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A B S T R A C T   

Objectives: Hypertensive disorders in pregnancy (HDPs) are associated with risk of future metabolic syndrome. 
Despite the huge burden of HDPs in sub-Saharan Africa, this association has not been adequately studied in this 
population. 
Study design: This was a prospective cohort study on pregnant women recruited between August 2017 - April 
2018 and followed up to one year after their deliveries and evaluated for presence of metabolic syndrome at 
delivery, nine weeks, six months and one year. 
Main outcome measures: Prevalence of metabolic syndrome 
Results: A total of 488 pregnant women were included: 410 and 78 with HDPs and normotensive, respectively. 
None of the normotensive had metabolic syndrome until one year (1.7% = 1 out of 59 observations), while 
among those with HDPs were 17.4% (71 of 407), 8.7% (23 of 263), 4.7% (11 of 232) and 6.1% (17 of 278), at 
delivery, nine weeks, six months and one year postpartum, respectively. High BMI and blood pressure were the 
drivers of metabolic syndrome in this population. The incidence rate in HDPs versus normotensive at one year 
were, respectively, 57.5/1000 persons’ year (95%CI; 35.8 – 92.6) and 16.9/1000 persons’ years (95%CI; 2.4- 
118.3), with incidence rate ratio of 3.4/1000 person’s years. Only parity significantly predicted the presence 
of metabolic syndrome at one year [(aOR= 3.26/delivery (95%CI; 1.21-8.79)]. 
Conclusion: HDPs were associated with a higher incidence of metabolic syndrome up to one year postpartum. 
Women with HDPs should be routinely screened for metabolic syndrome within the first year postpartum to 
reduce cardiometabolic risks.  
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1. Introduction 

Metabolic syndrome is a group of clinical, metabolic and biochem-
ical abnormalities with negative impact on global health [1]. Based on 
the International Diabetes Federation (IDF) consensus statement, it is 
defined as the presence of body mass index > 30 kg/m2 with any two of 
the following: triglycerides ≥ 1.7 mmol/L, high-density lipoprotein <
1.29 mmol/L, hypertension (systolic BP ≥ 130 or diastolic BP ≥ 85 mm 
Hg) or fasting blood glucose ≥ 100 mg/dL or 5.6 mmol/L [2]. Normal 
pregnancy adaptations to cater for nutritional needs of the growing fetus 
induces cardiometabolic stress reminiscent of metabolic syndrome with 
increased insulin resistance, hyperlipidemias and changes in protein and 
amino acid metabolism [3,9]. As such, pregnancy is sometimes consid-
ered a ‘stress test’. Hypertensive disorders in pregnancy (HDP) may 
therefore be manifestations of underlying metabolic and cardiovascular 
disease (CVD) risks due to constitutional predisposition [4–8,10]. 

There is growing evidence that abnormalities in cardiometabolic 
markers during pregnancy can persist in HDP including pre-eclampsia 
well beyond the peri-partum period [4,9,10]. In fact, metabolic syn-
drome has been shown to be commoner among these women [4,7,10]. In 
addition, HDP without initial aberrations may begin to exhibit abnormal 
metabolic profiles postpartum, some of which result in metabolic syn-
drome [10]. Consequently, many authorities, including the American 
Heart Foundation, have included HDP as indicator risk factors for car-
diovascular diseases (CVDs) [8]. The International Society for the Study 
of Hypertension in Pregnancy (ISSHP) and the National Institute for 
Health and Care Excellence (NICE) guidelines also recommend long- 
term postpartum follow up for women with HDP due to heightened 
cardiovascular and metabolic disease risks associated with prior HDP 
[11,12]. 

Following HDP, varying prevalence rates of metabolic syndrome 
have been reported from around the world depending on the postpartum 
interval the evaluation was made, with values ranging from 13.9% in the 
Netherlands (median of 8 months postpartum) and 14.5% in the United 
States of America [9,13]. Fourteen years after pre-eclampsia, an 82.3% 
prevalence of metabolic syndrome has been reported in Brazil [14]. 
Udenze et al. reported a prevalence range from 10.9% to 27.3% after a 
pre-eclamptic pregnancy in an inter-continental systematic review [15]. 

Evidence on the burden of metabolic syndrome in prior HDP in sub- 
Saharan African setting is limited. One study from Ghana was conducted 
during the second half of pregnancy and reported a prevalence of 61% 
based on the National Cholesterol Education Program (NCEP) definition 
[16]. Two Nigerian cross-sectional studies are also available with re-
ported prevalence of metabolic syndrome ranging from of 24.3% to 
31.7% [17,18]. However, they were conducted among semi-urban non- 
pregnant women. 

Given that metabolic syndrome is considered an intermediate and 
modifiable risk factor for future cardiovascular and metabolic diseases 
and its proven association with prior HDP, a prospective cohort was 
conducted among women with prior HDP who delivered at tertiary fa-
cility settings, in order to determine the prevalence and risk factors of 
metabolic syndrome. 

2. Methods 

2.1. Study design 

This was a prospective cohort study on pregnant women recruited 
between August 2017 and April 2018 up to one year after deliveries. 
They were evaluated for metabolic syndrome at pre-determined in-
tervals and the last recruited participant completed the study on March 
31, 2019. 

2.2. Study setting 

The study was conducted in eight tertiary hospitals in Nigeria 

namely: Abubakar Tafawa Balewa University Teaching Hospital, Bauchi 
State, University of Calabar Teaching Hospital, Cross River State, Fed-
eral Teaching Hospital, Ebonyi state, Federal Medical Center, Kogi State, 
Aminu Kano Teaching Hospital Kano State, Usmanu Danfodiyo Uni-
versity Teaching Hospital Sokoto as well as Mother and Child Hospital 
and the University of Medical Sciences Teaching Hospital, both in Ondo 
State. The health facilities were high-volume sites with well-functioning 
clinics, delivery rooms and laboratory services with combined annual 
deliveries averaging 38,400. 

2.3. Participants 

This study recruited women 18 years old and above who delivered 
with diagnoses of HDP. Multiple pregnancies and medical disorders in 
pregnancy other than hypertensive disorders such as diabetes mellitus, 
sickle cell anemia, heart disease, kidney and other connective tissues 
disorders were excluded. The normotensive cohort comprised of preg-
nant women who also delivered in the study sites. 

2.4. Study procedures 

Participants (both women with HDP and normotensive) were 
informed of the study during the antenatal period (for registered clients) 
or after delivery but all recruitments were done within 24 h of delivery. 
Intending participants were individually counseled, informed consent 
obtained - either signed or thumb printed – (consent rate over 95%) and 
enrollment forms (comprising information on socio-demographic and 
obstetric variables) was completed. After enrollment, the women un-
derwent baseline clinical evaluations to assess their symptoms and signs. 
In addition, laboratory investigations were performed before discharged 
from the hospitals. They were subsequently followed-up during which 
the same clinical and laboratory investigations conducted at baseline 
were repeated at nine weeks, six months and one year postpartum. To 
enhance follow up, the participants were requested to provide their 
contact information (particularly personal and spousal mobile telephone 
numbers). They were reminded of their follow up appointments through 
phone calls. Participants’ contact information was not linked to their 
clinical records while all clinical information was linked to unique 
identifiers. 

2.5. Exposure variables 

The main exposures of interest were the presence of any HDP sub- 
type namely, chronic hypertension, gestational hypertension and pre- 
eclampsia as defined by the ISSHP [11]. Hypertension was defined as 
systolic blood pressure of ≥ 140 mmHg and or diastolic blood pressure 
of ≥ 90 mmHg measured on two consecutive periods 4–6 h apart. 
Chronic hypertension in pregnancy was defined as any hypertension 
with onset before the index pregnancy or diagnosed within the first 20 
weeks of the index pregnancy. Gestational hypertension was defined as 
any hypertension occurring after the first 20 weeks of pregnancy 
without significant proteinuria (<2++ of proteinuria on urine dipstick 
measurement) or any hematological or biochemical abnormality. Pre- 
eclampsia was defined as hypertension with onset after the first 20 
weeks of pregnancy with significant proteinuria (≥2++ of proteinuria 
on urine dipstick measurement) or the presence of any hematological 
and biochemical abnormality. 

2.6. Outcome variables 

We assessed the prevalence and incidence of metabolic syndrome at 
three time–periods after delivery: nine weeks, six months and one year. 
Metabolic syndrome was as defined by the International Diabetes 
Federation [2], the presence of BMI > 30 kg/m2 with any two of; tri-
glycerides ≥ 1.7 mmol/L, high-density lipoprotein (HDL) < 1.29 mmol/ 
L, hypertension (systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg) or 
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fasting blood glucose ≥ 100 mg/dL or 5.6 mmol/L. We used the IDF 
definition for ease of use in our setting as other commonly used defi-
nitions require measurements not readily available such as measures of 
insulin resistance, insulin concentration (the World Health Organization 
criteria) and waist circumference (the National Cholesterol Education 
Program – NCEP ATP III) [19]. 

2.7. Data source/data collection 

At each data collection period, participant’s BMI (weight (kg)/height 
(m2)), was measured along with urine protein estimation (using med-
itest combi 10 dipsticks) and blood pressure (BP) by auscultation tech-
nique using mercury sphygmomanometer. The first and fourth Korotkoff 
sounds were taken as systolic and diastolic values, respectively. A gen-
eral physical examination for signs was also conducted. In addition, 
blood samples were collected for laboratory tests which included fasting 
blood glucose and serum lipids (total cholesterols, HDL and low-density 
lipo-proteins (LDL) cholesterols, triglycerides). All clinical examinations 
and blood sample collection were performed by trained medical officers 
(research assistants). Laboratory investigations were performed by sci-
entists based on laid down protocols following standard practices used 
in all the study sites. 

2.8. Risk of bias 

The women with HDPs and the normotensive cohort were recruited 
from a similar maternity population. In Nigeria, access to such health 
facilities is based on women’s preferences, places of residence and socio- 
economic status (not necessarily based on referrals), with the more 
educated and high-income group typically attending tertiary care cen-
ters. Because women of particular risk strata could self-select themselves 
for tertiary care delivery, estimates of metabolic syndrome in this pop-
ulation may not be generalized. However, recruitment proceeded 
independently in all facilities. Case identification was done by specially 
trained midwives using standard diagnostic criteria. Outcomes assessors 
were blinded of participants’ HDP status. The results of medical and 
laboratory investigations were entered in the electronic data capturing 
platform by trained research assistants as soon as the data were available 
to reduce the incidence of missing data. The hard copies of all medical 
and laboratory results were retained as source documents at the facilities 
for future reference when necessary. 

2.9. Sample size 

Given that on average 14% of pregnant women develop metabolic 
syndrome postpartum across previously conducted studies with varying 
follow up time [9,13], it is estimated that 185 women in each arm were 
required to participate in the study in order to detect a similar level of 
postpartum metabolic syndrome in our Nigerian population after HDP 
and compare it to women after normotensive pregnancy, at alpha level 
of 5% and power of 80%. Considering a potential 10% loss to follow up, 
204 women were needed. As the study was only observational with 
minimal risks, many women as could consent to participation within 
available resources and time, were enrolled. 

2.10. Data analysis plan/statistical methods 

The women with HDP and the normotensive followed-up for each 
period were successfully analyzed. Laboratory results reported in mg/dl 
were converted to mmol/L before the analyses were carried out. Fre-
quencies, percentages, proportions and means (standard deviations) 
were used to describe participants’ obstetric and demographics vari-
ables as well as the prevalence of metabolic syndrome. Independent t- 
test was used to compare mean differences between the HDP and the 
normotensives. For comparing categorical data, chi square or Fisher’s 
exact test was used. In addition, the incidence rates of metabolic 

syndrome (in person years experienced) for each period were calculated 
to delineate between new onset metabolic syndrome attributable to 
hypertensive disorders from the persistent effects of pregnancy adap-
tation that could influence prevalence. Univariable and multivariable 
logistic regression analyses to identify factors that predict metabolic 
syndrome at six months and one year postpartum were performed. 
Confounders’ selection was hypothesis-driven, and the following vari-
ables were included: age, parity, gestational age at delivery, gestational 
age at onset of HDP, booking status, gestational hypertension, pre- 
eclampsia and eclampsia. The data was analyzed using SPSS IBM 
version 25.0. 

3. Results 

In this cohort, 410 women with hypertensive disorders and 78 nor-
motensives ones (due to differential consenting rates between the two 
cohorts ((95% and 38% for HDPs and normotensive respectively) 
participated. Fig. 1 shows flowchart of follow up of women with HDPs 
versus the normotensive over the one-year period. The number of 
women assessed at various time points varied based on follow up rates: 
263 (65%), 232 (57%), 278 (68%) and 53 (68%), 43 (55%), and 58 
(74%) for HDPs and control at nine weeks, six months and one year, 
respectively. 

Table 1 shows the baseline characteristics of the women. The mean 

Fig. 1. Follow up rate among women with HDPs and women with normoten-
sive pregnancies from delivery until 1 year. 
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age and booking BMI of women with HDPs and normotensive women 
were similar [age: (29.4; Sd = 0.58) versus (28.3; Sd = 0.59), BMI: (28.8; 
Sd = 0.51) versus (26.7; Sd = 0.81)]. The proportion of women who 
were primigravidae was higher in the HDP group (21%, n = 86/410) 
than in the normotensive counterpart (13%, n = 10/78). About 40% 
(163) and 10% (8) of the HDP and the normotensive women, were not 
registered for antenatal care (ANC). Of those who registered, similar 
proportions of HDPs and normotensives did so within the first trimester 
(3.4%, n = 14 versus 3.8%, n = 3). The mean gestational age at booking 
were similar (23.7 (Sd = 0.41) versus 22.8 (Sd = 0.75)). Women with 
HDPs were more likely to deliver preterm compared to normotensive 
women (mean delivery gestational age of 36.5 (Sd = 4.1) versus 38.3 
(Sd = 1.7)]. 

At baseline (within 24 h of delivery, Table 2), women with HDPs 

significantly differed from the normotensive in some components of 
metabolic syndrome. HDPs had significantly higher mean BMI [29.1 kg/ 
m2 (Sd = 7.3) versus 27.3 kg/m2 (Sd = 6.2) p = 0.047], mean systolic 
[159.6 mmHg (Sd = 22.2) versus 113.7 mmHg (Sd = 10.9), p = 0.001] 
and mean diastolic blood pressure [102 mmHg (Sd = 15.8) versus 71.5 
mmHg (Sd = 6.9), p = 0.001], with no significant differences with 
respect to serum cholesterol, triglycerides and fasting blood glucose 
levels, although the proportions of women with high abnormal values 
for these three components are higher among the HDP at baseline and at 
1 year (with the exception of FBS at baseline). Similarly, at one year after 
delivery, women with HDPs as compared to the normotensives had 
significantly higher mean BMI [28.5 kg/m2 (Sd = 7.1) versus 26.4 kg/ 
m2 (Sd = 5.5), p = 0.035], mean systolic [132.86 mmHg (Sd = 26.8) 
versus 112.07 mmHg (Sd = 13.8), p = 0.001] and mean diastolic blood 

Table 1 
Baseline characteristics of women with hypertensive disorders in pregnancy (N=410) and the normotensives (N=78).  

Variables Number (%) Mean (SD) P- GHT (N¼75) CHT(N¼33) PE(N¼ 200) EC(N¼58)  

HDP Normotensive HDP Normotensive      

Age, Mean(SD)   29.4(0.58) 28.3(0.59) 0.480 33.3(3.34) 35.2(1.18) 28.4(0.41) 24.6(0.83) 
BMI at booking, Mean(SD)   28.8 (0.51) 26.7(0.81) 0.050 31.6(1.16) 31.7(2.61) 27.7(0.59) 24.9(0.93) 
Parity     0.230     
Para 0 n(%) 86 (21) 10(12.8) – –  9(12.0) 1(3.0) 45(22.5) 23(40.3) 
Para 1 – 3 n(%) 226 (55) 49(62.8) – –  51(68.0) 14(42.4) 108(54) 27(47.4) 
≥para 4 n(%) 98(24) 19(24.4) – –  15(20.0) 18(54.6)) 47(23.5) 7(12.3) 
ANC Registration. n(%)     0.001     
Booked/Registered 247(60.2) 66(89.7) – –  60(80.0) 23(70.0) 117(58.5) 21(36.8) 
Unbooked/Not registered 163 (39.8) 8(10.3)    15(20.0) 10(30.0) 83(41.5) 36(63.2) 
GA at booking, Mean(SD) – – 23.7(0.41) 22.8(0.75) 0.280 24.9(0.86) 23.8(0.97) 23.1(0.58) 23.0(1.46) 
GA at booking n(%)     0.794     
≤12 weeks 14 (3.4) 3 (3.8)    3(4.0) 0(0.0) 7(3.5) 2(3.5) 
13 – 20 weeks 73 (17.8) 23 (29.5) – –  14(18.7) 6(18.2) 43(21.5) 6(10.3) 
>20 weeks 323 (79) 52 (66.7) – –  58(77.3) 27(81.8) 150(75.0) 50(86.2) 
GA of HDP onset Mean(SD)   33.2 (8.7) –  36.9(4.1) 23.8(13.4) 33(8.5) 34.5(6.5) 
GA at onset of HDP n (%)          
≥ 34 weeks 239(65.5) – – –  61(84.7) 10(30.3) 122(61.3) 42(73.7) 
<34 weeks 126(34.5)     11(15.3) 23(67.7) 77(38.7) 15(26.3) 
GA at delivery, Mean(SD) – – 36.5(4.1) 38.3(1.7) 0.301 38.7(1.9) 36.1(3.9) 36(4.3) 35.5(4.3) 
Apgar Scores at 1 minute     0.790     
≥7 n(%) 224(61.4) 36(88.72) – –  58(77.3) 20(60.6) 117(58.5) 29(50.9) 
<7 n(%) 141(38.6) 7(16.28) – –  17(22.7) 13(39.4) 83(41.5) 28(49.1) 
Apgar Score at 5 minutes     0.950     
≥7 n(%) 308(84.4) 42(97.7) – –  72(96.0) 29(87.9) 163(81.5) 44(77.2) 
<7 n(%) 57(16.6) 1(2.3) – –  3(4.0) 4(12.1) 37(18.5) 13(22.8) 
Perinatal deaths n(%)          
Stillbirths 29 (7.1) 0.0 (0.0) – – 0.008 2(6.9) 1(3.4) 20(69) 6(20.7) 
Early neonatal deaths 12 (2.9) 1.0 (1.3) – – 0.7028 1(8.3) 2(16.7) 9(75) 0(0.0) 

HDP = Hypertensive disorders in pregnancy, SD = standard deviation, HTN = Hypertension, GA = gestational age, BP = Blood pressure, GHT = Gestational hy-
pertension, CHT = Chronic hypertension, PE = Pre-eclampsia, EC = Eclampsia 

Table 2 
Prevalence of abnormally high components of metabolic syndrome and their mean differences between women with hypertensive disorders in pregnancy and the 
normotensives at baseline and one year after delivery.   

Baseline 1 year  

HDP High 
n (%) 

Normotensive 
High n (%) 

HDP 
Mean 
(SD) 

Normotensive 
Mean (SD) 

P- 
value 

HDP High 
n (%) 

Normotensive 
High n (%) 

HDP 
Mean (SD 

Normotensive 
Mean (SD 

P- 
value 

BMI 270(65.9) 33(42.3) 29.1(7.3) 27.3(6.2) 0.047 233(83.8) 39(67.2) 28.5(7.1) 26.4(5.5) 0.035 
SBP 365(89.0) 1(1.3) 159.6 

(22.2) 
113.7(10.9) 0.001 265(95.3) 26(44.8) 132.86 

(26.8) 
112.07(13.8) 0.001 

DBP 365(89.0) 1(1.3) 102(15.8) 71.5(6.9) 0.001 265(95.3) 26(44.8) 86.75 
(18.5) 

72.55(11.52) 0.001 

Chol 
(mmol/ 
l) 

22(5.4) 1(1.3) 4.4(1.6) 4.4(1.3) 0.748 1(0.4) 0 4.40(1.2) 4.29(1.3) 0.513 

TGC 
(mmol/ 
l) 

198(48.3) 34(43.5) 1.8(0.9) 1.6(0.6) 0.0917 174(62.6) 26(44.8) 1.15(0.6) 1.06(0.6) 0.330 

FBS 
(mmol/ 
l) 

130(31.7) 26(33.3) 5.3(3.5) 5.3(2.1) 0.999 196(70.5) 32(55.2) 5.0(1.9) 4.9(1.2) 0.478  
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pressure [86.8 mmHg (Sd = 18.5) versus 72.6 mmHg (Sd = 11.5), p =
0.001], but similar cholesterol, triglycerides and fasting blood glucose 
concentrations. At both the baseline and at 1 year postpartum, higher 
proportion of women with HDP, as compared to the normotensive, had 
abnormality in all the components of metabolic syndrome (Table 2). 

Women with normotensive pregnancies had no metabolic syndrome 
at baseline, nine weeks and six months after delivery, but 1.7% (n = 1/ 
59) had it at one year postpartum. For women with HDPs, this was 
17.4% (71/410), 8.7% (15/263), 4.7% (11/232) and 6.1% (17/278), 
respectively. The incidence rates for metabolic syndrome among women 
with HDPs dropped from 329.7/1000 person years (95%CI; 217.8 – 
498.9) to 57.5/1000 person years at one year. For women with a 
normotensive pregnancy the incidence rate at one year was 16.9/1000 
person years (95%CI; 2.4 – 118.3). 

The incidence and prevalence rates of metabolic syndrome among 
the different HDP categories differed (Table 3). At 6 months postpartum, 
women with pre-eclampsia were more likely to have metabolic syn-
drome [(IR = 444/1000 person years (95%CI; 214 – 923), followed by 
chronic hypertension [(IR = 111/1000 person years (95%CI; 18 – 705) 
and finally gestational hypertension [(IR = 37.7/1000 person years 
(95%CI; 5.5 – 258)]. While no woman with chronic hypertension 
developed new onset metabolic syndrome at one year, the rate in 
gestational hypertension, pre-eclampsia and eclampsia were, respec-
tively, 71/1000 person years (95%CI; 27.8 – 183.7), 60/1000 person 
years (95%CI; 30.7 – 118) and 29/1000 person years (95%CI; 4.3 – 203). 

Table 4 describes the overall prevalence and incidence rates of 
metabolic syndrome for the HDP and normotensive at each of the time 
points. At nine weeks, six months and one year postpartum, the preva-
lence of metabolic syndrome was higher in the HDP category than in the 
normotensive but only significantly so at nine weeks (p-0.019). Simi-
larly, development of new onset metabolic syndrome (incidence) occurs 
significantly more among the HDP at all postpartum times with p <
0.0001. 

While Table 5 describes the results of univariable and multivariable 
logistic regression analyses of maternal demographic and obstetric fac-
tors as predictors of metabolic syndrome at six months and one year 
postpartum. At six months postpartum, none of the possible predictors 
were associated with metabolic syndrome. At one year postpartum, only 
parity significantly predicted the development of metabolic syndrome 
[(aOR = 3.26/delivery (95%CI; 1.21–8.79)]. 

4. Discussion 

This study showed a relatively high prevalence (6.1%) of (persistent) 
metabolic syndrome up to one year postpartum. In contrast, only 1.7% 
of women in the comparison group developed metabolic syndrome the 
year following birth. The prevalence of metabolic syndrome after pu-
erperium among our cohort of women with HDPs was lower than the 
reported global proportion of about 15% [2,9,13]. These differences 
may be reflective of differences in the criteria used and the postpartum 
time periods during which measurements were taken. The IDF criteria 
was used in this study, whereas others used the NCEP ATP III (defined as 
presence of any three of the following: hypertension ≥ 130/85 mmHg; 
fasting plasma glucose ≥ 6.1 mmol/L; fasting plasma triglycerides ≥
1.69 mmol/L; fasting HDL cholesterol < 1.29 mmol or subjects were 
receiving treatment for their condition and waist circumference > 88 

cm) and the World Health Organization definition (hyperinsulinemia - 
the upper fourth of the fasting insulin level among nondiabetic subjects 
or hyperglycemia - fasting glucose ≥ 110 mg/dl- in addition to at least 
two of the following: waist girth ≥ 94 cm, dyslipidemia - triglycerides ≥
150 mg/dl or HDL cholesterol ≥ 40 mg/dl, or BP ≥ 140/90 mmHg or 
taking BP medication [19]. The two criteria could potentially lead to 
higher estimates of metabolic syndrome than IDF criteria. For instance, 
the WHO criteria utilize insulin resistance which, in pathogenesis term, 
precede raised fasting blood glucose used by the IDF definition, and 
while the NCEP definition uses waist circumference to measure obesity, 
the IDF utilizes the BMI. 

The 1.7% prevalence of metabolic syndrome among normotensive 
women at one year is lower than the 24.3% reported from a non- 
pregnant women population in Nigeria in which the IDF definition 
was also used [17]. This disparity could be explained by the fact that the 
normotensive population in our study had fewer risk factors compared 
to women in this random survey of sub-urban population in whom 42% 
were overweight with mean systolic blood pressure of 131 mmHg (112 
mmHg in our normotensive cohort after one year of follow up) [17]. 

Because the cardiometabolic changes (reminiscent of metabolic 
syndrome) in HDP also occur in normal pregnancies and the effects 
could persist throughout puerperium and for variable length of post-
partum period, we assessed metabolic syndrome from nine weeks 
postpartum up to one year - after which most pregnancy-related meta-
bolic changes are expected to have waned off; and included normoten-
sive women as a control group. The finding that only one new onset 
metabolic syndrome occurred out of fifty-nine normotensive observa-
tions at one year (IR = 16.9/1000 person years) as opposed to sixteen 
out of 278 HDP observations (IR = 57.5/1000 person years) - with 

Table 3 
The prevalence and Incidence rate per 1000 person years of exposure (with 95% confidence interval) of metabolic syndrome across HDPs sub-types (chronic hy-
pertension, gestational hypertension, pre-eclampsia, eclampsia) at 9 weeks, 6 months and 1 year postpartum.   

Chronic hypertension Gestational hypertension Pre-eclampsia Eclampsia 

Timelines Prevalence n (%) incidence Prevalence n(%) incidence Prevalence n(%) incidence Prevalence n(%) incidence 

9 weeks 5(22.7) 525 (202 – 1365) 4(7.5) 327(129.1 – 827.5) 12(9.2) 409(247.6 – 676) 1(3.4) 199(34.5 – 1151) 
6 months 2(11.1) 111 (18 – 705) 1(1.9) 37.7(5.5 – 258) 6(5.6) 444(214 – 923) 0 0.0 
1 year 5(20.8) 0.0 4(7.1) 71(27.8 – 183.7) 12(9.0) 60(30.7 – 118) 1(2.9) 29(4.3 – 203)  

Table 4 
Overall prevalence and incidence rates (per 1000 persons year of exposure) of 
metabolic syndrome among women with hypertensive disorders in pregnancy 
versus normotensive at 9 weeks, 6 months and 1 year postpartum.  

Timelines Prevalence n (%)    

HDP Normotensive Risk 
Difference 

95% 
Confidence 
Interval 

P-value 

9 weeks 23/263 
(8.7%) 

0/53(0.0) 0.09 0.05 – 0.12 0.019 

6 months 11/232 
(4.7%) 

0/43(0.0) 0.05 0.20 – 0.07 0.223 

1 year 17/278 
(6.1%) 

1/58(1.7%) 0.04 0.0001 – 
0.0877 

0.331  

Timelines Incidence per 1000 person years    
HDP Normotensive Incidence 

Rate 
Difference 

95% 
Confidence 
Interval 

p-value 

9 weeks 329.7 
(217.8 
– 
498.9) 

0.0 0.33 0.29 – 0.36 P<0.0001 

6 months 69.0 
(35.3 – 
134.6) 

0.0 0.07 0.05 – 0.09 P<0.0001 

1 year 57.5 
(35.8 – 
92.6) 

16.9(2.4 – 
118.3) 

0.04 0.02 – 0.6 P<0.0001  
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incidence rate ratio of 3.4/1000 person years- further strengthened the 
association between metabolic syndrome with prior HDPs. 

We observed that at six months post-delivery of an HDP-complicated 
pregnancy, the likelihood of developing metabolic syndrome diminishes 
in the order of HDP sub-type severity: pre-eclampsia, chronic hyper-
tension in pregnancy and gestational hypertension. Although pre- 
eclampsia has the highest risk at six months postpartum, the preva-
lence of metabolic syndrome among pre-eclamptic cohort was only 
3.7%. Other studies reported both higher and lower levels: a study in the 
Netherlands observed 13.9% prevalence at six months based on the 
WHO definition [13], and a Korean study reported no association with 
development of metabolic syndrome postpartum among women with 
pre-eclampsia who had two or more components of metabolic 
syndrome-pre-pregnancy [20]. Although we had no information on the 
pre-pregnant status of our cohort, the prevalence of 17.4% metabolic 
syndrome at delivery may suggest a population with already pre-exiting 
abnormal metabolic components which might have conferred some 
protection against metabolic syndrome developing postpartum. 

Only parity significantly exerts independent influence on occurrence 
of metabolic syndrome one year postpartum in our HDP cohort. By 
intuition, this should be expected as increasing parity is typically asso-
ciated with advancing maternal age, hypertension, and abnormal BMI 
which, in turn, increases the risk of abnormal cardiovascular surrogate 
marker, including metabolic syndrome. Studies of Hispanic/Latino 
women in the United States [21] and Chinese women [22] have estab-
lished significant association between higher parity and some compo-
nents of metabolic syndrome independent of age. The American study 
observed that higher parity accompanied with abdominal obesity sug-
gest high risk of metabolic dysregulation [21]. 

4.1. Clinical and research implication 

West Africa in general, and Nigeria in particular, carry a heavier 
burden of CVDs risk compared to other regions [23]. It is projected to be 
the leading cause of premature mortality and disability-adjusted life 
years (DALY) burden by 2050 [24]. In addition, West Africa has one of 
the highest fertility rates with 5.2 children per woman (in contrast to 4.4 
for Africa overall) [23]. Given the association between parity, HDP, 
metabolic syndrome and future risk of adverse cardiometabolic disor-
ders [24], routine screening and management of metabolic syndrome 
following HDP – and especially when associated with multiparity - is 
essential, and should be included in any strategy to reduce the CVD 
burden in sub-Sahara Africa. Although screening for CVD risk markers 
following HDP-complicated pregnancies is an established practice in 
many high-income countries, there is no agreement on timing of 
commencement of screening and of ongoing follow up processes [25]. 
Guidelines for screening strategies for postpartum detection of meta-
bolic syndrome following HDPs in high-income country settings are 
currently limited with only one template suggested by Dutch researchers 
which entails a stepwise approach starting at a younger age [25]. For the 

Nigerian, and possibly other (West) African health care contexts, 
commencement of screening during the pre-conceptional and antenatal 
periods would be recommendable, as the modification of risk for future 
CVDs based on body weight and blood pressure management, also re-
duces the risk of HDP in the shorter term. Importantly, up to 40% of our 
HDP cohort did not receive antenatal care. A general continued effort to 
promote (early) antenatal care attendance remains urgent. For preg-
nancies complicated by HDP, secondary prevention could commence 
within first year of delivery for a timely detection and management of 
metabolic syndrome in order to mitigate future risks of cardiovascular 
and metabolic disorders. 

4.2. Strengths and limitations 

This unique study prospectively followed over five hundred women 
with HDP and normotensive pregnancies in sub-Saharan Africa for one 
year and evaluated their health at three different time periods: nine 
weeks, six months and one year postpartum. It allowed the exploration 
of both prevalence and incidence rates and risk factors, including the 
comparison between women with hypertensive disorders and those with 
normal BP during pregnancy. However, some limitations need to be 
considered in the interpretation of these findings. First, that one year of 
follow up after delivery is not adequate to detect transition beyond the 
intermediary risk factors on the pathways to develop cardiovascular 
diseases to outcomes itself. Secondly, while we aimed for a minimum of 
185 normotensive pregnancies, less than half were recruited. This was 
due to lower consent rates to participate in the study by women in that 
category ((95% and 38% for HDPs and normotensive respectively - due 
to low perception of risk and threat among the normotensive). This 
could have led to insufficient power to detect metabolic syndrome at 
different time intervals given the low(er) prevalence. At the same time, 
our sample size is sufficient to suggest that these will be at the very low 
ends and still justifies our conclusion to focus efforts on reducing the 
metabolic syndrome prevalence primarily among women with HDP at 
highest risk. 

4.3. Conclusion 

Hypertensive disorders in pregnancy are associated with increased 
risk of metabolic syndrome after delivery, and this is augmented by 
parity independent of age. Maternal BMI and blood pressure are the 
main drivers of metabolic syndrome in these women. Given the growing 
burden of cardiovascular disease on morbidity and mortality in sub- 
Saharan Africa, as well as availability of risk reducing strategies, 
screening of all women with HDP for metabolic syndrome should 
routinely take place starting within the first year of delivery (but also 
during pre-conceptional and antenatal periods). 

Table 5 
Univariable and Multivariable logistic regression on predictors of metabolic syndrome in women with HDP at six months and one year postpartum.   

6 months 1 year 

Univariate analysis Multivariate analysis Univariable analysis Multivariable analysis 

Variables OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value OR (95%CI P-value 

Age 1.01(0.99-1.03) 0.459 1.09(0.95-1.25) 0.216 1.01(0.99-1.03) 0.321 1.00(0.98-1.03) 0.844 
Parity 1.21(0.42-3.50) 0.730 0.81(0.19-3.41) 0.768 2.15(0.99-4.68) 0.054 3.26(1.21-8.79) 0.020 
GA at delivery 0.93(0.83-1.05) 0.229 1.01(0.85-1.21) 0.905 1.06(0.89-1.26) 0.504 1.0.(0.83-1.20) 0.967 
GA at onset HDP *** *** *** *** 2.68(0.58-12.41) 0.209 2.83(0.43-18.60) 0.278 
Booking status 3.83(0.47-31.39) 0.211 2.87(0.20 -28.08) 0.364 1.31(0.45-3.77) 0.621 1.38(0.38-5.00) 0.625 
Gestational hypertension 0.44(0.03-7.23) 0.564 3.38(0.15-78.32) 0.448 3.14(0.34-28.93) 0.312 1.74(0.16-18.95) 0.649 
Pre-eclampsia 0.65(0.07-6.03) 0.707 2.88(0.19-43.89) 0.447 2.30(0.28-18.82) 0.436 1.40(0.16-12.45) 0.764 
Eclampsia *** *** *** *** *** *** *** *** 

*** Omitted variables due to small number of observations. 
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