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Abstract

The association of retinol binding protein-4 (RBP4) with inci-

dent type 2 diabetes (T2DM) in Asian Indian middle-aged men

with impaired glucose tolerance (IGT) was studied. This was

an ancillary analysis of a subsample from a cohort of partici-

pants with IGT in a 2 year prospective diabetes prevention

program in India. For this analysis, 71 incident T2DM and 76

non-diabetic cases (non-progressors) based on the final glyce-

mic outcome were selected. Baseline serum RBP4 was meas-

ured using competitive enzyme immunoassay. Correlations of

RBP4 with relevant anthropometric and biochemical variables

and also its association with diabetes were assessed using

appropriate statistical analyses. Participants who developed

T2DM had higher levels of serum RBP4 (21.3 [IQR: 17.7–24.9]

mg/mL) compared with non-progressors (17.3 [IQR: 13.1–21.0]

mg/mL; P 5 0.001). Levels of RBP4 were lower than in Cauca-

sians. Stepwise linear regression analysis showed that body

mass index (BMI), systolic blood pressure, triglycerides, and

HbA1c had independent associations with RBP4 levels. Multi-

ple logistic regression analyses showed that RBP4 was inde-

pendently associated with incident diabetes (odds ratio [OR]

[95%confidence interval (CI)]: 1.69 [1.18–2.41]; P 5 0.004).

Adjustment for study group, age, BMI, waist circumference,

2 H plasma glucose, triglycerides, gamma glutamyl transfer-

ase, and insulin resistance weakened the significance of its

association (OR [95%CI]: 1.65 [1.03–2.66]; P 5 0.038).The results

of this preliminary analyses showed that baseline serum RBP4

levels were independently associated with incident diabetes in

Asian Indian men with IGT. It may be used as an additional

predictor of future diabetes. VC 2015 BioFactors, 41(3):160–165,

2015
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1. Introduction
The ability to assess a person’s risk type 2 diabetes (T2DM)
before the onset of the disease would provide a rationale for
implementing preventive lifestyle or pharmacologic interven-
tions. Presence of either insulin resistance and/or beta cell dys-
function even in the absence of hyperglycemia is an early and
strong predictor of incident diabetes [1]. It must be stressed
that measurement of glycemic measures (fasting and 2 H
plasma glucose and HbA1c) alone cannot reflect the patho-
physiology of the disease. Hence, identification of clinically
convenient tools that measure a broader scope of the patho-
physiology of diabetes such as insulin resistance and beta cell
function may provide improved strategies for diabetes preven-
tion and management.

Retinol binding protein 4 (RBP4), a 21 kDa protein that
belongs to the lipocalin family was initially known as a specific
carrier for the delivery of retinol in circulation [2]. It is
secreted mainly by hepatocytes (80%) and adipose tissue
(20%), and may contribute to systemic insulin resistance and
impaired glucose regulation [3]. There exists an association
between RBP4 and pathophysiology of diabetes. Several stud-
ies in Chinese [4–6], Japanese [7], and white [8–12] popula-
tions showed possible association between RBP4 and adiposity,
hypertriglyceridemia, insulin resistance, T2DM, and certain
components of the metabolic syndrome. However, in several
other clinical studies, associations and/or causality of observed
changes in RBP4 with presence of insulin resistance or
impaired glucose regulation could not be observed [13–15].
The present analyses were aimed to elucidate the predictive
role of RBP4 with incident diabetes in Asian Indian men with
prediabetes, in whom high rates of insulin resistance were
observed.

2. Materials and Methods
2.1. Study Participants
This ancillary analysis used data in a cohort of men with
impaired glucose tolerance (IGT) who were followed-up for 2
years in a previously published, randomized controlled trial on
primary prevention of diabetes in India (ClinicalTrial.Gov no:
NCT00819455) [16]. A total of 537 men were randomized into
two groups: (a) control group (n 5 266), which received stand-
ard care advice only at baseline; and (b) an intervention group
(n 5 271), which received automated, customized text mes-
sages (SMS) about healthy lifestyle habits in addition to stand-
ard care advice. The participants were followed-up every 6-
month for 2 years to ascertain their glycemic status. The pri-
mary outcome was the development of diabetes as classified
by the World Health Organization (WHO) recommendations
[17]—a fasting plasma glucose of 7.0 mmol/L or higher and /or
11.1 mmol/L or higher 2 H after a 75-g oral glucose load. The
study showed for the first time that motivation through text
messaging could help to reduce the incidence of diabetes. At
the end of the study, among the 517 (96.3%) responders, 179

(34.6%) had reverted to normoglycemia (NGT), 224 (43.3%)
had remained IGT, and 123 (23.8%) had developed diabetes.
The study protocol was approved by the Ethical Review Com-
mittee of the India Diabetes Research Foundation, Chennai,
India. The study participants gave written informed consent
prior to enrolment in the study. For this subanalysis, we had
randomly chosen 71 newly detected diabetes cases and 76
randomly selected controls consisting of 43 NGT and 33 IGT.

2.2. Analytical Procedures
Height, weight (body mass index [BMI] calculated), and waist
circumference were measured by standard procedures. Body
fat percentage was measured using bioimpedence method
(OMRON, Karadia Scan, Japan). Blood pressure (average of
two readings) was measured using a standard mercury sphyg-
momanometer after at least a 5-Min’ rest. A standard oral glu-
cose tolerance test (OGTT) was performed after a 10–12 H fast
with venous plasma sampling in the fasting state. The samples
were frozen at 220�C until the laboratory assays were per-
formed. Plasma glucose (hexokinase method, CV <3%; detec-
tion range: 0.11–25 mmol/L) was measured in on auto-
analyzer (Roche/Hitachi 911 auto analyzer). HbA1c was meas-
ured using a COBAS INTERGRA 400 plus analyzer (turbidimet-
ric inhibition immuno-assay; Tina-quantVR HbA1c; CV <1.5%;
detection limit: Hb: 4–40 g/dL [2.48–24.8 mmol/L]; HbA1c:
0.186–1.61 mmol/L (0.3–2.6 g/dL]). Triglycerides, (GPO-PAP
method, CV <2.0%; detection range: 0.05–11.3 mmol/L), total
cholesterol (CHOD-PAP method, CV <2.0%; detection range:
0.08–20.7 mmol/L) and HDL cholesterol (HDL plus-third gener-
ation; CV <3.0%; detection range: 0.08–3.10 mmol/L), and
gamma-glutamyl transferase (GGT-2, CV <2.0%; detection
limit: 3–1,200 U/L) were measured on the Roche/Hitachi 911
clinical analyzer. OGTT plasma insulin was measured at fast-
ing and at 30 and 120 Min using electrochemiluminescence
immunoassay (Roche diagnostics, Mannheim, Germany; CV
<3%; detection range: 1.39–6,945 pmol/L) on the ElecsysVR ana-
lyzer. Homeostasis model assessment of insulin resistance
(HOMA-IR) [18] was calculated using the formula: ([fasting
insulin 3 fasting glucose]/22.5). The insulinogenic index (DI/G)
was calculated using the difference in the values of 30-Min
and fasting plasma insulin (picomoles per liter) divided by the
30-Min glucose value (millimoles per liter) [19]. Serum RBP4
levels were measured by competitive enzyme immuno assay
(EIA) (RayBiotech, Norcross, The United States) according to
manufacturer instructions. The sensitivity was 460 pg/mL with
an assay range of 0.1–1,000 ng/mL. The intra-and inter assay
coefficients of variation were less than 10% and less than 15%,
respectively.

2.3. Statistical Analysis
The sample size was calculated based on the data from a pre-
vious cross-sectional study in China [4] which reported that
the mean levels of RBP4 were higher in T2DM participants
than in the normoglycemic group (T2DM: 30 6 11 mg/mL;
normal: 24 6 7 mg/mL). With a minimum of 51 participants in
each group, with the expected difference in the mean and
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standard deviations, respectively, the levels can be demon-
strated as significant at 5% significance and 90% power.

Comparisons between groups were done using the v2 test
for qualitative variables, two-tailed “t” test for the normally
distributed variables and the non-parametric Mann–Whitney U
test for highly skewed distribution. The factors associated with
circulating RBP4 levels was assessed using multiple linear
regression analyses. Association of RBP4 with diabetes was
assessed using multiple logistic regression analyses in three
models: (a) unadjusted model; (b) model-1 adjusted for study
group, baseline age, waist circumference, BMI, 2 H plasma
glucose, and triglycerides; and (c) model-2 adjusted for model-
1 1 GGT and HOMA-IR. RBP4 levels were centered so that
odds ratio (OR) for a 1-SD change was computed. In order to
ascertain the mechanistic link between GGT and RBP4 with
diabetes, the additive effect of both these variables (divided in

medians) with diabetes was computed using multiple logistic
regression analysis. All analyses were performed using SPSS
software (IBM SPSS Statistics for Windows, Version 19.0.
Armonk, NY: IBM Corp).

3. Results
Baseline clinical characteristics of study participants according
to the glycemic outcomes at the end of the study period are
shown in Table 1. Participants who progressed to diabetes had
higher baseline fasting and 2 H plasma glucose and HbA1c as
compared with non-progressors (P<0.0001). Progressors were
more insulin resistant (P<0.0001) and had decreased beta cell
function (P<0.0001) at baseline as compared with non-
progressors. Serum concentrations of RBP4 were higher in the

Baseline characteristics of participants

Variables Non-converters n 5 76 Converters n 5 71 P value

Age (years) 47.7 6 4.8 46.7 6 4.6 0.217

BMI (kg/m2) 25.9 6 2.7 26.2 6 3.5 0.491

Waist circumference (cm) 92.6 6 7.1 93.5 6 7.4 0.465

Total body fat (%) 26.8 6 5.5 27.2 6 5.2 0.683

Blood pressure (mm Hg)

Systolic 122.8 6 16.2 124.5 6 14.6 0.519

Diastolic 79.2 6 10.1 82.4 6 8.6 0.046

Plasma glucose (mmol/l)

Fasting 5.39 6 0.50 5.82 6 0.58 <0.0001

2 H 8.42 6 0.65 9.28 6 0.88 <0.0001

HbA1c (%) 6.0 6 0.3 6.3 6 0.4 <0.0001

Lipid profile (mmol/l)

Triglyceridesa 1.49 (1.09–2.05) 1.84 (1.32–2.33) 0.022

Cholesterol 5.01 6 0.90 4.93 6 0.92 0.604

HDL-C 0.91 6 0.26 0.87 6 0.23 0.335

GGT, IUL21a 22.0 (17.2–35.8) 34.1 (24.7–56.0) <0.0001

HOMA-IR 3.0 6 1.3 3.7 6 1.3 <0.0001

Insulinogenic indexa 62.7 (43.5–97.0) 34.5 (23.7–52.0) <0.0001

RBP4 (mg/mL)a 17.3 (13.1–21.0) 21.3 (17.7–24.9) 0.010

The data are expressed as mean 6 SD for normally distributed variables—P value computed by two-tailed t-test.
aData expressed as median (interquartile range)—P value computed by Mann–Whitney test.

TABLE 1
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diabetic group than in the non-diabetic group (T2DM: 21.3
[17.7–24.9] mg/mL vs. non-diabetic: 17.3 (13.1–21.0) mg/mL;
P 5 0.001).

The correlation analysis demonstrated the strongest associa-
tion between RBP4 and metabolic syndrome components (Table
2). Serum RBP4 concentration was correlated positively with
BMI, waist circumference, systolic and diastolic blood pressure,
fasting plasma glucose, HbA1c, fasting concentrations of insulin
and triglycerides, HOMA-IR in all participants (Table 2). Serum
RBP4 and GGT levels were positively correlated (r 5 0.234;
P 5 0.004). Stepwise linear regression analysis revealed that BMI
(b [SE]: 0.034 [0.01]; P 5 0.01), systolic blood pressure (b [SE]:
0.005 [0.002]; P 5 0.020), triglycerides (b [SE]: 0.299 [0.064];
P<0.0001), and HbA1c (b [SE]: 0.277 [0.077]; P<0.0001) were
independent predictors of serum RBP4 levels.

Multiple logistic regression analysis showed that baseline
RBP4 levels were significantly associated with diabetes (OR
[95%CI]: 1.69 [1.18–2.41]; P 5 0.004). The association was
slightly weakened, but remained significant even after the
adjusting for study group, age, BMI, waist circumference, 2 H
plasma glucose, triglycerides (OR [95%CI]: 1.73 [1.08–2.75];
P 5 0.022), and also for GGT and HOMA-IR (OR [95%CI]: 1.65
[1.03–2.66]; P 5 0.038) (Table 3). The inclusion of HbA1c into
the model resulted in the abolition of RBP4 effect. We did not
observe additive effect between GGT and RBP4 with diabetes
(OR [95%CI]: 0.193 [0.021–1.783]; P 5 0.147) in this cohort.

4. Discussion
In this nested case–control study in middle-aged Asian Indian
men with prediabetes, baseline serum RBP4 levels was inde-
pendently associated with diabetes after adjusting for known
metabolic covariates such as GGT, triglycerides, BMI, and insu-
lin resistance. Although, cross-sectional studies [6,8,10,11,20]
and a prospective study [12] had shown an association of RBP4
with abnormal glucose tolerance, the present analysis provides
a new evidence about the association between RBP4 and diabe-
tes in Asian Indian men with prediabetes in a prospective set-
ting. In this study, the levels of RBP4 were relatively lower than
in White populations [8–10,12]. It matched closely with the
results observed in other Asian populations such as Chinese [6],
Japanese [7], and Korean [20] adults. Ethnic variation in the
levels of RBP4 may be possible. Another possibility is that the
assay used in this study might have underestimated the RBP4
level, compared with methods such as quantitative western
blotting and this could account for the varied results reported
by different laboratories [21]. More studies are needed to inves-
tigate ethnic variations of RBP4 among different populations.

Serum RBP4 levels were positively associated with cardio-
metabolic risk factors, especially with levels of triglycerides in
this cohort. Similar findings were reported in previous studies in
Caucasians and Chinese populations [6,7,11]. Recently a cross-
sectional study showed the independent association of RBP4
with coronary artery diseases [22]. Therefore, this adipokine not

Pearson correlations between serum RBP4 level and

various clinical and metabolic parameters

Variables r P value

BMI (kg/m2) 0.303 <0.0001

Waist circumference (cm) 0.272 0.001

Blood pressure (mm Hg)

Systolic 0.169 0.030

Diastolic 0.164 0.047

Fasting plasma glucose (mmol/L) 0.245 0.003

HbA1c (%) 0.256 0.002

Triglycerides (mmol/l)a 0.314 <0.0001

Fasting plasma insulin (pmol/L)a 0.190 0.023

HOMA-IRa 0.242 0.004

GGTa 0.234 0.004

aThese were log-transformed before the analysis.

The risk of diabetes associated with serum RBP4 level (dependent variable: diabetes vs. control [NGT 1 IGT])

Model Adjustment OR [95%CI] P value

Model-1 Unadjusted 1.69 [1.18–2.41] 0.004

Model-2 Adjusted for study group, age, BMI, waist

circumference, 2 H PG, triglycerides

1.73 [1.08–2.754] 0.022

Model-3 Further adjusted for GGT and HOMA-IR on Model-2 1.65 [1.03–2.66] 0.038

For the risk of diabetes, we defined participants with NGT and IGT at the end of follow-up as referent (coded as “0”; n 5 76) and participants

who developed diabetes as cases (coded as “1”; n 5 71).

TABLE 2

TABLE 3
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only serves as a marker of future diabetes, but also as a marker
for diabetes-related complications. As far as we know this is one
of the preliminary studies to demonstrate a stronger association
of this adipokine with raised triglycerides in Asian Indian men.
Plausible mechanistic link could be due to the production of tri-
glycerides in the liver and release of very low-density lipoprotein
into the circulation lead to an insulin-resistant state, and this
may also partially explain the close association between RBP4,
triglycerides, and insulin resistance [5,7,10,11,23–25]. However,
a few studies failed to show an association between RBP4 and
insulin resistance [13,15]. It is possible that unlike in other pop-
ulations liver could be the primary source of circulating RBP4 in
Asian Indians.

To our knowledge this is the first report on a positive cor-
relation between GGT and RBP4 in Asian Indian men with pre-
diabetes. The positive association of RBP4 and liver enzymes
were demonstrated in participants with non-alcoholic fatty
liver disease [25,26]. It is suggested that both GGT and RBP4
might be closely associated with hepatic insulin resistance and
ectopic fat accumulation. However, we did not observe any
additive effect of RBP4 and GGT with diabetes.

Our study has a few limitations. Firstly, the association
between RBP4 with diabetes observed in this study was
derived from a small sample size. However, the study design
was adequately powered to detect the association. Secondly,
we included only men in our study. The pathogenesis and var-
iations in the levels of RBP4 with diabetes needs to be ascer-
tained in women as the levels of RBP4 differ by sex [20].
Thirdly, we did not estimate the circulating levels of vitamin A
(retinol). The expression of RBP4 is directly determined by the
retinol. We did not assess the prevalence of non-alcoholic fatty
liver disease in this cohort to ascertain the casual link between
RBP4 and fatty liver. Nevertheless, this preliminary analysis
demonstrates a possible association of RBP4 and diabetes.

In conclusion, the present study demonstrates that the
serum level of RBP4 is a predictor of future development of
T2DM. The etiological association of pathogenesis might be
through hepatic insulin resistance. It could be used as an addi-
tional marker for early detection of participants predisposed to
T2DM enabling an early intervention.
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