
ORIGINAL ARTICLE

Circulating retinol-binding protein 4 concentrations in patients
with coronary artery disease and patients with type 2
diabetes mellitus

Mohammad Jafar Mahmoudi & Maryam Mahmoudi &
Fereydoon Siassi & Mona Hedayat & Parvin Pasalar &

Maryam Chamari & Hassan Abolhassani & Nima Rezaei &
Ali-Akbar Saboor-Yaraghi

Received: 23 July 2011 /Accepted: 11 May 2012 /Published online: 17 June 2012
# Research Society for Study of Diabetes in India 2012

Abstract Circulating Retinol-Binding Protein 4 (RBP4)
has recently been identified as a marker of insulin resistance.
We tested this hypothesis in patients with coronary artery
disease (CAD), patients with type 2 diabetes mellitus
(T2DM), and in non-diabetic control subjects. We studied
plasma RBP4 levels and RBP4-to-transthyrethin (TTR)

ratio, estimating the excess circulating RBP4 in proportion
to TTR, in 45 individuals divided into three groups (15
CAD, 15 T2DM, and 15 controls). Plasma RBP4 levels
were significantly lower in patients with T2DM than in
non-diabetic control subjects (P00.05). The RBP4/TTR
ratio was not statistically different between the groups.
There was no difference in plasma RBP4 levels and
RBP4/TTR ratio between non-diabetic CAD patients and
control subjects or those with and without metabolic syn-
drome. No significant associations were found between
RBP4 and RBP4/TTR ratio, as dependent parameters, with
markers of the metabolic syndrome and lipid metabolism.
RBP4 does not seem to be a valuable marker for identifica-
tion of the metabolic syndrome or insulin resistance in
patients with T2DM or CAD.
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Introduction

Adipose tissues function as an endocrine organ, secreting
several bioactive molecules collectively known as adipo-
kines [1]. Retinol-binding protein 4 (RBP4) is a newly
discovered adipokine with potential implications in the de-
velopment of obesity-associated diseases, including insulin
resistance, type 2 diabetes mellitus (T2DM), and cardiovas-
cular disease (CVD) [2]. RBP4 is mainly synthesized in the
liver and secreted bound to retinol, along with transthyretin
(TTR), a homotetrameric thyroid hormone transport protein,
forming a 1:1 molar complex in the human plasma [3].

Serum RBP4 has been recently reported to be associated
with insulin resistance in subjects with obesity, Impaired
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Glucose Tolerance (IGT), or T2DM and lean non-diabetic
individuals with a strong family history of diabetes [4].
However, whilst the role of RBP4 in human glucose metab-
olism is considered controversial [5-8], its close association
with proatherogenic lipid profile makes it a potential novel
marker for identifying those at increased risk of cardiovas-
cular events and premature death [8, 9]. The purpose of the
present study was to investigate circulating RBP4 concen-
trations in patients with CAD, patients with T2DM, and
non-diabetic control subjects, correlating RBP4 levels with
components of the metabolic syndrome and circulating
lipoproteins.

Patients and methods

Participants

A total of 45 subjects were included in this study. All
participants underwent elective coronary angiography for
the evaluation of stable CAD based on clinical indication.
Three cohorts were studied: (1) 15 patients with angiograph-
ically confirmed CAD without T2DM; (2) 15 patients with
T2DM without CAD by coronary angiography; and (3) 15
non-diabetic control subjects without CAD by coronary
angiography. CAD was diagnosed angiographically and de-
fined as ≥50 % diameter stenosis in at least one of the
coronary arteries or their branches. T2DM was defined
according to the criteria of the American Diabetes Associa-
tion [10]. Previously diagnosed DM, receiving oral hypo-
glycemic drugs and/or insulin, and fasting plasma glucose
levels of ≥126 mg/dL were considered exclusion criteria for
the CAD and control groups. Patients with active infections,
autoimmune diseases, malignancies, and recent myocardial
infarction were excluded. Written informed consent was
obtained from all participants. This study was approved by
the Ethics Committee of Tehran University of Medical Sci-
ences and Health Services.

Data collection included demographics, cardiovascular
risk factors including diabetes, hypertension, hypercholes-
terolemia, family history of CAD, smoking, medication in
use, measures of weight, height, waist circumference at its
narrowest point, and Body Mass Index (BMI) calculated as
weight in kilograms divided by height square in meters.
Metabolic syndrome was diagnosed according to National
Cholesterol Education Program Adult Treatment Panel III
criteria [11]. Participants were also divided in two groups
according to BMI (BMI>30 or ≤30 kg/m2).

Biochemical assays

Fasting blood samples were collected for the measurement of
plasma glucose, total cholesterol, Low-Density Lipoprotein

(LDL) cholesterol, High-Density Lipoprotein (HDL) choles-
terol, triglyceride, and C-Reactive Protein (CRP). All samples
were frozen at −80°C until assayed. Laboratorymeasurements
were performed using automated enzymatic commercial kits
(Pars Azmoon, Tehran, Iran).

RBP4 and TTR assays

Plasma RBP4 and TTR levels were determined in duplicate
by sandwich Enzyme-Linked Immunosorbent Assay
(ELISA).

Statistical analyses

The statistical analyses were performed using SPSS soft-
ware version 17.0 for Windows (SPSS Inc., Chicago, IL,
USA). RBP4 and TTR form a 1:1 molar complex in plasma
[3]. In order to estimate the excess RBP4 in proportion to
TTR, the molar concentrations of RBP4 were divided to the
molar concentrations of TTR. Continuous variables were
expressed as mean±standard deviation (SD). Comparison
between two cohorts of patients was performed by unpaired
Student’s t-test or Mann–Whitney U test. Three-way analy-
sis of variance (ANOVA) was used to compare RBP4, TTR,
and RBP4/TTR ratio according to age and sex among the
groups. Categorical variables were expressed as percentages
and compared by Pearson’s Chi-square test and Fisher’s
exact test. In univariate analysis models, the associations
of plasma RBP4 levels and RBP4/TTR ratio, as dependent
parameters, were investigated with markers of the metabolic
syndrome and lipid metabolism, as independent variables.
Age and sex were also included in all models. Results were
reported as Regression Coefficients (RC) with 95 % Confi-
dence interval (CI). A p value of less than 0.05 was consid-
ered to be statistically significant.

Results

The baseline characteristics of participants are summarized
in Table 1. Compared with control subjects, non-diabetic
CAD patients were older and had a lower mean HDL
cholesterol level. The prevalence of hypertension was
higher in non-diabetic CAD patients than in non-diabetic
controls. Abdominal obesity, hypercholesterolemia, and hy-
pertension were more prevalent in patients with T2DM than
in non-diabetic controls. The metabolic syndrome was di-
agnosed in approximately half of all participants (N023).
Subjects diagnosed with metabolic syndrome had a higher
proportion of diabetes, hypertension, hypertriglyceridemia,
abdominal obesity, and angiographically confirmed CAD.
CRP was significantly higher in subjects with than in those
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without metabolic syndrome (4.34±4.66 vs. 1.64±1.58 mg/
dL, p00.014).

Plasma RBP4 and TTR

Univariate linear regression analysis showed a significant
correlation between plasma RBP4 levels as the dependent
parameter and plasma TTR levels (P<0.0001, r2: 0.291, RC:
0.539, CI: 0.292–0.718) (Fig. 1). Similar results were
obtained after age and sex adjustment.

Plasma RBP4

Plasma RBP4 levels were lower in individuals with T2DM
compared with non-diabetic control subjects (1.09±0.23
vs.1.24±0.15 μmol/L, p00.05). There was no difference
between non-diabetic CAD patients and control subjects
(P00.418) or those with and without metabolic syndrome

Table 1 Clinical characteristics of non-diabetic CAD and diabetic patients and controls

Characteristics CAD (N015) T2DM (N015) Control (N015) P value

Age (yrs) 55.20±10.97* 56.26±7.55 42.66±5.32* <0.001

Male gender [N (%)] 15 (100) 9 (60)** 13 (86.67)** 0.014

Hypertensiona [N (%)] 12 (80)* 8 (54)** 0 (0)*,** 0.001

Hypertriglyceridemiab [N (%)] 9 (60) 7 (47) 4 (27) ns

Hypercholesterolemiac [N (%)] 4 (27) 8 (53)** 1 (7)** 0.018

Abdominal obesityd [N (%)] 8 (53) 13 (87)** 5 (33)** 0.012

Metabolic syndrome [N (%)] 11 (73)* 12 (80)** 0 (0)*,** <0.001

Metabolic syndrome score 3.20±1.01* 3.40±0.98** 1.06±0.79*,** <0.001

Smoking [N (%)] 3 (20) 1 (7) 2 (13) ns

Waist circumference (cm) 82.76±11.21 85.38±9.39 85.62±19.37 ns

Body mass index (kg/m2) 29.75±4.24 32.15±3.36 30.46±7.22 ns

Triglyceride (mg/dL) 220.95±123.58 173.34±77.38 141.30±68.97 ns

Total cholesterol (mg/dL) 174.01±37.96 190.85±51.96 213.59±51.33 ns

LDL cholesterol (mg/dL) 91.96±26.46 106.02±36.00 120.07±36.6 ns

HDL cholesterol (mg/dL) 45.15±9.09* 46.50±11.89 55.38±11.65* 0.029

CRP (mg/dL) 4.28±4.13 3.25±4.39 1.52±1.77 ns

RBP4 (μmol/L) 1.30±0.29 1.09±0.23** 1.24±0.15** 0.025

TTR (μmol/L) 0.56±0.15* 0.44±0.1 0.45±0.11* 0.018

RBP4/TTR ratio 2.45±0.65 2.57±0.62 2.93±0.83 ns

a Diagnosed hypertension or receiving antihypertensive medications
b Elevated triglycerides or receiving lipid lowering medications
c Elevated total cholesterol (or low HDL cholesterol) or receiving lipid lowering medications
d Elevated waist circumference, i.e. waist circumference ≥88 cm in women and ≥102 cm in men. LDL Low-Density Lipoprotein; HDL High-
Density Lipoprotein; CRP C-Reactive Protein; RBP4 Retinol-Binding Protein 4; TTR Transthyretin

*P value<0.05 non-diabetic CAD patients vs. controls

**P value<0.05 diabetic patients vs. controls

***P value<0.05 non-diabetic CAD vs. diabetic patients

ns not significant
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Fig. 1 Significant correlation between plasma levels of RBP4 and
TTR (P<0.0001, r2: 0.291, RC: 0.539, CI: 0.292–0.718)
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(P00.054). There was no difference in plasma RBP4
according to obesity (P00.261) or sex (P00.969).

Plasma TTR

Plasma TTR levels were not significantly different between
patients with T2DM and non-diabetic control subjects
(P00.90) or those with and without metabolic syndrome
(P00.537). Plasma TTR levels were significantly higher in
non-diabetic CAD patients compared with control subjects
(0.56±0.15 vs. 0.45±0.11 μmol/L, P00.027). There was no
difference in plasma TTR according to obesity (P00.063) or
sex (P00.709).

RBP4/TTR ratio

RBP4/TTR ratio was not statistically different between
T2DM patients and controls (P00.182), non-diabetic CAD
patients and controls (P00.085), or those with and without
metabolic syndrome (P00.433)

Associations of RBP4 and RBP4/TTR ratio with markers
of the metabolic syndrome and lipid metabolism

In patients with T2DM, univariate regression analyses
revealed no significant associations between RBP4 and
RBP4/TTR ratio as dependent parameters with markers of
the metabolic syndrome and lipid metabolism, including
waist circumference, BMI, history of hypertension, triglyc-
eride, total cholesterol, LDL, and HDL (Table 2). There
were also no associations found in non-diabetic CAD
patients (Table 3).

Discussion

RBP4 was recently reported to be expressed by adipose
tissue and associated with insulin resistance and compo-
nents of the metabolic syndrome in patients with T2DM,
IGT, or obesity [4, 5]. No associations between RBP4 and
markers of insulin sensitivity have also been reported in

Table 2 Univariate linear
regression analyses for RBP4
and RBP4/TTR ratio in patients
with T2DM or controls

aDiagnosed hypertension or
receiving antihypertensive
medications. BMI Body Mass
Index; HDL High-Density
Lipoprotein; LDL Low-Density
Lipoprotein; CRP C-Reactive
Protein. Results are Regression
Coefficient (RC) with 95 %
Confidence Interval (CI)

ns not significant

Covariates RBP4 (μmol/L) RBP4/TTR ratio

RC CI P RC CI P

Age −0.324 −0.612 to 0.041 ns −0.275 −0.578 to 0.094 ns

Sex 0.136 −0.235 to 0.473 ns −0.234 −0.548 to 0.137 ns

Waist circumference 0.047 −0.318 to 0.4 ns 0.108 −0.262 to 0.45 ns

BMI 0.243 −0.128 to 0.554 ns 0.129 −0.242 to 0.467 ns

Hypertensiona −0.137 −0.473 to 0.234 ns −0.163 −0.494 to 0.209 ns

Triglyceride 0.019 −0.343 to 0.376 ns 0.302 −0.065 to 0.597 ns

Total cholesterol 0.192 −0.18 to 0.516 ns 0.168 −0.204 to 0.498 ns

LDL cholesterol 0.178 −0.194 to 0.505 ns 0.166 −0.206 to 0.496 ns

HDL cholesterol 0.178 −0.194 to 0.505 ns −0.134 −0.471 to 0.237 ns

CRP −0.191 −0.515 to 0.181 ns 0.110 −0.26 to 0.452 ns

Table 3 Univariate linear
regression analyses for RBP4
and RBP4/TTR ratio in patients
with CAD or controls

aDiagnosed hypertension or
receiving antihypertensive
medications. BMI Body Mass
Index; HDL High-Density
Lipoprotein; LDL Low-Density
Lipoprotein; CRP C-Reactive
protein. Results are Regression
Coefficient (RC) with 95 %
Confidence Interval (CI)

ns not significant

Covariates RBP4 (μmol/L) RBP4/TTR ratio

RC CI P RC CI P

Age −0.070 −0.419 to 0.297 ns −0.195 −0.518 to 0.177 ns

Sex 0.208 −0.164 to 0.528 ns 0.032 −0.332 to 0.387 ns

Waist circumference 0.056 −0.31 to 0.408 ns 0.223 −0.149 to 0.539 ns

BMI 0.229 −0.143 to 0.544 ns 0.326 −0.038 to 0.614 ns

Hypertensiona −0.029 −0.385 to 0.334 ns −0.180 −0.507 to 0.192 ns

Triglyceride 0.297 −0.07 to 0.593 ns −0.130 −0.468 to 0.241 ns

Total cholesterol −0.010 −0.368 to 0.351 ns −0.039 0.393 to 0.325 ns

LDL cholesterol −0.092 −0.437 to 0.277 ns 0.010 −0.351 to 0.368 ns

HDL cholesterol 0.062 −0.305 to 0.413 ns −0.118 −0.458 to 0.253 ns

CRP −0.247 −0.557 to 0.124 ns 0.142 −0.23 to 0.477 ns
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patients with T2DM [8] or non-diabetic, insulin-resistant
individuals [12, 13]. These findings are in accordance with
recent published data showing that circulating RBP4 con-
centrations were similar in lean, overweight, and obese
postmenopausal women and that there was no relationship
between the HOMA index of insulin resistance and circu-
lating RBP4 concentrations [14]. Moreover lower RBP4
levels have also been reported in patients with T2DM [15]
or IGT [16]. Erikstrup et al. showed that plasma RBP4 and
retinol levels were lower, whereas RBP4/retinol ratio was
elevated in patients with T2DM compared to controls [15].
It has been postulated that, since the RBP4/retinol ratio
estimates the excess of circulating RBP4 in proportion to
retinol, free rather than total RBP4 concentration is related
to insulin resistance [15]. RBP4 and TTR are also thought to
exist as a 1:1 molar complex [3]. Akbay et al. reported
comparable levels of RBP4 in type 2 diabetic patients and
controls, whereas, the molar ratio of RBP4 to TTR was
found to be higher in diabetic patients than that of the
control group [17]. We found lower plasma RBP4 levels in
patients with T2DM compared to non-diabetic control sub-
jects; however, RBP4/TTR ratio was not significantly dif-
ferent between the groups. Plasma retinol level was not
determined in the present study, nevertheless, there might
be differences in the ratio between the groups.

It has been demonstrated recently that plasma RBP4
increases with decreasing renal function in type 2 diabetes
[17-19]. Since we did not assess renal function in our cohort
of patients, it should be considered as a potential confound-
ing factor which might account for the above discrepancies.

These discrepancies among human studies have been
attributed to differences in study populations (age, sex com-
position, levels of fasting insulin, use of glucose or lipid
lowering agents, adjusting for cardiovascular risk factors,
components of the metabolic syndrome and kidney func-
tion), divergent measures of insulin sensitivity (clamp stud-
ies vs. HOMA-IR), as well as methodological differences in
measuring serum RBP4 levels (ELISA vs. Western blotting)
[4, 8, 14, 15]. Therefore, the lack of associations of RBP4
with glucose metabolism and insulin sensitivity needs to be
further investigated in a large, well-defined cohort of
patients with more sophisticated measures of insulin
sensitivity.

Increased RBP4 levels were significantly associated with
prior cerebrovascular disease, but not with prior myocardial
infarction, in large community-based samples of elderly
individuals [9]. It has been postulated that circulating
RBP4, as a marker of metabolic complications, might serve
as a useful marker in identifying individuals at increased
risk for CVD [9]. Additionally, the risk of incident CAD
was associated with increasing quartiles of RBP4 concen-
trations in a nested case–control study; however, RBP4
mostly correlated with triglyceride levels and failed to

provide added value beyond traditional cardiovascular risk
factors [20]. The presence of clinical atherosclerosis, includ-
ing coronary, cerebrovascular or peripheral vascular disease,
but not sub-clinical atherosclerosis, was associated with
higher plasma RBP4 concentrations [18]. On the contrary,
serum RBP4 levels have been reported to be significantly
lower in patients with CAD than in non-diabetic control
subjects [8]. Mean intima media thickness has been reported
to correlate with RBP4, retinol, RBP/TTR ratio, and retinol/
RBP4 ratio [21]. However, we found no difference in plas-
ma RBP4 levels and RBP4/TTR ratio between non-diabetic
CAD patients and controls.

Based on current data, the contributing roles of RBP4 in
insulin resistance and metabolic syndrome has been debat-
ed, whilst its associations with proatherogenic lipid profile,
including increased triglyceride, LDL cholesterol, and very
low-density lipoprotein cholesterol and decreased HDL cho-
lesterol levels, as well as key enzymes of lipoprotein me-
tabolism may imply a plausible contribution to the
pathogenesis of CVD [2, 4, 5, 8, 9, 15, 22, 23]. However,
we failed to demonstrate such an association which may be
partly due to recruitment of individuals who were on lipid
lowering medications and lack of adjustment for potential
confounders. This statement needs to be clarified in exper-
imental and prospective studies.
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