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Abstract

Background: Retinol binding protein 4 (RBP4), a biomarker for insulin resistance in type 2 diabetes (DM), is increased in heart failure.
This case-control study aims to determine the association between serum RBP4 levels and diabetic cardiomyopathy (DCM).Methods:
Demographic and clinical data were obtained from 245 DM patients and 102 non-diabetic controls. RBP4 levels were measured using
ELISA. The association between RBP4 and DCMwas evaluated using multivariate logistic regression and restricted cubic splines (RCS)
in DM patients. Results: We showed that serum RBP4 levels were higher in DCM patients than in DM patients without DCM or the
controls. Multivariate analysis adjusted by age, gender, body mass index, diabetes duration, left ventricular ejection fraction, insulin
treatment, triglycerides, low-density lipoprotein cholesterol, estimated glomerular filtration rate, diabetic retinopathy, diabetic nephropa-
thy, diabetic neuropathy and log N-terminal proBNP showed a significant association between RBP4 and DCM (highest vs. lowest tertile
OR 16.87, 95% CI: 6.58, 43.23, p < 0.001). RCS displayed a positive linear correlation between RBP4 levels and the risk of DCM in
diabetes (p = 0.004). Adding RBP4 to a basic risk model for DCM improved the reclassification (Net reclassification index: 87.86%,
95% CI: 64.4%, 111.32%, p < 0.001). Conclusions: The positive association between serum RBP4 and DCM suggested the role of
RBP4 as a potential diagnostic biomarker for distinguishing DCM in patients with DM.
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1. Introduction

Type 2 diabetes mellitus (DM) was associated with an
increased risk of any left ventricular systolic and diastolic
dysfunction [1]. Diabetic cardiomyopathy (DCM) was ini-
tially described as a pathophysiological condition in which
heart failure occurred in diabetic patients without coronary
artery disease, hypertension, and valvular heart disease [2].
Epidemiological studies in the U.S. showed a prevalence of
DCM is 9.3% in the general population, and 19–26% of di-
abetic patients suffered from heart failure [3]. Meanwhile,
16.9% of the diabetic patients had diabetic cardiomyopathy
and 54.4% had diastolic dysfunction [1]. Mortality from
heart failure is among the leading causes of death in patients
with DM, constituting a worldwide health and economic
burden [4,5]. However, most of the patients with DCMmay
not have any overt symptoms or signs of cardiac dysfunc-
tion before progressing to symptomatic heart failure. There
is an urgent need for reliable and available biomarkers for
DCM detection, identify a suitable biomarker will help in
the recognition and management of DCM [6]. Therefore,
screening of DCM patients may facilitate the early inter-

vention and individualized management and improve the
cardiovascular prognosis of diabetic patients [7].

Retinol binding protein 4 (RBP4) is a secreted protein
of 21-kDa that transports retinol (vitamin A) in the circula-
tion [8]. The majority of RBP4 is produced in the liver and
adipocytes where dietary retinoids are stored and cleared.
RBP4 is secreted into the plasma as an RBP4–retinol com-
plex that delivers retinol to extrahepatic tissues [9]. Re-
cent evidence suggests that it may function as an adipokine
associated with metabolic homeostasis and elevated RBP4
levels are associated with insulin resistance [10]. Trans-
genic overexpression of RBP4 or chronic RBP4 adminis-
tration induces whole-body insulin resistance and RBP4
deletion improves insulin action in mice [11,12]. Serum
RBP4 level is also correlated with visceral adiposity, body
mass index (BMI), dyslipidemia, inflammation, and incip-
ient nephropathy in patients with DM [10,13,14]. Interest-
ingly, clinical observations showed that increased circulat-
ing RBP4 was associated with chronic heart failure (CHF),
and elevated serum RBP4 was correlated with a worse out-
come in elderly patients with CHF [15,16]. RBP4 was
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also associated with the severity of insulin resistance in pa-
tients with obesity, impaired glucose tolerance, or DM [17].
These findings suggested that RBP4 plays a pernicious role
in the cardiovascular complication of diabetes.

The association of RBP4 with cardiac dysfunction and
metabolic disorders suggested its potential as a biomarker in
the diabetic population. However, the relationship between
RBP4 and DCM remains unclear. Therefore, we performed
this case-control study to evaluate the association of serum
RBP4 concentrations with the risk of DCM in patients with
DM.

2. Materials and Methods
2.1 Study Population

A total of 245 patients with DM admitted to the second
affiliated hospital of SoochowUniversity (Suzhou, Jiangsu,
China) for diagnostic coronary angiography due to chest
discomforts from January 2017 to December 2019 were
consecutively enrolled in this study. 102 controls without
DM were selected from a healthy population undergoing
routine physical examination during the same period. DM
was defined according to the criteria of the American Dia-
betes Association (hemoglobin A1c (HbA1c) level ≥6.5%
and/or a fasting plasma glucose (FPG) ≥7.0 mmol/L) [18].

Coronary heart disease was defined as stenosis of at
least 50% of the luminal diameter in at least one major
coronary artery branch evaluated by coronary angiogra-
phy [19]. Patients with coronary heart disease, idiopathic
dilated cardiomyopathy, hypertension (SBP≥140 mmHg,
DBP ≥90 mmHG), peripheral vascular disease, primary
valvular heart disease, type 1 diabetics, chronic obstructive
pulmonary disease, immunosuppressive therapy, renal fail-
ure (creatinine >2 mg/dL), malignant tumors and/or mus-
culoskeletal conditions limiting exercise capacity such as
rheumatoid arthritis were excluded (Fig. 1).

2.2 Data Collection
Demographic and clinical data including age, gender,

BMI, systolic and diastolic blood pressure, diabetes dura-
tion, smoking habits, alcohol consumption, complications
related to diabetes, insulin therapy and hypoglycemic drug
treatment were recorded. Neuropathy was diagnosed af-
ter checking pin prick, vibration sense, ankle reflex, and
knee reflex. Retinopathy was detected after examining mi-
crodots, blot hemorrhage, hard exudates, soft exudates, and
new vessel formation. Nephropathy was noted upon find-
ing urinary albumin in detailed urine reports.

Echocardiography was performed by a certified car-
diologist on all participants. LV ejection fraction (LVEF)
was obtained from 2D-images by manual tracing using the
biplane Simpson method in 4- and 2-chamber views. Left
ventricular diastolic dysfunction was determined by pulsed-
waveDoppler examination ofmitral inflow (before and dur-
ing Valsalva maneuver) and by Doppler tissue imaging of
the mitral annulus. We collected data on left atrial vol-

Fig. 1. Diagram showing patient flow throughout the trial.
Flow chart of study enrollment to illustrate the inclusion and ex-
clusion criteria.

ume index, the early (E) and late (A) trans mitral inflow
velocities, early diastolic velocity of the medial (septal) mi-
tral annulus (e’), non-invasive assessment of left ventricular
filling pressures (E/e’). Normal diastolic function was de-
fined as an E/A between 0.75 and 1.5, normal left atrial vol-
ume index (<28 mL/m2), and normal left ventricular filling
pressure (E/e’ <10), Mild diastolic dysfunction included
patients with an E/A of less than 0.75 and E/e’ <10. Mod-
erate/severe diastolic dysfunction included patients with an
E/A >1.5, left atrial volume index ≥28 mL/m2, and E/e’
≥10. Patients with a pseudo normal pattern were included
in the moderate/severe diastolic dysfunction group as all
had left atrial volume indices ≥28 mL/m2 [20].

2.3 Definition of Diabetic Cardiomyopathy

DCM was diagnosed in patients according to the fol-
lowing criteria: (1) diabetes mellitus (2) moderate to severe
diastolic dysfunction or LVEF <50%. Diastolic dysfunc-
tion was categorized according to the echocardiography-
assessed progression of the diastolic disease (3) no history
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of coronary heart disease according to angiograph exami-
nation (4) No history of hypertension (SBP ≥140 mmHg,
DBP≥90mmHg), (5) no history of significant valvular dis-
ease and (6) no history of congenital heart disease [1,21].

2.4 Serum Sample Collection and Measurement

A total of 5 mL venous blood samples were collected
from the study participants in the morning after a 12-h
fasting period. After immediate centrifugation at 4 ◦C,
aliquots were stored at –80 ◦C until analysis. Serum was
diluted 1000-fold for RBP4 measurement because of the
high concentration of RBP4 in human serum. RBP4 was
measured using a Retinol Binding Protein-4 (Human) EIA
kit (Phoenix Pharmaceuticals, Inc., Burlingame, CA,USA),
with each value reported as the mean of duplicate measure-
ments made on the same serum sample. The assay in this kit
was linear for purified recombinant RBP4 from 3.12–31.4
ng/mL, test range was 0.1–1000 ng/mL, and intraassay and
interassay coefficient of variability (CVs)were less than 5%
and 14%, respectively.

N-terminal pro-B-type natriuretic peptide (NT-
proBNP) was measured by biotin coupled anti-NT-proBNP
antibody/streptavidin solid-phase chromatographic im-
munoassay with the StatusFirstTM CHF NT-proBNP test
device. Fasting plasma glucose (FBG), lipids, creatinine
(Cr), blood urea nitrogen (BUN) were measured in the
clinical laboratory. The estimated glomerular filtration
rate (eGFR) was calculated using the CKD-EPI equation
[22]. FBG was measured by an automated glucose oxidase
method (Automatic Analyzer 2700, Olympus, Tokyo,
Japan). HbA1c was measured by using the high perfor-
mance liquid chromatographicanalysis (HPLC), Serum
total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL), and low-density lipoprotein
cholesterol (LDL-C) were measured by enzymatic methods
using an autoanalyzer.

2.5 Statistical Analysis

Continuous variables with normal or skewed distri-
butions are expressed as mean ± standard deviation (SD)
or median (interquartile range [IQR]) and compared using
the two-tailed student’s t-test or Mann-Whitney U test be-
tween two groups. Comparison of numeric variables be-
tween more than 2 groups was performed using the Kruskal
Walli’s test with Dunnett’s post hoc analysis. The sam-
ple size was calculated using the Wilcoxon-Mann-Whitney
Sample Size Calculation package in R with 2-sided alpha at
0.05, and power at 0.8. The normality of continuous vari-
ables was evaluated using the Shapiro-Wilk test. Serum
RBP4 and NT-proBNP levels were normalized by log10
transformation (log RBP4 and log NT-proBNP). Categor-
ical variables were presented as frequencies (percentages)
and compared using Pearson’s chi-squared test. The cor-
relations between serum RBP4 level and other variables
were evaluated using Spearman’s correlation. The associ-

ation between serum RBP4 and DCM in diabetic patients
was assessed using logistic regression. The linear corre-
lation between accentuating RBP4 and the risk of DCM
was analyzed using the restricted cubic spline (RCS), with 3
knots placed at the 10th, 50th, and 90th percentiles of RBP4.
Odds ratios and 95% confidence intervals (95%CIs) for up-
per quartiles of RBP4 regarding the reference lowest quar-
tile was calculated using multivariable logistic regression
adjusted for age, gender, diabetes duration, BMI, insulin
treatment, LVEF, TG, LDL-C, eGFR, and log NT-proBNP.
The improvement of discriminative ability and reclassifica-
tion by log RBP4 beyond other DCM risk factors was eval-
uated using receiver operator characteristic and precision-
recall curves. For model comparisons, continuous and cate-
gorical net reclassification index (NRI), and integrated dis-
crimination index (IDI) were calculated. Two-tailed p val-
ues < 0.05 were considered statistically significant. NRI
represented the incremental ability to accurately reclassify
patients with DCM into higher risk categories and individ-
uals without DCM into lower ones after RBP4 level was
incorporated into the prediction models. IDI reflected the
increase in difference of mean probability to predict DCM
risk in cases with DCM than in controls, indicating whether
the prediction model with additive RBP4 level had a better
ability to distinguish cases from controls. Statistical anal-
yses were performed using the PRROC, risk Regression,
rms, caret, and final fit packages in R software (version
3.6.3, Vienna, Austria).

3. Results
3.1 Baseline Characteristics

The baseline characteristics of the controls, DM pa-
tients without cardiac dysfunction (NDCM), and DCM pa-
tients are shown in Table 1. Compared with the NDCM and
control participants, the DCM patients were more likely to
be older and had higher levels of TC, and LDL-C. TheDCM
group had lower eGFR and LVEF than the NDCM and con-
trol groups. Compared to the NDCM group, DCM patients
showed longer diabetes duration, higher NT-proBNP levels,
and a smaller proportion receiving insulin treatment. Serum
RBP4 of DCM is higher in DCM than in NDCM (Fig. 2).
The incidence rate of retinopathy and neuropathy are higher
in DCM than NDCM (Table 1).

3.2 Risk of DCM According to Tertile of Serum RBP4 and
NT-ProBNP Levels in Patients with Diabetes

The prevalence of DCM among the tertile of RBP4
were 9.8%, 32.0%, and 61.4%, respectively. The OR of
DCM were increased in patients with ascending tertile of
RBP4 (Ptrend < 0.001). After adjusting for gender, age,
BMI, SBP, DBP, smoke, HbA1c, log NT-proBNP (for
RBP4 only), OR (95% CI) associated with the tertile of
RBP4 was 16.87 (6.58–43.23) (Ptrend < 0.001) (Table 2).
The prevalence of DCM among the tertile of NT-proBNP
were 29.3%, 23.5%, and 52.4%, respectively. The OR of
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Fig. 2. Violin plot of serum RBP4 levels measured with
enzyme-linked immunosorbent assay. Control, participants
without diabetes (n = 102). NDCM, diabetic patients without
cardiac dysfunction (n = 159). DCM, patients with diabetic car-
diomyopathy (n = 86).

DCM were increased in patients with ascending tertile of
NT-proBNP (Ptrend = 0.005). After adjusting for gender,
age, BMI, SBP, DBP, smoke, HbA1c, OR (95% CI) asso-
ciated with the tertile of NT-proBNP was 2.13 (1.09–4.16)
(Ptrend = 0.018) (Table 2).

There is significant difference of AUROC between
RBP4 and NT-proBNP for diagnose DCM of diabetes (p
< 0.001) (Table 2). We used restricted cubic splines to
evaluate the pattern of association between RBP4 and NT-
proBNP levels with the risk of DCM. As shown in Fig. 3,
we observed a positive association of RBP4 with the risk
of DCM (Fig. 3A: the likelihood ratio test reveals p for lin-
earity equal to 0.004 with knots at 10th, 50th, and 90th of
RBP4 levels, Fig. 3B: p for linearity equal to 0.007 with
knots at tertiles of RBP4 levels). In contrast, we did not
observe significant association between NT-proBNP and
DCM risk (Fig. 3C: the likelihood ratio test reveals p for
linearity equal to 0.765).

3.3 Improved Discriminative Ability and Reclassification
by RBP4

We evaluated whether RBP4 improved the discrimi-
native ability for DCM beyond other risk factors, including
clinically relevant factors and significant covariates based
on the univariate analyses. Adding log RBP4 to a basic risk
model including age, BMI, diabetes duration, LVEF, in-
sulin treatment, TG, LDL-C, eGFR, CRP, log NT-proBNP,
retinopathy, nephropathy and neuropathy improved the c-
index from 0.91 to 0.94 (p = 0.024) (Table 3). Improve-
ment in reclassification by adding log RBP4 to the basic

model was evaluated by NRI and IDI. With risk thresh-
olds at 0.3 and 0.7, low, medium, and high-risk categories
were defined as having <30%, 30%–70%, >70% proba-
bility of having DCM in DM patients. For continuous risk
probability, a continuous NRI (95%CI) of 87.86% (64.4%–
111.32%) (p < 0.05) indicated that the new model (basic
+ RBP4) improved the percentage of correct reclassifica-
tion compared to the old model (basic model) by 87.86%.
For ordered categorical risk probability, a categorical NRI
(95% CI) of 15.07% (4.48%–25.66%) (p < 0.05) indicated
that the new model (basic + RBP4) improved the percent-
age of correct reclassification compared to the old model
(basic model) by 15.07%. In other words, the accuracy of
the prediction of the new model with one additional predic-
tor variable (RBP4) was increased and the new model was
better than the old model.

IDI stands for the difference between mean value of
the predicted probability of DCM for each individual in the
newmodel and the oldmodel. An IDI (95%CI) of 7% (3%–
10%) showed that the new model (basic + RBP4) improves
predictive power by 7% over old model (basic model) (p<
0.05) (Table 3).

4. Discussion
In this study, we found that levels of RBP4 were ele-

vated in patients with DCM. Higher serum RBP4 was inde-
pendently associated with the risk of DCM. The addition of
RBP4 improved the reclassification and discrimination of a
DCM risk model.

DCM often accompanies other comorbidities such as
obesity, dyslipidemia, and vascular disease. In the early
stages, only sub-structural changes in cardiomyocytes are
present. Furthermore, identifying DCM before cardiac dys-
function exacerbates may provide a critical window of time
for early intervention. Computed tomography (CT), mag-
netic resonance imaging (MRI), and echocardiography are
commonly used to detect DCM. CT is helpful because it
collects end-systolic and end-diastolic volumetric data that
can be reconstructed by automated software, which collects
small segments of data along several cardiac cycles to pro-
duce the final image of the computed tomography. Con-
sequently, this approach yields parameters of the ventricu-
lar function that are instrumental in the diagnosis of DCM.
However, radiation exposure and the side effects associated
with the use of contrast media may limit this methodology.
MRI operates with a greater spatial and temporal resolu-
tion to evaluate chamber size, left ventricular EF, and my-
ocardial mass distribution. MRI also provides extra infor-
mation about information like myocardial fibrosis and sub-
clinical ischemia [7]. However, MRI also has some limi-
tations. MRI may underestimate diastolic dysfunction, is
not compatible with some pacemakers or implantable de-
fibrillators, and may produce claustrophobia in some pa-
tients. Thus, compared to the two methods noted above,
ultrasound has obvious advantages. It uses no radiation, no
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Fig. 3. RCS to evaluate RBP4 and NT-proBNP levels with the risk of DCM in diabetes. Odds ratio (OR) and 95% confidence
interval (CI) were derived from restricted cubic spline regression adjusted for age, gender, diabetes duration, body mass index, insulin
treatment, left ventricular ejection fraction, triglyceride, low-density lipoprotein cholesterol (LDL-C), estimated glomerular filtration rate
(eGFR), diabetic retinopathy, diabetic nephropathy, diabetic neuropathy and Log NT-proBNP (for RBP4 only), with knots placed at the
10th, 50th, and 90th percentiles (A) or tertiles (B) of RBP4 and tertiles of NT-proBNP (C). Blue vertical dashed lines in panel A indicate
RBP4 knot cut-offs placed at 10th (30 µg/mL), 50th (51 µg/mL), and 90th (72.55 µg/mL). Blue vertical dashed lines in panel B indicate
RBP4 knot cut-offs placed at tertiles (45 µg/mL, 59.8 µg/mL). Blue vertical dashed lines in panel C indicate NT-proBNP knot cut-offs
placed at 10th (80 µg/mL), 50th (330 µg/mL), and 90th (877 µg/mL). Red dashed horizontal line indicates OR at 1.00. The black line
indicated OR, and the shadow indicated 95% CI. p values were based on the likelihood ratio test.

contrast medium, and is widely used in clinical evaluations
of cardiac function. However, but the early period of car-
diac dysfunction is very difficult to detect without the TDI
model at exercise stress [23]. Therefore, in our study, we
chose patients with LVEF <50% or moderate to severe di-
astolic dysfunction.

Pathological diagnosis of the myocardium is a reliable
assessment of DCM. Pathophysiological features of DCM
include accumulation of advanced glycation end products
(AGE), cardiomyocyte apoptosis, autophagy, myocardial
fibrosis, endothelial dysfunction, left ventricular hypertro-
phy, and endoplasmic reticulum stress [24–26]. However,
the clinical practice requires sensitive but reliable mark-
ers that can be obtained non-invasively and that accurately
predict underlying disease and its severity. Several efforts
have been made to improve DCM detection by quantifica-

tion of biomarkers [27–29]. Our findings show that RBP4,
a new adipocytokine, is a useful diagnostic marker of DCM,
and circulating RBP4 was valuable in predicting the pres-
ence of DCM in diabetics. These findings provide indirect
evidence of RBP4 involvement in cardiac remodeling and
bring new insights into the pathophysiological role of RBP4
which might be a promising therapeutic target for DCM.

Several possible explanations could explain the asso-
ciation between RBP4 and DCM. Firstly, RBP4 is a novel
polypeptide ligand that has been shown to play a pivotal
role in the regulation of glucose homeostasis and lipid
metabolism [30]. AClinical study showed that serumRBP4
levels <31 µg/mL and RBP4 levels >55 µg/mL were as-
sociated with DM [13]. Also, transgenic overexpression of
human RBP4 or injection of recombinant RBP4 in normal
mice causes insulin resistance [31]. So RBP4 may involve
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Table 1. Baseline clinical, anthropometric and biochemical data.

Control (n = 102)
DM

p
NDCM (n = 159) DCM (n = 86)

Male, n (%) 60 (60.0) 88 (55.3) 41 (47.7) 0.311

Age (IQR,years) 65.00 [60.00, 72.25] 66.00 [57.50, 74.00] 69.00 [65.00, 74.00] 0.027

BMI (IQR,  kg/m2 ) 25.82 [23.41, 27.57] 25.44 (22.17, 27.72) 26.17(23.81, 28.00) 0.365

SBP (IQR, mmHg) 133.00 [123.75, 137.25] 132.00 [120.00, 138.00] 133.50 [125.00, 137.00] 0.949

DBP (IQR, mmHg) 76.00 [68.00, 84.00] 75.00 [70.00, 85.00] 79.50 [70.00, 83.50] 0.785

Smoke, n (%) 43 (43.0) 52 (32.7) 29 (33.7) 0.985

ALT (IQR, u/mL) 24.00 [20.00, 30.00] 31.00 [23.00, 35.00] 38.50 [32.00, 44.00] <0.001

AST (IQR, u/mL) 32.00 [27.75, 35.00] 25.00 [20.50, 32.00] 36.50 [29.25, 43.00] <0.001

CRP (IQR, mg/dL) 7.00 [5.00, 8.00] 9.00 [6.00, 12.00] 11.00 [8.00, 14.00] 0.001

TC (IQR, mmoL/L) 4.39 [3.68, 5.15] 4.40 [3.78, 5.15] 5.56 [4.79, 6.43] 0.06

TG (IQR, mmoL/L) 1.52 [1.1, 2.56] 1.61 (1.23, 2.22) 1.58 (1.13, 1.86) 0.11

LDL-c (IQR, mmoL/L) 2.50 [1.94, 3.16] 2.67 [1.98, 3.31] 3.45 [2.48, 4.30] <0.001

eGFR (IQR, mL/min/1.73 m2) 93.00 [82.75, 103.00] 92.00 [83.50, 100.00] 82.00 [68.00, 93.75] <0.001

RBP4 (IQR, µg/mL ) 45.00 [30.00, 56.00] 45.50 [35.00, 56.83] 65.00 [54.00, 71.00] <0.001

NT-proBNP (IQR, pg/mL) NA 278.00 [110.00, 450.00] 455.00 [130.00, 760.00] <0.001

HbA1c (IQR, %) NA 7.60 [6.70, 8.50] 7.70 [6.90, 8.70] 0.053

LVEF (IQR, %) 65 [61, 67] 55 [45, 66] 48 [45, 56] <0.001

peak E velocity (cm/s) 80 [60, 95] 80 [70, 100] 70 [64, 90] <0.001

peak A velocity (cm/s) 70 [50, 80] 65 [52, 79] 45 [40, 87] <0.001

E/A velocity ratio 1.2 [0.7, 1.4] 1.4 [0.9, 1.6] 1.7 [1.55, 2.1] <0.001

e’ (medial mitral annulus, cm/s) 15 [12, 18] 12 [7, 14] 10 [7, 12] <0.001

E/e’ 7 [5, 10] 10 [6, 11] 13 [12, 18] <0.001

Left atrial volume index (mL/m2) 23 [20, 35] 27 [22, 38] 35 [28, 45] <0.001

Diabetes duration (IQR, years) NA 7.00 [5.00, 11.50] 12.00 [9.25, 15.00] <0.001

Diabetic retinopathy n (%) NA 36 (22.6) 31 (36) 0.03

Diabetic nephropathy n (%) NA 27 (17) 18 (20.9) 0.49

Diabetic neuropathy n (%) NA 35 (22) 32(37.2) 0.02

Oral medication, n (%) NA 145 (91.2) 81 (94.2) 0.558

Insulin therapy, n (%) NA 88 (55.3) 24 (27.9) <0.001

Data were presented as median (interquartile range) or n (%).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; ALT, alanine amino-
transaminase; AST, aspartate aminotransaminase; CRP, C-reactive protein; TC, total cholesterol; TG, triglyceride; LDL-C, low-density
lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; RBP4, retinol binding protein
4; NT-proBNP, N terminal-pro hormone BNP.
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Table 2. Risk of diabetic cardiomyopathy according to tertiles of serum retinol binding protein 4 and NT-proBNP levels in patients with diabetes.
RBP4 (ug/mL) NT-proBNP (pg/mL) PROC

<45 45–59.8 >59.8 Ptrend <170 170–440 >440 Ptrend
No. of DCM cases (%) 82 (33.47) 75 (30.61) 88 (35.92) 81 (33.06) 74 (30.2) 90 (36.73)
Unadjusted OR 1.00 4.97 (1.99, 12.41) 16.7 (6.92, 40.72) <0.001 1.00 0.80 (0.39, 1.63) 2.37 (1.25, 4.48) 0.005
Adjusted OR
Model 1a 1.00 4.49 (1.76, 11.41) 15.78 (6.38, 39.01) <0.001 1.00 0.78 (0.38, 1.62) 2.26 (1.18, 4.32) 0.009
Model 2b 1.00 4.27 (1.64, 11.08) 16.87 (6.58, 43.23) <0.001 1.00 0.64 (0.30, 1.37) 2.13 (1.09, 4.16) 0.018
AUROC 0.63 (0.57, 0.69) 0.80 (0.75, 0.85) <0.001
aModel 1, adjusted for Gender, Age, Log NT-proBNP (for RBP4 only).
bModel 2, adjusted for Gender, Age, BMI, SBP, DBP, Smoke, HbA1c, Log NT-proBNP (for RBP4 only).
AUROC, area under the receiver operator characteristic curve; PROC, p value for the comparison of area under; ROC, curves for RBP4 and NT-proBNP to predict
DCM.

Table 3. Reclassification and discrimination statistics for diabetic cardiomyopathy by serum RBP4 in patients with diabetes mellitus. Patients were divided into 3 risk categories:
<30%, 30%–70%, >70%.

Model
C-index Continuous NRIb, % Categorical NRIc IDId

Estimate (95% CI) p value Estimate (95% CI) p value Estimate (95% CI), % p value Estimate (95% CI), % p value

Basica 0.91 (0.88–0.95) Ref Ref Ref
Basica + log RBP4 0.94 (0.91–0.97) 0.024 87.86 (64.4–111.32) <0.001 15.07 (4.48–25.66) 0.005 7 (3–10) <0.001
aBasic: Gender, Age, BMI, SBP, DBP, Smoke, TC, TG, LDL-C, HbA1c, LVEF, eGFR, log NT-proBNP, CRP, Insulin therapy, diabetic retinopathy, diabetic
nephropathy, diabetic neuropathy.
bNRI, net reclassification improvement.
cRisk threshold: 0.3, 0.7.
dIDI, integrated discrimination improvement.
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in the development of diabetes. Secondly, elevated RBP4
in cardiac hypertrophy may have pathophysiological con-
sequences because RBP4 increased cell size, enhanced pro-
tein synthesis, and elevated the expression of hypertrophic
markers including NP precursor A (NPPA), NPPB genes,
and Myh7 in primary cardiomyocytes by activating the
TLR4/MyD88 pathway [32], and the onset of heart failure
is typically preceded by cardiomyocyte hypertrophy. So
RBP4 can induce heart failure associated with cardiomy-
ocyte hypertrophy. Thirdly, RBP4 is related to heart devel-
opment [33]. Reducing embryonic RBP4 levels can allevi-
ate cardiac defects in zebrafish embryos [34]. Therefore,
RBP4 may affect cardiac function by regulating the dif-
ferentiation of cardiomyocytes. Fourthly, RBP4 promotes
inflammatory damage to cardiac myocytes [13], and in-
creased RBP4 concentration was shown to be proportional
to interleukin-8 (IL-8) levels in patients with inflammatory
dilated cardiomyopathy [35]. Thus, RBP4 may affect in-
flammatory pathways to regulate cardiac function. CRP,
as a marker of inflammatory, there are significant differ-
ence of CRP levels between DCM and NDCMWhich indi-
cate CRP is partly responsible for the increasing of RBP4
in NDCM, but after adjustment of conventional risk fac-
tors, RBP4 is also independent predictor for DCM. Lastly,
as we all know, many reports [36,37] show that complica-
tion of diabetes, like retinopathy, nephropathy have a close
relationship with serum levels of RBP4, in our study, af-
ter logistic regression, controlled by diabetes complication,
RPB4 still is the risk factor of NDCM, which show RBP4 is
clinical valuable marker for diagnoses for DCM in diabetes.

One important finding of our study is that the duration
of diabetes is an independent factor for the risk of DCM.
Diabetes duration was a recognized risk factor for diabetic
complications in diabetic subjects [38] and the presence of
AGE deposition in the hearts of patients was related to the
duration of diabetes [39]. We did not find a significant cor-
relation between RBP4 and FBG in diabetes patients and
Fedders R et al. [40] reported that increasing circulating
RBP4 did not affect glucose homeostasis in mice with liver-
specific overexpression of RBP4. This result suggests that
RBP4 is not always associated with glucose levels. In our
study, insulin therapy may be the reason for the result be-
tween glucose and RBP4. Also, we find that insulin use in
the DCM group is lower than in the NDCM group, which
indicate that partially reason of DCM in diabetes was re-
lated with insulin use. Animal studies in the low-dose
streptozotocin-induced diabetic rat show that markers of di-
abetic cardiomyopathy were markedly ameliorated follow-
ing insulin replacement indicating that insulin replacement
can reduce complications of diabetes including cardiomy-
opathy [41]. Therefore, our research provides a little sup-
port for clinical prevention of diabetic cardiomyopathy. It
is necessary to investigate effect of the insulin use on DCM
patients in the future.

According several other studies [42–44], they show
a positive correlation between RBP4 and LDL-C. Our re-
sult shows that BMI was not significantly different among
the groups, because correlation analysis showed that RBP4
was positively correlated with BMI [42]. To minimize the
effect of BMI on RBP4 concentrations, we calculated the
reclassification and discrimination for DCM by serum of
RBP4 in patients with DM, which show RBP4 is a valuable
marker for the risk of DCM. RBP4 is cleared from the cir-
culation by the kidneys [45]. Decreasing eGFR was associ-
atedwith higher levels of RBP4 in hypertension [42]. RBP4
increased in DCMwas associated with reducing renal clear-
ance, rather than increasing secretion of adipocytes, which
might also account for our finding. When controlled with
eGFR, diabetic nephropathy and other parameters, we still
found RBP4 is the risk factor for DCM in patients with di-
abetes. Thus, renal dysfunction is not enough to explain
the higher RBP4 concentrations in DCM. Although age and
gender were shown in other studies to influence the levels
of RBP4 [46–48], in our study the age of DCM group has
a higher level than NDCM group, in order to eliminate this
interference factor, we adjusted HR by multivariate logis-
tic regression analyses, the RBP4 level was independently
predictive of DCM in diabetes.

Our study has several limitations. First, this is a case-
control study that could not establish the causative role of
RBP4 in DCM prediction. Secondly, the sample size was
relatively small. Our study enrolled diabetic patients with
moderate and severe diastolic dysfunction, the mild dias-
tolic dysfunction of diabetes which accounts for more di-
abetic samples did not include. This design can better en-
sure more reliable conclusions. Thirdly, we could not fol-
low up with incident DCM with only a single echocardio-
graphic evaluation. We will address these points with a
larger prospective cohort in our future studies.

5. Conclusions
This study investigated the RBP4 levels in DM pa-

tients. We found that serum RBP4 levels were higher in
DCM patients than in DM patients without DCM. More-
over, the elevated serum levels of RBP4 are associated with
the risk of DCM in patients with DM. The results suggested
the role of RBP4was a potential biomarker for the diagnosis
of DCM in DM.
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