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Aims: To compare the insulin sensitivity and secretion indices of pregnant Bangladeshi women with GDM and
normal glucose tolerance (NGT).
Methods: This cross sectional study was performed with 40 GDM and equal number of NGT pregnant women
diagnosed on basis of WHO criterion-2013 during 24–40 weeks of gestation. Glucose was measured by glucose
oxidase method and fasting insulin by chemiluminescent immunoassay. Equations of homeostatic model as-
sessment (HOMA) were used to calculate indices of insulin resistance (HOMA-IR), β-cell function (HOMA-B) and
insulin sensitivity (HOMA-%S).
Results: The GDM group had significantly higher insulin resistance as indicated by higher fasting insulin value
[GDM vs. NGT; 10.23 (7.94–14.50) vs. 7.07 (5.28–11.07) µIU/ml] and HOMA-IR [GDM vs. NGT; 2.47
(1.75–3.43) vs. 1.50 (0.99–2.22)] and poor β-cell secretion [GDM vs. NGT; HOMA-B: 113.37 (90.30–191.35) vs.
150.98 (109.85–271.72), median (IQR); p < 0.001 for all]. HOMA-B was significantly lower in GDM than NGT
with BMI < 23 kg/m2 [GDM vs. NGT; 63.37 (49.19–83.83) vs. 134.89 (93.50–193.17) ng/ml; p = 0.010]
despite having statistically comparable difference in IR. BMI was found to be a significant predictor of HOMA-IR
in GDM.
Conclusions: Though impairments of both insulin secretion and sensitivity are hallmarks in the pathogenesis of
GDM, β-cell dysfunction contributes more to development of GDM in those with relatively lower BMI in our
population.

Introduction

Pregnancy induces composite changes in metabolism along with
marked decrease in insulin sensitivity [1]. The latter half of pregnancy
is a state of insulin resistance (IR) that poses a physiologic stress for the
pancreatic β-cells. Maintenance of normal glucose homeostasis in
pregnancy is dependent upon the capability of β-cells to increase the
secretion of insulin and thereby compensate for this IR [2]. An in-
sufficient compensatory response will result in maternal hypergly-
cemia, as occur in the setting of GDM [3].

GDM is a global public health concern. The most common identified
risk factors for GDM are advanced age, high body mass index (BMI) and
family history of DM [4]. Asian race has already been included as risk
factor during routine screening as there is a high incidence of GDM
among this population [5]. Insulin secretion and sensitivity capacities
of Asian women might be different from those of women of Western

countries. Since even non-obese Asians were found to exhibit onset of
type 2 diabetes at younger age, insulin secretion appears to be a major
factor in the development of type 2 diabetes in this population. In
Asians, pancreatic β-cell mass is relatively smaller than the Westerners,
and the insulin secretion capacity is also lower [6]. Though maternal
overweight/ obesity is an established risk factor for GDM, recent review
has found that the prevalence of GDM may be even higher among lean
[7], As the pathophysiology of GDM is similar to that of type 2 diabetes,
insulin secretion capacity might be a more important factor for indu-
cing GDM in normal weight Asian women though interplay of de-
creased secretion and resistance of insulin cannot be overlooked.

These ethnic differences of IR and β-cell function in pregnancy have
been described in some previous studies. Morkrid et al. concluded that
pregnant women from East and South Asia are more insulin resistant
and have poorer β-cell function than Western Europeans. In that
longitudinal study, Asian women were more insulin resistant in early
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pregnancy. From early to 28 weeks of gestation, the women from South
Asia were not able to increase their β-cell function mutual to the IR. The
β-cell response relative to the pregnancy induced IR was therefore
unbalanced compared with the Western Europeans [8].

Among various indices for measurement of insulin sensitivity/ re-
sistance, the homeostasis model assessment (HOMA) model is widely
used in research because of its simplicity. The HOMA of insulin re-
sistance (HOMA-IR) index is regarded as an inexpensive and reliable
measure of IR. On the other hand, HOMA of β-cell function (HOMA-B)
index is a good measure of β-cell function [9]. HOMA-IR is considered
as an accurate index of insulin sensitivity throughout pregnancy and it
correlates well with the severity and pathophysiological heterogeneity
of GDM [10]. Several previous studies found that HOMA-IR values in
GDM group were significantly higher than in NGT women in various
populations [2,6,8,11,12]. Researchers already revealed poorer HOMA-
B index in GDM women of South Asia [6,8,13]. The present study was
intended to examine the difference in the insulin sensitivity and se-
cretion index between GDM and pregnant women with NGT using
HOMA model in our population.

Materials and methods

Subjects

This study encompassed 40 women with GDM (age:
28.20 ± 5.00 years, BMI: 27.41 ± 3.37 kg/m2; mean ± SD) and
equal number of women with NGT (age: 26.23 ± 4.64 years, BMI:
25.70 ± 3.71 kg/m2; mean ± SD) screened by 75-gm 3-samples
OGTT following WHO 2013 criterion for GDM. Women after 24 weeks
of gestation with singleton pregnancy attending the ‘GDM Clinic’ of
department of Endocrinology BSMMU were screened and enrolled
consecutively. Women with prior history of DM were excluded from
this study.

Study design

It was a cross-sectional study carried out from April 2017 to
September 2017. Prior to commencement of this study the research
protocol was approved by the Institutional Review Board (IRB). After
recording relevant clinical data, OGTT was performed following an
overnight fast. Study subjects were enrolled as GDM or NGT on the
basis of WHO 2013 diagnostic criteria. Thus 40 GDM patients and an
equal number of NGT mothers were enrolled for the study. Fasting

venous blood (4 ml) was collected for insulin and serum separated to be
preserved at −80 °C until assay.

Analytic method

Plasma glucose was analyzed by glucose oxidase method by using
Dimension EXL 200 Integrated Chemistry System (Siemens, Germany)
on the same day of collection. Serum insulin levels was measured by
chemiluminescent immunoassay method using Access Immunoassay
System (REF- 33410), Beckman Coulter, Inc., USA. The coefficient
variances (CV) for glucose were 2.02% for low level values and 2.07%
for high level whereas intra-assay CV for insulin was 2.54%.

Assessment of insulin secretion and sensitivity index

Insulin resistance and secretion were evaluated using the equations
of original HOMA model described by Matthews et al. [14].

= ×μHOMA - IR Fasting insulin ( IU ml) Fasting glucose(mmol ml) 22.5.

= × −μ e
HOMA - B

20 Fasting insulin ( IU ml) Fasting glu cos (mmol L) 3.5

= ×HOMA of insulin sensitivity(HOMA - %S)index 1 HOMA - IR 100%.

Statistical analysis

All data were analysed using SPSS program (version 23.0) and ex-
pressed as frequencies or percentages for qualitative values and mean
(± SD) for quantitative values. When quantitative values with skewed
distribution were found, they were presented as median and inter-
quartile range (25th −75th percentile). Comparison between sub-
groups was done by Chi-square test, unpaired t-test or Mann-Whitney U
test as applicable. Correlation between BMI and various insulin indices
were analyzed by Pearson’s Correlation tests. Multiple linear regression
analysis was used to determine the predictors of IR. P value ≤ 0.05 was
considered as statistically significant.

Results

As shown in Table 1, women with GDM were elder than those in the
NGT group (p = 0.071) and they had significantly higher BMI values
than their peers (p = 0.034). Furthermore, GDM subjects were more

Table 1
Clinical characteristics and insulin indices in study subjects.

Variables GDM (n = 40) NGT (n = 40) p

Age (years, mean ± SD) 28.20 ± 5.00 26.23 ± 4.64 0.071
BMI (kg/m2, mean ± SD) 27.41 ± 3.37 25.70 ± 3.71 0.034
Gestational weeks at detection (mean ± SD) 31.38 ± 4.21 31.40 ± 4.71 0.980
Gravida
Primigravida 16 (40.0) 17 (42.5) 0.820
Multigravida 24 (60.0) 23 (57.5)

History of previous macrosomia 3 (7.5) 1 (2.5) 0.308*
History of abortion 12 (30.0) 13 (32.5) 0.809
Family history of DM in 1st degree relatives 17 (42.5) 10 (25.0) 0.098
Fasting insulin (µIU/ml) 10.23 (7.94–14.50) 7.07 (5.28–11.07) 0.001†

HOMA-IR 2.47 (1.75–3.43) 1.50 (0.99–2.22) <0.001†

HOMA-B 113.37 (90.30–191.35) 150.98 (109.85–271.72) 0.014†

HOMA-%S 40.62 (29.13–56.96) 66.72 (45.03–100.81) <0.001†

(Within parenthesis are percentages over column total).
Significance values were calculated by Student’s t-test and χ2-test in data with normal distribution.
*by Fisher’s Exact test.
†Quantitative date with skewed distribution were expressed as median (interquartile range) and p-values were calculated using Mann-Whitney U test.
HOMA-IR: homeostasis model assessment of insulin resistance.
HOMA-B: homeostasis model assessment of β-cell function.
HOMA-%S: homeostasis model assessment of insulin sensitivity.
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likely to have a family history of diabetes (p = 0.098). The GDM group
had significantly higher insulin resistance as indicated by higher fasting
insulin value [GDM vs. NGT; 10.23 (7.94–14.50) vs. 7.07 (5.28–11.07)
µIU/ml] and HOMA-IR [GDM vs. NGT; 2.47 (1.75–3.43) vs. 1.50
(0.99–2.22)] and poor β-cell secretion [GDM vs. NGT; HOMA-B: 113.37
(90.30–191.35) vs. 150.98 (109.85–271.72), median (IQR); p < 0.001
for all].

Comparison of clinical profile and insulin indices were done be-
tween GDM and NGT women who had BMI below 23 kg/m2 as well as
equal to or above it (Table 2); and between the groups of GDM holding
BMI cut off at 23 kg/m2 (Table 3). As depicted in Table 2, despite
statistically similar age and gestational age, HOMA-B was significantly
lower in GDM having BMI < 23 kg/m2 (p = 0.010) than that of the
NGT group with similar BMI. IR indices did not differ statistically in
between these two groups (fasting insulin, p = 0.571; HOMA-IR,
p = 0.226; and HOMA-%S, p = 0.226). On the other hand, GDM
women with BMI ≥ 23 kg/m2 and statistically similar age as well as
gestational age exhibited greater IR (fasting insulin, p = 0.005; HOMA-
IR, p < 0.001 and HOMA-%S, p < 0.001) along with decreased in-
sulin secretion (HOMA-B, p = 0.020).

GDM group with BMI ≥ 23 kg/m2 had more insulin resistance
(fasting insulin, p = 0.001; HOMA-IR, p = 0.011) and lower insulin
sensitivity (HOMA-%S, p = 0.011) compared to GDM with
BMI < 23 kg/m2 (Table 3). Similarly in Fig. 1, BMI showed positive
correlation with HOMA-IR in both GDM and NGT groups.

Multiple linear regression analysis revealed that BMI was in-
dependent predictor of HOMA-IR in GDM (p= 0.008) as well as in NGT
(p < 0.001). None of the risk factors (p = NS for all) like maternal
age, family history of diabetes, gravida, previous history of abortion,
previous history of macrosomia showed independent predictability over
HOMA-IR in GDM (Table 4).

Discussion

This study clearly demonstrated that women with GDM have lower
insulin sensitivity and secretory capacity than their peers. Moreover, β-
cell dysfunction and decreased insulin secretory capacity appears to be

an important factor for development of GDM in our population espe-
cially in those with relatively lower BMI.

Observations resulting from this study dictate that significant dif-
ferences occur in women in terms of the severity of IR and β-cell dys-
function at the time of diagnosis of GDM assessed by HOMA indices.
BMI was found to have a strong correlation with IR in GDM. Consistent
with previous study, GDM women with high BMI (≥23 kg/m2) had
decreased insulin sensitivity and a significant enhancement in

Table 2
Comparison of clinical characters and insulin indices between GDM and NGT according to BMI cut off.

Variables BMI < 23 kg/m2 P BMI ≥ 23 kg/m2 P

GDM (n = 4) NGT (n = 11) GDM (n = 36) NGT (n = 29)

Age (years, mean ± SD) 26.50 ± 2.88 24.27 ± 4.29 0.283 28.39 ± 5.17 26.97 ± 4.63 0.247
Gestational age (weeks, mean ± SD) 33.50 ± 3.10 31.00 ± 4.21 0.251 31.14 ± 4.28 31.55 ± 4.95 0.724
*Fasting insulin (µIU/ml) 6.11 (4.55–7.61) 4.90 (4.12–6.50) 0.571 11.55 (8.88–14.71) 8.43 (5.79–11.67) 0.005
*HOMA-IR 1.37 (1.03–2.14) 0.88 (0.74–1.44) 0.226 2.83 (1.92–3.53) 1.62 (1.13–2.28) <0.001
*HOMA-B 63.37 (49.19–83.83) 134.89 (93.50–193.17) 0.010 122.54 (101.13–199.29) 190.86 (113.53–291.41) 0.020
*HOMA-%S 77.63 (47.37–97.13) 113.26 (69.23–134.47) 0.226 35.39 (28.34–52.16) 61.55 (43.83–88.32) <0.001

Comparison between groups done by Student’s t test and Mann-Whitney U test as applicable.
* Data were expressed as median (interquartile range).

Table 3
Insulin indices in GDM according to BMI categories (23 kg/m2).

Variables Groups p

BMI < 23 (kg/m2)
(n = 4)

BMI ≥ 23 (kg/m2)
(n = 36)

Fasting insulin
(µIU/ml)

6.11 (4.55–7.61) 11.55 (8.88–14.71) 0.001

HOMA-IR 1.37 (1.03–2.14) 2.83 (1.92–3.53) 0.011
HOMA-B 63.37 (49.19–83.83) 122.54 (101.13–199.29) 0.001
HOMA-%S 77.63 (47.37–97.13) 35.39 (28.34–52.16) 0.011

Data were expressed as median followed by interquartile range in parentheses.
Comparison between groups done by Mann-Whitney U test.

Fig. 1. Relationship of BMI with HOMA-IR in women with or without GDM.
GDM: gestational diabetes mellitus NGT: normal glucose tolerance HOMA-IR:
homeostasis model assessment of insulin resistance BMI: body mass index *by
Pearson’s correlation coefficient test.

Table 4
Multiple linear regression showing the predictive association of clinical and
hormonal parameters with HOMA-IR.*

Independent variable GDM (n = 40) NGT (n = 40)
R2 = 0.269 R2 = 0.428

β p β p

(Constant) – 0.512 – 0.030
Age −0.106 0.594 −0.093 0.574
BMI 0.499 0.008 0.573 <0.001
Family history of DM 0.164 0.306 −0.423 0.004
Gravida −0.271 0.280 0.178 0.396
Previous history of abortion 0.129 0.482 −0.208 0.236
History of previous macrosomia 0.051 0.752 −0.175 0.235

* Logarithmic transformation done for normal distribution of dependent
variable.
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compensatory insulin secretion [15]. Interestingly, in women with
lower BMI (< 23 kg/m2), there was statistically significant decrease in
HOMA-B index without any significant difference in IR. This indicates
that GDM development in underweight women might be primarily re-
lated to poor insulin secretory capacity. As the pathophysiology of GDM
is similar to that of type 2 diabetes and it has been postulated that lower
insulin secretory capacity is a major risk factor for development of type
2 diabetes in non-obese Asians [6]. From this finding it appears that the
role of β-cell dysfunction is important in the development of GDM in
women with lean body weight. However, it should be mentioned that
sample size was not sufficient enough for the lean group.

Of the many pathogenic mechanisms, IR and impaired β-cell func-
tion remain the hallmarks of GDM [2]. This study assessed IR with
fasting insulin and HOMA-IR values and found those values to be sig-
nificantly higher in GDM group than in NGT. Insulin secretory index
HOMA-B was significantly lower in GDM than NGT mothers even with
lesser insulin sensitivity as measured by HOMA-%S. Earlier studies also
suggested that the pathogenesis of GDM is a defect of islet beta cell
functions and compensatory increase in insulin secretion in response to
increased IR during pregnancy [12]. Present findings are in line with
other reports, that GDM is caused by both reduced insulin secretion and
enhanced IR [12,16]. Previous study reported HOMA-IR values of 2.3
(1.7–2.9) [median (IQR)] for Korean GDM women [6]; these values are
not markedly different from those obtained in the present study
(median HOMA-IR of 2.47 in GDM). In contrast, much higher value of
HOMA-IR (6.59 ± 2.93, mean ± SD) were reported in a subset of
Indian GDM mothers by Das et al. [17]; the discrepancy might be due to
lower sample size (only 14 GDM mothers were included in that study).

Nevertheless, insulin secretory capacity measured by HOMA-B in
this study was much lower than the findings by other investigators [10].
Pathophysiologic heterogeneity known between Asian and Caucasians
have demonstrated lower pancreatic β-cell mass and insulin secretion
capacity in the former [8]. This variance may also explain the onset of
GDM despite lower IR even in non-obese younger mothers of our po-
pulation.

Well recognized risk factors for GDM include overweight and obe-
sity [11]. Moreover, pre-pregnancy BMI was found to have a far greater
effect on IR in pregnancy in Asian women than Caucasians [18]. Present
study could not assess the pre-pregnancy BMI, in contrast current BMI
during pregnancy was used in various statistical calculation. In this
study, BMI was found to have positive linear relationship with HOMA-
IR which is in accordance with other reports [11,15]. People with
higher BMI usually have adipose tissue dysfunction which is known as
the key determinant of obesity associated metabolic complications and
IR [19]. So, in pregnancy with higher BMI a significant insulin response
enhancement is needed to overcome both pregnancy associated IR and
decreased insulin sensitivity due to adipose tissue dysfunction. Mis-
matching of these events culminates into dysglycemia to cause GDM.
Current findings also suggest that BMI might be causally related to IR
and thereby perpetuate GDM. Our analyses revealed significant positive
linear relationship between HOMA-IR and BMI even in NGT women. As
we know that pathophysiology of GDM is multifactorial, there might be
other genetic and humeral determinants for development of GDM in our
population.

In this study, variables were analyzed between BMI groups holding
BMI cut-off at 23 kg/m2. Indices of IR, fasting insulin level and HOMA-
IR, were higher in GDM than non-GDM but the increase was minimal in
the normal weight GDM mothers. In contrast, there was significant
difference of insulin resistance/sensitivity indices in overweight group.
On the other hand, HOMA-B, an index of insulin secretion capacity, was
decreased in all GDM women regardless of body weight. The decline
was more important in normal weight GDM women considering the
minimal change in IR. Thus GDM development in normal weight
women was mostly related to insulin secretory dysfunction. In agree-
ment with this, other studies demonstrated that GDM development in
lean GDM women is primarily related to poor insulin secretory

capacity, whereas in overweight GDM women it is associated with both
IR and to inadequate insulin secretion [11,20]. Willer et al. also found
that impaired insulin secretion is the predominant defect in lean GDM
and this inadequate β-ccll secretory capacity does not abate after de-
livery [21]. Recently it was found that leaner women with low IR and
impaired insulin secretion account for about 40% of GDM in Japan
[22]. Significant numbers of GDM turns to type 2 DM in future [22].
Other than being obese and having high IR, impaired insulin secretion
in lean mothers might be a key determinant of onset of GDM and type 2
DM in Asian population. In this context, it is worth mentioning that, we
have observed that genetic background may have potential impact over
defect in β-cell function in lean GDM women. Investigators of our GDM
study group had observed significantly higher frequency of GDM in
relatively lean individuals with risk variants of TCF7L2 polymorphism
[23]. TCF7L2 genetic variant is known to be associated with reduced
insulin secretion in response to both glucose and incretin hormones
[24]. Though it is too early to acclaim but cannot be overlooked that
intrinsic defect in insulin secretory capacity seems to be more important
factor for inducing GDM in normal weight pregnant women.

The present study has certain limitations. First, apart from HOMA
model, other indices (like insulin secretion-sensitivity index-2, Matsuda
index, insulinogenic index etc.) for estimation of insulin resistance and
β-cell dysfunction could not be calculated. Second, we could not use
pre-pregnancy BMI for comparison between the study subjects. Third,
we were unable to analyse postpartum glucose tolerance status and
other perinatal outcomes.

In summary, this study clearly demonstrates that there is decreased
insulin sensitivity and poor β-cell function in GDM compared to those
without glucose aberration. In overweight women, GDM was found to
be associated with both IR and inadequate insulin secretion. On the
other hand, in women with low body mass index, decreased insulin
secretory capacity seems to be the primary defect causing GDM in our
population. Further studies are warranted to elucidate the impact of β-
cell dysfunction in development of GDM in young and normal weight
mothers.
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