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Abstract. – BACKGROUND: Overweight/
obese (OW/OB) women are at high risk to develop
gestational diabetes mellitus (GDM) in pregnancy.

AIM: To investigate, in pregnant OW/OB
women, the longitudinal changes of adiponectin
plasma levels, carbohydrate and lipid metabolism,
and to identify if there is any association between
adipokines and subsequent development of GDM.

SUBJECTS AND METHODS: Thirty-two OW/OB
normotensive normoglycaemic women at the be-
ginning of pregnancy were studied. Adiponectin,
insulin sensitivity (homeostasis model assess-
ment, HOMA) and lipid panel were measured at
1st, 2nd and 3rd trimesters of pregnancy. The bio-
electrical impedance to estimate the subject’s
body composition was also performed.

RESULTS: Sixteen OW/OB women developed
GDM. There were no significant differences with
regard to age, BMI and body composition. Gly-
caemic and insulinaemic plasma levels, HOMA
and lipid panel were comparable in the two
groups. Systolic, diastolic and mean blood
pressure at the 1st trimester were higher in
OW/OB women with GDM (p < 0.05). GDM group
showed adiponectin levels significantly lower
than control group, at each trimester (p < 0.05).
Adiponectin, fat mass, diastolic blood pressure
and HOMA are independent predictors of GDM.

CONCLUSIONS: OW/OB women who will de-
velop GDM show lower adiponectin than eugly-
caemic group, across all pregnancy. Further-
more, at first trimester, they showed higher body
fat and blood pressure levels than NGT group.
Adiponectin, body fat, DBP and HOMA are inde-
pendent predictors of GDM in OW/OB pregnant
women. These results suggest the possibility of
using adiponectin as early marker of GDM risk,
at least in this cohort of women.

Key Words:
Adiponectin, Gestational diabetes mellitus, Over-

weight, Obesity, Pregnancy, HOMA.

Introduction

Obesity is one of the greatest public health
challenges of the 21st century: its prevalence has
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tripled in many Countries of the WHO European
Region since the 1980s1. Recent ISTAT (National
Institute for Statistics) data reported that over-
weight and obesity (body mass index (BMI) =
25-29.9 kg/m2 and BMI > 30 kg/m2, respectively)
affected 35.5% and 9.9% of italian population,
respectively2. Obesity is the strongest risk factor
for the development of type 2 diabetes in the
non-pregnant individual and for the development
of glucose intolerance during gestation. Pregnan-
cy acts as metabolic stress test to evaluate the fu-
ture risk of metabolic syndrome: thus, pregnant
overweight/obese (OW/OB) women, constitu-
tionally insulin resistant, could be considered at
higher risk of glycometabolic and hypertensive
disorders than normal-weight pregnancies.

Adipose tissue has recently been found to se-
crete biologically active proteins including leptin,
TNF-α, IL-6, PAI-1 and resistin. Adiponectin, a
30-kD adipocytokine, is first described as the most
abundant protein produced exclusively by
adipocytes3. It appears to have a central regulatory
role in many of the physiological pathways, con-
trolling lipid and carbohydrate metabolism and to
mediate various vascular processes. In the general
population adiponectin plasma concentration is
positively related to High-density lipoprotein
(HDL)-cholesterol levels and inversely related to
blood pressure, Low-density lipoprotein (LDL)-
cholesterol, triglycerides and body weight4. Para-
doxically, it decreased in subjects with obesity and
insulin-resistance states, including metabolic syn-
drome and diabetes, as well as hypertension and
coronary heart disease5-10.

Recently, interest in adiponectin has also been
focused on pregnancy. In a series of studies,
adiponectin plasma concentration has been
shown to be lower in pregnant women than in
non-pregnant women11-13 and, more interestingly,
that pregnant women who successively devel-
oped gestational diabetes mellitus (GDM) pre-
sented a decreased adiponectin value than eugly-
caemic pregnancies14-18.
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On these assumptions, it has been speculated
that reduced adiponectin at the beginning of
pregnancy could be considered a risk factor for
the development of GDM.

There is little information regarding
adiponectin trend in OW/OB pregnant women
and, to date, no studies were prospectively de-
signed to identify a prognostic risk marker for
the development of GDM in this population.

Whether the effect of body mass on the devel-
opment of GDM is primarily through changes in
adipocyte metabolism or insulin resistance is still
unknown. Moreover, it has been extensively de-
bated whether impaired insulin action is the
cause or the consequence of hypoadiponecti-
naemia7,13,19.

Information on adiponectin concentration
throughout gestation is, therefore, important.

The purpose of this study was to prospectively
evaluate the longitudinal changes of adiponectin,
carbohydrate and lipid metabolism in eugly-
caemic and GDM OW/OB women during preg-
nancy, and to discriminate their association with
the development of GDM. To this end we mea-
sured adiponectin levels, insulin sensitivity,
blood pressure and lipid panel at the beginning of
pregnancy, repeating all the evaluations at second
and third trimesters.

Subjects and Methods

A prospective cohort study in OW/OB women
(BMI > 25 kg/m2) at high risk for GDM was per-
formed. This study was conducted at the Catholic
University of the Sacred Heart (Rome, Italy) and
was approved by the Institutional Review Board.
Informed consent was obtained from each sub-
ject before the study.

Thirty-two consecutive OW/OB women with
clinical characteristics consistent with a high risk
for GDM (personal history of GDM, glycosuria or
a strong family history of diabetes, according to
the American Diabetes Association) were enrolled
at the 1st trimester20. All patients had singleton
pregnancy. All subjects where caucasian. None
had hypertension or type 2 diabetes. None took
medications known to affect glycaemic and lipid
metabolism. None smoked during pregnancy. De-
mographic information from each subject included
maternal age, parity, pre-pregnancy body mass in-
dex [BMI, calculated as the ratio between habitual
weight (in kilograms) and height (in meters)
squared], weight gain during gestation, family his-
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tory of diabetes and hypertension and previous
history of GDM. Neonatal data included week of
delivery, birth weight and birth weight percentile.
The study protocol performed at 1st (range 8-11
weeks), 2nd (range 23-25 weeks) and 3rd (range 33-
36 weeks) trimesters, included the evaluation of
blood pressure, body weight, bioelectrical imped-
ance. At each trimester venous blood sample were
made to evaluate fasting glycaemia and insuline-
mia, cholesterol levels (total, HDL and LDL),
triglycerides, free fatty acids, and adiponectin.
Glucose and insulin were measured at fasting and
after 100 g OGTT performed after 2 days of a
standard diet containing at least 250 g of carbohy-
drate per day. Samples were collected at 8.00 a.m.
(after an overnight fast) and at 60, 120, 180 min-
utes after glucose ingestion and were centrifugated
immediately.

Four aliquots of plasma were stored at –80°C
pending adiponectin and insulin assay. GDM was
diagnosed by two abnormal values following the
100 g load with normal values of 95, 180, 155
and 140 mg/dl for the fasting 1, 2 and 3 h post-
load, respectively21.

Analytical Methods
Serum adiponectin levels were determined by

the Human ELISA kit (B-Bridge International,
Sunnyvale, CA, USA), according to the manifac-
turer’s instructions.

Plasma glucose levels were measured using
the glucose oxidase method (Beckman Glucose
Analyzer, Fullerton, CA, USA); plasma insulin
concentrations were measured by commercial ra-
dioimmunoassay kits (Radim, Rome, Italy). In-
sulin resistance was calculated by homeostasis
model assessment [HOMA: fasting plasma in-
sulin (microunits per milliliter) × fasting plasma
glucose (millimoles per liter)/22.5].

Total cholesterol and triglyceride concentra-
tions were determined by an enzymatic assay
(Bristol, Paris, France). HDL-cholesterol was de-
termined after precipitation with polyethylene
glycol 6000 (Delchimica Scientific, Naples,
Italy). LDL-cholesterol was isolated by sequen-
tial flotation in a Beckman model L7-65 ultra-
centrifuge using a type 70 rotor (Beckman, Palo
Alto, CA, USA). Free fatty acids (FFAs) were
determined using an acyl-coenzyme A oxidase-
based colorimetric method.

Body Composition
Bioelectrical impedance to estimate the sub-

ject’s body composition was performed with a
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Mean ± SE

Variables OW/OB NGT (n = 16) OW/OB GDM (n = 16) p-value*

Age (years) 31.62 ± 2.24 32.00 ± 0.80 0.8759
Pre-pregnancy BMI (Kg/m2) 30.64 ± 0.85 32.72 ± 1.97 0.3399
Birth weight (g) 3510 ± 191.12 3645 ± 136.66 0.5699
Birth weight percentile 57.50 ± 5.77 72.37 ± 5.91 0.0817
Gestation at delivery (weeks) 39.50 ± 0.34 39.75 ± 0.33 0.6035
Weight gain during gestation 7.22 ± 1.15 6.46 ± 1.04 0.6301

Frequencies p-value§

Parity (1/>1 pregnancies) 4/16 5/16 0.6942
Family history of diabetes 5/16 8/16 0.0614
Family history of hypertension 3/16 4/16 0.4589
Previous GDM 4/16 2/16 0.1167

Table I. Demographic and pregnancy characteristics.

OW/OB: overweight/obese; NGT: normal glucose tolerance; GDM: gestational diabetes mellitus. *Student’s unpaired t-test.
§Chi Square test.

tetrapolar impedance plethysmograph (Soft Tis-
sue Analyzer (STA/BIA), Akern Bioresearch,
Florence, Italy) according to Lukaski et al26.
Briefly, at 07.00 h, each woman was supine on a
bed made of nonconductive materials. Detecting
electrodes (Red Dot, 3M Health Care, St. Paul,
MN, USA) were placed in the middle of the dor-
sum of hands and feet proximal to the
metacarpal-phalangeal and metatarso-phalangeal
joints, respectively, and also medially between
the distal prominences of the radius and the ulna
and between the medial and lateral malleoli at
the ankle. The current-introducing electrodes
were placed at a minimum distance of the diame-
ter of the wrist or ankle beyond the paired detec-
tor electrode. An excitation current of 800 mA al-
ternating current at 50 kHz was introduced at the
distal electrodes, and the voltage drop across the
patient was detected by the proximal electrodes.
The percentage of body fat, fat-free mass, and to-
tal body water were calculated using the appro-
priate software (Bodygram, Akern Bioresearch,
Florence, Italy).

Statistical Analysis
Descriptive statistics were performed using

frequencies, percentages, frequency tables for
qualitative variables and mean ± standard error
(SE) for quantitative variables. Statistical signif-
icance was accepted at a level of p ≤ 0.05. For
the univariate analysis, Student’s unpaired t-test
was performed to compare quantitative vari-
ables between groups, as they were normally

distributed. Comparison within the group was
performed by Student’s paired t-test. Compar-
isons between frequencies were assessed by Chi
Square analysis. Repeated measures ANOVA
were performed to evaluate adiponectin trend
during pregnancy. Linear regression analysis
was used for relationships between the develop-
ment of GDM and the metabolic characteristics
studied. Subsequently, variables whose correla-
tion with the development of GDM achieved
statistical significance (p ≤ 0.05) were entered
into a stepwise regression model to assess the
magnitude of their individual effects. Statistical
analysis was performed using the Statview II
(SAS Institute Version 5, Cary, NC, USA) sta-
tistical package.

Results

During pregnancy, 16 of 32 OW/OB patients
developed GDM. Demographic and pregnancy
characteristics of normal glucose tolerance
(NGT) subjects and GDM women are shown in
Table I.

There were no significant differences between
groups regarding the maternal age, parity, family
history of diabetes and hypertension, previous
GDM, pre-pregnancy BMI, weight gain during
gestation, birth weight and birth weight per-
centile. No statistically significant differences be-
tween groups was seen regarding gestational age
at delivery.



Longitudinal Evaluation of
Metabolic Characteristics

The intra and intergroup comparisons of adi-
posity, blood pressure, glycaemic and lipid val-
ues between NGT and GDM OW/OB women are
shown in Table II.

In both groups, there were an increase in BMI
across trimesters, with higher values at 2nd and 3rd

trimesters with respect to the 1st, and at the 2nd

with respect to the 3rd (p < 0.05 in all trimesters).
At the 1st trimester, OW/OB GDM women

showed a higher fat mass and a lower lean mass
with respect to NGT group (p < 0.05). In NGT
women, there was an increase in body fat and a
decrease in lean mass from 1st to 2nd trimester (p
< 0.05).

All OW/OB patients, NGT and GDM, were
normotensive. However, GDM OW/OB women
showed a 1st trimester systolic blood pressure
(SBP), diastolic blood pressure (DBP) and mean
arterial pressure (MAP) higher than NGT group
(p < 0.05). In NGT women, there was a constant
and significant increase in SBP from 1st to 3rd

trimester and in MAP from 2nd to 3rd trimester (p
< 0.05).

No statistically significant difference between
groups was seen regarding fasting glucose and
insulin levels and HOMA in all trimesters. Fast-
ing glucose of GDM subjects was lower in the 1st

than 2nd trimester, whereas in NGT we did not
observe changes during pregnancy.

In NGT group, fasting insulin levels and
HOMA showed a significant increase across
trimesters, whereas in GDM group this trend was
significant only from 1st to 3rd and from 2nd to 3rd

trimester (p < 0.05).
Area under the glucose curve (glucose AUC)

in OW/OB GDM group was higher at 2nd and 3rd

trimester than the NGT group (p < 0.05 in both
groups). As expected, glucose AUC showed a
constant and significant increase across
trimesters in GDM group. In NGT group this
trend was significant only from 1st to 3rd and from
2nd to 3rd trimester (p < 0.05).

No differences between groups were ob-
served regarding all lipids. In both groups, total
cholesterol and triglycerides increased across
trimesters (p < 0.05 at each trimester in both
groups). HDL and LDL cholesterol showed a
significant increase from 1st to 2rd and from 1st

to 3rd trimester.
Adiponectin levels during pregnancy are de-

picted in Figure 1. In GDM group, adiponectin
showed lower levels than NGT group, at each
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trimester (p < 0.05 in all trimesters). In NGT
group, but not in GDM group, adiponectin de-
creased from 1st to 2nd and 3rd trimester reaching
the statistical significativity (p < 0.05).

Regression Analyses
To better investigate the factors playing a role

in the development of GDM in high-risk preg-
nant OW/OB women, we performed linear re-
gression analysis between adiponectin and adi-
posity, blood pressure, carbohydrate and lipid
metabolism at 1st trimester.

Linear regression analysis showed that
adiponectin had a strong negative association
with glucose AUC (r = –0.611; p < 0.0105), fast-
ing insulin levels (r = –0.576; p = 0.0179) and
HOMA (r = –0.578; p = 0.0174). A similar, if
less robust, correlation was found between
adiponectin and triglycerides (r = –0.519; p =
0.0383), NEFA (r = –0.500; p = 0.0474) and
DBP (r = –0.491; p = 0.0530). Conversely,
adiponectin exhibited positive relations with
HDL cholesterol (r = 0.532; p = 0.0326). A sig-
nificant correlation was also found between
adiponectin and BMI (r = –0.513; p = 0.0409).

To evaluate the independent contributions of
the various parameters examined to prediction
of development of GDM, we performed step-
wise regression analysis. The analysis revealed
that adiponectin accounted for 21.3 % of the
variance (p = 0.0079), whereas fat mass, DBP
and HOMA contributed an additional 15.6%,
1.1% and 0.09 %, respectively (p = 0.0013 for
fat mass, p = 0.0011 for DBP and p = 0.0010
for HOMA). The other variables analyzed did
not contribute to the regression model.

Discussion

The results of this study reveal the following
new findings:
1. Adiponectin in OW/OB pregnant women is

characterized by a constant reduction across
gestation: obese women who successively de-
veloped GDM showed lower adiponectin lev-
els than NGT group, at each trimester.

2. At the beginning of pregnancy, OW/OB
women who developed GDM showed higher
body fat and blood pressure levels than NGT
group.

3. Adiponectin, body fat, DBP and HOMA are
independent predictors of GDM in OW/OB
pregnant women.
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Pregnancy is a situation of hypoadiponecti-
naemia11. Recently, two Authors described longi-
tudinal changes of adiponectin during normal
pregnancy12,13. All studies, performed on small
samples of euglycaemic women, showed a pro-
gressive decline of plasma adiponectin levels as
the pregnancy advanced.

More interestingly, in a series of five cross-
sectional case-control studies, adiponectin plas-
ma concentration has been shown to be lower in
pregnant women who successively developed
GDM than euglycaemic pregnancies14-18.

Renheim et al15 categorized GDM and NGT
pregnant women according to their pre-pregnan-
cy BMI into two classes (BMI < 25 and BMI ≥
25) and showed lower adiponectin plasma levels
in GDM group. Additionally, they found that
adiponectin mRNA levels in adipose tissue biop-
sies, obtained by excision at caesarean delivery
from GDM subjects, were reduced.

Williams et al16, according to maternal
adiponectin concentrations and pre-pregnancy

BMI, found that adiponectin levels less than 6.4
mcg/ml did correlate with a 4.6-fold increased
risk of GDM and, furthermore, that overweight
women with low adiponectin concentrations ex-
perienced a 11-fold increased risk of GDM.

More recently, Lain et al17, in a nested case-
control study performed on 30 GDM and 29 con-
trols, did confirm these results: after categorizing
women by quartile of adiponectin, they showed
that women with adiponectin concentrations less
than the 25th quartile were 11 times more likely
to develop GDM, and this persisted after control-
ling for BMI.

Kinalski et al18 did suggest that hypoad-
iponectinaemia in GDM may not simply reflect
maternal adiposity and insulin resistant state, but
may contribute to the impaired glucose metabo-
lism during pregnancy, with potential implica-
tions for screening and prevention of the disease.

Thus, on these bases, it has been speculated
that reduced adiponectin levels at the beginning
of pregnancy could be considered a risk factor
for the development of GDM.

To date, the mechanism by which low
adiponectin should be related to GDM is still un-
clear. It seems like that, as in metabolic syn-
drome, reduced adiponectin expression could be
associated to insulin resistance, and to the abnor-
malities of glucose metabolism. Therefore, to test
this hypothesis, we have recently performed a
longitudinal study23 in a cohort of 50 high-risk
women: we found a significant decrease in
adiponectin concentrations, across gestation, in
both NGT and GDM subjects, thus extending the
previous knowledge on euglycaemic women, al-
so to diabetic pregnancies. Interestingly, no dif-
ference emerged between NGT and GDM
women. Therefore, the similarity between the
adiponectin levels of women who remained NGT
and those of GDM subjects was not consistent
with the findings of the five previously cited Au-
thors14-18. This lack of association, in both eugly-

Figure 1. Adiponectin levels during pregnancy in NGT and
GDM/OB women.

1st trimester 2nd trimester 3rd trimester
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NGT

GDM

Regression coefficients R2 p

Indipendent variables
Adiponectin -0.227 ± 0.079 0.213 0.0079
% fat mass 0.038 ± 0.014 0.369 0.0013
DBP 0.023 ± 0.010 0.380 0.0011
HOMA 0.090 ± 0.064 0.389 0.0010

Intercept -0.621 ± 0.611

Table III. Stepwise regression analysis: relationship between adiponectin, fat mass, DBP and HOMA, and development of GDM.

DBP: diastolic blood pressure; HOMA: homeostasis model assessment.
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cannot provide data regarding compartmentalisa-
tion of body fat. Actually, we can only speculate
that a lower expression of adiponectin in OW/OB
GDM women could depend on a different distri-
bution of body fat and, therefore, on a reduction
of adipocytes metabolically active.

Whether the effect of body mass on the devel-
opment of GDM is primarily through changes in
adipocyte metabolism or insulin resistance is still
unknown.

Two studies conducted in a non pregnant pop-
ulation7,19 demonstrated that adiponectin concen-
trations are more closely related to insulin resis-
tance than obesity.

The decrease of adiponectin during pregnancy
appeared to inversely mirror the changes in adi-
posity: indeed, according to this concept, we did
find a significant negative correlation between fat
mass and adiponectin. When we performed the
stepwise regression analysis to identify the main
parameters determining the development of
GDM, BMI did not enter, thus supporting the
concern that body fat, independently to BMI,
seemed to be a strong prognostic risk factor for
the GDM.

According to Catalano et al13, our findings
suggested that in OW/OB pregnant women, like-
ly to normal-weight pregnancies, adipose tissue
accretion is associated with signals for lowering
adiponectin production or secretion. Probably,
these signals are strongest in overweight or obe-
sity conditions, as demonstrated by lower
adiponectin levels, at each trimester. Other situa-
tion of hypoadiponectinaemia, such as lipodys-
trophy and liver disease, are consistent with the
view that a redistribution of adipose tissue is crit-
ical in lowering adiponectin levels25.

It has been extensively debated whether im-
paired insulin action is the cause or the conse-
quence of hypoadiponectinaemia. Our results
didn’t clarify this question, but they seemed to
propose hypoadiponectinaemia as a somewhat
specific predictive parameter for the development
of GDM in OW/OB pregnant women.

At the beginning of pregnancy, OW/OB
women who will develop GDM showed higher
blood pressure levels than NGT group.

It’s known that adiponectin levels are signifi-
cantly lower in patients with essential hyperten-
sion26 and it was observed an inverse correlation
between adiponectin concentration and mean
systolic and diastolic blood pressure.

In pregnancy, as suggested by D’Anna et al27,
a strong association between hypoadiponecti-

caemic and GDM women, was in agreement with
the only other recent longitudinal report24.

Obesity is a well known risk factor for GDM:
however BMI could represent an important po-
tential confounding variable. On the other hand,
pregnancy is a physiological condition of insulin
resistance, strictly related to obesity. In obesity
and diabetes, hypoadiponectinaemia appeared to
be associated to the degree of hyperinsulinaemia
and to the severity of insulin resistance.

There is little information regarding adiponectin
trend in OW/OB pregnant women and, to date, no
studies were prospectively designed to identify a
prognostic risk marker for the development of
GDM in these pregnancies.

We found that, as in normal-weight pregnant
women, adiponectin trend is characterized by a
constant reduction across gestation, but OW/OB
women who will develop GDM showed signifi-
cantly lower adiponectin levels than NGT group,
at each trimester (see Table II). Furthermore, hy-
poadiponectinaemia has shown to be the
strongest independent risk factor for GDM at be-
gin of pregnancy. Thus, at early pregnancy
OW/OB women who will develop GDM reveal a
lower expression of adiponectin than obese eug-
lycaemic women. Whether this difference is due
to a different distribution of body fat in the two
groups has not been well elucidated. We noted
that, at the beginning of pregnancy, OW/OB
women who will develop GDM, showed higher
body fat than NGT group.

Ten techniques of body composition assess-
ment are described: (1) anthropometric tech-
niques including skinfold thicknesses and waist-
hip ratio; (2) total body water (isotopically la-
beled); (3) hydrodensitometry (underwater
weighing); (4) air-displacement plethysmogra-
phy; (5) bio-impedance analysis (BIA); (6) total
body potassium (TBK); (7) dual-energy x-ray ab-
sorptiometry (DEXA); (8) computed tomography
(CT); (9) magnetic resonance imaging (MRI);
and (10) ultrasound (USS). Most methods esti-
mate total adiposity. Regional fat distribution-
central (truncal) compared with peripheral (limb)
or visceral compared with subcutaneous-is im-
portant because of regional variation in adipocyte
metabolism. Skinfolds, DEXA, CT, MRI, or USS
can distinguish central from peripheral fat. CT,
MRI, or USS can further subdivide central fat in-
to visceral and subcutaneous.

In our study we performed bio-impedance
analysis (BIA), a technique executable also in
pregnancy, to evaluate body composition, but that
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naemia and the risk of hypertensive disorders in
pregnancy, especially with preeclampsia, was
documented.

Hendler et al28 extended these knowledges to
OW/OB women, concluding that adiponectin
level decreases in women with severe preeclamp-
sia and BMI ≥ 25 kg/m2, while increases in nor-
mal weight women with preeclampsia.

Frequently hypertension coexists with diabetes,
given that both pathologies share similar path-
ways29,30. Thus, it is not surprising that diastolic
blood pressure resulted to be an independent pre-
dictive parameter to the development of GDM.

Finally, the stepwise regression analysis re-
vealed a minimal contribution of HOMA (0.09%,
p = 0.0010) in determining the development of
GDM.

Thus, in our hand, hypoadiponectinaemia ear-
ly in pregnancy is the strongest independent risk
factor for GDM: this findings is consistent with a
prediabetic state of women who later will devel-
op GDM. Body fat at early pregnancy was a sec-
ond highly significant risk factor for GDM, inde-
pendently to BMI. DBP and HOMA added a
slow contribution to the global variance. The fact
that adiponectin and body fat are the two main
prognostic factors for the development of GDM
among OW/OB pregnant women could suggest
the role of adipose tissue, more than insulin re-
sistance, in the development of glycometabolic
disorders in this population: a lower expression
of adiponectin in obese GDM women could de-
pend on a different distribution of body fat and,
probably, on a reduction of metabolically active
adipocytes.

We are aware that the current study is limited
by the lack of information on pre-pregnancy
adiponectin, carbohydrate and lipid metabolism,
that cannot give us the possibility to establish
whether some differences were present before
pregnancy. Furthermore, the use of bio-imped-
ance analysis (BIA) cannot provide data regard-
ing compartmentalisation of body fat.

We also do not have information following
gestation to determine if they returned to the
baseline metabolic state.

In summary, these data show that OW/OB
women who will develop GDM have lower
adiponectin levels, across gestation, than OW/OB
euglycaemic women. At the beginning of preg-
nancy, women who will develop GDM showed
higher body fat and blood pressure levels than
NGT group. Adiponectin, body fat, DBP and
HOMA are independent predictors of GDM in

OW/OB pregnant women. These results increase
the possibility of use of adiponectin as an early
marker of GDM risk, at least in this cohort of
women.

Conclusions

OW/OB women who will develop GDM show
lower adiponectin than euglycaemic group,
across all pregnancy. Furthermore, at first
trimester, they showed higher body fat and blood
pressure levels than NGT group. Adiponectin,
body fat, DBP and HOMA are independent pre-
dictors of GDM in OW/OB pregnant women.
These results suggest the possibility of using
adiponectin as early marker of GDM risk, at least
in this cohort of women.

––––––––––––––––––––
Acknowledgements
The study was supported by the Minister of Instruction, of
University and Research (PRIN 2002).

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) OBESITY: preventing and managing the global epi-
demic. Report of a WHO Consultation. Geneva,
World Health Organization 2000, WHO Technical
Report Series, No. 894

2) WWW.ISTAT.IT. Obesity and overweight. Indagine
multiscopo Istat “Aspetti della vita quotidiana”,
published march 2010 and referred to 2008 (from
p. 81).

3) DÍEZ JJ, IGLESIAS P. The role of the novel adipocyte-
derived hormone adiponectin in human disease.
Eur J Endocrinol 2003; 148: 293-300.

4) MATSUZAWA Y. Adiponectin: identification, physiol-
ogy and clinical relevance in metabolic and vas-
cular disease. Atherosclerosis Suppl 2005 6: 7-
14.

5) ARITA Y, KIHARA S, OUCHI N, TAKAHASHI M, MAEDA K,
MIYAGAWA J, HOTTA K, SHIMOMURA I, NAKAMURA T,
MIYAOKA K, KURIYAMA H, NISHIDA M, YAMASHITA S,
OKUBO K, MATSUBARA K, MURAGUCHI M, OHMOTO Y,
FUNAHASHI T, MATSUZAWA Y. Paradoxical decrease of
an adipose-specific protein, adiponectin, in obesi-
ty. Biochem Biophys Res Commun 1999; 257: 79-
83.

6) OHASHI K, OUCHI N, MATSUZAWA Y. Adiponectin and
hypertension. Am J Hypertens 2011; 24: 263-269.

F. Ianniello, L. Quagliozzi, A. Caruso, G. Paradisi



7) WEYER C, FUNAHASHI T, TANAKA S, HOTTA K, MATSUZA-
WA Y, PRATLEY RE, TATARANNI PA. Hypoadiponectine-
mia in obesity and type 2 diabetes: close associa-
tion with insulin resistance and hyperinsulinemia.
J Clin Endocrinol Metab 2001; 86: 1930-1935.

8) LAU CH, MUNIANDY S. Novel adiponectin-resistin
(AR) and insulin resistance (IR-AR) indexes are
useful integrated diagnostic biomarkers for insulin
resistance, type 2 diabetes and metabolic syn-
drome: a case control study. Cardiovasc Diabetol
2011; 10: 8.

9) ZHOU Y, WEI Y, WANG L, WANG X, DU X, SUN Z,
DONG N, CHEN X. Decreased adiponectin and in-
creased inflammation expression in epicardial
adipose tissue in coronary artery disease. Cardio-
vasc Diabetol 2011; 10: 2.

10) ZHANG H, CUI J, ZHANG C. Emerging role of
adipokines as mediators in atherosclerosis. World
J Cardiol 2010; 2: 370-376.

11) MAZAKI-TOVI S, KANETY H, SIVAN E. Adiponectin and hu-
man pregnancy. Curr Diab Rep 2005; 5: 278-281.

12) FUGLSANG J, SKJAERBAEK C, FRYSTYK J, FLYVBJERG A,
OVESEN P. A longitudinal study of serum adiponectin
during normal pregnancy. BJOG 2006; 113: 110-
113.

13) CATALANO PM, HOEGH M, MINIUM J, HUSTON-PRESLEY

L, BERNARD S, KALHAN S, HAUGUEL-DE MOUZON S.
Adiponectin in human pregnancy: implications for
regulation of glucose and lipid metabolism. Dia-
betologia 2006; 49: 1677-1685.

14) WORDA C, LEIPOLD H, GRUBER C, KAUTZKY-WILLER A,
KNÖFLER M, BANCHER-TODESCA D. Decreased plasma
adiponectin concentrations in women with gesta-
tional diabetes mellitus. Am J Obstet Gynecol
2004; 191: 2120-2124.

15) RANHEIM T, HAUGEN F, STAFF AC, BRAEKKE K, HARSEM

NK, DREVON CA. Adiponectin is reduced in gesta-
tional diabetes mellitus in normal weight women.
Acta Obstet Gynecol Scand 2004; 83: 341-347.

16) WILLIAMS MA, QIU C, MUY-RIVERA M, VADACHKORIA S,
SONG T, LUTHY DA. Plasma adiponectin concentra-
tions in early pregnancy and subsequent risk of
gestational diabetes mellitus. J Clin Endocrinol
Metab 2004; 89: 2306-2311.

17) LAIN KY, DAFTARY AR, NESS RB, ROBERTS JM. First
trimester adipocytokine concentrations and risk of
developing gestational diabetes later in pregnan-
cy. Clin Endocrinol (Oxf) 2008; 69: 407-411.

18) KINALSKI M, TELEJKO B, KU MICKI M, KRETOWSKI A, KI-
NALSKA I. Tumor necrosis factor alpha system and
plasma adiponectin concentration in women with
gestational diabetes. Horm Metab Res 2005; 37:
450-454.

19) ABBASI F, CHU JW, LAMENDOLA C, MCLAUGHLIN T,
HAYDEN J, REAVEN GM, ET AL. Discrimination be-

tween obesity and insulin resistance in the rela-
tionship with adiponectin. Diabetes 2004; 53:
585-590.

20) AMERICAN DIABETES ASSOCIATION. Diagnosis and Clas-
sification of Diabetes Mellitus. Diabetes Care
2008; 31(Suppl 1): S55-S60.

21) CARPENTER MW, COUSTAN DR. Criteria for screening
tests for gestational diabetes. Am J Obstet Gy-
necol 1982; 144: 768-773.

22) LUKASKI HC, BOLONCHUK WW, HALL CB, SIDERS WA.
Validation of tetrapolar bioelectrical impedance
method to assess human body composition. J Ap-
pl Physiol 1986; 60: 1327-1332.

23) PARADISI G, IANNIELLO F, TOMEI C, BRACAGLIA M, CAR-
DUCCI B, GUALANO MR, LA TORRE G, BANCI M, CARUSO

A. Longitudinal changes of adiponectin, carbohy-
drate and lipid metabolism in pregnant women at
high risk for gestational diabetes. Gynecol En-
docrinol 2010; 26: 539-545.

24) RITTERATH C, RAD NT, SIEGMUND T, HEINZE T, SIEBERT

G, BUHLING KJ. Adiponectin during pregnancy: cor-
relation with fat metabolism, but not with carbohy-
drate metabolism. Arch Gynecol Obstet 2010;
281: 91-96.

25) BUGIANESI E, PAGOTTO U, MANINI R, VANNI E,
GASTALDELLI A, DE IASIO R, GENTILCORE E, NATALE S,
CASSADER M, RIZZETTO M, PASQUALI R, MARCHESINI G.
Plasma adiponectin in nonalcoholic fatty liver is
related to hepatic insulin resistance and hepatic
fat content, not to liver disease severity. J Clin En-
docrinol Metab 2005; 90: 3498-3504.

26) ADAMCZAK M, WIECEK A, FUNAHASHI T, CHUDEK J,
KOKOT F, MATSUZAWA Y . Decreased plasma
adiponectin concentration in patients with essen-
tial hypertension. Am J Hypertens 2003; 16: 72-
75.

27) D'ANNA R, BAVIERA G, CORRADO F, GIORDANO D, DI

BENEDETTO A, JASONNI VM. Plasma adiponectin
concentration in early pregnancy and subsequent
risk of hypertensive disorders. Obstet Gynecol
2005; 106: 340-344.

28) HENDLER I, BLACKWELL SC, MEHTA SH, WHITTY JE, RUS-
SELL E, SOROKIN Y, COTTON DB. The levels of leptin,
adiponectin, and resistin in normal weight, over-
weight, and obese pregnant women with and
without preeclampsia. Am J Obstet Gynecol 2005;
193: 979-983.

29) PARADISI G, BIAGGI A, FERRAZZANI S, DE CAROLIS S,
CARUSO A. Abnormal carbohydrate metabolism
during pregnancy: association with endothelial
dysfunction. Diabetes Care 2002; 25: 560-564.

30) CARUSO A, FERRAZZANI S, DE CAROLIS S, LUCCHESE A,
LANZONE A, PARADISI G. Carbohydrate metabolism
in gestational diabetes: effect of chronic hyperten-
sion. Obstet Gynecol 1999; 94: 556-561.

3205

Low adiponectin in overweight/obese women: association with diabetes during pregnancy


