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SUMMARY 

Objective: Retinol Binding Protein–4 (RBP–4) is an adipokine that has been 
identified as a novel regulator of insulin resistance. It has been suggested that 

insulin resistance might be associated with the pathophysiology of 

preeclampsia. The aims of this study were to determine whether the maternal 

serum levels of RBP-4 differ between patients with preeclampsia and those 

with normal pregnancies and to explore the relationship between the severity 

of disease and serum concentrations of RBP-4. 

Method: This case-control study included two groups: 1. Patients with 

preeclampsia (n=27) and 2. Patients with normal pregnancies (n=27). All 

subjects enrolled in the study were in their gestational age of 30 weeks or 

more. Serum RBP-4 concentrations were determined by ELISA. 

Results: Patients with preeclampsia had a higher serum concentration of 

RBP-4 than that of normal pregnant women (p < 0.001). When women with 

preeclampsia were categorized as those with preeclampsia and severe 

preeclampsia, no significant difference was observed in the concentration of 

serum RBP-4 (p= 0.272).  

Conclusions: Our results support a role of RBP-4 in the pathogenesis of 

preeclampsia   
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ÖZET 
Amaç: Retinol Binding Protein-4 (RBP-4) insulin reziztansında düzenleyici olan yeni bir adipokindir. İnsülin 

reziztansının preeklampsi patofizyolojisinde rolü olabileceği düşünülmektedir. Bu çalışmamızdaki amacımız 

preeklampsi hastalarında RBP-4’inin serum seviyelerinin sağlıklı gebelere göre farklı olup olmadığını tespit etmektir.  

Yöntem: Vaka kontrollü bu çalışmada 27 preeklamptik ve 27 sağlıklı gebede serum RBP-4 değerleri ELİSA yöntemi 

ile çalışıldı. Gebelerin tümünün gebelik haftası 30 hafta ve üzerinde idi. 

Bulgular: Preeklamptik gebelerde serum RBP-4 seviyesi sağlıklı gebelerden anlamlı olarak yüksek bulundu (p < 

0.001). Şiddetli preeklampsi grubunda, diğer preeklampsi hastalarına göre anlamlı fark yoktu. 

https://orcid.org/0000-0002-6407-1129
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Sonuç: Yeni bir adipokine olan RPB-4 ‘ün preeklampsi fizyopatogenezin rol oynadığı yönünde sonuca varılmıştır. 

Ancak preeklampsinin şiddeti ile RBP-4 arasında ilişki bulunamamıştır. 

Anahtar sözcükler: Preeklampsi, insülin rezistansı, RBP-4 

 

 

INTRODUCTION 

Preeclampsia is a severe complication of 

pregnancy characterized by hypertension and 
proteinuria ⁽ ¹⁾ . It is a leading cause of maternal 
and fetal mortality and morbidity⁽ 2⁾ . Despite 
intensive efforts, the exact pathogenesis of 
preeclampsia is still unknown. Because of its 
syndromic nature, several mechanisms and 
conditions, such as the abnormal transformation 
of spiral arteries, endothelial dysfunction, chronic 

uteroplacental ischemia, and dysregulation of 
angiogenic and anti-angiogenic factors, are 
associated with preeclampsia and its clinical 
features ⁽ ³⁻ ⁵ ⁾ . Preeclampsia shares features of 
metabolic syndrome, including insulin resistance, 
obesity, and dyslipidemia ⁽ ¹⁻ ⁶ ⁾ . Pregnancy 
complicated by preeclampsia significantly 

increases the risk of cardiovascular disease for the 
mother ⁽ ¹⁾ . It has been well documented that 
insulin resistance is a physiological state of 
pregnancy that increases gradually reaching a 
peak in the third trimester of pregnancy. 
Adipokines may participate in the establishment 
of insulin resistance. Several investigations have 

proved that preeclampsia is a state of exaggerated 
insulin resistance and is associated with adipokine 
changes ⁽ ⁷ ⁻ ⁸ ⁾   

Adipokines are adipocyte-derived biologically 
active cytokines/hormones that are secreted from 
adipocytes and include leptin, adiponectin, 
resistin, visfatin, and cytokines such as tumor 
necrosis factor alpha (TNF-α), interleukin-6, 
interleukin -1, and monocyte chemotactic protein-
1⁽ ⁹ ⁾ . Adipokines regulate glucose metabolism 

and insulin sensitivity and play roles in obesity, 
dyslipidemia, and insulin resistance ⁽ ¹º⁾   and are 
expressed in the human placenta⁽ ¹¹⁾ . In 
preeclampsia, dysregulation of circulating 
adipokines such as TNF-α, visfatin, adiponectin, 
and leptin affects insulin sensitivity leading to 
insulin resistance ⁽ ¹²⁾ .  

Retinol-binding protein-4 (RBP-4) is a recently 
identified novel adipokine that is upregulated in 
conditions of insulin resistance and obesity 

⁽ ¹⁴ ⁾ . Elevated RBP-4 levels increase the 
hepatic glucose output and insulin resistance 
⁽ ¹⁴ ⁾ . Elevated serum levels of RBP-4 were 
demonstrated in patients with impaired glucose 
tolerance and diabetes mellitus type 2 ⁽ ¹⁴ ⁻ ¹⁵ ⁾ . 
Moreover, it was reported that serum RBP-4 

levels increase during pregnancy in patients with 
gestational diabetes mellitus ⁽ ¹⁶ ⁻ ¹⁷ ⁾ . 

Although alterations in the serum levels of 
adipokines were demonstrated in preeclampsia, 

there are only a few reports, with conflicting 
results, about the potential role of RBP-4 in 
patients with preeclampsia ⁽ ¹⁸ ⁻ ²²⁾ . In this 
study, we evaluated the maternal serum RBP-4 
levels in preeclamptic patients and compared them 
with serum RBP-4 levels in normal pregnant 
women. We aimed to obtain insight into the role 

of RBP-4 in the development and pathogenesis of 
preeclampsia. 

MATERIAL AND METHODS 

This case-control study was conducted at 

Ondokuz Mayıs University, Department of 
Obstetrics and Gynecology. Twenty-seven 
pregnant women with preeclampsia and 27 
healthy pregnant women were recruited. 
Preeclampsia was defined as a blood pressure of 
140/90 mm Hg or higher on 2 occasions at least 6 
hours apart, occurring after 20 weeks’ gestation 

and accompanied by proteinuria (proteinuria was 
defined as ≥300mg/24 hours or ≥+1 by dipstick in 
a random urine analysis) ⁽ ⁹ ⁾ . Preeclampsia was 
categorized as severe if the systemic blood 
pressure was 160/110 mmHg or more on two 
occasions 6 hours apart or the presence of severity 
evidence like visual disturbances, upper 

abdominal pain, convulsion, oliguria, headache, 
elevated serum liver enzyme or serum creatinine, 
thrombocytopenia. Exclusion criteria included the 
presence of diabetes mellitus, chronic 
hypertension, multiple gestations, fetal anomalies, 
polyhydramnios, intrauterine death, active labor, 
premature rupture of membrane, maternal 
autoimmune disease, and other systemic diseases. 

All patients had a normal glucose tolerance test 
performed at the gestational age of 24–28 weeks. 
To avoid possible bias, samples taken from the 
healthy pregnant women were matched with that 
from preeclamptic patients in terms of gestational 
age. All subjects enrolled in the study were in 
their gestational age of 30 weeks or more. The 

study was approved by the institutional ethics 
committee, and all participants provided informed 
consent prior to blood collection. 

Blood samples were collected from patients with 
preeclampsia at the time of diagnosis of the 
disease and before starting any medication. Blood 
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samples were obtained from controls after 
admittance to the obstetrics department for 
delivery or from patients admitted to the 
outpatient clinic. 

Plasma serum was extracted, aliquoted, and stored 
at –40 °C. Serum RBP-4 concentration (µg/ml) 

was measured using the commercially available 
Sandwich ELISA kit (Cat No. EZH RBP-4-18K; 
Millipore MA, USA). Enzymatic reactions were 
quantified in an automatic microplate photometer. 
The lower limit of detection was 0.14 µg/ml. The 
mean interassay coefficient of variation (CV) % 
and intraassay CV% for RBP-4 were 3.34% and 

3.77%, respectively. Assays were conducted 
according to the manufacturers’ instructions. The 
samples were measured in duplicate. 

All values were expressed as the mean ± SD. One-
way ANOVA was used to compare means among 

groups. The Mann-Whitney-U and Kruskal-Wallis 
tests were used for comparisons of continuous 
variables. Statistics package, SPSS (Statistical 
Analysis System, Chicago, IL, USA), was used 

for data analysis. Values of p < 0.05 were 
considered statistically significant. 

RESULTS 

Table 1 displays the demographic and clinical 
characteristics of the study groups. There was no 
significant difference in baseline characteristics 
such as age BMI and gravidity between women 
with preeclampsia (n=27) and those with 
uncomplicated pregnancy (n=27). The mean age 
of women with preeclampsia and women with 

uncomplicated pregnancy was 30 ± 5.7 and 29 ± 
5.9 years, respectively. Gestational age at delivery 
was significantly shorter in the preeclampsia 
group than in the control group (p=0.007). 

 

Table 1: Characteristics of the entire study population 

 

 

 

Preeclampsia group 
(n=27) 

Mean±SD 

Median (Min-Max)* 

Control group (n=27) 

Mean±SD  

Median (Min-Max)* 

p 

 

Age (years) 30.59±5.73 29.00±5.96 0.322 

BMI (kg/m2) at sampling 28.76±2.12 27.97±2.67 0.236 

Gravidity 1 (1-5 ) *  2 (1-6) *  0.698 

Gestational age at blood 
sampling (week)  

37 (30-41) * 37 (31-40) * 0.794 

Gestational age at delivery 

(week)  

37 (30-41) *  39 (35-40) *  0.007** 

Birth weight (kg) 2477±828 3138±474 0.001** 

Systolic Pressure (mmHg)  170 (150-190) *  120 (130-80) * 0.001** 

Diastolic Pressure (mmHg)  110 (100-130) *  70 (50-80) * 0.001** 

* Median values 

**p<0.01 

   

Gestational ages at blood sampling were not 

different between the preeclampsia and control 
groups. Systolic and diastolic blood pressure was 
significantly different between subjects with 
preeclampsia and the controls (p < 0.001). In the 
preeclampsia group, mean serum RPB4 levels 
were significantly higher than in the control group 
(27.38 ± 7.14 µg/ml vs. 15.45 ± 4.52 µg/ml, 
respectively, p< 0.001).  

When women with preeclampsia were categorized 

as those with preeclampsia and severe 
preeclampsia, no significant differences in 
maternal age, BMI, gestational age at the time of 
blood sampling, and delivery were observed (p > 
0.05). In the severe preeclampsia group, systolic 
and diastolic pressure was significantly higher 
than that in the preeclampsia group (p < 0.05) 

(Table 2). Moreover, birth weight was 
significantly lower in the severe preeclampsia 
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group than in the control group (p = 0.002). 
Serum RBP-4 concentration did not differ 
significantly between women with severe 

preeclampsia and those with preeclampsia (26.20 
± 6.89 µg/ml vs. 29.38 ± 7.47 µg/ml, respectively, 
p = 0.272) (Table 3). 

 

Table 2: Characteristics of preeclampsia subgroups 

 

 

 
 

 

Severe Preeclampsia  
(n=17)  

Mean±SD 

Median (Min-Max)* 

 

Preeclampsia 
(n=10) 

Mean±SD 

Median (Min-

Max)* 

 

 
p 

 

Age (years) 

 

 

30.47±6.12 

 

 

30.80±5.30 

 

0.889 

 

Gravidity 

 

1 (1-5) 

 

1 (1-4) 

 

0.488 

 

BMI (kg/m2) at sampling  

 

28.41±2.25 

 

 

29.35±1.82 

 

0.278 

Gestational age at blood sampling 
(week) 

 
35.76±3.41 

 
36.70±2.98 

 
0.479 

Gestational age at delivery 

(week) 

 

35.76±3.41 

 

36.70±2.98 

 

0.479 

 

Birth weight (kg) 

 

2369±878 

 

2660±762 

 

0.389 

 

Systolic Pressure (mmHg) 

 

 

170 (150-190) * 

 

 

160 (140-160) * 

 

 

0.038** 

Diastolic Pressure (mmHg) 110 (100-130) * 100(100-120) * 0.046** 

* Median values 

** p<0.05 

 

Table 3: Retinol Binding Protein-4 (RBP-4) in preeclampsia and control groups and in preeclampsia 
subgroups 

 

Preeclampsia (n=27) 

Mean±SD 

 

Controls (n=27) 

Mean±SD 

 

    p 

RBP-4 (ng/mL) 27.38±7.14 

 

 

15.45±4.52 0.001* 

 

 

Severe Preeclampsia 

(n=17)  

Mean±SD 

 

 

Preeclampsia 

(n=10) 

Mean±SD 

 

   p 

RBP-4 (ng/mL)  

26.20±6.89 

 

29.38±7.47 

 

 

 

0.272 

*p<0.001 
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DISCUSSION 

In this study, we found that the circulating RBP-4 
concentrations increased in preeclamptic women 
compared with the controls. All patients who 
developed preeclampsia, irrespective of disease 

severity, showed significantly higher serum levels 
of RBP-4 than the controls. These findings 
suggest an association between RBP-4 and the 
pathophysiology of preeclampsia. However, we 
did not find any difference in the serum 
concentrations of RBP-4 in patients with severe 
preeclampsia.  

Beginning with the second trimester of pregnancy, 
physiological insulin resistance develops in 

pregnant women⁽ ²³⁾ . Human placental lactogen 
and placental growth hormone are placental 
hormones related to the development of insulin 
resistance ⁽ ²⁴ ⁾ . In recent years, the roles of 
adipokines (such as visfatin, leptin, adiponectin, 
and vaspin) were studied in preeclampsia and 
gestational diabetes ⁽ ¹³’²¹’²⁵ ⁻ ²⁷ ⁾ . 

In recent years, it has been suggested that insulin 
resistance and hyperinsulinemia might also be 
associated with the pathophysiologic mechanisms 

of preeclampsia ⁽ ⁶ ⁾  . There is growing 
evidence that insulin resistance may play a role in 
the development of endothelial damage ⁽ ²⁸ ⁾ . It 
has been reported that in non-pregnant adults with 
essential hypertension, insulin sensitivity 
decreased, and there was a positive correlation 
between the degree of insulin resistance and the 
severity of hypertension ⁽ ²⁹ ⁾ . RBP-4 was 

introduced as a novel insulin resistance-inducing 
adipokine that increases in obesity and insulin 
resistance ⁽ ¹º’¹⁴ ⁾ . To the best of our knowledge, 
there are only 5 reports describing the relationship 
between preeclampsia and RBP-4, but these 
reports showed conflicting results ⁽ ¹⁸ ⁻ ²²⁾ . 
Stephan et al. reported that circulating serum 

RBP-4 levels were not significantly different 
between preeclampsia patients and healthy 
controls of similar gestational age ⁽ ¹⁸ ⁾ . In 
contrast, Shangguan et al., and Inoue et al., 
demonstrated that circulating concentrations of 
RBP-4 increased in preeclamptic women 
compared with controls ⁽ ¹⁴ ⁾ . Shangguan et al. 

also stated that the serum levels of RBP-4 did not 
change significantly in women in late pregnancy 
as compared to non-pregnant women, and serum 
concentrations of RBP-4 increased significantly in 
women with severe preeclampsia compared to 
those with mild preeclampsia ⁽ ²¹⁾ . In the current 
investigation, there was a significant difference in 
the serum concentrations of RBP-4 between 

preeclampsia and controls, and hence, the serum 

level of RBP-4 was not related to the severity of 
preeclampsia. 

Interestingly, in a recent study, serum RBP-4 
levels were significantly higher in overweight 
patients with late-onset preeclampsia than in 
women of normal weight with late-onset 

preeclampsia and overweight controls ⁽ ²º⁾ . In 
contrast, another recent study of preeclamptic 
women and controls suggested that both maternal 
and umbilical cord serum RBP-4 levels in the 
third trimester of pregnancy were significantly 
lower in women with preeclampsia than in the 
controls ⁽ ³º⁾ . 

In conclusion, we demonstrated that maternal 
RBP-4 levels significantly increase in 
preeclampsia, suggesting that an increase in RBP-

4 serum concentration is important in the 
pathophysiology of preeclampsia. However, 
further studies are required to determine the exact 
role of RBP-4 in preeclampsia. 
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