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INTRODUCTION 
Diabetes Mellitus (DM) is the most complex metabolic disorder among 
the world‘s population currently affecting around 171 million people 
globally in 2000 [1]. In 2013, 382 million people had diabetes; this 
number is expected to increase to 592 million by 2035 [2]. Obesity 
has been related with a dyslipidemia hypertension, intolerance of 
glucose, and even CVD. Most extensively used method to measure 
visceral fat accumulation is waist circumference measurement and 
it is considered as influential risk factor for CVD [3]. According to 
guidelines, cut-offs for waist circumference will now be 90 cm for 
Indian men and 80 cm for Indian women as per the consensus, 
the currently recommended cut-offs for BMI include 18-22.9 kg/
m2 for normal, 23.0-24.9 kg/m2 for overweight and >25 kg/m2 
for obesity [4]. The aim of the study was designed to assess the 
incidence of overweight and obesity in T2DM of subjects in East 
Godavari, Andhrapradesh, India, and to assess the association 
of anthropometric measurements with cardiovascular and stroke 
markers.

MATERIALS AND METHODS
A cross-sectional study was conducted in GSL General Hospital 
and Medical College, Rajahmundry and Adikavi Nannaya university, 
Rajahmundry, Andhra Pradesh, India, within a duration of January 
2015 to June 2016. Institutional Ethical Clearance was obtained. 
Assuming expected proportion in control as 20%, assumed odd 
ratio as 3, confidence level as 0.95, power as 0.8. Sample size per 
group calculated was 60. So for three groups minimum sample size 
calculated was 180. In this cross-sectional study, 300 subjects of 
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ABSTRACT
Introduction: Cardiovascular morbidity and mortality have 
been associated with different variables of anthropometric 
measurements. 

Aim: To find out the association of anthropometric measurements 
in the development of Cardiovascular Disease (CVD) and stroke 
among Type 2 Diabetes Mellitus (T2DM). 

Materials and Methods: Three hundred subjects were 
included in the study out of which 100 subjects were known 
Type 2 diabetics with CVD or Stroke (group 1), 100 subjects 
were Type 2 diabetic patients (group 2) and 100 subjects were 
normal and healthy (group 3). Blood Pressure (BP), Body Mass 
Index (BMI) Neck Circumference (NC), Waist Circumference 
(WC), Hip Circumference (HC), glycated haemoglobin (HbA1c), 
high sensitive- C-reactive Protein (hsCrP), Malondialdehyde 
(MDA), Homocysteine (Hcy), microalbuminuria and estimated 
glomerular filtration rate (egfr) were compared between 
all three groups by using one-way ANOVA test, comparison 

between males and females by t-test and association was done 
by using Chi-square test. 

Results: There were a significant difference in the means 
of anthropometric and biochemical parameters of the three 
groups (p<0.05). Diastolic BP, NC, WC, HC and homocysteine, 
are higher in T2DM obese patients than T2DM over weight and 
normal weight patients are statistically significant (p<0.05). 
The mean of levels systolic BP, Diastolic BP, hsCrP are higher 
in T2DM over weight patients than T2DM obese and normal 
weight patients are statistically significant (p<0.05). Association 
of physical activity, snoring and interrupted sleep with BMI was 
statistical significant (p<0.05).

Conclusion: Obesity and overweight in T2DM patients play 
important role in elevation of blood pressure and inflammation 
markers like hsCrP, homocysteine. Snoring and interrupted 
sleep also involved development of CVD and Stroke among T2 
diabetes. 

both males and females were recruited. All the participants have 
voluntarily participated; written informed consent was taken from all 
the participants. Out of 300 subjects 100 subjects were known type 
2 diabetics with CVD or Stroke (Group 1). Hundred subjects were 
type 2 diabetic patients (Group 2) and 100 subjects were normal 
and healthy considered as control group (Group 3). The participants 
were selected from general medicine and inpatients form cardiology 
and neurology departments of GSL Medical and General Hospital 
of East Godavari district, Andhra Pradesh. For Group 1 inclusion 
criteria was patients with type 2 diabetes aged above 30 years of 
both sexes and having any one of following conditions: 1) history 
of stroke; 2) A 12 lead Electrocardiography (ECG) with the positive 
result; 3) A history of hospital admission for either fatal or non fatal 
Myocardial Infarction (MI) or an episode of angina; 4) A history of 
coronary artery bypass grafting or percutaneous transluminal 
coronary angioplasty. For Group 2, inclusion criteria was, patient 
of both the gender (males and females) with known T2DM of aged 
30-60 years. Exclusion criteria was patient with pulmonary, thyroid, 
liver disorders, CVD, history of stroke and with other complaints. 
For Group 3, normal and healthy individuals of both males and 
females with the age of 30-60 years were included in the study. 
Participants were interviewed to obtain relevant data like height, 
weight, age, sex, BP, duration of diabetes, Neck Circumference 
(NC) was measured by a measuring tape underneath the larynx and 
extend the tape around the neck by keeping shoulders at rest state. 
Waist Circumference (WC) and Hip Circumference (HC) were noted. 
HC and WC were measured by flexible measuring tape, maximum 
circumference in the area of hip region and mid-way between xiphoid 
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[Table/Fig-1]: Morphometric measurements, clinical characteristics and biochemical 
measurements in type 2 diabetes patients with CVD, type 2 diabetes patients and 
healthy controls.
One-way ANOVA test applied
BMI- Body Mass Index, BP – Blood Pressure, FBS – Fasting Blood Sugar, HbA1c - Glycated 
Haemoglobin, hsCRP- High Sensitive Creactive Protein, MDA- Malondialdehyde, eGFR – 
Glomerular Filtration Rate

[Table/Fig-2]: Morphometric measurements, clinical characteristics and biochemical 
measurements in type 2 diabetic male and female patients.
BMI - Body Mass Index, BP – Blood Pressure, FBS – Fasting blood sugar, HbA1c - Glycated 
Haemoglobin, hsCRP - High Sensitive Creactive Protein, MDA - Malondialdehyde, eGFR – 
Glomerular Filtration Rate

and umbilical during the midinspiratory phase. BP was noted for 
only one time, after keeping participant in resting position for 15 
minutes. Approximately 10 ml of fasting blood was collected from 
the subjects. Approximately 5 ml of the blood sample was collected 
in container without any anticoagulant, and centrifuged after 30 
minutes to collected the serum, it was used for estimation of hsCRP 
by particle enhanced immune turbidimetric assay [5], homocysteine 
by enzymatic colorimetric method [6], MDA by thiobarbituric acid 
method [7]. Approximately 2 ml of blood in EDTA container and 
immediately used for the HbA1c estimation by Latex enhanced 
immunoturbidimetry [8] and blood glucose estimation by glucose 
oxidase/glucose peroxidase method [9]. Spot urine was collected 
to measure microalbuminuria by immunoturbidimetry assay method 
[10] and eGFR was calculated by MDRD equation [11] and BMI was 
calculated by body weight in kg/height in m2.

STATISTICAL ANALySIS
All the data were analysed by using SPSS software (trail version) 
and comparison between all three groups was made by using 
one-way ANOVA test, comparison between males and females 
by t-test and association was done by using Chi-square test. The 
level of significance used for all the above analyses was two tailed, 
p<0.05 considered statistically significant and p-value<0.001 was 
considered statistically highly significant.

RESULTS
There were 300 individuals recruited in the study. In Group 1, 100 
individuals were T2DM with CVD or stroke with the mean age of 
48±6.7 years ranging from 34 years to 60 years. In Group 2, there 
were 100 individuals with known T2DM with the mean age of 47±7.8 
years ranging from 30 years to 60 years. In Group 3, there were 100 
healthy individuals with mean age of 44.4±6.9 years ranging from 
31 to 60 years. The clinical characters of all the three groups were 
listed and compared in [Table/Fig-1].

All three study groups were compared, there was a statistically 
significant difference was noticed in mean values of age, BMI, systolic 
blood pressure, diastolic blood pressure, neck circumference, 

waist circumference, hip circumference, FBS, HbA1c, hsCRP, 
homocysteine, MDA and eGFR (p<0.05) [Table/Fig-1].

T2DM male patients have significantly higher mean levels of age, 
neck circumference, and homocysteine in comparison to T2DM 
female patients (p<0.05). T2DM female patients have significantly 
higher mean levels of hip circumference, HbA1c in comparison to 
T2DM male patients (p<0.05) [Table/Fig-2].

In this current study, 22 were in the normal weight category, 19 
were in over weight category, and 59 were in obese category. There 
was a statistically significant difference in mean levels of systolic BP, 
diastolic BP, NC, WC, HC, FBS, hsCRP and homocysteine, when 
study Group 2 (T2DM) were stratified according to BMI (p<0.05). 
The mean levels of age, eGFR, HbA1c, MDA and microalbuminuria 
were statistically insignificant, when study Group 2 were stratified 
according to BMI (p>0.05) [Table/Fig-3].

In current study association of physical activity, snoring and 
sleep disturbances with BMI was statistically significant (p<0.05). 
Association of smoking, alcohol consumption, family history of 
diabetes, family history of stroke, family history of CVD, hypertension 
with BMI was statistical insignificant (p>0.05). All the risk factors 
were analysed in only Group 2 because T2DM have two to three 
folds of risk toward CVD than non-diabetes [Table/Fig-4].

DISCUSSION
The present study was conducted to assess the levels of various 
biomarkers in T2DM patients compared with T2DM with CVD or 
stroke patients and healthy individuals controls and their role in 
primary prevention of CVD and stroke.

BMI was the established measurement index in assessing obesity 
which is a major risk factor for CVD [12]. The present study showed 
significant difference in means of BMI of T2DM subjects who has 
higher levels than patient with T2DM with CVD or stroke and healthy 
controls. The different findings were observed when compared with 
study done by Tan MC et al., [13]. Female patients with T2DM 
having high BMI when compared with male patients with T2DM, 
these findings were comparatively less when compare with the 
other studies [14,15]. In this current study 59% of T2DM (Group 2) 
are obese (≤25 kg/m2), 19% of T2DM are overweight (23-24.9 kg/
m2) similar finding were observed in a study done by Daousi C et 
al., [16]. Hypertension was present in about half of all overweight 

Anthropometric and
Biochemical Parameters

T2DM with
CvD or 
Stoke
n=100

T2DM

n=100

Healthy 
controls
n=100

p-value

Age (years) 48.09 ±6.7 47±7.8 44.48±6.9 <0.05

BMI (kg/m2) 25.1±3.4 26.4±4.8 24.6±3.7 <0.05

Systolic BP (mm/Hg) 135.4±10.8 128.4±14.1 115.6±7.2 <0.001

Diastolic BP (mm/Hg) 85.9±7.3 82.8±9.0 76.2±5.6 <0.001

Neck circumference (cm) 36.4±.3.8 38.1±3.7 36.7±2.9 <0.05

Waist circumference (cm) 93.3±8.0 98.2±13.3 89.5±9.3 <0.001

Hip circumference (cm) 100.7±8.2 104.5±12.4 100.7±9.1 <0.05

FBS (mg/dL) 189.4±64.2 188.0±55.0 85.7±8.2 <0.001

HbA1c (%) 9.96±2.1 8.71±1.4 5.16±0.34 <0.001

hsCRP (mg/l) 1.98±2.04 1.1±0.7 0.48±0.3 <0.001

Homocysteine (µmol/l) 14.69±6.3 14.12±7.1 9.71±2.5 <0.001

MDA (µmol/l) 8.1±1.3 7.2±1.9 5.3±1.1 <0.001

Microalbuminuria (mg/g of 
Creatinine)

41.98±30.34 60.73±69.7 11.9±5.1 <0.001

eGFR (ml/min per 1.73 m2) 75.32±20.8 85.45±15.1 99.2±18.9 <0.001

Characteristics
Males
n=53

Females
n=47

p-value

Age (years) 48.5±6.9 45.5±8.4 <0.05

BMI (kg/m2) 25.7±3.9 27.1±5.6 >0.05

Systolic BP (mm/Hg) 126.8±12.8 130.2±15.3 >0.05

Diastolic BP (mm/Hg) 84.4±8.9 82.2±8.0 >0.05

Neck circumference (cm) 39.8±3.2 36.0±3.2 <0.001

Waist circumference (cm) 98.6±11.7 97.7±15.0 >0.05

Hip circumference (cm) 99.9±6.1 109.7±15.4 <0.001

FBS (mg/dL) 185.5±55.1 190.9±55.7 >0.05

HbA1c (%) 8.4±1.2 9.0±1.5 <0.05

hsCRP (mg/l) 1.10±0.8 1.10±0.8 >0.05

Homocysteine (µmol/l) 16.9±7.7 11.3±4.6 <0.001

MDA (µmol/l) 7.5±1.8 6.9±1.9 >0.05

Microalbuminuria (mg/g of 
Creatinine)

71.9±87.0 48.0±40 >0.05

eGFR (ml/min per 1.73 m2) 86.0±16.5 84.4±13.4 >0.05
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individuals [17] and obesity alone accounts for about 70% of 
essential hypertension [18]. In worldwide 21% of ischemic heart 
diseases were attributed to BMI above 21 kg/m2 [19] 

In this present study, there was a significant relation was observed 
between systolic BP and diastolic BP. Blood pressures were higher 
in obese and overweight T2DM patients.

In the present study, systolic BP was more in females and diastolic 
BP was more in males in T2DM patients. These findings are similar 
to the study done by Tesfaye F et al., where it stated Indonesia 
women having high systolic BP and Vietnamese men having low 
diastolic BP [19]. Similarly, the mean BP levels increased with 
increased BMI. Mungreiphy NK et al., founded that mean SBP and 
DBP increased with increasing BMI from lowest to highest BMI 
[20]. Positive relationships between BMI and BP also reported in 

the other populations [21]. Hypertension in overweight is associated 
with increase sympathetic activity [22] and sympathetic blocker has 
a large effect in obesity [23]. 

In this current study, BMI had a significant relationship with NC, WC 
and HC in T2DM in normal weight, over weight and obese patients. 
The mean levels of NC, WC and HC were higher in obese T2DM 
patients than over weight and normal weight T2DM patients. It was 
consider that NC is a better parameter for prediction of cardiovascular 
risk compared to fat which was stored in visceral region [24], but 
when body fat is located in the upper part of the body, the negative 
consequence in both metabolic and cardiovascular, seems to 
be more significant. It was proposed that NC may provide better 
contribution in determining future risk of CVD and stroke [25]. Yang 
GR et al., found no association between NC and central obesity, 
over weight and metabolic syndrome in Chinese T2DM patients 
[26].

In this study WC was higher in obese patients with T2DM when 
compared to overweight and normal weight patients with T2DM. 
Male patients with T2DM were having higher WC than female 
patients with T2DM and patients with T2DM having higher WC 
compared to patients with T2DM and CVD and healthy controls. 
Slightly less WC mean levels of T2DM patients were noted when 
compared with another study [3].

In this present study, WC of patients with T2DM and T2DM with 
CVD patients was>90 cm. WC of males had higher mean levels 
than females in T2DM patients and it was also similar to other 
studies [27]. Many epidemiological studies have shown increase 
fat accumulation to be an independent risk factor for future CAD, 
stroke in T2DM and in general population [3]. 

WC is highly associated with visceral adiposity. Visceral fat is 
the casual factor and a simple marker of cardio metabolite. 
From adipocytes, there is a secretion of anti-atherosclerotic, 
anti-inflammatory substance called adiponectin. Its secretion is 
lowered with an elevation of visceral fat resulting in increased in the 
prevalence of CVD. Higher the frequency of fat in the body at visceral 
region, more amount of inflammatory substances are secreted. This 
adversely affects the blood vessels and insulin action and increased 
the CVD risk [28].

The mean levels of HC were higher in obese T2DM patients than 
overweight and normal weight patients with T2DM. In this study HC 
was more in patients with T2DM compared with patients with T2DM 
with CVD and healthy controls. It was noticed that obese individuals 
were also in healthy controls (data not given). T2DM female patients 
are having high HC levels than male T2DM patients. Similar findings 
are noted in the study done by Snijder MB et al., [27].

In this present study, hsCRP a proinflammatory prototypic cardiac 
risk marker in overweight and obese subjects in T2DM. Serum 
hsCRP levels were raised significantly in overweight and obese 
patients with T2DM. This hsCRP had the strong relationship with 
BMI [29] and obesity [30]. In this present study, subjects with 
abnormal hsCRP had high proportion of hypertension, obesity and 
hypercholesterolemia which shows similar results by the study done 
by Amanullah S et al., [31]. 

In this present study there was a significant difference in the level of 
serum Hcy among the normal weight T2DM patients, overweight 
T2DM patients and obese T2DM patients. Obese T2DM patients 
have elevated homocysteine levels when compare with overweight 
T2DM patients and normal weight T2DM patients. Similar finding 
was observed in the study done by [32]. Study shows obesity had 
been a causative factor for hypertension, dyslipidemia [33] and there 
was a significant relationship between Hcy and BMI and insulin 
resistance [34].

In this study, there was a significant association between BMI and 
physical activity in the patients with T2DM. There was the slight 
difference in the percentage of individuals having physical activity 

[Table/Fig-3]: Mean values of morphometric measurements and CVD risk factors in 
type 2 diabetes patients when stratified according to Body Mass Index (BMI).
One-way ANOVA test applied

[Table/Fig-4]: Association of demographic characteristics of type 2 diabetes 
patients when stratified according to BMI.
Chi-square test applied

Characteristics
Normal 
weight 
(n=22)

Overweight
(n=19)

Obese
(n=59)

p-
value

Age (years) 45.9±9.3 46.6±7.1 47.5±7.5 >0.05

Systolic BP (mm/Hg) 124.9±8.8 136.2±19.9 127.2±12.7 <0.05

Diastolic BP (mm/Hg) 80±5.4 87.6±12.2 83.0±7.6 <0.05

Neck circumference (cm) 34.9±3.6 38.9±3.2 39±3.2 <0.001

Waist circumference (cm) 84±8.2 96.5±13.3 104±10.6 <0.001

Hip circumference (cm) 101.5±18.3 99.4±5.3 107.3±10.7 <0.05

FBS (mg/dL) 215.1±62.7 169.6±46.3 183.9±51.6 <0.05

HbA1c (%) 8.7±1.4 8.4±1.5 8.7±1.3 >0.05

hsCRP (mg/l) 0.80±0.14 1.42±1.22 1.1±0.75 <0.05

Homocysteine (µmol/l) 10.7±3.6 14.8±5.7 15.4±7.9 <0.05

MDA (µmol/l) 7.3±1.2 7.1±2.0 7.2±1.8 >0.05

Microalbuminuria (mg/g of 
Creatinine)

87.6±102.8 47.4±35.3 59.9±61 >0.05

eGFR (ml/min per 1.73 m2) 86.1±14.7 85.3±16.3 85.2±15.1 >0.05

Character-
istics

Status
Normal 
weight 
(n=22)

Over-
weight
(n=19)

Obese
(n=59)

p-
value

Smoking
No(86) 20(23.2%) 14(16.3%) 52(60.5%)

>0.05
Yes(14) 2(14.3%) 5(35.7%) 7(50.5%)

Alcohol 
consumption

No(80) 18(22.5%) 13(16.3%) 49(61.3%)
>0.05

Yes(20) 4 (20%) 6(30%) 10(50%)

Physical 
activity

No(79) 21(26.6%) 12(15.2%) 46(58.2%)
<0.05

Yes(21) 1(4.8%) 7(33.3%) 13(61.9%)

Sleep
Interrupted 

(41)
6(14.6%) 4(9.8%) 31(75.6%)

<0.05
uninterrupted 

(59)
16(27.1%) 15(25.4%) 28(47.5%)

Family history 
of diabetes

No(47) 9(19.1%) 12(25.3%) 26(55.3%)
>0.05

Yes(53) 13(22.9%) 7(13.2%) 33(62.3%)

Family history 
of stroke

No(83) 19(22.9%) 16(19.3%) 48(57.8%)
>0.05

Yes(17) 3(17.6%) 3(17.6%) 11(64.7%)

Family history 
of CVD

No(87) 18(20.7%) 14(16.1%) 55(63.2%)
>0.05

Yes(13) 4(30.8%) 5(38.5%) 4(30.8%)

Hypertension No(67) 17(25.4%) 12(17.9%) 38(56.7%)
>0.05

Yes(33) 5(15.2%) 7(21.2%) 21(63.6%)

Snoring No(62) 20(32.3%) 13(21%) 29(46.8%)
<0.05

Yes(38) 2(5.3%) 6(15.8%) 30(78.9%)
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and not having physical activity. A study done by Tan MC et al., 
[13] concluded that low and moderate physical activity levels and 
working status to be a significant predictive factor of CVD among 
T2DM.

When compared with inactive patients, T2DM patients who walked 
minimum 120 minutes per week had lesser frequency of mortality 
with CVD. It was estimated that one death per year can be prevented 
for every 61 individuals with diabetes who were ready to walk at 
least two hours per week [35].

Exercise improves insulin sensitivity in both in non diabetic and 
diabetic individuals [36]. Patients with diabetes have greater insulin 
resistance which can be mediated by other defects in the metabolism 
of glucose and some may be improved by physical exercise. Raised 
physical activity achieves higher mitochondrial enzyme activity and 
increases insulin sensitivity; however the number of capillaries of 
muscle in diabetic patients with complications of microvascular 
does not increase or is practically insignificant [37]. 

Obstructive Sleep Apnea (OSA) is characterized by repeated 
episodes of upper airway collapse, leading to apnoeas or 
hypopnoeas associated with either an oxyhaemoglobin desaturation 
or an arousal detected by electro encephalography [38]. There was 
a causal pathway for linking OSA with T2DM. The evidence that 
the physiologic stress imposed by intermittent hypoxia [39] may 
be involved in the pathogenesis of insulin resistance. A study by 
Shahar E et al., OSA was associated with a range of manifestations 
of CVD (stroke, heart failure, ischemic heart disease) [40]. Other 
study showed that OSA is associated with MI and in those with 
known coronary disease; patients with OSA have an increased risk 
of cardiovascular events and death [41].

LIMITATION
First it was a cross-sectional study. Second, several factors may 
influence BMI and other anthropometric levels which may play a 
role in controlling diabetes, which may help in primary prevention of 
CVD or stroke. Factors like education, hours of physical activity, diet 
maintenance (people of East Godavari mainly depend on polished 
rice as their food) which was not taken into consideration. 

CONCLUSION
To the best of our knowledge, this is the first study that reports 
the BMI, neck circumference, waist circumference, and hip 
circumference as a predictive risk factor for future CVD and stroke 
in T2DM in an East Godavari population of Andhra Pradesh. 
Neck circumference is a novel, easily measured fat depot, which 
may be an important predictor of DM. WC, is highly associated 
with visceral adiposity. Visceral fat is the casual factor and simple 
marker of cardio metabolite this study provides a new insight into 
the underlying metabolic pathway between large anthropometric 
measurements and DM. Future prospective studies are needed 
to better understand the extent to which a reduction of BMI and 
anthropometric measurements may have in decreasing CVD and 
stroke in T2DM.

ACKNOwLEDgEMENTS
Authors expressed their gratitude to Dr. YV Sharma, Principal, 
GSL Medical College, Ch. Ganapathi Swamy, Assistant professor 
of Biostatistics, GSL Medical College and to all technicians of 
Department of Biochemistry, GSL Medical College and General 
Hospital, Rajahmundry, Andhra Pradesh, India.

REFERENCES
 Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: [1]

estimates for the year 2000 and projections for 2030. Diabetes Care. 2004;27 
(5):1047-55.

 Guariguata L, Hambleton J, Beagley J, Linnenkamp u, Shaw JE. Global [2]
estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes 
Res Clin Pract. 2014;103(3):137-49.

 Kim SK, Park SW, Kim SH, Cha BS, Lee HC, Cho YW, et al. Visceral fat amount [3]
is associated with carotid atherosclerosis even in type 2 diabetic men with a 
normal waist circumference. Int J Obes. 2009;33:131–35.

 Misra A, Chowbey P, Makkar BM, Vikram NK, Wasir JS, Chadha D, et al, for [4]
Consensus Group. Consensus statement for diagnosis of obesity, abdominal 
obesity and the metabolic syndrome for Asian Indians and recommendations for 
physical activity, medical and surgical management. J Assoc Physicians India. 
2009;57:163-70.

 Eda S, Kaufmann J, Roos W, Pohl S. Development of a new micro particle-[5]
enhanced turbidimetric assay for C-reactive protein with superior features in 
analytical sensitivity and dynamic range. J Clin Lab Anal. 1998;12:137-44. 

 Refsum H, Macko RF, Kittner SJ, Ivey FM, Epstein A, Sparks MJ, et al. Effects [6]
of vitamin therapy on plasma total homocysteine, endothelial injury markers, and 
fibrinolysis in stroke patients. J Stroke Cerebrovasc Dis. 2002;11(1):01-08.

 Nadiger HA, Marcus SR, Chandrakala MV, Kulkarni DD. Malondialdehyde levels [7]
in different organs of rats subjected to acute alcohol toxicity. Indian Journal of 
Clinical Biochemistry. 1986;133-136.

 Sachs DB. Carbohydrates. In: Burtis CA, Ashwood ER, editors. Tietz Textbook [8]
of Clinical Chemistry. 3rd ed. Philadelphia: WB Saunders Company; 1999:790-
796.

 Trinder P. Determination of glucose in blood using glucose oxidase with an [9]
alternative oxygen receptor. Ann Clin Biochem. 1969;6(1):24-27. 

 Hubbuch A. Multicenter study of Tina-quant Albumin in urine. Wien klin Wschr. [10]
1991;189:24-31.

 Levey AS, Coresh J, Greene T, Marsh J, Stevens LA, Kusek JW, et al. Chronic [11]
kidney disease epidemiology collaboration expressing the modification of diet 
in renal disease study equation for estimating glomerular filtration rate with 
standardized serum creatinine values. Clin Chem. 2007;53(4):766-72. 

 World Health Organization. Cardiovascular Diseases - Fact Sheet N 317; 2013. [12]
Available from: http://www.who.int/mediacentre/factsheets/fs317/en/. [Last 
accessed on 2015 Mar 22].

 Tan MC, Wong TW, Chan Y, Joseph M, Hejar A, Ng OC. Prediction of [13]
Cardiovascular diseases in patients with type2 Diabetes Mellitus. Int J Collabres 
Internal Med Public Health. 2013;5(7):492-506.

 Bhatti GK, Puar SK, Saini NK, Bhadada SK, Vijayvergiya R, Mastana RR, et [14]
al. Evaluation of risk factors associated with type 2 diabetes and related 
complications in Asian Indians: The North Indian Diabetes And Cardiovascular 
Disease (NIDCVD) study-I. J Diabetes Metab. 2014;5(12):1-7.

  Eeg-Olofsson K, Cederholm J, Nilsson PM, Zethelius B, Nunez L, Gudbjornsdottir [15]
S, et al. Risk of cardiovascular disease and mortality in overweight and obese 
patients with type 2 diabetes: an observational study in 13,087 patients. 
Diabetologia. 2009;52:65–73.

 Daousi C, Casson IF, Gill GV, MacFarlane IA, Wilding JPH. Prevalence of obesity [16]
in type 2 diabetes in secondary care: association with cardiovascular risk factors. 
Postgrad Med J. 2006;82(966):280–84.

 Rocchini AP. Obesity and Blood Pressure Regulation. Handbook of Obesity: [17]
Etiology and Pathophysiology. Bray G and Bouchard C (eds), New York: Marcel 
Dekker, II ed, 2004:873–889.

 Mark AL, Correia M, Morgan DA, Shaffer RA, Haynes WG. State of the art [18]
lecture: Obesity-induced hypertension: new concepts from the emerging biology 
of obesity. Hypertension. 1999;33:537-41.

 Tesfaye F, Nawi NG, Van Minh H, Byass P, Berhane Y, Bonita R, et al. Association [19]
between body mass index and blood pressure across three populations in Africa 
and Asia. Journal of Human Hypertension. 2007;21:28–37.

 Mungreiphy NK, Kapoor S, Sinha R. Association between BMI, Blood Pressure, [20]
and Age: Study among Tangkhul Naga Tribal Males of Northeast India. Journal of 
Anthropology. 2011;2011:748147.

 Gupta R, Gupta S, Gupta VP, Prakash H. Prevalence and determinants of [21]
hypertension in the urban population of Jaipur in western India. Journal of 
Hypertension.1995;13(10):1193–200.

 Hall JE. Mechanisms of abnormal renal sodium handling in obesity hypertension. [22]
Am J Hypertens. 1997;10:49-55.

 Rocchini AP, Mao HZ, Babu K, Marker P, Rocchini AJ. Clonidine prevents insulin [23]
resistance and hypertension in obese dogs. Hypertension. 1999;33:548-53.

 Preis SR, Massaro JM, Hoffmann u, D'Agostino RB Sr, Levy D, Robins SJ, et al. [24]
Neck circumference as a novel measure of cardiometabolic risk: the Framingham 
Heart study. J Clin Endocrinol Metab. 2010;95(8):3701-10.

 Tibana RA. Relationship between changes in neck circumference and [25]
cardiovascular disease in sedentary women. Einstein. 2012;(10):329-34.

 Yang GR, Yuan SY, Fu HJ, Wan G, Zhu LX, Bu XL, et al. Beijing Community [26]
Diabetes Study Group. Neck circumference positively related with central obesity, 
overweight, and metabolic syndrome in Chinese subjects with type 2 diabetes: 
Beijing Community Diabetes Study 4. Diabetes Care. 2010;33(11):2465-67.

 Snijder MB, Jacqueline M, Dekker M, Bouter LM, Stehouwer CDA, Kostense [27]
PJ, et al. Associations of hip and thigh circumferences independent of waist 
circumference with the incidence of type 2 diabetes: the Hoorn study. Am J Clin 
Nutr. 2003;77(5):1192-97.

 Tamba S, Nakatsuji H, Kishida K, Noguchi M, Ogawa T, Okauchi Y, et al. [28]
Relationship between visceral fat accumulation and urinary albumin-creatinine 
ratio in middle-aged Japanese men. Atherosclerosis. 2010;211:601-05.

 Huffman FG, Whisner S, Zarini GG, Nath S. Waist circumference and BMI relation [29]
to serum high sensitive C-reactive protein in Cuban Americans with and without 
type 2 Diabetes. Int J Environ Res Public Health. 2010;7:842-52.

 Visser M, Bouter LM, McQuillan GM, Wener MH. Elevated CRP levels in [30]
overweight and obese adults. JAM Med Assoc. 1999;282(22):2131-35.

 Amanullah S, Jarari A, Govindan MK, Basha MI, Khatheeja S. Association of [31]
hs-CRP with diabetic and non-diabetic individuals. Jordan Journal of Biological 



www.jcdr.net Mortha Kiran Deedi et al., role of Anthropometric Measurements in Development of CVD and Stroke among T2DM

Journal of Clinical and Diagnostic Research. 2017 Jul, Vol-11(7): BC01-BC05 55

Sciences. 2010;3(1):7-12.
 Patel ML, Sachan R, Gupta KK, uniyal R. Correlation of plasma apolipoprotein [32]

and lipid profiles with different stages of type 2 diabetic nephropathy- A hospital 
based study in North Indian population. International Journal of Scientific and 
Research Publications. 2012;2(5):368-73. 

 Spiotta RT, Luma GB. Evaluating obesity and cardiovascular risk factors in [33]
children and adolescents. Am Fam Physician. 2008;78:1052-58.

 Yilmaz N, Pektas M, Tongue E, Kilic S, Gulerman C, Gungor T, et al. The [34]
correlation of plasma homocysteine with insulin resistance in polycystic ovary 
syndrome. J Obstet Gynaecol Res. 2008;34:384-91.

 Gregg EW, Gerzoff RB, Caspersen CJ, Williamson DF, Narayan KM. Relationship [35]
of walking to mortality among uS adults with diabetes. Arch Intern Med. 

2003;163:1440-47.
 Phielix E, Meex R, Moonen-Kornips E, Hesselink MK, Schrauwen P. Exercise [36]

training increases mitochondrial content and ex vivo mitochondrial function 
similarly in patients with type 2 diabetes and in control individuals. Diabetologia. 
2010;53:1714-21.

 Richards JC, Johnson TK, Kuzma JN, Lonac MC, Schweder MM, Voyles WF, et [37]
al. Short-term sprint interval training increases insulin sensitivity in healthy adults 
but does not affect the thermogenic response to beta-adrenergic stimulation. J 
Physiol. 2010;588:2961-72.

 Iber C, Ancoli-Israel S, Chesson A, Jr. Quan SF. 1[38] st ed. Westchester IL: American 
Academy of Sleep Medicine; 2007 AASM manual for snoring of sleep and 
associated events: rules, terminology and technical specifications.

 Larsen JJ, Hansen JM, Olsen NV, Galbo H, Dela F. The effect of altitude hypoxia [39]
on glucose homeostasis in men. J Physiol. 1997;504(1):241–49.

PARTICulARS OF CONTRIBuTORS:
1. Research Scholar, School of Life and Health Sciences, Adikavi Nannaya university, Rajahmundry, Andhra Pradesh, India; 
 Department of Biochemistry, GSL Medical College, Rajahmundry, Andhra Pradesh, India.
2. Associate Professor, School of Life and Health Sciences, Adikavi Nannaya university, Rajahmundry, Andhra Pradesh, India.
3. Professor and Head, Department of Biochemistry, GSL Medical College and General Hospital, Rajahmundry, Andhra Pradesh, India.

NAME, ADDRESS, E-MAIl ID OF THE CORRESPONDING AuTHOR:
Mr. Mortha Kiran Deedi,
Research Scholar, Department of Biochemistry, GSL Medical College, Rajahmundry-533296, Andhra Pradesh, India.
E-mail: kirandeedigsl@yahoo.com

FINANCIAl OR OTHER COMPETING INTERESTS: None.

Date of Submission: Nov 23, 2016
Date of Peer Review: Feb 03, 2017
Date of Acceptance: Apr 21, 2017

Date of Publishing: Jul 01, 2017


