < 0.001). Simi-
larly, urban individuals were more than twice as likely to 
have prediabetes and diabetes as rural individuals (OR: 2.81; 
95%CI: 1.87–4.22; and OR: 4.58; 95%CI: 3.06–6.84, respec-
tively). However, the likelihood of having prediabetes and 
diabetes did not differ substantially between groups with dif-
ferent levels of education. Overweight/obese subjects were 
more likely to have diabetes than their non-overweight peers 
(21.8% vs. 10.7%), with an OR of 2.51 (95%CI: 1.83–3.44). 
Abdominally obese individuals also were 3 times more likely 
to have diabetes compared to non-abdominally obese with 
an OR of 3.06 (95%CI: 2.30–4.07). Both hypertension and 
dyslipidemia were associated with a significantly higher risk 
for prediabetes and diabetes. Compared with never smokers, 
former smokers were found to be at increased risk of diabe-
tes (OR:1.45; 95%CI: 0.82–2.56), while current smokers had 
a reduced risk of prediabetes (OR: 0.52; 95%CI: 0.24–1.13) 
and diabetes (OR: 0.92; 95%CI: 0.44–1.92). Alcohol drink-
ers also had a slightly lower risk of prediabetes and diabetes 
than non-drinkers (OR: 0.88; 95%CI: 0.50–1.56; and OR: 
0.66; 95%CI: 0.38–1.15, respectively) (Table 2).

Discussion

The overall prevalence of diabetes and prediabetes was 
17.9% and 12.8%, respectively. Our estimate of diabetes 
prevalence is in line with that reported in 2019 in some 
MENA countries such as Saudi Arabia (18.3%), Sudan 
(17.9%), Pakistan (17.1%), United Arab Emirates (15.4%), 
and Egypt (15.2%), but higher than national, regional 
(MENA), and global estimates (7.4%, 12.8%, and 9.3%, 

Fig. 1  Prevalence of prediabetes 
and diabetes
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respectively) [6]. It is also higher than estimates of diabetes 
prevalence observed in some Maghreb countries including 
Algeria (7.2%) and Tunisia (10.2%) [6]. Similarly, the pro-
portion of individuals with prediabetes (12.8%) is higher 
than that observed at both regional and global levels (8.3% 
and 7.5%, respectively) [6]. These results indicate that dia-
betes is an emerging public health problem in Morocco.

Although it is difficult to compare our findings with those 
of previous studies, due to disparities in terms of ethnicity, 
sex, age, socioeconomic status, geographic location, and cri-
teria for diagnosing diabetes, our estimated prevalence of 
diabetes is not markedly different from that reported in some 
earlier studies in Morocco and elsewhere. For instance, one 
of these studies found among the general Moroccan popula-
tion that 13.4% of participants were diabetic [15]. In another 
study among a large sample of women aged 20–69 years 
from Meknes region, Morocco, the prevalence of diabetes 

was 19% [16]. Also, there was no noticeable difference 
between our results and those of available STEPwise sur-
veys carried out in some MENA countries such as Kuwait 
(18.8%) [17] and Algeria (14.7%), as well as in some Afri-
can countries including Niger (22.5%), Liberia (19.2%), and 
Swaziland (14.5) [18]. Furthermore, our results are consist-
ent with trends in diabetes in the MENA region suggested by 
Azizi et al., indicating that diabetes prevalence in Morocco 
is expected to rise from 12.5% in 2010 to 21.8% in 2025 
[19].

The high prevalence rates of prediabetes and diabetes 
found in our study sample are likely to be due to the rapid 
growth of urban agglomerations, uncontrolled population 
increase, and significant socioeconomic development that 
Casablanca-Settat and Rabat-Sale-Kenitra regions have 
experienced over the last few decades. Such changes were 
found to be associated with an increased prevalence of 

Table 1  Characteristics of the study population according to diabetes status

Data are presented as median and interquartile range 25th–75th percentile (IQR) for continuous variables and as proportion and 95% confi-
dence interval (95%CI) based on 1000 bootstrap samples for categorical variables. BMI body mass index; WC waist circumference; FPG fasting 
plasma glucose
*Differences between diabetes status groups were assessed using the Chi-square test for proportions and the Kruskal–Wallis test for medians

Characteristics All (N =1522) Diabetes status

Normal glycemia (n=1 
055)

Prediabetes (n=195) Diabetes (n=272) p-value *

Median/% IQR/95%CI Median/% IQR/95%CI Median/% IQR/95%CI Median/% IQR/95%CI

Age (years) 46.0 35.0–59.0 43.0 32.0–54.0 52.0 39.0–64.0 56.0 44.3–65.0 <0.001
Sex (% men) 36.7 34.2–39.2 38.4 35.7–41.4 33.3 27.7–40.0 32.4 26.8–37.9 0.108
BMI (Kg/m2) 26.6 23.4–30.1 25.9 22.7–29.3 27.7 24.2–32.5 28.4 25.3–32.0 <0.001
WC (cm) 93.0 84.0–101.0 90.0 82.0–98.0 97.0 88.0–105.0 100.0 92.0–107.0 <0.001
FPG (mg/dL) 96.0 85.0–113.0 90.0 81.0–97.0 116.0 112.0–121.0 145.0 130.0–185.8 <0.001
Abdominal obesity(%) 50.3 47.8–52.6 43.1 40.1–46.1 61.5 54.4–68.2 69.9 64.3–75.4 <0.001
Weight status
Underweight (%) 3.1 2.3–64.1 2.9 1.9–4.1 6.2 3.1–9.7 1.5 0.4–2.9 <0.001
Normal weight(%) 32.5 30.2–34.8 37.5 34.6–40.5 23.1 16.9–29.7 19.9 15.1–24.6
Overweight(%) 39.2 36.7–41.6 39.2 36.3–42.2 33.8 27.2–41.0 43.0 36.8–49.6
Obese(%) 25.2 23.2–27.4 20.3 17.7–22.7 36.9 30.3–43.6 35.7 29.8–41.5
Hypertension
With 27.5 24.7–30.1 20.6 17.3–23.6 36.6 29.1–44.8 43.2 36.6–49.8 <0.001
Without 72.5 69.9–75.3 79.4 76.4–82.7 63.4 55.2–70.9 56.8 50.2–63.4
Dyslipidemia
With 14.7 12.9–16.6 12.6 10.7–14.7 18.5 12.8–23.6 20.2 15.8–25.0 0.001
Without 85.3 83.4–87.1 87.4 85.3–89.3 81.5 76.4–87.2 79.8 75.0–84.2
Smoking status
Never 7.4 6.0–8.7 7.5 6.1–9.2 9.2 5.1–13.3 5.5 2.9–8.4 0.371
Former 83.4 81.5–85.3 82.2 79.6–84.5 84.1 79.0–89.2 87.5 83.5–91.2
Current 9.3 7.9–10.7 10.3 8.5–12.3 6.7 3.6–10.3 7.0 4.0–10.3
Ever alcohol consumption
No 92.0 90.6–93.3 91.4 89.5–93.2 92.3 88.2–95.9 94.1 91.2–96.7 0.138
Yes 8.0 6.7–9.4 8.6 6.8–10.5 7.7 4.1–11.8 5.9 3.3–8.8
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diabetes worldwide [20]. This may be attributed to improve-
ment in the economic situation, nutrition transition, reduced 
physical activity, and increased prevalence of overweight 
and obesity [4, 20–22]. It should be noted that the com-
bined prevalence of overweight and obesity in our study 
population (Table 1) is higher than previously reported in 
a national survey (64.4% vs. 50.8%) [23]. An increase in 
diabetes diagnosis and reduced mortality among people 
affected by diabetes may also have contributed to its rising 
prevalence in the target regions, particularly in middle- and 
high-socioeconomic neighborhoods [3].

Although the worldwide prevalence of diabetes in 2019 
was estimated to be slightly lower in women than in men 
(9.0% vs. 9.6%) [6], among our study sample, women 
showed a significantly higher risk of diabetes compared 
to men. Several factors can explain this sex difference such 
as multiple pregnancies, lack of motivation or skills in 
sport, and environmental and cultural barriers to outdoor 
physical activity for girls and women in Arab countries, 
including Morocco [21]. Additionally, a previous national 
survey revealed that obesity, known as a diabetes risk 

Table 2  Association of 
prediabetes and diabetes with 
gender, age, place of residence, 
education level, weight 
status, abdominal obesity, 
hypertension, dyslipidemia, 
smoking status, and alcohol 
consumption among Moroccan 
adults

Odds ratio (OR) and 95%confidence interval (95%CI) using multinomial logistic regression analysis

Sub-group (n) Prediabetes Diabetes

% OR 95%CI p-value % OR 95%CI p-value

Gender
Men 558 11.6 Ref 15.8 Ref
Women 964 13.5 1.24 0.88–1.75 0.221 19.1 1.37 1.00–1.88 0.049
Age group (years)
18–29 234 7.7 Ref 7.3 Ref
30–44 473 11.6 1.57 0.89–2.78 0.123 10.8 1.58 0.87–2.84 0.130
45–59 459 12.4 1.89 1.05–3.41 0.033 20.3 3.41 1.91–6.06 0.000
60–69 214 19.6 4.52 2.38–8.56 0.000 31.8 8.42 4.51–15.70 0.000
≥70 142 16.2 3.25 1.57–6.73 0.002 30.3 7.16 3.61–14.19 0.000
Place of residence
Rural 454 8.1 Ref 7.7 Ref
Urban 1068 14.8 2.81 1.87–4.22 0.000 22.2 4.58 3.06–6.84 0.000
Education level
None (illiterate) 708 14.1 Ref 20.6 Ref
Primary education 340 11.8 0.81 0.53–1.26 0.355 15.0 0.85 0.57–1.28 0.441
Secondary education 351 11.4 0.77 0.49–1.21 0.259 15.4 0.88 0.58–1.33 0.538
Higher education 123 12.2 0.82 0.43–1.56 0.546 17.1 0.91 0.51–1.62 0.751
Weight status
Non-overweight 542 10.5 Ref 10.7 Ref
Overweight/obese 980 14.1 1.65 1.18–2.30 0.003 21.8 2.51 1.83–3.44 <0.001
Abdominal obesity
Without 757 9.9 Ref 10.8 Ref
With 765 15.7 2.11 1.54–2.89 <0.001 24.8 3.06 2.30–4.07 <0.001
Hypertension
Without 737 11.5 Ref 16.4 Ref
With 279 17.6 2.22 1.49–3.30 <0.001 33.0 2.93 2.10–4.07 <0.001
Dyslipidemia
Without 1298 12.2 Ref 16.7 Ref
With 224 16.1 1.57 1.05–2.35 0.029 24.6 1.76 1.2–-2.49 0.001
Smoking status
Never 112 16.1 Ref 13.4 Ref
Former 1269 12.9 0.83 0.49–1.42 0.498 18.8 1.45 0.82–2.56 0.205
Current 141 9.2 0.52 0.24–1.13 0.099 13.5 0.92 0.44–1.92 0.820
Ever alcohol consumption
No 1400 12.9 Ref 18.3 Ref
Yes 122 12.3 0.88 0.50–1.56 0.668 13.1 0.66 0.38–1.15 0.141
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factor, was more prevalent among women compared to 
men in Morocco (26.8% vs. 8.2%) [23].

The prevalence of prediabetes and diabetes increased 
steadily with age group, being lowest in the youngest group 
(18–29 years) and highest in the 60–69-year-old group. 
These findings are consistent with other recent studies [24, 
25]. Another finding of concern was that diabetes preva-
lence was not only high among the elderly, but a significant 
proportion of young adults were diabetic. Many factors may 
explain this high prevalence of diabetes among our study 
population such as increasing incidence of type 1 diabetes 
in children, increasing incidence of type 2 diabetes in all 
age groups due to reduced physical activity and high-energy 
dietary intakes, intergenerational effects of hyperglycemia 
in pregnancy, and general aging of the population. Another 
possible explanation could be that early diagnosis and better 
management of all types of diabetes would lead to greater 
life expectancy [1, 3].

The risk for prediabetes and diabetes was significantly 
higher among adults from urban versus rural areas. These 
findings are aligned with earlier studies that reported a posi-
tive association between urbanization and diabetes [6, 20, 
21]. Such association may be mediated, though not entirely 
explained, by an increasing prevalence of some diabetes risk 
factors including unhealthy dietary habits, sedentary life-
style, physical inactivity, obesity [22], and stress in the built 
urban environment [26].

As expected, increased education levels tended to have 
a protective effect against prediabetes and diabetes. Our 
results are consistent with those of previous studies that 
found a higher prevalence of diabetes among illiterate people 
compared to educated people [22, 27, 28]. Although literacy 
levels had little effect, our findings suggest that it may be 
useful for public health policymakers to consider the role 
of education in interventions aimed to prevent and control 
diabetes.

In our study, individuals with overweight/obesity were 
significantly more likely to develop prediabetes and diabetes 
when compared to non-overweight individuals. Similarly, 
abdominally obese individuals were 3 times more likely to 
have diabetes compared to non-abdominally obese. These 
findings are consistent with previous studies indicating that 
increased body mass index and waist circumference are good 
predictors of diabetes risk [10, 29, 30].

Furthermore, our data confirm that both general and 
abdominal obesity are strong risk factors for diabetes [10]. 
It has been demonstrated that excess adiposity is closely 
associated with the inflammatory process characterized by 
increased circulating levels of pro-inflammatory cytokines 
that can progressively lead to various metabolic disorders, 
including insulin resistance [31]. Elevated blood glucose 
levels are also associated with metabolic syndrome com-
ponents, including central obesity [6]. In addition, genetic 

polymorphisms, as well as genetic predisposition to obesity 
or excess body weight, are significant risk factors for dia-
betes [32]. Thus, public health interventions to promote the 
maintenance of healthy body weight, through regular physi-
cal activity and appropriate energy intake, may be effective 
in preventing or delaying the onset of diabetes.

The current study revealed that hypertensive and dys-
lipidemic subjects had a significantly higher likelihood of 
prediabetes and diabetes compared to healthy subjects. This 
is aligned with previous studies suggesting that increased 
blood glucose levels may be associated with hypertension 
and dyslipidemia [4–6]. Our findings highlight the impor-
tance of preventing and controlling hypertension and dys-
lipidemia as risk factors for diabetes, particularly among 
vulnerable groups such as obese and elderly persons.

Our results showed that former smoking was positively 
associated with diabetes risk, while current smoking was 
inversely associated with both prediabetes and diabetes risk. 
In contrast, epidemiological studies have demonstrated that 
cigarette smoking is one of the key risk factors implicated 
in the pathogenesis of type 2 diabetes mellitus [4]. Clinical 
data also suggest an effect of smoking and nicotine on body 
composition, insulin sensitivity, and pancreatic β cell func-
tion [33]. More studies are needed to delineate the basis of 
the observed associations between smoking and diabetes risk 
among our study sample. In addition, smoking cessation and 
weight control post-cessation should be promoted as essen-
tial public health interventions for diabetes prevention [33].

We found that individuals who reported that they drink or 
drank alcohol at some point in their lifetime had a slightly 
lower likelihood of prediabetes and diabetes. Although this 
finding is consistent with some previous studies suggesting 
that consumption of alcohol is associated with a reduced 
risk for diabetes [34], it should be interpreted with caution, 
because all of our study participants were Muslims who do 
not drink alcohol or might not report it reliably. Moreover, 
alcohol consumption remains one of the major risk factors 
for diabetes [4].

Strengths of the present study include the use of stand-
ardized methods of the WHO STEPS survey and the large 
sample size which allowed us to have reasonably accurate 
estimates of prediabetes and diabetes prevalence. However, 
this work has some limitations to be considered. First, the 
cross-sectional study design does not allow drawing causal 
relationships between obesity, hypertension, dyslipidemia, 
and sociodemographic factors and diabetes. Second, the pro-
portion of men was lower than women among our study pop-
ulation. This could be due to a lower response rate among 
men than women. Third, the definition of prediabetes and 
diabetes was based on FPG levels and did not include HbA1c 
and a 2-h oral glucose tolerance test. Therefore, our blood 
glucose measurements could lead to either an underestima-
tion or overestimation of the true prevalence of prediabetes 

570 



International Journal of Diabetes in Developing Countries (July-September 2022) 42 (3):565-572 

1 3

and diabetes. Finally, although the aforementioned diabetes 
risk factors pose a worldwide health problem, it should be 
acknowledged that not all of our findings can be extrapolated 
and used to describe the association between each one of 
these risk factors and diabetes within the specific context 
of other regions.

In conclusion, more than 30% of our study population had 
prediabetes or diabetes. Increased age (≥ 45 years), female 
gender, living in urban areas, low educational attainment, 
general and abdominal obesity, hypertension, and dyslipi-
demia were associated with a greater risk for prediabetes and 
diabetes. Our findings underscore the urgent need for diabe-
tes awareness-raising interventions, effective education, and 
follow-up of patients diagnosed as diabetic or prediabetic to 
reduce morbidity and mortality from diabetes and related 
complications. Further studies are warranted to address other 
risk factors for diabetes such as unhealthy dietary patterns, 
lifestyle behaviors, consanguineous marriages, and family 
antecedents of diabetes.
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RESEARCH SOCIETY FOR STUDY OF DIABETES IN INDIA (RSSDI)
Origin and concept

Dr. Vinod Kumar
Founder Secretary, RSSDI (July 1972-December 1980) and currently the RSSDI Patron

The Beginning

Research Society for Study of Diabetes in India (RSSDI) was founded by Prof. MMS Ahuja. He 
sought the cooperation of Dr. BB Tripathy and both requested Dr. OP Gupta of Ahmedabad 
and originally a distinguished alumni from Agra to be President of the Society. Accordingly, 
Dr. Vinod Kumar registered RSSDI on July 29th, 1972 and located the Society’s office in the 
Department of Medicine at All India Institute of Medical Sciences (AIIMS) in New Delhi. 

RSSDI was established with following aims and objectives:
• To encourage and support clinical and laboratory research in the field of diabetes. 
• To hold workshops and scientific meetings within the country; to gather scientists 

involved in the field for discussions or demonstration of laboratory procedures and 
seminars

• To encourage collaborative studies at national level and help training workers in various 
research techniques in the field. 

As per Records of Minutes, First RSSDI Executive Committee (EC) met on September 25, 1972 
with OP Gupta in chair and attended by BB Tripathy, Vinod Kumar, M Bhaskar Rao, MMS Ahuja 
and GS Mutalik. 

Pictures of Members who attended the First EC Meeting on September 25, 1972 and their 
affiliations are illustrated below.

MMS Ahuja, Dept. of Medicine                     OP Gupta, Dept. of Medicine                      BB Tripathy, Dept. of Medicine
AIIMS, New Delhi                                            BJ Medical College, Ahmedabad              SCB Medical College, Cuttack
(RSSDI Founder 1972)                              (RSSDI President 1972 and 1973)              (RSSDI President 1974)  
                                                                                                                                                                  

                                                                                                                                  

COMMEMORATING GOLDEN JUBILEE OF



2 

GS Mutalik, Dept. Of Medicine                      Vinod Kumar, Dept. of Medicine               MB Rao, Dept. of Medicine 
BJ Medical College, Pune                                AIIMS, New Delhi                                           MA Med College, New Delhi
(RSSDI EC Member 1972)                               (RSSDI Founder Secretary 1972-80)            (RSSDI Treasure 1972-77) 

                                                                                                                                                                                                  
Executive and General Body Meetings (ECs & AGMs)

Ably steered by MMS Ahuja and various Presidents, Secretaries, Treasurers and Members of 
Executive Committees, 20 EC meetings and 9 AGMs were held during the decade. This journey 
witnessed many stalwarts of the day becoming the attendees at ECs/AGMs for the first time 
like OP Gupta and BB Tripathy at the 1st EC (25th Sept, 1972), SGP Moses and GS Sainani at the 
2nd AGM (25th Jan, 1974), RS Hoon at the 5th EC (2nd Sept, 1975) and M Vishwanathan at the 
12th EC (29th Oct, 1976) and all of these stalwarts later becoming the RSSDI Presidents. 
Successive RSSDI Secretaries during the 1st decade were Vinod Kumar (1972-1980) followed 
by B Krishna Ram from 1981 onwards and successive RSSDI Treasurers were M Bhaskar Rao 
(1972-1977) and B Krishna Ram (1978-1980) followed by MG Karmarkar from 1981 onwards. 

Some of the deliberations of ECs and AGMs included: 

1. Extensive discussion happened on a request received in 1973 from Diabetic 
Association of India (DAI), a well-established organization of the time with emphasis 
on public awareness of diabetes for joining hands with RSSDI, an organization which 
was recently established to foster research and training. Negotiations in this direction, 
however failed due to lack of consensus. There were two more such communications 
between DAI and RSSDI in 1976 and 1978 but each time efforts to forge a linkage failed 
again. 

2. Other linkages discussed in RSSDI meetings pertained to establishing an Asian Pacific 
Association for the Study of Diabetes (APASOD) and participation of RSSDI which 
actually happened in conferences as a part of Federation of Societies of Endocrinology 
and Reproduction in October, 1976 at Delhi and in November, 1977 at Lucknow. 

3. Other notable events were grant of 80 G tax relief under IT Act informed to EC in 1973, 
approval of RSSDI Insignia by EC in 1977, establishing 1st RSSDI Oration in 1978 (1st & 
2nd Orations given by Moses & Kumar) and discussion on publishing a RSSDI Bulletin 
every 3 months. EC meetings with quorum continued to happen and it was only after 
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a decade in 1982 that the then Secretary of RSSDI raised the issue of starting 
adjourned EC meetings to tide over the problem of quorum, should it ever arise.  

4. Several scientific initiatives in relation to diabetes came up for discussion in various 
RSSDI EC and AGM meetings from time to time. Some of these were Diet calendars, 
Health calendars, Diet exhibits, Diabetic recipes competition, Cyclamates, Yoga and 
diabetes, Postgraduate course in diabetes, Transparencies designing for post graduate 
lectures in diabetes etc. and Madras being established as first RSSDI Branch by  Moses. 

5. Some of the research proposals that were floated and discussed in EC meetings 
included Islet cell antibodies in juvenile diabetes, Pancreatic histology in diabetes, 
Food toxins affecting the pancreas, Home monitoring of blood glucose, Prospective 
study of therapy of maturity onset diabetes, Hypertension in diabetes, Microvascular 
disease of nephropathy, Genetic markers of diabetes, Cardiovascular morbidity in 
impaired glucose intolerance, Effect of nutrition on biochemical profile of diabetes etc. 

Know your Founder and Presidents of RSSDI 

Pictures of RSSDI Founder and Presidents of RSSDI during this time and glimpses of their 
distinguished professional career given below. Few Presidents served for more than a year. 

RSSDI Founder, MMS Ahuja, (1929-1998), MBBS 
1952 (Madras), Joined AIIMS in 1958, rose to Prof 
& Head of Medicine and then of Endocrinology and 
Dean and was Jawahar Lal Nehru Fellow in 1989. 
Founder Editor of International Journal of Diabetes 
in Developing Countries and chief Editor of 
Progress in Medicine Book Series. On the left is one 
of Dr. Ahuja’s oldest pictures (seen on right in the 
photo) at Nalsarovar Lake near Ahmedabad (1967).

RSSDI President, OP Gupta (1929-2021), MBBS 
1954 (Agra), Prof & Head of Medicine (1961-74), 
Dean (1971-74) at BJ Medical College, 
Ahmedabad, Director Medical Education (1974-
80), Director Health Services (1981-88), Govt of 
Gujrat. Expertise in Diabetes Prevalence. Awardee 
of Govt Fellowship for training in London, WHO 
Fellowship to work in USA, BC Roy Awardee. 
Chairman of ICMR Expert Committee in 
Endocrinology. 
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RSSDI President, BB Tripathy (1923-2010), MBBS 
(Patna), Became Professor of Medicine in 1964 and 
then Head of Medicine and Medical 
Superintendent at SCB Medical College, Cuttack. 
Well known expert in diabetes epidemiology and 
recognised the association of diabetes with 
malnutrition in India, the J type of diabetes later 
rechristened as Protein Deficient Diabetes Mellitus 
(PDDM). He was Editor in Chief of RSSDI Textbook 
of Diabetes Mellitus-1st & 2nd Editions.  

RSSDI President, Sam GP Moses born in 1927, 
obtained his MBBS in 1949 and was the Honorary 
Physician in Medicine at Madras Medical College for 
more than 30 years till his retirement in 1983. He 
was the youngest person to be promoted as 
Professor of Medicine at age of 30 years and was the 
first Honorary Professor of Diabetology at this 
college. He had started the 1st Diabetic Clinic at 
Madras Medical College in 1953. Prof. Moses was 
awarded the Lifetime Achievement Award in 
Endocrinology from Harvard University in USA.  

RSSDI President, Lt. Gen. RS Hoon, PVSM, born in 
1917, was Brigadier Professor and Head of Medicine 
Department at AFMC, Pune in 1960s and rose to 
become Lt General in the Indian Army and then 
became Director General, Armed Forces Medical 
Services (DGAFMS) in 1976. Served in the Middle 
East, Palestine, Korea & headed a medical team to 
investigate jaundice epidemic in Congo. Was a Dr. BC 
Roy National Awardee from MCI in recognition of 
being good and capable teacher in Medicine.  

RSSDI President, M Vishwanathan completed his 
medical degree from Stanley Medical College, 
Madras in 1946. He established the first Centre for 
Diabetes in 1954, MV Hospital for Diabetes in 1971 
and a Diabetes Research Centre in 1972. Diabetes 
Research Centre was the first Institute to award 
Diploma in Diabetology and got recognition from 
ICMR and DST. MV Hospital for Diabetes was the 
first of its kind as an institution solely devoted to the 
care of Diabetes. 
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RSSDI President, GS Sainani, born in 1931, graduate 
from Medical College, Nagpur, Prof & HOD there at 
age 32. He is Emeritus Director at Jaslok Hospital, 
Mumbai, Emeritus Professor of National Academy of 
Medical Sciences, Co-ordinator for Global Research 
in Geriatrics, formerly Chairman of International 
Congress in Geriatrics & Director of All India Heart 
Foundation. Awardee of 8 Lifetime Achievements, 
he is the Hon. Brigadier, Past Presidents of many 
scientific organizations including Association of 
Physicians of India and has served as Hon. Physician 
to President of India. 

Financial Matters 

Compared to modern India of today, period of 1970s had limited resources. Instead of emails 
and social media, communications depended on time consuming postal correspondence, in 
the absence of photocopiers, distributions of notices and records depended on cyclostyling 
and instead of computers and word processors, typing depended on skilled shorthand stenos 
and typists. Office bearers travelling on scooters & trains was common. 

Membership fee for life, ordinary and associate member was decided right in the beginning 
as Rs. 100/-, 50/- and 10/- respectively and it remained the same during the whole 
first decade. Even at the end of this decade, any ordinary member could become life member 
by paying the same amount of Rs. 100/-. Further, any life member of Endocrine Society of 
India could become life member of RSSDI by paying just the half amount (Rs. 50/- only/-). 
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RSSDI Scientific Conferences with Administrative/Organizing Support from Secretariat at 
AIIMS (1976* and 1977* meetings were held as a part of Federation of Endocrine Societies)

YEAR DATES THEME SUBJECT VENUE PUBLICATION EDITOR 
1972 December 

19-23 
Etiogenesis of Diabetes 
and Panel discussion on 
biological 
characterization of insulin 

AIIMS, 
Delhi 

Abstracts Book  
(Only 30 
delegate/22 
abstracts) 

1974 January 
24-25 

Disorders of 
Carbohydrate 
Metabolism 

MAMC, 
Delhi 

Monograph Vinod 
Kumar 

1975 January 
17-19 

Complications of 
Diabetes 

MC, 
Madras 

Abstracts Book 

1976 January 
21 

Chemical Pathology of 
Diabetes and Workshop 
on laboratory techniques 

AIIMS, 
Delhi 

Abstracts Book 

1976* October 
30 

Challenges of Therapy of 
Diabetes in Developing 
Countries 

AIIMS, 
Delhi 

Collection of 
cyclostyled 
articles 

DK 
Hazra 

1977* November Diabetes Mellitus Lucknow Monograph MB Rao 
1978 January 

19 
Health Care Delivery of 
Diabetes 

Bhopal 

1979 January 
17 

Diabetes in Young MC, 
Madras 

Abstracts Book 

1980 January Diabetes Mellitus MC, 
Trivandrum 

1981 January 
18 

Impaired Glucose 
Tolerance 

Nagpur 
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RSSDI Monographs (i) Disorders of Carbohydrate Metabolism (ii) Diabetes Mellitus 

1. Disorders of Carbohydrate Metabolism: A multi author book of 161 pages edited by 
Vinod Kumar and published in 1974 by Research Society for Study of Diabetes in India 
in association with M/S Arnold Heinemann Publishers (India) Private (Ltd.), New Delhi 
who had Associates in UK. It has 14 Chapters including some from eminent foreign 
authors of Sweden, Germany and England. This book was reviewed in International 
Diabetes Federation Bulletin (1976; XXI January (1): 28) by DR. Max Ellenberg, the then 
Immediate Past President of American Diabetes Association and the author of a 1962 
Diabetes Book which was jointly written with Harold Rifkin. 

2. Diabetes Mellitus: A multi author book of 320 pages edited by M Bhaskar Rao and 
published in 1977 by Research Society for Study of Diabetes in India in association with 
M/S Arnold Heinemann Publishers (India) Private (Ltd.), New Delhi who had Associates 
in UK. It has 25 Chapters by Indian authors on diverse areas such as epidemiology, 
aetiology, biochemistry, clinical and therapeutic aspects of diabetes and about 
diabetes in special situations. 

Resources 
1. Minutes of various Executive and General Body meetings of RSSDI from 1972 onwards 

which were digitalised during later years of RSSDI by PV Rao. 
2. RSSDI Secretary’s Annual Reports during the initial 10 years of RSSDI. 
3. Partial details about RSSDI income and expenditure available for the initial period. 
4. Presentations made during the Session on Concept and Founding of RSSDI-Down the 

Memory Lane at the 37th Annual RSSDI Conference, Ahmedabad, 2009 by Vinod 
Kumar, OP Gupta and GS Mutalik.  

5. Presentations made during the Session on Meet the Living Legends who founded 
RSSDI at the 42nd Annual RSSDI Conference, Bengaluru, 2014 by Vinod Kumar, OP 
Gupta and PV Rao.  

6. Diabetes Bytes: The Insulin Story: Commemorating 100 years since insulin discovery. 
April 15 2021. 

7. History of Diabetes in India. Presentation made at the Hybrid 49th Annual RSSDI 
Conference, Ahmedabad, 2021 by Vinod Kumar. 

8. RSSDI Monograph on Disorders of Carbohydrate Metabolism. Ed. Vinod Kumar (Cover 
page and the main inside page-Appended below). 

9. RSSDI Monograph on Diabetes Mellitus. Ed. M Bhaskar Rao. (Cover page and the main 
inside page-Appended below). 

Acknowledgement to Lt. Gen. SP Kalra (Retd.) for his unceasing efforts in fetching the 
photograph of Lt. Gen. RS Hoon, the RSSDI President for 1976. 
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VISION STATEMENT
To be recognized as a global leader for clinical care, education,
training, research, advocacy and capacity building in the field of
diabetes.

MISSION STATEMENT

1. Promotion of excellence in diabetes care to make India the
Diabetes Care Capital

2. Empowerment of persons living with diabetes
3. Support for diabetes research
4. Dissemination of information and knowledge in diabetes care
5. Advocacy for the cause of diabetology

Patrons of RSSDI

Dr. H.B. Chandalia, Mumbai
Dr. C. Munichhoodappa, Bengaluru
Dr. Ashok K. Das, Puducherry
Dr. Binode K. Sahay, Hyderabad
Dr. V. Seshiah, Chennai
Dr. P.V Rao, Hyderabad
Dr. Jitendra Singh, New Delhi
Dr. V Mohan, Chennai
Dr. Vinod Kumar, New Delhi

Secretary

Dr. Sanjay Agarwal, Pune

Vice-President

Dr. Anuj Maheshwari, Lucknow

Vice-President

Dr. Vijay Viswanathan, Chennai

Joint Secretary

Dr. Sujoy Ghosh, Kolkata

Treasurer

Dr. Sunil Gupta, Nagpur

Executive Committee

Dr. C R Anand Moses, Chennai

Dr. Sudhir Bhandari, Jaipur
Dr. J K Sharma, New Delhi
Dr. Bikash Bhattacharjee, Guwahati
Dr. Pratap Jethwani, Rajkot
Dr. L. Sreenivasa Murthy, Bengaluru
Dr. Sanjay Reddy, Bengaluru
Dr. Shalini Jaggi, New Delhi

TRAINEE GRANTS (Up to 10 grants)

Research Grants upto INR 200000 to support outstanding thesis/
research work by first year MD/DNB/ PHD students/Research
fellows from India.

Eligibility Criteria
All Postgraduates in First year MD, DM /DNB from any of the
institutions in the country are eligible to apply

How to apply?
Send in your Research proposals by email to the RSSDI Secy/
Chairman research committee by email/ apply directly on web site.

Research proposal should have following proofs-
1. A supporting letter from your guide/ head of department

stating that this is a bonafide project for your thesis and also
mentioning the dates of you joining the program and expected
date of graduation. The guide must also state that he/she will
stand guarantee for the work done

2. A detailed budget
3. Thesis proposal approved by the department/appropriate

institutional authority
4. Approval by the ethics committee

Selection Process
Proposals will be reviewed by the research committee of the RSSDI.

Disbursement of Grant
A minimum of 50% of the grant amount will be disbursed initially.
Further disbursement will be done annually based on submission
of progress reports on the work done and utilisation of sanctioned
amount. These reports must be filed to the secretary of the RSSDI

Responsibility:
All grant awardees are expected to present their work at RSSDI
Annual Conference during research presentation’s session. Failure to
file progress reports annually and when requested by the RSSDI and
failure to present progress at RSSDI Annual conf may result in the
forfeiture of the grant.

All awardees are expected to follow the tenets of responsible and
ethical conduct of research. Unethical or fraudulent use of RSSDI
research funds will warrant adverse action from the society including

ORGANIZATIONAL NEWSO GA A O A SORGANIZATIONAL NEWS ORGANIZATIONALORGANIZATIONAL NEWSNEWS

NEW  EXECUTIVE COMMITTEE AND OFFICE
B EAR ERS 2021-2022

President

Dr. Ch.Vasanth Kumar, Hyderabad

President  Elect

Dr. Brij Makkar, New Delhi

Immediate Past President

Dr. Banshi Saboo, Ahmedabad

Co-opted

Dr. Vijay Panikar, Mumbai
Dr. Rakesh Sahay, Hyderabad
Dr. Amit Gupta, Noida



forfeiture of grant, black listing in the society’s databases and other 
legal recourses that are available to the society.

Publication
The RSSDI expects that the grant source be acknowledged in all 
publications and submissions made with regards to the research 
done with the grant.

All awardees are encouraged to submit their work to the RSDDI 
Journal IJDDC

CALL for RESEARCH PROPOSALS for GRANTS
(up to 5 lacs)

Research proposals are invited from Indian scientists, who are 
members of RSSDI interested in conducting research in the field 
of Diabetes, Endocrinology& Metabolism, for funding by RSSDI

The proposals may of clinical or translational research importance. 
A maximum grant amount of INR 5 Lakhs will be sanctioned. All 
grants will be reviewed by the research committee.

The detailed proposals should include the following:
Title, names of principal and co investigators, summary, intro- 
duction/ background, review of literature, aims, methodology, 
study design and detailed plan of work & bibliography.

Brief biodata of principal investigator and other co-investigators.

Importance of work
Detailed Budget sought along with full justification/ proposed 
utilization, of funding sought from RSSDI

Criteria for the travel grant are as follows:

• Applicant should apply 2 months in advance.
• Travel Grant is open only to the RSSDI members.
• Applicant should submit Oral paper / Poster acceptance 

document to RSSDI Secretariat.
• Applicant should submit Declaration that he/she has not 

receiving grant from any other agency / Organization – In case 
of receiving grant from any other Organization, RSSDI shall 
pay only the exceeding amount not covered by that agency.

ADVANCED CERTIFICATE COURSE 
IN DIABETOLOGY

(IN ASSOCIATION WITH JAIPUR NATIONAL UNIVERSITY)

Research Society for the Study of Diabetes in India (RSSDI) was 
founded by Prof. M.M.S. Ahuja in 1972. RSSDI is the largest body of 
professional doctors and researchers in Asia, working in the area of 
Diabetes & is the National Body recognized by IDF (International 
Diabetes Federation). One of the key areas of focus is to train doctors 
at all levels to better manage Diabetes and its complications. RSSDI 
recognizes this problem and runs a well-structured, full time, 
residential “Advanced Certificate Course in Diabetology”. This 
two-year course is like any other post graduate course and has 
immensely helped doctors to practice better diabetes care. RSSDI has 

List of RSSDI Accredited Centres

Sl. No  Institute Name Institute Location

Whether the project is being partly funded from any other source? 1. Diacon Hospital Bangalore, Karnataka
If yes, please mention the source and the amount received.

Ethics Committee clearance of the Institution or other bonafide body. 
2. North Delhi Diabetes Centre New Delhi, Delhi 
3. Prithvi Hospital Tumkur, Karnataka 

How to apply
All applications should be addressed to:
1. The Secretary , RSSDI
2. Soft copy of the research proposal should be sent to Secretary, 

RSSDI

When to apply
Proposals will be accepted Twice a year. Once between 1st Jan - 
31st April & then July 1st to 30th Nov.

All research proposals will be reviewed by Research committee 
over a period of 4-6 weeks & approved proposals will be provided 
Research Grant after fulfilling all documentation by 30th June & 
then 31st December of each year.

MAJOR RESEARCH  GRANT  PROPOSALS-
usually not more than one at a given time.

Above 10 Lacs upto a total amount of 50 Lacs will be Granted to 
RSSDI initiated, owned, multi-centric, clinical or translational 
research, having long term application of scientific and clinical 
findings, which can translate into strategies for improving health- 
care delivery, patient outcomes, and community health in India.

Such research proposals will be carried out in only centres with 
research capabilities across India.

TRAVEL GRANTS FOR YOUNG DIABETES 
RESEARCHERS TO ATTEND INTERNATIONAL 
CONFERENCES

4. Total Diabetes Hormone Institute
5. Dia Care - A Complete Diabetes 

Care Centre 
6. Sonal Diabetes Hospital 
7. Jothydev’s Diabetes and Research 

Center 
8. Advanced Endocrine & Diabetes 

Hospital 
9. Sunil’s Diabetes Care N’ 

Research Centre
10. Marwari Hospital and Research 

Centre 
11. Down Town Hospital 
12. St.Theresa’s Hospital
13. Aegle Clinic 
14. Lilavati Hospital & Research 

Centre 
15. Srajan Hospital 
16. Endeavour Clinics & Dr. Sambit's 

Centre of Diabetes 
and Endocrinology 

17. ILS Hospital, Salt Lake 
18. Belle Vue Clinic 

19. Arthur Asirvatham Hospital 
20. M V Hospital for Diabetes 
21. Sarvodaya Hospital 

and Research Centre 
22. Galaxy Speciality Centre 

Indore, Madhya Pradesh 
Ahemdabad, Gujarat 

Surat, Gujarat 
Trivandrum, Kerala

Hyderabad, Telangana 

Nagpur, Maharashtra 

Guwahati, Assam 

Guwahati, Assam 
Hyderabad, Telangana 
Pune, Maharashtra 
Bandra West, Mumbai

Udaipur, Rajasthan 
Bhubaneswar, Odisha

Salt Lake City, Kolkata 
Dr. U N Brahmacahri 

Sreet, Kolkata 
Mdurai, Tamil Nadu 
Chennai, Tamilnadu 
Faridabad, Uttar Pradesh

Sodala, Jaipur 



carefully looked into all aspects of this course & has accredited & 
recognized 22 centres across India at present and more centers are 
being inspected for accreditation. National Faculties and experts of 
RSSDI chosen from Academia visit these centers from time to time to 
ensure high standards. Now this Advanced Certificate Course has 
Dual Accreditation from RSSDI and Jaipur National University.

COURSE DETAILS

Name of the Course: Advanced Certificate Course in Diabetology

Duration: 2 Years – Post MBBS & 1 Year - Post MD / DNB 
(Gen - Medicine )* (Full Time) Educational.

Qualification: A candidate must possess MBBS  degree  from 
ANY of the recognized university approved by Medical Council of 
India (*The duration of the course is 1 Year for those with MD/ 
DNB in Internal Medicine. Candidates having MD degree in other 
specialties will have to do the course over 2 Years).

Number of seats: 2 seats per year for every eligible teacher as per 
rules of Medical Council of India (MCI).

Selection of Candidates: Selection for the Certificate course is 
through a performance evaluation by Theory test for 90 marks (90 
minutes duration) which is conducted at all accredited centres. The 
result is displayed WITHIN 3 days on the Web site of JNU and 
RSSDI. Post MD (Internal Medicine) will be given !

COURSE FEES:

• Rs 30000/- (for post MD/DNB (internal medicine), 1 year program)

RSSDI 50th Golden Jubilee Year Celebrations 
(look out for more details on our website)

RSSDI JNU certificate course in Diabetes:
    Last date of submission of Application Form - 30th June 2022
    Screening Interview - 7th July 2022
    Declaration of Exam Result - 10th July 2022
    Last date of payment of course fee -  15th July 2022
    Commencement of course - 16th July 2022
    Prospectus release date 15th May 2022

• Rs. 50000/- (for post MBBS, MD in other branches, 2 years program)

Session: Two sessions are run annually, in January and in July. 
Prospectus details are available on the RSSDI website. All 
applications must be sent to Jaipur National University.

ANNOUNCEMENTS

Dear Member,

Please update your Membership details like Complete Postal Address, 
Email Id, Pan No. & Mobile no. after log in your membership area on 
our website www.rssdi.in under sub heading Membership corner, so 
that we can send you RSSDI Newsletter & Journals. 

31st December, 2022
15th January 2023

22nd January 2023
31st January 2023

1st February 2023
- 15th Nov 2022
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