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Abstract
Aims/hypothesis—Pregnancy is characterised by temporarily increased insulin resistance.
Gestational diabetes occurs when pancreatic beta cell function is unable to compensate for this insulin
resistance. Retinol-binding protein 4 (RBP4) could be related to insulin resistance. We hypothesised
that RBP4 is elevated in gestational diabetes.

Methods—Serum RBP4, transthyretin and retinol were cross-sectionally measured in 42 women
with gestational diabetes and 45 pregnant controls. Of these, 20 women with and 22 without
gestational diabetes were included in an additional longitudinal study. RBP4 was determined by
enzyme immunometric assay (EIA) and western blot.

Results—Women with gestational diabetes had lower RBP4 EIA and western blot levels than
controls (median 6.8 [interquartile range, 3.9–14.3] vs 11.3 [7.8–19.9] μg/ml, p<0.001 and 25.1
[21.7–29.6] vs 26.6 [23.5–32.2] μg/ml, p=0.026). Transthyretin and the RBP4:transthyretin molar
ratio were comparable between the groups. Serum retinol was lower (p<0.001) and the RBP4 Western
blot level: retinol molar ratio was higher in women with gestational diabetes (p=0.044). RBP4 was
not associated with the glucose or homeostasis model assessment of insulin resistance (HOMA-IR),
but in gestational diabetes the RBP4:retinol molar ratio correlated with blood glucose and negatively
with 2 h post-load insulin. The RBP4:transthyretin ratio correlated with HOMA-IR and fasting insulin
in controls. In women with gestational diabetes RBP4 EIA and western blot levels increased after
delivery. Retinol increased in both groups, while transthyretin and the RBP4:transthyretin ratio were
not altered after parturition.

Conclusions/interpretation—RBP4 measured by two different techniques is not elevated, but
the RBP4:retinol molar ratio is higher and correlates with fasting blood glucose in women with
gestational diabetes. Thus, the RBP4:retinol ratio and the RBP4:transthyretin ratio are more
informative than RBP4 levels alone when assessing insulin–glucose homeostasis during pregnancy.
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Introduction
Pregnancy is associated with progressive insulin resistance, which begins during mid-
pregnancy and progresses throughout the third trimester. Gestational diabetes mellitus is
defined as glucose intolerance with onset or first recognition during pregnancy [1]. Women
with gestational diabetes show various features of the metabolic syndrome [2] like obesity,
low-grade inflammation [3] or hypertriacylglycerolaemia [4,5], and have an increased risk of
developing type 2 diabetes mellitus [6]. Insulin resistance plays a major role in the adverse
cardiovascular risk profile found in women with gestational diabetes. However, insulin
resistance during pregnancy is not fully explained by obesity [7]. Multiple factors like
alterations of the insulin-signalling pathway [8], increased circulating leptin [9], reduced
adiponectin [10] and inflammation [11,12] could lead to exaggerated insulin resistance during
gestational diabetes pregnancies [8,13]. In addition, during pregnancy, insulin secretion from
pancreatic beta cells increases to compensate for the insulin resistance. During the third
trimester, the greatest metabolic difference between control women and women with
gestational diabetes may be insulin levels or insulin secretion [14].

Humans with insulin resistance show a downregulation of the insulin-stimulated GLUT4,
which leads to impaired insulin-stimulated glucose uptake in adipocytes [15,16]. In adipocytes
of women with gestational diabetes, GLUT4 levels may be reduced or the insulin-stimulated
recruitment of GLUT4 to the plasma membrane may be impaired [17]. As shown by Yang et
al. [18], genetic knockout of Glut4 (also known as Slc2a4) results in increased production of
the adipokine, retinol-binding protein 4 (RBP4), in adipose tissue. Experimental elevation of
RBP4 was demonstrated to impair insulin-signalling and induce gluconeogenic enzymes in the
liver [18]. In line with these experimental findings, patients with obesity and type 2 diabetes
were found to have elevated RBP4 serum concentrations [19,20]. Thus, RBP4 might contribute
to the development of insulin resistance in vivo.

To evaluate whether the temporary state of increased insulin resistance in women with
gestational diabetes is related to serum RBP4 concentrations, we determined RBP4 in women
with gestational diabetes and in pregnant healthy women. To gather information on the course
of RBP4 concentrations after normalisation of the glucose tolerance state, we measured this
adipokine during pregnancy and after delivery in a subgroup of women with gestational
diabetes and healthy pregnant controls. RBP4 circulates in a complex with transthyretin, which
maintains serum RBP4 levels by preventing renal clearance of RBP4 [21,22]. Since alterations
in transthyretin levels could affect RBP4 levels, transthyretin was measured at all time points
in both groups of women. Moreover, since RBP4 is a transport protein for retinol and must be
bound to retinol to be secreted at least from liver [23], retinol levels were measured in all
participants.

Methods
Participants and study protocol

All clinical investigations were conducted in accordance with the guidelines in The Declaration
of Helsinki and approved by the institutional review committee. All participants were carefully
instructed about the aims of the study and written informed consent was given.
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All participants were non-smokers. Gestational diabetes was diagnosed according to the criteria
of the 4th Workshop Conference of Gestational Diabetes [24]. Insulin resistance was estimated
by homeostasis model assessment of insulin resistance (HOMA-IR) [25]. In women with
gestational diabetes who were on insulin therapy, HOMA-IR was assessed before initiation of
insulin therapy.

Cross-sectional protocol
A total of 42 women with gestational diabetes and 45 pregnant healthy controls were included
in this study. Of those with gestational diabetes, 11 women were treated with insulin and 31
with diet alone. After an overnight fast, serum samples were obtained at median week 29 in
gestational diabetes patients and at median gestational week 29 in controls.

Longitudinal protocol
From the cross-sectional cohort, 20 women with gestational diabetes and 22 pregnant control
women were also included into the longitudinal study. Serum samples were obtained at median
gestational week 30 in gestational diabetes patients and at median gestational week 30 in
controls. Additional samples were taken in both groups at 8 weeks after delivery, following an
overnight fast.

Laboratory analysis
Glucose, insulin, triacylglycerol and HbA1c were determined with standard laboratory
methods. Retinol concentrations were measured using HPLC. Glomerular filtration rate was
estimated using the Modification of Diet in Renal Disease (MDRD) formula [26]. To overcome
known shortcomings in RBP4 measurements, we used two different methods to determine
RBP4 levels [27]. The first method was an enzyme immunometric assay (EIA) (RBP4 EIA
kit; Phoenix Pharmaceuticals, Belmont, CA, USA), in which the inter- and intra-assay
variability for RBP4 are ≤14 and ≤5%, respectively. The second method for RBP4
quantification was quantitative western blotting using protein standards prepared with purified
full-length human recombinant RBP4. Transthyretin was measured on the same gels by a
similar quantitative western blotting method, using transthyretin protein standards purified
from human plasma (Sigma, St Louis, MO, USA). The coefficient of variation for interassay
replicate samples was less than 10% by this method [18].

Statistical analyses
Skewed variables (RBP4, transthyretin, retinol, insulin, HOMA-IR, triacylglycerol, GFR and
HbA1c) were log-transformed for all statistical analyses. Differences between participants with
and without gestational diabetes were analysed with unpaired Student’s t tests and correlations
calculated using Pearson correlations. Correction for potential confounders was performed
with analysis of covariance. The longitudinal study included only women with examinations
during and after pregnancy (n=20 for gestational diabetes; n=22 for control). ANOVA and the
Fisher least significant difference post hoc test were applied to test for differences between
gestational diabetes patients and controls, and for changes in RBP4 and transthyretin after
delivery in the longitudinal protocol. Statistica software version 6.0 (Stat-Soft, Tulsa, OK,
USA) was used for all analyses. A value of p<0.05 was considered the level of significance.
Data are presented as medians (interquartile range). According to a power calculation assuming
an alpha of 0.05 and sigma of 5, a study with 59 participants has 90% power to detect a 3 μg/
ml difference in RBP4 concentrations. Therefore we aimed to include at least 60 participants
in this study.
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Results
Cross-sectional protocol

During gestation, women with gestational diabetes had significantly lower RBP4 levels than
healthy pregnant controls as measured by EIA and marginally lower RBP4 as measured by
western blot. Although both methods showed a similar trend, there was a considerable
discrepancy in the magnitude of the effect between the two assays, possibly reflecting different
affinities of the antibodies for different forms of RBP4 [27]. Transthyretin concentrations and
the RBP4:transthyretin molar ratio did not differ between the study groups. Importantly,
women with gestational diabetes had lower retinol concentrations and higher western blot
RBP4:retinol molar ratio than pregnant controls (Table 1).

Patients with gestational diabetes were older and had higher HOMA-IR, fasting and post-load
glucose, HbA1c and BMI before and during pregnancy. Fasting insulin, diastolic blood
pressure, triacylglycerol and GFR were comparable between both groups (Table 1). After
adjusting for age and BMI, the HOMA-IR was not different between participants with
gestational diabetes and controls (p=0.116). After controlling for age and BMI during
pregnancy, both RBP4 EIA and RBP4 western blot levels remained significantly lower in
participants with gestational diabetes (p<0.001 and p=0.016). After additional adjustment for
retinol concentrations, the observed difference in RBP4 EIA levels remained, while the
difference in western blot RBP4 levels was lost (p=0.008 and p=0.153).

In women with gestational diabetes, the RBP4:retinol molar ratio as determined by EIA and
western blot correlated with fasting blood glucose (RBP4 EIA R=0.32, p=0.04; RBP4 western
blot R=0.34, p=0.031). The western blot RBP4:retinol molar ratio correlated negatively with
2 h post-load insulin levels. RBP4 EIA levels correlated with systolic blood pressure. Western
blot RBP4 levels correlated with retinol and systolic blood pressure, but not with other clinical
parameters in women with gestational diabetes. In healthy controls, RBP4 EIA levels correlated
with retinol and systolic blood pressure, while western blot RBP4 levels were associated with
diastolic blood pressure and triacylglycerol. The RBP4:transthyretin molar ratio correlated
significantly with systolic blood pressure in women with gestational diabetes. In healthy
controls, BMI during pregnancy, fasting insulin and HOMA-IR were significantly related to
the RBP4:transthyretin molar ratio (Table 2). To exclude the possibility of confounding effects
by insulin treatment, we performed an analysis of RBP4 and insulin therapy: EIA and western
blot RBP4 levels did not differ between women with and without insulin therapy (6.7
[interquartile range 3.9–14.1] vs 10.6 [5.8–17.9] μg/ml, p=0.123 and 24.0 [19.5–30.7] vs 26.5
[22.9–30.4] μg/ml, p=0.319).

Longitudinal protocol
Regarding clinical characteristics and outcome parameters, no significant differences could be
observed between women included and those not included in the longitudinal protocol (data
not shown). In women with gestational diabetes, RBP4 EIA levels increased after delivery
(p=0.005) and a minimal increase of western blot RBP4 levels was seen (p=0.013). In the
healthy pregnant controls, no significant change in EIA and western blot RBP4 levels was
observed (p=0.637 and p=0.528). During pregnancy, RBP4 EIA levels were lower in women
with gestational diabetes than in controls (p=0.026), while western blot RBP4 levels did not
differ significantly between the groups (p=0.206). After delivery, EIA and western blot RBP4
levels were comparable between women with gestational diabetes and controls (p=0.715 and
p=0.473). No between-group differences in transthyretin or the RBP4:transthyretin molar ratio
before and after delivery were found; similarly, no significant longitudinal changes in
transthyretin or the RBP4:transthyretin molar ratio could be found. After parturition, retinol
concentrations increased in both groups, but were higher in women with gestational diabetes.
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The RBP4:retinol molar ratio decreased in women with and without gestational diabetes after
delivery, and was lower in the former.

BMI was significantly higher in women with gestational diabetes and decreased in both groups
after delivery. After parturition, 1 and 2 h post-load glucose decreased significantly in women
with gestational diabetes. Fasting glucose increased and 1 h post-load glucose decreased after
delivery in healthy pregnant controls. During pregnancy, fasting and 1 and 2 h post-load
glucose values were higher in women with gestational diabetes than in controls. After delivery
women with gestational diabetes had elevated fasting and 1 h post-load glucose compared with
controls. Triacylgly-cerol and GFR decreased in all women after delivery (Table 3).

Discussion
This is one of the first studies describing the novel adipocyte-and liver-secreted protein RBP4
in women with gestational diabetes and pregnant healthy controls. Total RBP4 serum
concentrations were lower in women with than in women without gestational diabetes.
However, the western blot RBP4:retinol molar ratio was higher in women with gestational
diabetes and negatively correlated with insulin levels post glucose load. In addition, western
blot RBP4: retinol and EIA RBP4:retinol ratios correlated with fasting blood glucose in
gestational diabetes. The potential importance of the RBP4:retinol ratio as a marker of
metabolic disease is also illustrated in a study of normal-weight, overweight and obese children,
in which the RBP4:retinol molar ratio correlated more strongly with components of the
metabolic syndrome than serum RBP4 alone [28]. Since serum retinol levels are dramatically
altered during pregnancy, the RBP4:retinol ratio appears to be a more appropriate way of
assessing the relationship of RBP4 to metabolic status during pregnancy than RBP4 alone. In
addition, the potential use of the RBP4:transthyretin molar ratio in pregnancy is illustrated by
the fact that this ratio correlated with HOMA-IR, fasting insulin and BMI in healthy pregnant
controls in our study, whereas no relationship could be found between RBP4 alone and insulin
resistance. Possible explanations for this are discussed below.

In our study, retinol concentrations correlated significantly with western blot RBP4 levels in
women with gestational diabetes. We found lower retinol levels in women with gestational
diabetes than in healthy pregnant women. Since data indicate that RBP4 must be bound to
retinol to be secreted from hepatocytes [18,23], these lower retinol levels could lead to a
reduction in serum RBP4 levels. Pregnancy-associated alterations in blood volume need to be
considered when interpreting retinol and RBP4 measurements. The increase in plasma volume
which occurs during pregnancy is positively associated with factors such as parity, higher
birthweight and increased maternal pre-pregnancy BMI [29]. The gestational diabetes
participants in our study had higher pre-pregnancy BMI, which would result in higher
circulating blood volume and lower RBP4 and retinol levels than in pregnant controls. In
addition, the reduced plasma volume post-partum could, at least partially, contribute to an
increase in RBP4 and retinol concentrations after delivery. Previous data have shown that
retinol and RBP4 levels are lower in pregnant women than in non-pregnant controls when
expressed as a concentration, but not when expressed per gram of circulating protein [30]. This
also could be due, at least in part, to the expanded blood volume during pregnancy. The
importance of pregnancy-associated alterations in retinol homeostasis is also illustrated in
lactating women, who exhibit alterations in retinol and RBP levels post-partum, with the
highest RBP4 values occurring at 11 to 12 weeks post-partum and the lowest values at 15 to
17 weeks post-partum [31]. Therefore, in the present study, the retinol and RBP4 values
obtained at 8 weeks post-partum may also have been influenced by the recent pregnancy. In
addition, urinary retinol-binding protein excretion is increased during pregnancy, which could
also lower plasma RBP4 concentrations [32]. In our study, GFR was comparable between
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women with and without gestational diabetes and can therefore be excluded as a cause for the
results observed.

Most of the RBP4 in serum is bound to retinol. It is not known whether unbound apolipoprotein-
RBP4 has different biological effects from bound RBP4. However, the proportion of RBP4
bound to retinol is decreased in pregnancy [30]. This altered RBP4:retinol ratio in pregnancy
may reflect the possibility that a ligand other than retinol can bind to RBP4 and that this
‘alternative ligand’ may be associated with features of the metabolic syndrome. Other retinoids,
such as retinaldehyde, have metabolic effects and have been shown to bind to RBP4 [33]. Most
of serum RBP4 is also bound to transthyretin, which prevents glomerular filtration of RBP4.
C-terminal truncated forms of RBP4 are thought to have decreased binding affinity for
transthyretin, leading to excretion in the urine. These forms, which are abundant in urine, have
also been detected in serum and levels can vary in different metabolic states [34]. It is not
known whether these forms of RBP4 have the same biological activity as full-length RBP4.
Thus, total RBP4 could be an inaccurate measure of biologically active RBP4.

Recently, a strong relationship between RBP4 and triacylglycerol was suggested [35]. Our
findings revealed a weak association between western blot RBP4 levels and triacylglycerol
only in pregnant controls. Triacylglycerol levels were comparable between pregnant women
with and without gestational diabetes. Many [18–20], but not all [36–38] studies show a
correlation between serum RBP4 levels and the magnitude of insulin resistance in non-pregnant
adults and children. Our study did not find an association between total RBP4 and HOMA-IR,
although the RBP4:transthyretin ratio correlated with HOMA-IR in non-diabetic pregnant
women.

Pregnancy itself, even without gestational diabetes, is an insulin-resistant state as evidenced
by the fact that it is associated with a 50% decrease in insulin-mediated glucose uptake [39].
To maintain euglycaemia in a normal pregnancy, insulin secretion increases by 200 to 250%
[39], and women who do not have adequate islet secretory reserve become diabetic. Due, in
part, to hormonal influences, the pathogenesis of insulin resistance during pregnancy is not
entirely the same as for the insulin resistance that is characteristic of the metabolic syndrome.
RBP4 may not be a ‘common denominator’ of all forms of insulin resistance. RBP4 can be
affected by alterations of sex hormones, as evidenced by the fact that 17β-oestradiol can
increase RBP4 mRNA expression and RBP4 secretion from human adipose tissue and women
with polycystic ovary syndrome have elevated adipose tissue and serum RBP4 levels [40].
Furthermore, progesterone in the presence of oestradiol decreases RBP4 content in the female
reproductive tract [41]. The higher progesterone levels found in women with gestational
diabetes than in those without [4] may reduce RBP4 levels in women with gestational diabetes.

Our study does not agree with another one demonstrating that Chinese women with gestational
diabetes had elevated serum RBP4 levels at 24 to 28 gestational weeks compared with healthy
pregnant controls [42]. This report differs from our study due to the lower average BMI (26.1
kg/m2 at 24 to 28 gestational weeks). As reported by Retnakaran et al. [43], BMI before
pregnancy has a great effect on insulin resistance during pregnancy in Asian women than in
Europid women.

Recently, concerns have arisen about the accuracy of RBP4 measurements. A study showed
that RBP4 measured by EIA is less precise than the gold standard for RBP4 determination by
western blot and that many commercial assays had a reduced range for RBP4 values and
undervalued them in comparison with western blot [27]. Therefore we applied both methods.
The EIA measured lower RBP4 concentrations than the western blot. Furthermore, the
magnitude of difference between gestational diabetes and no gestational diabetes was much
greater with the EIA. These assay results may differ because of different antibodies used,
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because the western blot technique, but not the EIA involves denaturation of the samples as
well as other technical considerations. Importantly, neither assay showed an elevation of RBP4
in gestational diabetes but the RBP4:retinol ratio was increased in gestational diabetes. Since
RBP4 circulates in several forms in human serum, it is possible that only certain moieties are
related to insulin resistance. As mentioned above, the RBP4:retinol ratio has been shown to
correlate more strongly with metabolic syndrome than RBP4 alone [28].

In conclusion, serum RBP4 concentrations are not elevated in women with gestational diabetes
compared with pregnant controls, although the RBP4:retinol ratio is elevated in the former,
correlating with fasting blood glucose and negatively with insulin levels post glucose load.
BMI, fasting insulin and HOMA-IR are significantly related to the RBP4:transthyretin molar
ratio in healthy pregnant women, but not in women with gestational diabetes. However, total
RBP4 and RBP4:transthyretin correlate with systolic BP in gestational diabetes. RBP4 alone
is not associated with insulin resistance in pregnant women with or without gestational diabetes.
Thus, the RBP4:retinol and RBP4:transthyretin ratios appear to better reflect parameters of
glucose homeostasis and blood pressure during pregnancy than RBP4 levels alone.
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Table 1
RBP4 and clinical parameters in patients with and without gestational diabetes mellitus

Gestational diabetes (n=42)
No gestational diabetes

(n=45) p value

EIA RBP4 (μg/ml) 6.8 (3.9–14.3) 11.3 (7.8–19.9) <0.001

Western blot RBP4 (μg/ml) 25.1 (21.7–29.6)a 26.6 (23.5–32.2) 0.026

Transthyretin (μg/ml) 144.5 (126.2–191.3)a 146.4 (127.5–200.6) 0.228

RBP4: transthyretinb 0.40 (0.35–0.54)a 0.41 (0.36–0.57) 0.522

Retinol (μmol/l) 0.97 (0.76–1.10)a 1.26 (0.88–1.64) <0.001

RBP4:retinolc 1.29 (1.03–1.62) 1.13 (0.73–1.50) 0.044

Age (years) 33 (29–35) 28 (24–34) 0.020

BMI before pregnancy (kg/m2) 29 (25–34) 23 (22–27) <0.001

BMI during pregnancy (kg/m2) 34 (29–38) 29 (25–31) <0.001

Systolic BP (mmHg) 117 (111–127) 112 (104–120) 0.060

Diastolic BP (mmHg) 73 (67–78) 73 (66–78) 0.889

Fasting insulin (pmol/l) 98 (73–137) 89 (53–124) 0.086

1 h Insulin (pmol/l) 597 (430–848) 715 (354–1168) 0.746

2 h Insulin (pmol/l) 810 (90.9–631) 602 (354–1000) 0.069

HOMA-IR 3.4 (2.2–4.5) 2.0 (1.4–3.4) <0.001

Fasting glucose (mmol/l) 5.4 (4.7–5.8) 4.1 (3.7–4.3) <0.001

1 h post-load glucose (mmol/l) 12.0 (11.0–13.3) 7.7 (6.6–8.9) <0.001

2 h post-load glucose (mmol/l) 9.7 (8.9–10.6) 6.5 (5.6–7.2) <0.001

Triacylglycerol (mmol/l) 2.2 (1.8–1.7) 2.0 (1.5–1.2) 0.289

GFR (ml min−1 1.73 m−2) 127 (121–150) 145 (120–161) 0.128

HbA1c (%) 5.5 (5.3–5.8) 5.2 (4.9–5.6) <0.001

Data are presented as medians (interquartile range); all data were collected after an overnight fast at week 29 (median) in both participant groups.

Student’s t tests were applied to test for significant differences between groups after log-transformation of skewed variables

a
Only performed in 41 patients

b
Molar ratio, according to the amounts of RBP4 and transthyretin determined by western blotting, calculated using a molecular mass of 21 kDa for RBP4

and 54 kDa for transthyretin as a homotetramer (n=19)

c
Molar ratio, according to the amount of RBP4 determined by western blotting and the amount of retinol determined by HPLC, calculated using a molecular

mass of 21 kDa for RBP4 and 0.286 kDa for retinol (n=19)
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Table 3
RBP4 measurements and other parameters as indicated in patients with and without gestational diabetes mellitus at
median gestational week 30 and 8 weeks after delivery

Gestational diabetes (n=20) No gestational diabetes (n=22)

During pregnancy After delivery During pregnancy After delivery

EIA RBP4 (μg/ml) 6.7 (3.3–14.4)† 11.9 (7.5–15.5)* 10.4 (7.8–17.5) 13 (8.6–16.6)

Western blot RBP4 (μg/
ml)a

25.5 (21.7–30.7) 27.0 (23.4–35.9)* 27.3 (24.0–32.2) 27.9 (24.0–34.1)

Transthyretin (μg/ml)b 161.9 (119.8–172.6) 164.5 (132.8–236.6) 176.8 (132.8–200.1) 141.7 (127.1–207.8)

RBP4:transthyretinc 0.45 (0.35–0.54) 0.44 (0.36–0.47) 0.40 (0.38–0.52) 0.45 (0.35–0.62)

Retinol (μmol/l) 1.00 (0.66–1.22) 2.47 (1.89–3.14) *,† 1.16 (0.88–1.29) 1.67 (1.34–2.37) *

RBP4:retinold 1.32 (0.99–1.62) 0.62 (0.41–0.74) * 1.41 (0.88–1.60) 0.76 (0.55–0.89) *,†

BMI (kg/m2) 34 (28–38)† 32 (25–35)*,† 27 (24–29) 24 (22–28)*

Systolic BP (mmHg) 117 (105–126) 113 (100–129) 115 (104–126) 115 (109–128)

Diastolic BP (mmHg) 74 (67–79) 79 (70–85) 73 (67–77) 76 (70–83)

Insulin (pmol/l) 83 (63–129) 65 (60–96) 85 (58–108) 49 (36–89)

1 h insulin (pmol/l) 522 (389–783) 484 (276–572) 623 (354–1276) 276 (188–522)*

2 h insulin (pmol/l) 808 (597–864) 292 (222–438)* 569 (322–876) 218 (126–343)*

HOMA-IR 2.7 (1.8–4.0) 2.3 (1.9–3.3) 1.9 (1.5–2.9) 1.6 (1.1–2.8)

Glucose (mmol/l) 5.0 (4.5–5.6)† 5.1 (4.7–5.4)† 4.1 (3.8–4.4) 4.7 (4.6–5.0)*

1 h glucose (mmol/l) 12.0 (11.2–13.4)† 9.5 (8.0–10.8)*,† 7.7 (6.4–9.5) 5.5 (5.0–7.8)*

2 h glucose (mmol/l) 9.6 (8.9–10.9)† 6.3 (5.6–7.2)* 6.7 (5.8–7.2) 5.6 (4.8–6.4)

Triacylglycerol (mmol/l) 2.1 (1.9–3.3) 1.0 (0.8–1.9)* 2.0 (1.6–2.2) 0.8 (0.7–1.14)*

GFR (ml min−1 1.73 m−2) 141 (123–151) 116 (90–138)* 145 (120–159) 109 (92–125)*

HbA1c (%) 5.6 (5.4–5.9)† 5.6 (5.2–6.0)† 5.0 (4.9–5.4) 5.2 (5.0–5.3)

Data are presented as medians (interquartile range)

ANOVA and Fisher least significant difference post hoc test were applied to test for significant differences within and between groups after log-
transformation of skewed variables

a
n=19

b
n=19

c
Molar ratio, according to the amounts of RBP4 and transthyretin determined by western blotting, calculated using a molecular mass of 21 kDa for RBP4

and 54 kDa for transthyretin as a homotetramer (n=19)

d
Molar ratio, according to the amount of RBP4 determined by western blot and the amount of retinol determined by HPLC, calculated using a molecular

mass of 21 kDa for RBP4 and 0.286 kDa for retinol (n=19)

*
p<0.05 vs during pregnancy;

†
p<0.05 vs no gestational diabetes
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