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ABSTRACT

Objective To evaluate the association between different
pre-eclampsia (PE) phenotypes and the development
of metabolic syndrome postpartum, in order to identify
the subgroup of formerly pre-eclamptic women with a
worse cardiovascular risk profile requiring tailored
postpartum follow-up.

Methods This was a cohort study of 1102 formerly
pre-eclamptic women in whom cardiovascular and car-
diometabolic evaluation was performed at least 3
months postpartum. Women were divided into four
subgroups based on PE resulting in delivery before 34
weeks (early-onset (EO)) or at or after 34 weeks (late
onset (LO)) of gestation and whether they delivered a
small-for-gestational-age (SGA) neonate. Metabolic syn-
drome was diagnosed as the presence of hyperinsulinemia
along with two or more of: body mass index ≥ 30 kg/m2;
dyslipidemia; hypertension; and microalbuminuria or pro-
teinuria. Data were compared between groups using
ANOVA after Bonferroni correction. Odds ratios (OR)
were calculated using logistic regression to determine the
association between metabolic syndrome and the four
subgroups. We constructed receiver–operating character-
istics curves and computed the area under the curve (AUC)
to quantify the ability of different obstetric variables to
distinguish between women who developed metabolic
syndrome and those who did not.

Results The prevalence of metabolic syndrome was higher
in women with EO-PE and SGA (25.8%) than in those
with EO-PE without SGA (14.7%) (OR 2.01 (95%
CI, 1.34–3.03)) and approximately five-fold higher than
in women with LO-PE with SGA (5.6%) (OR 5.85 (95%
CI, 2.60–13.10)). In women with LO-PE, the prevalence
of metabolic syndrome did not differ significantly between
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women with and those without SGA. Multivariate anal-
ysis revealed that a history of SGA, a history of EO-PE
and systolic blood pressure at the time of screening
are the best predictors of developing metabolic syn-
drome postpartum. The AUC of the model combining
these three variables was 74.6% (95% CI, 70.7–78.5%).
The probability of the presence of metabolic syndrome
was calculated as: P = 1/(1 + e–LP), where LP is linear
predictor = –8.693 + (0.312 × SGA (yes = 1)) + (0.507 ×
EO-PE (yes = 1)) + (0.053 × systolic blood pressure).

Conclusions The incidence of metabolic syndrome post-
partum was associated more strongly with EO-PE in com-
bination with SGA as compared with LO-PE or EO-PE
without SGA. Both time of onset of PE and fetal growth
affect the risk of metabolic syndrome after a pre-eclamptic
pregnancy. Copyright © 2018 ISUOG. Published by John
Wiley & Sons Ltd.

INTRODUCTION

Cardiovascular disease (CVD) is the number one cause
of mortality in women worldwide1. The presence of
metabolic syndrome, a cluster of modifiable cardiovas-
cular and cardiometabolic conditions, raises the risk of
CVD2. In patients with an unfavorable CVD risk profile,
targeting individual risk factors using pharmacological
and/or lifestyle interventions can prevent or delay
the onset of CVD and decrease healthcare costs3–13.
Therefore, when considering the worldwide health
and economic implications of CVD in women, timely
detection and treatment prior to the onset of overt CVD
is an important and time-sensitive matter.

Pre-eclampsia (PE) is a vascular complication of
pregnancy that is associated with high fetal and maternal
morbidity and mortality14,15. In addition to its short-term
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implications, PE is associated with a two- to seven-fold
higher risk of developing CVD at a relatively young
age16,17, especially in case of early-onset (EO) PE
(before 34 weeks’ gestation) or the co-occurrence of a
small-for-gestational-age (SGA) fetus16,18. In addition
to this elevated risk of CVD, PE is also associated
with modifiable CVD risk factors defining metabolic
syndrome19–22. Therefore, PE may be viewed as a
transient early warning sign of CVD risk, providing the
opportunity for early management and primary preven-
tion of CVD23,24. Nonetheless, lack of understanding
of the relationship between different obstetric outcomes
and the prevalence of modifiable underlying CVD risk
factors hampers the opportunity to identify those women
at risk. To this end, we tested the hypothesis that women
with EO-PE and a SGA fetus have the most unfavorable
cardiovascular and cardiometabolic risk profile as
compared with late-onset (LO) PE and/or normal fetal
growth. We also evaluated whether obstetric outcome in
combination with screening parameters could predict the
presence of metabolic syndrome.

PATIENTS AND METHODS

This was a cohort study of women who had had a
singleton pregnancy complicated by PE between 1996
and 2010 in The Netherlands. The study protocol was
approved by the medical ethics committees of Radboud
University Medical Center in Nijmegen (CMO 2007/252)
and Maastricht University Medical Center in Maastricht
(MEC 0-4-049), The Netherlands.

PE was defined as new-onset hypertension with systolic
blood pressure ≥ 140 mmHg and/or diastolic blood
pressure ≥ 90 mmHg and the presence of proteinuria
(≥ 0.3 g per 24 h or ≥ 2+ on dipstick analysis) occurring
after 20 weeks’ gestation in previously normotensive
women25 or when proteinuria developed after 20 weeks
in women with pre-existing hypertension. EO-PE and
LO-PE were defined as PE resulting in delivery before 34
weeks and at or after 34 weeks, respectively. SGA was
defined as an infant with a birth weight ≤ 10th percentile
according to the Dutch reference standard26.

Women were recruited throughout the country at
their regular 6-week postpartum follow-up. They were
evaluated for at least 3 months postpartum in the
cardiovascular evaluation program at two tertiary referral
hospitals in The Netherlands (Radboud University
Medical Center and Maastricht University Medical
Center). Women who had had a singleton pregnancy
complicated by PE and who had given birth after 22
weeks’ gestation were included in the study27.

Assessment of the women was performed in a single
session that started at 8.00 a.m. in a temperature
controlled room (20◦C). The women were instructed to
refrain from drinking and eating 10 h prior to assessment.
None of the participants was breastfeeding. Clinical
data on obstetric variables of the index pregnancy
were collected from medical files or by self-reporting.
Additional information on obstetric and medical history,

lifestyle and use of medication was retrieved by
self-reporting, and body mass index (BMI) was calculated.
After 5 min of rest, arterial blood pressure was measured
with the woman in a sitting position on the right arm
using a semiautomatic oscillometric device (Dinamap
Vital Signs Monitor 1846; Critikon, Tampa, FL, USA).
The median value of 11 measurements obtained over a
period of 30 min was used.

Urine was collected in the 24 h preceding the measure-
ments. The 24-h urine sample was assayed for albumin,
protein and creatinine to calculate (micro)albuminuria
corrected for creatinine output (g/mol creatinine) and
total protein level (g/24 h). Fasting blood samples
were collected to measure levels of glucose, insulin,
high-density lipoprotein cholesterol (HDL), triglycerides
and creatinine. The homeostasis model assessment
(HOMA-ir) (insulin (mU/L) × glucose (mmol/L) / 22.5)
was used to estimate the degree of insulin resistance28.

Metabolic syndrome was diagnosed based on the
criteria of the World Health Organization29, as the
presence of hyperinsulinemia (fasting insulin ≥ 9.2 mU/L,
fasting blood glucose ≥ 6.1 mmol/L, or HOMA-ir
≥ 2.2) along with two or more of the following:
(1) BMI ≥ 30 kg/m2; (2) dyslipidemia (triglycerides
≥ 1.69 mmol/L or HDL ≤ 0.9 mmol/L); (3) hypertension
(systolic blood pressure ≥ 140 mmHg or diastolic blood
pressure ≥ 85 mmHg, and/or use of antihypertensive
medication); and (4) microalbuminuria (≥ 2.5 g/mol
creatinine) or proteinuria (≥ 0.30 g per 24 h).

From 2003 onwards, high-sensitivity C-reactive protein
(hs-CRP) was also measured using a multiarray detection
system based on electrochemiluminescence technology
(MesoScaleDiscovery, SECTOR Imager 2400, Gaithers-
burg, MD, USA).

Statistical analysis

Our sample of women who experienced PE was divided
into four subgroups based on the time of onset of the
disease (EO-PE vs LO-PE) and the co-occurrence of SGA
(PE with vs without SGA).

Normally distributed continuous data were compared
between groups using analysis of variance (ANOVA).
Categorical data were analyzed using the chi-square test
if at least five cases were present in each group, and
are presented as n (%). Logistic regression was used to
calculate odds ratios (OR) to analyze the association
between the onset of PE and co-occurrence of SGA
and (components of) metabolic syndrome. Multivariate
logistic regression analysis was performed to adjust
for factors that could influence outcome, including
maternal age (continuous), smoking (yes/no), nulliparity
(yes/no), interval between delivery and measurements, and
intrauterine death (IUD).

To quantify the ability of PE (early/late) and SGA
(yes/no), birth-weight centile and gestational age at
delivery to discriminate between women who developed
metabolic syndrome postpartum and those who did not,
we constructed receiver–operating characteristics curves

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 54: 64–71.
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and computed the area under the curve (AUC). AUC can
range between 50% (no discriminative ability) and 100%
(perfect discriminative ability). In addition, the obstetric
history was combined with potential predictors measured
at assessment (smoking status, age, BMI and blood
pressure) to evaluate the discriminative performance for
the presence of metabolic syndrome of a model consisting
of all significant predictors. The Akaike Information
Criterion, a maximum likelihood-based method that
takes model complexity into account, was used to select
predictors that contributed significantly to the model. The
discriminative performance of this model was quantified
as the AUC, and calibration was assessed by visually
inspecting the calibration plot.

Spearman’s correlation test was used to analyze
the association between the prevalence of metabolic
syndrome and birth-weight centiles and gestational age;
two-sided P < 0.05 was considered statistically significant.
Bonferroni adjustment was performed to correct for
multiple testing (i.e. in comparisons between four groups
a P-value of < 0.05/4 (0.0125) was considered to
be statistically significant)30. Statistical analysis was
performed using IBM SPSS Statistics version 20 (IBM
Corp., Armonk, NY, USA).

RESULTS

A total of 1102 formerly pre-eclamptic women fulfilled
the inclusion criteria and were evaluated for cardiovascu-
lar and cardiometabolic risk factors. Of these, 608 (55%)
had EO-PE, of whom 295 (49%) had a SGA fetus and 313
(51%) did not, and 494 (45%) women had LO-PE, of
whom 125 (25%) had a SGA fetus and 369 (75%) did not.

Women in the EO-PE with SGA group were approxi-
mately 1 year younger, were more likely to be a smoker
and had a higher prevalence of IUD compared with
women in the other three groups (Table 1). Women with
EO-PE without SGA were more likely to be nulliparous
than women in the other three groups. Women with
EO-PE had their postpartum assessment on average a few
months earlier than did those in the LO-PE subgroups.

EO-PE with vs without SGA

In the EO-PE group, all absolute values of metabolic
and hemodynamic variables were similar between women
with and those without SGA, apart from hs-CRP,
which was higher in women with SGA (Table 2). How-
ever, the prevalence of metabolic syndrome was higher
in the subgroup of women with SGA (25.8%) than
in those without (14.7%) (adjusted OR (aOR) 1.93
(95% CI, 1.26–2.93)) (Figure 1). Moreover, women with
EO-PE and SGA more often had high fasting insulin
levels (aOR 1.66 (95% CI, 1.18–2.34)), high HOMA-ir
scores (aOR 1.61 (95% CI, 1.15–2.28)), high triglyceride
levels (aOR 1.65 (95% CI, 1.06–2.57)) and microalbu-
minuria (aOR 1.59 (95% CI, 1.07–2.37)) compared with
women with EO-PE without SGA (Table 3). The presence
of obesity, hyperglycemia, proteinuria and hypertension
did not differ between the two subgroups.

LO-PE with vs without SGA

In the LO-PE group, the prevalence of metabolic syndrome
did not differ significantly between women with and
those without SGA (aOR 0.51 (95% CI, 0.22–1.18))
(Figure 1). Continuous metabolic and hemodynamic
variables (Table 2) and most determinants of metabolic
syndrome (Table 3) did not differ significantly between
the two subgroups, except for a lower incidence of high
triglyceride levels in women with LO-PE and SGA than in
those without SGA (aOR 0.35 (95% CI, 0.13–0.91)).

Early-onset vs late-onset PE

With respect to absolute values of metabolic and hemo-
dynamic variables, BMI and fasting insulin were higher
in women with EO-PE and SGA than in the two LO-PE
subgroups, and HOMA-ir values were higher in the
EO-PE with SGA group than in the LO-PE subgroups
(Table 2). Triglycerides levels were higher in both EO-PE
subgroups than in the LO-PE with SGA group. Systolic
and diastolic blood pressure and mean arterial pressure

Table 1 Demographic and obstetric characteristics of women with history of early- or late-onset pre-eclampsia (PE), according to delivery of
small-for-gestational-age (SGA) infant

Early-onset PE Late-onset PE

Characteristic
No SGA
(n = 313)

SGA
(n = 295)

No SGA
(n = 369)

SGA
(n = 125)

Overall
P

Maternal age (years) 31.2 (30.8–31.7) 30.9 (30.4–31.4) 32.3 (31.9–32.7) 32.1 (31.3–32.9) < 0.001
Smoker 42 (13.4) 56 (19.0) 28 (7.6) 18 (14.4) < 0.001
Nulliparous 272 (86.9) 228 (77.3) 302 (81.8) 89 (71.2) 0.001
Intrauterine death 12 (3.8) 46 (15.6) 4 (1.1) 5 (4.0) < 0.001
PP interval to assessment

(months)
8 [6–15] 7 [6–13] 11 [7–21] 12 [8–31] < 0.001

GA at delivery (weeks) 30.9 (30.7–31.2) 29.4 (29.1–29.7) 36.8 (36.6–37.0) 36.8 (36.5–37.2) < 0.001
Birth weight (g) 1403 (1361–1445) 876 (842–910) 2746 (2681–2810) 2013 (1932–2094) < 0.001
Pre-existing hypertension 43 (13.7) 38 (12.9) 36 (9.8) 12 (9.6) 0.298

Data are presented as mean (95% CI), n (%) or median [interquartile range]. GA, gestational age; PP, postpartum.

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 54: 64–71.
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Table 2 Metabolic and hemodynamic variables measured more than 3 months postpartum in women who had had early- or late-onset
pre-eclampsia (PE), according to whether or not they had delivered a small-for-gestational-age (SGA) infant

Early-onset PE Late-onset PE

Variable
No SGA
(n = 313)

SGA
(n = 295)

No SGA
(n = 369)

SGA
(n = 125)

Overall
P

Metabolic
BMI (kg/m2) 25.7 (25.1–26.3) 26.4 (25.8–27.1) 25.2 (24.7–25.7)* 24.5 (23.7–25.4)* 0.002
Insulin (mU/L) 11.2 (10.5–11.9) 12.6 (11.8–13.4) 10.9 (10.2–11.7)* 9.8 (8.8–10.8)* 0.001
Glucose (mmol/L) 5.1 (5.0–5.2) 5.1 (5.0–5.2) 5.1 (5.0–5.2) 5.0 (4.9–5.0) 0.469
HOMA-ir 2.6 (2.4–2.8) 2.9 (2.7–3.2) 2.5 (2.3–2.8)* 2.2 (2.0–2.4)* 0.002
Triglycerides (mmol/L) 1.2 (1.1–1.3) 1.2 (1.2–1.3) 1.1 (1.0–1.2) 0.9 (0.8–1.0)*† 0.001
Cholt (mmol/L) 4.9 (4.8–5.0) 4.8 (4.7–4.9) 4.8 (4.7–4.9) 4.7 (4.6–4.9) 0.374
HDL (mmol/L) 1.30 (1.26–1.33) 1.32 (1.28–1.36) 1.38 (1.28–1.48) 1.36 (1.30–1.41) 0.355
LDL (mmol/L) 3.1 (3.0–3.1) 3.0 (2.9–3.1) 3.0 (2.9–3.0) 3.0 (2.8–3.1) 0.415
hs-CRP (mg/L) 4.6 (4.1–5.1)* 5.7 (5.1–6.3) 4.5 (4.1–4.9)* 4.1 (3.5–4.7)* 0.001

Hemodynamic
SBP (mmHg) 122 (120–123) 123 (121–125) 117 (116–119)*† 117 (115–119)*† < 0.001
DBP (mmHg) 75 (74–76) 75 (74–76) 72 (71–73)*† 70 (69–72)*† < 0.001
MAP (mmHg) 92 (90–93) 92 (91–94) 88 (87–89)*† 87 (85–89)*† < 0.001
HR (beats/min) 72 (70–73) 73 (71–74) 71 (70–72) 70 (68–72) 0.068
Proteinuria (g/L) 0.14 (0.09–0.19) 0.16 (0.09–0.23) 0.11 (0.08–0.13) 0.08 (0.07–0.10) 0.232
eGFR (mL/min/1.73m2) 92 (90–94) 91 (89–93) 93 (90–95) 91 (88–94) 0.776
Creatinine (μmol/L) 67 (66–68) 68 (66–69) 66 (65–68) 67 (65–69) 0.519

Data are presented as mean (95% CI). *Significant compared with women with early-onset PE and SGA. †Significant compared with women
with early-onset PE without SGA. BMI, body mass index; Cholt, total cholesterol; DBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; HDL, high-density lipoprotein cholesterol; HOMA-ir, homeostatic model assessment for insulin resistance;
HR, heart rate; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein cholesterol; MAP, mean arterial pressure;
SBP, systolic blood pressure.
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Figure 1 Prevalence of metabolic syndrome after 3 months postpartum in women who had had early-onset (EO) or late-onset (LO)
pre-eclampsia (PE), according to whether or not they had delivered a small-for-gestational-age (SGA) infant. Odds ratios (OR) and adjusted
OR (aOR) (adjusted for maternal age, smoking (yes/no), nulliparity (yes/no), interval between delivery and measurements, and intrauterine
death) are shown. *Statistically significant difference.

were higher in women with EO-PE than in those with
LO-PE. Levels of glucose, HDL, low-density lipoprotein
cholesterol, total cholesterol, creatinine, heart rate,
proteinuria and estimated glomerular filtration rate did
not differ between the four subgroups. The hs-CRP level

was higher in women with EO-PE and SGA than in the
LO-PE subgroups, but it did not differ between the EO-PE
without SGA group and the LO-PE subgroups.

The prevalence of metabolic syndrome was approxi-
mately five-fold higher in women with EO-PE and SGA
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Table 3 Prevalence of determinants of metabolic syndrome after 3 months postpartum, with corresponding odds ratios (OR) and adjusted
OR (aOR), in women who had had early- or late-onset pre-eclampsia (PE), according to whether or not they had delivered a small-for-
gestational-age (SGA) infant

Early-onset PE Late-onset PE

Variable
No SGA
(n = 313)

SGA
(n = 295)

OR
(95% CI)

aOR
(95% CI)

No SGA
(n = 369)

SGA
(n = 125)

OR
(95% CI)

aOR
(95% CI)

Obesity (BMI ≥ 30 kg/m2) 53/313
(16.9)

65/295
(22.0)

1.39
(0.93–2.08)

1.39
(0.92–2.11)

51/369
(13.8)

19/125
(15.2)

1.18
(0.63–1.98)

0.97
(0.53–1.76)

Insulin ≥ 9.2 mU/L 166/304
(54.6)

193/292
(66.1)

1.62
(1.16–2.26)*

1.66
(1.18–2.34)*

188/359
(52.4)

57/122
(46.7)

0.80
(0.53–1.20)

0.76
(0.49–1.16)

Glucose ≥ 6.1 mmol/L 11/313
(3.5)

16/291
(5.5)

1.58
(0.72–3.45)

1.67
(0.75–3.76)

17/362
(4.7)

2/125
(1.6)

0.33
(0.08–1.47)

0.34
(0.08–1.64)

HOMA-ir ≥ 2.2 148/296
(50.0)

171/282
(60.6)

1.54
(1.11–2.14)*

1.61
(1.15–2.28)*

162/350
(46.3)

54/119
(45.4)

0.96
(0.64–1.46)

0.87
(0.57–1.35)

Triglycerides
≥ 1.69 mmol/L

42/313
(13.4)

60/295
(20.3)

1.65
(1.07–2.54)*

1.65
(1.06–2.57)*

45/369
(12.2)

5/125
(4.0)

0.30
(0.12–0.77)*

0.35
(0.13–0.91)*

HDL ≤ 0.9 mmol/L 30/313
(9.6)

34/291
(11.7)

1.25
(0.74–2.10)

1.12
(0.65–1.92)

22/369
(6.0)

7/125
(5.6)

0.94
(0.39–2.25)

0.90
(0.36–2.21)

Microalbuminuria 57/300
(19.0)

81/287
(28.2)

1.68
(1.14–2.47)*

1.59
(1.07–2.37)*

62/360
(17.2)

17/123
(13.8)

0.77
(0.43–1.38)

0.81
(0.44–1.48)

Proteinuria ≥ 0.3 g/24 h 14/304
(4.6)

23/295
(7.8)

1.77
(0.89–3.51)

1.71
(0.85–3.46)

12/369
(3.3)

2/125
(1.6)

0.49
(0.11–2.24)

0.47
(0.10–2.21)

Hypertension 99/309
(32.0)

83/293
(28.3)

0.84
(0.59–1.19)

0.81
(0.56–1.16)

71/368
(19.3)

23/123
(18.7)

0.96
(0.57–1.62)

0.96
(0.56–1.65)

Systolic BP ≥ 140 mmHg 36/313
(11.5)

40/295
(13.6)

1.21
(0.75–1.95)

1.15
(0.70–1.90)

21/369
(5.7)

9/123
(7.3)

1.30
(0.58–2.91)

1.17
(0.50–2.73)

Diastolic BP ≥ 85 mmHg 51/313
(16.3)

50/294
(17.0)

1.05
(0.68–1.61)

1.00
(0.64–1.55)

29/369
(7.9)

9/125
(7.2)

0.91
(0.42–1.98)

0.83
(0.37–1.90)

Antihypertensives use 54/309
(17.5)

44/293
(15.0)

0.83
(0.54–1.28)

0.76
(0.48–1.19)

43/369
(11.7)

14/124
(11.3)

0.96
(0.50–1.81)

0.96
(0.49–1.88)

Prevalence data presented as n/N (%). *With vs without SGA, statistically significant. aOR adjusted for maternal age, smoking (yes/no),
nulliparity (yes/no), interval between delivery and measurements, and intrauterine fetal demise. BMI, body mass index; BP, blood pressure;
HDL, high-density lipoprotein cholesterol; HOMA-ir, homeostatic model assessment for insulin resistance.

(25.8%) than in those with LO-PE and SGA (5.6%)
(aOR 5.60 (95% CI, 2.48–12.65)), while it did not differ
between the EO-PE without SGA (14.7%) and the LO-PE
without SGA (11.4%) subgroups (aOR 1.44 (95% CI,
0.87–2.38)) (Figure 1).

Hypertension was associated more strongly with EO-PE
than with LO-PE (aOR 1.71 (95% CI, 1.01–2.88) and
1.80 (95% CI, 1.23–2.64) in the groups with and
without SGA, respectively). Moreover, compared with
women who had LO-PE and SGA, those with EO-PE
and SGA more often had high insulin levels (aOR 2.32
(95% CI, 1.49–3.61)), high fasting glucose levels (aOR
5.24 (95% CI, 1.08–25.50)), high HOMA-ir scores
(aOR 1.92 (95% CI, 1.23–2.99)), high triglyceride levels
(aOR 5.25 (95% CI, 2.20–12.54)) and microalbuminuria
(aOR 2.07 (95% CI, 1.17–3.67)). No differences were
observed between women with EO-PE without SGA and
those with LO-PE without SGA in the individual indices
of metabolic syndrome, except for hypertension.

Prediction of postpartum metabolic syndrome

The combination of onset of PE and fetal growth
(presence of SGA) had the highest predictive value for the
development of metabolic syndrome postpartum, with
an AUC of 63.6% (95% CI, 59.2–68.1%), compared
with solely gestational age (AUC 61.6% (95% CI,

Table 4 Prediction model for presence of metabolic syndrome after
3 months postpartum in women who had had pre-eclampsia (PE)

Variable Regression coefficient Odds ratio (95% CI)

Intercept –8.693 NA
SGA (yes) 0.312 1.37 (0.96–1.20)
Early-onset PE (yes) 0.507 1.66 (1.13–2.44)
Systolic BP (mmHg) 0.053 1.05 (1.04–1.07)

Probability of presence of metabolic syndrome (MS) can be
calculated as: P(MS) = 1/(1 + e–LP), where LP is linear predictor =
–8.693 + (0.312 × SGA (yes = 1)) + (0.507 × early-onset PE
(yes = 1)) + (0.053 × systolic BP). BP, blood pressure; NA, not
applicable; SGA, small-for-gestational age.

57.0–66.3%)), onset of PE (early/late) (AUC 59.6% (95%
CI, 55.1–64.0%)), birth-weight centile (AUC 56.1%
(95% CI, 51.3–60.9%)) or SGA (yes/no) (AUC 56.2%
(95% CI, 51.4–60.9%)).

Multivariate analysis showed that a history of a SGA
newborn, having had EO-PE and systolic blood pres-
sure at the time of screening are the best variables
to predict which women will develop metabolic syn-
drome postpartum (Table 4). The AUC of the model
combining these three variables was 74.6% (95%
CI, 70.7–78.5%) (Figure 2a). The calibration plot of
the model is shown in Figure 2b. All deciles are
close to the line of perfect agreement between pre-
dicted probabilities and observed probabilities, indicating
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Figure 2 Receiver–operating characteristics curve (a) and
calibration plot (b) of multivariate model (including systolic blood
pressure at time of screening and obstetric history of small-for-
gestational-age (yes) infant and early-onset pre-eclampsia (PE; yes))
to predict presence of metabolic syndrome in women with history
of PE. In (a), area under curve is 74.6% (95% CI, 70.7–78.5%).
In (b), all deciles are close to line of perfect agreement between
predicted probabilities and observed probabilities, indicating
near-perfect calibration.

near-perfect calibration. The probability of the presence
of metabolic syndrome was calculated as: P = 1/(1 + e–LP),
where LP is linear predictor = –8.693 + (0.312 × SGA
(yes = 1)) + (0.507 × EO-PE (yes = 1)) + (0.053 × systolic
blood pressure).

Correlation of metabolic syndrome with birth-weight
centile and gestational age

The presence of metabolic syndrome postpartum corre-
lated negatively with birth-weight centile (r = –0.068;

P = 0.025) in the whole study population of for-
merly pre-eclamptic women. When considering only
women with EO-PE, metabolic syndrome remained neg-
atively correlated with birth-weight centile (r = –0.119;
P = 0.004). However, when considering only women with
LO-PE, a statistically significant positive correlation was
observed between metabolic syndrome and birth-weight
centile (r = 0.108; P = 0.016). Moreover, the presence
of metabolic syndrome postpartum correlated negatively
with gestational age at delivery (r = –0.146; P < 0.001).
When considering only women with co-occurrence of
SGA, metabolic syndrome remained negatively cor-
related with gestational age at delivery (r = –0.209;
P < 0.001), whereas, when considering only women
without co-occurrence of SGA, there was no correlation
with gestational age at delivery (r = –0.039; P = 0.308).

DISCUSSION

The results of this large cohort study show that
the incidence of metabolic syndrome after at least
3 months postpartum in formerly pre-eclamptic women
is associated more strongly with EO-PE in combination
with SGA than with LO-PE or EO-PE without SGA. The
prevalence of metabolic syndrome in women with EO-PE
and SGA was more than 25%, which is approximately
five-fold higher than the prevalence in the general female
Dutch population of that age31. Both the time of onset
of PE and co-occurrence of SGA affected the risk of
metabolic syndrome after a pre-eclamptic pregnancy.

Previous studies have reported a higher prevalence of
metabolic syndrome in women who had had EO-PE
than in those with LO-PE21,22, and in women with
co-occurrence of SGA than in those without SGA20.
In this study, we considered both the time of onset
of PE and fetal growth and observed that, in women
who had had EO-PE, the prevalence of postpartum
metabolic syndrome was higher when there had been
concomitant SGA, while in women with LO-PE, the preva-
lence was comparable between women with and those
without SGA. Moreover, metabolic syndrome correlated
progressively and inversely with birth-weight centile in
EO-PE, whereas there was a positive correlation when
considering only women with LO-PE. These seemingly
paradoxical findings can be explained by the theory that
the co-occurrence of SGA reflects different disease ori-
gins for EO-PE and LO-PE, in which cardiometabolic
and cardiovascular characteristics affect placental devel-
opment and growth and with it placental susceptibil-
ity and fragmentation, initiating maternal inflammatory
responses and secondary endothelial dysfunction on the
one hand and attenuated or fortified fetal growth on
the other32–36. Large-for-gestational-age (LGA) infants
are more common in LO-PE33. Different components
of the metabolic syndrome are also risk factors for
LGA (i.e. obesity, impaired glucose metabolism and
hypertriglyceridemia)34,37, which therefore could explain
the higher prevalence of metabolic syndrome in women

Copyright © 2018 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2019; 54: 64–71.



70 Hooijschuur et al.

with LO-PE without a SGA infant than in those with
LO-PE and SGA in our study.

Our finding that women with EO-PE and SGA had the
highest prevalence of traditional CVD risk factors is in
agreement with epidemiological evidence suggesting that
this group of women have the highest chance of devel-
oping CVD16,18. Moreover, elevated hs-CRP as well as
microalbuminuria were highly prevalent in women with
EO-PE and SGA, suggesting persistent endothelial dys-
function and systemic inflammation38,39. Elevated levels
of hs-CRP together with markers of metabolic syndrome
seem to double the risk for future CVD40, emphasizing
the extent to which cardiovascular status in this group of
previously pre-eclamptic women is impaired. In line with
previous studies, we found that chronic hypertension was
associated more strongly with EO-PE than with LO-PE21,
irrespective of the concomitant presence of SGA.

Favorable CVD risk-factor levels in early and mid-
dle age are associated with a lower lifetime risk for
CVD and prolonged survival41,42. Most of the individual
CVD risk factors evaluated in this study are modifi-
able, meaning that targeted intervention could prevent
or delay the onset of CVD, thus emphasizing the value
of this opportunity for the early detection of high-risk
women3,4,43–45. Therefore, our results emphasize the need
for close follow-up of these young women, and for
normalizing their CVD risk status by initiating healthy
lifestyle programs and, when necessary, pharmacologi-
cal intervention. In order to facilitate identification of
previously pre-eclamptic women who are in need of fur-
ther screening, we developed a model consisting of easily
obtainable predictors to calculate the risk of metabolic
syndrome after PE. Obstetric history and systolic blood
pressure at the time of consultation could help a physi-
cian to determine which previously pre-eclamptic women
will require further screening for cardiometabolic and
cardiovascular risk factors postpartum. Nonetheless, the
impact of preventive measures in such women is at present
unknown and should be determined in future clinical
trials.

In the context of cardiovascular risk management, there
are sex differences in how traditional CVD risk factors
impact on the development of CVD46–52. Guidelines of
the American Heart Association23,53 recommend that
a woman’s pregnancy history is a potential factor for
guiding cardiovascular monitoring and that, given the
relatively young age of these women, not only the 10-year
risk score but also the 30-year and lifetime risk scores of
CVD should be evaluated, especially as CVD in women
occurs on average 10–15 years later than in men54. We
strongly support the development of female-specific CVD
risk scores, which should also be suitable for younger
women. To assist the development of such risk scores,
this study evaluates how modifiable CVD risk factors
relate to different PE subtypes and stresses the importance
of focusing on women with a history of EO-PE with
concurrent SGA.

There are some limitations of this study that need to
be addressed. First, the study population represents that

of a tertiary hospital and therefore extrapolation of the
findings to the general population should be done with
caution. Second, multiple testing may increase the risk of a
Type-II error, although Bonferroni correction was used to
minimize this effect. Finally, information on the presence
of prepregnancy CVD risk factors was not available so,
although previous data suggest that these CVD risk factors
were presumably already present before pregnancy, we
cannot exclude the possibility of a direct influence by
complications of pregnancy. However, in the context of
the development of tailored management after pregnancy
complications, this knowledge is less important.

Despite these limitations, this study is of major clinical
importance, since it provides a detailed understanding
of the relationship between PE subtypes and postpartum
modifiable CVD risk factors in these seemingly healthy
women. Such information is essential for the development
of tailored disease-modifying strategies for women
presenting with this temporary early-warning sign of CVD
risk. Moreover, this study highlights the impact of fetal
growth and the onset of PE in CVD risk stratification
and provides predictors of metabolic syndrome after PE.
Future studies are needed to develop, and determine the
effectiveness of, diagnostic and preventive interventions
after PE.
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