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Introduction
Gestational Diabetes Mellitus (GDM) is defined as 
carbohydrate intolerance of variable severity, with onset or 
first recognition during pregnancy.(1,2) The incidence of 
GDM has increased over the past few decades in parallel 
with the increase in rates of obesity and type 2 diabetes 
mellitus, and this trend is expected to continue in the near 
future too.(3)

Physiological hyperlipidemia, is associated with an 
increase in TGL, LDL and VLDL levels and a decrease 
in HDL – C levels. Women with GDM have also been 
shown to have higher serum triacylglycerol concentrations 
but lower LDL than normal pregnant women. The inverse 
association between high-triglyceride and low HDL – 
Cholesterol pattern is readily apparent in women with 
GDM.(4) This ratio (TG/HDL-C) has been confirmed as 
a clinical indicator of insulin resistance.(5) Higher plasma 
insulin levels may suppress fatty acid oxidation and 
thereby contribute to the elevated triglycerides in blood. 
Hyperinsulinemia is also known to enhance hepatic very 
low-density lipoprotein (VLDL) synthesis, which may 
further contribute to increased plasma triglycerides and 

LDL – C levels. Resistance to the action of insulin on 
lipoprotein lipase in peripheral tissues can also contribute 
to the elevated triglyceride and LDL – C levels. 

A study reported that the ‘‘hypertriglyceridemic waist’’ 
phenotype identified in the first trimester could be a simple 
early screening tool for gestational glucose intolerance.
(6) The hypertriglyceridemic waist is a clinical marker 
of visceral obesity that is defined as the simultaneous 
presence of abdominal obesity and hypertriglyceridemia.
(7) Enquobahrie et al found that women with plasma 
triacylglycerol levels ≥ 137mg/dl displayed a 3.5 fold 
increased risk of GDM, and each 20mg / dL increase in 
triacylglycerol levels led to a 10% increase in GDM risk; 
however, no other associations could be observed between 
lipid changes and GDM risk in that study(8).

Lipid accumulation is defined and measured specifically 
in those contexts where accumulation may represent 
a physiologic danger. (9,10) These contexts might be 
described as lipid over accumulation.(11) To simplify 
the recognition of lipid over accumulation, researchers 
have devised empirical formulae which can serve as risk 
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ABSTRACT
Background: Gestational Diabetes Mellitus (GDM) is an emerging problem which affects a large number of pregnant women in India. 
Women with GDM have been shown to have abnormal lipid profiles with higher serum triacylglycerol concentrations but lower LDL levels. 
Early detection reduces adverse maternal and foetal outcome. The Lipid Accumulation Product (LAP) is an index of fat distribution and 
assessment which can be easily measured in an outpatient setup.

Methods: This study was a hospital based case control study. Cases were 30 pregnant women, newly diagnosed with GDM in their 2nd 
trimester while controls were 30 apparently healthy pregnant women without risk factors for GDM. Lipid accumulation product (LAP) was 
computed by multiplying a sex-specific estimate of waist circumference and the fasting triglyceride concentration, LAP = (WC [cm] - 58) x 
TGL [mmol/L].

Result: The mean age of patients with GDM was higher when compared to controls. (28.17 ± 3.34 vs 24.40 ± 3.07, p < 0.0001) The lipid 
profile showed a significantly higher value of serum triglycerides among cases while the differences in HDL were not statistically significant. 
Lipid accumulation product (LAP) in GDM patients was found to be significantly elevated when compared to controls. (133.43 ± 64.02 vs 
62.89 ± 30.68, p < 0.0001)

Conclusion: Calculation of LAP can be done to identify the degree of risk for developing GDM. So LAP can possibly serve as in future as a 
screening tool for the diagnosis of GDM in an outpatient setting in resource poor settings.
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markers. This study was conducted in an attempt to find 
the association of lipid accumulation product with GDM.

Materials and Methods
This study was a hospital based case control study among the 
pregnant women who attended the outpatient and inpatient 
services of a tertiary care referral hospital in South India. 
Before the start of the study, clearance was obtained from 
both the institutional Scientific Research Board (SRB) and 
the Institutional Ethics Committee (IEC). Written informed 
consent was obtained from eligible participants in the 
native language prior to the commencement of the study.

The study population was determined to be two groups of 
30 participants each, cases were 30 pregnant women newly 
diagnosed with GDM in their 2nd trimester while controls 
were 30 apparently healthy pregnant women in their 
2nd trimester without risk factors for GDM. Cases were 
excluded if there were multiple gestations. Data collection 
was done using a semi structured proforma. 

All anthropometric measurements were done using a 
plastic measuring tape by the same investigator. BMI was 
calculated after measuring the height in metres and weight 
in kilograms. The waist circumference was measured 
using measuring tape at the level of umbilicus, at the end 
of quiet inspiration with both feet touching the ground 
and arms hanging freely. A simple index for estimating 
lipid accumulation in adults, Lipid Accumulation Product 
(LAP), was described by Kahn.(12) It was based on a 
combination of two measurements; waist circumference 
(WC) – a measure of truncal fat that includes the visceral 
depot and fasting concentration of serum triglycerides 
(TGL). LAP was computed by multiplying a sex-

specific estimate of waist circumference and the fasting 
triglyceride concentration; in women, LAP = (WC [cm] 
- 58) x TGL [mmol/L]

A 10 – 12 hour fasting sample was collected for estimation 
of the lipid profile. The data was analysed using SPSS for 
Windows 24 package with appropriate parametric and non-
parametric methods.

Result
The baseline characteristics of the study population are 
described in Table 1. The mean age of patients with GDM 
was higher when compared to controls and the difference 
was statistically significant. (28.17 ± 3.34 vs 24.40 ± 3.07, 
p < 0.0001) The mean gestational age of cases and controls 
were comparable at baseline. The distribution of age and 
gestational age of cases and controls is as shown. (Figures 
1 and 2)

The mean heights of the women were 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). The 
distribution of BMI among cases and controls is shown 
in Figure 3. The lipid profile showed significantly higher 
values of triglycerides among cases while the difference in 
HDL – Cholesterol levels were not statistically significant. 
Linear correlation analysis revealed a moderately strong 
linear relationship between OGCT and LAP. (LAP = 
0.6978*OGCT + 0.8578, r = 0.6446, r2 =0.4155, P < 
0.00001). (Figure 4)

Table 1: Baseline Characteristics and LAP of the cases and controls.

CASES CONTROL P value

Age(in yrs) 26.18 ± 3.34 23.96 ± 3.07 < 0.0001

Gestational Age(in weeks) 21.71 ± 3.13 20.27 ± 2.53 0.4657

GCT(in mg/dL) 172.65 ± 32.17 93.50 ± 11.42 < 0.0001

Height(in cm) 154.19 ± 4.32 152.40 ± 5.19 0.9806

Weight(in kg) 71.26 ± 9.62 54.42 ± 9.85 < 0.0001

BMI(in kg/m2) 28.81 ± 4.11 23.14 ± 5.19 < 0.0001

Waist Circumference(in cm) 106.12 ± 7.16 82.49 ± 6.67 < 0.0001

TGL(in mmol/L) 2.49 ± 1.07 1.84 ± 0.69 0.0002

HDL(in mmol/L) 0.73 ± 0.30 0.78 ± 0.21 0.3499

LAP 133.43 ± 64.02 62.89 ± 30.68 < 0.0001
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Fig. 1: Age distribution among cases and controls.

Fig. 2: Gestational age distribution among cases and controls.

Fig. 3: BMI distribution among cases and controls.
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Discussion
Pregnancy is invariably associated with progressive 
maternal hypertriglyceridemia and hypercholesterolemia.
(13, 14) Occasionally a misadaptation occurs and these 
levels increase over a physiological range and dyslipidemia 
is recognized. It occurs in some pregnancies without causing 
any adverse pregnancy associated alterations and in some 
pregnancies coursing with pathologies as preeclampsia 
and gestational diabetes mellitus (GDM). This is called 
maternal supraphysiological hypercholesterolemia 
(MSPH).(15) This indicates that pregnancy induced 
hyperlipidemia contributes to an increase in the morbidity 
associated with GDM. (16)

The mean value of BMI and waist circumference among 
controls was 23.14 ± 5.19 and 82.49 ± 6.67 respectively 
and among cases was 28.81 ± 4.11 and 106.12 ± 7.16 
respectively and these differences were statistically 
significant. (p value<0.0001) BMI and waist circumference 
were found to be significantly higher in cases than in 
controls, similar to findings by De Souza et al.(17)

The mean value of TGL among controls was 2.49 ± 1.07 
and among cases was 1.84 ± 0.69 (p value=0.002). This 
exaggerated hypertriglyceridaemia is found throughout 
pregnancy, in a diabetic mother as demonstrated by 
Sanchez et al(15), Hollingsworth et al(18) and Kokkou et 
al(19) when compared to normal mothers. There are also 
studies where there was no significant change in plasma 
TGL levels among diabetic and non-diabetic pregnant 
women. (20)

The mean value of HDL among controls was 0.78 ± 
0.21 and among cases was 0.73 ± 0.30 (p value=0.3499). 
Though the difference in HDL levels was statistically 
insignificant, an increasing trend amongst 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 Pusukuru et al. (21)

The mean LAP among controls was 62.89 ± 30.68 and 
among cases was 133.43 ± 64.02 and this difference was 
statistically significant (p value<0.0001) LAP values were 
significantly higher in cases compared to controls in parallel 
with the increase in TGL, BMI, waist circumference and 
decrease in HDL in cases.

Linear regression and correlation analysis between OGCT 
and LAP showed a strong positive correlation (r = 0.6) 
which was also statistically significant (p < 0.00001). 
Oh et al also showed a statistically significant correlation 
between OGCT and LAP, done in a study population of 
2950 Korean women. (22)

Lipid accumulation product, based on simple anthropometry 
and lipid profile, can be used as a marker of metabolic 
disturbances in insulin resistance. In a population based 
cross sectional study, LAP has been shown to be better than 
BMI in identifying prevalent diabetes. (13) Brisson et al 
have shown that LAP is a useful risk marker of metabolic 
perturbations in young adult populations and that it could be 
used as a reliable marker among pregnant women also. (6)

Conclusion
The increased Lipid Accumulation Product (LAP) in 
GDM patients shows their elevated adipose tissue lipid 
levels; hence LAP can be used as a possible screening tool 
for GDM. Calculation of LAP in the first antenatal visit 
can be done to identify the degree of risk for developing 
GDM, as it has now been established that these indices 
are found to be elevated in diagnosed patients TGL levels 
were increased and HDL levels were decreased in our 
GDM patients when compared with controls, identification 
of which in the early trimester can reduce both maternal 
and foetal fatal outcomes. In future, the sample size can 

Fig. 4: Linear Regression analysis between LAP and OGCT.
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be increased and ethnic variations in maternal lipid levels 
should be studied to explore this association.
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