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Abstract
Preeclampsia affects 2–8% of all pregnancies, and it is associated with significant perinatal mortality and morbidities
including preterm birth and small for gestational age. We examined whether plasma fatty acid binding protein 4 (FABP4)
concentrations are associated with risk of later preeclampsia development. From March 2015 to May 2016, serum FABP4
was measured in 1486 women in early pregnancy. The relationship between the levels of FABP4 and preeclampsia were
evaluated using univariate and multivariate regression analysis. The median plasma concentration of FABP4 at the first
prenatal visit was significantly higher in women in whom preeclampsia developed later compared with those in whom it did
not (P < 0.001). For each 1 unit increase in FABP4 plasma concentration, the unadjusted and adjusted risk of preeclampsia
increased by 8% (odds ratio (OR): 1.08; 95% confidence interval [CI]: 1.05–1.12) and 4% (1.04; 95% CI: 1.02–1.07),
respectively. The addition of FABP4 to established risk factors significantly improved net reclassification improvement.
Increased FABP4 at the first prenatal visit of gestation independently predicted preeclampsia and significantly
improved reclassification and discrimination. This information is important to guide public health efforts in preeclampsia
prevention.

Introduction

The most common classifications of hypertensive disorders
of pregnancy consist of chronic hypertension, gestational
hypertension, preeclampsia, and superimposed pre-
eclampsia [1]. Preeclampsia is a pregnancy-specific, mul-
tisystem condition that is defined by new-onset
hypertension and either proteinuria or end-organ dysfunc-
tion at 20 weeks of gestation or later [2]. Preeclampsia
affects 2–8% of all pregnancies, and it is associated with
significant perinatal mortality [3] and morbidities including
preterm birth and small for gestational age [4]. Worldwide,
approximately 76,000 pregnant women die each year from
preeclampsia and related hypertensive disorder [5]. The
origins of preeclampsia likely lie in abnormal placental

development, which induces oxidative stress and maternal
systemic inflammation that lead to the clinical symptoms
seen in preeclampsia [6].

The fatty acid binding protein (FABP) family consists of
intracellular lipid carriers that participate in regulating lipid
transport and metabolism, and serum FABPs have been
considered specific markers of tissue injury [7]. In humans,
FABP4 circulates at concentrations of 10–50 ng/ml, com-
parable to or higher than that of most adipokines, and
its level was elevated in obese subjects and correlated with
body mass index (BMI), waist circumference, insulin
resistance, dyslipidemia, and hypertension in healthy sub-
jects [7]. Previous studies have suggested that FABP4 was
associated with adiposity [8], metabolic syndrome (MS) [9],
atherosclerosis [10], and stroke [11].

FABP4 shows potential as a novel biomarker for pre-
eclampsia prediction in women with type 1 diabetes [3]. In
the non-pregnant and pregnant state, FABP4 is associated
with the following known preeclampsia risk factors: obesity
[8], hypertension [12], and diabetes [13, 14]. However, there
have been no studies on FABP4 in Chinese women with
preeclampsia. Thus, we hypothesize that serum FABP4
concentrations at the first prenatal visit are associated with
the development of preeclampsia in pregnant women. In this
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study of 1486 Chinese pregnant women, we assess the value
of FABP4 concentrations at the first prenatal visit to predict
preeclampsia.

Patients and methods

From March 2015 to May 2016, consecutive women (age
≥18 years old) who were admitted to the First Affiliated
Hospital of Zhengzhou University, China, were included. We
recruited singleton pregnancies at the first prenatal visit of
gestation; women were to be without a history of childbirth.
Pregnant women with pre-gestational diabetes and hyperten-
sion, pregnant women diagnosed with alcohol abuse or renal
failure at the first prenatal visit, and pregnant women who
terminated their pregnancy during follow-up were excluded
from the study. This study was approved by the ethics com-
mittee of the First Affiliated Hospital of Zhengzhou Uni-
versity. All participants were informed of the study protocol,
and their written informed consents were obtained before
inclusion.

We recorded maternal pregnancy characteristics including
maternal age, pre-pregnancy BMI (self-reported weight (kg)
divided by height (m2)), ethnicity, marital status (unmarried,
married), smoking status (yes, no), gravidity, gestational
weeks at admission, and family history of hypertension at the
first prenatal visit. We also obtained additional information
from medical records, including severe anemia during the
pregnancy, psychological stress during pregnancy, gestational
diabetes mellitus (GDM), urinary tract infection and fibroids
during pregnancy, newborn birth weight, BMI, and gesta-
tional age at delivery. Gestational age was determined
according to the date of the last menstrual period and was
confirmed by ultrasound reports in the first trimester. A
delivery summary of gestational age, maternal BMI at
delivery, and birth weight was recorded by obstetricians.
Obesity has been more precisely defined by the National
Institutes of Health (the NIH) as a BMI of 30 and above [15].

Preeclampsia, the primary endpoint, was defined using
international guidelines [16]. We applied the international
criteria to define preeclampsia as the presence of hyper-
tension (systolic blood pressure (SBP) ≥140 mmHg and/
or diastolic blood pressure (DBP) ≥90 mmHg on two
occasions at least 6 h apart after 20 weeks of gestation
with detectable proteinuria of ≥0.3 g/24 h or >1 by urine
dipstick in previously normotensive women [17].
According to the International Society for the Study of
Hypertension in Pregnancy (ISSHP) criteria, severe pre-
eclampsia was diagnosed if at least one of the following
symptoms appeared: SBP ≥160 mmHg; DBP ≥110
mmHg; any evidence of other organ damage including
proteinuria of ≥3 g/24 h or 3+ by urine dipstick, oliguria,
pulmonary edema, liver dysfunction, thrombocytopenia,

or central nervous system disturbance (altered vision,
headache).

Pregnant women were tested for fasting plasma FABP4
at their first prenatal visit using a venous blood sample
collected after at least 8 h of fasting. The gestational age at
sampling was recorded. The plasma concentration of
FABP4 was batch analyzed and blind to preeclampsia status
using a commercially available ELISA assay from R & D
Systems (Minneapolis, MN). In our study, the lower
detection limit for FABP4 was 3.0 ng/ml, and the detection
range was 3–120 ng/ml. Inter-assay and intra-assay coeffi-
cients of variation were all less than 8%. Routine blood
biomarkers such as C-reactive protein (CRP) and fasting
plasma glucose (FPG) were tested using standard detection
methods.

Statistical analysis

Variables are summarized as the mean (standard deviation;
SD), median (Interquartile range: IQR), or n (%) per cate-
gory; groups have been compared using the χ2 or
Mann–Whitney test (Student’s t-test) as appropriate and
using logistic regression analyses to adjust for multiple
different variables. Incidence density 95% confidence
intervals (CI) were calculated using the Poisson distribution.

The relationship between levels of FABP4 and pre-
eclampsia were evaluated using univariate and multivariate
regression analysis. We used crude models and multivariate
models adjusted for all significant predictors to report
odds ratios (ORs). For multivariate analyses, categorical
variables included maternal age, gravidity, ethnicity, pre-
pregnancy BMI, gestational age at sampling, smoking sta-
tus, marital status, severe anemia during the pregnancy,
family history of hypertension, psychological stress
during pregnancy, GDM, urinary tract infection and
fibroids during pregnancy, newborn birth weight, BMI
and gestational age at delivery, FPG, CRP, and FABP4. For
a more detailed exploration of the relationship between
FABP4 and preeclampsia, we also used multivariate
analysis models to estimate adjusted OR and 95% CIs
of preeclampsia for FABP4 quartiles (with the lowest
quartile as reference). Second, receiver operating char-
acteristic (ROC) curves were used to test the overall pre-
diction accuracy of FABP4 and other markers to diagnose
preeclampsia, and the results were reported as the area
under the curve (AUC). Integrated discrimination
improvement (IDI) and net reclassification improvement
(NRI) indices were calculated to determine the clinical
utility of the addition of FABP4 to established risk factors
and the ability of FABP4 to improve preeclampsia predic-
tion [18]. All statistical analysis was performed with SPSS
for Windows, version 21.0 (SPSS Inc., Chicago, IL, USA)
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and the ROCR package (version 1.0-2). Statistical sig-
nificance was defined as P < 0.05.

Results

In this study, from 1752 screened women (at admission),
1636 women (age ≥18 years old) with singleton preg-
nancy and without a history of childbirth were identified
and included. During the study process, 41 decided to
withdraw, 15 blood samples were lost, 63 were lost to
follow-up or transferred hospitals, and 31 terminated their
pregnancy, leaving 1486 individuals for this analysis.
However, these 1486 patients were similar in terms of
baseline characteristics (age (P= 0.37), BMI (P= 0.55),
and gestational weeks at admission (P= 0.31)) compared
to the overall cohort. Blood from women at their first
prenatal visit was available for 1486 women, among
whom preeclampsia developed in 61 (4.1%; 95% CI:
3.1–5.1%). In those women, 17 (1.1%) were defined as
severe preeclampsia. The median gestational age at blood
sample collected was 10 (IQR, 8–12) weeks. The median
serum concentration of FABP4 was 15.8 (IQR, 11.4–25.1)
ng/ml (Fig. 1). The maternal and clinical characteristics of
women with and without preeclampsia are presented in
Table 1. Women who developed preeclampsia had a
greater BMI at admission and were more likely to have a
family history of hypertension, severe anemia, and psy-
chological stress during pregnancy (Table 1). They also
had more urinary tract infections and fibroids during
pregnancy as well as higher levels of FPG and CRP.
Interestingly, obese women were more likely to develop
preeclampsia than women without obesity (21.3% vs.
10.9%, P= 0.012).

The preeclampsia distribution across the FABP4 quar-
tiles ranged between 1.3% (first quartile) and 7.5% (fourth
quartile) (Fig. 2). The median serum concentration of
FABP4 at the first prenatal visit was significantly higher
among women in whom preeclampsia developed later
compared with those in whom it did not (24.8 [IQR:
15.9–31.2] ng/ml vs. 15.6 [IQR 11.2–24.6] ng/ml; Z=
5.353, P < 0.001) (Fig. 3).

In univariate logistic regression analysis, we calculated the
OR of the FABP4 level in predicting preeclampsia compared
with other risk factors. For each 1 unit increase in plasma
concentration of FABP4, the unadjusted and adjusted risk of
preeclampsia increased by 8% (OR 1.08 [95% CI: 1.05–1.12],
P < 0.001) and 4% (OR 1.04 [95% CI: 1.02–1.07], P= 0.015),
respectively (Table 2). In multivariate analyses, severe anemia
during pregnancy (OR: 3.17; 95% CI: 2.12–4.75), family his-
tory of hypertension (3.58 (2.30–5.56)), psychological stress
during pregnancy (2.73(1.80–4.14)), GDM (2.39 (1.56–3.79)),
obesity status (1.96 (1.18–3.25)), and urinary tract infection
during pregnancy (2.58 (1.76–3.79)) remained significant pre-
eclampsia predictors. In multivariate models comparing the
second, third, and fourth quartiles against the first (Q1) quartile
of FABP4 (Table 2), concentrations of FABP4 in Q3 and Q4
were associated with later preeclampsia development and
increased the risk of preeclampsia by 121% (OR: 2.21; 95%CI:
1.09–4.18) and 205% (3.05; 1.43–7.75), respectively. The
independent association of FABP4 with preeclampsia was
confirmed using the likelihood ratio test (P= 0.027). In a
multivariate model using the fourth quartile of FABP4 vs.
quartiles 1 through 3 together with the clinical variables, the
marker displayed prognostic information (preeclampsia: OR for
FABP4 fourth quartile, 2.07 [95% CI: 1.06–3.98; P= 0.009]).
We also calculated the OR of the FABP4 level in predicting
severe preeclampsia compared with other risk factors. For each
1 unit increase in FABP plasma concentration, the unadjusted
and adjusted risk of severe preeclampsia increased by 15%
(OR 1.15 [95% CI: 1.08–1.27], P < 0.001) and 9% (1.09
[1.04–1.16], P= 0.004), respectively.

Based on the ROC analysis, the optimal cutoff value of
FABP4 levels as an indicator for preeclampsia screening
was estimated to be 21.3 ng/ml, which yielded a sensitivity
of 67.3% and a specificity of 74.4%, with the AUC at 0.71
(95% CI, 0.65–0.76) (Fig. 4). Furthermore, plasma levels
of FABP4 ≥21.3 ng/ml were considered an indicator to
predict preeclampsia, and the positive predictive value
(PPV) and negative predictive value (NPV) were 63.9%
and 73.7%, respectively. The diagnostic accordance rate
was 73.3%.

With an AUC of 0.71, FABP4 showed a significantly
greater discriminatory ability to predict preeclampsia com-
pared with CRP (AUC, 0.60; 95% CI: 0.57–0.68; P <
0.001), FPG (AUC, 0.55; 95% CI: 0.50–0.61; P < 0.001),
BMI (AUC, 0.57; 95% CI: 0.52–0.62; P < 0.001), family

Fig. 1 Histogram of FABP4 at the first prenatal visit. FABP4 fatty acid
binding protein 4
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history of hypertension (AUC, 0.63; 95% CI: 0.59–0.69;
P= 0.001), and psychological stress during pregnancy
(AUC, 0.61; 95% CI, 0.56–0.67; P < 0.001). When FABP4
was added to the model containing established risk factors,
the AUC was 0.77. A significant difference in the AUC
between the established risk factors alone and the addition
of FABP4 concentrations was observed (difference, 0.02
[95% CI: 0.01–0.03]; P= 0.04) (Table 3). The NRI statistic
showed that the addition of FABP4 to a model with
established risk factors significantly increased the correct
reclassification of preeclampsia (P < 0.001). The IDI sta-
tistic found that the FABP4 level significantly increased
discrimination between women with preeclampsia and
without preeclampsia (P= 0.03).

Table 1 Maternal and clinical
characteristics of women with
and without preeclampsia

Characteristica ALL Women with
preeclampsiab

Without
preeclampsia

N 1486 61 1425

Maternal race/ethnicity—Han, n (%) 1288 (86.7) 54 (88.5) 1234 (86.6)

Maternal age, median (IQR), years 28.0 (24.5–31.5) 28.4 (24.6–31.7) 28.0 (24.5–31.4)

Gravidity, mean (SD) 2.1 (1.2) 2.1 (1.3) 2.1 (1.2)

Pre-pregnancy BMI, median (IQR),
kg/m2

22.5 (21.2–24.1) 23.9 (22.2–27.5)** 22.4 (21.0–24.0)

Obesity status, n (%) 168 (11.3) 13 (21.3)** 155 (10.9)

Marital status—Married, n (%) 1376 (92.6) 45 (73.8)* 1331 (93.4)

Smoking during pregnancy, n (%) 278 (18.7) 13 (21.3) 265 (18.6)

Gestational age of blood sample,
median (IQR), years

10 (8–12) 11 (9–13) 10 (8–12)

Severe anemia during pregnancy, n (%) 128 (8.6) 17 (27.9)* 111 (7.8)

Family history of hypertension, n (%) 159 (10.7) 19 (31.1)* 140 (9.8)

Psychological stress during pregnancy,
n (%)

172 (11.6) 18 (29.5)* 154 (10.8)

GDM, n (%) 183 (12.3) 17 (27.9)* 166 (11.6)

Urinary tract infection during
pregnancy, n (%)

201 (13.5) 20 (32.8)* 181 (12.7)

Fibroids during pregnancy, n (%) 121 (8.1) 10 (16.4)** 111 (7.8)

Birth weight, mean (SD), g 3235 (945) 2680 (796)* 3240 (949)

BMI at delivery, median (IQR), kg/m2 28.1 (26.5–30.8) 29.4 (28.2–31.6)* 27.9 (26.4–30.8)

GA at delivery, median(IQR), weeks 38.5 (37.0–39.5) 36.5 (35.0–37.5)* 38.5 (37.0–39.6)

Laboratory test, median (IQR)

CRP, mg/l 6 (3–9) 10 (6–15)* 6 (3–9)

FPG, mmol/l 4.55 (4.18–5.63) 5.15 (4.55–6.14)* 4.52 (4.17–5.61)

FABP4, ng/ml 15.8 (11.4–25.1) 24.8 (15.9–31.2)* 15.6 (11.2–24.6)

GDM gestational diabetes mellitus, BMI body mass index, CRP C-reactive protein, FPG fasting plasma
glucose, FABP4 fatty acid binding protein 4

*P value <0.001; **P value <0.05
aData are median (interquartile range), mean (standard deviation), or n (%)
bP value tested by χ2 or Mann–Whitney test (Student’s t-test). Compared with the women without
preeclampsia

Fig. 2 The incidence rate for PE according to the baseline FABP4
quartiles. Plasma levels of FABP4 in Quartile 1 (<11.4 ng/ml),
Quartile 2 (11.4–15.8 ng/ml), Quartile 3 (15.8–25.1 ng/ml), and
Quartile 4 (>25.1 ng/ml). PE preeclampsia, FABP4 fatty acid binding
protein 4
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Discussion

Preeclampsia is a common condition of pregnancy, marked
by the onset of hypertension and proteinuria [19]. This is the
first study to date to both assess the concentration of FABP4
at the first prenatal visit of gestation in relation to the
development of preeclampsia and to investigate its clinical
utility in Chinese pregnant women. The FABP4 level
remained significantly associated with preeclampsia after
controlling for established risk factors. The fourth quartile of
FABP4 levels proved prognostic, and the adjusted risk of
preeclampsia for women in this group increased by 107%
(OR= 2.07 [95% CI: 1.06–3.98], P= 0.009). The FABP4
level, when added to a model with established risk factors,
did significantly increase the AUC (P= 0.04). Furthermore,
the NRI and IDI, which are proposed as superior methods to

determine the clinical utility of a biomarker, showed that the
FABP4 level, in addition to clinical risk factors, improved
the prediction of preeclampsia. These data suggest that
future targeted lifestyle interventions and more frequent
medical interventions should be emphasized for women with
FABP4 levels in the fourth quartile.

The value of maternal serum biomarkers, such as angio-
poietin-2, and uterine artery Doppler [20], leptin [21],
Follistatin-like-3 [22], and afamin [23] in the prediction of
preeclampsia have been suggested in previous studies. In this
study, maternal FABP4 concentrations at the first prenatal
visit were significantly higher in women in whom pre-
eclampsia developed later compared with those in whom it
did not. Previous studies have also measured FABP4 levels
prior to the onset of preeclampsia. In line with our findings,
Scifres et al. [24] reported significantly elevated FABP4
levels before 13 weeks and at 26 weeks of gestation in
women without diabetes in whom preeclampsia developed
later. Similarly, another study found that FABP4 was sig-
nificantly elevated in early pregnancy and the second trime-
ster in women in whom preeclampsia developed later [3].

Severe preeclampsia occurs in 1–2% of all pregnancies,
and it is often associated with higher risks of adverse
pregnancy outcomes [25, 26]. A previous study suggested
that 1.92% of nulliparous women developed preeclampsia,
and the prevalence of mild or severe preeclampsia was
1.42% or 0.49%, respectively [27]. Similarly, in this study,
we found that the prevalence of mild and severe pre-
eclampsia was 3.0% and 1.1%, respectively.

The causes of preeclampsia are still unclear, although
many risk factors for developing preeclampsia have been
suggested, including first pregnancy, multiple pregnancies,
maternal age, maternal and paternal ethnicity, obesity, a
history of preeclampsia, and a prolonged interval between
pregnancies [27]. Some risk factors, including antipho-
spholipid antibody syndrome, prior pre-eclampsia, chronic

Fig. 3 Distribution of FABP4 in women with PE and without PE.
Horizontal lines represent medians and inter-quartile ranges (IQR).
P values refer to Mann–Whitney U tests for differences between
groups. PE preeclampsia, FABP4 fatty acid binding protein 4

Table 2 Logistic regression model for serum FABP4 concentrations
using preeclampsia as the dependent variables

FABP4, ng/ml Crude OR (95% CI) Multivariable adjusted a

Decrease per unit 1.08 (1.05–1.12) 1.04 (1.02–1.07)

Quartile 1 (<11.4) Reference 1.00

Quartile 2
(11.4–15.8)

2.02 (0.68–5.97) 1.18 (0.47–4.13)

Quartile 3
(15.9–25.1)

3.72 (1.37–10.13) 2.21 (1.09–4.18)

Quartile 4 (>25.1) 5.98 (2.28–15.68) 3.05 (1.43–7.75)

aAdjusted for maternal age, gravidity, ethnicity, pre-pregnancy BMI,
gestational age at sampling, smoking, marital status, severe anemia
during pregnancy, family history of hypertension, psychological stress
during pregnancy, GDM, urinary tract infection and fibroids during
pregnancy, newborn birth weight, BMI and gestational age at delivery,
FPG, CRP, and FABP4 quartiles

OR odds ratio, CI confidence interval, GDM gestational diabetes
mellitus, BMI body mass index, CRP C-reactive protein, FPG fasting
plasma glucose, FABP4 fatty acid binding protein 4

Fig. 4 Receiver operating characteristic (ROC) curves were utilized to
evaluate the accuracy of plasma FABP4 levels in predicting PE. PE
preeclampsia, FABP4 fatty acid binding protein 4
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hypertension, pre-gestational diabetes, and BMI >30, were
also strongly associated with a high rate of preeclampsia [19].
Furthermore, chronic hypertension, obesity, severe anemia
[28], GDM, urinary tract infection and fibroids during
pregnancy [29], and psychological stress during pregnancy
[30] have also been suggested as risk factors for pre-
eclampsia. In this study, we also found that severe anemia
during pregnancy, family history of hypertension, psycho-
logical stress during pregnancy, GDM, obesity status, and
urinary tract infection during pregnancy remained significant
preeclampsia predictors.

In multivariate models, FABP4 remained associated with
preeclampsia when adjusted for the above factors. Some other
mechanisms may explain the observed association between
FABP4 level and risk of preeclampsia. First, elevated FABP4
levels increase the risks of obesity-related metabolic disorders
and hypertension [31]. As an adipokine, FABP4 is also clo-
sely associated with hypertension. Ota et al. observed that
serum FABP4 levels were significantly higher in non-treated
essential hypertensives than in normotensives, and after
adjustment for age, sex, and adiposity, FABP4 was an inde-
pendent predictor of mean arterial pressure [32]. Second, the
role of FABP4 in the pathogenesis of hypertension might be
that FABP4 induces the transformation of the insulin-
mediated endothelial nitric oxide synthase (eNOS) pathway,
thus reducing NO production and endothelial dysfunction
[33]. Third, one study found that serum FABP4 concentration
was associated with insulin resistance [13]. Emerging evi-
dence suggests that diabetes is associated with pulmonary
hypertension and that diabetes modifies the course of pul-
monary hypertension [34]. Lastly, Yan et al. [35] concluded
that the increase in placental FABP4 expression in pre-
eclampsia may affect the function of trophoblasts, and this
increase may have a role in the pathogenesis of preeclampsia.

Major strengths of this study were that we used plasma
samples collected before the onset of symptoms, which is
important to establish temporality. In addition, women with
essential hypertension or any existing renal disease were
included, making our study more representative of the typical
population. There were several limitations of our study. First,
it was cross-sectional; therefore, this study could not reflect on
the cause–effect relationship between FABP4 and

preeclampsia. Second, the sample size was not sufficiently
large. In addition, we acknowledge that while having a
population mainly composed of Han Chinese women may be
a strength for data homogeneity, this may also be viewed as a
limit with regard to extending conclusions to other popula-
tions. Third, FABP4 levels were determined by a single
measurement during the early stage of pregnancy. However,
Shangguan et al. [36] reported increased third trimester
FABP4 levels in women with preeclampsia compared with
healthy pregnant and non-pregnant women, suggesting no
effect of pregnancy on FABP4 levels.

Conclusions

The present study is the first report showing that increased
FABP4 level at the first prenatal visit of gestation inde-
pendently predicted preeclampsia and significantly
improved reclassification and discrimination. These findings
further develop our understanding of the role of FABP4 in
preeclampsia. This information is important to guide public
health efforts in preeclampsia prevention.

Acknowledgements We are grateful to the nurses, physicians, and
women who participated in our study and the staff of the central
laboratory of the Hospital. The authors also acknowledge the con-
tribution of the editors and reviewers who have helped us to improve
this manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Ohkuchi A, Hirashima C, Takahashi K, Suzuki H, Matsubara S.
Prediction and prevention of hypertensive disorders of pregnancy.
Hypertens Res. 2017;40:5–14.

2. Baca KM, Simhan HN, Platt RW, Bodnar LM. Low maternal 25-
hydroxyvitamin D concentration increases the risk of severe and
mild preeclampsia. Ann Epidemiol. 2016;26:853–7.

3. Wotherspoon AC, Young IS, McCance DR, Patterson CC,
Maresh MJ, Pearson DW, Walker JD, Holmes VA. Serum fatty

Table 3 Serum FABP4 concentrations at admission prediction of preeclampsia with AUROC

Preeclampsia AUROC NRI(P) IDI (P)

FABP4 Risk factors a Risk factors with FABP4 a Incremental area (P)b

At admission 0.71 0.75 0.77 0.02 (0.04) 0.45 (<0.01) 0.03 (0.03)

BMI body mass index, CRP C-reactive protein, FPG fasting plasma glucose, FABP4 fatty acid binding protein 4
aEstablished risk factors including: maternal age, gravidity, ethnicity, pre-pregnancy BMI, gestational age at sampling, smoking, marital status,
severe anemia during the pregnancy, family history of hypertension, psychological stress during pregnancy, GDM, urinary tract infection and
fibroids during pregnancy, newborn birth weight, BMI and gestational age at delivery, and blood levels of FPG and CRP
bComparison of AUROCs: established risk factors without FABP4 levels vs. established risk factors with FABP4 levels

768 G-H Qiao, X-Z Sun



acid binding protein 4 (FABP4) predicts pre-eclampsia in women
with type 1 diabetes. Diabetes Care. 2016;39:1827–9.

4. Heida KY, Zeeman GG, Van Veen TR, Hulzebos CV. Neonatal
side effects of maternal labetalol treatment in severe preeclampsia.
Early Hum Dev. 2012;88:503–7.

5. Singh M, Pathak MS, Paul A. A study on atherogenic indices of
pregnancy induced hypertension patients as compared to normal
pregnant women[J]. J Clin Diagn Res. 2015;9:BC05.

6. Ji L, Brki_c J, Liu M, Fu G, Peng C, Wang Y. Placental
trophoblast cell differentiation: physiological regulation and
pathological relevance to preeclampsia. Mol Aspects Med.
2013;34:981–1023.

7. Ishimura S, Furuhashi M, Watanabe Y, Hoshina K, Fuseya T, Mita T,
Okazaki Y, Koyama M, Tanaka M, Akasaka H, Ohnishi H, Yoshida
H, Saitoh S, Miura T. Circulating levels of fatty acid-binding protein
family and metabolic phenotype in the general population. PLoS
ONE. 2013;8:e81318.

8. Xu A, Wang Y, Xu JY, Stejskal D, Tam S, Zhang J, Wat NM,
Wong WK, Lam KS. Adipocyte fatty acid–binding protein is a
plasma biomarker closely associated with obesity and metabolic
syndrome. Clin Chem. 2006;52:405–13.

9. Terra X, Quintero Y, Auguet T, Porras JA, Hernández M,
Sabench F, Aguilar C, Luna AM, Del Castillo D, Richart C.
FABP 4 is associated with inflammatory markers and metabolic
syndrome in morbidly obese women. Eur J Endocrinol.
2011;164:539–47.

10. Yeung DC, Xu A, Cheung CW, Wat NM, Yau MH, Fong CH,
Chau MT, Lam KS. Serum adipocyte fatty acid-binding protein
levels were independently associated with carotid atherosclerosis.
Arterioscler Thromb Vasc Biol. 2007;27:1796–802.

11. Tu WJ, Zeng XW, Deng A, Zhao SJ, Luo DZ, Ma GZ, Wang H,
Liu Q. Circulating FABP4 (Fatty Acid–Binding Protein 4) is a
novel prognostic biomarker in patients with acute ischemic stroke.
Stroke. 2017;48:1031–8.

12. Tuuri AL, Jauhiainen MS, Tikkanen MJ, Kaaja RJ. Systolic blood
pressure and fatty acid-binding protein 4 predict pregnancy-
induced hypertension in overweight nulliparous women. Placenta.
2014;35:797–801.

13. Nakamura R, Okura T, Fujioka Y, Sumi K, Matsuzawa K, Izawa S,
Ueta E, Kato M, Taniguchi SI, Yamamoto K. Serum fatty acid-
binding protein 4 (FABP4) concentration is associated with insulin
resistance in peripheral tissues, A clinical study. PLoS ONE.
2017;12:e0179737.

14. Tu WJ, Guo M, Shi XD, Cai Y, Liu Q, Fu CW. First-trimester
serum fatty acid-binding protein 4 and subsequent gestational
diabetes mellitus. Obstet Gynecol. 2017;130:1011–6.

15. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Over-
weight and obesity in the United States: prevalence and trends,
1960-94. Int J Obes. 1998;22:39–47.

16. National High Blood Pressure Education Program Working Group
on High Blood Pressure in Pregnancy. Report of the National
High Blood Pressure Education Program Working Group on High
Blood Pressure in Pregnancy. Am J Obstet Gynecol. 2000;183:
S1–22.

17. Zhao X, Fang R, Yu R, Chen D, Zhao J, Xiao J. Maternal vitamin
D status in the late second trimester and the risk of severe pre-
eclampsia in southeastern China. Nutrients. 2017;9:138.

18. Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr, Vasan RS.
Evaluating the added predictive ability of a new marker: from area
under the ROC curve to reclassification and beyond. Stat Med.
2008;27:157–72.

19. Bartsch E, Medcalf KE, Park AL, Ray JG, High Risk of Pre-
eclampsia Identification Group. Clinical risk factors for pre-

eclampsia determined in early pregnancy: systematic review and
meta-analysis of large cohort studies. BMJ. 2016;353:i1753.

20. Puttapitakpong P, Phupong V. Combination of serum
angiopoietin-2 and uterine artery Doppler for prediction of pre-
eclampsia. Hypertens Res. 2016;39:95–99.

21. Taylor BD, Ness RB, Olsen J, Hougaard DM, Skogstrand K,
Roberts JM, Haggerty CL. Serum leptin measured in early preg-
nancy is higher in women with preeclampsia compared with
normotensive pregnant women. Hypertension. 2015;65:594–9.

22. Han X, He J, Wang A, Dong M. Serum Follistatin-like-3 was ele-
vated in second trimester of pregnant women who subsequently
developed preeclampsia[J]. Hypertens Pregnancy. 2014;33:277–82.

23. Tramontana A, Dieplinger B, Stangl G, Hafner E, Dieplinger H.
First trimester serum concentrations of afamin are associated with
the development of preeclampsia and gestational diabetes mellitus
in pregnant women[J]. Atherosclerosis. 2016;252:e69–70.

24. Scifres CM, Catov JM, Simhan H. Maternal serum fatty acid
binding protein 4 (FABP4) and the development of preeclampsia.
J Clin Endocrinol Metab. 2012;97:E349–56.

25. Von Dadelszen P, Magee LA. Pre-eclampsia: an update. Curr
Hypertens Rep. 2014;16:454.

26. Bodnar LM, Simhan HN, Catov JM, Roberts JM, Platt RW,
Diesel JC, Klebanoff MA. Maternal vitamin D status and the risk
of mild and severe preeclampsia. Epidemiology.
2014;25:207–14.

27. Xiao J, Shen F, Xue Q, Chen G, Zeng K, Stone P, Zhao M, Chen Q.
Is ethnicity a risk factor for developing preeclampsia? An analysis of
the prevalence of preeclampsia in China. J Hum Hypertens.
2014;28:694–8.

28. Ota E, Ganchimeg T, Mori R, Mori R, Souza JP. Risk factors of
pre-eclampsia/eclampsia and its adverse outcomes in low-and
middle-income countries: a WHO secondary analysis. PLoS ONE.
2014;9:e91198.

29. Yi Y, Jing Y, Gang Z, Xu WW. Potential risk factor of pre-
eclampsia among healthy Chinese women: a retrospective case
control stud. Biomed Res. 2017;28:1183–8.

30. Kurki T, Hiilesmaa V, Raitasalo R, Mattila H, Ylikorkala O.
Depression and anxiety in early pregnancy and risk for pre-
eclampsia. Obstet Gynecol. 2000;95:487–90.

31. Zhang S, Yang L, Chen P, Jin H, Xie X, Yang M, Gao T, Hu C,
Yu X. Circulating adipocyte fatty acid binding protein (FABP4)
levels are associated with Irisin in the middle-aged general Chi-
nese population. PLoS ONE. 2016;11:e0146605.

32. Ota H, Furuhashi M, Ishimura S, Koyama M, Okazaki Y, Mita T,
Fuseya T, Yamashita T, Tanaka M, Yoshida H, Shimamoto K,
Miura T. Elevation of fatty acid-binding protein 4 is predisposed
by family history of hypertension and contributes to blood pres-
sure elevation. Am J Hypertens. 2012;25:1124–30.

33. Aragones G, Saavedra P, Heras M, Cabre A, Girona J, Masana L.
Fatty acid-binding protein 4 impairs the insulin-dependent nitric
oxide pathway in vascular endothelial cells. Cardiovasc Diabetol.
2012;11:205–6.

34. Grinnan D, Farr G, Fox A, Sweeney L. The role of hyperglycemia
and insulin resistance in the development and progression of pul-
monary arterial hypertension. J Diabetes Res. 2016;2016:2481659
https://doi.org/10.1155/2016/2481659

35. Yan Y, Peng H, Wang P, Wang H, Dong M. Increased expression
of fatty acid binding protein 4 in preeclamptic placenta and its
relevance to preeclampsia. Placenta. 2016;39:94–100.

36. Shangguan X, Liu F, Wang H, He J, Dong M. Alterations in
serum adipocyte fatty acid binding protein and retinol binding
protein-4 in normal pregnancy and preeclampsia. Clin Chim Acta.
2009;407:58–61.

Increased plasma fatty acid binding protein 4 concentration at the first prenatal visit and its. . . 769

https://doi.org/10.1155/2016/2481659

	Increased plasma fatty acid binding protein 4 concentration at the first prenatal visit and its relevance to preeclampsia
	Abstract
	Introduction
	Patients and methods
	Statistical analysis
	Results
	Discussion
	Conclusions
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




