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Background: The association of serum retinol-binding protein (RBP) levels with nonalcoholic fatty liver disease (NAFLD) re-
mains controversial. Furthermore, few studies have investigated their relationship in type 2 diabetes mellitus (T2DM) patients. 
Therefore, the aim of the present study was to explore the association between serum RBP levels and NAFLD in Chinese inpa-
tients with T2DM.
Methods: This cross-sectional, real-world study included 2,263 Chinese T2DM inpatients. NAFLD was diagnosed by abdominal 
ultrasonography. The subjects were divided into four groups based on RBP quartiles, and clinical characteristics were compared 
among the four groups. The associations of both RBP levels and quartiles with the presence of NAFLD were also analyzed.
Results: After adjustment for sex, age, and diabetes duration, there was a significant increase in the prevalence of NAFLD from 
the lowest to the highest RBP quartiles (30.4%, 40.0%, 42.4%, and 44.7% for the first, second, third, and fourth quartiles, respec-
tively, P<0.001 for trend). Fully adjusted multiple logistic regression analysis revealed that both increased RBP levels (odds ratio, 
1.155; 95% confidence interval, 1.012 to 1.318; P=0.033) and quartiles (P=0.014 for trend) were independently associated with 
the presence of NAFLD in T2DM patients.
Conclusion: Increased serum RBP levels were independently associated with the presence of NAFLD in Chinese T2DM inpa-
tients. Serum RBP levels may be used as one of the indicators to assess the risk of NAFLD in T2DM patients.
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INTRODUCTION

Retinol-binding protein 4 (RBP4), also known as retinol-bind-
ing protein (RBP) [1], is mainly expressed by hepatocytes and 
adipose tissue. It is the only specific transporter of retinol (vita-
min A) in the circulation, and its main known function is to 
deliver retinol from the liver to surrounding tissues [2]. Cur-
rently, there have been many studies regarding the association 
between serum RBP4 levels and metabolic dysfunction, such 

as obesity, diabetes, and insulin resistance (IR). For instance, 
Graham et al. [3] reported that the magnitude of the increase 
in serum RBP4 is related to IR among subjects with obesity 
and type 2 diabetes mellitus (T2DM), which provides evidence 
that circulating RBP4 levels are closely related to metabolic 
diseases [4-6].

As a metabolic disease, nonalcoholic fatty liver disease 
(NAFLD) is considered a liver manifestation of metabolic syn-
drome correlated with metabolic risk factors such as dyslipid-
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emia, hyperglycemia, and obesity [7,8]. NAFLD includes liver 
damage ranging from NAFLD to nonalcoholic steatohepatitis 
(NASH) and eventually to cirrhosis and even hepatic carcino-
ma [9]. It has been estimated that the prevalence of NAFLD in 
the global population was approximately 25.24% as of 2015 
[10]. Compared with the general population, the prevalence of 
NAFLD in patients with T2DM was significantly higher, up to 
40.2% to 79% [7,11-17]. Our two previous studies showed that 
the prevalence rates of NAFLD in newly diagnosed T2DM pa-
tients were 52.6% and 40.2% in total patients, respectively, 
which were also much higher than the prevalence in the gen-
eral population [11,12].

At present, the association of serum RBP4 levels with 
NAFLD is controversial. A few clinical studies have suggested 
that serum RBP4 levels may be independently positively corre-
lated with the presence of NAFLD [18-22]. For example, an 
earlier study from South Korea collected and analyzed clinical 
data from 159 adult NAFLD patients without diabetes and ul-
timately demonstrated that serum RBP4 levels were positively 
correlated with the prevalence of NAFLD and liver function 
tests, such as aspartate aminotransferase, alanine aminotrans-
ferase (ALT), and γ-glutamyltransferase (γ-GT) [18]. However, 
some other studies have found no evidence to support the as-
sociation between RBP4 and NAFLD [23,24]. For instance, 
Cengiz et al. [23] analyzed the clinical characteristics of 
NAFLD patients without diabetes and concluded that there 
was no difference in serum RBP4 levels between the NAFLD 
and control groups. Furthermore, there was even a study sug-
gesting that patients with NAFLD had lower serum RBP4 lev-
els than subjects without NAFLD [25].

It is well known that NAFLD is one of the common compli-
cations of T2DM, and T2DM patients may have an increased 
risk of NAFLD compared with subjects without T2DM [13]. 
Presently, few clinical studies have focused on exploring the as-
sociation of RBP4 levels with NAFLD in T2DM patients. There-
fore, the aim of the present cross-sectional study was to explore 
the correlation between serum RBP4 levels and NAFLD in a 
relatively large number of Chinese inpatients with T2DM in a 
real-world setting.

METHODS

Study design and population
This study was approved by the ethics committee of Shanghai 
Jiao Tong University Affiliated Sixth People’s Hospital (approv-

al number: 2018-KY-018(K)). This real-world, cross-sectional 
study consecutively enrolled patients with T2DM who were 
hospitalized in our department from January 2007 to June 
2009, and data for some patients were obtained from our pre-
vious studies [11,12]. Patients with the following conditions 
were excluded: incomplete clinical data; no determination of 
RBP; no abdominal ultrasonography results; and a history of 
alcohol consumption or liver dysfunction caused by drugs, vi-
ral hepatitis and other reasons. Ultimately, a total of 2,263 pa-
tients were included in the study, including 1,083 men and 
1,180 women. The selected patients were then divided into 
four groups based on the RBP quartiles.

All participants were interviewed to determine their diabetes 
duration (DD), smoking habits, history of hypertension 
(HTN), medications including insulin or insulin analogs (IIAs), 
lipid-lowering drugs (LLDs), and metformin. The definitions of 
HTN and smoking were the same as in our previous studies 
[26,27]. Briefly, HTN was defined as systolic blood pressure 
(SBP) ≥140 mm Hg and/or diastolic blood pressure (DBP) 
≥90 mm Hg or current use of antihypertensive drugs [26]. 
Smoking included both former and current smokers [27]. Each 
participant signed the written informed consent form. In addi-
tion, the research was in line with the Helsinki Declaration.

Medical examinations and laboratory tests
The physical examination required in this study included mea-
surements of height, weight, hip circumference (HC), waist 
circumference (WC), and blood pressure. WC was divided by 
HC to obtain the waist-to-hip ratio (WHR). Body mass index 
(BMI) was calculated as weight in kilograms divided by height 
squared in meters. Blood pressure was measured using a stan-
dard mercury sphygmomanometer. The definition of obesity 
was consistent with our previous studies [28], in which obesity 
was defined as a BMI above 25 kg/m2 based on the Asia-Pacific 
criteria set by the World Health Organization [28].

After an overnight fast and 2 hours after breakfast, venous 
blood samples from subjects were collected for laboratory test-
ing. The clinical parameters to be measured included white 
blood cell (WBC) count, percentage of neutrophils (NEUT), 
fasting plasma glucose (FPG), 2-hour postprandial plasma 
glucose (PPG), fasting C-peptide (FCP), 2-hour postprandial 
C-peptide (PCP), triglycerides (TG), total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), high-density li-
poprotein cholesterol (HDL-C), lipoprotein(a) (Lp(a)), ALT, 
γ-GT, serum uric acid (SUA), serum creatinine (Scr), glycated 
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hemoglobin A1c (HbA1c), and C-reactive protein (CRP). In 
accordance with our previous protocol, the levels of 24-hour 
urinary albumin excretion (UAE) were determined by enzy-
matic methods, and the 24-hour UAE was the average of the 
determination results of three independent early morning urine 
samples [28]. The estimated glomerular filtration rate (eGFR) 
was computed by the equation eGFR (mL/min/1.73 m2)= 
175×Scr−1.234×(age)−0.179 (×0.79 if female). The homeostasis 
model assessment of insulin resistance (HOMA2-IR) was cal-
culated based on FPG and FCP levels using HOMA2 Calcula-
tor version 2.2.3 [28]. In addition, serum RBP levels were de-
termined with the most widely used immunoturbidimetric as-
say (Beijia, Shanghai, China).

Abdominal ultrasonography
All abdominal ultrasound examinations of participants were 
performed according to our previous reports [12,29]. Briefly, 
hepatic ultrasound examinations were conducted by experi-
enced ultrasonographers who were blinded to the laboratory 
data using a 3.5-MHz probe (SSc-370, Aloka Co, Tokyo, Ja-
pan). Participants lay down in a supine position with the right 
arm raised above the head, and images were captured with the 
ultrasound probe placed in the intercostal space of the right 
costal arch. The diagnosis of NAFLD was also made according 
to the criteria of our previous studies [11,12]. In brief, after ex-
cluding liver damage caused by other factors, such as excessive 
drinking and hepatitis virus, NAFLD was diagnosed by the 
presence of at least two or three abnormal manifestations of 
abdominal ultrasonography, including diffusely increased 
echogenicity of the liver stronger than that of the kidney or 
spleen, intrahepatic vascular blurring and deep attenuation of 
the ultrasound signal.

Statistical analysis
Statistical analysis was carried out using SPSS version 15.0 for 
Windows (SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov test was used to check whether continuous variables 
conformed to a normal distribution. The normally distributed 
data are described as the mean±standard deviation, and either 
independent sample t-tests or one-way analysis of variance 
(ANOVA) with the least significant difference was used to 
compare the differences. Skewed variables are expressed as 
medians with interquartile ranges, and the differences among 
groups were compared by nonparametric tests. Percentages 
and chi-squared tests were used to describe and analyze cate-

gorical data, respectively. Logistic regression was performed to 
assess the associations of serum RBP levels and quartiles with 
the presence of NAFLD. Statistical significance was considered 
when there was a two-sided P<0.05.

RESULTS

Clinical characteristics of the study patients
A total of 2,263 eligible inpatients with T2DM were included 
in the present study. The subjects were divided into four groups 
according to the RBP quartiles with cutoffs of <32, 32–38, 39–
46, and ≥47 mg/L. The comparisons of the clinical characteris-
tics of the patients among the four groups are shown in Table 1. 
The results showed that the higher RBP quartile tended to con-
tain more females, but no significant age difference was found 
among the groups. After adjusting for sex, T2DM patients in 
the higher RBP quartile groups appeared to be more likely to 
have a higher percentage of taking LLDs and a higher preva-
lence of HTN, along with higher SBP, WC, WHR, and BMI, 
but a lower rate of using IIAs (all P<0.05). Furthermore, from 
the lowest to the highest RBP quartile groups, the levels of FCP, 
2-hour PCP, HOMA2-IR, TG, TC, Lp(a), ALT, γ-GT, Scr, SUA, 
and UAE gradually increased, and the values of HbA1c and 
eGFR gradually decreased (all P<0.05). There were no differ-
ences in DD, smoking habits, percentages of obesity and use of 
metformin, DBP, WBC count, neutrophil percentage, FPG, 
2-hour PPG, HDL-C, LDL-C, and CRP.

Prevalence of NAFLD in the subjects
Fig. 1 displays the prevalence of NAFLD in T2DM patients in 
the study. Based on diagnostic criteria, the prevalence of 
NAFLD in all subjects was 39.4%, but it was significantly high-
er in women (41.4%) than in men (37.3%) after adjusting for 
DD and age (P=0.004) (Fig. 1A). In addition, we observed that 
the prevalence of NAFLD obviously decreased with increasing 
age (P<0.001 for trend) and prolonged DD (the trend P= 
0.013) (Fig. 1B and C).

Comparisons of NAFLD prevalence among the RBP 
quartile groups
Fig. 2 presents the comparisons of NAFLD prevalence among 
the RBP quartile groups and the comparisons of serum RBP 
levels between T2DM patients with and without NAFLD. After 
controlling for sex, DD and age, the prevalence of NAFLD 
markedly rose with the increasing RBP quartiles in the T2DM 
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Table 1. Characteristics of the subjects according to RBP quartiles

Variable Q1 (n=560) Q2 (n=545) Q3 (n=576) Q4 (n=582) P value P valuea 

RBP, mg/L <32 32–38 39–46 ≥47 - -

Male sex 296 (52.9) 263 (48.3) 259 (45.0) 265 (45.5) 0.032 0.024

Age, yr 61±13 60±13 60±12 61±12 0.541 0.355

DD, mo 96 (24–144) 84 (36–144) 84 (24–144) 87 (24–144) 0.919 0.985

Hypertension 282 (50.4) 279 (51.2) 313 (54.3) 349 (60.0) 0.004 0.005

Obesity 231 (41.3) 260 (47.7) 273 (47.4) 280 (48.1) 0.066 0.066

Smoking 114 (20.4) 116 (21.3) 111 (19.3) 112 (19.2) 0.800 0.775

IIA 431 (77.0) 389 (71.4) 386 (67.0) 407 (69.9) 0.002 0.002

LLD 134 (23.9) 150 (27.5) 172 (29.9) 221 (38.0) <0.001 <0.001

Metformin 297 (53.0) 318 (58.3) 326 (56.6) 320 (55.0) 0.325 0.412

SBP, mm Hg 130±17 133±18 133±18 134±18 0.005 0.007

DBP, mm Hg 79±10 80±10 80±9 80±10 0.061 0.065

WC, cm 87.9±10.4 88.9±10.3 88.7±9.8 89.9±10.3 0.016 0.006

WHR 0.9±0.06 0.91±0.06 0.91±0.06 0.91±0.06 0.044 0.009

BMI, kg/m2 24.5±3.4 24.8±3.5 24.9±3.5 25.0±3.5 0.035 0.036

WBC, ×109/L 6 (5.2–7.3) 6.1 (5.1–7.2) 6.1 (5.2–7.3) 6.2 (5.3–7.4) 0.213 0.149

NEUT, % 63.03±9.03 62.49±8.82 62.44±9.15 62.58±8.77 0.686 0.887

FPG, mmol/L 7.6 (6.04–9.72) 7.55 (6.07–9.39) 7.64 (6.18–9.5) 7.78 (6.2–9.48) 0.806 0.875

2-hr PPG, mmol/L 13.82 (10.32–17.14) 13.29 (9.68–16.44) 13.26 (9.84–16.8) 13.18 (9.91–16.62) 0.251 0.335

HbA1c, % 9.31±2.35 8.89±2.26 9.04±2.39 8.81±2.24 0.003 0.003

FCP, ng/mL 1.44 (0.85–2.12) 1.65 (0.99–2.39) 1.66 (1.09–2.53) 1.86 (1.24–2.9) <0.001 <0.001

2-hr PCP, ng/mL 3.29 (1.78–5.08) 3.73 (2.19–5.34) 3.92 (2.19–5.53) 4.07 (2.41–5.67) <0.001 <0.001

HOMA2-IR 1.30 (0.80–1.90) 1.4 (0.9–2.1) 1.4 (0.9–2.2) 1.6 (1–2.4) <0.001 <0.001

TG, mmol/L 1.22 (0.86–1.74) 1.35 (0.97–1.94) 1.47 (1.02–2.08) 1.68 (1.16–2.58) <0.001 <0.001

TC, mmol/L 4.53±1.05 4.65±0.98 4.7±1.14 4.92±1.12 <0.001 <0.001

HDL-C, mmol/L 1.13±0.33 1.13±0.3 1.13±0.3 1.1±0.27 0.198 0.123

LDL-C, mmol/L 3.04±0.92 3.12±0.84 3.13±0.99 3.2±0.98 0.044 0.074

Lp(a) 8.1 (4.7–17.1) 9.6 (5.3–17.7) 9.8 (5.63–18.88) 11.75 (6.37–23.33) <0.001 <0.001

ALT, U/L 16 (12–26) 17 (12–26) 19 (14–29) 19.5 (14–31) <0.001 <0.001

γ-GT, U/L 21 (15–34) 21 (15–31) 23 (16–34) 24 (17–36) <0.001 <0.001

Scr, μmol/L 64 (53–79) 65 (54–78) 65 (54–78) 67 (55–86) 0.014 <0.001

SUA, μmol/L 295 (242–355) 307 (257–366) 313 (254–374) 325 (277–383) <0.001 <0.001

UAE, mg/day 10.73 (6.28–23.28) 11.15 (6.6–26.11) 10.77 (6.35–29.1) 12.32 (7.02–50.23) 0.001 <0.001

eGFR, mL/min/1.73 m2 112 (91–137) 109 (92–131) 108 (90–131) 104 (81–129) <0.001 <0.001

CRP, mg/L 1.09 (0.44–3.39) 1.1 (0.48–2.96) 1.1 (0.5–2.72) 1.22 (0.54–3.01) 0.727 0.781

Values are presented as number (%), mean±standard deviation, or median (interquartile range). The P values were not adjusted for sex for the trend. 
RBP, retinol-binding protein; DD, diabetes duration; IIA, insulin or insulin analogue; LLD, lipid-lowering drug; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure; WC, waist circumference; WHR, waist-to-hip ratio; BMI, body mass index; WBC, white blood cell; NEUT, neutrophils; FPG, fast-
ing plasma glucose; PPG, postprandial plasma glucose; HbA1c, glycated hemoglobin A1c; FCP, fasting C-peptide; PCP, postprandial C-peptide; 
HOMA2-IR, homeostasis model assessment of insulin resistance; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); ALT, alanine aminotransferase; γ-GT, γ-glutamyltransferase; Scr, serum creatinine; 
SUA, serum uric acid; UAE, urinary albumin excretion; eGFR, estimated glomerular filtration rate; CRP, C-reactive protein.
aThe P values were adjusted for sex for the trend. 
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patients (30.4%, 40.0%, 42.4%, and 44.7% for the first, second, 
third, and fourth quartiles, respectively, P<0.001 for trend) 
(Fig. 2A). Furthermore, serum RBP levels were significantly 
higher in the T2DM patients with NAFLD than in those with-
out NAFLD (P<0.001) (Fig. 2B).

Correlations between serum RBP levels and metabolic 
parameters
In all patients with T2DM, the correlations between serum RBP 
levels and metabolic parameters, including TG, FCP, 2-hour 

PCP, and HOMA2-IR, are displayed in Fig. 3. After adjusting 
for sex, age and DD, the results of partial correlation analysis re-
vealed that RBP was positively correlated with FCP (R=0.166, 
P<0.001), 2-hour PCP (R=0.144, P<0.001), HOMA2-IR (R= 
0.153, P<0.001), and TG (R=0.251, P<0.001) (Fig. 3).

Association of RBP quartiles with NAFLD
The association of RBP quartiles with NAFLD in T2DM sub-
jects is presented in detail in Table 2. After adjustments for sex, 
age, DD, smoking, HTN, and obesity (Model 1), the RBP quar-
tiles were independently positively correlated with the presence 
of NAFLD (P<0.001 for trend). Then, after further adjustments 
for the use of metformin, IIAs, and LLDs (Model 2), and for 
SBP, DBP, WC, WHR, and BMI (Model 3), and for WBC, 
NEUT, TC, TG, HDL-C, LDL-C, Lp(a), HbA1c, Scr, eGFR, 
SUA, UAE, CRP, FPG, 2-hour PPG, FCP, 2-hour PCP, and 
HOMA2-IR (Model 4), the correlation between RBP quartiles 
and the presence of NAFLD remained significantly positive 
(P=0.002, P=0.002, P=0.014 for trends in Models 2, 3, and 4, 
respectively).

Fig. 1. Prevalence of nonalcoholic fatty liver disease (NAFLD) 
in the subjects. (A) Overall prevalence of NAFLD in the sub-
jects and comparison of the NAFLD prevalence between men 
and women (P=0.004). (B) Comparison of the NAFLD preva-
lence among subjects stratified by age after controlling for sex 
and diabetes duration (DD) (P<0.001 for trend). (C) Compar-
ison of the NAFLD prevalence among subjects stratified by 
DD after controlling for gender and age (P=0.013 for trend). 

Fig. 2. Comparisons of nonalcoholic fatty liver disease (NAFLD) 
prevalence among the retinol-binding protein (RBP) quartile 
groups. (A) Comparisons of the prevalence of NAFLD across 
the RBP quartile groups after controlling for sex, age, and diabe-
tes duration (P<0.001 for trend). (B) Comparisons of serum 
RBP levels between type 2 diabetes mellitus patients with and 
without NAFLD (P<0.001). 
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Association of serum RBP levels with NAFLD
As shown in Table 3, logistic regression was performed with 
serum RBP levels as the independent variable and the presence 

of NAFLD as the dependent variable. In Model 1, increased se-
rum RBP levels were independently correlated with the pres-
ence of NAFLD after adjustment for sex, age, DD, smoking, 

Table 2. The association of RBP quartiles with NAFLD

OR (95% CI)
P for trend

Q1 Q2 Q3 Q4

Model 1 1 1.427 (1.091–1.866) 1.600 (1.229–2.082) 1.747 (1.343–2.273) <0.001

Model 2 1 1.373 (1.044–1.804) 1.556 (1.191–2.032) 1.639 (1.253–2.144) 0.002

Model 3 1 1.426 (1.062–1.914) 1.611 (1.209–2.148) 1.674 (1.252–2.237) 0.002

Model 4 1 1.702 (1.193–2.428) 1.645 (1.160–2.332) 1.445 (1.014–2.059) 0.014

Model 1: adjusted for age, sex, diabetes duration, smoking, hypertension, and obesity. Model 2: further adjusted for the use of lipid-lowering 
drugs, metformin, and insulin or insulin analogues. Model 3: further adjusted for systolic blood pressure, diastolic blood pressure, waist circum-
ference, waist-to-hip ratio, and body mass index. Model 4: further adjusted for white blood cell, neutrophils, total cholesterol, triglycerides, low-
density lipoprotein cholesterol, high-density lipoprotein cholesterol, lipoprotein(a), serum creatinine, estimated glomerular filtration rate, se-
rum uric acid, urinary albumin excretion, C-reactive protein, glycated hemoglobin A1c, fasting plasma glucose, 2-hour postprandial plasma 
glucose, fasting C-peptide, 2-hour postprandial C-peptide, and homeostasis model assessment of insulin resistance.
RBP, retinol-binding protein; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; CI, confidence interval.

Fig. 3. Correlations between serum retinol-binding protein (RBP) levels and metabolic parameters. All results were obtained after 
adjusting for sex, age, and diabetes duration. (A) Correlation between serum RBP levels and fasting C-peptide (FCP; P<0.001). (B) 
Correlation between serum RBP levels and 2-hour postprandial C-peptide (PCP; P<0.001). (C) Correlation between serum RBP 
levels and homeostasis model assessment of insulin resistance (HOMA2-IR; P<0.001). (D) Correlation between serum RBP levels 
and triglycerides (TG; P<0.001). 

6.0

4.5

3.0

1.5

0

16

12

8

4

0

28

21

14

7

0

36

27

18

9

0

FC
P 

(n
g/

m
L)

H
O

M
A

2-
IR

2-
h 

PC
P 

(n
g/

m
L)

TG
 (m

m
ol

/L
)

 30 60 90 120

 30 60 90 120

 30 60 90 120

 30 60 90 120

RBP (mg/L)

RBP (mg/L)

RBP (mg/L)

RBP (mg/L)

R=0.166, P<0.001

R=0.153, P<0.001

R=0.144, P<0.001

R=0.251, P<0.001

A

C

B

D



RBP and NAFLD in T2DM

135Diabetes Metab J 2022;46:129-139 https://e-dmj.org

HTN and obesity (P<0.001). Moreover, the association was 
still stable after further controlling for other confounding fac-
tors, as shown in Models 2, 3, and 4 (P<0.001 in Model 2, P< 
0.001 in Model 3, and P=0.033 in Model 4).

DISCUSSION

The prevalence of NAFLD was 39.4% in T2DM patients in the 
present real-world study, which was very close to a previous 
study conducted by our team (40.2%) [12]. A recent meta-anal-
ysis showed that the overall prevalence of NAFLD in the Chi-
nese general population was approximately 27.7% to 30.7% 
[30], which was significantly lower than that in T2DM patients 
in our study. Similarly, many other studies also revealed that the 
prevalence of NAFLD was higher in patients with T2DM than 
in general populations [7,13-17]. For example, a study from the 
United States showed that the prevalence of NAFLD based on 
ultrasound diagnosis in T2DM subjects was 55.7% [17].

The existence of NAFLD increases the risk of T2DM and 
promotes the development of T2DM [31-33]. For example, a 
study by Kim et al. [32] revealed that after adjusting for various 
confounding factors, NAFLD was significantly associated with 
the development of T2DM. The close association between 
T2DM and NAFLD is attributed to both being manifestations 
of metabolic syndrome and sharing common pathogenic 

mechanisms such as IR, compensatory hyperinsulinemia, and 
abnormal lipid metabolism [13]. In addition, some studies 
showed that NAFLD in T2DM patients was more severe, with 
higher proportions of NASH and cirrhosis [34,35]. Therefore, 
the prediction of the occurrence and development of NAFLD 
and early prevention and timely treatment of NAFLD in pa-
tients with T2DM are particularly important.

Interestingly, our study found that the prevalence of NAFLD 
was negatively correlated with age in all participants. Similar to 
other studies, in which T2DM patients between the ages of 40 
and 59 were more likely to develop NAFLD [36,37], our study 
also showed that NAFLD prevalence was obviously higher in 
middle-aged people than in older people. Lu et al. [37] thought 
that this may be related to the lifestyle habits of middle-aged 
people; that is, middle-aged people are often too busy to exer-
cise, while retired elderly people have more time to exercise 
and pay more attention to nutrition and health. Additionally, 
our study showed that the prevalence of NAFLD in T2DM pa-
tients was inversely related to DD, which can be fully explained 
by the views of Popovic et al. [38]. They pointed out that the 
DD was significantly negatively correlated with fasting insu-
linemia and IR assessed by the HOMA-IR index [38], both of 
which were triggering factors for NAFLD.

More importantly, we found a close correlation between 
RBP and NAFLD in T2DM inpatients. Not only did the preva-
lence of NAFLD increase across the RBP quartiles, but the 
presence of NAFLD was also independently related to serum 
RBP levels. Moreover, after controlling for other factors, serum 
RBP levels were significantly higher in T2DM patients with 
NAFLD than in those without NAFLD.

Presently, there have been many studies exploring the corre-
lation between RBP4 and NAFLD in the general population 
[18-22], and most findings supported the view that increased 
serum RBP4 levels were significantly correlated with NAFLD. 
For example, a cross-sectional study showed a positive associa-
tion between serum RBP4 levels and NAFLD prevalence in 
middle-aged and elderly people [21]. Another study selected 
school children aged 6 to 12 years as subjects and revealed that 
higher serum RBP4 levels were independently correlated with 
the presence of NAFLD and fasting TG levels [19]. Similarly, 
the present study also revealed a positive association between 
serum RBP levels and TG levels.

However, some other studies have found no or opposite re-
sults between RBP4 and NAFLD in the general population 
[23-25]. For example, Schina et al. [25] presented that patients 

Table 3. The association of serum RBP levels with NAFLD

B statistic OR 95% CI P value

Model 1 0.224 1.251 1.136–1.377 <0.001

Model 2 0.197 1.218 1.103–1.344 <0.001

Model 3 0.194 1.215 1.091–1.353 <0.001

Model 4 0.144 1.155 1.012–1.318 0.033

Model 1: adjusted for age, sex, diabetes duration, smoking, hyperten-
sion, and obesity. Model 2: further adjusted for the use of lipid-lower-
ing drugs, metformin, and insulin or insulin analogues. Model 3: fur-
ther adjusted for systolic blood pressure, diastolic blood pressure, 
waist circumference, waist-to-hip ratio, and body mass index. Model 
4: further adjusted for white blood cell, neutrophils, total cholesterol, 
triglycerides, low-density lipoprotein cholesterol, high-density lipo-
protein cholesterol, lipoprotein(a), serum creatinine, estimated glo-
merular filtration rate, serum uric acid, urinary albumin excretion, C-
reactive protein, glycated hemoglobin A1c, fasting plasma glucose, 
2-hour postprandial plasma glucose, fasting C-peptide, 2-hour post-
prandial C-peptide, and homeostasis model assessment of insulin re-
sistance.
RBP, retinol-binding protein; NAFLD, nonalcoholic fatty liver disease; 
OR, odds ratio; CI, confidence interval.
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with NAFLD had lower serum RBP4 levels than patients with-
out NAFLD. We speculated that the different outcomes may be 
due to the different basic characteristics of the study subjects, 
such as race, age range and underlying diseases, and the differ-
ent diagnostic methods for NAFLD and different determina-
tions for RBP4.

Furthermore, there have been many investigations examin-
ing the association of RBP4 with NAFLD in the general popu-
lation, but studies in T2DM patients have been scarce so far. A 
small-sample study from our hospital, in which serum RBP4 
levels were compared between T2DM patients with NAFLD 
and without any liver diseases, presented that the increased 
RBP4 concentration was significantly related to NAFLD in 
T2DM patients [39]. However, another study showed that 
RBP4 had no correlation with the severity of NAFLD in T2DM 
patients [40]. Therefore, the correlation between RBP4 and 
NAFLD in T2DM patients is still unclear. Significantly, the 
present study provided new evidence that serum RBP levels 
were positively correlated with NAFLD in a relatively large 
number of T2DM patients, which was consistent with the re-
sults of most studies regarding the association of RBP4 with 
NAFLD in the general population.

IR may be one of the most important mechanisms for the as-
sociation of RBP4 with NAFLD. IR is a main mechanism for 
the occurrence and progression of NAFLD [41]. IR impairs the 
ability of adipocytes to store fat and results in the release of free 
fatty acids into the circulatory system, which promote the de-
position of lipids in the liver and exacerbate the development 
of NAFLD [42,43].

Although a few studies have shown that serum RBP4 levels 
are not correlated with IR [25,44], an increasing number of 
studies have confirmed the positive association between RBP4 
and IR [3,45,46]. The close link between RBP4 and IR was con-
firmed for the first time by Yang et al. [45], in which serum 
RBP4 levels were elevated in both mice and humans with sev-
eral IR states. They also pointed out that an increase in serum 
RBP4 may cause systemic IR, while a decrease can improve in-
sulin action [45]. A subsequent study also showed that in pa-
tients with obesity and T2DM, elevated serum RBP4 was asso-
ciated with components of metabolic syndrome and IR [3]. 
Consistently, our study also showed that serum RBP levels 
were positively related to IR parameters such as FCP, 2-hour 
PCP, and HOMA2-IR in T2DM patients. Moreover, higher 
RBP quartiles were accompanied by higher FCP, 2-hour PCP, 
and HOMA2-IR, which indicated more severe IR in higher 

RBP4 quartiles. In turn, severe IR in patients with high RBP lev-
els may further promote the onset and development of NAFLD.

Another possible mechanism explaining the close correla-
tion between RBP and NAFLD was that higher RBP4 levels 
were accompanied by more serious risk factors for NAFLD, 
such as dyslipidemia and obesity. For instance, as risk factors 
for NAFLD [47,48], the levels of TG and TC gradually rose 
from the lowest to the highest RBP quartile group in the pres-
ent study. In addition, in the study, T2DM patients in the high-
er RBP quartile groups seemed more likely to have higher obe-
sity-related indicators, such as WC, WHR, and BMI. A meta-
analysis revealed that obesity was an independent risk factor 
for NAFLD, and a clear dose-dependent relationship between 
BMI and the risk of NAFLD was found [49]. Interestingly, 
HTN prevalence and the SBP of patients increased as the RBP 
quartiles increased in our study, and a previous study suggest-
ed that HTN may independently promote the development of 
NAFLD [50].

In addition to the above two mechanisms, RBP4 may direct-
ly affect hepatic lipid metabolism. For example, Xia et al. [51] 
performed a series of experiments in HepG2 cells and mice and 
found that RBP4 increases adipogenesis in hepatocytes by acti-
vating sterol regulatory element-binding proteins (SREBP-1) 
through the peroxisome proliferator-activated receptor-γ co-
activator 1β (PGC-1β)-dependent pathway, which may result 
in the development and progression of NAFLD.

Certain limitations existed in this study. First, this cross-sec-
tional study could only conclude that there was an association 
of serum RBP levels with NAFLD, but it was impossible to de-
termine the causal relationship. Second, the study subjects 
were limited to T2DM inpatients; thus, the conclusions may 
not be applicable to other populations, such as community pa-
tients with diabetes. Furthermore, the gold standard for diag-
nosing NAFLD is liver biopsy, but the diagnosis of NAFLD in 
our study was based on ultrasound with limited sensitivity 
[36]. However, as an invasive test, it is impractical to use liver 
biopsy as a diagnostic method for NAFLD in a large-scale 
population study. Finally, there might have been other factors 
affecting NAFLD that were not corrected. However, we cor-
rected as many clinical factors as possible that may affect the 
onset of NAFLD. Therefore, to further determine whether se-
rum RBP4 levels can become an independent predictor of 
NAFLD in T2DM, large-scale prospective studies in more hos-
pitals and regions are needed.

In conclusion, the present study provided new clinical evi-
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dence to demonstrate that serum RBP levels were indepen-
dently positively correlated with NAFLD in Chinese inpatients 
with T2DM. Serum RBP levels might be used as an indicator 
for assessing the risk of NAFLD in T2DM patients, but more 
studies are needed to confirm this hypothesis.
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