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Background. The association between pre-eclampsia and the subsequent development of metabolic syndrome has not been well
documented in low- and middle-income countries.
Objectives. To compare the prevalence of metabolic syndrome at 6 weeks after delivery among women with pregnancies complicated by
pre-eclampsia with that in a normotensive, low-risk control group in an urban South African (SA) setting.
Methods. This was a prospective cohort study at two tertiary-level hospitals and one district-level hospital in Pretoria, SA. Women were
recruited after delivery and were followed up 6 weeks later to confirm or exclude the diagnosis of metabolic syndrome.
Results. Metabolic syndrome was diagnosed in 48/150 women with pregnancies complicated by pre-eclampsia (32.0%), compared with
33/150 (22.0%) of the control group (p=0.05).
Conclusions. Women who developed pre-eclampsia during pregnancy had an increased chance of metabolic syndrome being diagnosed
6 weeks after delivery. Guidelines should be developed to identify women with cardiometabolic risk, so that interventions may be
implemented to modify this risk before and after pregnancy.
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Metabolic syndrome consists of a cluster of risk factors that in
combination predispose an individual to the risk of diabetes mellitus,
cardiovascular disease and cardiovascular-related mortality. The
diagnosis is confirmed by the presence of three out of five of the
following risk factors: hyperglycaemia, elevated triglycerides, reduced
high-density lipoprotein (HDL), increased waist circumference and
high blood pressure (BP).[1] Pregnancy is considered an atherogenic
state resulting in a significant increase in serum triglycerides,
total cholesterol, low-density cholesterol and HDL. Chiang et al.[2]
found that in low-risk pregnancies, the progressive increase in
lipid concentration during pregnancy recovered to near normal
after delivery, and that most other atherogenic risk factors were
independent of gestation.[2] The prevalence of metabolic syndrome
in women is ~22%, but varies between different races, age groups
and socioeconomic status.[3] The incidence of metabolic syndrome
in women of childbearing age in South Africa (SA) varies from 9%
to 42%.[4]
Pre-eclampsia is a pregnancy-specific disorder characterised by the
presence of hypertension and proteinuria or end-organ dysfunction
after 20 weeks’ gestation.[5] The pathophysiology involves both fetal
and placental factors that in early pregnancy contribute to abnormali
ties of the maternal and placental vasculature. These changes contri
bute to the development of hypoxia and ischaemia of the placenta,
and subsequent release by the placenta of anti-angiogenic factors
into the maternal circulation causing maternal systemic endothelial
dysfunction.[6] This process may lead to hypertension and other
disease manifestations such as haematological, cardiac, neurological,
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pulmonary, hepatic and renal dysfunction. However, the trigger
for the abnormal placental development and subsequent cascade of
events remains unknown. It has been hypothesised that immune
factors such as natural killer cell abnormalities, oxidative stress and
genetic factors are the major triggers of placental dysfunction.[7]
The association between pre-eclampsia and the subsequent
diagnosis of metabolic syndrome has been widely reported in
developed countries.[8-11] However, this association has not been
well documented in low- and middle-income countries such as SA.
The potential mechanism linking pre-eclampsia to the postpartum
development of metabolic syndrome is not well understood.
Physiological changes in pregnancy such as changes in weight,
insulin resistance, oxidative stress and atherogenic dyslipidaemia
are exaggerated in pregnancies complicated by pre-eclampsia.
Oxidative stress plays a role in atherosclerosis. The oxidative stress
theory of pre-eclampsia involves the hypothesis that abnormal
placentation and dyslipidaemia result in release of free radicals
that damage vascular endothelium.[12] Endothelial damage further
causes increased vascular sensitivity to pressor effects and decreased
formation of vasodilators, leading to an increase in total peripheral
resistance. It is postulated that these changes possibly contribute to
long-term ongoing pathophysiology.

Objectives

To compare the prevalence of metabolic syndrome at 6 weeks
after delivery among women with pregnancies complicated by preeclampsia with that in a normotensive, low-risk control group.

April 2021, Vol. 111, No. 4

RESEARCH

Methods

This was a prospective cohort study performed at two tertiary-level
hospitals (Steve Biko Academic Hospital and Kalafong Provincial
Tertiary Hospital) and one district-level hospital (Tshwane District
Hospital) in Pretoria, SA, between 1 February 2019 and 30 April
2020. Pre-eclamptic women were identified on the daily morning
ward rounds at the two tertiary hospitals. The control group of lowrisk, normotensive women was selected randomly by counting every
third patient from the daily list of deliveries of low-risk women at
the district hospital. Women who agreed to participate in the study
were requested to follow up at 1 week and 6 weeks after delivery for
postnatal check-up visits. The 6-week postnatal visit consisted of the
routine obstetric examination as well as an additional evaluation to
confirm or exclude the diagnosis of metabolic syndrome.
Hypertension was defined as a systolic BP >140 mmHg and/or a
diastolic BP >90 mmHg. Pre-eclampsia was diagnosed in accordance
with the International Society for the Study of Hypertension in
Pregnancy guideline.[13] Metabolic syndrome was diagnosed using the
International Diabetes Federation classification,[1] i.e. the presence
of three out of five of the following: (i) BP ≥130/85 mmHg;
(ii) waist circumference >80 cm; (iii) fasting glucose >5.6 mmol/L;
(iv) triglycerides >1.7 mmol/L; and (v) HDL <1.29 mmol/L. BP was
recorded in a sitting, relaxed position with both arms resting on
an arm-rest chair. Waist circumference was measured using a tape
measure and recorded in centimetres. This was done as follows: the
anterior superior iliac spine and then the lowest part of the costal
margin were palpated, and the distance between the two points
was the point where the abdominal circumference was measured.
For most women this point was at the level of the umbilicus. The
remainder of the parameters (glucose, triglycerides and HDL levels)
were determined by drawing blood, which was sent to the laboratory
for determination.
Descriptive statistics in the form of means and standard deviations
were utilised, as well as frequencies and proportions for categorical
variables. Shapiro-Wilk tests were performed to determine whether
the data were normally distributed, followed by the non-parametric
Mann-Whitney U-test, or χ2 tests for categorical variables, which
investigated whether significant differences existed between the
two groups. All tests of significance were performed at a 5% level of
significance. Ethical approval for the study was obtained from the
University of Pretoria Research Ethics Committee (ref. no. 10/2019).

Results

One hundred and fifty women were recruited to the study group and
163 women to the control group. There was no loss to follow-up in
the pre-eclamptic group, while 13 women were lost to follow-up in
the control group. Data were therefore available for 150 women in
each group. One hundred and twenty-eight women (85.3%) in the
pre-eclamptic group developed early-onset disease, prior to 34 weeks,
while 11 women were known to have had chronic hypertension
before they became pregnant. Metabolic syndrome was diagnosed
in 48 women (32.0%) in the pre-eclamptic group and 33 (22.0%)
in the control group (p=0.05). The demographic data of the study
population are shown in Table 1. Table 2 compares the results of
metabolic syndrome parameters of the two groups at 6 weeks after
delivery. Hypertension was diagnosed in 49 pre-eclamptic women
(32.7%) at the 6-week postnatal visit, compared with 34 controls
(22.7%).
Eighty-one women were diagnosed with metabolic syndrome after
delivery. More than 80% (n=65) of women with confirmed metabolic
syndrome at 6 weeks after delivery in both the pre-eclamptic and
control groups had raised BP, waist circumference and triglycerides.
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HDL levels were low in 18.8% (n=9) of women diagnosed with
metabolic syndrome in the pre-eclamptic group compared with
36.4% (n=12) in the control group, while fasting glucose levels were
raised in 6.3% (n=3) of women in the pre-eclamptic group compared
with 15.2% (n=5) in the control group.

Discussion

Metabolic syndrome is an important contributor to the growing
burden of non-communicable diseases in SA. In our study, the
prevalence of metabolic syndrome 6 weeks after delivery was 32.0%
in the pre-eclamptic group compared with 22.0% in the control group
(p=0.05). This finding is similar to the prevalence of 35% reported in
a prospective cohort study of hypertensive pregnancies in Kenya. [14]
Women in developed countries have a 15 - 20% risk of being
diagnosed with metabolic syndrome after pregnancies complicated
by pre-eclampsia.[8,15,16] Women with low-risk pregnancies in our
study demonstrated an equivalent risk to pre-eclamptic women
in developed countries. This study therefore also highlights the
risk of future cardiovascular disease in a young parous SA urban
population. Thirty-eight women (25.3%) who were normotensive
during pregnancy were diagnosed with hypertension after delivery.
The South African National Health and Nutrition Examination
Survey found that 8.8% of SA women in the age group 15 - 24 years
were hypertensive, 18.1% in the 25 - 34-year age group and 41.1% in
the 35 - 44-year age group.[17] It is possible that some women in our
control group were hypertensive prior to pregnancy but had normal
blood pressure readings during pregnancy owing to the physiological
lowering of blood pressure during pregnancy.
Women were recruited to our study during pregnancy, and we
did not have any information regarding the prevalence of metabolic
syndrome prior to pregnancy. An important question is whether
risk factors for metabolic syndrome increase pre-eclampsia risk, or
whether pre-eclampsia predisposes to metabolic syndrome in later
life. Scholten et al.[18] performed a retrospective analysis of 1 297
women with a history of pre-eclampsia who had prior screening for
cardiovascular and prothrombotic risk factors at a pre-conception
clinic. Metabolic syndrome was present in 15% of women who
were subsequently diagnosed with pre-eclampsia. In the HUNT
study in Norway, 3 225 women were followed up for 20 years.[19]
Cardiovascular markers were compared before and following normal
and pre-eclamptic pregnancies. Most but not all risk was present
before the pre-eclamptic pregnancy. The American Heart Association
has emphasised that the evaluation of cardiovascular risk for women
should include a pregnancy history and that pre-eclampsia should be
considered a risk factor.[20]
More than 80% of women with confirmed metabolic syndrome
at 6 weeks after delivery had raised BP, waist circumference
and triglyceride levels. HDL levels were low in 18.8% of women
diagnosed with metabolic syndrome in the pre-eclamptic group
and in 36.4% in the control group. Data from several African
regions have demonstrated that some components of the metabolic
syndrome, such as high waist circumference and low HDL levels,
are the most prevalent components, while other studies have
reported lower triglyceride levels in African populations.[21-23] With
the exception of glucose values, all components for the diagnosis
of metabolic syndrome were deranged in our cohort of women
diagnosed with metabolic syndrome. Ray et al.[24] found that women
with features of metabolic syndrome before pregnancy have a
higher graded risk of placental dysfunction during pregnancy. They
found a progressive increase in the risk of placental dysfunction in
women with one (adjusted odds ratio (aOR) 3.1; 95% confidence
interval (CI) 3.0 - 3.1), two (aOR 5.5; 95% CI 5.2 - 5.8), or three or
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Table 1. Demographic data for the study population at delivery
Characteristics
Age (years)
Mean (SD)
Range
Race, n (%)
Black African
Coloured
White
Indian
Parity
Median (IQR)
Range
Timing of delivery (weeks), n (%)
<34
34 - 37
>37
Birth weight (g)
Mean (SD)
Range
Blood pressure (mmHg)
Systolic
Mean (SD)
Range
Diastolic
Mean (SD)
Range

Pre-eclamptic group (N=150)

Control group (N=150)

25.9 (5.2)
18 - 40

23.4 (5.7)
15 - 42

133 (88.6)
11 (7.3)
4 (2.7)
2 (1.3)

129 (86.0)
14 (9.3)
2 (1.3)
5 (3.3)

2 (1 - 2)
0-6

1 (1 - 2)
0-5

122 (81.3)
20 (13.3)
8 (5.3)

0
13 (8.7)
137 (91.3)

1 830.6 (570.1)
1 200 - 3 750

3 079.8 (459.1)
2 140 - 4 050

152.4 (9.4)
138 - 184

120.2 (6.9)
100 - 138

96.7 (6.1)
75 - 114

71.7 (8.6)
56 - 90

p-value
<0.01

<0.01

<0.01

<0.01

SD = standard deviation; IQR = interquartile range.

Table 2. Parameters used for the diagnosis of metabolic syndrome at 6 weeks after delivery
Parameter
Blood pressure (mmHg)
Systolic
Mean (SD)
Range
Diastolic
Mean (SD)
Range
Waist circumference (cm)
Mean (SD)
Range
Fasting glucose (mmol/L)
Mean (SD)
Range
Triglycerides (mmol/L)
Mean (SD)
Range
HDL (mmol/L)
Mean (SD)
Range

Pre-eclamptic group

Control group

132.3 (12.3)
115 - 158

130.5 (11.3)
110 - 162

80.6 (10.3)
60 - 99

78.0 (10.0)
60 - 104

79.3 (7.0)
64 - 97

78.8 (6.1)
67 - 96

4.2 (0.8)
2.8 - 8.0

4.4 (0.7)
3.0 - 6.9

1.4 (0.5)
0.5 - 2.7

1.5 (0.5)
0.7 - 3.1

1.7 (0.6)
0.5 - 3.5

1.8 (0.4)
0.8 - 3.0

p-value
0.30

0.02

0.44

<0.01

0.14

0.12

SD = standard deviation; HDL = high-density lipoprotein.

four (aOR 7.7; 95% CI 6.7 - 8.9) features of the metabolic syndrome,
compared with none.
Hypertension is a major contributor to the growing burden of
non-communicable diseases, and black Africans, particularly young
women, appear to be most affected by this increasing public health

352

problem.[25] Compared with other racial groups, black African women
are at greater risk of developing pre-eclampsia with severe features.[26]
A large proportion of black SA women live in urban areas, where
rates of metabolic syndrome are reported to be ~13% higher than in
rural areas.[27] It is believed that these differences are largely due to
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the increased prevalence of obesity associated with ‘westernisation’ of
dietary intake and changes in lifestyle.[27] Studies in SA have further
shown that dietary fat intake has increased significantly over the past
5 decades.[22] The prevalence of metabolic syndrome is consistently
higher in black African females than in males.[4] The high prevalence
of metabolic syndrome in both the pre-eclamptic and control groups
in our study suggests that pregnancy and other epidemiological
factors such as female gender, ethnicity and urbanisation probably
play a role in the development of metabolic syndrome in SA urban
women. Women diagnosed with metabolic syndrome are at increased
risk of future complications such as stroke, myocardial infarction and
type 2 diabetes. Furthermore, the COVID-19 pandemic has shown
that cardiometabolic syndrome is a risk factor for worse outcomes.
Epidemiological data from >72 000 patients in mainland China
demonstrated an overall case fatality rate from COVID-19 of 2.3%,
but the case fatality rate for patients with hypertension was 6%.[28]
Individuals with COVID-19 infection with other comorbidities are
at increased risk of severe pneumonia, uncontrolled inflammatory
response and hypercoagulability.
Maternal mortality audits have traditionally been used as an indica
tor of obstetric care in several countries. Maternal mortality is a com
plex factor that is influenced by a woman’s socioeconomic and health
status as well as access to care and delivery of services. The World Health
Organization defines maternal mortality as the death of a woman while
pregnant or within 42 days of termination of pregnancy, irrespective
of site or duration of pregnancy.[29] The 42-day limit reflects the belief
that consequences arising from pregnancy cease after 42 days. The
present study has shown that even in low-risk, normotensive women,
ill health may persist at and beyond 42 days after delivery. Current
guidelines acknowledge the increased cardiometabolic risk associated
with pregnancies complicated by pre-eclampsia, but guidance on
specific intervention is lacking. Based on these results, surveillance
should continue beyond the 6-week postpartum period. Strategies
should be developed to identify women at risk of chronic conditions.
Interventions such as health education, lifestyle modification and
pharmacotherapy should be explored further. The California Teachers
Study was a prospective cohort study that included >80 000 women.[30]
Approximately 5% (n=4 070) of these women with prior hypertensive
disorders of pregnancy had increased long-term stroke risk, which was
reduced by aspirin use.[30] Hofmeyr et al.[31] have shown that calcium
supplementation in women with deficient dietary calcium may be
beneficial in lowering blood pressure in the long term.

Study strengths and limitations

The strength of this study is that it is the first study to determine
the prevalence of metabolic syndrome in a young urban SA female
population following pregnancy. The limitation is that all women
were seen for the first time during pregnancy. The prevalence of
metabolic syndrome prior to pregnancy is unknown. The majority
of women in the pre-eclamptic group developed early-onset disease;
the observation of postpartum metabolic syndrome among women
with pre-eclampsia may therefore be a feature of this subgroup of
women. Further research involving follow-up of women prior to and
after pregnancy is required. More than 85% of women in both the
pre-eclamptic and control groups were black African. The numbers
of women of other population groups were small, and it is possible
that the results are not reflective of women in all population groups,
as lifestyle and diet may differ. Further investigations to confirm or
exclude the presence of cardiovascular disease were not performed.
The follow-up time was also limited to 6 weeks postpartum, and a
further follow-up 1 year after delivery would have been preferable.
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Conclusions

Women who develop pre-eclampsia during pregnancy have an
increased risk of being diagnosed with metabolic syndrome 6 weeks
after delivery. The prevalence of metabolic syndrome in black African
urban women who have uncomplicated low-risk pregnancies is
~22%, and it is even higher in women who have had pre-eclampsia.
Given the severe long-term effects of the metabolic syndrome and
the potential for altering its natural course by specific interventions,
healthcare surveillance of black African women should continue
beyond the 42-day suggested postpartum period.
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