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ABSTRACT

Background: Though much research has been carried out, still the pathological pathway of Type 2
Diabetes Mellitus (T2DM) is unclear. Prevalence of the disease is increasing with increment in
comorbidities in younger to older Indian population.

Aim: The aim of this case-control study was to investigate the association of age intervals and Body
Mass Index (BMI) with various clinical and anthropometric parameters in T2DM and age-matched
healthy controls (AMHCs).

Methods: Total 300 subjects (150 T2DM and 150 AMHCs) were enrolled from urban and rural
Northern India. Clinical and anthropometric parameters [BMI, Waist Circumference (WC) and Waist-
Hip Ratio (WHR)] were analyzed in all subjects and associated with age groups (25-35 years, 36-45
years, 46-55 years, 56-65 years and 66-75 years) and BMI groups (underweight, normal weight,
overweight and obese).

Statistical analysis: P values were calculated by ANOVA unpaired t-test. p<0.05 was considered
statistically significant.

Results: In our study the maximum load of T2DM was found in age groups of 36-45 years and 46-55
years (30% and 26.7%, respectively). About 49.3% of T2DM and 48% of AMHCs were found obese.
FBS, PPBS, HbAlc and SCr, SBP and DBP were observed significantly higher in T2DM as
compared to AMHCs in all age groups (p<0.001) as well as in all BMI groups (p<0.001). Lipid
profile abnormalities and poor glycemic controls were significantly observed mainly in the age group
of 25-35 years and 36-45 years. In T2DM cases, BMI had significantly positive correlation with WC
& WHR (r=+0.65, r= +0.65, respectively, p<0.001).

Conclusion: WC and WHR is an important marker for obesity than BMI in our study. WHR was the
only significant predictor of BMI. Mainly, younger (25-35 years) and middle (36-45 years) age group
have lipid profile abnormalities and poor glycemic controls in this study.

Keywords: Obesity, Type 2 Diabetes Mellitus, Body Mass Index, Glycated Haemoglobin, Waist
Circumference, Waist-Hip Ratio.

INTRODUCTION levels of morbidity and mortality. ™
Diabetes mellitus (DM) is a growing Although the exact pathogenesis of T2DM
public health problem worldwide with high is unclear, it is generally accepted that
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T2DM is a multifactorial disorder resulting
from genetic polymorphisms and several
environmental factors. ! India, after China
is the largest contributor to regional
mortality, with one million deaths
attributable to diabetes. India is one the
seven countries of the International Diabetes
Federation, South East Asia (IDF, SEA)
region. Worldwide 415 million people have
diabetes of which 78.3 million people are in
the SEA region and by 2040 this will rise to
140.2 million. In 2015, India had 69.2
million people with diabetes (20-79 years)
which is expected to rise to 123.5 million by
2040. India is second only to China which is
home to 109.6 million diabetics, but topped
by having 36.5 million impaired glucose
tolerance people in 2015 and by 2040 this
will rise to 63.6 million. B! The prevalence
of diabetes was high in urban India than in
rural  (14.2 versus 8.3%) whereas
prediabetes prevalence was found to be
equal (urban 14.5%; rural 14.7%). [

“Asian Indian Phenotype” refers to
certain unique clinical and biochemical

abnormalities in Indians which include
increased  insulin  resistance,  greater
abdominal adiposity i.e., higher waist

circumference despite lower body mass
index. This phenotype makes Asian Indians
more prone to diabetes and premature
coronary artery diseases (CAD). The
prevalence of microvascular complications
of diabetes like retinopathy and nephropathy
are comparatively lower in Indians whereas
the prevalence of premature CAD higher in
Indians compared to other ethnic groups. !
A follow up study of Chennai Urban
Population based Study (CUPS) cohort
showed that the overall mortality rate was
nearly three times higher in people with
diabetes compared to non diabetic subjects
(18.9 wversus 5.3 per 1000 person-years,
p=0.004). *") The hazard ratio (HR) for all
cause mortality for diabetes was found to be
3.6 compared to non diabetic subjects. The
study also showed that mortality due to
cardiovascular disease (52.9% vs. 24.2%,
p=0.042) and renal disease (23.5% vs. 6.1%,
p=0.072) causes was higher among diabetic

subjects than non-diabetic subjects. Indians
are known to have a relatively unfavourable
risk profiles for type 2 diabetes and
cardiovascular disease. [

Obesity is a complex disorder
associated with variety of diseases such as
cardiovascular disease (CVD), stroke,
cancer, hypertension, diabetes, osteoarthritis
and early death. ™ According to the World
Health Organization (WHO), obesity is one
of the common and most neglected public
health problems in both developed and
developing countries. ™ Globally one in six
adults is obese and nearly 2.8 million
individuals die each year due to overweight
or obesity. ™! Due to this, the risk of
morbidity and mortality has significantly
increased.

Epidemiological survey used body
mass index (BMI) as a measure of general
obesity, and waist circumference (WC) and
waist hip ratio (WHR) as measures of
central/abdominal obesity. These have been
associated with a number of metabolic
abnormalities including prediabetes, type 2
diabetes (T2DM), hypertension ﬁHTN), and
cardiovascular diseases (CVDs). 2% There
is prevalence of obesity and hypertension
with type 2 diabetes. ! A study by Mandal
(2014) states that T2DM and hypertension
increases  with increasing weight of
individuals. ™!

The 2010 American Diabetes
Association Standards of Medical Care in
Diabetes added glycated haemoglobin
(HbAlc) as important criterion for the
diagnosis of diabetes (>6.5%). (1] n
diabetes mellitus, higher amounts of
HbAlc, indicating poorer control of blood
glucose levels, have been associated with
macrovascular and microvascular
complications such as CAD, nephropathy,
retinopathy and neuropathy. " The blood
HbAlc reading provides a good picture
of average plasma glucose for the previous
two to three months. *°! Further, the studies
demonstrated that improving HbAlc by 1%
for people with type 1 diabetes or type 2
diabetes cuts the risk of microvascular
complications by 25%. (2]
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A recent finding by Iglay et al.
(2016) shows HTN, overweight/obesity,
hyperlipidemia, CKD, and CVD as the most
common conditions associated with T2DM
in this study group (82.1%; 78.2%; 77.2%);
24.1%; and 21.6%, respectively). Their
result further demonstrated that the highest
co-prevalence for the combination of HTN
and hyperlipidemia (67.5%), followed by
overweight/obesity and HTN (66.0%),
overweight/obesity and  hyperlipidemia
(62.5%), HTN and CKD (22.4%),
hyperlipidemia and CKD (21.1%), HTN and
CVD (20.2%), hyperlipidemia and CVD
(20.1%), overweight/obesity and CKD
(19.1%) and overweight/obesity and CVD
(17.0%). 24

Due to these multiple comorbidities
and pathophysiology associating with
T2DM, we measured various clinical
parameters (Blood pressure, blood sugar
fasting, 2-hour post prandial blood sugar,
glycated haemoglobin, lipid profile and
serum creatinine) and anthropometric
parameters (BMI, WC and WHR) for better
assessment, diagnosis, management and
treatment of T2DM patients and also
correlate these parameters with AMHCs to
have closure view to address these
comorbidities in T2DM patients and healthy
controls with comparing age and BMI.

MATERIALS AND METHODS

Subject Selection: This case-control study
was approved by the institutional ethical
committee of the University. Subjects with
T2DM and AMHCs were enrolled from the
outpatients attending the Diabetes Clinic of
University. Written informed consent was
taken from each subject and all procedures

150 AMHCs), the recruited subjects aged
between (25-75 years). T2DM was defined
according to the criteria provided by The
American Diabetes Association: ! (1)
glycated haemoglobin (HbAlc) >6.5%, or
(2) fasting blood sugar >126mg/dl, or 2 hour
post-prandial blood sugar >200mg/dl. For
the assessment of blood sugar levels of
known diabetic subjects on strict dietary
control and AMHCs fasting (8-10 hour
overnight fasting) and 2 hours post prandial
blood sugar was recorded. Glycated
haemoglobin (HbA1c) was also measured as
one the diagnostic parameter for the
confirmation of diabetes. Subjects with
ischemic heart disease, angina, MI,
electrocardiogram abnormalities, those with
other concurrent sickness like chronic liver
disease, hypothyroidism or those on drugs
like diuretics, pregnant women and women
using oral contraceptives were excluded
from the study.
Study design: All subjects were grouped
based on age wise distribution in five
groups (25-35 years, 36-45 years, 46-55
years, 56-65 years and 66-75 years) for
determining the impact of age on
biochemical variables of T2DM and
AMHCs.  Secondly, all  biochemical
variables were grouped as per BMI in four
groups i.e. underweight (BMI < 185
Kg/m?), normal weight (BMI 18.5-22.9
Kg/m?), overweight (BMI: 23-24.9 kg/m?)
and obese (BMI > 25 kg/m?) for
determining the impact of BMI and obesity
on biochemical variables of T2DM and
AMHCs.

Metabolic syndrome was diagnosed
according to the modified International
Diabetes Federation (IDF) definition i.e. (1)

performed in studies involving human  Abdominal obesity with waist
participants were in accordance with the circumference of more than 90cm, (2)
ethical standards of this university and with Elevated  serum  triglycerides (TG)
the 1964 Helsinki declaration and its later ~ >150mg/dl, (3) Low high density
amendments or  comparable ethical lipoprotein  (HDL) cholesterol  (Men
standards. <40mg/dl, Women <50gm/dl), (4) Elevated
Screening and management of  blood pressure >130mmHg/ >85mmHg, and
patients was done as per American Diabetes (5) Elevated Fasting blood sugar
Association guidelines. ? This study was ~ >110mg/dl. ¥
conducted on 300 subjects (150 T2DM and
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Laboratory Investigations: 5ml blood
sample was taken in EDTA and plain vials
after overnight fasting for biochemical
estimations.  Investigations  performed
included blood sugar fasting (F) and 2-hours
post-prandial (PP), lipid profile including
total cholesterol (TC), low density
lipoprotein (LDL)-cholesterol, high density
lipoprotein (HDL)-cholesterol, very low
density lipoprotein  (VLDL)-cholesterol,
triglyceride (TG) (mg/dl) and serum
creatinine. The estimations were done with
commercially  available  ortho-clinical
diagnostics kits (Johnson & Johnson) using
Vitros 250 system chemistry auto-analyzer.
HbA1lc was measured by high-performance
liquid chromatography (HPLC) based
method using the D10 HbAlc analyzer
(Bio-Rad).

Anthropometric measurements: Weight,
height, hip circumference (at the level of the
greater trochanters in a standing position)
and waist circumference (at the level of the
umbilicus in a standing position) were
measured. The measurements were repeated
by two different trained staff using the same
device and mean value was recorded.

After resting for 10 minutes in a
sitting position, systolic and diastolic blood
pressures were measured twice by the same
two investigators using the same manual
sphygmomanometer for all subjects. Mean
blood pressures of two measurements were
recorded. Hypertension was defined as use
of antihypertensive medication or means
systolic blood pressure above 130 mmHg
and means diastolic blood pressure more
than 85 mmHg without use of any anti-
hypertensive medication.

BMI Estimation:-Weight was recorded to
the nearest kilogram (kg) with the subject
standing on the weighing machine without
shoes and using minimum of clothing. The
same weighing machine was used for all the
study subjects and the machine was tested
with a known set of weights for any error.
(5] Height was recorded with the subject
erect; bare footed; feet together; back and
heels against the upright bar of height scale;
head upright in Frankfort horizontal plane

‘look straight ahead’. The height measuring
equipment consisted of a vertical bar with a
steel tape attached. Attached
perpendicularly to the vertical bar was a
horizontal bar which was brought down
snugly on the examinee’s head. *® Body
Mass index was calculated from the
formula; [BMI= Weight in Kilogram/
(Height in meters) %

Study subjects were grouped in four
categories viz. underweight, normal weight,
overweight and obese. Because Asian
Indians tend to develop diabetes at a
significantly lower BMI and WC than white
Europeans, lower thresholds of BMI to
define overweight (BMI: 23-24.9 kg/m?)
and obesity (BMI > 25 kg/m?®) were
proposed by IDF and NICE. 7% Similarly
the upper limit for waist circumference of
men and women was defined as 90 cm and
80 cm respectively. The average Waist-Hip
ration of men and women was defined as
0.90-0.95 and 0.80-0.86 respectively and at
risk of men and women was defined as
>0.95 and >0.86 respectively. A detailed
clinical history was taken and physical
examination performed.

Statistical analysis

Statistical analysis was applied to all
data using SPSS software (v20.0). Mean +
SD (Standard Deviation) of all clinical
parameters were calculated in each age
group as well as in BMI groups. P values
were calculated by ANOVA unpaired t-test.
All p values were two sided and differences
were considered statistically significant for
p<0.05; all significant data suggest the
strength of association with clinical
parameters.

RESULTS

A total of 300 subjects were enrolled
for this case control study (150 T2DM and
150 AMHCs). Of these, 61.3% were males
and 38.7% were females. The male: female
ratio in cases and controls were
1.83:1and1.38:1 respectively. The
anthropometric and biochemical profile of
both the groups are given in Table 1.
Anthropometric parameters i.e. WC, WHR,
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SBP and DBP were significantly higher in
T2DM cases. Similarly, biochemical
parameters such as blood sugar, HbAlc,
SCr were also significantly raised in T2DM

cases as compared to AMHCs (p<0.001).
Additionally, higher triglyceride and VLDL
were also observed in T2DM cases than in
AMHCs (p=0.002, p=0.003, respectively).

Table 1: Baseline characteristics of Case (T2DM) and Control Groups

Parameters Case Control P-value
(n=150) (n=150)

Age (years) 48.31+10.88 48.03+11.83 0.83
Gender (M/F) 97/53 87/63 0.29
BMI (kg/m?) 24.96+4.68 24.73+4.74 0.67
Waist circumference (cm) 97.93+6.54 95.76+7.31 0.007*
Waist-Hip Ratio (WHR) 0.98+0.07 0.96+0.07 0.01*
SBP (mmHg) 140.75+26.65 114.45+7.52 <0.001*
DBP (mmHg) 82.39+15.67 70.21+8.69 <0.001*
FBS (mg/dl) 167.01+£73.41 93.83+11.47 <0.001*
PPBS (mg/dl) 260.59+112.52 | 127.29+24.41 | <0.001*
HbAlc (%) 8.01+2.09 5.30+0.72 <0.001*
Total Cholesterol (mg/dl) 167.81+53.94 157.73+46.27 0.08*
Triglyceride (mg/dl) 182.27+112.76 | 148.35+68.36 0.002*
HDL (mg/dl) 38.31+10.81 39.08+11.81 0.56
LDL (mg/dl) 92.59+47.59 91.15+47.11 0.79
VLDL (mg/dl) 36.14+22.57 29.67+13.72 0.003*
Serum Creatinine (mg/dl) 2.44+2.11 0.91+0.25 <0.001*

Values are expressed as Mean + Standard Deviation, *Significant considered as P<0.05.
M: Male, F: Female, FBS: Fasting Blood Sugar, PPBS: Post-Prandial Blood Sugar, HbAlc: Glycated Haemoglobin, SBP: Systolic Blood
Pressure, DBP: Diastolic Blood Sugar, BMI: Body Mass Index, WC: Waist Circumference, TC: Total Cholesterol, TG: Triglyceride, HDL:
High-Density Lipoprotein, LDL: Low-Density Lipoprotein, VLDL: Very Low-Density Lipoprotein

Table 2: Age-wise Distribution of Anthropometric and Clinical Profiling of Type 2 Diabetic Patients with Age Matched Healthy

Controls

Age Group 25-35 36-45 46-55 56-65 66-75

(years) — Case Control P- Case Control P- Case Control P- Case Control P- Case Control P-

Variables | (n=25) (n=25) value (n=45) (n=45) value (n=40) (n=40) value (n=29) (n=29) value (n=11) (n=11) value

Gender (M/F) 16/9 15/10 1.00 24121 25/20 1.00 25/15 20/20 0.37 23/6 17/12 0.16 9/2 10/1 1.00

BMI (kg/m?) 23.35 24.31 0.48 25.62 25.18 0.65 25.58 25.02 0.59 24.81 24.12 0.51 24.02 24.39 0.88
+5.35 +4.12 +4.80 +4.65 +4.60 +4.87 +3.44 +4.38 +4.55 +6.32

Waist 96.94 96.72 0.91 97.16 96.56 0.69 98.63 95.22 0.04 99.10 94.28 0.006 97.73 96.18 0.51

circumference +7.68 +5.65 +6.88 +7.45 +5.94 +8.35 +5.47 +7.33 +6.15 +4.59

(cm)

Waist-Hip 0.97 0.97 >0.99 0.97 0.97 >0.99 0.99 0.95 0.01 0.99 0.94 0.005 0.98 0.96 0.41

Ratio (WHR) +0.08 +0.06 +0.07 +0.07 +0.06 +0.08 +0.06 +0.07 +0.06 +0.05

SBP (mmHg) 135.96 116.96 <0.001 | 137.04 113.33 <0.001 | 143.58 114.90 <0.001 | 146.93 114.21 <0.001 | 140.18 112.36 0.001*
+17.31 +5.00 +25.17 +7.32 +29.73 +7.36 +30.60 +7.51 +22.21 +11.18

DBP (mmHg) | 82.42 73.64 0.008 79.78 69.89 0.0003 | 84.48 69.90 <0.001 | 8431 68.86 <0.001 | 80.36 68.36 0.049*
+14.47 +6.67 +15.44 +8.86 +16.15 +8.31 +16.15 +6.99 +12.98 +13.88

FBS (mg/ml) 191.32 91.84 <0.001 | 169.91+82.52 | 92.64 <0.001 | 151.99#53.55 | 93.05 <0.001 | 173.63+49.18 | 95.66 <0.001 | 137.00+49.33 | 101.27+9.52 0.03*
+101.01 [ #11.80 +12.16 +10.72 +10.38

PPBS 292.46 119.40 <0.001 | 271.02 127.44 <0.001 | 243.46 127.55 <0.001 | 263.56+56.81 | 129.48+22.06 | <0.001 | 199.91+69.39 | 137.91+21.58 | 0.01*

(mg/ml) +164.49 +22.43 +120.98 +24.08 +91.47 +26.71

HbAlc (%) 8.74 5.35+0.64 | <0.001 | 7.92 5.13 <0.001 | 7.90 5.26 <0.001 | 8.07 5.52 <0.001 | 6.96 5.52 0.03*
+2.84 +2.22 +0.71 +1.71 +0.79 +1.31 +0.58 +1.85 +0.73

Total 159.38 133.62 0.02 178.65 165.23 0.25 165.04 164.73 0.98 166.39 154.47 0.23 156.44 164.98 0.70

Cholesterol +41.01 +37.96 +63.95 +45.01 +61.59 +46.00 +32.46 +41.78 +41.74 +59.33

(mg/dl)

Triglyceride 164.08 126.80 0.03 200.97 158.53 0.04 198.26 149.53 0.06 163.61 149.90 0.52 138.17 147.35 0.67

(mg/dl) +70.56 +42.61 +108.27 +85.70 +149.17 +67.99 +95.46 +59.87 +56.47 +42.35

HDL (mg/dI) 34.07 38.23 0.18 37.85 38.71 0.73 39.69 40.63 0.68 37.86 40.40 0.40 35.80 43.63 0.15
+9.68 +11.95 +11.32 +11.80 +9.27 +11.17 +11.93 +11.02 +10.51 +13.52

LDL (mg/dl) 88.71 74.18 0.16 95.23 95.35 0.99 93.01 97.82 0.70 94.20 83.76 0.25 84.80 107.78 0.35
+38.22 +34.15 +47.53 +46.93 +63.03 +47.98 +30.75 +37.79 +35.34 +71.79

VLDL 32.74 25.38 0.03 40.14 31.63 0.04 38.96 29.90 0.09 32.20 30.08 0.61 27.63 29.49 0.61

(mg/dl) +14.09 +8.54 +21.60 +17.14 +30.16 +13.71 +18.62 +12.09 +11.42 +8.55

Serum 3.07 1.05 0.01 2.24 0.86 <0.001 241 0.86 <0.001 2.44 0.87 <0.001 1.95 1.01 0.01*

Creatinine +3.85 +0.20 +1.58 +0.26 +1.56 +0.18 +1.44 +0.23 +1.05 +0.37

(mg/dl)

Values are expressed as Mean+SD (Standard Deviation)., *P-value < 0.05 is significant.
FBS, Fasting Blood Sugar; PPBS, Post-Prandial Blood Sugar; HbAlc, glycated Haemoglobin; BMI, Body Mass Index; HDL, High-Density
Lipoprotein; LDL; Low-Density Lipoprotein; VLDL, Very Low-Density Lipoprotein.

Subjects enrolled in study were aged
between 25-75 years. All the 150 T2DM
cases were divided in 5 groups with the
interval of 10 years. For matching the age
group, similar numbers of healthy controls

were enrolled under each age group. We
found no significant association of BMI
with T2DM cases and AMHCs as a whole
as well as in each age group. Waist
circumference was higher in T2DM cases
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but only in the age group of 56-65 years.
Waist-hip ratio was significantly higher in
T2DM cases as compared to AMHCs in age
group of 46-55 years and 56-65 years

(p<0.05). However, HDL & LDL were not
found significant in T2DM cases as
compared to AMHCs in either of age group
(Table 2).

Table 3: Distribution of BMI in Type 2 Diabetic Patients with age-matched Healthy Control

BMI (kg/m?) Underweight (<18.5 kg/m?) Normal weight (18.5-22.9 Overweight Obese (>25 kg/m’)
- kg/m?) (23-24.9 kg/m® P-value

Case Control P- Case Control P- Case Control P- Case Control P-

Variables | (n=09) (n=12) value (n=46) (n=40) value (n=21) (n=26) value (n=74) (n=72) value

Gender (M/F) 4/5 8/4 0.39 25/21 23/17 0.83 15/5 18/8 0.75 52/22 38/34 0.04 0.29

Age (years) 44.67 53.83 0.09 47.63 46.73 0.72 54.05 48.46 0.06 47.55 47.64 0.96 0.15
+13.57 | +10.08 +10.83 +12.19 +9.33 +10.29 +10.60 +12.12

Waist 86.67 85.42 0.68 94.79 91.43 0.006 97.24 95.51 0.13 101.45 99.99 0.11 <0.001*

circumference +7.38 +6.09 +5.10 +5.92 +4.09 +3.61 +5.01 +5.89

(cm)

Waist-Hip 0.87 0.85 0.49 0.95 0.91 0.001 0.97 0.96 0.39 1.01 1.00 0.28 <0.001*

Ratio (WHR) +0.07 +0.06 +0.05 +0.06 +4.09 +0.04 +0.05 +0.06

SBP (mmHg) 127.44 | 114.50 0.03 148.07 115.75 <0.001 | 144.86 114.08 <0.001 | 136.65 113.86 <0.001 | <0.001*
+18.34 | #5.72 +33.13 +5.90 +19.08 +6.04 +23.17 +8.86

DBP (mmHg) 79.33 70.00 0.02 87.28 71.88 <0.001 | 78.95 71.00 0.05 80.69 69.03 <0.001 | <0.001*
+12.00 | #5.03 +18.60 +7.55 +18.60 +7.04 +12.01 +10.02

FBS (mg/ml) 155.78 | 88.50 0.006 | 173.98 92.45 <0.001 | 174.29 92.42 <0.001 | 161.97 96.00 <0.001 | <0.001*
+74.81 | +10.47 +95.02 +9.34 +64.91 +11.68 +57.89 +12.12

PPBS (mg/ml) | 215.11 | 115.83 0.002 | 275.79 120.13 <0.001 | 259.29 128.69 <0.001 | 257.04 132.68 <0.001 | <0.001*
+88.80 | #28.42 +130.04 | +24.37 +100.67 | +25.29 +104.44 | +21.57

HbAlc (%) 8.49 5.22 0.001 | 833 5.31 <0.001 | 7.66 4.98 <0.001 | 7.85 5.43 <0.001 | <0.001*
+2.80 +0.80 +2.22 +0.62 +1.82 +0.72 +1.93 +0.71

Total 14353 | 127.87 0.18 166.62 158.63 0.42 158.80 154.25 0.76 175.96 160.85 0.09 0.05

Cholesterol +33.6 +16.82 +41.88 +48.83 +59.43 +41.91 +59.04 +47.58

(mg/dl)

Triglyceride 156.29 | 129.19 0.29 192.18 131.33 0.01 161.93 144.35 0.37 188.34 157.94 0.048 0.02*

(mg/dl) +64.23 | +49.06 +141.57 | +49.87 +64.51 +66.75 +106.21 | +76.07

HDL (mg/dl) 35.93 41.70 0.16 40.57 42.83 0.32 33.71 38.36 0.11 37.43 37.96 0.79 0.06
+8.08 +9.41 +10.38 +10.62 +11.29 +8.32 +11.96 +12.11

LDL (mg/dl) 76.28 59.93 0.08 95.23 85.21 0.29 96.55 90.43 0.72 100.02 91.62 0.29 0.19
+27.20 | #11.78 +50.7 +33.60 +66.11 +51.00 +49.07 +45.67

VLDL (mg/dl) | 25.82 31.32 0.29 38.45 26.11 0.01 31.46 28.88 0.49 37.2 31.66 0.07 0.02*
+9.78 +12.82 +28.26 +10.01 +12.06 +13.30 +21.43 +15.29

Serum 1.60 0.94 0.02 2.45 0.93 <0.001 | 2.44 0.93 <0.001 | 2.31 0.88 <0.001 | <0.001*

Creatinine +0.85 +0.21 +1.47 +0.22 +1.59 +.26 +1.62 +0.26

(mg/dl)

Values are expressed as Mean+SD (Standard Deviation). *P-value < 0.05 is significant.

WC — waist circumference, WHR — waist hip ratio, SBP — systolic blood pressure, DBP — diastolic blood pressure, FBS - Fasting Blood
Sugar; Post - Prandial Blood Sugar; HbAlc - glycated haemoglobin; TC — total cholesterol, TG — triglyceride, HDL - High-Density
Lipoprotein; LDL - Low-Density Lipoprotein; VLDL - Very Low-Density Lipoprotein, SCr — serum creatinine, BMI - Body Mass Index

Table 4: Correlation between variables in T2DM cases

Age | WC | WHR | SBP DBP | FBS | PPBS | HbAlc | TC TG HDL LDL | VLDL | SCr BMI
Age 1 0.09 | 0.09 0.16* | 0.08 -0.11 | -0.15 -0.14 -0.05 | -0.11 0.09 0.02 -0.12 -0.07 | 0.02
WC - 1 1.00** [ -0.02 [ 0.00 0.13 [ 0.07 0.04 0.08 [ -0.02 -0.06 0.05 -0.02 0.10 | 0.65**
WHR - - 1 -0.02 | 0.00 0.13 | 0.07 0.04 0.08 | -0.02 -0.06 0.05 -0.02 0.10 | 0.65**
SBP - - - 1 0.69** | -0.06 | -0.00 -0.12 0.02 | -0.06 0.12 0.04 -0.05 0.16 | -0.10
DBP - - - - 1 -0.01 | 0.04 -0.01 0.05 | -0.12 0.13 0.10 0.11 0.12 | -0.10
FBS - - - - - 1 0.84** | 0.59** [ 0.01 | -0.06 -0.01 0.05 -0.06 0.02 | -0.00
PPBS - - - - - - 1 0.56** | 0.05 [ 0.03 -0.02 0.08 0.02 -0.01 [ -0.00
HbALc | - - - - - - - 1 -0.01 | 0.00 0.03 -0.04 -0.01 -0.13 | -0.09
TC - - - - - - - - 1 0.37** [ 0.3¢** | 0.74** [ 0.39* [ -0.03 | 0.18*
TG - - - - - - - - - 1 -0.05 -0.01 0.99* | 0.02 [ 0.07
HDL - - - - - - - - - - 1 0.16 -0.05 -0.09 | -0.13
LDL - - - - - - - - - - - 1 -0.01 -0.01 | 0.20*
VLDL | - - - - - - - - - - - - 1 0.03 | 0.07
SCr - - - - - - - - - - - - - 1 -0.05
BMI - - - - - - - - - - - - 1

** correlation is significant at the 0.01 level (2-tailed) * correlation is significant at the 0.05 level (2-tailed)

WC — waist circumference, WHR — waist hip ratio, SBP — systolic blood pressure, DBP — diastolic blood pressure, FBS - Fasting Blood
Sugar; Post - Prandial Blood Sugar; HbAlc - glycated haemoglobin; TC — total cholesterol, TG — triglyceride, HDL - High-Density
Lipoprotein; LDL - Low-Density Lipoprotein; VLDL - Very Low-Density Lipoprotein, SCr — serum creatinine, BMI - Body Mass Index

Table 3 shows the distribution of
BMI in T2DM with AMHCs. All subjects
were categorized into four groups as
underweight, normal weight, overweight
and obese based on BMI value. Among
T2DM cases, maximum number of cases

were found under obese category (49.3%,
BMI >25kg/m?) and followed by cases with
normal weight (30.7%, BMI between 18.5-
229 kg/m®), overweight (14%, BMI
between 23-24.9 kg/m?) and underweight
(6%, BMI <18.5 kg/m?). Nearly half of the
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individuals (48%) of the control group
belonged to obese category.

Significantly higher mean FBS,
PPBS and HbAlc were observed in T2DM
as compared to AMHCs (p<0.001, p<0.001
and p<0.001, respectively) in all groups of
BMI. No significant mean WC and WHR
were observed in three BMI groups;
underweight  (p=0.66 and  p=0.48),
overweight (p=0.13 and p=0.39) and obese
(p=0.11 and p=0.28) of T2DM as compared
to AMHCs. However, significant mean WC
and WHR were observed in T2DM as
compared to AMHCs in normal weight
(p=0.006 and p=0.001 respectively). SBP
and DBP were found statistically significant
in T2DM as compared to AMHCs in all
BMI groups. Additionally, TG (normal
weight, p=0.01; obese, p=0.04), and VLDL
(normal weight, p=0.01) were found
significant in T2DM as compared to
AMHCs. However TC, HDL and LDL were

not found significant in T2DM when
compared with AMHCs in all BMI groups.
Significantly higher mean SCr was observed
in T2DM as compared to AMHCs in all
BMI groups.

We found significant high positive
correlation of BMI in T2DM cases with WC
(r= +0.65, p<0.001) and WHR (r= +0.65,
p<0.001). Further, BMI had positive
correlation with HbAlc (r=0.18, p<0.05) as
well as LDL also (r=0.20, p<0.05) (Table
4).

A multiple linear regression analysis
was performed to find the predictor of BMI
based on anthropometric & biochemical
variables (Table 5). A significant regression
equation was found (F (10, 139=14.05, p
<0.000), with an R® of 0.503. The mean
BMI in T2DM cases increased 46.5 kg/m?
for each unit of WHR. Only WHR was a
significant predictor of BMI but HDL as
well as SCr was the weak predictor of BMI.

Table 5: Multiple linear regression analysis to show the dependence of BMI on study parameters in T2DM cases (N=150)

Model Unstandardized Coefficients | Standardized Coefficients t Sig. | 95% Confidence Interval for B

B Std. Error Beta Lower Bound | Upper Bound
(Constant) -15.650 4.760 -3.288 | 0.001 -25.061 -6.238
SBP -0.004 0.015 -0.021 -0.250 | 0.803 -0.033 0.026
DBP -0.022 0.025 -0.074 -0.883 | 0.379 -0.072 0.027
FBS -0.006 0.008 -0.100 -0.850 | 0.397 -0.021 0.008
PPBS 0.004 0.005 0.088 0.770 | 0.443 -0.006 0.013
HbAlc -0.258 0.173 -0.115 -1.494 | 0.137 -0.601 0.084
TC 0.005 0.008 0.056 0.591 | 0.556 -0.011 0.021
HDL -0.050 0.026 -0.126 -1.906 | 0.059 -0.101 0.002
LDL 0.014 0.009 0.144 1589 | 0.114 -0.003 0.032
SCr -0.266 0.138 -0.120 -1.930 | 0.056 -0.538 0.006
WHR 46.555 4.381 0.652 10.627 | 0.000 37.893 55.217

Dependent variable: BMI, p<0.05 is considered significant at 95% confidence interval
SBP — systolic blood pressure, DBP — diastolic blood pressure, FBS - Fasting Blood Sugar; Post - Prandial Blood Sugar; HbAlc - glycated

haemoglobin; TC — total cholesterol, HDL - High-Density Lipoprotein; LDL -

Lipoprotein, SCr — serum creatinine, WHR — waist hip ratio

DISCUSSION

In present study, 300 subjects (150
T2DM with 150 AMHCs) were enrolled
from urban as well as rural population of
Uttar Pradesh in north India. The maximum
load of T2DM was found in the age groups
of 36-45 years and 46-55 years (30% and
26.7%, respectively). The mean of BMI was
higher in T2DM patients and AMHCs
subjects grouped age of 36-45 years and 46-
55 years. Result showed that most of the
individuals belonged to obese category
(49.3% subjects of T2DM patients and 48%
subjects of AMHCs). Present study

Low-Density Lipoprotein; VLDL - Very Low-Density

indicates that the major risk factor for
developing diabetes and its complications
are increase in prevalence of overweight and
obesity in all age group which is almost
similar to the previous observation of ~30-
65% Indians being overweight or obese. %!
A report from CDC states that most adults
with diagnosed diabetes were overweight or
obese. The survey reported from 1999-2002,
showed that prevalence of overweight/
obesity was 85.2%, whereas prevalence of
obesity was 54.8%. % Overweight and
obesity in early adulthood and weight gain
at middle age were both independently
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associated with the increased risk of T2DM
in middle-aged men and women. 1%

WC and WHR were found
statistically significant but BMI was
insignificant all age groups in our study.
These two variables (WC and WHR) have
been used as measures of central adiposity
and suggested a greater association with
future metabolic risk than BMI (which is a
measure of general obesity). Between WC
and WHR, several studies have shown that
WC is a better predictor of metabolic
syndrome because of variations in the levels
of hip measurements, and have different
cut-off in various ethnic groups as well as in
gender B23! which is contrary to our
finding. In our study, the higher SCr levels
were found in T2DM cases as compared to
AMHCs, this might be due to higher WC
and WHR but not BMI in our study groups.
A Chinese study reported that WC is more
strongly associated with CKD than BMI in
patients with T2DM. B4 Similarly, results
were reported from North America and they
concluded that WC and WHR are the better
markers for visceral fat in CKD. #° On the
other hand, general obesity measured by
BMI could not distinguish fat and muscle
mass while more muscle mass results in
higher SCr concentration. *® WC and its
related values are being widely used as
indicator of abdominal adiposity, as they are
correlated with abdominal fat mass and are
more related to CVD rather than BMI. B!
Despite variations in ethnicity, studies have
shown that BMI is unable to discriminate
between excess adipose tissue and high lean
muscle mass and does not correspond for
body fat distribution. B°

Significantly higher mean FBS,
PPBS and HbAlc were observed in T2DM
as compared to AMHCs in all age groups as
well as all BMI groups. A recently
published study from Korea showed that
poor glycemic control was observed in
T2DM patients who have higher BMI. The
findings of the present study indicated that
more frequent screening for T2DM and
strict glycemic control are required for
overweight or obese T2DM patients,

because the prevalence of CVD in T2DM
Patients increased with increasing obesity.
9 In another study, Mohan et al. observed
that long-term survivors of T2DM patient
had better blood sugar and blood pressure
control with more favourable lipid profiles.
[l Sheth et al. also observed that obese
T2DM patients, who have poorly controlled
HbA1c, have shown dyslipidemia leading to
increase CVD. [**!

In our study, the younger and middle
aged patients had significantly elevated TG,
TC & VLDL. This might be possible due to
our presently increasing sedentary life style.
Obesity in India has a direct correlation with
the increasing prevalence of obesity-related
co-morbidities like hypertension,
dyslipidemia, T2DM and CVD. 42 an
increased dyslipidemia is likely to increase
FBS, PPBS and HbAlc and vice versa as
the correlation between these parameters are
directly proportional when comparing with
age and BMI distribution in this study
subjects. Reduction in HbAlc and blood
sugar level in T2DM is associated with
improved insulin sensitivity and better lipid
parameters. !

In our study group SBP and DBP
were found significant in age-wise as well
as BMI-wise distribution of all groups. This
study showed that mean SBP and
prevalence of hypertension increased
linearly with age, whereas DBP increased
with age up to ~55 years and consistently
low thereafter mainly in AMHCs. The age-
related changes in SBP and DBP in the
study are consistent with previous studies.
(44451 Changes in SBP and DBP in elderly
individuals were shown to be an
independent risk factor for CVD. 4

Significantly higher mean SCr were
observed in T2DM as compared to AMHCs
in all age groups. Similarly, significantly
higher mean SCr were observed in T2DM
as compared to AMHCs in all BMI groups.
In age group of 25-35 years, SCr is 2.9-folds
higher in T2DM patients than AMHCs. This
might be due to the poor glycemic control,
because the HbAlc is 1.6-folds higher in
T2DM patients than AMHCs in this age
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group. Higher SCr, hypertension and poor
glycemic control are the major causes of
CKD with increasing age and obesity. [*>4°!
A study reported that High HbAlc levels
associated with CKD in non-DM patients
also. Renal function in patients with high
HbAlc levels may need to be monitored
regularly to prevent the development of
CKD in the patients of T2DM as well as
non-T2DM. 17!

It was observed that between 25 to
45 years of age groups FBS, PPBS, HbAlc,
TG, TC and SCr level were found multiple
folds higher in T2DM patients as compared
to AMHCs. Higher blood sugar, disturbed
lipid profile and SCr are the alarming stage
in these early and middle age groups, might
be due to lack of awareness and improper
knowledge. This will invite early
complications and related comorbidities of
diabetes and obesity. Another study
demonstrated that FBS had positive
correlation with TC, TG and VLDL. Also,
FBS had found to be the predictor of
hypercholesterolemia.l*®! One more possible
reason that in our study group 49.3% and
48% obese were found in T2DM and
AMHCs, respectively. One more concern is
that as this is the most reproductive age
groups (25 to 45 years), poor glycemic
control might affect their fertility and reduce
the chances to enjoy parenting. A study
reports that a diabetic man who has
uncontrolled blood sugar level has less
chance of impregnating his partner and
when he did, the risk of miscarriage and
deformities are much higher. 1! McGrogan
et al. has reported that the proportion of
pregnancy losses is higher in women with
either type | or type |l diabetes
(approximately 20%) as compared to that in
general  population  (13.2%).°%  Poor
glycemic control and impaired insulin
sensitivity are associated with increased risk
of erectile dysfunction. %

CONCLUSION

WC and WHR is an important
marker for obesity than BMI in our study.
WHR was the only significant predictor of
BMI. In age and BMI wise distribution,

dyslipidemia, obesity and hypertension are
significantly  associated  with  poorly
controlled fasting blood sugar, post-prandial
blood sugar, glycated haemoglobin, and SCr
in T2DM with AMHCs. Additionally,
higher prevalence of dyslipidemia, obesity
and hypertension with T2DM in the study
subjects suggesting their possible role as
biomarker and early detection for CVD,
CKD, and other diabetic complications.
Mainly, younger (25-35 years) and middle
(36-45 years) age group have lipid profile
abnormalities and poor glycemic controls in
this study.
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