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Abstract. The present study aimed to determine the clinical
characteristics and perinatal outcomes of females with severe
preeclampsia according to their pre‑pregnancy body mass
index (BMI). Data from 233 patients with severe preeclampsia
were reviewed from the Inpatient Obstetrics Department. The
data were divided into 3 groups according to the patients'
pre‑pregnancy BMI: Normal (BMI of 18‑25 kg/m 2; n=134);
underweight (BMI <18 kg/m 2; n=15); and overweight and
obese (BMI >25 kg/m2; n=84). The incidence of dyslipidemia,
amniotic fluid abnormalities and neonatal hospitalizations in
the group of females who were overweight or obese before
pregnancy were higher than those in the other groups (all
P<0.05). In conclusion, the presence of dyslipidemia, excessive
weight and obesity prior to pregnancy in patients with severe
preeclampsia was associated with maternal and perinatal
outcomes.
Introduction
Preeclampsia is a hypertensive multi‑organ disorder of
pregnancy with an immense adverse impact on maternal
and perinatal health. Obesity, lipid metabolism disorders
and oxidative stress have been reported to contribute to the
pathophysiology of preeclampsia, but the exact mechanisms
have remained elusive. Research is underway to elucidate the
risk factors, the immunological aspects, as well as a definitive
management protocol for preeclampsia (1).
Obesity has become a significant health issue worldwide (2),
and an elevated body mass index (BMI) prior to pregnancy is
associated with an increased risk of obstetrical complications,
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including gestational diabetes, necessity for cesarean sections,
macrosomia, stillbirth and preeclampsia (3‑7). Obesity is
a well‑recognized risk factor for preeclampsia (8,9). The
risk of preeclampsia is markedly elevated in females with
high pre‑pregnancy BMIs (10). However, the mechanisms
linking preeclampsia and body weight prior to pregnancy
have remained fully elusive. Being overweight prepregnancy
or obese during pregnancy increases the metabolic demands
on the body and changes in estrogen and progesterone levels
inherent to pregnancy may lead to changes in blood lipid
levels, disorders of lipid metabolism and imbalance of oxidation and anti‑oxidation. DNA damage to vascular endothelial
cells is positively correlated with increased serum triglyceride,
total cholesterol and low‑density lipoprotein levels and high
triglyceride levels increase the risk of pregnancy‑induced
hypertension and gestational diabetes (11,12). Dyslipidemia
is a common feature of obesity and preeclampsia (10). Thus,
it was hypothesized that prepregnancy BMI may be associated
with lipid profile and with the pregnancy outcomes in patients
with preeclampsia. In the present study, the clinical data of
patients with severe preeclampsia admitted to our hospital over
1 year were retrospectively analyzed to identify the possible
associations between pre‑pregnancy weight, blood lipid levels
and pregnancy complications in these patients.
Patients and methods
Patients. Data were collected from the clinical records of
233 Chinese females with severe preeclampsia who came to the
Fujian Maternity and Child Health Hospital (Fuzhou, China)
for delivery between October 2016 and October 2017. The
mean age of the patients was 31.61 years (range, 18‑48 years).
Prepregnancy BMIs were calculated by dividing the body
weight in kilograms by the squared body height in meters
and the data were grouped according to their values (normal,
BMI between 18 and 25 kg/m 2, n=134; underweight, BMI
<18 kg/m2, n=15; and overweight and obese, BMI >25 kg/m2,
n=84). Data on the pre‑pregnancy BMI were sourced from
the medical records of the first antenatal visit of the patients
included. A clinician diagnosed and classified preeclampsia
as published (1). Severe preeclampsia was diagnosed based
on the presence of the following criteria: i) An elevated
systolic blood pressure (BP) of ≥160 mmHg or a diastolic BP
of ≥110 mmHg; ii) proteinuria of ≥3 g/24 h (without urinary
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Table I. Clinical indicators of pregnant females.
Item
Age (years)
Gestational age (weeks)
Number of pregnancies
Number of births
Weight gain during pregnancy (kg)
Pre‑pregnancy BMI (kg/m2)
BMI on admission (kg/m2)

Underweight prior
to pregnancy (n=15)

Normal weight prior
to pregnancy (n=134)

Overweight and obese
prior to pregnancy (n=84)

P‑value

28.133±5.475
36.333±3.086
1.867±0.834
0.267±0.458
15.667±3.917
17.095±0.761
23.213±1.982

31.729±5.077
36.261±3.394
2.299±1.425
0.410±0.616
14.676±5.594
21.688±1.745
27.565±2.724

32.073±5.197
36.512±3.149
2.417±1.337
0.512±0.591
13.410±4.817
27.881±3.219
33.124±3.878

0.024
0.860
0.351
0.249
0.128
<0.001
<0.001

BMI, body mass index.

tract infection); and iii) abnormal liver or kidney function or
thrombocytopenia. All patients had single pregnancies and
underwent caesarean sections to deliver their babies. Data
from patients with other pregnancies or surgical complications
were excluded. Informed consent was obtained from patients
and the local Institutional Review Board approved the study
protocol (approval no. FMCH‑2014‑061).
Treatment and data collection. Following admission for
delivery, the patients with severe preeclampsia were advised
to rest on their left side. During hospitalization, symptomatic
support for treatment of spasms was provided to attain appropriate hypotension, reasonable diuresis, proper sedation and
correction of hypoalbuminemia and other associated conditions. Peripheral vein blood (3 ml) was collected from the arm
in the morning after overnight fasting for laboratory tests. The
sera were obtained after centrifugation at room temperature
for 15 min at 1,006.2 x g then stored at ‑70˚C until further
experiments. Serum triglyceride and total cholesterol levels
were determined from the samples using enzyme‑coupled
colorimetry. At the time of caesarean section, neonatologists
were involved in resuscitations. Birth gestational age, body
mass and Apgar scores were recorded. Quality of amniotic
fluid was assessed by visual inspection. Amniotic fluid was
classified as normal if it was clear or tinted‑yellow. In the
presence of meconium (greenish or brownish discoloration),
amniotic fluid was classified as abnormal. The number of
neonates hospitalized for obstetric complications in each
group was also recorded.

patients was 28.133±5.475 years, of normal weight patients was
31.729±5.077 years and of overweight and obese patients was
32.073±5.197 years. Details of included patients are presented
in Table I. There were no statistically significant intergroup
differences between maternal and gestational ages, number of
pregnancies, number of births and weight gain during pregnancy. The mean prepregnancy BMI in the overweight and
obese group was significantly higher (27.881±3.219 kg/m 2)
than that in the control group (21.688±1.745 kg/m2) and that in
the underweight group (17.095±0.761 kg/m2; P<0.05 for all).
Blood lipid levels in each group. As presented in Table II, the
mean maternal serum triglycerides were 6.336±0.831 mmol/l
in the overweight and obese group, 4.053±0.482 mmol/l
in the normal weight group and 3.133±0.390 mmol/l in the
underweight group. Compared with those of the patients who
were underweight or had a normal weight prior to pregnancy,
the triglyceride levels of the patients who were overweight or
obese prior to pregnancy were significantly higher (P<0.05).
In addition, the mean triglyceride levels in the normal weight
group prior to pregnancy were significantly higher than those
in the underweight group. The mean maternal serum total
cholesterol level was highest in the overweight and obese
group, followed by that in the normal weight group, and lowest
in the underweight group and the differences were statistically
significant (P<0.05; Table II).

Results

Amniotic fluid quality in each group. Data on amniotic fluid
quality are provided in Table III. In the overweight and obese
group, 54 subjects had normal amniotic fluid and 30 had abnormalities (35.7%). In the normal‑weight group, 108 subjects
had normal amniotic fluid and 26 had abnormalities (19.4%).
In the underweight group, 14 subjects had normal amniotic
fluid and one had abnormalities (6.6%). The probability of an
amniotic fluid anomaly in the overweight and obese group was
higher than that in the underweight and normal‑weight groups
(P<0.05). At the same time, the probability of an amniotic fluid
anomaly in the normal‑weight group was higher than that in
the underweight group (P<0.05).

General patient characteristics. In total, 15 patients were
underweight, 134 had normal weight and 84 were overweight
or obese prior to pregnancy. The mean age of underweight

Neonate hospitalization in each group. In the overweight and
obese group, 39 newborns were hospitalized and 45 (46.4%)
were not. In the normal‑weight group, 33 newborns were

Statistical analysis. All calculations were performed using
SPSS for Windows 17.0 (SPSS, Inc.). Values are expressed
as the mean ± standard deviation or n (%). Categorical data
were compared between the three groups using a χ2 test and
continuous data by means of one‑way analysis of variance
with Tukey's post‑hoc test. P<0.05 was considered to indicate
a statistically significant difference.
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Table II. Blood lipid levels in each group.
Normal
ranged

Parameter

Underweight
Normal weight Overweight and obese
before pregnancy before pregnancy before pregnancy P‑value Post‑hoc test

Triglycerides (mmol/l)

Normal: <1.7
3.133±0.390
4.053±0.482
6.336±0.831
<0.0001
Borderline: 1.7‑2					
High 2‑5.6					
Very high >5.6
Total cholesterol (mmol/l) Normal: <5.2
4.536±0.278
5.866±0.552
6.937±0.886
<0.0001
Borderline: 5.2‑6.2					
High: >6.2					

<0.0001a
<0.0001b
<0.0001c
<0.0001a
<0.0001b
<0.0001c

Underweight vs. normal weight prior to pregnancy; bUnderweight vs. obesity prior to pregnancy; cNormal weight vs. obesity prior to pregnancy; dReference values based on data from Fujian Maternity and Child Health Hospital, Affiliated Hospital of Fujian Medical University.
One‑way analysis of variance with Tukey's post hoc test was used for statistical comparisons.
a

Table III. Amniotic fluid quality in each group.
Amniotic
fluid

Underweight
prior to pregnancy
(n=15)

Normal weight
prior to pregnancy
(n=134)

Overweight and
obese prior to
pregnancy (n=84)

P‑value for the
difference between
the three groups

Normal
Abnormal

14
1

108
26

54
30

0.006

Table IV. Neonate hospitalization rate in each group.
A, Data in each group
Neonate
hospitalizations
Yes
No
χ2 (P‑value)

Underweight
prior to pregnancy
(n=15)

Normal weight
prior to pregnancy
(n=134)

Overweight and
obese prior to
pregnancy (n=84)

1
33
39
14
101
45
15.940 (0.003)			

Total
(n=233)
73
160

B, Inter‑group comparison			
Group
Normal weight prior to pregnancy
Underweight prior to pregnancy
Underweight prior to pregnancy

Group

χ2

P‑value

Overweight and obese prior to pregnancy
Overweight and obese prior to pregnancy
Normal weight prior to pregnancy

11.095
8.357
2.471

0.0008
0.003
0.115

hospitalized and 101 (24.6%) were not. In the underweight
group, only one newborn was hospitalized and 14 (93.4%)
were not. The probability of neonatal hospitalization in the
overweight and obese group was significantly higher than
that in the underweight and normal‑weight groups (P<0.05).
However, no significant differences in the number of hospitalized neonates between the normal‑weight and underweight
groups were determined (Table IV).

Discussion
Preeclampsia, which occurs in 2‑7% of all pregnancies, is
characterized by hypertension during pregnancy and the
development of proteinuria (13). However, its pathogenesis
remains to be fully elucidated.
Obesity has become a global health issue and a large number
of females are overweight and obese during childbearing age.
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A study indicated that the 18.5% of pregnant females in the
USA develop obesity and that 38.3% of these subjects go on to
develop gestational hypertension, gestational diabetes, respiratory complications and blood clots (14). Another USA based
study (15) demonstrated that obesity in full‑term pregnancy
accounts for up to 25% of stillbirths, and obesity may also
affect the safety of mothers (5).
On the metabolic side, maternal variables, including insulin
resistance, high lipid profiles, increased inflammatory mediators and associated endothelial dysfunction factors, differ
between females who are overweight and those who are not,
and these factors have roles in the pathogenesis of preeclampsia
by increasing the susceptibility of the maternal vasculature to
placental derived factors (16). A number of studies have indicated that dyslipidemia is one of the clinical manifestations of
preeclampsia and that it is directly involved in the pathogenesis of preeclampsia (17). Females with obesity also present
with dyslipidemia (18). Obesity is frequently accompanied by
an increase in fat cell size. This causes changes in adipokines,
including a reduction in adiponectin and an increase in tumor
necrosis factor α and free fatty acids (19).
Obesity is commonly accompanied by dyslipidemia, which
is characterized by elevated blood glucose and insulin (20).
Normal fetal growth and development require a series of adaptive changes in the mother to maintain a healthy environment
during pregnancy. Fat accumulates during the early pregnancy
stages and hyperlipidemia develops during middle to late
pregnancy, but these metabolic changes are exaggerated in
females with preeclampsia (8). Lipid metabolic disorders may
be severe in females with preeclampsia who were overweight
or obese prior to pregnancy.
Obesity has been considered a risk factor for preeclampsia (21),
but few studies have analyzed the association between prepregnancy BMI and abnormal lipid profiles in pregnant females (22,23).
A prospective study on 225 females by Scifres et al (22) demonstrated that obese females have significantly higher atherogenic
profiles than normal‑weight females in the early stages of
pregnancy. Another study by Farias et al (23) suggested that
overweight and obese females have higher mean serum triglyceride, total cholesterol and low‑density lipoprotein levels than
normal‑weight females. Villa et al (24) demonstrated that the levels
of free fatty acids are increased in patients with preeclampsia.
Sharmani et al (25) demonstrated, in a case‑controlled study of
overweight preeclamptic women and overweight normotensive
women, that serum triglyceride and total cholesterol levels are
higher in overweight patients with severe preeclampsia. In the
present study of severe preeclampsia patients, the results indicated that patients with higher prepregnancy weight (overweight
and obese) have significantly higher serum triglyceride and total
cholesterol levels as compared to normal weight women.
Maternal obesity is a risk factor for birth trauma and
low Apgar scores, and it may contribute to numerous factors
associated with neonatal morbidity (26,27). The present study
suggested that the probability of an amniotic fluid anomaly
in females who are overweight or obese is higher than that
in other subjects with severe preeclampsia. The probability of
neonate hospitalization if the mother was overweight or obese
was also higher than that in the other groups.
Adverse perinatal outcomes may occur due to high
pre‑pregnancy BMIs. Choi et al (28) confirmed that being
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underweight prepregnancy is a risk factor for neonatal complications. In the present study, the probability of hospitalization
in neonates from mothers who were overweight and obese was
higher than that in the other groups.
Obesity is a worldwide epidemic (29). Vieira et al (30) indicated that obesity may be included in prediction algorithms
for preeclampsia, although the pathogenesis of preeclampsia
remains to be fully elucidated. The risk of preeclampsia
rises in females with high prepregnancy BMIs (8). Instead,
females with low BMIs rarely develop preeclampsia (10).
The retrospective nature of the present study did not allow
any conclusions to be drawn regarding the exact mechanism
of preeclampsia in the study population. It may be postulated
that the pathophysiology of preeclampsia involves oxidative
stress and dyslipidemia, and in another study, it was demonstrated that the serum levels of free fatty acids in females
with preeclampsia are higher than those in control groups,
and that the levels of oxidative stress damage are high in their
placental mitochondria (31). The association between obesity
and oxidative stress in preeclampsia patients deserves further
study. Another limitation of the present study was the lack of a
control group, and it was not possible to perform a comparison
with the effects of prepregnancy body weights on perinatal
outcomes in patients not suffering from preeclampsia.
In conclusion, the results of the present study indicate that
severe preeclamptic females with excess prepregnancy weight
or obesity have significantly higher incidences of dyslipidemia,
amniotic fluid abnormalities and neonatal hospitalizations.
Further studies are required to fully elucidate the impact of
obesity on pregnancy in order to improve maternal and neonatal
outcomes and prevent the occurrence of preeclampsia.
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