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OBJECTIVE — Retinol-binding protein (RBP)-4 was recently identified as an adipokine that
induces insulin resistance. In the current study, we investigated RBP-4 serum levels in diabetic
and nondiabetic patients on chronic hemodialysis (CD) compared with control subjects with a
glomerular filtration rate �50 ml/min. The majority of the diabetic subjects used oral hypogly-
cemic agents or insulin.

RESEARCH DESIGN AND METHODS — RBP-4 was determined by enzyme-linked
immunosorbent assay in control subjects (n � 59) and CD patients (n � 58) and correlated with
clinical and biochemical measures of renal function, glucose and lipid metabolism, and inflam-
mation in both groups.

RESULTS — Mean serum RBP-4 levels were almost fourfold higher in CD patients (102 � 30
mg/l) compared with control subjects (28 � 8 mg/l). Furthermore, serum creatinine indepen-
dently predicted RBP-4 concentrations in multiple regression analyses in both control subjects
and CD patients. In addition, C-reactive protein and systolic blood pressure independently and
negatively correlated with RBP-4 serum concentrations in CD patients but not control subjects.
In contrast, markers of glucose and lipid metabolism were not independently related to serum
RBP-4 in control subjects or CD patients.

CONCLUSIONS — We show that markers of renal function are independently related to
serum RBP-4 levels.
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The incidence of obesity and related
disorders, such as insulin resistance,
has been growing rapidly and reach-

ing global epidemic proportions. In recent
years, it has been shown that adipocyte-
secreted factors, called adipokines, are
novel mediators contributing to insulin
resistance when body weight is gained (1–
3).

Retinol-binding protein (RBP)-4 was
reported in 2005 by Yang et al. (4) as an
adipokine that impairs insulin sensitivity.
Thus, RBP-4 knockout mice showed im-

proved insulin sensitivity (4). Further-
more, transgenic overexpression of RBP-4
or injection of recombinant RBP-4 in nor-
mal mice induced insulin resistance (4).
Mechanistic studies have suggested that
RBP-4 impaired insulin sensitivity by in-
hibition of insulin receptor substrate-1
phosphorylation and phosphatidylinosi-
tol 3-kinase activation in muscle and by
induction of glucose production in liver
via PEPCK stimulation (4).

Several studies have determined the
influence of components of the metabolic

syndrome on human RBP-4 concentra-
tions. In the initial report, RBP-4 levels
were elevated not only in obese and dia-
betic mice but also in overweight humans
(4). Increased serum RBP-4 levels were
associated with BMI, waist-to-hip ratio
(WHR), serum triglycerides, and systolic
blood pressure in another study (5). Fur-
thermore, concentrations of this adipo-
kine were increased in human subjects
with impaired glucose tolerance (IGT)
and type 2 diabetes compared with pro-
bands with normal glucose tolerance (6).
Recently, it has been shown that RBP-4
levels decreased in morbidly obese pa-
tients 6 months after gastric banding (7).
In contrast to these studies, differences in
RBP-4 levels were not observed in normal-
weight, overweight, and obese women
(8).

Whereas the connection of RBP-4
with several metabolic parameters has
been studied in detail, little is known
about the relation of this adipokine to re-
nal function, especially in patients with a
mild to moderate decrease in glomerular
filtration rate (GFR). Therefore, we deter-
mined RBP-4 serum levels in 58 chronic
hemodialysis (CD) patients (32 diabetic
and 26 nondiabetic subjects) and 59 con-
trol subjects (29 diabetic and 30 nondia-
betic subjects) with a GFR �50 ml/min
and correlated RBP-4 to clinical and bio-
chemical measures of renal function,
glucose and lipid metabolism, and in-
flammation in both groups.

RESEARCH DESIGN AND
METHODS — We recruited 117 Cau-
casian men (n � 61) and women (n �
56), with 59 patients having a GFR �50
ml/min (control subjects) as assessed by
the Cockroft-Gault formula and 58 pa-
tients being on CD. BMI was calculated as
weight in kilograms divided by the square
of height in meters. Waist and hip cir-
cumferences were determined, and WHR
was calculated. The age ranged from 32 to
85 years and BMI from 18.7 to 46.1
kg/m2. A total of 29 patients in the control
group and 32 patients in the CD group
had type 2 diabetes. Diabetes was defined
as fasting blood glucose �126 mg/dl or
use of insulin or oral hypoglycemic
agents. Furthermore, diabetes was ex-
cluded in the control group by perform-
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ing 75-g oral glucose tolerance tests.
However, six nondiabetic control patients
presented with untreated IGT. Homeosta-
sis model assessment of insulin resistance
(HOMA-IR) was determined as previ-
ously described (9). Patients with severe
conditions such as generalized inflamma-
tion or end-stage malignant diseases were
excluded from the study. The study was
approved by the local ethics committee,
and all subjects gave written informed
consent before taking part in the study.

Assays
After an overnight fast, blood samples
were taken. Serum insulin was measured
with a two-site chemiluminescent en-
zyme immunometric assay for the Immu-
lite automated analyzer (Diagnostic
Products, Los Angeles, CA). Leptin
(Mediagnost, Reutlingen, Germany), adi-
ponectin (Mediagnost), and RBP-4 (Adi-
pogen, Seoul, South Korea) serum levels
were determined with commercially
available enzyme-linked immunosorbent
assays according to the manufacturers’ in-
structions. Serum creatinine, urea, para-
thyroid hormone, free fatty acids (FFAs),
cholesterol, triglycerides, and C-reactive
protein (CRP) were measured by standard
laboratory methods in a certified laboratory.

Statistical analysis
SPSS statistical software version 11.5
(SPSS, Chicago, IL) was used for all anal-
yses. Distribution was tested for normality
using the Shapiro-Wilk W test. For all anal-
yses, nonnormally distributed parameters
were logarithmically transformed to ap-
proximate a normal distribution. Differ-
ences in RBP-4 serum levels between
control subjects and CD patients were as-
sessed by unpaired Student’s t test and
one-way ANOVA with Bonferroni post
hoc analysis, as indicated in the table
headings and figure legend. Correlations
were performed using the Pearson’s cor-
relation method. To adjust the effects of
covariates and identify independent rela-
tionships, multivariate linear regression
analyses were performed. A P value of
�0.05 was considered as statistically sig-
nificant in all analyses.

RESULTS

RBP-4 serum levels are increased in
CD patients compared with control
subjects
Mean � SD serum RBP-4 was 65 � 43
mg/l (range 15–163) in the total sample.
Clinical characteristics of the subgroups

studied (control and CD) are shown in
Table 1. Furthermore, the clinical charac-
teristics of the subgroups further divided
into nondiabetic and diabetic subjects are
presented in Table 2. Mean serum RBP-4
levels were significantly different between
control subjects (28 � 8 mg/l) and sub-
jects treated with CD (102 � 30 mg/l)
(P � 0.01) (Table 1). In contrast, a signif-
icant difference in serum RBP-4 levels
could not be demonstrated depending on
diabetes (diabetic subjects: 63 � 40 mg/l;
nondiabetic subjects: 66 � 47 mg/l) and
sex (female subjects: 59 � 42 mg/l; male
subjects: 69 � 44 mg/l). Since mean
RBP-4 serum levels were significantly dif-
ferent in control subjects compared with
CD patients, all subsequent analyses were
performed in the two subgroups separately.

Univariate and multivariate
correlations
In control subjects, serum RBP-4 levels
positively correlated with creatinine and
urea (P � 0.05) (data not shown) and
negatively with GFR (Fig. 1). In contrast,
RBP-4 was not correlated with markers of
insulin sensitivity (BMI, WHR, fasting
glucose, fasting insulin, HOMA-IR, and
adiponectin), lipid metabolism (FFAs,
cholesterol, and triglycerides), and in-
flammation (CRP) in this subgroup (data

not shown). In CD patients, serum RBP-4
concentrations were positively correlated
with creatinine, urea, and cholesterol
(P � 0.05) (data not shown). Further-
more, RBP-4 was negatively correlated
with GFR (Fig. 1), WHR, systolic blood
pressure, FFAs, and CRP (P � 0.05) (data
not shown).

Multiple regression analysis revealed
that serum creatinine remained indepen-
dently associated with RBP-4 levels after
adjustment for CRP, WHR, systolic blood
pressure, and FFAs in the control group
(P � 0.05) (Table 3). In CD patients, cre-
atinine also independently predicted se-
rum RBP-4 in multiple regression analysis
(P � 0.05) (Table 3). Furthermore, CRP
and systolic blood pressure indepen-
dently and negatively correlated with
RBP-4 serum concentrations in this sub-
group (P � 0.05) (Table 3). In contrast,
markers of glucose metabolism (BMI,
WHR, fasting glucose, fasting insulin,
HOMA-IR, and adiponectin) and lipid
metabolism (FFAs, cholesterol, and tri-
glycerides) were not independently re-
lated to serum RBP-4 in both subgroups
(Table 3 and data not shown).

CONCLUSIONS — The major novel
finding of the current study is that serum
creatinine independently predicts RBP-4

Table 1—Baseline characteristics of the study population

Control
subjects CD patients

n 59 58
RBP-4 (mg/l) 28 � 8 102 � 30*
Age (years) 62 � 10 64 � 12
Sex (male/female) 26/33 35/23
Diabetic/nondiabetic 29/30 32/26
BMI (kg/m2) 30 � 5 27 � 5*
WHR 0.91 � 0.09 0.96 � 0.10*
Systolic blood pressure (mmHg) 127 � 14 123 � 22
Diastolic blood pressure (mmHg) 74 � 10 71 � 11
Creatinine (�mol/l) 76 � 16 776 � 261*
Urea (mmol/l) 5.5 � 1.5 19.9 � 7.1*
GFR (ml/min) 99 � 35 10 � 4*
Parathyroid hormone (pmol/l) 4.1 � 1.6 22.5 � 20.4*
Fasting glucose (mmol/l) 6.51 � 2.32 5.52 � 2.19*
Fasting insulin (pmol/l) 60 � 71 76 � 110
HOMA-IR 2.51 � 2.39 3.39 � 7.38
FFAs (mmol/l) 0.56 � 0.23 0.64 � 0.37
Cholesterol (mmol/l) 5.20 � 1.04 4.41 � 1.05*
Triglycerides (mmol/l) 1.46 � 0.81 2.05 � 1.33*
Leptin (�g/l) 23 � 23 52 � 72
Adiponectin (mg/l) 6.61 � 3.82 16.34 � 11.26*
CRP (mg/l) 3.63 � 2.94 13.75 � 20.79*

Data are means � SD. *P � 0.01 vs. control, as assessed by unpaired Student’s t test.
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concentrations in multiple regression
analyses in control subjects with a GFR
�50 ml/min. These findings indicate that
markers of renal function should be in-
cluded in studies concerning RBP-4 phys-
iology. Furthermore, we show that serum
RBP-4 levels are almost fourfold higher in
CD patients compared with control sub-
jects. These data confirm prior work
(10,11) suggesting that RBP-4 concentra-
tions are significantly increased in end-

stage renal disease and that renal
excretion is a primary pathway for RBP-4
clearance. Interestingly, similar mecha-
nisms of elimination have been proposed
for other adipokines. Thus, plasma levels
of insulin-sensitizing adiponectin are 2.5-
fold higher in CD patients compared with
healthy subjects (12). This result is com-
parable with the data obtained in the
present study, where adiponectin con-
centrations in CD patients and control

subjects are 16.34 and 6.61 mg/l, respec-
tively (P � 0.05). Furthermore, plasma
leptin concentrations are increased about
twofold in CD patients (13). In accor-
dance with this finding, mean leptin se-
rum concentrations are more than
twofold higher in CD patients compared
with control subjects; in our hands, how-
ever, this difference does not reach statis-
tical significance.

Interestingly, urinary RBP-4 excre-
tion is increased in early diabetic ne-
phropathy and might even be a marker of
early renal damage preceding microalbu-
minuria (14–16). One study by Abahu-
sain et al. (15) demonstrates that both
urinary and serum RBP-4 concentrations
are increased in diabetic patients com-
pared with control subjects. These results
indicate that increased RBP-4 serum con-
centrations are not necessarily accompa-
nied by decreased urinary RBP-4
excretion. Therefore, it needs to be tested
in further studies how urinary RBP-4 ex-
cretion is influenced by renal function
and how it is related to serum RBP-4 lev-
els in the control subjects.

The physiological significance of in-
creased RBP-4 serum concentrations in
renal failure remains to be elucidated. It is
interesting to note in this context that in-
creased renal excretion of RBP-4 induced

Figure 1—Univariate correlation between RBP-4 serum levels and GFR in control (F) and CD
(E) patients using Pearson�s correlation method.

Table 2—Baseline characteristics of the study population further divided into control subjects without diabetes (Con-ND) or with diabetes
(Con-D) and CD patients without diabetes (CD-ND) or with diabetes (CD-D)

Con-ND Con-D CD-ND CD-D

n 30 29 26 32
RBP-4 (mg/l) 28 � 7 28 � 8 109 � 33*† 96 � 28*†
Age (years) 61 � 11 63 � 10 60 � 14 67 � 10
Sex (m/f) 11/19 15/14 17/9 18/14
BMI (kg/m2) 30 � 6 30 � 5 26 � 5*† 28 � 5
WHR 0.88 � 0.08 0.94 � 0.08 0.93 � 0.10 0.99 � 0.09*
Systolic blood pressure (mmHg) 126 � 16 128 � 12 124 � 23 123 � 21
Diastolic blood pressure (mmHg) 75 � 11 72 � 8 73 � 12 69 � 9
Creatinine (�mol/l) 77 � 15 75 � 18 815 � 246*† 743 � 271*†
Urea (mmol/l) 5.4 � 1.3 5.6 � 1.6 20.0 � 7.0*† 19.7 � 7.2*†
GFR (ml/min) 94 � 32 105 � 38 9 � 4*† 10 � 4*†
Parathyroid hormone (pmol/l) 4.4 � 1.7 3.8 � 1.4 25.2 � 26.6*† 20.4 � 13.6*†
Fasting glucose (mmol/l) 5.2 � 0.77 7.89 � 2.57* 4.67 � 0.89† 6.21 � 2.67†‡
Fasting insulin (pmol/l) 46 � 26 75 � 95 60 � 84 89 � 126
HOMA-IR 1.55 � 0.96 3.49 � 2.97 1.98 � 3.17† 4.54 � 9.43
FFAs (mmol/l) 0.52 � 0.19 0.60 � 0.27 0.56 � 0.32 0.70 � 0.39
Cholesterol (mmol/l) 5.47 � 0.84 4.92 � 1.36 4.52 � 1.00* 4.31 � 1.10*
Triglycerides (mmol/l) 1.22 � 0.47 1.71 � 1.00 1.66 � 0.53* 2.37 � 1.68*
Leptin (�g/l) 24 � 21 22 � 26 34 � 55 66 � 81†‡
Adiponectin (mg/l) 7.55 � 4.13 5.52 � 3.26 17.42 � 11.18*† 15.46 � 11.42*†
CRP (mg/l) 3.93 � 3.27 3.32 � 2.57 8.66 � 13.19 17.88 � 24.80*†

Data are means � SD. For comparisons between groups, one-way ANOVA was applied followed by Bonferroni post hoc analysis. *P � 0.05 vs. Con-ND; †vs. Con-D;
‡vs. CD-ND.
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by fenretinide not only normalizes serum
RBP-4 levels but also improves insulin
sensitivity in obese mice (4). Here, studies
in humans are awaited that will determine
whether a decrease in RBP-4 serum levels
decreases insulin resistance in a similar
manner. In the present study, CRP and
systolic blood pressure negatively corre-
late with serum RBP-4 concentrations in-
dependent of renal function in CD
patients but not control subjects. It needs
to be elucidated in future studies whether
inflammatory status and blood pressure
directly modulate RBP-4 levels in patients
with renal failure.

We find significant correlations be-
tween RBP-4 and WHR, FFAs, and cho-
lesterol in univariate analyses in CD
patients but not control subjects. How-
ever, these significant correlations are all
lost after adjustment for serum creatinine.
Furthermore, other markers of glucose
and lipid metabolism, including BMI,
fasting glucose, fasting insulin, HOMA-
IR, triglycerides, and adiponectin, do not
correlate with RBP-4 serum concentra-
tions in both groups studied. In accor-
dance with our data, RBP-4 levels are not
different among normal-weight, over-
weight, and obese women (8). In contrast,
RBP-4 levels are increased in overweight
women with polycystic ovary syndrome
(17), in obese adolescents (18), and in

obese children (19) compared with their
respective control subjects. Furthermore,
RBP-4 serum concentrations are reduced
in obese children after physical activity–
based lifestyle intervention (19). A posi-
tive correlation between RBP-4 levels and
BMI is found in several studies (5,18,19).
In contrast, serum RBP-4 concentrations
positively correlate with visceral adiposity
but not with BMI in another study (20).
Similarly, RBP-4 is not positively correlated
with BMI in 58 Japanese adult volunteers
(21). Stefan et al. (22) convincingly dem-
onstrated that circulating RBP-4 posi-
tively correlates with HOMA-IR in
healthy subjects. A positive association
between RBP-4 levels and insulin resis-
tance is also shown in obese and non-
obese adolescents (18); in subjects with
obesity, IGT, or type 2 diabetes; in non-
obese, nondiabetic subjects with a strong
family history of type 2 diabetes (5); and
in nonobese individuals without a family
history or diagnosis of diabetes (23). In
contrast, no correlation between RBP-4
and insulin resistance is found in Aborig-
inal Canadian women and white women
(24). Cho et al. (6) found significantly dif-
ferent RBP-4 levels between patients with
normal glucose tolerance on one hand
and IGT and diabetes on the other hand.
A similar increase in serum RBP-4 con-
centrations in diabetic subjects is ob-

served in an independent study (25).
Different patient characteristics might ex-
plain the differences observed in the asso-
ciation between RBP-4 and metabolic
parameters. Thus, prior reports showing
an association between RBP-4 and glu-
cose metabolism have been performed
with subjects either not taking glucose-
lowering drugs or undergoing an exten-
sive withdrawal period from their
medications (5,22). In contrast, the ma-
jority of the diabetic patients in our study
use insulin or oral hypoglycemic medica-
tions. Therefore, the results of these stud-
ies cannot be easily compared.

Dilution experiments (data not
shown) suggest that the RBP-4 enzyme-
linked immunosorbent assay kit used in
the current study does not have a lack of
linearity like other commercially available
enzyme-linked immunosorbent assays
(26). However, our enzyme-linked im-
munosorbent assay kit exhibits greater re-
activity for urinary proteolyzed RBP-4
compared with full-length nonproteo-
lyzed RBP-4 at all concentrations tested
(data not shown), in accordance with a
recent report (26). It needs to be deter-
mined in further experiments whether a
preferential accumulation of proteolyzed
RBP-4 in end-stage renal disease (10)
might lead to an overestimation of RBP-4
serum concentrations in the CD patients.
Here, quantitative Western blotting ap-
pears as the gold standard to measure
RBP-4 in human serum or plasma (26).

Taken together, we present evidence
that serum RBP-4 levels may be closely
related to renal function, even in subjects
with only mild to moderate renal impair-
ment. Our findings reinforce prior observa-
tions that renal filtration is an important
route of RBP-4 elimination and empha-
size that renal function should be consid-
ered in studies regarding the relationship
between RBP-4 and metabolic disease.
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