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Abstract
Objective: Serum concentrations of retinol-binding protein 4 (RBP4) are elevated in type 2 diabetes and associated with

the severity of insulin resistance; however, there are few data about the relationship between urinary RBP4 levels and

metabolic parameters. We assessed urinary RBP4 as a new biomarker by establishing its relationship with clinical

parameters associated with insulin resistance and urinary albumin excretion.

Design and methods: We measured RBP4 in the serum and urine of 689 subjects with diverse glucose tolerance status.

We also evaluated the relationship between urinary RBP4 and cardiometabolic risk factors, including insulin resistance,

high-sensitivity C-reactive protein (hsCRP), arterial stiffness, and microalbuminuria.

Results: Urinary RBP4 levels were higher in insulin-resistant subjects with prediabetes or type 2 diabetes than in subjects

with normal glucose tolerance (NGT) (type 2 diabetesOprediabetesONGT; all P!0.001). Urinary RBP4 correlated strongly

with homeostasis model assessments of insulin resistance (HOMA-IR), fasting glucose, triglycerides, blood pressure, hsCRP,

arterial stiffness, estimated glomerular filtration rate, and urinary albumin-to-creatinine ratio (all P!0.01). HOMA-IR and

arterial stiffness were found to be independent determinants of urinary RBP4 concentration. Furthermore, urinary RBP4

was highly predictive of microalbuminuria (odds ratio 2.6, 95% CI 1.6–4.2), even after adjustment for other metabolic

parameters. The area under the ROC curve for urinary RBP4 to detect the presence of microalbuminuria was 0.80G0.02

(95% CI 0.76–0.84) and the cut-off value was 157.01 mg/gCr.

Conclusions: Urinary RBP4 concentrations were elevated in patients with dysregulation of glucose metabolism and were

related to various cardiometabolic risk factors including insulin resistance, inflammation, and microalbuminuria.
sci
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Introduction
Insulin resistance contributes to the progression from

normal glucose tolerance (NGT) to impaired fasting

glucose (IFG), impaired glucose tolerance (IGT), and

type 2 diabetes mellitus (T2DM) (1). Even in the

absence of chronic hyperglycemia or diabetes, insulin

resistance confers an increased risk of cardiovascular
disease (1). Serum retinol-binding protein (RBP4)

is increased in insulin-resistant states and highly

associated with the magnitude of insulin resistance

and the severity of metabolic syndrome in humans

(2, 3, 4). Increased serum RBP4 causes insulin resistance

in mice by interfering with insulin signaling in the
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skeletal muscle and liver (2), andmay exert similar actions

in humans.

Microalbuminuria is an early marker of diabetic

nephropathy and an independent risk factor for cardiovas-

cular disease (5, 6). Previous data have demonstrated that

microalbuminuria is associated with insulin resistance in

both diabetic patients and nondiabetic individuals (7), and

is therefore also an indicator of early-stage metabolic

abnormalities involved in the pathogenesis of renal and

cardiovascular disease. Serum RBP4 levels are also closely

related to urinary albumin excretion (8, 9), although

this relationship has not been fully elucidated. As RBP4 is

primarily cleared by the kidney, serumRBP4 concentrations

are affected by the glomerular filtration rate and become

greatly elevated inend-stage renal disease inhumansor after

nephrectomy in rodents (10, 11, 12, 13). Nevertheless, the

relationship between RBP4 excreted in urine and insulin

sensitivity, glycemia, and other components of the meta-

bolic syndrome has not been determined.

The main purpose of this study was to clarify the

association between urinary RBP4 levels and various

cardiometabolic risk factors, including insulin resistance,

high-sensitivity C-reactive protein (hsCRP), and arterial

stiffness. In addition, we evaluated whether circulating

concentrations of RBP4 in the urine are related to the

severity of microalbuminuria.
Subjects and methods

From September 2007 to September 2008, subjects aged

21–80 years with a history of hyperglycemia (fasting

plasma glucose R5.5 mmol/ml) or diabetes were enrolled

in the Seoul Metro-City Diabetes Prevention Program (14).

From five public health centers, we recruited a total of 689

subjects with NGT (nZ75), prediabetes (IFG and/or IGT,

nZ143), or T2DM (nZ471); all subjects had stable renal

function and serum creatinine (Cr) concentrations less

than 2.0 mg/dl. The subjects with end-stage renal disease

were excluded. The subjects were excluded if they were

taking antiobesity medications or corticosteroids or if they

had a history of diabetic ketoacidosis, symptomatic heart

failure, or hepatic dysfunction. Assignment to groups was

determined by a 75-g oral glucose tolerance test according

to the diagnostic criteria of the American Diabetes

Association (15). All participants provided written

informed consent. This study was approved by the

Institutional Review Board of Kangbuk Samsung Hospital.

Blood samples were collected after an overnight fast.

The subjects provided a concurrent morning specimen of

urine. Aliquots of plasma and urine were stored atK80 8C.
www.eje-online.org
Blood pressure, height, weight, and waist-and-hip circum-

ferences were measured using standard methods. Plasma

glucose concentration was determined using a Beckman

glucose analyzer II (Beckman Instruments, Fullerton, CA,

USA). HbA1c was measured using HPLC (Variant II, Bio-

Rad Laboratories). Intra-assay coefficient of variation (CV)

values were !1.5% for glucose and !3.0% for HbA1c.

Serum insulin was measured using an IRMA (Biosource,

Nivells, Belgium) according to the manufacturer’s recom-

mendation. Plasma lipids, including total cholesterol,

triglycerides (TG), HDL, and LDL, were measured by

enzymatic colorimetric assay (ADVIA 1650). Serum

hsCRP levels were measured by nephelometric assay

using a BNII nephelometer (Dade Behring, Deerfield,

IL, USA); hsCRP results were presented as milligrams per

liter, and the limit of measurement was 0.175 mg/l with a

sample dilution of 1:20. Homeostasis model assessments

of insulin resistance (HOMA-IR) were calculated as

described previously (16). Serum Cr concentrations were

measured using the timed end-point method (Unicel DxC

800, Beckman and Coulter, Krefeld, Germany).

The urinary microalbumin-to-creatinine (albumin-

to-creatinine ratio, ACR) ratio was calculated using

concurrent measurements in a morning daytime urine

specimen by the immunonephelometric method using a

DCA 2000 albumin:creatinine ratio urine analyzer (Bayer

Corp.). Microalbuminuria was defined as an ACR of

30–300 mg/mg creatinine. Glomerular filtration rate was

estimated by the Modification of Diet in Renal Disease

Study Group formula (estimated glomerular filtration

rate, eGFR) (17).

Urinary and serum RBP4 concentrations were

measured using a commercial ELISA kit (Adipogen, Seoul,

Korea). Intra-assay CV values for serum ranged between

2.02 and3.59%, and inter-assayCVvalues for serumranged

from 3.99 to 5.94%. The intra-assay CV values for urine

RBP4 ranged between 3.02 and 6.01%, whereas the

interassay CV values for urine RBP4 ranged between 5.87

and 10.16%. This ELISA is capable of detecting both

truncated and degraded RBP4 forms as well. The con-

centrations of ACR and RBP4 in urine were measured

using the same samples. Serum transthyretin (TTR) levels

were measured using an ELISA kit (ALPCO Diagnostics,

Windham, NH, USA).

Pulse wave velocity (PWV) was determined using an

automatic waveform analyzer VP2000 (Omron Healthcare

Co., Ltd., Kyoto, Japan). The subjects were examined

in the supine position after resting for at least 5 min.

The pressure waveforms of the brachial and tibial arteries

were recorded by an oscillometric method using
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occlusion/sensing cuffs applied to both arms and both

ankles.We used themean baPWV (average of right and left

brachial-ankle PWVs) value as a marker of arterial stiffness.
Statistical analyses

Continuous variables with normal distribution were

expressed as meansGS.D., and variables with skewed

distributions were expressed as median and range and

log-transformed for statistical analysis. ANOVA,Wilcoxon

rank-sum, and Kruskal–Wallis tests were used for com-

parison of continuous variables, and the c2-test was used

for comparison of categorical variables. Pearson’s corre-

lation analysis identified significant correlations between

urinary RBP4 concentrations and various metabolic

parameters. Stepwise linear regression analyses were

used to identify independent predictors of RBP4 concen-

trations in urine. Multivariate logistic regression analyses

were performed to test the independent strengths of
Table 1 Baseline characteristics of the study population. Data a

non-normal distribution or n (%).

Normal (nZ75) I

Age (years) 40.28G0.977
Sex (M/F) 34/41
BMI (kg/m2) 22.63G3.21
Waist circumference (cm) 78.01G9.79
Fasting blood glucose (mmol/l) 5.17G0.28
HbA1c (%) 5.32G0.29
Total cholesterol (mmol/l) 4.62G0.78
Triglyceride (mmol/l) 1.06G0.76
HDL (mmol/l) 1.40.G0.32
LDL (mmol/l) 2.82G0.80
Fasting insulin (pmol/l) 38.76G19.43
HOMA-IR (arbitrary unit) 1.39G0.72
hsCRP (mg/l) 0.13G0.28
Consuming antihypertensive
drugs, n (%)

1 (1.3)

Urinary ACR (mg/g) 9.68G11.74
Serum creatinine concentration
(mg/dl)

0.85G0.19

eGFR (ml/min 1.73 per m2) 94.77G20.54
Current smoking (%) 17.3
Current alcohol intake (%) 38.7
Systolic blood pressure (mmHg) 113.19G9.86
Diastolic blood pressure (mmHg) 70.05G7.59
Hypertension, n (%) 1 (1.3)
Right baPWV (cm/s) 1199.6G203.6
Left baPWV (cm/s) 1245.1G193.9
Mean baPWV (cm/s) 1822.1G298.3
Serum RBP4 (mg/ml) 73.86G32.81
Urinary RBP4 (mg/gCr) 100.91G64.65
Serum TTR (mg/ml) 173.86G88.46

*P!0.005 vs normal group; †P!0.005 vs IFG/IGT group; IFG, impaired fasting
assessment-insulin resistance; hsCRP, high-sensitivity C-reactive protein; ACR, al
pulse wave velocity; RBP, retinol-binding protein; TTR, transthyretin.
associations of microalbuminuria or combined micro-

albuminuria and macroalbuminuria with urinary RBP4.

ROC curves were plotted for the detection of microalbu-

minuria. Statistical analyses were conducted with SPSS

18.0 software for Windows (SPSS, Inc.). A P value !0.05

was considered significant for all studies.
Results

Urinary RBP4 concentrations in insulin-resistant human

subjects and normal control subjects

Anthropometric and clinical characteristics of study

participants are shown in Table 1. With increasing

categories of impaired glucose metabolism, we found the

expected group differences in several metabolic para-

meters, including age, BMI, waist circumference, fasting

blood glucose, HbA1c, TG, HDL, fasting insulin, insulin

sensitivity (HOMA-IR), hsCRP, and blood pressure.
re summarized as meanGS.D., median (interquartile range) for

FG or IGT (nZ143) Type 2 diabetes (nZ471) P value

57.83G12.78* 63.13G9.93*,† !0.001
61/82 232/239 0.355
24.55G3.62* 25.38G10.55*,† 0.041
84.32G10.34* 87.91G8.57*,† !0.001
6.16G0.39* 8.32G2.09*,† !0.001
5.72G0.30 7.29G1.30*,† !0.001
5.09G0.93* 4.89G0.99 0.003
1.50G0.74* 1.85G1.13*,† !0.001
1.37G0.30 1.28G0.33*,† !0.001
2.91G.0.83 2.72G0.83 0.051

66.00G24.83* 76.45G34.93*,† !0.001
2.80G1.12* 4.35G2.36* !0.001
0.18G.57 0.24G0.55*,† !0.001
50 (35.0)* 270 (50.3)*,† !0.001

28.94G54.50* 42.82G72.71*,† !0.001
0.73G0.19* 0.78G0.20*,† !0.001

94.26G30.15 84.36G26.47*,† !0.001
20.9 25.4 0.220
26.9 25.0 0.047

123.45G15.89* 128.44G15.29*,† !0.001
73.27G10.01* 74.21G10.60* !0.001
50 (35.0)* 270 (57.3)* !0.001

1481.0G347.2* 1647.3G403.1*,† !0.001
1483.3G435.7* 1666.9G979.2*,† !0.001
2222.7G528.5* 2481.5G687.5*,† !0.001
108.17G59.02 127.10G62.54 !0.001
391.08G723.33* 467.21G701.86* !0.001
495.52G768.14* 452.63G764.49* 0.013

glucose; IGT, impaired glucose tolerance; HOMA-IR, homeostatic model
bumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; PWV,
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Urinary ACR also increased with worsening insulin-

glucose homeostasis (i.e. from NGT to prediabetes and

from prediabetes to T2DM), but only the subjects with

T2DM exhibited impaired renal function as a group, as

indicated by significantly increased serum Cr and reduced

eGFR. Both side and mean baPWV progressively increased

from NGT to prediabetes to T2DM in a stepwise manner

(Table 1). Urinary RBP4 levels were greater in subjects with

prediabetes and T2DM than in subjects with NGT

(T2DMOprediabetesONGT, P!0.001 for all; Table 1).

Serum TTR concentrations followed a similar trend

(PZ0.013 for all; Table 1).
Correlation between urinary RBP4 concentrations and

metabolic parameters

Univariate regression analyses revealed significant

relationships between urinary RBP4 concentrations and

metabolic parameters. Urinary levels of RBP4 were

associated with serum RBP4 and TTR levels, consistent

with its proposed function in stabilization of RBP4 in the

serum (18). Both urinary and serum RBP4 levels correlated

positively with age, waist circumference, fasting glucose,

TG, fasting insulin, HOMA-IR, eGFR, and urinary ACR in
Table 2 Correlation between serum or urinary RBP4 and various

Urinary RBP4 (mg/gC

Correlation coefficient

Age (years) 0.272
BMI (kg/m2) K0.005
Waist circumference (cm) 0.132
Fasting glucose (mmol/l) 0.286
Total cholesterol (mmol/l) 0.042
Triglyceride (mmol/l)a 0.113
HDL (mmol/l) K0.011
LDL (mmol/l) 0.001
Fasting insulin (pmol/l)a 0.159
HOMA-IR (arbitrary unit)a 0.242
HsCRP (mg/l)a 0.114
Urinary ACR (mg/g)a 0.576
Serum creatinine concentration
(mg/dl)

0.020

Systolic blood pressure (mmHg) 0.179
Diastolic blood pressure (mmHg) 0.124
eGFR (ml/min per 1.73 m2) K0.113
Right baPWV (cm/s)a 0.195
Left baPWV (cm/s)a 0.184
Mean baPWV (cm/s)a 0.194
Serum RBP4 (mg/ml) 0.173
Urinary RBP4 (mg/gCr) –
Serum TTR (mg/ml)a 0.091

HOMA-IR, homeostatic model assessment insulin resistance; hsCRP, high-sensit
glomerular filtration rate; PWV, pulse wave velocity; RBP, retinol-binding prote
aLogarithmic transformation was performed because of skewed distribution.

www.eje-online.org
all subjects. Serum RBP4 levels were also positively

associated with total cholesterol levels. Although PWV

correlated with both urinary RBP4 and serum RBP4 levels,

blood pressure and hsCRP levels correlated only with

urinary RBP4, and not with serum RBP4 (Table 2). Stepwise

linear regression analysis revealed that HOMA-IR and

mean PWV were strong predictors for urinary RBP4 levels,

but age, sex, BMI, TG, systolic blood pressure, hsCRP, and

eGFR were excluded (Table 3).
Association between urinary RBP4 concentrations

and albuminuria

Multivariate regression analysis models indicated that

urinary RBP4 concentrations (log(urinary RBP4(mg/gCr)))

strongly predicted an increased risk for microalbuminuria

(odds ratio (OR) 13.22, 95% CI 7.78–22.47, P!0.001) and

combined micro- and macroalbuminuria (OR 12.30, 95%

CI 7.42–20.32, P!0.001), even after adjusting for age, sex,

BMI, current status of smoking and alcohol intake, blood

pressure, use of angiotensin receptor blocker or angioten-

sin-converting enzyme inhibitor, HOMA-IR, triglyceride,

hsCRP, and eGFR. Urinary RBP4 concentration showed a

stronger association with urinary ACR than serum RBP4
metabolic parameters.

r)a Serum RBP4 (mg/ml)

P Correlation coefficient P

!0.001 0.139 !0.001
0.889 0.022 0.562
0.001 0.139 !0.001

!0.001 0.241 !0.001
0.271 0.092 0.016

!0.003 0.351 !0.001
0.778 K0.056 0.140
0.980 K0.020 0.598

!0.001 0.163 !0.001
!0.001 0.239 !0.001
!0.001 K0.023 0.558
!0.001 0.134 0.001

0.592 0.288 !0.001

!0.001 0.038 0.348
!0.001 0.062 0.127

0.003 K0.203 !0.001
!0.001 0.116 !0.001
!0.001 0.099 !0.001
!0.001 0.103 0.011
!0.001 – –

– 0.132 0.001
0.017 0.167 !0.001

ivity C-reactive protein; ACR, albumin-to-creatinine ratio; eGFR, estimated
in; TTR, transthyretin.
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Table 3 Stepwise linear regression of independent predictors

of log(urinary RBP4 (mg/gCr)) concentration.

Variables

Urinary RBP4 (mg/gCr)a

Coefficient S.E.M. P

HOMA-IR (arbitrary unit)a 0.216 0.092 0.020
Mean PWV (cm/s)a 0.948 0.201 !0.001

Independent variables included were age, sex, BMI, HOMA-IRa, triglycer-
idea, systolic blood pressure, hsCRPa, eGFR, and mean PWVa. The
dependent variable was urinary RBP4 (mg/gCr). HOMA-IR, homeostatic
model assessment insulin resistance; eGFR, estimated glomerular filtration
rate; PWV, pulse wave velocity; RBP, retinol-binding protein.
aThis variable was log-transformed before analysis.
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concentration (OR 1.004, 95% CI 1.000–1.007, PZ0.032

for microalbuminuria and OR 1.004, 95% CI 1.000–1.007,

PZ0.032 for combined micro- and macroalbuminuria).

The area under the ROC curve for urinary RBP4 to detect

the presence of microalbuminuria was 0.80G0.02 (95% CI

0.76–0.84, Fig. 1). The cutoff value of urinary RBP4 was

157.01 mg/gCr and the sensitivity was 80.18%, and the

specificity was 64.03%.
1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

ROC curve

S
en
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Figure 1

ROC analysis of urinary RBP4 levels for the prediction of

microalbuminuria.
Discussion

In this study, we show that urinary RBP4 concentrations

were elevated in patients with dysregulation of glucose

metabolism and were associated with several cardio-

metabolic parameters including insulin resistance, inflam-

mation, and arterial stiffness. In addition, urinary RBP4

was strongly predictive of urinary albumin excretion, even

in early stages of renal disease before the development

of macroalbuminuria and reduced eGFR levels charac-

teristic of advanced diabetic nephropathy. Urinary RBP4

may therefore be a particularly useful screening tool for

metabolic disease in populations at risk. Urine studies are

noninvasive, and this assay can be carried out in parallel

with other urine studies such as ACR that utilize random

‘spot’ urine samples.

RBP4 is upregulated in the adipose tissue of several

insulin resistant mouse models and causes hyperglycemia

by interfering with insulin signaling in skeletalmuscle and

the liver (2, 3). Elevated serum RBP4 levels are associated

with the severity of insulin resistance, obesity, and

components of the metabolic syndrome in humans (4).

This study extends previous findings by showing that both

serum and urinary RBP4 levels are positively correlated

with a number of metabolic parameters related with

insulin resistance as well as an insulin resistance index.

The insulin resistance index was also found to be an

independent determinant of urinary RBP4 concentration.
Consistent with previous reports (8, 19), our data indicate

that elevated serum RBP4 concentrations might lead to

increased urinary excretion of RBP4. Further studies are

required to determine whether urinary RBP4 excretion

plays a causal role in the regulation of serum RBP4 levels

and insulin resistance.

Low-grade systemic inflammation, possibly resulting

from macrophage infiltration in adipose tissue, has been

shown to correlate with both increased RBP4 expression in

adipose tissue and increased circulating RBP4 (20). The

associations between RBP4 andmarkers of systemic inflam-

mation (20) have been also described in obese individuals,

and inflammation represents a potential mediator of RBP4-

associatedmetabolic alterations (21). HsCRP is a recognised

marker of low-grade inflammation in obesity and other

insulin-resistant states. We found that urinary RBP4

excretion positively correlated with serum hsCRP levels,

but serum RBP4 concentrations did not. To our knowledge,

this is the first study to demonstrate a relationship between

urinary RBP4 excretion and the systemic inflammation

associated with insulin resistance in human subjects.

We found that urinary albumin excretion was signi-

ficantly associated with urinary RBP4 concentrations in

patients with relatively intact renal function. Urinary

excretion of RBP4 has been recommended as a usefulmarker

for the detection of minor changes in proximal tubular

function before the occurrence of other markers such as

overt proteinuria or an increase in plasma creatinine (22).

An increase in the filtered load of albumin may be
www.eje-online.org
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responsible for the increased urinary excretion of RBP4 as a

result of competition for reabsorption sites in the proximal

tubules (23), leading to the positive correlation between

urinary RBP4 and urinary albumin levels observed in our

study. Previously, it was reported that serum RBP4 levels are

also an independent risk factor for microalbuminuria (8, 9).

UrinaryRBP4 levels appeared tobemore effective than serum

RBP4 levels for detectingmicroalbuminuria.We showed that

urinaryRBP4 levelmightbeaneffectivebiomarker for insulin

resistance and inflammation as well as microalbuminuria,

although these results could not suggest that urinary RBP4

is not a more sensitive biomarker than urinary albumin.

Further study is needed to compare the urinary RBP4 with

urinary albumin as a biomarker of diabetic nephropathy.

Macrophage accumulation in diabetic kidneys predicts

declining renal function and inflammatory cellsmight have

a pathogenic role in diabetic nephropathy (24). Inflam-

mation is also known to be associatedwith an increased risk

for cardiovascular disease (25), and it was reported that

higher serum RBP4 levels are associated with an increased

risk of coronary heart disease (26). Insulin resistance is also

closely associated with an increased risk of cardiovascular

disease (1). In our study, arterial stiffness, measured using

PWV, a useful marker for the assessment of increased

cardiovascular risk (27), was found to be an independent

determinant of urinary RBP4 concentration. Furthermore,

we found that blood pressure, a well-known risk factor for

cardiovascular disease, was associated with urinary RBP4

levels, not with serum RBP4 levels. In the current study, the

significant association between urinary RBP4 and cardio-

vascular risk factors might be closely related to the link of

urinary RBP4 with insulin resistance, inflammation, and

microalbuminuria. Previously, the relationships between

arterial stiffness and albuminuria were reported in type 2

diabetic patients (28). Generalized vascular damage may

serve as a common pathogenic mechanism linking micro-

albuminuria and premature atherosclerosis (29). These

findings suggest that urinary RBP4 as well as microalbumi-

nuria might reflect generalized vascular dysfunction and

be a useful marker for cardiovascular risk factors.

Because of the cross-sectional nature of our study, we

were not able to examine the temporal relation between

urinary RBP4, insulin resistance, and related metabolic

parameters. A long-term follow up of larger groups will be

needed to establish a predictive relationship between

urinary RBP4 concentrations and metabolic parameters

and renal function. In addition, our study subjects were

not drug-naı̈ve, and some subjects were on antihyperten-

sive and/or glucose-lowering medications, which could

influence both RBP4 concentrations and renal excretion of
www.eje-online.org
RBP4 and/or albumin. However, the stochastic effects of

different drug combinations in our patients would most

likely result in weaker correlations between urinary RBP4

andmetabolic and renal function parameters. Therefore, it

is possible that these relationships may be even stronger in

drug-naı̈ve subjects.

Despite these limitations, our results provide import-

ant evidence that urinary RBP4 concentrations are

elevated in insulin-resistant patients with prediabetes

and T2DM, and that urinary RBP4 excretion correlates

with the magnitude of insulin resistance, inflammation,

and urinary albumin excretion. As RBP4 excretion is

known to be increased in the setting of renal proximal

tubular injury (8, 23), it is possible that urinary RBP4

excretion will provide additional information for stratify-

ing the risk of renal disease progression among subjects

with insulin resistance and type 2 diabetes. Prospective

studies will be needed to further define the potential role

of urinary RBP4 measurement in the diagnosis and

management of insulin-resistant patients.
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