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INTRODUCTION 

Gestational Diabetes Mellitus (GDM) affects up to 15% 

of pregnant women worldwide and an estimated 4 million 

women in India.1 Early detection and initiation of 

treatment reduces adverse maternal and foetal outcomes.2 

Most of the pregnancies that develop GDM is associated 

with dyslipidemia, the assessment of which in the 2nd 

trimester could serve as a potential diagnostic tool. 

Pregnant women destined to develop GDM had higher 

total cholesterol, LDL, triglycerides, CRP, and t-PA but 
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lower levels of HDL and adiponectin.3 Risk factors  for  

GDM  include  greater  maternal  age, higher  BMI,  

polyhydraminos, past  history  of GDM, macrosomia  in   

previous  pregnancy, history  of  unexplained stillbirth, 

type 2 diabetes mellitus  in a  first  degree  relative, 

polycystic  ovary  syndrome, etc.4 In addition, obesity is 

an independent risk factor for GDM, and the risk of 

GDM rises with an increase in the prepregnancy body 

mass index (p-BMI).5  It is critical to know the risk 

factors for GDM to allow early identification of women 

at risk and prevention of associated pregnancy 

complications. 

Elevated central adiposity in early pregnancy is a 

modifiable risk factor for abnormal glucose homeostasis 

in the second trimester of pregnancy.6 Epidemiological 

studies show that centrally located visceral fat is more 

pathogenic, associated with adverse metabolic 

consequences than subcutaneous adipose tissue.7 High 

maternal visceral adiposity is associated with GDM. The 

Visceral Adiposity Index (VAI) is a gender-specific 

index, based on simple anthropometric (BMI and WC) 

and functional parameters like triglycerides (TGs) and 

high-density lipoprotein cholesterol (HDL-C) and 

indicative of fat distribution and function.  

According to Reaven, insulin resistance is a fundamental 

disorder associated with metabolic abnormalities like 

high-TGs)/low (HDL-C) dyslipidemia.8 Since the 

measurement of insulin resistance clinically is 

impractical, the use of risk markers like VAI can predict 

predisposition to such metabolic disturbances. 

Visceral adiposity may better predict the onset of type 2 

diabetes, independent of BMI and since GDM and type 2 

diabetes share the same risk factors.9,10 VAI may be an 

easy tool for the evaluation of adipose tissue dysfunction 

in various patient populations, in the absence of an overt 

metabolic syndrome.11 This study attempts to look for 

association of VAI with oral glucose intolerance in 

GDM. 

METHODS 

This study was carried out as a hospital based case 

control study among the subjects who attended a tertiary 

care hospital. Before the start of the study   permission 

and acceptance were obtained from the institutional 

Scientific Research Board (SRB), Institutional Ethics 

Committee (IEC) and the informed consent was obtained 

in participant’s native language prior to the 

commencement of study. 

The study population is as follows: Cases: 30 pregnant 

women newly diagnosed with GDM in their 2nd 

trimester, Controls: 30 apparently healthy pregnant 

women in their 2nd trimester without risk factors for 

GDM such as obesity and family history for diabetes. The 

Inclusion criteria was Pregnant women newly diagnosed 

with GDM in their 2nd trimester. The exclusion criteria 

were multiple gestation, controls with risk factors for 

GDM like obesity and family history of DM were 

excluded from the study. 

Data collection was done using standardized proforma, 

all the biochemical analyses were performed using 

automated (alpha-IMMUCHEM) and semi-automated 

(MERCK) clinical chemistry analyzer. All biochemical 

analyses were done with adequate internal quality checks, 

and within run and between run CV (coefficient of 

variations) was maintained. 

All anthropometric measurements were done using a 

plastic measuring tape. Anthropometric measurement of 

BMI was calculated after measuring the height in metres 

and weight in kilograms using the formula:  

BMI= weight in kg/height in m2.      (1) 

The waist circumference was measured using measuring 

tape at narrowest point between lower border of lowest 

ribs and iliac crest at the level of umbilicus, at the end of 

quiet inspiration with both feet touching and arms 

hanging freely.   

Visceral Adiposity Index (VAI) was calculated using the 

formula  

[Waist circumference (WC)/{36.58+(1.89xBMI)}] x 

(TGL/0.81) x (1.52/HDL) (2)    

 

where, 

 

WC is expressed in cm,  

BMI in Kg/m2,  

TG in mmol/L,   

HDL in mmol/L 

The collected data was entered in MS-Excel and 

statistical analysis will be performed using SPSS20 

package.   

RESULTS 

This case-control study was conducted in the Department 

of Obstetrics and Gynaecology with 30 individuals in 

each group matched for gestational age, in an attempt to 

find the correlation of VAI with glucose intolerance in 

GDM.  

VAI was derived from observation in a healthy normal to 

overweight population of a linear relationship between 

BMI and WC, from which a linear equation was 

extrapolated.  

A model of adipose distribution (MOAD) was created 

based on this linear equation which showed a strong 

correlation with visceral fat mass determined by MRI. 

Subsequently MOAD was corrected for triglyceride and 

HDL cholesterol levels, thus deriving VAI. 
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The exclusion criteria for cases were multiple pregnancy, 

which could alter the waist circumference and may 

interfere in assessing the increase in visceral adiposity 

induced by insulin resistance. Controls with risk factors 

for GDM like obesity and family history of DM were 

excluded in order to establish a valid relation of statistical 

significance in the TGL and HDL levels of cases and 

controls. For the same, the groups were matched by 

gestational age to avoid trimesteric changes in 

anthropometric measurements and physiological 

hyperlipidemi. The baseline characteristics of the study 

population is given in Table 1.  

Table 1: Baseline characteristics of the study 

population. 

 Cases Control P value 

Age 28.17 ±3.34 24.40±3.07 <0.0001 

Gestational 

age 

19.70 ±3.13 20.27±2.84 0.4657 

GCT 161.63±39.07 92.50±12.41 <0.0001 

Height 153.37 ± 5.07 153.40±5.49 0.9806 

Weight 70.02 ± 9.62 55.47 ± 9.85 <0.0001 

BMI 29.85 ± 4.53 23.59 ± 4.19 <0.0001 

Waist 

circumference 

102.12 ± 6.96 88.47 ± 7.10 <0.0001 

TGL 2.95 ± 1.17 1.98 ± 0.65 0.0002 

HDL 0.72 ± 0.31 0.78 ± 0.22 0.3499 

VAI 9.91±5.73 5.54 ± 2.41 0.0003 

The mean age of patients with GDM was higher when 

compared to controls (28.17 ± 3.34vs 24.40±3.07) and 

this difference was statistically significant (p value < 

0.0001 (Figure 1).  

 

Figure 1: Age distribution. 

The mean gestational age of cases and controls were 

comparable at baseline (Figure 2). The average height of 

the women was not different between the two groups but 

their weights were significantly different. The mean Body 

Mass Index (BMI) and waist circumference (WC) was 

23.59 ± 4.19 and 88.46 ± 7.10 respectively among 

controls and 29.85 ±4.52 and 102.12 ± 6.96 respectively 

among GDM patients and these differences were highly 

significant (p value<0.0001) (Figure 3). 

 

 

Figure 2: Gestational age distribution. 

 

Figure 3: BMI distribution. 

The lipid profile of these patients showed a significantly 

higher value of Triglycerides among patients while the 

difference in HDL-Cholesterol levels were not 

significant. Linear correlation analysis revealed a strong 

linear relation between OGCT and VAI (r = 0.8322, R2 = 

0.6925, VAI = 0.1048*OGCT - 4.019, p <0.0001) (Figure 

4).  

Figure 4: Linear correlation analysis between OGCT 

and VAI. 

DISCUSSION 

This  study, a case control study which included 30 newly 

diagnosed GDM cases and 30 apparently healthy controls 
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was conducted in our institution in an attempt to find the 

role  of Visceral adiposity index (VAI) in Gestational 

diabetes mellitus (GDM). 

 The observed results revealed that the OGCT values of 

cases were significantly higher than in controls indicating 

glucose intolerance in the former. 

The mean age of patients with GDM was higher when 

compared to controls and this difference was statistically 

significant (p value < 0.0001). The mean gestational age 

of cases and controls were comparable at baseline. The 

average height of the women was not different between 

the two groups but their weights were significantly 

different.  

The mean Body Mass Index (BMI) and waist 

circumference (WC) among controls and GDM patients 

were highly significant (p value <0.0001). Our finding 

concurs with the study done by De Souza et al where 

BMI and waist circumference was found to be 

significantly higher in cases than in controls.12  

The lipid profile of the study population showed a 

significantly higher value of Triglycerides among patients 

while the difference in HDL – Cholesterol levels were 

not significant. TGL values in cases was significantly 

higher than in controls, thus proving the exaggerated 

hypertriglyceridaemia found throughout, in diabetic 

pregnancy studies by Hollisworth et al and Kokkou et 

al13 compared to normal pregnancy. There are also 

studies where no change in plasma TGL levels were 

found in diabetic compared to non-diabetic pregnant 

women.13-16 

Dyslipidemia as the cause of insulin resistance in GDM is 

still debated as questioned by Helen et al. Though HDL 

levels were statistically insignificant in cases, an 

increasing trend towards the controls was observed which 

may be clinically significant. This lack of statistical 

significance can be substantiated based on the 

physiological drop in HDL levels in controls as shown in 

a population based study by Raghuram Pusukuru et al.17-

18 

Linear correlation analysis revealed a strong linear 

relation between OGCT and VAI (p <0.0001). VAI was 

significantly higher in cases compared to controls in 

parallel with increase in TGL, BMI, waist circumference 

and decrease in HDL in cases.  

However VAI has its own limitations in the presence of 

morbid obesity, pendulous abdomen, severe 

hypertriglyceridemia and/or or use of fibrates because of 

the extreme variations in some variables like TGL, BMI 

and WC.  

A study by Kumpatla et al in the Indian population 

showed a cut-off value of VAI ≥ 2.3 to detect glucose 

intolerance but in a study by Amato et al, cut off of VAI 

was 2.52 in a Caucasian Silican population for age group 

<30 years. Thus, Visceral adiposity index can be used as 

a diagnostic index for GDM.19-20 In future we need large 

scale studies which includes various ethnic groups 

correlating maternal lipid levels and GDM can be studied 

to understand the VAI   

CONCLUSION 

This study correlates the glucose intolerance in GDM 

with Visceral adiposity index (VAI) and found that the 

index to be elevated in the GDM group than in the 

control group. The increased VAI in GDM patients 

shows their elevated adipose tissue distribution.  VAI 

which involves simple anthropometric measurements, 

lipid profile which is less invasive and cost effective , can 

be used as a diagnostic index in GDMl. 
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