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OBJECTIVE—To determine the concentrations of adipocyte fatty acid–binding protein
(AFABP) and other adipocytokines in maternal and cord serum of pregnant women with gesta-
tional diabetes mellitus (GDM) and of control subjects and to relate them to indexes of insulin
sensitivity.

RESEARCH DESIGN AND METHODS—In 86 control and 98 GDM pregnant women,
venous blood was collected before vaginal delivery and arterial blood from cord immediately
after delivery. Serum insulin and adipocytokines were measured by enzyme-linked immunosor-
bent assay (ELISA).

RESULTS—GDM women had higher prepregnancy BMI, and data were adjusted for it. Ma-
ternal serum insulin, insulin-to-glucose ratio, homeostasis model assessment (HOMA), AFABP,
and retinol-binding protein 4 (RBP4) were higher and adiponectin was lower in GDM than in
control subjects, whereas serum glucose, insulin, insulin-to-glucose ratio, HOMA, nonesterified
fatty acids, and RBP4 were higher and glycerol, AFABP, and adiponectin were lower in cord
blood serum of GDM than of control subjects. AFABP and adiponectin in cord serum of control
subjects were higher than inmaternal serum; in GDMwomen no difference was found for AFABP
in cord versus maternal serum, although adiponectin remained higher in cord. Values of leptin
in both groups were lower in cord than in maternal serum, and those of RBP4 were lower in only
GDM women.

CONCLUSIONS—It is suggested that fetal tissues are the main source of cord arterial serum
AFABP, and in GDM fetuses AFABP values correlate with adipositymarkers. A downregulation of
adiponectin and upregulation of RBP4 in GDMmothers and their fetuses may be related to their
insulin-resistant condition, whereas changes in AFABP do not seem to be related.
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P regnancy is associated with substan-
tial changes in maternal metabolism,
which provide sufficient energy and

nutrients to the fetus. Glucose is the pri-
mary source of energy for the fetoplacental
tissues but, because the fetus only pro-
duces glucose under extreme conditions,
it is necessary to ensure its transport through
the placenta. In this context, the mother

develops a state of insulin resistance
during midpregnancy and progressing
through the third trimester, which re-
duces the consumption of glucose by
maternal tissues and increases gluconeo-
genesis enabling a sufficient supply of
glucose to the fetus (1). This causes a
positive maternal-fetal glucose gradient,
which facilitates its placental transfer.

However, in a substantial proportion of
pregnancies, the insulin-resistant condi-
tion is greatly increased and gestational
diabetes mellitus (GDM) develops (2);
the consequent adverse metabolic state
results in complications for the mother,
the fetus, and the neonate (3).

The mechanisms responsible for the
development of GDM are unclear, but
mechanisms similar to those in type 2
diabetes have been implicated (4), sup-
porting the notion that the two conditions
have similar underlying pathophysiology.
Adipose tissue secretes several specific
proteins called adipocytokines that mod-
ulate the action of insulin in different tis-
sues (5), suggesting that alterations in the
expression and secretion of these factors
may be linked to GDM and related diseases.
Recently, adipocyte fatty acid–binding
protein (AFABP), a member of the mam-
malian intracellular fatty acid–binding
protein multigene family (6), was de-
scribed as a novel adipocytokine. This
protein is responsible for intracellular fatty
acid trafficking and contributes to the
regulation of hormone-sensitive lipase ac-
tivity (7). Moreover, mice deficient in
AFABP are protected from development
of hyperinsulinemia, hyperglycemia, and
insulin resistance (8,9). Recent studies
have shown that AFABP is present in
human serum (10), and its levels are asso-
ciated with insulin resistance and type 2
diabetes (10,11). Therefore, in adults,
AFABP concentrations have been consid-
ered an independent predictor of diabetes,
contributing to the control of systemic in-
sulin sensitivity and of lipid and glucose
metabolism. So far there is only one study
where the level of AFABP in GDM women
at midpregnancy has been determined
(12), and no information is available on
its levels either during late pregnancy or
in cord serum. Thus, the objectives of
the current study were to measure the
concentrations of AFABP in maternal
and cord serum of control and GDM preg-
nant women and to examine its relation-
ship with glycemia and other related
variables.
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RESEARCH DESIGN AND
METHODS

Study subjects
The study population was derived from a
prior study that compared the implica-
tions of maternal lipids on fetal metabo-
lism in GDM and control pregnancies
(13,14). Diagnosis of GDM was estab-
lished by a 75-g oral glucose tolerance
test (OGTT) at 26 weeks of gestation
(22.6–30.6 weeks) after the diagnostic
criteria of Carpenter and Coustan, which
are endorsed by the American Diabetes
Association (95/180/155 mg/dL; 5.2/10/8.6
mmol/L). All pregnancies were singleton
pregnancies without identified fetal anom-
alies. In full-term offspring (gestational
age .37 weeks), birth weight and length
were obtained shortly after vaginal delivery,
and neonatal skin-fold thickness at the
flank was measured within 48 h. Neonatal
fat mass was calculated by a formula de-
rived from Catalano et al. (15).

The study protocol was approved by
the institutional review board. Informed
written consent was obtained from the
parents.

Blood samples
Maternal blood samples were taken at the
last visit to the obstetric clinic, no longer
than 1 week before delivery. Cord blood
samples were taken from one of the um-
bilical arteries from a segment of the cord,
immediately after delivery. All blood sam-
ples were centrifuged (1,500 g at 4°C for
25 min), and aliquots of serum were im-
mediately stored at 280°C until analysis.
None of the samples used in the study
showed any hemolysis.

Analytical determinations
Serum glucose (Abbott Diagnostics), cho-
lesterol, triacylglycerols (TAG; Menarini
Diagnostics), glycerol, andnonesterified fatty
acids (NEFA; Wako Chemicals GmbH,
Neuss, Germany) were determined enzy-
matically using commercial kits.

Serum insulin, leptin, adiponectin,
retinol-binding protein 4 (RBP4), and
AFABP concentrations were measured
using sandwich ELISA kits according to
the manufacturers’ instructions. Specifi-
cally, insulin and leptin were measured
(Mercodia AB, Uppsala, Sweden) with
intra-assay variations of 3.4 and 2.3%,
and interassay variations of 3.6 and 5.2%,
respectively, RBP4 (AdipoGen, Seoul,
Korea) with intra-assay variation of
3.4% and interassay variation of 7.1%,
and adiponectin and AFABP (BioVendor,

Modrize, Czech Republic) with intra-
assay variations of 3.0 and 6.5% and
interassay variation of 5.3 and 2.6%, re-
spectively. In all cases, the variation was
determined using control plasma with
certified values of each of the analytes
measured.

Statistics
Results are expressed as means6 SE. Sta-
tistical difference between groups was
determined by ANOVA, after adjustment
for possible confounding factors; when
differences were statistically significant,
multiple comparisons were performed
using the Tukey post hoc test. Given their
skewed distributions, concentrations of
TAG, NEFA, glycerol, insulin, leptin, adi-
ponectin, andAFABPwere log-transformed
before statistical comparison. Correlations
were tested with Pearson’s method using
the log-transformed data as indicated. To
ascertain the independent predictors of
maternal insulin resistance using the
homeostasis model assessment (HOMA),
stepwise multiple regression analysis with

backward selection was performed. All
statistical analysis was performed using a
computer software package (Statgraphics
Centurion XV, version 15.2.06; Statistical
Graphics Corporation).

RESULTS—Characteristics of the pop-
ulation studied are shown in Table 1.
Women with GDM were slightly older
and had higher prepregnancy BMI than
the normal pregnancy control subjects.
They had higher concentrations of glu-
cose at all stages of an OGTT performed
at midgestation than the control subjects.
All neonates were born near term by vag-
inal delivery and at similar gestational age.
We did not find any statistical differences
either in birth weight or fat mass between
neonates from the two groups, although
the placental weight was lower in the
GDM group.

In maternal serum obtained close to
term, after adjustment for prepregnancy
BMI, it was found that serum glucose was
similar in control and GDM pregnant
women, but both the concentration of

Table 1—Characteristics of mothers and their offspring

Mothers/maternal serum Offspring/umbilical cord serum

Control GDM Control GDM

n 86 98 86 98
Age (years) 28.7 6 0.5 30.9 6 0.5**
Prepregnancy BMI (kg/m2) 25.4 6 0.6 27.3 6 0.5*
Gestational age at OGTT
(weeks) 26.9 6 0.4 26.4 6 0.3

Glucose fasting OGTT
(mg/dL) 75.7 6 1.5 95.2 6 1.1***

Glucose 1-h post-OGTT
(mg/dL) 132 6 3 204 6 2***

Glucose 2-h post-OGTT
(mg/dL) 103 6 4 156 6 3***

Gestational age (weeks) 39.4 6 0.1 39.5 6 0.1
Birth weight (g) 3,487 6 50 3,384 6 44
Fat mass (g) 418 6 17 445 6 15
SGA (%) 10 11
LGA (%) 14 9
Placenta weight (g) 643 6 13 584 6 11***
Female sex (%) 54 50
Glucose (mg/dL) 90.1 6 2.1 83.9 6 2.6 76.3 6 2.6a 89.0 6 2.4***
Insulin (mU/mL)(1) 17.7 6 2.1 24.4 6 2.1** 4.74 6 0.56a 8.52 6 0.51***a

Insulin/glucose (mU/mg)(1) 19.4 6 2.1 29.7 6 2.3*** 6.86 6 0.72a 9.87 6 0.67***a

HOMA(1) 4.26 6 0.59 5.64 6 0.65** 0.93 6 0.13a 1.90 6 0.12***a

TAG (mg/dL)(1) 254 6 9 259 6 8 38.2 6 1.8a 39.8 6 1.6a

Glycerol (mmol/L)(1) 189 6 12 198 6 13 93.8 6 6.1a 73.6 6 5.9**a

NEFA (mmol/L)(1) 325 6 21 261 6 22 103 6 7a 145 6 7***a

Data are means 6 SEM. Maternal serum parameters were adjusted by prepregnancy BMI, and cord serum pa-
rameters were adjusted by prepregnancy BMI and sex of neonate. SGA, small for gestational age. LGA, large
for gestational age. *P, 0.05, **P, 0.01, ***P, 0.001, significant differences between control and GDM;
aP , 0.001, significant differences between cord serum compared with the respective maternal value;
(1)log-transformed skewed data were used for statistical comparisons.
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insulin and the insulin-to-glucose ratio
were higher in GDM group. The HOMA
index of insulin resistance also was sig-
nificantly higher in GDM compared with
control subjects. However, neither TAG
nor glycerol and NEFAs was statistically
different between control and GDM preg-
nant women. In serum from cord blood,
after adjustment by prepregnancy BMI
and by the sex of the neonate, the con-
centrations of glucose and insulin in the
GDM group were significantly higher
than in the control group. Similarly, the
insulin resistance indexes were higher in
cord serum of newborns from GDM preg-
nant women. The concentration of TAG

was similar in both groups, but glyc-
erol was lower and NEFAs were higher
in cord serum of GDM subjects. In cord
serum, all the analyzed parameters and
insulin resistance indexes were signifi-
cantly lower than in maternal serum, ex-
cept for the cord serum concentrations
of glucose in GDM newborns, which were
similar to those found in their mothers’
serum.

Maternal serum adipocytokine levels
show that whereas AFABP levels in serum
were slightly, but significantly, higher in
GDM than in control women (17.76 0.8
vs. 19.9 6 1.0 ng/mL, respectively; P =
0.0493), leptin levels did not differ

between the two groups; adiponectin lev-
els were lower and RBP4 levels were
higher in GDM than in control subjects
(Fig. 1). In serum from cord blood,
AFABP concentration in GDM was lower
than those found in control subjects. In
the control group only, AFABP levels in
cord serum were significantly higher than
in their mothers.

The other adipocytokines measured
in cord serum showed the same pattern
of differences as that observed in maternal
serum. Thus, the concentration of adipo-
nectin was higher in the control than the
GDM group, leptin did not differ between
groups, and RBP4 was higher in GDM

Figure 1—Maternal and cord serum concentrations of AFABP, adiponectin, leptin, and RBP4 in control and GDM pregnant women and their
neonates. Maternal and cord serum parameters were adjusted by prepregnancy BMI, and additionally, cord serum parameters were adjusted by the
sex of the neonate. Asterisks indicate significant differences between control and GDM groups (*P, 0.05; ***P, 0.001). Different superscripted
uppercase letters indicate significant differences between cord and maternal serum in control group (P, 0.001); different superscripted lowercase
letters indicate significant differences between cord and maternal serum in GDM group (P, 0.001). Filled bars, data from control subjects; open
bars, data from GDM subjects. Data are means 6 SEM. (1)Log-transformed for statistical comparisons.
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than control subjects. In both the control
and the GDM group, the levels of adipo-
nectin in cord serum were higher than
in their mothers unlike leptin, which was
lower in cord than in maternal serum. No
differences were observed in RBP4 be-
tween maternal and cord serum in control
subjects, but in GDM subjects, cord levels
were significantly lower than those in their
mothers.

To test the potential relationship be-
tween AFABP levels and the other varia-
bles, linear correlations were carried out
with individual values in both maternal
and cord blood sites, in each case analyz-
ing GDM and control subjects separately.
Table 2 summarizes the significant re-
sults. Significant correlations were found
between AFABP in maternal blood and
either prepregnancy BMI or leptin in
both control and GDM mothers, whereas
correlation coefficients were significant
only in control subjects for TAG and
only in GDM subjects for RBP4; no corre-
lation with either neonatal fat mass or
cord blood AFABP was found. Values of
AFABP in cord blood correlated with neo-
natal fat mass, glycerol, or leptin, only in
GDM subjects, and with either glucose or
NEFA, only in control subjects.

Multiple regression analysis of the
different measured variables was car-
ried out to test the factors indepen-
dently associated with maternal HOMA
values. It was found (Table 3) that only
NEFA in pregnant control women, pre-
pregnancy BMI in GDM pregnant
women, and leptin values in both control

and GDM cord blood were statistically
significant.

CONCLUSIONS—The current study
describes for the first time the serum
AFABP levels in cord serum in control
and GDM conditions, and in their mothers
at late pregnancy (i.e., close to delivery),
showing that values are slightly higher in
GDM women than in control subjects,
whereas AFABP values in cord blood se-
rum are much higher in control subjects.
When comparing AFABP concentrations
frommaternal serum with those from cord
serum, similar values in GDM pregnancies
were shown, whereas in control subjects
the values in cord serum were higher than
in their mothers.

Our cohort of GDM pregnant women
and the control subjects had similar glucose
levels, but serum insulin, insulin-to-glucose
ratio, and HOMA values were higher in
the GDM group, clearly showing a more
highly insulin-resistant condition. Despite
this, only a small difference in AFABP
levels was found between the two groups,
and we found no relationship between the
measured indexes of insulin resistance and
the circulating concentrations of AFABP in
any of the groups. However, as reported
in previous studies in overweight/obese
adults (9), or in adults with metabolic syn-
drome (16), AFABP showed a strong asso-
ciation with maternal prepregnancy BMI
in both control andGDMwomen.We also
found that maternal serum AFABP con-
centration was positively correlated with
the concentration of leptin, a known

marker of adiposity (17). Our findings
agree with those of Kralisch et al. (12)
who reported higher AFABP levels in
GDM pregnant women than in control
subjects. To our knowledge this (12) is
the only previous study that is similar,
but not identical, to the current study.
The first difference is that they collected
blood at midgestation (28 to 29 weeks),
whereas our study collected samples just
1 week before delivery. Finally, although
their GDM women had slightly higher
basal plasma glucose levels than the con-
trol subjects, they found no difference in
either insulin or HOMA values (12),
whereas our GDMwomenwere normogly-
cemic but had higher insulin and HOMA
values than control subjects. Our results
were adjusted by maternal prepregnancy
BMI, whereas Kralisch et al. used fasting
insulin values; when we corrected AFABP
values by insulin, no difference in AFABP
between control and GDMwomenwas de-
tected (17.46 1.4 vs. 18.9 6 2.0 ng/mL,
respectively; P. 0.05). Therefore, it is un-
likely that circulating AFABP is an indepen-
dent predictor of insulin resistance in
pregnant women.

Measurements of AFABP in cord
blood serum are reported here for the
first time, so we cannot compare our find-
ings with other studies. We measured
AFABP in arterial cord blood serum, which
would mainly reflect release by fetal tissues
rather than from the placenta. Since cord
AFABP in control subjects appeared much
higher than in the maternal circulation and
maternal AFABP concentrations did not
correlate with those in cord blood (either
in control or GDM subjects) it is proposed
that fetal tissues are the main source of
AFAPB in cord serum. Cord blood was
obtained just after vaginal delivery, and
AFABP levels could be influenced by those
conditions, whereas maternal blood was
collected few days earlier. However, we
also carried out the same determinations
in neonates of control and GDM mothers
delivered by caesarean section, and simi-
lar findings were obtained (H.O.-S., U.S.-G.,
K.M., E.H., unpublished results). Newborns
from GDM mothers showed marked in-
sulin resistance, but contrary to expect-
ations, they had lower serumAFABP levels
than control subjects. However, a weak
but significant negative correlation was
found between AFABP and glucose levels
in cord blood serum of control but not
GDM subjects. This may indicate a role for
AFABP in facilitating glucose utilization in
fetuses, which does not operate correctly
when gestational diabetes is present.

Table 2—Correlations between serum AFABP concentrations and anthropometric
and metabolic parameters in maternal and cord serum of control and GDM pregnant
women and their newborns

Control GDM

AFABP (ng/mL)(1) AFABP (ng/mL)(1)

r P r P

Maternal
Prepregnancy BMI (kg/m2) 0.4201 0.0000 0.5133 0.0002
Leptin (ng/mL)(1) 0.4907 0.0007 0.5957 0.0002
TAG (mg/dL)(1) 0.2261 0.0331 0.0541 0.7121
RBP4 (mg/mL) 20.0111 0.9260 0.2882 0.0470
Neonatal fat mass (g) 0.0057 0.9596 20.0667 0.6489
Cord AFABP (ng/mL)(1) 0.1679 0.1647 0.1373 0.1533

Cord
Neonatal fat mass (g) 20.0982 0.3925 0.2795 0.0174
Glucose (mg/dL) 20.2232 0.0480 20.0050 0.9659
Glycerol (mmol/L)(1) 0.1782 0.1162 0.3387 0.0034
NEFA (mmol/L)(1) 0.3043 0.0064 0.1323 0.2678
Leptin (ng/mL)(1) 20.2174 0.1721 0.2983 0.0104

(1)Log-transformed for statistical comparisons.
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In the absence of more evidence, it is
only possible to speculate on the mecha-
nism of AFABP effects on glucose metab-
olism in pregnancies and on how that
mechanism is disrupted in pregnancies
with GDM. AFABP in cord blood serum
was found to correlate with both neonatal
fat mass and leptin levels in GDM but not
in control subjects. Based on the specific
capacity of AFABP to bind fatty acids (6) it
is assumed that when its concentration
decreases in serum, as it was the case in
cord blood of GDM subjects, the trans-
port of NEFA to the liver must be com-
promised and their level consequently
elevated. This is compatible with the de-
cline in the other adipose tissue lipolytic
product, glycerol, which is the preferred
substrate for hepatic gluconeogenesis in
newborns (18,19); gluconeogenesis
should be increased where insulin resis-
tance occurs.

Adipose tissue also produces other
adipocytokines that have been reported
to modulate the insulin response (20).
Leptin concentration in cord serum was
the only adipocytokine measured in this
study that was associated with maternal
HOMA in control subjects and GDM
groups, but we failed to detect significant
differences in its concentration between
control and GDM mothers. However, we
did observe that maternal, and, interest-
ingly, cord serum of GDM subjects showed
a marked hypoadiponectinemia compared
with the control group. This result is con-
sistent with the proposed role of adipo-
nectin as an insulin-sensitizing factor
during pregnancy and its decreased mater-
nal (21) and fetal (22) concentrations in
GDM pregnancies.

RBP4 concentrations were much
higher (about 85% higher) in cord serum
of GDM subjects than in the maternal
circulation, and there was no correlation

between the two measurements. In con-
trast the differences between control
maternal serum, control cord serum,
and GDM maternal serum were much
smaller (Fig. 1). This suggests either that
placental transport is less effective in GDM
pregnancies with higher maternal concen-
trations required to achieve adequate fetal
levels or that decreased degradation of the
protein in GDM mothers results in the ac-
cumulation. Such an increase of RBP4 in
GDM could contribute to the develop-
ment of the insulin resistance, as has
been reported in animal models (23).
When compared with other adipocyto-
kines, the number of reports on RBP4 in
gestational diabetes is low; nevertheless,
most of them report higher RBP4 levels
in GDM women (24), as we did (Fig. 1).
Studies of RBP4 in cord blood of GDM
women are extremely scarce in the litera-
ture and do not show the same large dif-
ferences from control subjects we report
herein (25). Our findings on the low con-
centration of adiponectin and the high
concentration of RBP4 found in women
with GDM and their newborns are consis-
tent with their higher insulin resistance.

In conclusion, our observations dem-
onstrate the presence of AFABP in cord
serum.We propose that its main source is
fetal tissue. In GDM fetuses AFABP values
correlatewithmarkers of neonatal adiposity.
Downregulation of adiponectin and upre-
gulation of RBP4 in GDMmothers and their
fetuses may be related to their insulin-
resistant condition, whereas the changes in
AFABP do not seem to be related.
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