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ABSTRACT
Objective: Gestational diabetes mellitus (GDM) is
more common in pregnancies complicated by obesity
and both diseases increase the risk for fetal overgrowth
and long-term adverse health consequences for the
mother and child. Previous studies have linked low
maternal serum adiponectin to GDM in normal and
overweight women. We hypothesized that lower
adiponectin, in particular the high-molecular-weight
form, and insulin-like growth factor I (IGF-I) and its
binding protein (IGFBP-1) are associated with GDM in
pregnant obese Hispanic women.
Methods: 72 obese, predominantly Hispanic (92%),
women were recruited at 24–28 weeks of gestation.
Adiposity was assessed, fasting serum samples were
collected, and glucose, insulin, triglyceride, cholesterol
levels, adipokines, and hormones associated with
obesity and insulin resistance were measured.
30 women had been recently diagnosed with GDM.
Results: Gestational weeks, body mass index, triceps
skinfold thickness, mid-arm circumference, serum
leptin, IGF-I, tumor necrosis factor α, and interleukin-6
did not differ in the two groups. Obese women with
GDM had significantly higher fasting glucose, A1C,
triglycerides, very-low-density lipoprotein cholesterol
and lower high-density lipoprotein cholesterol,
adiponectin, and IGFBP-1 compared to obese women
without GDM. Homeostasis model assessment of
insulin resistance was positively correlated to IGF-I and
negatively correlated to adiponectin.
Conclusions: Obese pregnant women with recently
diagnosed GDM had a significantly exacerbated
metabolic profile, low serum adiponectin and IGFBP-1
levels at 24–28 weeks of gestation, as compared to
women with obesity alone. Because low adiponectin is
well established to cause insulin resistance and
decreased IGFBP-1 indicates increased IGF-I
bioavailability, we propose that these changes are
mechanistically linked to the development of GDM in
obese Hispanic women.

INTRODUCTION
Recent estimates indicate that 32% of
women in reproductive age (20–39 years) are
obese.1 The prevalence of obesity in preg-
nancy has become a significant obstetrical

challenge due to the increased risk of preg-
nancy complications in these women includ-
ing gestational hypertension, pre-eclampsia,
and gestational diabetes mellitus (GDM) as
well as operative and postoperative complica-
tions following cesarean delivery.2 The fetus
can also be negatively affected by high mater-
nal adiposity with increased risk for stillbirth,
prematurity, shoulder dystocia, and fetal
overgrowth.3

Obese pregnant women often enter preg-
nancy with mild insulin resistance, which is
associated with hyperinsulinemia. The inci-
dence of GDM in obese mothers is nearly
double compared with mothers of normal
body mass index (BMI, kg/m2).4 Advances
in detection and treatment of GDM in
recent years have not alleviated the unfavor-
able intrauterine environment for the devel-
oping fetus, and fetal overgrowth continues
to be a major problem in these pregnan-
cies.5 6 Large-for-gestational-age children
have a higher long-term risk for metabolic
and cardiovascular disease.7 Pregnancy com-
plicated by GDM also increases the risk for
the mother as well as the fetus to develop
metabolic and cardiovascular diseases later
in life.8

Mexican-American women of reproductive
age (20–39) have a greater prevalence of over-
weight and obesity (69%) than non-Hispanic
White women (51%).1 The frequency of

Key messages

▪ Obesity in pregnancy is highly prevalent but the
mechanism underlying the development of ges-
tational diabetes mellitus (GDM) in some but not
all of these women is unclear.

▪ At mid-pregnancy, obese mothers with GDM had
significantly lower serum adiponectin and insulin-
like growth factor I binding protein (IGFBP-1)
compared with obese non-GDM mothers.

▪ We speculate that low maternal adiponectin and
IGFBP-1 is mechanistically linked to the develop-
ment of GDM by promoting insulin resistance.
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GDM has been reported to be 13% in obese Hispanic
women compared with 7% for obese Caucasian
women.4 9 Therefore, babies of Hispanic women are at
particular risk of exposure to the adverse intrauterine
metabolic environment associated with maternal obesity
and GDM, which may predispose them for obesity and
diabetes. This may contribute to the very high rate of
childhood and adolescent obesity (21% with BMI >95th
centile) in Hispanic children and adolescents.10

Insulin resistance has been identified as a common
underlying factor for poor pregnancy outcomes.11 The
ability to diagnose abnormal insulin resistance in preg-
nancy is complicated by the natural decrease in insulin
responsiveness that occurs in all pregnant women.
Adiponectin has well-established insulin sensitizing prop-
erties and circulating levels of adiponectin decrease with
increasing BMI, contributing to insulin resistance in
obese non-pregnant participants. In pregnancy, low
maternal adiponectin levels have been reported in
women diagnosed with GDM.12–23 However, maternal
BMI was not consistently accounted for in these reports.
Adiponectin is found in multimeric forms in the circu-

lation commonly known as high-molecular-weight
(HMW), middle-molecular-weight, and low-molecular-
weight forms. Most metabolic effects of adiponectin can
be attributed to HMW forms24 and the strongest pre-
dictor of insulin sensitivity in non-pregnant individuals is
the HMW adiponectin/total adiponectin ratio. In preg-
nancy, the relationship between HMW adiponectin and
insulin sensitivity appears to be similar with HMW adipo-
nectin being positively correlated with insulin sensitivity
and HMW forms reported to be reduced in GDM
mothers.18 25 Naruse et al26 observed a decline in HMW
adiponectin as gestation progresses. In contrast,
Mazaki-Tovi et al17 reported no change with gestation in
any multimeric form. Low maternal levels of HMW adi-
ponectin have been reported in GDM pregnancies12–23

as well as in pregnancies complicated by
small-for-gestational-age fetuses.27 Maternal HMW adipo-
nectin is increased in pre-eclampsia.28 Interestingly, cord
serum HMW adiponectin levels are higher than in
maternal serum and are positively correlated to birth
weight29–31 in most but not all32 studies.
Maternal circulating levels of insulin-like growth factor

I (IGF-I) and its binding proteins (IGFBP) increase over
gestation. This is likely due to the effects of placental
growth hormone on hepatic IGF-I release.33 Maternal
IGF-I correlates positively with birth weight and placen-
tal weight, and maternal IGF-I is significantly higher in
GDM pregnancies compared with non-diabetic pregnan-
cies.34 35 Maternal IGF-I levels are positively correlated
with pre-pregnancy BMI, fasting insulin, and the homeo-
stasis model assessment of insulin resistance (HOMA-IR)
in individuals with gestational diabetes but not in
control pregnancies suggesting that elevated IGF-I may
contribute to insulin resistance in women with GDM.34

One study suggested that early pregnancy IGF-I plasma
levels may be predictive of GDM.36 The predominant

IGFBP-isoform 3 is degraded in pregnancy resulting in
increased IGF-I availability.37 This data suggests that
IGFBP-1 plays an important role in modulating IGF-I
bioavailability during pregnancy. IGFBP-1 is negatively
correlated with birth size in normal and diabetic
pregnancies.38 39

Our study was designed to examine maternal meta-
bolic parameters (glucose and lipids), hormones
(insulin, IGF-I, IGFBP-1), and adipokine levels (adipo-
nectin, leptin, interleukin (IL)-6, and tumor necrosis
factor (TNF) α) in obese pregnant women. This study
was conducted at 24–28 weeks of gestation in predomin-
antly Hispanic women with pre-pregnancy BMI >30 with
or without recent diagnosis of GDM. We hypothesized
that lower adiponectin, in particular the HMW form,
and IGFBP-1 and higher IGF-I are associated with the
diagnosis of GDM in pregnancies complicated by mater-
nal obesity.

METHODS
Study subjects
All participants granted informed consent and approved
use of their protected health information. Seventy-two
pregnant women were included according to the inclu-
sion criteria of high pre-pregnancy or early pregnancy
(<12 weeks) BMI (30–45) with singleton pregnancies
and between 18 and 40 years of age. Participants
between 24 and 28 weeks of gestation were recruited
from the University Hospital System prenatal clinics in
South Central Texas. The exclusion criteria were concur-
rent inflammatory, vascular, or metabolic disease;
current use of tobacco, street drugs, or medications
known to affect inflammatory markers (including corti-
costeroids); excessive weight gain or loss prior to preg-
nancy (>20 lbs) including bariatric surgery in the past
year; plans to leave the area; and inability to travel to
study visit. Of the 72 women, 30 were diagnosed with
GDM at or within 2 weeks of enrollment. GDM is carbo-
hydrate intolerance of varying degrees of severity, with
onset or first recognition during pregnancy. Diagnosis
was confirmed when a 50 g carbohydrate load (1 h
glucose challenge test) yielded a blood sugar 1 h later
greater than 130 mg/dL and a subsequent 100 g carbo-
hydrate load (3 h glucose tolerance test) resulted in a
blood sugar greater than 95 (fasting), 180, 155, and
140 mg/dL, at 1, 2, and 3 h, respectively, with at least
two abnormal values out of four.
In order to determine eligibility (pre-pregnant BMI

>30), we calculated BMI (kg/m2) based on pre-
pregnancy medical records or an estimate of pre-
pregnancy BMI was calculated from self-reported weight
when pre-pregnant medical records were not available.
Participants visited the first outpatient research unit
located at University of Texas Health Science Center,
San Antonio (UTHSCSA) after an overnight fast
(minimum 8 h). We completed anthropometric mea-
surements, reviewed medical history, and obtained a
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fasting blood sample. After delivery, we reviewed the
medical records for each participant and recorded infor-
mation on pregnancy complications, medications, birth
weight, and length.

Anthropometrics
In order to calculate total weight gain during pregnancy,
we subtracted pre-pregnancy weight from the mother’s
weight at delivery. Maternal weight and height were also
measured at 24–28 weeks of gestation, and regional adi-
posity was assessed by measurement of the tricep skin-
fold and the arm circumference using the protocol from
the National Health and Nutrition Examination
Survey.40 The tricep skinfold was measured using a
Lange caliper and the mid-arm circumference using a
non-stretchable tape measure. All measurements were
done in triplicate, by the same investigator.
After birth, the gestational age at delivery, and weight,

length, and head circumference of the neonate were
recorded from the participant’s medical record and
ponderal index (PI) was calculated using the formula:
PI=birth weight×100/(crown-heel length)3.

Maternal blood sampling
A maternal venous fasting blood sample was obtained
and processed immediately for glucose, A1C, and lipid
panel by standard clinical assays. Serum samples were ali-
quoted and stored at −80°C until batch analysis.
Maternal serum hormone and cytokine levels (insulin,
leptin, total adiponectin, IL-6, TNFα, and IGF-I) were
determined by ELISA according to manufacturers’
instructions (R&D Systems). In a subset of serum
samples, HMW adiponectin (ALPCO) and IGFBP-1
(Diagnostic System Lab) were determined by ELISA.

Statistical analysis
Student t test or a χ2 test were used to evaluate differ-
ences in continuous outcomes or categorical variables
between the two groups. Pearson correlation coefficients

were used to determine the relationships between mater-
nal metabolic parameters. To understand the relation-
ship between maternal metabolic factors, body size
parameters, and insulin sensitivity, we combined data
from all participants and computed Pearson correlation
coefficients. We examined the relationship between pre-
pregnancy BMI of the mother and metabolic para-
meters, similarly. In order to identify clusters of corre-
lated factors, we computed the full correlation matrix
between all key variables and this was permuted using
hierarchical clustering with average linkage. When mul-
tiple factors were correlated with key outcomes, we
applied linear regression to account for confounding
effects. Data are expressed as mean±SEM. A cut-off of
p<0.05 was considered statistically significant. Statistical
analysis was performed using the R V.2.15 (Vienna,
Austria) statistical package.

RESULTS
Table 1 summarizes the demographics of the two study
groups at 24–28 weeks of gestation. Obese participants
without GDM were slightly younger (3 years) than the
obese mothers with GDM. However, there was no rela-
tionship between maternal age and any of the measured
metabolic parameters. There was also a difference in the
genders of the neonates with 32% of obese mothers
delivering female babies while 57% of GDM mothers
had female babies. We found no significant differences
between the two groups for other demographic para-
meters including Women Infants Child (WIC) benefit
recipients and years of education completed.
Pre-pregnancy BMI, gestational weight gain, birth
weight, length, and PI of the neonates did not differ
between the two groups. Maternal BMI, triceps skinfold
thickness, and mid-arm circumference were similar in
both groups indicating similar levels of adiposity (table 2).
Fasting glucose and A1C in obese GDM mothers was

significantly higher compared to obese women without
diabetes (table 2). Maternal adipokines (leptin, IL-6, or

Table 1 Demographics of the study participants

Variable Obese Obese with GDM p Value

N 42 30

Maternal age (years) 28.1±0.83 30.87±0.85 0.02

Pre-pregnancy BMI (kg/m2) 34.38±0.58 34.07±0.82 0.76

Gestational age at study (weeks) 26.54±0.14 26.55±0.15 0.95

Gestational weight gain (lbs) 6.57±1.08 9.44±2.29 0.26

Parity (% primiparous) 14 10 0.86

Race/ethnicity (% Hispanic) 90 93 1

Birth weight (g) 3477.16±65.73 3521.81±86.08 0.68

Birth length (cm) 51.16±0.31 51.33±0.33 0.7

Ponderal index (cm2) 2.59±0.03 2.58±0.05 0.86

Gender (% female) 32 58 0.07

WIC recipient (%) 79 93 0.17

Education (% HS or higher) 57 50 0.7

BMI, body mass index; GDM, gestational diabetes mellitus; HS, high school; WIC, Women Infant Child.
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TNFα, see table 2) were not significantly different in the
two groups. Insulin (+27%, p=0.07) appeared to be ele-
vated in obese women with GDM but these differences
did not reach statistical significance. HOMA-IR scores
calculated according to Catalano and Kirwan41 were sig-
nificantly higher in obese women recently diagnosed
with GDM compared with obese women without GDM
(figure 1).
Obese pregnant women with GDM demonstrated a

significant dyslipidemia compared to obese mothers
without diabetes. As shown in figure 2, total triglycerides
and very-low-density lipoprotein cholesterol (VLDL-c)
were elevated, high-density lipoprotein cholesterol
(HDL-c) was reduced, whereas total cholesterol and
LDL-c were not different in obese GDM mothers com-
pared to mothers with obesity alone. The obese GDM
mothers had markedly lower levels of total adiponectin
compared to obese mothers without diabetes and this
difference was predominantly due to a decrease in
HMW adiponectin (figure 3). Total IGF-I levels were not
significantly different in GDM obese women compared
with obesity alone; however, IGFBP-1 was significantly

lower in the GDM group (figure 4) suggesting increased
IGF-I bioavailability.
We found that HOMA-IR was negatively correlated to

maternal adiponectin (figure 5A), positively correlated
to IGF-I (figure 5B), and negatively correlated to
IGFBP-1 (figure 5C) at 24–28 weeks of gestation. We
observed the expected strong positive correlations
between BMI (as well as other maternal adiposity indica-
tors) and fasting glucose, insulin, leptin, and HOMA-IR
(see online supplementary figure S1). Obesity in preg-
nancy has been suggested to be accompanied by proin-
flammatory activation.21 42 While we could not address
this question directly because our study did not include
lean mothers; there was no correlation between any
body size measurements and circulating IL-6 and TNFα
(see online supplementary figure S1). Furthermore,
there was no relationship between IL-6 and TNFα and
any insulin sensitivity measurements; fasting glucose,
insulin, or HOMA-IR (see supplementary figure S1). We
applied multiple linear regression to HOMA-IR to deter-
mine the simultaneous effects of adiponectin (effect
−0.158, p<0.05) plus IGF-I (effect 0.015, p<0.001) and

Figure 1 Homeostasis model assessment of insulin

resistance (HOMA-IR) scores in obese women and obese

women with gestational diabetes mellitus (GDM) at

approximately 26 weeks of gestation. HOMA-IR scores were

significantly increased in GDM women compared with their

obese euglycemic counterparts. Values are expressed as

mean+SEM; n=42 obese, n=30 obese/GDM. *p<0.05,

Student t test.

Figure 2 Obese gestational diabetes mellitus (GDM) women

demonstrate significant dyslipidemia at 26 weeks of gestation

compared to obese women without diabetes. Women with

GDM had significantly higher triglycerides (TG),

very-low-density lipoprotein cholesterol (VLDL-c), and lower

high-density lipoprotein cholesterol (HDL-c) than non-diabetic

pregnant women. Values are expressed as mean+SEM; n=42

obese (open bar), n=29 obese/GDM (closed bars). *p<0.05,

analysis of variance.

Table 2 Anthropomorphic measurements and biochemical analysis of plasma samples at 24–28 weeks of gestation

Variable Obese Obese with GDM p Value

N 42 30

BMI (kg/m2) 35.5±0.54 35.67±0.85 0.87

Gestational age at study (week) 26.54±0.14 26.55±0.15 0.95

Triceps skinfold (mm) 36.9±0.84 36.63±1.01 0.83

Mid-arm circumference (cm) 35.72±0.55 35.89±0.66 0.84

Fasting glucose (mg/dL) 79.31±0.9 89.93±2.95 1.5e-03

Fasting insulin (µID/mL) 12.97±0.94 16.41±1.83 0.1

A1C (%) 5.39±0.04 5.59±0.08 0.04

Leptin (ng/mL) 52.33±3.68 45.45±3.42 0.18

TNFα (pg/mL) 2.38±0.35 1.69±0.21 0.09

IL-6 (pg/mL) 1.85±0.28 1.47±0.19 0.27

BMI, body mass index; GDM, gestational diabetes mellitus; IL, interleukin; TNF, tumor necrosis factor.

4 BMJ Open Diabetes Research and Care 2014;2:e000010. doi:10.1136/bmjdrc-2013-000010

Obesity studies

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2013-000010 on 25 A

pril 2014. D
ow

nloaded from
 

http://drc.bmj.com/


we found that both parameters are independently asso-
ciated with HOMA-IR.

DISCUSSION
Our study evaluated pregnant women at the time in
pregnancy when most women have an oral glucose toler-
ance test for diagnosis of GDM, 24–28 weeks. Our
objective was to study women in which body size
characteristics including weight, height, skinfold thick-
ness, and mid-arm circumference were similar so that
GDM was the relevant difference between the groups
rather than degree of adiposity. Maternal age was differ-
ent between the two groups but this did not influence
the metabolic parameters measured and therefore do
not account for the differences in adiponectin and tri-
glycerides between the two groups. Selecting obese
women based on BMI proved to be a good method for
obtaining two groups of equivalent body size. The

anthropomorphic measures and the finding of no sig-
nificant difference in leptin levels indicate that we were
successful in achieving our recruitment goal.
Metabolically, obese women with recent diagnosis of
GDM differed from those who were obese without dia-
betes by having a greater degree of insulin resistance
(higher fasting glucose, A1C, and HOMA-IR scores), sig-
nificantly lower adiponectin and IGFBP-1 as well as a sig-
nificant dyslipidemia with higher triglycerides, VLDL-c,
and lower HDL-c.
Owing to its insulin sensitizing action in peripheral

tissues, the reduction in circulating adiponectin with
increasing adiposity is considered to be an important
component of the insulin resistance associated with
weight gain.43 Adiponectin levels in pregnancy have
been reported to be increased, not changed, or reduced
over the course of gestation.17 26 A potential role for adi-
ponectin as a factor in modulating insulin sensitivity in
pregnancy has been previously addressed.18 25 One study
indicated that early (11–13 weeks) low adiponectin levels
may be predictive for later development of GDM.44

Obese pregnant women have more pronounced insulin
resistance and glucose intolerance than pregnant
women with normal BMI,11 however the underlying
mechanisms remain elusive. The role of adipose tissue
and circulating adipokines in regulating maternal
glucose homeostasis has been recently recognized as an
important component in the development of glucose
intolerance and insulin resistance. Dyslipidemia and adi-
pokine levels associated with GDM have been previously
reported,45 but BMI and other body size parameters
were not carefully controlled in many early studies.
Therefore, identifying a definitive role of adipokines,
such as adiponectin, in the insulin resistance of obese
GDM mothers was difficult in those studies. We found
significantly lower circulating adiponectin levels, in par-
ticular the HMW form, in those women recently diag-
nosed with GDM compared with euglycemic obese
women matched for body size/adiposity. This is consist-
ent with the possibility that adiponectin is a major con-
tributor to the loss of insulin sensitivity in obese mothers
who develop GDM. The nearly 50% reduction in total
adiponectin was for the most part due to reduction in
HMW form of adiponectin; however, the underlying
mechanism for reduced HMW adiponectin release from
adipocytes in some obese women but not others is cur-
rently unclear. Likewise, it is unknown whether the dif-
ferences in adiponectin preceded pregnancy or
developed during pregnancy. These are clear considera-
tions for further investigation.
In addition to adiponectin, our data suggest that IGF-I

and IGFBP-1 are determinants of maternal insulin sensi-
tivity and altered IGF-I and IGFBP-1 levels may contrib-
ute to the development of GDM. IGF-I has been
previously implicated as an important factor for meta-
bolic health in pregnancy. Qui et al36 found that free
IGF-I and IGFBP-1 measured at 13 weeks were inversely
correlated with GDM risk. Likewise, lower amniotic fluid

Figure 3 Serum adiponectin is significantly lower in obese

gestational diabetes mellitus (GDM) women compared with

obese women at 26 weeks of gestation. Total (n=42 obese,

n=25 obese/GDM) and high-molecular-weight (HMW; n=18

obese, n=19 obese/GDM) adiponectin were significantly

decreased in obese GDM women compared with non-diabetic

obese women. Open bars, obese; closed bars, obese/GDM.

Values are expressed as mean+SEM. *p<0.005, Student

t test.

Figure 4 Decreased insulin-like growth factor I binding

protein (IGFBP-1) in serum from obese women with

gestational diabetes mellitus (GDM) at 26 weeks of gestation.

IGFBP-1 was significantly lower in obese GDM women (n=14;

closed bars) compared to obese women without GDM (n=20;

open bars). Total IGF-I serum levels were not different

between the two groups (n=42 obese, n=26 obese/GDM).

Values are expressed as mean+SEM. *p<0.05, Student t test.

BMJ Open Diabetes Research and Care 2014;2:e000010. doi:10.1136/bmjdrc-2013-000010 5

Obesity studies

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2013-000010 on 25 A

pril 2014. D
ow

nloaded from
 

http://drc.bmj.com/


IGFBP-1 has been described in women prior to GDM
diagnosis.46 Contrary to some studies, we found no dif-
ference in total IGF-I in obese women with GDM when
compared with obese women.39 We did not measure
free IGF-I, which we assume would have been signifi-
cantly increased. There was a highly significant positive
correlation between IGF-I and HOMA-IR when data
from all participants were combined suggesting that
IGF-I may be involved in regulating maternal insulin sen-
sitivity in mid-pregnancy. IGFBP-1 was significantly
reduced in the GDM group and was inversely related to
HOMA-IR in all women studied. Given the role of
IGFBP-1 in regulating IGF-I bioavailability, the reduced
IGFBP-1 levels in women recently diagnosed with GDM
may be an important contributor to the development of
insulin resistance in obese pregnancies through
increased IGF-I bioavailability.
Adipose tissue inflammation associated with obesity,

leads to the release of proinflammatory cytokines to the
circulation and obese pregnant women have been
reported to have approximately a doubling of circulating
proinflammatory cytokine levels.42 However, a recent sys-
tematic review concluded that the published studies to
date do not support an increase in proinflammatory
cytokines in pregnancies complicated by GDM.47 In the
current study we did not find a difference in circulating
IL-6 and TNFα between obese mothers with and without
GDM. Because no lean mothers were included in this
study, we cannot clearly determine whether the cyto-
kines of obese Hispanic mothers were elevated, but
GDM did not alter cytokine levels compared with obesity
alone even though insulin resistance was increased. We
found no relationship between these proinflammatory
cytokines and insulin sensitivity (fasting glucose, insulin,
or HOMA-IR) at 26 weeks of gestation. This is contrary
to previously published studies at term that indicate that
cytokines are a major contributor to insulin resistance.
TNFα has been linked to insulin resistance by serine
phosphorylation of insulin receptor substrate 1, which
causes a reduction in the responsiveness to insulin.48

Maternal TNFα and IL-6 have also been strongly linked
to fetal size.42 These discrepant findings may reflect

ethnic differences in the inflammatory response to
obesity and/or pregnancy. Nevertheless, our data indi-
cate that elevated circulating levels of proinflammatory
cytokines are unlikely to explain the high rate of GDM
in Hispanic women.
The strength of this study is the use of two groups of

women with similar degrees of adiposity allowing for dis-
tinction of factors specifically associated with diabetes.
The limitations of the study are the small sample size
and lack of a lean control group. The purpose of this
study was to define metabolic parameters associated with
maternal obesity that would lead to GDM. Metabolic
changes associated with maternal obesity compared with
lean or normal BMI women have been previously
described.49 Therefore, we focused on delineating
factors in obese women with GDM compared with
BMI-matched mothers who remained euglycemic
throughout pregnancy.
Obese women are more likely to develop GDM with a

significantly greater prevalence in Hispanic mothers.9

Importantly, the majority of obese pregnant women do
not develop GDM and there is a clear lack of early diag-
nostic tools to identify those obese women who will
develop GDM prior to the occurrence of hyperglycemia
after mid-gestation. GDM is associated with increased
short-term and long-term risks for the mother as well as
her developing fetus therefore early detection could aid
in reducing the negative outcomes associated with this
condition. Women who have been diagnosed with GDM
have a high probability to develop type 2 diabetes in
later life50 and the children of these pregnancies are
also at greater risk to develop metabolic syndrome in
the first 6–11 years of life.51 GDM may be a window of
opportunity to identify mothers and babies at risk and
to intervene in pregnancy to improve the in utero envir-
onment and contribute to reducing the negative out-
comes. Our study suggests that in a subset of women the
metabolic response to pregnancy results in dyslipidemia,
reduced levels of HMW forms of adiponectin and
decreased IGFBP-1 leading to increased IGF-I bioavail-
ability. These factors likely contribute to the exacerba-
tion of insulin resistance, leading to glucose intolerance,

Figure 5 Homeostasis model assessment of insulin resistance (HOMA-IR) correlates strongly with serum adiponectin (ADPN),

insulin-like growth factor I (IGF-I), and IGF-I binding protein (IGFBP-1). HOMA-IR values from obese and obese/gestational

diabetes mellitus groups had (A) a significant inverse relationship between adiponectin (p<0.001), (B) a strong positive

correlation with IGF-1 (p<0.0001), and (C) a significant inverse relationship between IGFBP-1 (p<0.042), Pearson.
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the hallmark of diabetes in pregnancy. A common
mechanism linking low adiponectin and dyslipidemia
may be altered adipose tissue function and we speculate
that obese women who develop GDM in pregnancy have
more pronounced adipose tissue dysfunction than those
who do not. Two studies suggest that early pregnancy
may provide a useful diagnostic window for women at
risk because adiponectin levels measured in early gesta-
tion were significantly lower in those women who were
later diagnosed with GDM compared with controls.23 52

However, the substantial variability in maternal adipo-
nectin levels in early pregnancy may limit the usefulness
of low adiponectin as a single predictive biomarker for
later GDM. Adipose dysfunction in women who develop
GDM may precede pregnancy because pre-pregnancy
adiponectin levels have also been reported to be lower
in women who were later diagnosed with GDM.53

Obese pregnant women with recently diagnosed GDM
had a significantly exacerbated metabolic profile, low
serum adiponectin and IGFBP-1 levels at 24–28 weeks of
gestation, as compared to women with obesity alone.
Because low adiponectin is well established to cause
insulin resistance and decreased IGFBP-1 indicates
increased IGF-I bioavailability, we propose that these
changes are mechanistically linked to the development of
GDM in obese Hispanic women. Several studies in non-
pregnant individuals have demonstrated that adiponectin
levels can be improved by moderate exercise, lowering
caloric intake, increasing ω-3 fatty acid intake, and
increasing dietary fiber.54 This is consistent with the possi-
bility that a modification in fiber and fish intake and
moderate exercise may improve outcomes in obese preg-
nant women with low adiponectin levels. Improving adi-
ponectin levels in obese mothers may contribute to
improved insulin sensitivity and perinatal outcomes.
Future studies are needed to establish a causal link
between adiponectin and/or IGFBP-1, and insulin sensi-
tivity in pregnancy and to develop effective interventions.
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Supplemental Figure 1. Correlation matrix of maternal parameters. 

A heat map of the Pearson correlation matrix for maternal parameters measured at 24-28 

weeks gestation. The color indicates the value of the correlation as shown to the right. 

Values of all significant correlations (p<0.05) are given with degree of significance indicated 

(* p<0.01, ** p<0.001, *** p<0.0001, **** p<0.00001).  The bottom left half of the matrix 

displays scatter plots of the corresponding significant variables. The matrix diagonal contains 

the frequency distribution histogram of each parameter corresponding to row/column.
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