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Retinol-binding protein 4 (RBP4) is an adipokine proposed to be specifically associated with
insulin resistance (IR). We examined whether serum levels of RBP4 were associated with IR
in pregnancy. One hundred seventy-two women with gestational diabetes mellitus (GDM)
and 361 pregnant Thai women who did not have GDM but had a positive 50-g glucose
challenge test result (plasma glucose level was ≥7.2 mmol/L after 1 hour) were enrolled. We
measured fasting serum levels of RBP4 and assessed IR at a 100-g oral glucose tolerance test.
We found a higher degree of IR in the GDM group compared with the non-GDM group, but
serum RBP4 levels between the 2 groups were not different. Retinol-binding protein 4 levels
were associated with serum triglyceride levels but were not associated with the degree of IR
assessed by homeostasis model assessment or quantitative insulin sensitivity check index.
Our results suggest that serum RBP4 levels in pregnancy are not associated with IR.

© 2012 Elsevier Inc. All rights reserved.
1. Introduction

Pregnancy is a physiologic state of progressive insulin
resistance (IR). Failure to increase insulin secretion to
compensate for enhanced IR in pregnancy plays a pathogenic
role in gestational diabetes mellitus (GDM). Retinol-binding
protein 4 (RBP4) is a recently discovered protein secreted
by adipocytes [1]. Several studies have shown that RBP4
levels are associated with IR in subjects with diabetes mellitus
and obesity [1,2], whereas other studies failed to find a strong
association with IR [3-6]. Nevertheless, data in nonpregnant
subjects suggest that serum levels of RBP4 correlate with IR
more than other adipokines [2,7].

In women with GDM, not all studies have shown an in-
crease in RBP4 levels [8-11]. In addition, a relationship between
udy and wrote the manu
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RBP4 levels and IR inpregnancyhasnot yet beendemonstrated
[9-12]. A small number of subjects and lack of validation of
RBP4 enzyme-linked immunosorbent assay (ELISA) in most
studies [13] might have compromised previous conclusions.
We therefore measured RBP4 levels using validated ELISA in
a large group of pregnant women to investigate this issue.
2. Subjects and methods

Pregnant women were consecutively enrolled using a 2-step
approach of glucose testing for diagnosis of GDM [14]. Initial
screening was performed by determining plasma glucose
concentration 1 hour after a 50-g glucose challenge test (GCT).
If the result was positive (glucose value was ≥7.2 mmol/L), a
script, PP collected data, WP performed an assay, and all approved
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diagnostic 100-g oral glucose tolerance test (OGTT) was
scheduled within 1 week. We used the Carpenter and Coustan
criteria for diagnosis of GDM, which was defined as at least
2 abnormal values higher than the cutoff of 5.3, 10.0, 9.2, and
8.1 mmol/L at 0, 1, 2, and 3 hours, respectively. Subjects were
screened for GDM at 24 to 28 weeks of gestation. For those
who had a high risk for GDM [14], glucose testing was
performed as soon as feasible. If the result of the initial
glucose testing was negative, another testing was performed
at 24 to 28 weeks of gestation.

All women who had positive GCT result and successfully
underwent a 100-g OGTT were enrolled. We collected fasting
blood samples at the time of an OGTT. Sera were kept at −80°C
until assay. Among 549 subjects initially enrolled, 17 subjects
were excluded because of missing samples or data (n = 14),
twin pregnancy (n = 2), and pregestational diabetes mellitus
(n = 1). Of the 532 subjects that remained in the study,
171 had GDM, whereas 361 women had positive 50-g GCT
result but did not have GDM. Fasting blood samples from 22
women with negative GCT result were also collected. All were
followed to delivery. Written informed consent was obtained
fromeachparticipant. The study protocolwas approved by our
Ethics Committee. Procedures were performed in accordance
with the principles expressed in the Declaration of Helsinki.

Serum RBP4 levels were measured using ELISA from R&D
Systems (Minneapolis, MN). The sensitivity of the assay was
0.22 ng/mL; and the intra- and interassay coefficients of
variations were 7.6% and 16.3%, respectively. Because certain
commercially available ELISA assays gave unreliable values
Table 1 – Clinical characteristics of the study subjects

Positi

Total (n = 532) GDM (n = 17

Age (y) 33 (29-36) 33 (29-37)
Gravidity 2 (1-3) 2 (1-3)
History of GDM 5 (0.9%) 4 (2.3%)
History of macrosomiaa 9 (1.7%) 4 (2.3%)
Family history of DM 173 (33%) 72 (42%)
Prepregnancy weight (kg) 54.0 (48.0-62.0) 55.5 (49.0-65.
Prepregnancy BMI (kg/m2) 22.3 (20.0-25.5) 23.1 (20.6-26.
GA at the time of OGTT (wk) 29 (25-32) 29 (25-32)
GA at delivery (wk) 38 (38-39) 38 (37-39)
Weight gain in pregnancy (kg) 14.1 (11.2-17.6) 13.3 (10.4-16.
FPG (mmol/L) 4.22 (3.94-4.55) 4.50 (4.11-5.0
1-h PG (mmol/L) 9.00 (7.89-10.4) 10.9 (10.2-11.
2-h PG (mmol/L) 8.00 (6.89-9.28) 9.89 (9.06-10.
3-h PG (mmol/L) 6.39 (5.39-7.50) 8.00 (6.61-9.0
FPI (pmol/L) 68.1 (45.1-104) 85.7 (51.9-128
HOMA1-IR 1.75 (1.16-2.79) 2.47 (1.44-3.9
HOMA2-IRb 1.40 (1.00-2.00) 1.80 (1.10-2.6
QUICKI 0.35 ± 0.04 0.34 ± 0.04
RBP4 (μg/mL) 35.8 ± 10.7 36.0 ± 10.4

Data are presented as median (interquartile range), mean ± SD, or numbe
group was compared using Student t test or Mann-Whitney test for con
indicates gestational age; FPG, fasting plasma glucose; PG, plasma glucos
a Macrosomia was defined as birth weight >4000 g.
b Because the HOMA2-IR model does not accept low values of plasma gl

glucose <3.0 mmol/L or fasting plasma insulin <18 pmol/L were exclud
c Data are available only in 18 subjects.
[13], we validated our assay using quantitative Western
blotting. A strong correlation between RBP4 levels, determined
by our ELISA andWestern blot, was observed (r = 0.96, P < .001).
Plasma glucose, insulin, and lipid levels were measured using
standard methods. Assessment of IR by homeostasis model
assessment (HOMA) 1-IR and quantitative insulin sensitivity
check index (QUICKI), which is comparable to log (HOMA-IR),
was calculated. For HOMA2-IR, a computer program (www.
dtu.ox.th) was used.

Variables with normal distribution are expressed as
means ± SD, and variables with a skewed distribution are
expressed as median (interquartile range). For continuous
variables, differences between the groups were compared
using Student t test, Mann-Whitney test, or analysis of
variance, where appropriate. χ2 test or Fisher exact test was
used for categorical variables. Differences in pairs of the
means among groups were compared using the Bonferroni
post hoc test. Correlations were examined using linear
regression analysis. A stepwise linear regression analysis
was performed to investigate independent predictors of
plasma RBP4 levels. All P values were 2-sided and considered
significant if less than .05. We used SPSS version 16 (Chicago,
IL) to perform the statistical analyses.
3. Results

Table 1 shows clinical characteristics of study subjects.
Women with GDM had significantly higher prepregnancy
ve GCT result Negative GCT
result (n = 22)

1) Non-GDM (n = 361) P values

33 (28-36) .05 32 (26-39)
2 (1-3) .53 2 (1-4)
1 (0.3%) .04 0
5 (1.4%) .28 0

101 (28%) .002 8 (36%)
0) 53.0 (48.0-60.5) .06 51.5 (45.8-58.5)
2) 21.9 (19.9-25.3) .003 21.1 (18.9-24.1)

29 (24-32) .91 NA
38 (38-39) .08 39 (38-39) c

2) 14.5 (11.6-18.0) .004 15.8 (10.9-21.7) c

0) 4.17 (3.89-4.39) <.001 NA
9) 8.33 (7.33-9.17) <.001 NA
9) 7.33 (6.33-8.03) <.001 NA
6) 6.00 (5.11-6.78) <.001 NA
) 63.3 (43.7-91.9) <.001 NA
4) 1.63 (1.10-2.44) <.001 NA
0) 1.30 (0.90-1.85) <.001 NA

0.36 ± 0.04 <.001 NA
35.6 ± 10.9 .69 34.6 ± 6.7

r (percentage). Difference between the GDM group and the non-GDM
tinuous variables and Fisher exact test for categorical variables. GA
e; FPI, fasting plasma insulin; NA, not available.

ucose and insulin, data from 29 subjects who had fasting plasma
ed. n = 503 (total), 162 (GDM), and 341 (non-GDM).
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Table 2 – Stepwise linear regression of independent predictors of serum RBP4 levels

Variables Unstandardized
coefficients

P 95% Confidence intervals for B

Β SE Lower bound Upper bound

Triglyceride levels 0.036 0.005 <.001 0.026 0.045
Weight gain during pregnancy 0.271 0.085 .001 0.107 0.436

Dependent variable was serum RBP4 level. Independent variables included were gestational age at the time of OGTT, fasting levels of plasma
triglyceride and high-density lipoprotein cholesterol, and the amount of weight gain during pregnancy. Criteria were as follows: probability
of F to enter ≤0.05 and probability of F to remove ≥0.10.
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body mass index (BMI) and higher fasting and postload
plasma glucose values compared with those in the non-GDM
group. Similarly, indices of IR (HOMA1-IR, HOMA2-IR, and
QUICKI) indicated that women with GDM were more insulin
resistant than those without GDM.

We next measured RBP4 levels and found that the levels
were not significantly different between the GDM and
non-GDM group (Table 1). Significant positive correlations
were found between RBP4 levels and gestational age at the
time of OGTT (r = 0.093, P = .032), fasting triglyceride levels
(r = 0.305, P < .001), and the amount of weight gain in
pregnancy (r = 0.154, P < .001). Significant negative correlation
was also found between RBP4 levels and high-density
lipoprotein cholesterol levels (r = −0.121, P = .005). However,
correlations between RBP4 levels and fasting insulin levels or
HOMA-IR were not statistically significant. Stepwise linear
regression analysis showed that fasting triglyceride levels and
weight gain in pregnancy were independent predictors of
serum RBP4 levels (Table 2).

To further evaluate an association between RBP4 level and
IR, we divided 361 non-GDM women into 2 groups: women
with completely normal glucose results on an OGTT (false-
positive GCT, n = 280) and those with only one abnormal
value (n = 81). As shown in Fig. 1 (A-D), fasting plasma
insulin and the degree of IR, assessed by HOMA1-IR,
HOMA2-IR, and QUICKI, were lowest in women who had
no abnormal value on OGTT. Women with GDM (≥2
abnormal values on OGTT) had the highest degree of IR,
whereas those with one abnormal value had the interme-
diate degree (P values for linear trend among the 3 groups
for fasting plasma insulin, HOMA1-IR, HOMA2-IR, and
QUICKI were <.001 in all). In contrast, we found that serum
levels of RBP4 were not significantly different among the 3
groups with varying degrees of IR (Fig. 1E). Furthermore, we
obtained additional samples from a group of women who
had negative GCT result (n = 22) and found that fasting
serum RBP4 levels in this group (34.6 ± 6.7 μg/mL) were not
significantly different from those in any group of women
with positive GCT result (P = not significant). When serum
RBP4 levels from 361 non-GDM women were divided into 3
tertiles, we found that plasma glucose levels, both fasting
and after an OGTT; fasting plasma insulin levels; and indices
of IR, both HOMA-IR and QUICKI, were not statistically
different among the 3 groups. Collectively, our results
indicated that RBP4 levels in pregnancy were not associated
with IR.
4. Discussion

Retinol-binding protein 4 is an adipokine proposed to be
involved in IR and glucose homeostasis [1]. The relationship
between RBP4 and IR in humans, however, remains contro-
versial. Some studies reported a close correlation between
RBP4 levels and the degree of IR [2]. Others failed to do so [3-6].
These conflicting results may in part be due to differences in
the study populations, the study design, and/or the assays
used [13].

Pregnancy is a physiological state of enhanced IR. Varying
degrees of IR in pregnant women result in metabolically
distinct clinical phenotypes [15,16]. The highest degree of IR is
found in women with GDM, whereas those with completely
normal glucose values on glucose testing have the lowest
degree of IR. Women who have one abnormal value on OGTT
demonstrate an intermediate degree of IR or a mild degree of
glucose intolerance [15].

In pregnant women, 3 studies using various ELISA kits
showed that RBP4 levels were elevated in those with GDM
[8-10]; but 1 study using aWestern blot analysis demonstrated
a decrease in GDM [11]. The small number of subjects in each
study and the lack of validation of RBP4 ELISA might have
compromised interpretation. Furthermore, it is still unclear
whether RBP4 level in pregnancy is associated with enhanced
IR [9-12]. Our results using a validated ELISA, in the largest
cohort of pregnant women to date, showed that the RBP4
level in pregnancy was not associated with IR. Despite the
clear differences in indices of IR in women who had 0, 1, or at
least 2 abnormal values on OGTT, there were no differences
in RBP4 levels. We concluded that RBP4 was not causally
linked to IR in pregnancy.

The limitation of this study was that all women were
Thai with a relatively low BMI. Whether the results are
similar in other ethnic groups with a higher BMI requires
further investigations. Although RBP4 levels have been
associated with certain pregnancy outcomes [17], our data
suggest that RBP4 is not a good surrogate marker of IR
in pregnancy.
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Fig. 1 – Fasting plasma insulin levels (A), HOMA1-IR (B), HOMA2-IR (C), QUICKI (D), and RBP4 levels (E) in pregnant women with
0, 1, or at least 2 abnormal glucose values on a 100-g OGTT. Values are expressed as mean and SD. Differences between the
groups were compared using analysis of variance. The number of subjects was 280, 81, and 171, except for HOMA2-IR, where
n = 264, 77, and 162, respectively. NS indicates nonsignificant; FPI, fasting plasma insulin. Conversion factor to SI unit for
insulin: multiply by 6.945.
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