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Background: Hypertension, a common chronic disease, is a leading cause of death and other cardiovascular 
diseases. Recent studies show that an inflammatory factor named retinol binding protein 4 (RBP4) was 
increased with cardiovascular diseases. However, the relationship between RBP4 and hypertension in patients 
remains unclear.
Methods: The study cohort was composed of patients with essential hypertension (EH) and healthy control 
(HC) subjects from the Second Affiliated Hospital of Nanjing Medical University [2017–2019]. The levels of 
RBP4 and echocardiography were compared in the current study. Statistical differences between two groups 
were analyzed using unpaired Student’s t-tests and the correlation between the two variables adopts Pearson 
correlation analysis. SPSS 23.0 was used for all statistical analysis.
Results: Analysis of patient plasma samples revealed that RBP4 in EH group was greater than HC group 
(P<0.05). The area under the ROC curve was 0.717. Specificity and sensitivity were 80.4% and 60.8%, 
respectively. RBP4 had positive correlation with left ventricular systolic diameter (LVDs), interventricular 
septal thickness (IVS) and left ventricular posterior wall thickness (LVPW), negative correlation with 
left ventricular shortening fraction (FS) and ejection fraction (EF) (P<0.05), and no correlation with left 
ventricular end-diastolic diameter (LVDd) (P>0.05). RBP4 was closely related with E/A, evaluation method 
of left ventricular diastolic function, in patients with EH.
Conclusions: RBP4 levels are closely correlated with blood pressure (BP) levels and might be involved in 
the regulation of left ventricular diastolic function in patients with EH.
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Introduction

Essential hypertension (EH) is a significant worldwide public 
health problem. The global prevalence of hypertension was 
estimated to be 1.13 billion in 2015 affecting more than  
27 million of the population from the 2017 national census 
in china (1), high blood pressure (BP) is the most important 
risk factor for heart failure; and approximately 75% of 
heart failure cases have antecedent hypertension (2). The 
spontaneously hypertensive rat showed hypertrophy of heart 
for compensation, and demonstrated fibrosis and death of 
cardiac myocytes, and ultimately progressed to heart failure 
as shown by magnetic resonance imaging (3). Although heart 
failure on left ventricular systolic dysfunction has received 
more attention, diastolic dysfunction was not. In order to 
improve the prognosis of patients with EH, it’s important 
to identify the risk factors that are associated with diastolic 
dysfunction.

Retinol binding protein 4 (RBP4) is an adipokines and 
inflammatory factor secreted mainly by hepatocytes and 
adipocytes. It is closely related with insulin resistance, 
diabetes, coronary heart disease, heart failure and 
hypertension development (4-11). However, the relationship 
between RBP4 level and hypertension or the left ventricular 
diastolic function in patients with EH has rarely been 
reported. The aim of the study is to investigate the 
association between the levels of RBP4 and the BP levels or 
the left ventricular diastolic function in patients with EH.

Methods

Study population

The data were collected from random participants in the 
Department of Cardiology, Second Affiliated Hospital of 
Nanjing Medical University from March 2017 to March 
2019. Hypertensive patients without oral antihypertensive 
drugs (n=255) were obtained from hypertensive patients. 
According to the consideration of medical ethics and medical 
style in our hospital, 74 patients were included (EH group). 
Following exclusion criteria: (I) secondary hypertension; 
(II) myocardiopathy, heart failure, kidney disease, stroke 
and other organ damage; (III) coronary artery disease 
(≥50%); (IV) fasting blood glucose (FBG) >6.1 mmol/L  
or thyroid gland disease; (V) tumor; (VI) infectious disease; 
(VII) pregnant or lactating. In comparison, the healthy 
control (HC) group recruited 46 healthy volunteers (HC 
group). The informed consent of patients was obtained 
before sample collection. Fasting blood samples were 

collected and centrifuged (2,000 r/min) for 10 min at −4 ℃. 
The serum was collected into Eppendorf tubes and stored 
at −80 ℃ pending to analysis. The current and previous 
medical histories, as well as the body weight and height 
were collected. FBG levels were measured using the glucose 
oxidase method. Serum total cholesterol (TC), triglyceride 
(TG), low density lipoprotein cholesterol (LDL-C) and 
high density lipoprotein cholesterol (HDL-C) contents 
were determined enzymatically using a kit (Beijing BHKT 
Clinical Reagent Co., Ltd, Beijing, China). The results 
were analyzed by an automated analyzer. Cardiac ultrasound 
results were obtained in nearly 3 months. Arterial BP was 
measured by taking the average value from at least two 
BP measurements in the sitting position during a 1–2 min 
interval.

Determine serum RBP4 levels by ELISA kit

All reagents, standard dilutions, and samples were brought 
to room temperature and prepared as directed in the 
product manual of RBP4 ELISA kit (Phoenix, USA).

Echocardiography

Echocardiography is a convenient, simple, noninvasive, 
accurate and inexpensive method to evaluate left ventricular 
diastolic function, which is widely used in clinical practice. 
In this study, the left ventricular diastolic function was 
evaluated by the echocardiography and represented as 
ratio of mitral valve early diastolic peak blood flow velocity 
(E) to mitral valve late diastolic peak blood flow velocity 
(A). Various echocardiographic indexes were measured 
on patients taking the left lateral decubitus position using 
color Doppler ultrasound diagnostic instrument (PHILIP 
Company) on multiple standard sections. Echocardiographic 
indexes acquired in this study include left ventricular end 
diastolic inner diameter (LVDd), left ventricular end-
diastolic diameter (LVDs), interventricular septum thickness 
(IVS), left ventricular posterior wall thickness (LVPW), 
fractional shortening (FS), ejection fraction (EF). The most 
widespread paradigm for the assessment of ventricular-
vascular coupling is the ventricular (E)-arterial (A) elastance 
framework, which links mechanical performance of the 
ventricle to its oxygen consumption. E means the end-
systolic elastance (slope of the end-systolic pressure-volume 
relation), a measure of ventricular contractility. A stands for 
arterial elastance (ratio of end-systolic pressure and stroke 
volume).
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Statistical analysis

Continuous variables were summarized as mean ± SD 
or as median values with interquartile ranges. Statistical 
differences were analyzed using unpaired Student’s t-tests 
for two groups and the correlation between the two 
variables adopts Pearson correlation analysis. A P value 
<0.05 (*, P<0.05; **, P<0.01; ***, P<0.001) indicates that 
there is significant statistical differences between two 
groups. All statistical analyses were performed using PASW 

23.0 (IBM SPSS, Inc., Chicago, USA).

Results

In the clinical parameters of the study population, there is 
no significant difference of age, TC, LDL-C, EF, FS and 
creatinine (Cr) between EH group and HC group (P>0.05); 
however, there were significant differences (P<0.05) of 
body mass index (BMI), FBG, blood urea nitrogen (BUN), 
TG, HDL-C, SBP, DBP and mean arterial pressure (MAP) 
between these two groups (Table 1). Analysis of the plasma 
of patients revealed that the serum RBP4 levels in EH 
group were significantly (P<0.05) higher than that in HC 
group (Table 2). We then analyzed the diagnostic accuracy 
of RBP4 for EH. As shown in Figure 1, ROC curve analysis 
showed that the optimal cut-off value of RBP4 for the 
prediction of EH was 33.71 mg/L, with a sensitivity of 
80.4% and a specificity of 60.8% (area under the curve 
=0.717, 95% CI: 0.62–0.81, P<0.05). We next evaluated 
the association of RBP4 with cardiac structure parameters 
in EH patients (Figure 2). In EH group, the levels of 
RBP4 were no correlation with LVDd (r=0.131, P=0.23), 
positively correlated with LVDs (r=0.279, P=0.009), IVS 
(r=0.360, P=0.001), LVPW (r=0.287, P=0.007), and negative 
correlated with FS (r=−0.384, P=0.000, <0.001), LVEF 

Table 2 The plasma levels of RBP4 in HC and EH groups (mean ± 
standard deviation)

Variable HC group EH group P value

RBP4 (mg/L) 30.25±17.76 38.40±15.76* 0.01

Analysis of the plasma of patients revealed that the levels of 
RBP4 in EH group were significantly (P<0.05) higher than that 
in HC group (*, P<0.05). RBP4, retinol binding protein 4; HC, 
healthy control; EH, essential hypertension.

Table 1 Clinical parameters of the study population (mean ± standard 
deviation)

Parameter HC group (n=46) EH group (n=74) P value

Age (year) 49.67±10.95 49.85±11.43 0.93

BMI (kg/m2) 20.21±3.16 24.96±3.35*** 0.00

FBG (mmol/L) 4.88±0.47 5.14±0.58** 0.01

TC (mmol/L) 4.76±0.84 4.91±1.03 0.42

TG (mmol/L) 1.20±0.51 2.22±2.41*** 0.00

HDL (mmol/L) 1.59±0.69 1.21±0.41*** 0.00

LDL (mmol/L) 2.78±0.54 3.00±0.87 0.22

Cr (µmol/L) 71.99±16.46 77.68±17.92 0.09

BUN (mmol/L) 4.71±1.12 5.24±1.39 0.04

EF (%) 65.33±5.37 64.62±5.11 0.628

FS (%) 35.73±4.18 35.33±3.98 0.723

SBP (mmHg) 114.22±10.64 154.62±20.71*** 0.00

DDBP (mmHg) 69.50±8.50 94.95±10.61*** 0.00

MAP (mmHg) 84.41±8.59 114.84±11.94*** 0.00

**, P<0.01; ***, P<0.001. HC, healthy control; EH, essential 
hypertension; BMI, body mass index; FBG, fasting blood 
glucose; TC, total cholesterol; TG, triglycerides; HDL-C, high-
density lipoprotein C; LDL-C, low-density lipoprotein C; Cr, 
creatinine; EF, ejection fraction; FS, fractional shortening; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; MAP, 
mean arterial pressure.

Figure 1 Receiver operating characteristic curves for the diagnostic 
accuracy of RBP4 for EH. Receiver operating characteristic curve 
demonstrated sensitivities and specificities of the RBP4 criteria in 
EH. The area under the ROC curve is 0.717 (P<0.05). Specificity 
and sensitivity are 80.4% and 60.8%, respectively. RBP4, retinol 
binding protein 4; EH, essential hypertension.
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Figure 2 Curve estimation of relationship between plasma RBP4 level and LVDd (A), LVDs (B), IVS (C), LVPW (D), FS (E) and LVEF 
(F). RBP4, retinol binding protein 4; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; IVS, 
interventricular septal thickness; LVPW, left ventricular posterior wall thickness; FS, fractional shortening; LVEF, left ventricular ejection 
fraction.
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(r=−0.404, P=0.000, <0.001). Finally, we further analyzed 
the correlation between RBP4 and left ventricular diastolic 
function. RBP4 was closely correlated with E/A (r=0.185, 
P<0.05) (Figure 3).

Discussion

The occurrence and development of hypertension are 
closely related to inflammatory response (12-14). Previous 
studies show that inflammatory reaction can promote 
proliferation, migration and differentiation of vascular cells, 
leading to damage of cardiac tissue stroma and collagen 
deposition, vascular dysfunction, myocardial hypertrophy, 
myocardial fibrosis and ventricular remodeling, causing 
deterioration of myocardial relaxation and myocardial 
compliance, and eventually resulting systolic and 
diastolic dysfunction (15). The mechanism underlying 
the pathogenesis of diastolic dysfunction is understudied. 
Therefore, it is very important to actively find an effective 
and specific cytokine as a specific target for diagnosis, 
treatment and progression of hypertension.

In this study, patients with EH who did not take medicine 
were taken as the research object. And, the relationship 
between serum RBP4 and the BP level and left ventricular 

diastolic function of patients with EH was determined. 
The results showed that RBP4 was closely related to the 
BP level of patients with EH, and the A study involving 
160 cases of prehypertension showed that (16) the RBP4 
levels of prehypertension patients was significantly higher 
than that of normal BP patients (P<0.001), and RBP4 was 
still related to systolic and diastolic BP after adjusting for 
risk factors such as age, gender, smoking, drinking, etc. 
(P<0.001). A retrospective study confirmed that compared 
with the control group, the RBP4 levels in elderly male 
hypertensive patients were significantly increased (17). 
Animal experiments also confirmed that mice with RBP4 
over-expression had increased BP levels (P<0.05), while the 
RBP4 knockout mice had decreased BP level (P<0.05) (18). 
Research showed that diastolic dysfunction was significantly 
related to RBP4 in severely obese subjects (19). These 
findings are consistent with our experimental results. Taken 
together, RBP4 is closely related to EH and our findings 
may provide new ideas for diagnosis and treatment of 
hypertension. However, the specific molecular mechanism 
that mediates the role of RBP4 in EH needs further study.

Early, comprehensive and accurate assessment of diastolic 
function in hypertensive patients is of great significance for 
improving their prognosis and preventing complications. 
The previous study reports that patients with EH will have 
changes in diastolic function at an early stage (20,21). RBP4 
is possibly involved in the occurrence and development 
of hypertension diastolic dysfunction and may act as an 
early predictor of left ventricular diastolic dysfunction. In 
summary, our findings highlight a significant correlation 
between RBP4 and diastolic function of EH and provide 
important pre-clinical data for the diagnosis and treatment 
of this disease.
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