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OBJECTIVE: To study the relationship of body fat distribution in patients with diabetes mellitus (DM), and its long-term
complications like diabetic retinopathy (DR), in Indian population.
METHODS: This was a prospective, cross-sectional observational study involving 1773 subjects diagnosed with DM and 1778 age
and gender-matched individuals. The patients with DM were assessed for the presence and severity of DR. Severe non-proliferative
DR and proliferative DR were categorised as sight threatening DR (STDR). Anthropometric parameters, i.e., neck circumference (NC);
mid-upper arm circumference (MAC); waist circumference (WC); hip circumference (HC); mid-thigh circumference (MTC) and body
mass index (BMI) were measured using standardised technique.
RESULTS: The mean age was 59.33 ± 9.32 for DM group, and 66.03 ± 11.04 for non-DM group. DM group showed significantly
greater NC, WC, and MTC and significantly reduced MAC and weight. HC and BMI were comparable between the groups. There was
a significant positive correlation of MAC and WC (with any level of DR) and MAC, WC, and weight (for STDR); and a significant
negative correlation of HC and MTC (with any level of DR) and NC, HC, MTC, and BMI (for STDR). Multiple logistic regression analysis
confirmed that WC was the single most important predictor for any level of DR and STDR.
CONCLUSIONS: Association of body fat distribution with DM and DR appears multifactorial. However, central obesity signified by
waist circumference appears to be the significant risk related to the development of DR and STDR in Indian population.
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INTRODUCTION
The increased prevalence of diabetes mellitus (DM) worldwide has
lead diabetic retinopathy (DR) as the leading cause of visual
impairment in working-age individuals [1–3]. The longer duration
and poor glycaemic control along with blood pressure fluctuations
have been established as primary risk factors responsible for the
development and progression of DR in various population-based
studies [4]. However, recent evidence indicates that proper
glycaemic and blood pressure control may not be sufficient to
reduce the risk of DR [5, 6]. Furthermore, as undiagnosed
hyperglycaemia may precede the diagnosis of DM by many years,
a significant number of patients already have lesions of DR in one
or both eyes at the time of presentation [7, 8]. Hence it becomes
imperative to understand the role of other modifiable risk factors
in the development and progression of DR, and obesity is one
such important factor [9].
There is adequate evidence in the literature suggesting the

distribution of body fat as an important risk factor for the
development of type 2 DM [10–14]. Body mass index (BMI) is
generally used as an index to screen obesity, or to be specific,
generalised obesity [15], whereas waist circumference (WC) are
used as indicators of abdominal or central obesity [16]. Waist-line

adipose tissue has been found to have a much higher correlation
to metabolic syndrome as compared with BMI [17]. Subjects with
greater mid-thigh circumference (MTC) are known to have better
glucose tolerance, suggesting a protective role of fat accumulation
in the thigh region [18–20]. Neck circumference (NC) with
peripheral fat accumulation, on the other hand, has been reported
to have a positive correlation with insulin resistance [21]. In
diabetic patients, mid-arm circumference (MAC) has been shown
to have a good correlation with central obesity and insulin
resistance [22]. However, although BMI is known as the frontline
obesity risk factor related to DM and its complications, investiga-
tors analysing the relationship between the BMI and DR have
reported conflicting results, with some suggesting an increased
risk of DR with higher BMI [23–26], whereas others suggest a
protective role [27–30]. These differences may stem from the
ethnic variations, inadequate sample size, or gender based
variations [31]. Similarly, WC has been noted to increase the risk
of DR [32].
South Asians have a predisposition for abdominal obesity

characterised by increased WC in spite of low BMI [33, 34]. Man
et al. reported a protective role of BMI for DR in the Singaporean
population. However, they reported an increased risk of DR with
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higher waist-hip ratio (WHR) values in women [35]. WC is reported
to signify central obesity better than WHR (being a ratio) [36], and
studies have reported a higher risk of DR with higher WC [32]. A
study by Hwang et al. in the Korean population showed that
patients with higher BMI, larger WC, and higher total body fat
were less likely to develop vision-threatening DR, signifying a
possible protective role in that population [37]. This heterogeneity
in the reported significance of these obesity parameters in
different populations stems from various factors like ethnic
variations, duration of DM, and gender variations.
Recent population-based studies on multiple ethnicities in Asian

(including Indian) populations have reported a protective role of
BMI on DR, as well as sight-threatening DR (STDR) [38, 39]. A study
by Raman et al. suggested a protective role of high BMI and
combined obesity for any level of DR in the Indian population [29].
Rajalakshmi et al. reported an increased risk of developing DR with
high WC in type 1 DM [40]. Similarly, Sen et al. concluded a high
risk of developing DR with elevated C-reactive protein levels, but
not with BMI [41]. In short, even though ethnicity is an important
factor in associating obesity with DR, there is a great deal of
disparity in the results even within the same populations. Our
study was conducted to explore the association of obesity pattern
with DM and to further explore the association with STDR in the
Indian population.

METHODS
Study population
This was a cross-sectional, observational, institutional review board
approved study conducted at Military hospitals (Jammu, Yol and
Pathankot) over a period of 5 years from January 2015 through December
2019. All the patients with type 2 DM coming to our clinics for ophthalmic
evaluation were included in this study. Age and gender-matched patients
with no history of diabetes or other systemic diseases were included as a
control group. Written informed consent was acquired prior to enrolment
into the study. This study adhered to the tenets of the Declaration of
Helsinki.
All the patients were diagnosed with DM based on the history, fasting

blood sugar (≥126mg/dl) and post-prandial (≥200mg/dl); and glycosy-
lated haemoglobin (HbA1c ≥ 6.5%) [42]. The data about the duration of DM
and the presence and/or severity of DR was also acquired as detailed later.

Major exclusion criteria
All patients who had other concomitant systemic diseases, like hyperten-
sion and coronary artery disease, were excluded. We also excluded
patients with endocrine disorders, malnutrition, and history of steroid
intake and outside of the 18–90 years age range. Any patient with
congenital or accidental limb/muscle deformity was excluded. We also
excluded all patients who have had ophthalmic treatment in the form of
laser, intravitreal injections, or vitrectomy.

Ophthalmic evaluation
After a detailed general and ophthalmic history, a thorough ophthalmic
evaluation was performed. Best-corrected visual acuity was estimated
using Snellen’s chart. A slit lamp evaluation of the anterior segment,
followed by intraocular pressure measurement with Goldmann applana-
tion tonometry, and dilated fundus evaluation with indirect ophthalmo-
scope to assess the DR staging (using Diabetic Retinopathy Severity Scale)
was done. Any grade which was severe non-proliferative DR or beyond was
considered as STDR.

Anthropometric measurements
The following anthropometric measurements were obtained using
standardised techniques: [23, 43] NC; mid-upper arm circumference
(MAC); WC; hip circumference (HC); MTC; height; weight; and BMI. These
measurements were acquired following WHO standards by the same
investigator three times, and an average value was considered for analysis.
Weight was measured with a digital scale kept on a firm horizontal surface,
recorded to the nearest 100 gm, with subjects wearing light clothing and
no footwear. Remaining measurements were recorded using a non-

stretchable measuring tape. Height was measured to the nearest 1 cm with
subjects standing without shoes with their back against the wall using
stadiometer, heels together and eyes directed forward. BMI was calculated
by using the formula: weight (kg)/height (m)2. WC was measured at the
mid-point between lowest palpable rib and iliac crest in standing position
at the end of tidal expiration. HC was taken as the greatest circumference
of the buttocks. NC (cm) was measured to the nearest 1 mm and was
measured from the level just below the laryngeal prominence perpendi-
cular to the long axis of the neck with the head positioned in the
horizontal plane. MAC was measured in the dominant upper arm,
measured at the mid-point between the tip of the shoulder and the tip
of the elbow (olecranon process and the acromion). Mid-thigh was
designated as the mid-point of the distance between the anterior superior
iliac spine of the hip bone and the medial condyle of the femur in both
legs, and average values were recorded.

Sample size calculation
Sample size was calculated by using mean and standard deviation (SD) of
WC from the previous hospital data for diabetic and non-diabetic patients:

N ¼ 2 ´ ðZa þ Zð1�βÞÞ2 ´ SD2

d2

n is the sample size (for BWT comparison); Zα is the standard normal
variate for α= 0.05 (95% CI)= 1.96; Z1−β is the standard normal variate for
1− β= 0.80 (80%)= 0.84; SD= 8.80; Effective size= d= 0.85.
Using this, the minimum required sample size calculated was 1680

per group.
Over the duration of study period, we selected 1773 patients in the

study group and 1778 patients in the control group.

Statistical analysis. Data analysis was performed by using SPSS (Statistical
Package for social Sciences) version 25.0. Qualitative data variables were
expressed as frequency and percentage (%), whereas quantitative data
variables were expressed as mean ± SD. The normality of the data was
checked by one-sample Kolmogorov–Smirnov test. As the data were
normally distributed, independent sample t-test was performed to test the
difference between DM and control groups as well as males and females in
the group with DM. Binary logistic regression analysis was used to obtain
the association between different obesity indices and DR, after adjusting
for age, gender, HbA1c, and diabetes duration. A p value < 0.05 was
considered statistically significant.

RESULTS
This study included 1773 consecutive subjects of Indian ethnicity
with type 2 DM coming to our clinic for ophthalmic evaluation. An
additional age and gender-matched 1778 patients with no history
of diabetes were included as a control group. Out of these, 806
(45.5%) were females. The age range (mean ± SD) of the study
cohort was 66 ± 11 years. The duration of diabetes ranged from
8.05 ± 5.6 years. HbA1c ranged from 6.8 ± 1.7%. The distribution of
severity of DR in the study cohort was as follows: No DR (N= 894,
50.5%); mild NPDR (N= 243, 13.7%), moderate NPDR (N= 201,
11.3%), severe NPDR (N= 222, 12.5%), PDR (N= 213, 12%). We
also included 1778 age and gender-matched subjects with no
history of diabetes over the same duration as a control group.
Table 1 compares the characteristics and the anthropometric

data between the DM and the control group. The patients with
DM showed significantly greater NC, WC, and MTC and
significantly reduced MAC and weight. HC and BMI were
comparable between the groups. The anthropometric data which
were significantly associated with any DR are summarised in
Table 2: it shows that mid-arm and WC were significantly greater,
and hip and MTC were significantly reduced between the group
with any level of DR (N= 879) and the group without (N= 894).
Rest of the data were comparable between the two groups.
Table 3 summarises the factors significantly associated with STDR,
which were: MAC, WC, and weight (positive association); and NC,
HC, MTC, and BMI (negative association).
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Multiple logistic regression analysis confirmed that WC was the
single most important predictor for any level of DR and STDR in
our study population (when adjusted for age, gender, duration,
and HbA1c levels).

DISCUSSION
The results in our study showed that patients with diabetes
showed a significantly greater NC, WC, and MTC, and reduced
MAC as well as weight as compared to the control group. BMI and
HC, however, were comparable between the two groups.
Distribution of body fat and obesity are known as a powerful

and modifiable risk factors for DM [44]. BMI, in particular, has been
associated with increased risk of DM in various population-based
studies [45]. But this may not hold true in all studies as apart from
gender [46] and ethnic [47] variations, researchers have shown
that the effect of BMI on DM diminishes with age [48]. Moreover,
some researchers have questioned the significance of BMI alone
as an indicator of obesity, and therefore, other parameters need to
be analysed [49]. Our results are in agreement with various
studies, which suggest that it is not only BMI, but an interplay of
various metabolic factors, including weight loss, which is more
important in determining the risk of DM progression [50–53]. As
other studies have reported WC to be an important predictor for

Table 2. Association between anthropometric parameters and any level of diabetic retinopathy.

Anthropometric data B p value Odds ratio 95% CI

Neck circumference −0.007 0.754 0.993 0.947 1.040

Mid-arm circumference 0.084 0.001 1.088 1.033 1.145

Waist circumference 0.439 <0.001 1.551 1.365 1.762

Hip circumference −0.186 0.014 0.830 0.715 0.964

Mid-thigh circumference −0.555 <0.001 0.574 0.461 0.715

Weight 0.030 0.216 1.031 0.983 1.081

BMI −0.082 0.131 0.922 0.829 1.024

p values in bold are significant.
BMI body mass index, CI confidence intervals.

Table 3. Association between anthropometric parameters and sight-threatening diabetic retinopathy.

Anthropometric data B p value Odds ratio 95% CI

Neck circumference −0.085 0.001 0.918 0.872 0.968

Mid-arm circumference 0.156 <0.001 1.168 1.102 1.238

Waist circumference 0.472 <0.001 1.604 1.409 1.825

Hip circumference −0.167 0.03 0.846 0.728 0.984

Mid-thigh circumference −0.632 <0.001 0.532 0.422 0.669

Weight 0.190 <0.001 1.209 1.107 1.322

BMI −0.444 <0.001 0.641 0.515 0.799

p values in bold are significant.
BMI body mass index, CI confidence intervals.

Table 1. Characteristics and anthropometric data of the study population.

Characteristics (Mean ± SD) DM group p value Entire DM group Control group p value

Males Females

Age (years) 57.45 ± 9.89 61.42 ± 8.14 0.001 59.33 ± 9.32 66.03 ± 11.04 0.001

HbA1c 7.52 ± 1.61 7.59 ± 1.80 0.362 7.55 ± 1.70 – –

Duration (years) 7.62 ± 5.66 8.53 ± 5.41 0.001 8.05 ± 5.56 – –

Anthropometric data

Neck circumference 35.33 ± 3.88 35.18 ± 3.40 0.399 35.26 ± 3.66 34.63 ± 3.66 0.001

Mid arm circumference 27.58 ± 3.29 27.44 ± 3.21 0.355 27.51 ± 3.25 30.35 ± 4.60 0.001

Waist circumference 96.40 ± 9.71 96.05 ± 9.66 0.449 96.23 ± 9.69 93.00 ± 7.11 0.001

Hip circumference 97.16 ± 9.77 96.29 ± 9.36 0.056 96.75 ± 9.59 96.76 ± 8.98 0.798

Mid-thigh circumference 47.69 ± 5.15 47.32 ± 4.93 0.129 47.51 ± 5.05 44.97 ± 6.23 0.001

Weight 62.88 ± 9.41 62.98 ± 9.75 0.823 62.93 ± 9.57 65.78 ± 8.47 0.001

BMI 24.60 ± 3.87 24.78 ± 4.45 0.346 24.68 ± 4.15 24.19 ± 2.47 0.29

p values in bold are significant.
DM diabetes mellitus, HbA1c glycosylated haemoglobin, BMI body mass index, SD standard deviation.
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DM development even in patients with normal or low BMI, the
results of our study become significant [16, 54, 55]. MTC was
strongly associated with DM in our study, in contrast to various
others where it has been reported to have a negative correlation
to the development of DM [55, 56]. The authors advocate caution
at this juncture that although it is the distribution of body fat in
various organs resulting in multiple parameters being significant
in different studies, WC has been proposed as the single most
crucial factor predicting obesity and its relation to metabolic
diseases, including DM, and as a measure of central obesity,
especially in the Asian population, should be considered
significant when assessing the risk analysis for such diseases [57].
Our study showed that mid-arm and WC were significantly

greater, and hip and MTC were significantly reduced between the
group with any level of DR (N= 879) and the group without (N=
894). BMI as well as NC were noted to be comparable in both
groups. As BMI has been reported to have positive as well as
negative correlation with DR in various studies, it is important to
scrutinise this aspect here. Studies analysing the association of BMI
with DR have reported confounding results [9, 58–60]. Studies on
Indian subjects have also reported either a protective role or no
role of BMI on DR [29, 40, 41]. WC has been shown to correlate well
with DR in Asian populations [32, 37]. This again highlights the
importance of understanding the role of central obesity. These
results demonstrate that apart from the distribution of body fat
based on geographic locales and ethnicities, various other factors
play a role in determining the risk of development of complications
like DR. Nonetheless, central obesity indicating greater proportion
of fat accumulation in the abdominal area, and a lower fat
accumulation in hips and thighs, should be considered when
treatment strategies for these blinding diseases are being planned.
Furthermore, our study confirmed the association of multiple

anthropometric data with STDR, and similar factors as associated
with any level of DR were observed. In addition, a significant
negative correlation with NC and BMI was identified. The
conflicting reports as noted in the literature must be evaluated
with caution [9, 37]. As seen with the discussion so far,
anthropometric data alone may not dictate the onset and
development of DM and DR [41, 49–52]. The protective role of
BMI in STDR in this and other studies as mentioned previously may
stem from the fact that STDR is usually seen in long-standing DM,
and lipolysis is known to increase in patients with DM especially in
long standing disease [61]. The long-term diabetic sequelae like
neuropathy and diabetic amyotrophy with fat and muscle atrophy
in peripheral limbs, especially with well controlled DM, may also
result in remnant central obesity with thin extremities [62]. Our
finding of increased WC as the factor most significantly associated
with DR and STDR suggests that it is the central or the abdominal
obesity in the Indian population which guides the risks of DR and
STDR. Again, as BMI showed a protective role in STDR, it indicates
that generalised obesity alone may be insufficient when analysing
the risks of such metabolic diseases. We should take into
consideration a multitude of factors when assessing the possible
development of STDR and other complications in long-standing
DM, even within similar ethnic groups [63].
This study has various strengths. The large sample size, strict

exclusion criteria, standardised methods of measuring the anthro-
pometric data are noteworthy. However, there are certain
limitations. We have not considered other biochemical factors like
serum leptins and C reactive proteins, which have been found to
have a role in the development of DR. Also, the subjects recruited
were those visiting the hospital and may not represent the whole
population, with some ambiguity in results. We excluded the effect
of ratios like WHR in the final analysis as, being a ratio, the results
may vary depending upon the numerator or the denominator, or
both. Also, as mentioned previously, WC is reported to signify
central obesity better than WHR, which becomes important when
assessing the obesity factors in Indian population.

To conclude, various anthropometric parameters affect the
incidence of DM and its related complications like DR. Ethnic
variations may not be sufficient to justify the association, as
various other factors may have a role to play. Nonetheless, central
obesity seems to be a substantial risk factor for the development
of DR and STDR in Indian population.

SUMMARY

What was known before

● Obesity and distribution of body fat is an important predictor
for the development of DM.

● Very few studies have explored the role of anthropometric
parameters on diabetic retinopathy.

What this study adds

● Association of body fat distribution with the risk of developing
DM and related complications like DR appears multifactorial.

● Central obesity signified by waist circumference appears to be
the significant risk related to the development of DR and STDR
in Indian population.
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