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Abstract 

Background 

Hypertension is a significant global public health problem, that affects nearly one in five women of 

reproductive age. Women with hypertensive disorders of pregnancy have a higher risk of persistent 

hypertension after giving birth and beyond. It remains unclear how preeclampsia leads to persistent 

hypertension and other cardiovascular diseases after pregnancy. Therefore, this PhD examined whether 

the combined exposure to HIV and antiretroviral therapy (ART) is associated with persistent 

hypertension and cardiovascular risk biomarkers six months after giving birth.  

Methods 

A systematic review of studies from low and middle income countries (LMICs) was conducted to assess 

the prevalence of persistent hypertension after hypertensive disorders of pregnancy. We searched four 

databases from inception through 2nd January 2024 and included cohort and cross-sectional studies. A 

narrative synthesis of data was conducted, and prevalence was reported at different time points. The 

systematic review was followed by a six-month prospective cohort study of women after preeclampsia. 

These women were followed up from delivery to six months postpartum at Women and Newborn and 

Kanyama General hospitals in Lusaka, Zambia, from January 01, 2022, to June 30, 2023. At study visits 

(at delivery, six weeks, three months, and six months), we collected sociodemographics and clinical 

characteristics. Additionally, at delivery and six weeks, we measured high sensitivity C-reactive protein 

(hs-CRP), interleukin-2 (IL2), interleukin-6 (IL6), tumor necrosis factor-alpha (TNFa) and cystatin C.  

Results 

In the systematic review, 1584 abstracts were screened, of which 22 studies reported persistent 

hypertension after preeclampsia. The overall prevalence of persistent hypertension within 12 months 

following delivery ranged between 6.9% and 62.2% from 14 countries.  From the prospective study, we 

noted that 16.9% of postpartum women experienced persistent hypertension six months after giving 

birth. Six-week postpartum prevalence was higher in the HIV group than HIV-negative group (54.6% vs 

28.8%, p<0.001), with no measurable difference at three months (24.3% vs 13.2%, p = 0.145) or six 

months (18.2% vs 16.3%, p = 0.787). Additionally, women living with HIV on treatment were more 

likely to have persistent hypertension than HIV-negative women over the follow-up period (adjusted 

odds ratio [aOR] = 1.68, 95% CI: 1.09–2.60) after accounting for age, body mass index and time since 
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delivery. Furthermore, women living with HIV on ART had higher hs-CRP, a marker of inflammation 

and future cardiovascular risk. However, we did not observe IL-2, IL-6, TNFa, and cystatin C 

differences by HIV status. Living with HIV while on ART was associated with an increased risk of 

presenting as hypertensive with elevated hs-CRP (aRR=2.88, 95% CI: 1.09-7.60). 

Conclusion 

The thesis findings are critical in contributing to hypertension prevention and early identification 

strategies. Paper 1 reports a high prevalence of persistent hypertension in LMICs following a pregnancy 

complicated by hypertensive disorders. Paper 2 showed that Women living with HIV on ART had 

elevated hs-CRP, a marker of inflammation and future cardiovascular diseases. The findings in paper 2 

where corroborated in a longitudinal follow-up (paper 3) where we noted an elevated risk of persistent 

hypertension among postpartum women with comorbid preeclampsia and treated HIV. Taken together 

these findings suggest that peripartum women in HIV-endemic settings may benefit from timely 

detection of hypertension and treatment interventions to improve maternal and infant health.  
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PhD contributions 

The current study has highlighted the persistent hypertension burden in LMICs and the role of HIV/ART 

on the rates of persistent hypertension after a hypertensive pregnancy in this region.  

In terms of policy, our findings suggest that vascular biomarkers could be useful in risk 

identification of future cardiovascular diseases for women living with HIV, which could help in 

designing future programs aimed at reducing hypertension. Additionally, the systematic review in 

chapter four provides evidence of high burden of persistent hypertension in LMICs, which calls for 

guidelines to address this problem which can include close monitoring after hypertensive pregnancies.  

Regarding public health and clinical practice, this PhD showed that about 17% of women 

recovering from preeclampsia remained hypertensive six months after giving birth and identified several 

factors associated with persistent hypertension which provides an opportunity for targeted interventions.  

Therefore, the findings from this PhD are essential in improving postpartum care for women in 

Zambia and other similar settings. The findings are critical for the Global Public Health Agenda 2030 

aimed at reducing hypertension prevalence for SDG target 3.4 in the World Health Organisation member 

countries.  
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Preface 

“After all, we have not truly helped someone if we treat their HIV but not their hypertension.”  

- Dr Tedros Adhanom Ghebreyesus, WHO Director-General, 2023 

Hypertension affects LMICs disproportionately, which is worsened by the HIV pandemic with 

over two-thirds of the global disease burden. However, there are no strategies to address this inequity. 

After working for the Ministry of Health in Zambia in the Department of Neonatology University 

Teaching Hospital, I learned more about the outcomes of preeclampsia. The Neonatal unit received 

premature neonates mostly from women who developed preeclampsia during pregnancy.  During my 

master’s degree in medical Biochemistry, I researched how we can help neonates from going into 

hyponatremia after receiving aminophylline as a treatment for apnea of prematurity.  

This work made me interested in studying novel approaches to address the complications that arise 

in women after preeclampsia so that both the mother and the baby can live a healthy life after the effects 

of preeclampsia. When an opportunity for a PhD, I joined the University of Zambia-University of North 

Carolina-University of Witwatersrand partnership for HIV and Women’s Reproductive Health. Through 

the guidance of Drs Chi, Mutale and Hatcher, I researched the association between HIV and persistent 

hypertension after preeclampsia and whether vascular biomarkers could be useful in identification and 

risk stratification for those at risk for future hypertension and cardiovascular diseases.   
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Thesis Structure  

This PhD thesis is by publication, has eight chapters and three papers published in peer-reviewed journals. 

Chapter One presents the background, study significance, problem statement, literature review 

conceptual framework; study aim and specific objectives.  

Chapter two presents the literature review of preeclampsia and postpartum hypertension, HIV 

infection and postpartum hypertension, vascular biomarkers, and gaps in current evidence.  

Chapter three has the general methodology used for the primary study. Specific methods for each 

objective are detailed in individual papers in chapters three, four, and five.  

Chapter four is the systematic review of studies done in LMICs that reported persistent 

hypertension after preeclampsia. This work aimed to characterise the prevalence of persistent hypertension 

in this region, worst affected by hypertension cases. This work was published in Frontiers Journal. 

Chapter five presents the findings of this PhD on Whether being HIV-infected and on treatment 

is associated with persistent hypertension six months after preeclampsia. This work was published in PLoS 

ONE Journal. 

Chapter six focuses on the study that prospectively followed postpartum women who experienced 

preeclamptic pregnancy after giving birth. This paper aimed to assess vascular biomarker risk indicators 

differences by HIV-serostatus six weeks following delivery. This paper is currently under review in the 

Maternal and Child Health Journal.  

Chapter seven presents the general discussion for the thesis. The discussion section assesses how 

the PhD findings addressed the objectives and corroborated the conceptual framework. It also reflects on 

the emerging themes, limitations, strengths, and public health implications. It ends with some highlight 

recommendations for future studies, and public health policy implications. 

Chapter eight concludes this PhD thesis with a call for strategies to reduce hypertension 

prevalence in Zambia and other LMICs. 
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Chapter 1: Introduction 

This chapter details the global and national hypertension burden. Additionally, the chapter highlights 

the burden of preeclampsia and HIV and how the two conditions could interact to affect the 

postpartum health outcomes of affected women. The chapter further presents the study’s problem 

statement, the significance, main aim, and specific objectives in the context of the conceptual 

framework of this thesis.  

1.1 Background 

Global and regional burden of disease 

Hypertension (systolic blood pressure ≥140mmHg and/or diastolic blood pressure ≥90mmHg and/or 

receiving hypertension treatment) is an important global public health issue affecting about 1 in 3 adults 

worldwide [2].  Globally, in 2019, Hypertension was responsible for over 50% of all cardiovascular 

related deaths, including heart attack,  ischaemic heart disease, and stroke deaths [2, 3].  

In low and middle-income countries (LMICs), cardiovascular diseases attributable to 

hypertension account for over 42% in young adults less than 70 years [4]. The hypertension burden 

disproportionately affects LMICs, largely due to urbanization and lifestyle changes in recent decades 

[5]. The African region has the highest prevalence (27%), and the lowest affected region is the Americas 

(18%). Diagnosis and treatment coverage are below the global estimates in the African region despite 

having the highest prevalence [6].  About 46% of adults aged 30-70 years are unaware that they are 

living with hypertension and less than half with high blood pressure are diagnosed and treated [7]. 

Burden of disease among women of childbearing age (15-49 years) populations 

Globally, cardiovascular diseases remain the major cause of death among women, responsible for about 

1 in 3 three deaths [8]. LMICs face a growing hypertension burden among women aged 15-49 which is 

responsible for premature cardiovascular disease mortality in this region [9]. In 2023, it accounted for 

more than 20% of deaths among women aged 15-49 years. In the United States of America the 

prevalence of hypertension was reported at 16.9% [10], slightly lower than the estimates in Zambia at 

18.5% [11]. However, reports are lacking on hypertension prevalence in most lower-income countries, 

where hypertension is considerably more common [12].  
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The recent increase in the rates of obesity in LMICs is likely to increase the incidence of 

hypertension in young women [13, 14]. In general, younger women have a lower chance of having 

hypertension than women of older age  [15], however, major clinical challenges occur when younger 

women with hypertension become pregnant [16]. Most countries have made progress in reducing 

mortality from cardiovascular diseases among the older population, with less success in younger adults 

below 55 years particularly women [17].  With the increase in the incidence of hypertension among 

young women, more women will likely develop pregnancy-induced hypertension such as gestational 

hypertension and preeclampsia which may lead to increased burden of cardiovascular diseases 

particularly in LMICs.  

National burden of disease 

A recent WHO report [18] (Figure 1) showed that 32% of Zambian adults have hypertension, with the 

highest prevalence among women (34%) and lowest among men (30%). Additionally, of the 1.3 million 

with hypertension, 52% are diagnosed, 29% treated and 12% controlled.  Zambia has one of the world’s 

highest cardiovascular disease deaths attributable to hypertension (52%).  

Reducing hypertension prevalence through prevention and early detection is one of the goals of 

the Zambian Ministry of Health National policy [19] as guided by the WHO global agenda, which aims 

at a 33% relative reduction in hypertension prevalence by 2030 [20]. The high antenatal clinic 

attendance [21] and facility delivery [22] in Zambia provide an opportunity to identify and treat 

hypertension early in women presenting with pregnancy-related cardiovascular disease risk factors. 
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Figure 1. Age-standardized prevalence of hypertension in Zambia among adults aged 30-70 years in 2019. Source: World Health Organization – Hypertension 

country profiles, 2023 [18],  aSBP ≥140 mmHg or DBP ≥90 mmHg or taking medication for hypertension. bControl rate: adults aged 30–79 years receiving 

treatment, with blood pressure SBP <140 mmHg and DBP <90 mmHg. 

 

 

Preeclampsia and cardiovascular disease risk 

Hypertension is common after preeclampsia which doubles the risk of cardiovascular diseases in 

affected women [23-25]. Although it remains unknown how preeclampsia leads to cardiovascular 

diseases, women living with HIV have a higher risk of hypertension and cardiovascular diseases [26, 

27], suggesting a shared pathway.  

Studies have reported high levels of pro-inflammatory biomarkers in women diagnosed with 

preeclampsia [28, 29], that can persist even after pregnancy. Therefore, examining pro-inflammatory 

biomarkers could help us understand the risk of cardiovascular diseases after preeclampsia. During 

pregnancy, women with preeclampsia comorbid HIV infection and on ART present with acute systemic 

inflammation and endothelial dysfunction [30-32]. The endothelial dysfunction is characterized by 

abnormalities in vascular biomarkers like hs-CRP, IL2, IL6, TNFa or cystatin C [33-35].  

Kiefer and colleagues reported an association between HIV infection and biomarkers of 

inflammation in the general population [36]. However, it remains unknown whether women living with 

HIV on ART may have different vascular biomarker levels following preeclampsia and how this might 

affect the development of hypertension after giving birth and beyond. Additionally, it remains unclear 

whether HIV infection is associated with postpartum hypertension after preeclampsia.  
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1.2 Statement of the problem 

The WHO has developed a global monitoring framework targeting the control and prevention of 

hypertension through evidence-based, population-wide, affordable, multisectoral interventions [8]. In 

line with the framework, the International Society for the Study of Hypertension in Pregnancy 

recommends that all women should be followed up to manage persistent hypertension after a 

hypertensive pregnancy [37]. However, the burden of persistent hypertension after preeclampsia in most 

LMICs remains unknown. Additionally, diagnosis and treatment coverage for hypertension remains low 

[38].  

Similar to most LMICs, Zambia faces a growing burden of cardiovascular diseases among 

women of reproductive age [39]. Zambia has recorded progress in selected health indicators, like HIV 

and ART programs, with inadequate progress on hypertension-related programs. An estimated 12-14% 

of Zambian women develop preeclampsia during pregnancy [40], with an unknown level of persistent 

hypertension postpartum. To address hypertension and other non-communicable diseases (NCDs), 

Zambia launched a National Health Strategic Plan [19]. 

However, in Zambia, current hypertension prevention programs do not incorporate strategies for 

early identification and treatment of cardiovascular disease risk factors, which indicates the need to 

explore high-risk populations for possible implementation of early screening programs.  One such 

population is the women living with HIV on treatment, a known risk factor of hypertension in the 

general population [41]. To date, it remains unclear whether HIV is associated with persistent 

hypertension after preeclampsia. Additionally, it is unclear whether biomarkers could be useful in 

cardiovascular risk identification in women living with HIV after preeclampsia.  

  

1.3 Significance of the study 

This PhD thesis is of clinical and public health interest in Zambia and other similar LMICs. Most 

women who developed preeclampsia in the past one to five years are still at risk of chronic hypertension. 

With the burden of HIV, most women could be at a higher risk of cardiovascular diseases than other 

populations. Additionally, the twin burden of HIV and cardiovascular diseases in LMICs has been 
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poorly studied, despite their potential to present major challenges to individuals, families and healthcare 

systems as people living with HIV live longer. Most previous studies have a short follow-up period 

postpartum with less focus on women living with HIV [42-46].  

There is potential to prevent and treat postpartum hypertension among women living with HIV 

after a hypertensive pregnancy. The prospective design used in this study could inform public health 

efforts to identify cardiovascular disease risk factors early after hypertensive pregnancies. Additionally, 

the systematic review synthesized evidence around the prevalence of persistent hypertension in the 

region disproportionately affected by cardiovascular disease, which could be key in policy decisions and 

resource allocation by governments and program implementers. Furthermore, the findings could provide 

avenues for new research on the feasibility of using cardiovascular risk biomarkers in a high-risk 

population. 

1.4 Overall aim and specific objectives and conceptual framework 

1.4.1 Aim  

To assess how HIV infection and ART's combined effect is associated with postpartum adverse 

cardiovascular risk profile and hypertension.  

1.4.2 Specific Objectives 

1. To systematically synthesize evidence on the prevalence of persistent hypertension in women 

after hypertensive disorders in LMICs. 

2. To describe the levels of cardiovascular risk biomarkers at six weeks after preeclampsia among 

preeclamptic women with and without HIV.  

3. To determine the association between vascular biomarkers (hs-CRP, IL2, IL6, TNFa and 

Cystatin C) and combined exposure to HIV infection and ART in the first six weeks post-

delivery.  

4. To examine whether combined exposure to HIV infection and ART is associated with 

hypertension six months after delivery.   
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1.4.3 Conceptual framework 

Figure 2 illustrates the postulated effect of HIV/ART on postpartum hypertension based on the synthesis 

of published literature on the associations [47-52]. The first pathway to postpartum hypertension may be 

through increased pro-inflammatory markers (hs-CRP, IL2, IL6, TNFa) and cystatin C, leading to 

endothelial dysfunction and kidney injury [53]. The elevated levels of hs-CRP, IL2, IL6, TNFa and 

Cystatin C above clinically relevant levels postulate the increase in the risk of hypertension [48], 

providing this association's theoretical underpinning to chronic hypertension. Persistent hypertension in 

the puerperium observed in the presence of elevated levels of hs-CRP, IL2, IL3, TNFa, and cystatin C 

could be surrogate markers for later chronic hypertension and co-morbidities. 

 The second pathway may be through socio-demographic and clinical characteristics, which have 

been shown to affect vascular biomarkers and hypertension [34, 48]. Mental disorders (stress, anxiety, 

depression), diabetes, obesity, substance abuse, contraceptive use and advanced maternal age affect the 

levels of biomarkers and hypertension [42, 43, 54, 55].  

The third pathway to postpartum hypertension could be directly through the combined effects of 

HIV/ART. Recent pooled estimates showed a double risk of hypertension among women living with 

HIV compared to their counterparts [56].  

                                  

 

Figure 2. Conceptual framework of HIV and ART's effect on postpartum hypertension. Numbers are study objectives 
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Chapter 2: Literature Review  

2.1 Preeclampsia and postpartum hypertension 

Preeclampsia is a pregnancy-specific condition which occurs after 20 weeks of gestation [57] and exerts 

a substantial burden on global maternal and neonatal health [58]. According to WHO, preeclampsia was 

estimated to affect 2% to 8% of all pregnancies worldwide [59], with variations across regions [60]. 

Preeclampsia accounts for over 50,000 maternal deaths yearly globally [61]. LMICs bear a 

disproportionate burden, where limited access to healthcare and inadequate prenatal care contribute to 

higher preeclampsia-related maternal and neonatal mortality rates [62].  

Preeclampsia is hypertension arising de novo at ≥20 weeks’ gestation accompanied by new-onset 

conditions (proteinuria or other maternal end-organ dysfunction) [63]. Preeclampsia begins with 

abnormal placentation and release of maternal angiogenic biomarkers such as soluble endoglin (sEng) 

[64]. The high levels of sEng lead to vasoconstriction and immune dysregulation[65], which adversely 

affect several maternal organ systems and the fetus [66]. To date, delivery remains the only definitive 

treatment [67]. Nevertheless, aspirin in low doses is beneficial for prophylaxis in at-risk women [63].  

Several risk factors are known to affect a woman’s chance of getting preeclampsia [68, 69]. The 

risk factors in nature can be physical, environmental, genetic, environmental, or social [70]. A recent 

study looked at 78 factors associated with the risk of preeclampsia [71]. The researchers looked at 

hierarchical evidence review and clinical practice guidelines to guide preeclampsia prevention (Table 1). 

However, to date, the aetiology of preeclampsia remains unknown. Some researchers have reported HIV 

infection as a risk factor though with conflicting reports, possibly due to ART and the immune 

reconstitution effect [72, 73].  
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Table 1. Risk factors for preeclampsia. Source [67] 

 
DM-diabetes mellitus, HDP-hypertensive disorders of pregnancy, UTI-urinary tract infection, SES-socioeconomic status, 

CKD-chronic kidney disease, SSA-sub-Saharan Africa, BMI-body mass index, SGA-small for gestation age <10th percentile 

 

 

Although preeclampsia should resolve after delivery, some effects could persist in the 

postpartum period [51, 74-76] and double the risk of cardiovascular diseases in affected women [45, 50, 

77, 78]. The time required for preeclampsia to resolve, however, is not precise. According to 

international guidelines, hypertension should resolve within six to eight weeks after a preeclamptic 

pregnancy [79, 80], otherwise, chronic hypertension is considered present. The greatest challenge to 

clinicians lies in identifying women who will suffer postpartum complications after preeclampsia to 

intervene appropriately while minimizing unnecessary and potentially harmful interventions in women 

who do not require them. 

Published studies have reported higher prevalence rates of postpartum hypertension after 

preeclampsia, in the United States of America (USA), 59.1% [81] and in the Netherlands, 41.5% [44]. In 

sub-Saharan Africa, the prevalence ranges between 14.8-54% in women diagnosed with preeclampsia 

[42, 43, 46, 82]. In LMICs, the prevalence is widely varied (7-62.2%). However, like in most LMICs, 

the estimates of persistent hypertension after preeclampsia in Zambia remain unknown.  
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2.2 HIV, ART and postpartum hypertension 

HIV is a significant public health problem which has claimed the lives of over 40 million people 

worldwide [83], with over 39.0 million people affected globally [84]. Of all adult HIV infections 

worldwide, women of reproductive age account for 52% [85]. About 1 in 5 women between 15-49 years 

in Zambia are HIV-infected [86]. With successful introduction of ART, most people living with HIV are 

living longer [87]. This ageing, coupled with the ongoing epidemiological transition in most LMICs, has 

resulted in an increased prevalence of cardiovascular diseases, with hypertension being the most 

prevalent in this population [88, 89]. About 27% of people living with HIV have hypertension, with only 

a quarter receiving treatment for hypertension [90].  

In the general population, emerging evidence shows that people living with HIV share a 

disproportionate burden of CVDs [91]. Additionally, some ART drugs increase the risk of hypertension 

[92]. Therapy for HIV includes a combination of three or more medications regimen, like the integrase, 

protease or non-reverse transcriptase inhibitor-based regimens [93]. Protease inhibitors-based regimens 

have previously been reported to worsen hypertensive disorders in women living with HIV [94].  

Despite evidence linking HIV to hypertension, few studies have explored the association 

between HIV and postpartum hypertension among women recovering from hypertensive disorders like 

preeclampsia [46, 95-97].  Olagbuji and colleagues found that 85.7% of the HIV-positive women had 

persistent hypertension and were 14 times more likely to remain hypertensive six weeks after 

preeclampsia than HIV-negative women [42]. Similarly, in Uganda Nakimuli and colleagues found that 

83.3% of women living with HIV had persistent hypertension three months after preeclampsia [46].  

It is challenging to establish the association between HIV and postpartum hypertension from the 

previous studies since they had minimal numbers of women living with HIV and estimates were not 

reliable (wide 95% CI). Additionally, they were not designed to assess the risk of hypertension beyond 

eight weeks, potentially missing women who developed postpartum chronic hypertension beyond this 

time point. It is plausible that HIV infection could have an addictive effect on preeclampsia, potentially 

worsening the outcomes in the postpartum period. The mechanisms between HIV and postpartum 

hypertension are unclear, but a state of continued inflammation, which has previously been linked to 

postpartum hypertension, is plausible [48].  
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2.3 Vascular biomarkers, HIV infection and postpartum hypertension 

Vascular biomarkers such as hs-CRP, IL-2, IL-6, TNFa and cystatin C are useful in predicting 

cardiovascular risk [98]. However, among currently available vascular biomarkers, hs-CRP is the best 

characterized and has clinical prognostic value [99]. The acute phase hs-CRP, is produced in response to 

the secretion of IL-6 and TNFa.  

Vascular biomarkers are key to the normal function of the vascular system [98, 100]. The 

mechanism through which vascular biomarkers are thought to be linked to postpartum hypertension is 

through increased inflammation and endothelial dysfunction [30, 53]. Studies have reported elevated 

pro-inflammatory cytokines in women presenting with preeclampsia which are thought to worsen 

maternal and neonatal outcomes [101].  

After preeclampsia, the affected women who fail to resolve high blood pressure present with 

high levels of vascular biomarkers after giving birth, further worsening the damage to the endothelial 

cells and leading to persistent hypertension [48]. Therefore, the high levels of vascular biomarkers in the 

puerperium are suggestive of a high risk of the first cardiovascular disease incident in affected women. 

Both HIV infection and ART affect the levels of IL2, IL6 and TNFa, and several studies have 

linked HIV/ART to adverse cardiovascular events, including hypertension [102-105]. Although the 

aetiology of hypertension and cardiovascular diseases is genetic and environmental, both conditions are 

characterized by chronic inflammation [106]. This makes inflammatory biomarkers useful in risk 

prediction, early identification, and monitoring of treatment for hypertension, especially after pregnancy 

complicated by pre‐eclampsia [107, 108]. 

 

2.4 Vascular biomarkers and cardiovascular diseases 

A high burden of hypertension worldwide has influenced the examination of hs-CRP in the prevention 

of cardiovascular diseases. Although hs-CRP is not a cause of cardiovascular diseases, its contribution to 

the risk of the diseases is similar to that of cholesterol and hypertension [109]. This has made hs-CRP 

useful in clinical practice and is now incorporated into cardiovascular risk scores including the Reynold 

Risk Score [110, 111].  
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Studies have previously reported the link between hs-CRP and CVD risk, to be linear with higher 

levels signaling a greater risk [112, 113]. Hs-CRP is more sensitive at ≤ 10 mg/L levels than C-reactive 

protein for predicting future risk of cardiovascular diseases. Additionally, hs-CRP levels >10 mg/L are 

suggestive of an acute inflammatory process [114]. Therefore, studies recommend interpretation for only 

hs-CRP levels of below 10 mg/L when assessing future cardiovascular risk [109, 110, 115].  

Cystatin C is abundant in various tissues and bodily fluids with a molecular mass of 13 kDa 

[116]. Cystatin C has gained wide clinical use as an indicator of decreased kidney and vascular function 

because: firstly, the rate at which it is produced and released into the plasma is relatively constant [117]; 

secondly, almost 99% of it is filtered by glomeruli; and thirdly, it has no significant protein binding 

properties [118]. Many studies comparing cystatin C to creatinine in the general population suggest a 

higher sensitivity of cystatin C [119-121]. 

Interleukin 2, 6 and TNFa belong to the group of molecules called cytokines and mediate 

immune and inflammatory responses [122]. Studies suggest that these biomarkers are associated with 

cardiovascular diseases, including coronary and atherosclerotic heart diseases [123, 124]. These 

cytokines contribute significantly to the formation of atherosclerotic plaque [125]. Lipid-laden cells and 

macrophages accumulate in the endothelium's inner layer by a fatty streak [126]. This leads to the 

disruption of the normal function of the endothelium and the stimulation of the primary stage of the 

atherosclerotic process [127]. 

 

2.5 Detection of Vascular Biomarkers 

Vascular biomarkers are critical mediators that oversee and regulate the vascular system via complex 

networks [128].  Quantifying vascular biomarkers has significant value in clinical practice and can aid 

diagnosis and treatment [129]. Since cardiovascular diseases take longer to manifest following a 

hypertensive pregnancy, the literature suggests assessing the risk of chronic hypertension at least six 

months after giving birth and beyond [47, 49, 130]. However, precise detection of these biomarkers is 

difficult in practice because of their dynamic secretion processes and short half‐life [131]. Additionally, 

the cost of sensitive test kits makes clinical testing of biomarkers difficult.   
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Cytokine quantification is mostly done using the polymerase chain reaction or enzyme-linked 

immunosorbent assay [132, 133]. Despite being reliable, these methods require trained personnel and 

expensive lab reagents. Additionally, some approaches may not allow measuring multiple biomarkers 

simultaneously. For this reason, there is currently an unmet demand for more sensitive, selective, cost-

effective, and rapid real-time methods to detect vascular biomarkers for clinical decision-making.  

Cystatin C has gained vast clinical use due to its sensitivity and specificity to detect glomeruli 

filtration rate [134]. However, the average cystatin C level is about 1.0 mg/L and adds approximately 

0.001% to circulating proteins [135]. This makes the detection of cystatin C challenging, however, 

specific antibodies for cystatin C can be used to offset this challenge. Similar to cytokines, cystatin C 

can also be detected using the enzyme-linked immunosorbent assay [134].  

 

2.6. Gaps in the evidence base 

The extant literature has several important gaps, some of which this PhD aimed to address. Most of the 

research on postpartum hypertension and preeclampsia is in the general population. A few studies [46, 

97] include a small population of women living with HIV, but it is challenging to establish if there is a 

true link between HIV and postpartum hypertension after preeclampsia. Additionally, a systematic 

review is needed to better characterize the prevalence of hypertension after a hypertensive pregnancy in 

LMICs. Paper 1 in Chapter 4 aimed to fill this critical gap. 

With regards to the link between HIV and postpartum hypertension, the Olagbuji (2012) and 

Nakimuli (2013) papers offer a critical set of preliminary associations in LMIC settings. However, the 

HIV populations in both studies were minimal. Additionally, the follow-up postpartum was only up to 

three months, limiting our ability to assess those who develop chronic hypertension beyond this point. 

Both gaps have been addressed in paper three (chapter five) of this thesis. Paper three was a six-month 

cohort study which followed 190 women after preeclampsia (59 living with HIV and 131 without HIV).    

Recently, novel biomarkers have gained wide use in clinical settings and have been incorporated 

into the risk prediction scores for cardiovascular diseases [136]. Elevated levels of biomarkers (e.g., hs-

CRP, IL-2, IL-6, cystatin C and TNFa) are well documented in the general population and women with 

preeclampsia during pregnancy [137, 138]. However, similar associations have not been evaluated after 
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giving birth in women living with HIV, a high-risk population. Some evidence suggests that biomarker 

testing may improve cardiovascular risk identification [139]. However, few studies support the clinical 

use of biomarkers in cardiovascular risk stratification for women living with HIV and recovering from 

preeclampsia.  Given the long-term health implications of preeclampsia, paper two in chapter six of this 

thesis aimed to enhance understanding of the cardiovascular disease risk indicators among postpartum 

women living with HIV after preeclampsia. 
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Chapter 3: Methodology  

This chapter summarises the research design paradigm, methodological approach, the context of the 

study, sampling methods, analysis, ethical considerations, and funding. 

 

3.1 Study design and setting 

A prospective cohort study design was used. This design allowed follow-up of participants at three-time 

points from delivery to six months postpartum to assess biomarkers, blood pressure, socio-

demographics, and clinical characteristics. This design was sufficient to answer the objectives of this 

study and elucidate the hypothesised relationships. Using this design, the first part of the study was to 

explore the biomarker levels and the influence of HIV and its treatment on the change in levels from 

delivery to six weeks postpartum. The second part assessed the association between HIV infection and 

its treatment with persistent hypertension six months postpartum.  

The study setting was in the Lusaka district of Zambia, the capital city in the southern central 

part with approximately three million out of the 19 million national population (Figure 3) 

 

 

The participant recruitment was done at the Women and Newborn and Kanyama General 

Hospitals. Women and Newborn Hospital serves as a referral centre for the whole country. About, 

10000 pregnant women, with over 4000 births each year are recorded [59]. Kanyama General Hospital is 

University 

Teaching and 

Kanyama 

Hospitals   

Figure 3. Map of Zambia with location of Lusaka where the study sites are highlighted. This photo by unknown 

author is licensed under CC BY BC  
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situated in the western part of Lusaka, and on average, 12669 pregnant women are seen per year with 

over 11593 births/year. The two sites have a high prevalence rate of HIV (24%) and preeclampsia (14%) 

and, therefore, were ideal sites to research HIV and preeclampsia. 

 

3.2 Study population 

Women with preeclampsia were invited to participate after giving birth. The local hospital obstetrician 

diagnosed preeclampsia and the study staff verified the diagnostic criteria via independent chart reviews. 

Preeclampsia, in this setting, is diagnosed as a new-onset of hypertension (SBP ≥140 mm Hg and DBP 

≥90 mm Hg) after 20 weeks of gestation and the presence of proteinuria or other maternal organ 

dysfunction [80].  

Antenatal care is offered routinely using the WHO 2016 guidelines and local guidelines. In 

tertiary and general hospitals, medical doctors oversee the review of clients, while in primary health care 

facilities, midwives offer antenatal care, who then refer women with abnormal blood pressure readings 

and urinalysis for further evaluation. Women are given an average of eight visits or more based on 

individual needs. On each one of these visits, routine urinalysis and blood pressure measurements are 

taken. The blood pressure is measured at least 2 times 5 minutes apart and for admitted patients’ blood 

pressure is repeated after 6 hours for women with a threshold above normal. 

 

3.2.1 Selection of participants 

We recruited women who developed preeclampsia during pregnancy within 48 hours of giving birth 

who met the following criteria: (a) Documented HIV serostatus (b) Willingness to voluntarily participate 

in the study (c) Willingness to adhere to study procedures (d) Willingness to provide locator information 

for follow-up (e) Willingness to provide written, fully informed consent. 

Women participating in potentially conflicting research protocols (e.g., interventional studies that 

may affect/confound our relationship of interest) were excluded. Women with a documented medical 

history of the following co-morbidities: diabetes mellitus, essential hypertension and/ or taking 

antihypertensive medication, chronic kidney failure, thyroid disorders, and lupus erythematosus were 
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also excluded. The exclusion criteria were selected based on the possible interaction between 

preeclampsia and the identified factors for exclusion and vascular biomarkers.  

 

3.2.2 Follow-up of Participants 

At enrolment, research staff obtained informed consent, and collected socio-demographic, obstetric, and 

clinical characteristics, blood samples, and blood pressure levels (Table 2). Upon discharge from the 

Hospital, women were invited to attend extra clinic visits at six weeks, three months, and six months 

following delivery. At six weeks, we measured levels of vascular biomarkers from a random sample 

(n=75) of participants who were invited for blood draws. We measured blood pressure levels at three 

and six months and updated participants' records on socio-demographic, clinical, laboratory data and 

behavioural factors as applicable.  

Table 2. Study schedule of return visits and activities  

Time points  Activities Schedulea 

 

  V 0 V

1 

V 

2 

V 3 

0-2 days Obtain informed consent √    

0-2 days Exclusion/inclusion criteria  √    

0-2 days & 3 

months 

Socio-demographics √   √ 

0-2 days & 3 

months 

Clinical characteristics  √   √ 

0-2 days Obstetric characteristics  √    

3 & 6 

months 

HIV test for HIV_negative groupb   √ √ 

0 to 6 

months 

Blood pressure √ √ √ √ 

0-2 days & 6 

weeks 

Blood sample collection (hs-CRP, IL2, IL6, TNFa Cystatin C)c √ √   

Key: SES-Socio-Economic Status, V-visit, W-weeks, M-months. aThe time points were chosen based on evidence from the literature [44, 74]. cBiomarker 
determination at 6 weeks to predict future hypertension is necessary as this is the time women are no longer required to return for postpartum visits (end of 

obstetric review). Therefore, understanding these markers at this critical point in care may allow risk determination before discharge and application of 

preventative strategies to minimise risk of future hypertension; bMinistry of health Zambia guidelines now recommend HIV testing should be done every 

after 3 months 

 

3.2.3 Retention of participants 

The research team made efforts to retain participants during follow-up to minimise bias. The study staff 

monitored retention rates and addressed any issues arising from missed visits. Some strategies included: 
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(a) Thoroughly explaining the return visit schedule and study procedures at enrollment (b) Collection of 

next of kin contact details and locator information, (c) Use of phone calls and text messages for 

reminders, if participants expressly agreed, (d) Off-site visits by nurse research assistants to complete in-

person contact with participants for missed appointments if agreed upon. If participants decided to 

discontinue their participation, we documented the reason(s). The reasons have been reported in all our 

reports regarding the study cohort. 

 

3.3 Study procedures (responsible personnel) 

The following were part of the study procedures and the responsible person. 

 Biomarker testing (principal investigator) 

 HIV testing on follow-up visits (midwife research assistants) 

 Administration of questionnaires (Any member of the research team) 

 Blood pressure measurement (midwife research assistants) 

 Blood draws (midwife research assistants) 

 

3.4 Data collection procedures 

3.4.1 Socio-demographics 

Midwives research assistants used structured checklists at visits 0, 1, 2 and 3 to record age, marital 

status, education, and socio-economic status as applicable. Food insecurity was measured using the 

household hunger scale [140]. Socioeconomic status was measured using the principal component 

analysis and a demographic and health survey questionnaire for developing countries [141]. This 

questionnaire uses physical asset-based household SES measure (absence or presence of items such as a 

television, fridge, or radio). The scores were summed up the 'YES' answers, and then continuous scores 

were categorised into quintiles. The use of an asset-based SES is justified by the fact that assets are more 

sensitive and dynamic, particularly in LMICs undergoing a rapid economic transformation. Education 

status was measured based on the following categories/levels (none, primary, secondary, tertiary).  
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3.4.2 Obstetric and Clinical data 

 Research staff collected obstetric characteristics at visit 0 only and clinical characteristics on all study 

visits (body mass index, blood glucose, gestational age, parity, gravidity, blood pressure, pregnancy 

outcomes, contraceptive use and type, onset and severity of preeclampsia, mental disorders (stress, 

anxiety, depression). BMI was calculated from current height and weight [142]. Gestational age was 

measured based on the last date a participant reported a menstrual period [143]. The severity of 

preeclampsia was measured as mild (hypertension [140/90 to 149/99 mmHg]) moderate (hypertension 

[150/100 to 159/109 mmHg]) and severe ( hypertension [160/110 mmHg or higher]) [144]. The onset of 

preeclampsia was measured as early-onset (less than 34 weeks gestation) and late-onset (more than 34 

weeks gestation) [145].  

Pregnancy outcomes were measured as normal birth, stillbirth or preterm birth. We used the 

Hospital Anxiety and Depression Scale [146] to assess anxiety and depression among participants. 

Contraceptive use was measured at four levels (Intrauterine Contraception, hormonal methods, barrier 

methods and dual methods). For intrauterine contraception, we considered anyone reporting the use of 

the intrauterine device. For hormonal methods (we considered oral contraceptive pills, depot 

medroxyprogesterone acetate), and barrier methods (a report of sponge, male condom, female condom, 

and diaphragm).  Dual methods (was assessed as the use of condoms coupled with a short- or long-term 

reversible contraceptive or sterilisation). 

 

3.4.3 Biomarker estimation 

The five biomarkers (hs-CRP, IL2, IL6, TNFa and cystatin C ) were chosen because they have a high 

biological and laboratory reproducibility [147] and their link to hypertension is well established in the 

general population [148, 149]. Midwife research assistants collected 10 ml of blood into heparin bottles 

from the lower upper arm at visits 0 and 1. The blood was transported to the local hospital laboratory 

(within 30 minutes), where it was centrifuged (by the principal investigator) and stored at -80 degrees 

Celsius for biomarker testing.  
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3.4.4 Laboratory procedure 

The assay for plasma levels of hs-CRP, IL2, IL6, TNFa and cystatin C was done through a commercially 

available MAGPIX MILLIPLEX MAP kit. Biomarker testing was done on the Bio-Plex MAGPIX 

Multiplex Reader (Bio-Rad Laboratories, Hercules, CA, USA). This new equipment at the laboratory 

was part of the new techniques the principal investigator acquired during this PhD research project. All 

laboratory analyses were done in triplicate with standard curves calculated using a four-parameter 

logistic curve analysis using Graph Pad Prism 5 (San Diego, CA, USA). 

 

3.4.5 HIV serostatus and ART 

Zambian clinical guidelines on HIV testing during pregnancy recommend that women get tested at the 

antenatal clinic visit  [150]. This study used clinical records at enrollment to check for the HIV test 

results, and for those with missing results, the midwife research assistants conducted HIV tests, as is the 

standard of care in Zambia [143, 151]. In line with the Ministry of Health guidelines, every quarter at 

follow-up visits 2 and 3, midwives conducted HIV tests to assess for seroconversion among HIV-

negative participants. The women living with HIV or newly diagnosed are put on lifelong ART, 

regardless of their CD4 count or clinical stage [151]. Therefore, we anticipated that all the participants 

diagnosed with HIV infection would be on ART.  

 

3.4.6 Repeated BP measurements 

Midwife research assistants measured BP at each return visit. Two separate readings were done at least 5 

minutes apart. A third reading was done to reach a consensus if the two readings were different by over 

10%. The BP measurements were done by trained nurse assistants in a seated upright position after 5 

minutes of rest. BP measurements were conducted using a validated device for hypertensive disorders of 

pregnancy [152]. Different cuff sizes were made available during measurements that were done at the 

upper arm's midpoint. If there was elevated BP at any visit, an additional visit was made 1-2 weeks later 

for confirmation of high BPs.  
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3.5 Statistical analysis  

Detailed methods used for statistical analysis are in each paper of the PhD thesis chapters. Briefly, we 

used descriptive analysis with a narrative synthesis of the data in chapter four, Generalised Estimating 

equation in chapter five and modified Poisson model in chapter six. For all the statistical analyses, we 

used Stata/BE version 17 (Stata Corporation, College Station, Texas, USA).  

 

3.6 Ethical considerations  

This study was approved by the University of Zambia Biomedical Research Ethics Committee (ref: 

1785-2021) and the Human Research Ethics Committee (Medical [ref: R14/49]) at the University of 

Witwatersrand School of Health Sciences South Africa. The Institutional Review Board of the 

University of North Carolina at Chapel Hill (Chapel Hill, NC, USA) gave a waiver. Additional 

permissions were granted by the Senior Medical Superintendent at Women and Newborn Hospital, the 

Lusaka provincial Health Director and Zambia National Health Research Authority.  

 

3.6.1 Participants  

Participants gave written informed consent or assent as appropriate before recruitment. Study 

information was explained in simple terms (local language was used where necessary), and sufficient 

time for the potential participants to consider participation or speak with families was provided. All the 

participants were allowed to discontinue participation and decide whether their medical data could be 

used in the analysis without repercussions on their medical care. 

 

3.6.2 Research process 

Consenting participants were requested to return for extra visits. At return visits, blood pressure was 

measured. Trained in study procedures, midwives drew 10 ml of blood at delivery and on the first return 

visit for vascular biomarker level determination. We ensured confidentiality for study records by 

assigning code numbers to personal identifiers. The entries or data forms linking identification numbers 
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to other information that could identify participants were stored in a locked fireproof safe cabinet. The 

data analysis was conducted with a data set that only had ID numbers.  

 

3.6.3 Protection against risks 

Venipuncture has a less than 1% risk of an infection at the site of the puncture [153, 154]. Therefore, 

venipuncture was performed using sterile techniques. A topical anaesthetic was made available for use 

before venipuncture. Furthermore, care was taken to ensure counselling was done in a separate private 

room to avoid stigma by community members or family members. The counselling was done by 

midwife research assistants (Trained by the principal investigator on study procedures and conduct)  

Furthermore, consenting a woman soon after a major event like delivery has the potential for 

coerciveness. Care was taken to ensure reasonable/ample time was given for recovery before 

approaching potential participants, and to that effect, we planned to enrol at least two days from 

delivery. Additionally, psychological distress was possible from talking about sensitive issues such as 

food insecurity, HIV status, depressive symptoms, and anxiety symptoms. If not comfortable, 

participants were encouraged not to answer questions.  

 

3.6.4 Reimbursement/compensation 

We did not anticipate any cost to participate in the study. Participants completing visits 1, 2 and 3 were 

provided transport reimbursement at each visit, approximately (but not less than) $4 USD. Additionally, 

participants received Chitenge materials to help them support their child's needs and remind them of the 

scheduled return visits.  

 

3.6.5 Inclusion of children, sub-populations, and vulnerable populations  

This work focused on women in the six months following delivery. Newborn infants were not included; 

however, infants could benefit through increased monitoring of the mothers. Minors (Defined as persons 

under 18) were included in the study as this is a risk factor for preeclampsia. We provided assent forms 

for the recruitment of minors and consent from their next of kin.  
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3.6.6 Potential benefits 

Participants found with persistent hypertension were referred for management to the physicians in 

internal medicine, which is currently free in our setting. This research generated new evidence on the 

risk factors for postpartum hypertension post-delivery among preeclamptic women in the context of high 

HIV prevalence.  Furthermore, it leveraged the period with high health service utilisation as a window to 

screen and manage hypertension, thereby informing public health efforts to prevent hypertension in 

Zambia and other sub-Saharan African settings. 

 

3.7 Funding 

Research funding and trainee support were provided by the UNC-UNZA-Wits Partnership for HIV and 

Women's Reproductive Health which is funded by the Fogarty International Center (D43 TW010558) 

and Partnership to Enhance Technical Support for Analytical Capacity and Data Use (PERSuADE) for 

HIV, TB, and Malaria (RFP TGF-18-025). The contents of this PhD thesis are the authors' responsibility 

and do not necessarily reflect the views of the funders. The funders had no role in the study 

design/conduct, publication decision, or thesis preparation. 
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Chapter 4: Systematic Review  

Mukosha M, Hatcher A, Mutale W, Lubeya MK, Conklin JL, Chi BH. Prevalence of persistent 

hypertension following a pregnancy complicated by hypertensive disorders in low-and middle-income 

countries: a systematic review. Frontiers in Global Women's Health. 2024 Mar 1;5:1315763. 

Abstract  

Background: Hypertensive disorders of pregnancy can lead to persistent hypertension (pHTN) in the 

months and even years following delivery. However, its prevalence in low-and middle-income countries 

(LMICs) is not well characterized.  

Objective: To synthesize available evidence on the pHTN prevalence following a pregnancy 

complicated by hypertensive disorders of pregnancy in LMICs. 

Search strategy: PubMed, CINAHL Plus, Global Health (EBSCOhost), and Scopus from inception 

through a search date of July 12, 2022, and updated on January 2, 2024. 

Selection criteria: Cross-sectional studies and cohort studies reporting pHTN prevalence were eligible. 

Data collection and analysis: We conducted a narrative synthesis of data and categorized reported 

prevalence time points into several broader categories. We used the Newcastle-Ottawa checklist to 

assess the risk of bias. The protocol is registered in PROSPERO (CRD42022345739). 

Results: We reviewed 1584 abstracts and identified 22 studies that reported pHTN between 2000 and 

2023 from 14 LMICs. The overall prevalence of pHTN within the first 12 months following delivery 

ranged between 6.9% and 62.2%, with the highest prevalence noted within African studies and the 

lowest in South American studies. Estimates at different follow-up periods postpartum were 6.9-42.9% 

at six weeks, 34.0-62.2% at three months, 14.8-62.2% at six months, 12.7-61.2% at 12 months, and 7.5-

31.8% at more than 12 months. The quality score of the selected studies ranged from 50% to 100%. 

Conclusions: The extant literature reports a high prevalence of pHTN in LMICs following a pregnancy 

complicated by hypertensive disorders. To reduce long-term complications of pHTN, programs should 

emphasize early screening and linkages to long-term care for at-risk women.  
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Background  

Hypertension is a metabolic condition characterized by elevated blood pressure [1]. Nearly 1.3 billion 

adults globally have hypertension, with less than half (42%) diagnosed and treated [2]. A non-

communicable disease, hypertension is currently one of the main causes of death among men and 

women globally [3]. Low- and middle-income countries (LMICs) bear a disproportionate burden due to 

unplanned rapid urbanization, population ageing and globalization of unhealthy lifestyles [2]. Between 

1990 and 2013, hypertension-related deaths increased by 49%—to 10.4 million—a trend that is 

projected to continue [4]. Hypertension can lead to cardiovascular diseases, including strokes and 

cardiac arrest, which are leading causes of premature deaths [5]. Some risk factors for cardiovascular 

diseases are specific to women, and one of them is hypertensive disorders of pregnancy (HDP) [6].  

Hypertensive disorders of pregnancy refer to gestational hypertension, preeclampsia or eclampsia 

[7-9]. Preeclampsia and eclampsia are the most significant causes of maternal and perinatal morbidity 

and mortality after haemorrhage [10]. Similarly, adverse events in neonates largely depend on the type 

and severity of the hypertensive disorder [11]. Risk factors for developing HDP include but are not 

limited to a family history of hypertension, obesity, smoking, previous history of HDP, extremes of 

maternal age, alcohol use, smoking, and left ventricular hypertrophy [12]. 

 Hypertensive disorders affect 5% to 10% of pregnant women globally and are increasing with 

the rise in cardiometabolic diseases in women of childbearing age [13]. Studies have reported delayed 

recovery and persistent HDP symptoms that have been linked to the development of persistent 

hypertension (pHTN) long after giving birth [14, 15]. HDP predisposes women to early cardiovascular 

diseases, which is why early diagnosis and follow-up of chronic hypertension are important in clinical 

management. While there have been several individual studies that reported pHTN, there are existing 

gaps. A recent systematic review and meta-analysis only assessed the severity of HDP and risk of 

cardiovascular diseases in different years after index pregnancy [16]. A similar review focused on 

recurrent preeclampsia but did not assess gestational hypertension and eclampsia [17]. However, we are 

unaware of systematic reviews on pHTN following a pregnancy complicated by gestational 

hypertension, preeclampsia and eclampsia in LMICs. Understanding the prevalence of pHTN by timing 

postpartum can inform in developing screening guidelines and promote linkage to hypertension care 
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among women of childbearing age. Through this systematic review, we sought to address this scientific 

gap. 

Methods 

This review used the Preferred Reporting Items of Systematic Reviews and Meta-Analysis 2020 

checklist [18]. The protocol is registered in the International Prospective Register of Systematic Reviews 

PROSPERO (CRD42022345739). 

Eligibility criteria 

This review included cross-sectional studies, retrospective and prospective cohort studies reporting 

pHTN burden after deliveries following a pregnancy complicated by HDP. Case-control studies, in 

which participants were selected based on the diagnosis of pHTN, were excluded to minimize bias. Only 

studies conducted in LMICs as defined by the World Bank (http://data.worldbank.org/about/country-

and-lending-groups) were considered because this is where two-thirds of the global hypertension cases 

occur [2], and monitoring of cardiovascular diseases is limited in these settings. We documented the 

criteria used within these selected studies to define gestational hypertension, preeclampsia and 

eclampsia. If the definition of HDP was not explicitly stated, we assumed that the definition used was 

derived from a widely used classification [7, 8, 19].  

Search strategy 

We searched the following electronic bibliographic databases through the last search date of July 12 

2022, and updated on January 2 2024: (PubMed, Scopus, Global Health (EBSCOhost), and CINAHL 

Plus with Full Text (EBSCOhost)) using a comprehensive search strategy (Appendix 6). The search 

strategy was adapted for use across the different databases. No time restrictions were imposed; however, 

the searches were restricted to studies published in English as the research team members were only 

fluent in English. Furthermore, included articles and reference lists were screened for extra inclusion 

material. 

Data selection and abstraction  

Search results from databases were downloaded to EndNote (Clarivate, Philadelphia, PA, USA), where 

duplicates were removed. Primary screening and data extraction was done using Covidence (Vertias 

Health Innovation, Melbourne, Australia), an internet-based systematic review study screening program. 

http://data.worldbank.org/about/country-and-lending-groups
http://data.worldbank.org/about/country-and-lending-groups
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Two reviewers (MM and MKL) independently screened titles, abstracts, and full text for inclusion. Any 

discrepancies between the two reviewer's summary reports were resolved through consensus. Data 

abstraction was conducted using a standardized data extraction form designed to capture variables of 

interest. Potentially relevant studies were retrieved in full, and a calibration exercise was conducted to 

assure clarity and non-duplication amongst reviewers. The following data were extracted from each 

study: country, study design, author, study period, sample sizes, publication year, follow-up period, 

source population, study setting/data source, the timing of hypertension measurement, outcome 

measures (including definitions criteria), and effect measure estimates. Two reviewers (MM and MKL) 

conducted data abstraction, and any discrepancies were addressed through consensus. For any missing or 

unclear information, we contacted the corresponding authors at least three times if no response was 

received on the first attempt. 

Methodological approach 

A PRISMA 2020 guideline for a systematic review and flow chart summarised the review's search and 

selection of studies [20]. We described the included articles and provided a summary of their 

characteristics. In addition, we reported estimates of the magnitude of pHTN with additional details 

about definitions and timing of measurements following a pregnancy complicated by HDP.  

For pHTN, we assessed the proportion of women with a recent pregnancy complicated by HDP 

who remained hypertensive at the time of assessment. This review relied on the definitions of 

hypertension used within individual studies. Estimates were reported with 95% confidence intervals 

(CIs). The estimates were reported at return visits and study endpoints for cohort studies. In addition, the 

total number of women with pHTN reported during a postpartum period was used for cross-sectional 

studies. We found that most studies did not clearly define all components of HDP, and assessment time 

points varied. Given this considerable heterogeneity, meta-analysis was deemed not feasible, and we 

proceeded with a narrative review alone [21]. 

Methodological quality 

Two independent reviewers (MM and MKL) used the Newcastle-Ottawa checklist to assess individual 

studies' quality and risk of bias [22]. Disagreement between two reviewers was resolved through 

consensus. Three domains were assessed: selection of participants, comparability of cohorts and 

outcome assessment. For the presence of a rating, a 'yes' was given one point; otherwise, a zero was 
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assigned. The item scores were summed to obtain total scores. The percentage scores were calculated by 

dividing the article's score by the maximum score possible and multiplying by 100. The total score 

ranged from 0 to 100%, with scores less than 65%, less than 76% and between 76% and 100% 

considered high, moderate and low-risk studies, respectively. We used the assessment of risk of bias to 

inform a sensitivity analysis that considered only studies with low overall risk of bias.  

Results 

Search results 

Overall, 2609 articles were identified, with 1025 duplicates removed (Figure 4). Full texts were obtained 

for 47 papers, of which 25 were excluded upon further screening. The reasons for excluding studies 

were not being able to retrieve report (n=1) [23], while the rest did not report pHTN as the primary 

outcome (n=20) [24-43], wrong design (n=2) [44, 45], oral presentation (n=1) [46], or wrong exposure 

(n=1) [47]. After retrieval and full-text review, 22 published reports were selected for this systematic 

review [14-16, 48-65].  
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Figure 4. Summary of literature search and selection 

 

Characteristics of included studies 

Characteristics of the studies are summarised in Table 3. Information regarding the prevalence of pHTN 

reported between 2000 and 2023 was obtained from 14 LMICs, with Uganda accounting for the largest 

proportion (18.2%), followed by Nigeria (13.6%) and Cameroon (13.6%). Fourteen studies were 

prospective cohorts [14, 15, 48-56, 64, 65], five were retrospective cohorts [57-61], and three were 

cross-sectional studies [16, 62, 63]       

For the definitions of hypertension, 13 studies used the International Society for the Study of 

Hypertension in Pregnancy recommendations [8], four used the American College of Obstetricians and 
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Gynecologists [7], one used the European Society of Hypertension–European Society of Cardiology, 

and four did not mention criteria used (Table 3).  

We noted considerable variability from selected studies concerning hypertension definition, 

study design, study setting/data source and follow-up period post-delivery. Preeclampsia as a component 

of HDP was reported in all 22 studies. However, only seven studies reported gestational hypertension, 

and eight studies reported eclampsia (Table 3).   
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Table 3. Characteristics of included papers (n=22) 

Author and 

year 

Country Study design/study 

period 

Timing 

of 

hyperten

sion 

measure

ment 

Study 

setting/ 

data 

source 

Source 

populatio

n/HDP 

Hyperte

nsion 

definitio

n 

criteria 

Sample 

size(n) 

Effect measures 

Amougou et al. 

2019 

Cameroon Retrospective cohort 

2009-2016 

8 years Records 

review 

PE 

 

Unclear  136 Persistent hypertension 32/136 (23.5%)  

Babah et al. 

2018 

Nigeria Prospective cohort 

2009 

6 weeks Labour 

wards 

GH/PE 

 

ACOG 29 Persistent hypertension 3/29 (10.3%)  

Cho et al. 2019 Korea Retrospective cohort 

2004-2012 

 

8 years Records 

review 

PE 

 

ISSHP 1910 Persistent hypertension 148/1910 (7.7%)  

Fadalallah et al. 

2016 

Sudan Prospective cohort 

2014 

6 weeks ANC PE 

 

ISSHP 165 Persistent hypertension 58/165 (35.2%)  

FajardoTornes 

2020 

Cuba Prospective cohort 

2017-2020 

1 year Labour 

wards 

PE 

 

ACOG 162 Persistent hypertension 45/162 (27.8%)  

Ishaku et al. 

2021 

Nigeria Prospective cohort 

2017-2018 

9 weeks, 

6 months 

and 1 

year 

ANC/Labo

ur wards 

GH/ PE/ 

EC 

 

ISSHP 278 persistent hypertension; GH=64/278, 23% (9 weeks), 

62/278, 22.3% (6 months), 62/278, 22.3% (12 months) 

PE/EC=170/278, 62.0% (9 weeks), 170/278, 62% (6 

months) and 173/278, 62.2% (12 months) 

Kaze et al. 2014 Cameroon Prospective cohort 

2010-2012 

6 weeks, 

3 months 

and 6 

months 

ANC/Mate

rnity unit 

PE/EC 

 

ISSHP 54 Persistent hypertension 23/54, 42.6% (6 weeks), 15/54, 

27.8% (3 months) 8/54, 14.8% (6 months) 

Keepanasseril et 

al. 2020 

India Prospective cohort 

2018-2019 

3 months Records 

review 

PE 

 

ACOG 32 Persistent hypertension 32 (18.1%)  

Lugobe et al 

2023 

Uganda Prospective cohort 

2019 

3 months Labour 

ward 

PE/EC/GH Unclear 111 Persistent hypertension 21/54 (39.0%) 

Ma and Yao 

2018 

China Prospective cohort 

2014-2015  

6 weeks ANC PE 

 

ISSHP 173 Persistent hypertension 61/173 (35.3%) 

Mooij et al. 

2021 

Tanzania Cross-sectional 

2011-2018 

7 years Records 

review 

PE ISSHP 24 Persistent hypertension 7/24 (29.0%)  

Muteke et al. 

2023 

Uganda 2017-2018 6 weeks Prospectiv

e cohort 

PE ACOG 85 Persistent hypertension 5/73 (6.9%) 

Nakimuli et al. 

2013 

Uganda Prospective cohort 

2009-2011 

3 months ANC/labo

ur/postnata

l ward 

PE/EC 

 

ISSHP 188 Persistent hypertension 64/188 (34.0%) 
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Ndayambagye 

et al. 2010 

Uganda Prospective cohort 

2008-2009 

6 weeks Labour/pos

tnatal 

clinics 

PE/EC ISSHP 195 Persistent hypertension 44/195 (27.7%) 

Nganou-

Gnindjio et al. 

2021 

Cameroon Cross-sectional 

2011-2016 

6 months Records 

review 

PE/EC 

 

Unclear  

 

92 Persistent hypertension30/92 (32.6%) 

Ntlemo et al. 

2021 

South 

Africa 

Prospective cohort 

2019-2020 

6 weeks ANC/labo

ur wards 

PE ISSHP 

 

150 Persistent hypertension 49/150 (32.7%)  

Olagbuji et al. 

2012 

Nigeria Prospective cohort 

2009-2010 

6 weeks Prenatal  GH/PE/EC 

 

ISSHP 198 Persistent hypertension 51/198 (25.8%)  

Osoti et al. 2019 Kenya Prospective cohort 

2016-2018 

6 months ANC/labo

ur wards 

GH/ PE ISSHP 63 Persistent hypertension28/63 (44.4%)  

Shahbazian et 

al. 2011 

Iran Retrospective cohort 

2001-2003 

5 years Records 

review 

PE  

 

ISSHP 35 Persistent hypertension 10/35 (28.6%)   

Shammas 2000 Jordan Retrospective cohort 

1988-1998 

10 years Records 

review 

PE/GH Unclear   101 Persistent hypertension 11/47 (23.0%) for PE, 21/54 

(39%) for GH 

Sukmanee et al. 

2022 

Thailand Nested cross-

sectional 

2014-2020 

7 years Records 

review 

PE 

 

ISSHP 88 Persistent hypertension 28/88 (31.8%)  

Wang et al. 

2017 

China Retrospective cohort 

2014-2020 

2 years Records 

review 

PE/GH/EC  ESH-

ESC 

1261 Persistent hypertension 94/1261 (7.5%)  

Abbrev: PE-preeclampsia, GH-Gestational hypertension, EC-Eclapmsia,  HDP-hypertensive disorders of pregnancy, ANC-antenatal care, ISSHP-International Society for the Study of Hypertension in Pregnancy, 

ACOG-American College of Obstetrician and Gynaecologists, ESH-ESC -European Society of Hypertension–European Society of Cardiology 
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Persistent Hypertension 

All 22 studies reported pHTN post-delivery of pregnancy complicated by HDP, ranging between 6.9% 

and 62.2%. There was high heterogeneity with the timing of hypertension measurement reported as an 

interval from delivery until the development of hypertension at the time of assessment. We categorized 

these time points into several broader categories: six weeks, three months, six months, 12 months and 

more than 12 months to examine the prevalence of pHTN. The ranges reported were 6.9-42.9% at six 

weeks, 34.0-62.2% at three months, 14.8-62.2% at six months, 12.7-61.2% at 12 months, and 7.5-31.8% 

at more than 12 months. The prevalences are shown in Figure 5A.  

The prevalence varied considerably by region of LMICs (Figure 5C). The prevalence of pHTN in 

the African region was highest at any given time, followed by South America, and Asia was the least. 

Figure 5B shows the types of HDP considered within the study populations. Studies that reported all 

three hypertensive disorders had higher rates of pHTN at any time, followed by combined preeclampsia 

and eclampsia. When stratified by the study design (Figure 5D), prospective cohort studies reported 

higher prevalence rates (10.3-62.2%) than retrospective (7.2-31.6%) and cross-sectional studies (23.2-

42.2%), regardless of the source population.  
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Figure 5. Prevalence of persistent hypertension:  A-by timing of measurement, B- by timing of measurement and region, C-timing of measurement and study 

design, D-by timing of measurement and type of hypertensive disorder,  
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Quality appraisal 

Twenty studies were included in quality appraisals (Table 4). Two studies were excluded from the quality appraisal because they 

reported pHTN as part of the composite outcome. The risk of bias was low in 17 studies, moderate in one study and high in four 

studies. Most studies were considered to be at high risk of bias because they did not have a non-exposed group. Overall, the quality 

score of the selected studies ranged from 50 to 100%. 

 

Table 4. Risk of bias assessment of included studies with persistent hypertension as a primary outcome (n=20) 

Author and year Selection Comparabi

lity 

Outcome Overall score Risk of bias 

 Exposed 

representat

ion 

Selecti

on of 

non-

expose

d group 

Ascertainm

ent of HDP 

At the 

study 

start 

outco

me 

was 

absent 

Adjustment 

for age and 

BMI 

Outcome 

assessme

nt  

Follow-up 

length 

Adequacy of 

follow up 

  

Amougou et al. 2019 yes - - yes yes - yes yes 5/8 (62.5%) High  

Babah et al. 2018 yes yes yes yes yes yes yes yes 8/8(100%) Low  

Cho et al. 2019 yes - yes yes yes - yes yes 6/8(75.0%) Moderate  

Fadalallah et al. 2016 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

FajardoTornes 2020 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Ishaku et al. 2021 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Kaze et al. 2014 yes  yes yes yes yes yes yes 7/8 (87.5%) Low  

Keepanasseril et al. 

2020 

yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Lugobe et al 2023 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Ma and Yao 2018 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Mooij et al. 2021 yes yes yes - yes yes - - 5/8 (62.5%) High  

Muteke et al. 2023 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  
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Nakimuli et al. 2013 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Ndayambagye et al. 

2010 

yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Nganou-Gnindjio et 

al. 2021 

yes - yes - yes yes - - 4/8 (50.0%) High  

Olagbuji et al. 2012 yes - yes yes yes yes yes yes 7/8 (87.5%) Low  

Shahbazian et al. 

2011 

yes yes yes yes yes yes yes yes 7/8 (87.5%) Low  

Shammas 2000 yes yes yes yes - yes yes yes 7/8 (87.5%) Low  

Sukmanee et al. 2022 yes yes yes - yes yes - - 5/8 (62.5%) High  

Wang et al. 2017 yes yes yes yes yes yes yes yes 8/8 (100%) Low  
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Sensitivity analysis 

In sensitivity analysis, including only studies with a low risk of methodological bias, the overall 

prevalence of pHTN ranged from 6.9-62.2%. The prevalence was less varied 7.5-23.5% at more 

than 12 months. 

 

Discussion 

This systematic review aimed to examine the prevalence of pHTN among women with prior 

HDP in LMICs. We found that the prevalence of pHTN post-delivery varied greatly among 

women diagnosed with HDP in this region. The prevalence differed by region, type of HDP, 

timing of hypertension measurement postpartum, and study design, but remained high 

throughout.  

Among the included studies, there was a high variation in the prevalence of pHTN. Large 

proportions of women with HDP had high blood pressure six weeks after delivery, with the 

longest follow-up period being ten years. This was consistent with prior systematic reviews that 

included only preeclampsia as a source population [17, 66]. In this systematic review, studies 

that included all HDP in the source population reported the highest prevalence rates of pHTN 

after pregnancy, followed by those with combined preeclampsia and eclampsia, and the least was 

preeclampsia. The mechanism explaining the relation between pHTN and HDP is considered 

multifactorial and challenging to study if thresholds are different and there is no standard 

approach. Studies have shown gestational hypertension and preeclampsia to be independent risk 

factors after adjusting for known cardiovascular risk markers like obesity and advanced age [67]. 

A meta-analysis by Heida and colleagues [68] found that the risk of pHTN after delivery among 

women with gestational hypertension was comparable to women with preeclampsia. Other 

mechanisms that play a role in gestational hypertension or preeclampsia are of an inflammatory 

nature [69]. Gestational hypertension and preeclampsia have been linked to elevated 

inflammatory biomarkers during pregnancy [70, 71], providing biological plausibility for 

persistent changes after pregnancy. Therefore, inflammatory biomarkers may provide insight into 

the development of pHTN after complicated pregnancies. Furthermore, at the time of diagnosis, 

pregnant women with gestational hypertension and preeclampsia have profound systemic 
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inflammation and disruption of the endothelium [72]. This suggests that pregnancy could be an 

early stress test providing an opportunity to identify women at risk of hypertension early in life 

[37]. 

Among the studies in this review, the prevalence of pHTN was high. The prevalence was 

highest in African countries like Nigeria [49] and Kenya [54] and the lowest in South America 

(Cuba) [73] and Asia (China) [51], regardless of the timing of measurement. In high-income 

countries, the rates are lower. For instance, in the United Kingdom, they reported 13% [74], in 

the USA, 58.6% [75] and 3%  in Australia [76]. It is plausible that the variability in 

sociodemographic factors, maternal risk factors, and differences in postpartum care service 

utilization across the LMICs might explain the observed results. For instance, in sub-Saharan 

Africa, women often present late and with advanced disease states due to poor health-seeking 

behaviour, contributing to high co-morbidity and mortality [77, 78]. Other plausible explanations 

for the observed estimates may be attributable to genetic differences between African 

populations and other regions [79], but the quality of care social and structural determinants of 

health have also been proposed as contributing factors [80].  

Persistent hypertension prevalence rates depended on the timing of its measurement. 

Although HDP typically resolves in the window following delivery, its effects remain in the 

postpartum period due to the delay for most body systems to return to normal [81]. It is possible 

that women at different time points do not have persistent long-term hypertension but are still 

resolving their HDP. However, this is less likely to be a problem over the course of follow-up, 

especially at the 12- and 24-month time points. The timing of hypertension screening is key to 

developing clinical guidelines for postpartum care for women with prior HDP. These findings 

suggest that, in LMICs,  services to screen and treat hypertension may be needed for women with 

HDP. In middle and high-income countries, several guidelines have been developed regarding 

pHTN post-delivery albeit inconsistent on the intervention thresholds. Some guidelines 

recommend initiating follow-up at 6-8 weeks post-delivery [82, 83], whereas others advise 

starting 6-12 months post-delivery [7, 84, 85]. There is no consensus approach in many national 

programs, and the result is a non-standardized approach that may be difficult to implement. The 

observed regional and between-country disparities highlight the need, following delivery, to 

monitor women with HDP to ensure their well-being and prevent complications [8].  
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Strengths and limitations 

The strength of this analysis was that, to the best of our knowledge, regional estimates of pHTN 

in LMICs have not been previously reported. The results from this systematic review challenge 

the status quo in most LMICs where women are mostly discharged and never followed up 

beyond six weeks after giving birth. Despite the strengths of this systematic review, these 

findings should be interpreted in the context of some limitations. The present systematic review 

excluded all sources written in languages other than English. In addition, there are several 

limitations to this combination of study designs, including the use of a checklist for quality 

appraisal and different guidelines, which can account for a large part of the variations in reported 

pHTN rates in the reviewed studies. Furthermore, the small number of studies from some regions 

of LMICs, such as South America, may have affected the true estimates for this region.  

Conclusion 

The present systematic review provided a narrative synthesis of available evidence regarding 

pHTN in LMICs following a pregnancy complicated by HDP. The prevalence appeared 

heterogeneous across the region due in part to the varied study timing and source populations. 

Rates of pHTN appeared high across multiple settings and populations, suggesting that standard 

approaches to hypertension screening, care, and treatment may be needed for women with HDP. 

Future research should focus on the design of such services, weighing both their costs and long-

term benefits. Additionally, future research should also include comparative data to 

normotensive deliveries and in amongst different population groups like comparing HIV 

negative and HIV positive. 
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Chapter 5: Persistent hypertension among postpartum women with 

comorbid HIV and preeclampsia in Zambia  

Mukosha M, Hatcher A, Lubeya MK, Maposa I, Chi BH, Mutale W. Persistent hypertension 

among postpartum women with comorbid HIV and preeclampsia in Zambia. PloS one. 2024 Sep 

4;19(9):e0309915.  

Abstract 

Background: Persistent hypertension is common after preeclampsia and is causally tied to later 

cardiovascular risks. This study examined whether being HIV-infected and on antiretroviral 

therapy (ART) is associated with persistent postpartum hypertension among women diagnosed 

with preeclampsia.  

Methods: We conducted a six-month prospective cohort study at Kanyama and Women and 

Newborn hospitals from January 01, 2022, to June 30, 2023, among 190 women diagnosed with 

preeclampsia (59 HIV-positive, 131 HIV-negative). Sociodemographic and clinical 

characteristics were collected at delivery, six weeks, three months and six months after giving 

birth. Persistent hypertension was diagnosed if a participant presented with elevated blood 

pressure ≥140mmHg and/or diastolic blood pressure ≥90mmHg and/or taking medication for 

hypertension at the study visit. We used a generalized estimating equation to describe the 

relationship between treated HIV and persistent hypertension six months following delivery.  

Results: We retained 136 participants (71.6%) to six months postpartum, at a median age of 30 

years. Overall, persistent hypertension at six weeks, three months, and six months postpartum 

was common (37.4%, 17.1% and 16.9%, respectively). Six-week postpartum prevalence was 

higher in the HIV group than HIV-negative group (54.6% vs 28.8%, p<0.001), with no 

measurable difference at three months (24.3% vs 13.2%, p=0.145) or six months (18.2% vs 

16.3%, p=0.787). Multivariable analysis demonstrates higher odds (adjusted odds ratio 

[aOR]=1.68, 95% CI: 1.09-2.60) of persistent hypertension among the HIV+treatment group 

than HIV-negative counterparts after accounting for age, body mass index and time since 

delivery. 
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Conclusion: We demonstrate an elevated risk of persistent hypertension among postpartum 

women with comorbid preeclampsia and treated HIV. Peripartum patients in HIV-endemic 

settings may benefit from timely detection of hypertension and treatment interventions to 

improve health outcomes 
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Introduction 

Hypertension is a major cause of premature deaths globally, affecting nearly one in five women 

[156]. Hypertension is characterized by elevated systolic blood pressure ≥140mmHg and/or 

diastolic blood pressure ≥90mmHg or taking medication for hypertension [37]. The burden is 

shared disproportionately in low and middle-income countries (LMICs), where hypertension is 

estimated between 15% and 54% [82]. Most women in LMICs continue to die from preventable 

hypertension-related complications, such as stroke and ischaemic heart disease [157, 158]. In 

sub-Saharan Africa 42% of deaths are attributable to high blood pressure, of which 20% are 

female deaths [159]. 

Emerging evidence suggests that women with preeclampsia are at an increased risk of 

persistent hypertension and other cardiovascular diseases after giving birth and beyond [46, 160, 

161]. There are many risk factors for persistent hypertension, including increased body mass 

index, the severity of preeclampsia, parity, and advanced maternal age [162, 163]. Other factors 

may be HIV and ART, although previous reports have not been conclusive [47, 164]. Small 

studies of women living with HIV reported a high prevalence of persistent hypertension (85.7% 

and 83.3%) [46, 97]. One plausible mechanism through which HIV and persistent hypertension 

could be associated is through the shared inflammation cascade in women recovering from 

preeclampsia  [102-105]. Both HIV and preeclampsia are characterized by increased expression 

of pro-inflammatory cytokines which are responsible for endothelial dysfunction leading to 

hypertension [73, 165]. Additionally, there is evidence that suggests that ART regimens (i.e. 

protease inhibitors) may be associated with hypertension in pregnancy as well [166]. 

Furthermore, studies done during pregnancy suggest that HIV and ART are associated 

with worse health outcomes for women with preeclampsia, such as premature births, stillbirths 

and small for gestational age [167-170]. However, the association between persistent 

hypertension and HIV after preeclampsia remains unclear. Therefore, to address this gap, we 

examined whether being HIV-infected and on ART is associated with persistent postpartum 

hypertension six months after giving birth in women whose pregnancy was complicated by 

preeclampsia.  
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Materials and methods 

Study design, setting and population 

A prospective cohort study was conducted between Jan 01, 2022, and June 30, 2023, at the 

Women and Newborn Hospital and the Kanyama General Hospital in Lusaka Urban, Zambia. 

The two hospitals have obstetricians/gynaecologists and nurse midwives and receive referrals of 

women with preeclampsia from surrounding clinics. The health services are offered free of user 

fees. From the two hospitals on average about 24000 pregnant women are seen per year with 

over 12000 births.  

Women diagnosed with preeclampsia were invited to participate after giving birth. 

Preeclampsia, in this setting, is diagnosed following the American College of Obstetricians and 

Gynecologists guidelines as a new-onset of hypertension (SBP ≥140 mm Hg and/or DBP ≥90 

mm Hg) after 20 weeks of gestation and the presence of proteinuria or other maternal organ 

dysfunction [80]. The local hospital obstetrician diagnosed preeclampsia during antenatal clinic 

visits or at admission for referral cases, and the study staff verified the diagnostic criteria via 

independent chart reviews.  

Antenatal care is offered routinely using the WHO 2016 guidelines and local guidelines. 

In tertiary and general hospitals, medical doctors are in charge of reviewing clients, while in 

primary healthcare facilities, midwives offer antenatal care, who then refer women with 

abnormal blood pressure readings and urinalysis for further evaluation. Women are offered a 

recommended eight antenatal visits. On each one of these visits, routine urinalysis and blood 

pressure measurements are taken.  

We excluded women with a documented medical history of co-morbidities: diabetes 

mellitus, essential hypertension, chronic kidney failure, thyroid disorders and lupus 

erythematosus. This study has been reported following the Guidelines for Strengthening The 

Reporting of Observational Studies in Epidemiology (S1 Checklist) [171]. 
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Study procedures  

From our prior work at the study site [172], we anticipated low numbers of women with HIV and 

preeclampsia. Therefore, we consecutively enrolled women living with HIV and enrolled HIV-

negative participants using a systematic sampling technique based on average daily hospital 

deliveries and preeclampsia prevalence we enrolled every third eligible woman as indicated by 

entrance into the facility log book. At enrollment, we recorded contact information and made 

appointments for the remaining follow-up visits. Upon discharge from the hospital, participants 

were invited to return at six weeks, three months and six months postpartum. If there was 

elevated blood pressure at any visit, a follow-up visit was made 1-2 weeks later to confirm 

medical records for diagnosis of chronic hypertension. Women diagnosed with chronic 

hypertension were referred to the outpatient medical clinic for management. 

Study outcome 

The primary study outcome was the proportion of women with persistent hypertension (Systolic 

Blood Pressure [SBP] ≥140 mmHg and/or Diastolic Blood Pressure [DBP] ≥90 mmHg at rest or 

receiving hypertension treatment) in the six months from delivery [158]. Blood pressure was 

measured on the day following delivery, six weeks, three months and six months. Research 

assistants measured blood pressure at least two times 5 minutes apart. For any measurements that 

differed by at least 10%, then a third measurement was done to confirm the final reading. Blood 

pressure measurements were taken after five minutes of rest in a seated upright position. We 

used a validated device for pregnancy and hypertensive pregnancy disorders so that accurate 

readings are obtained and utilized for clinical decisions [152]. Cuff sizes were made available 

during measurements based on the patient's arm's size, measured at the upper arm's midpoint.  

Study exposures 

The primary exposure of interest was HIV-serostatus. Since all pregnant women with HIV in this 

setting are offered ART (and since treatment uptake was high), the exposure was combined 

HIV+ART.  Based on the Zambian clinical guidelines on HIV testing during pregnancy, all the 

women presenting to the antenatal clinic are continually tested as a routine standard of care 

[150]. Therefore, this study used maternal clinical records at enrollment to check for the HIV test 

results, and for those with missing results, the midwives conducted HIV tests after counselling 



 

52 

 

using standard routine clinical practice guidelines [143, 151]. In addition, women who test 

positive are initiated on ART regardless of their immune status or clinical stage [151]. Therefore, 

all the participants in this study who were living with HIV were on ART. Currently, in Zambia, 

pregnant women are given a fixed combination of Tenofovir, Lamivudine and Dolutegravir as 

the preferred first-line treatment for HIV infection [173]. 

A structured questionnaire was offered by a trained nurse to assess socio-demographic 

characteristics of marital status (unmarried/married), maternal age (age in years from last 

birthday) and primary school education vs. higher levels of education (none, primary, secondary, 

tertiary). Additionally, we assessed food insecurity score using the household hunger scale [140] 

and socio-economic status using a demographic and health survey questionnaire with various 

economic characteristics (such as the source of drinking water, type of toilet, floor, roof, wall, 

cooking fuel and material possessions like television, radio etc.) [141]. From the demographic 

and health survey questionnaire, scores were computed from all the 'YES' answers and then 

categorised into quintiles of wealth index (poorest, poorer, middle, richer, richest). 

 Body Mass Index (BMI) was measured from the participant's weight and height, while 

gestational age was assessed based on the last menstrual period [143]. We also measured the 

severity of preeclampsia; mild (hypertension  [140/90 to 149/99 mmHg]) moderate ( 150/100 to 

159/109 mmHg) and severe ( 160/110 mmHg or higher) [144]. Other variables measured were 

the onset of preeclampsia, i.e., early-onset (less than 34 weeks gestation) and late-onset (more 

than 34 weeks gestation) [145],  adverse pregnancy outcomes i.e., preterm birth (<37 completed 

weeks gestation) or stillbirth, Contraceptive use (Intrauterine Contraception, hormonal methods, 

barrier methods and dual methods) and probable anxiety/depression using validated cut points 

for the Hospital Depression and Anxiety Scale [146]. The scoring of anxiety and depression 

levels was done from 0 to 21 and categorised as follows; 0-9 no anxiety/depression and 10 or 

more, anxiety/depression.  

 

Sample size  

We assumed the risk of persistent hypertension to be 35.0% in women living with HIV on ART 

versus 12% in HIV-negative women [97] and estimated that we would require at least 123 
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women (41 HIV on ART versus 82 HIV negative) to detect a 23% difference in risk of persistent 

hypertension with over 80% power and an alpha level of 5%. To meet this threshold while 

accounting for presumed loss to follow-up of over 20%, we enrolled 190 participants. 

Data management and analysis 

We used both descriptive and analytical methods for statistical analysis. We described the 

change in hypertension by HIV serostatus using a bar graph to illustrate trends for the study 

population over time. We used the Pearson Chi-square test to assess the association between HIV 

and hypertension.  

Using a Generalized Estimating Equation for panel data, we examined the effects of HIV 

and ART on the change in hypertension status (from hypertension to healthy and back to 

hypertension) over the six-month follow-up. We fitted both unadjusted and adjusted models with 

unstructured correlation. In the adjusted model, HIV, age and body mass index were set a priori 

based on the clinical importance. Other covariates were selected based on clinical relevance and 

statistical significance p<0.2 from the unadjusted model. In the final model interaction between 

time since delivery and HIV/ART was assessed at a significance level of alpha less than 0.05. 

The analysis used the intention-to-treat approach. 

We used REDCap (Research Electronic Data Capture) electronic data capture tools 

hosted at the University of the Witwatersrand Johannesburg, South Africa, for data management 

and Stata (version 17/BE; StataCorp, College Station, Texas, USA) for data analysis. Statistical 

significance for all tests was set at p<0.05. 

Ethical consideration 

We obtained ethical approval from the University of Zambia Biomedical Research Ethics 

Committee (ref: 1785-2021) and the Human Research Ethics Committee (Medical [ref: R14/49]) 

at the University of Witwatersrand School of Health Sciences South Africa. All participants 

provided fully written informed consent before enrollment. All information was explained to 

potential participants using non-technical language, in the participant’s preferred language. The 

confidentiality of all study records was safeguarded to the extent legally possible. All laboratory 

specimens, reports, study data and administrative forms were de-identified and the link log was 

stored on a password-protected online / computer database. Follow-up information about 
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participants was collected separately and stored in lockable cupboards by the research assistants. 

Participants were allowed to discontinue participation and decide that their medical data could 

not be used in the analysis without repercussions on their medical care. 

Results 

Between January 01, 2022, and January 01, 2023, a total of 190 women diagnosed with 

preeclampsia were enrolled in the study after giving birth, of whom 59 were living with HIV on 

ART (Figure 6). During the follow-up period, 2 participants died, 33 were lost to follow-up, and 

19 withdrew from the study. We had slightly higher missed visits at 3 months; however, many 

had returned by the third scheduled visit. Overall, 136 (71.6% retention) participants completed 

the six-month follow-up: 44 living with HIV on ART and 92 without HIV. During follow-up 23 

were diagnosed with chronic hypertension (8 living with HIV on ART and 15 without HIV). 

Similar socio-demographic characteristics (appendix 6) were seen among those retained 

compared to the loss to follow-up. 
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Figure 6. Flow of participants in the study 

Characteristics of study participants 

Table 5 shows baseline participant characteristics by the HIV serostatus at baseline. The median 

age was 30 years (interquartile range [IQR]: 27-34), and the majority, 158 (83.2%) were married. 

The largest proportion, 150 (79.0%), had secondary education, and 114 (60.0%) were in the 

lower wealth index quintile. 
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Table 5: Baseline sociodemographic and obstetric characteristics of participants by HIV serostatus status 

Variable Total 

population 

n=190(%) 

HIV serostatus 

 

P-value 

  Negative, n=131 Positive, n=59  

Age in years, median (IQR) 30(27-34) 30(26-34) 31(27-35) 0.421 

Marital status 

Unmarried 

Married 

 

32(16.8) 

158(83.2) 

 

23(17.6) 

108(82.4) 

 

9(15.3) 

50(84.8) 

 

0.695 

Education 

None/Primary 

Secondary/Tertiary 

 

40(21.1) 

150(79.0) 

 

20(15.3) 

111(84.7) 

 

20(33.9) 

39(66.1) 

 

0.004 

Wealth index 

Poorest/poorer/middle 

Richer/richest 

 

114(60.0) 

76(40.0) 

 

74(56.5) 

57(43.5) 

 

40(67.8) 

19(32.2) 

 

0.141 

Onset of preeclampsia 

Early (<34 weeks) 

Late (≥34 weeks) 

 

93(49.0) 

97(51.1) 

 

67(51.2) 

64(48.9) 

 

26(44.1) 

33(55.9) 

 

0.367 

Severity of preeclampsia 

Severe 

Mild/Moderate 

 

15 (7.9) 

175(92.1) 

 

8(6.1) 

123(93.9) 

 

7(11.9) 

52(88.1) 

 

0.243 

Pregnancy outcomes 

Stillbirth 

Preterm birth 

Live/term birth 

 

25(13.2) 

33(17.4) 

132(69.5) 

 

13(9.9) 

28(21.4) 

90(68.7) 

 

12(20.3) 

5(8.5) 

42(71.2) 

 

0.026 

Parity median(IQR) 2(1-3) 2(1-3) 2(1-4) 0.070 

Contraceptive use 

Othera 

Intrauterine/barrier 

Hormonal 

 

58(30.5) 

28(14.7) 

104(54.7) 

 

32(24.4) 

25(19.1) 

74(56.5) 

 

26(44.1) 

3(5.1) 

30(50.9) 

 

0.005 

Anxiety and depression 

No 

Yes 

 

43(22.6) 

147(77.4) 

 

18(13.7) 

113(86.3) 

 

25(42.4) 

34(57.6) 

 

<0.001 

Abbrev: IQR-interquartile range, a(sterilization, lactational amenorrhea, withdrawal, fertility awareness-based methods or dual 

methods), p-values from Pearson Chi-square test/Fisher’s exact test/Wilcoxon Ranksum test 

 

Prevalence of persistent hypertension during follow-up  

The prevalence of persistent hypertension during follow-up by HIV serostatus is shown in Figure 

7. Of 136 participants, 23 were hypertensive at six months after delivery (16.9%, 95% CI: 11.0-

24.3). The prevalence at six weeks was higher in the HIV group than HIV-negative group 

(54.6% vs 28.8%, p<0.001). However, by three months (24.3% vs 13.2%, p=0.15) and six 

months (18.2% vs 16.3%, p=0.787) statistical differences were no longer observed. Analysis of 

trends showed a significant reduction in the proportion of participants with persistent 

hypertension over six months postpartum (p<0.001).   
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Figure 7. Prevalence of persistent hypertension and the trends during the follow-up visits 

 

 

Persistent hypertension at 6 months and participant characteristics 

Table 6 shows participant characteristics by the hypertension status. The median age was 29 

years (interquartile range [IQR]: 26-34), and the majority, 112 (82.4%) were married, 

108(79.4%) attained at least a secondary level of education and 81(59.6%) were in the lower 

quintiles of wealth index. Women with and without hypertension had similar median age but 

differed in the median body mass index. 
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Table 6. Participants characteristics at 6 months’ postpartum visit by persistent hypertension 

Variable Total 

population 

n=136(%) 

Normotensive, 

n=113(%) 

Hypertensivea, 

n=23(%) 

P-value 

HIV serostatus 

Negative 

positive 

 

92(67.7) 

44(32.4) 

 

77(68.1) 

36(31.9) 

 

15(65.2) 

8(34.8) 

 

0.785 

Age in years (IQR) 29(26-34) 29(26-33.5) 30(27-35) 0.228 

Marital status 

Unmarried 

Married 

 

24(17.7) 

112(82.4) 

 

21(18.6) 

92(81.4) 

 

3(13.0) 

20(87.0) 

 

0.765 

Education level 

None/Primary 

Secondary/Tertiary 

 

28(20.6) 

108(79.4) 

 

24(21.2) 

89(78.8) 

 

4(17.4) 

19(82.6) 

 

0.677 

Wealth index 

Poorest/poorer/middle 

Richer/richest 

 

81(59.6) 

55(40.4) 

 

65(57.5) 

48(42.4) 

 

16(69.6) 

7(30.4) 

 

0.283 

Gestational age at delivery, 

median(IQR) 

33(30-36) 33(30-36) 34(32-36) 0.361 

 

Onset of preeclampsia 

Early (<34 weeks) 

Late (≥34 weeks) 

 

71(52.2) 

65(47.8) 

 

59(52.2) 

54(47.8) 

 

12(52.2) 

11(47.8) 

 

0.997 

Severity of Preeclampsia 

Severe 

Mild/Moderate 

 

9(6.6) 

127(93.4) 

 

5(4.4) 

108(95.6) 

 

4(17.4) 

19(82.6) 

 

0.044 

Adverse pregnancy 

Stillbirth 

Preterm birth 

Live/term birth 

 

18(13.2) 

26(19.1) 

92(67.7) 

 

15(13.3) 

23(20.4) 

75(66.4) 

 

3(13.0) 

3(13.0) 

17(73.9) 

 

0.706 

Parity median(IQR) 2(1-3) 2(1-3) 3(2-4) 0.009 

Contraceptive use 

Otherb 

Intrauterine/barrier 

Hormonal 

 

24(17.8) 

17(65.7) 

94(69.6) 

 

22(19.6) 

17(15.2) 

73(65.2) 

 

2(8.7) 

- 

21(91.3) 

 

0.035 

Body mass index kg/m2 median(IQR) 27.3(24.2-30.4) 27.3(23.8-30.1) 27.7(25.8-30.9) 0.008 

Anxiety and depression 

No 

Yes 

 

81(59.6) 

55(40.4) 

 

72(63.7) 

41(36.3) 

 

9(39.1) 

14(60.9) 

 

0.029 

Abbrev: IQR-interquartile range, adefined as elevated systolic blood ≥140mmHg and diastolic blood pressure≥ 90mmHg and or 

taking hypertension medication, b(sterilization, lactational amenorrhea, withdrawal, fertility awareness-based methods or dual 

methods) p-values from Pearson Chi-square test/Fisher’s exact test/Wilcoxon Ranksum test 
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Risk factors of persistent hypertension status changes during follow-up 

Table 7 shows the crude and adjusted models for risk factors of persistent hypertension status changes 

from each measurement time point to the other during the six-month follow-up. From the crude model, 

Individuals with HIV on ART had a 25% increased odds of hypertension compared to those without HIV, 

however, with a borderline p-value. On the other hand, the factors associated with persistent hypertension 

were probable depression and anxiety, body parity, severity of preeclampsia and food insecurity score.  

In the multivariable model, HIV on ART, probable depression and anxiety, severity of 

preeclampsia and parity were significantly associated with changes in hypertension status over time. 

Compared to HIV-negative, participants living with HIV on ART (adjusted odds ratio [AOR]=1.68, 95% 

CI: 1.09-2.60) were more likely to have hypertension during the six months postpartum.  

 

Table 7. Predictors of changes in persistent hypertensiona over six months postpartum among women previously 

diagnosed with preeclampsia  

Variable Crude odds 

ratio (95% CI) 

p-value Adjusted odds 

ratio (95% CI) 

p-value 

HIV serostatus 

Negative 

positive 

 

Ref 

1.25(0.99-1.58) 

 

 

0.064 

 

Ref 

1.68 (1.09-2.60) 

 

 

0.019 

Age years  

< 30 

30-39 

40 or more 

 

Ref 

1.16(0.92-1.45) 

1.38 (0.72-2.63) 

 

 

0.195 

0.332 

 

Ref 

0.91(0.59-1.41) 

0.62 (0.20-1.90) 

 

 

0.689 

0.404 

Marital status 

Unmarried 

Married 

 

Ref 

1.17(0.77-1.78) 

 

 

0.258 

 

 

 

Education 

Primary/no education 

Secondary/Tertiary 

 

Ref 

1.04(0.71-1.53) 

 

 

0.855 

  

Wealth index 

Poorest/poorer/middle 

Richer/richest 

 

Ref 

0.77(0.56-1.07) 

 

 

0.127 

  

Depression and anxiety 

No 

yes 

 

Ref 

2.54(1.80-3.57) 

 

 

<0.001 

 

Ref 

2.06 (1.35-3.14) 

 

 

0.001 

Onset of preeclampsia 

Early (<34 weeks) 

Late (>/=34 weeks) 

 

Ref 

1.22(0.98-1.53) 

 

 

0.074 

  

Severity of Preeclampsia 

Severe 

Mild/Moderate 

 

Ref 

0.52(0.28-0.97) 

 

 

0.026 

 

 

0.37 (0.16-0.85) 

 

 

0.019 

Pregnancy outcomes 

Live/term birth 

Still/Preterm birth 

 

Ref 

1.01(0.72-1.43) 

 

 

0.940 
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Parity  1.15(1.04-1.27) 0.002 1.24 (1.07-1.45) 0.005 

Food insecurity score 1.09(1.01-1.18) 0.032 1.11 (0.97-1.26) 0.110 

Contraceptive use 

Otherb 

Intrauterine/other 

Hormonal 

 

Re 

1.14(0.64-2.04) 

1.25(0.86-1.82) 

 

 

0.421 

0.403 

  

Body mass index kg/m^2 1.02(1.01-1.05) 0.035 1.03(0.99-1.06) 0.086 

Time since delivery (months)  

0.49 (0.43-0.54) 
 

<0.001 

 

0.51(0.46-0.57) 
 

<0.001 
aOutcome variable for the regression model (SBP>140 &/or DBP>90 coded/treatment: yes=1, no=0), b(sterilization, lactational 

amenorrhea, withdrawal, fertility awareness-based methods or dual methods), adjustment variables (body mass index, age, 

anxiety&depression, parity, food insecurity score, severity of preeclampsia), boldface indicates statistical significance at alpha less 

than 0.05.  

 

Sensitivity analysis 

From the multivariable models with continuous outcomes, HIV on ART had a significant effect 

on the normalization in systolic and diastolic blood pressure (S2 Table). On average the mean 

systolic and diastolic blood pressure was 4.02 and 2.72 units higher among the women living 

with HIV than HIV-negative women at every time point measured since delivery. There was no 

evidence to suggest that persistent hypertension among women living with HIV compared to 

HIV-negative women differ by the time since delivery (Appendix 6).  

Discussion 

In a clinical sample in urban Zambia, 16.9% of postpartum women experienced persistent 

hypertension six months after giving birth. Those women previously diagnosed with 

preeclampsia and living with HIV on ART had 1.68-fold higher odds of persistent hypertension 

than their HIV-negative counterparts. Similarly, participants with increased parity and those who 

reported probable anxiety and depression had higher odds of persistent hypertension. On the 

other hand, participants with mild or moderate preeclampsia had lower odds of persistent 

hypertension than those with severe preeclampsia. 

Persistent hypertension rate was comparable between women living with and without 

HIV by 6 months postpartum despite the former having higher odds of persistent hypertension at 

any time point during follow-up. This was corroborated by our results from sensitivity analysis 

where we noted a similar effect on the normalization in systolic and diastolic blood pressure. It’s 

unclear about the mechanism behind the observed rates as little is known about HIV and 

persistent hypertension after preeclampsia in the extant literature. We speculate this could be a 



 

61 

 

mismeasurement of HIV due to the complexities between HIV suppressing immunity alongside 

immune reconstitution through ART [174-176]. Given that HIV and ART may have complicated 

pathways depending on the physiological circumstance [92], further studies are warranted to 

fully elucidate their mechanisms in postpartum women after preeclampsia. 

In the general population, some studies have reported persistent hypertension after 

preeclampsia; though data remains sparse [46, 48, 161]. Few studies have specifically studied 

HIV/ART and persistent hypertension after preeclampsia and suggested this possible association, 

but the limited number of participants living with HIV led to unreliable estimates [42, 46]. A 

recent systematic review and meta-analysis of global data demonstrated that 35% of all HIV-

infected adults on ART had hypertension compared to 30% of HIV-uninfected [56]. 

Furthermore, results from published studies show that ART may alter various metabolic 

processes, leading to obesity and overweight, all of which are known risk factors for 

hypertension [177, 178]. Therefore, the present study's findings align with previous findings in 

the general population that HIV/ART are associated with hypertension and other cardiovascular 

diseases [179, 180]. We speculate that HIV on ART could have an additive effect on 

preeclampsia, which could potentially be worsening the persistent hypertension in the 

postpartum period. 

The prevalence of persistent hypertension at six months’ follow-up is comparable to the 

regional estimates. The prevalence was higher than that found in Cameroon (14.8%) [181], but 

lower than in Kenya (44.4%)[182] and Nigeria (62.2%) [161]. The rates in high-income 

countries average around 10% to 20%. For example, in the United Kingdom, the rates are 13% 

[183], in the USA 19% [48]  and 20.3% in Switzerland, 10.8% [183] in France [184] and 17% in 

Japan [185]. The differences in study settings, onset, and severity of preeclampsia among studied 

participants could partly account for the disparity. Additionally, most high-income countries 

have guidelines on risk reduction for women after preeclampsia.  

Participants with mild or moderate preeclampsia were less likely to have persistent 

hypertension than those with severe preeclampsia. These findings are consistent with similar 

studies from high-income countries [186, 187]. Berks and colleagues [186] demonstrated that 

time to resolution of hypertension postpartum in women with diagnosed preeclampsia during 

pregnancy increased by 1.6-fold for every 10-mm Hg increase in maximal systolic blood 
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pressure. Additionally, a systematic review and meta-analysis showed that the risk of future 

hypertension later in life increased by 6.7-fold among women with severe preeclampsia [187]. 

The link is thought to be through the extent of endothelial dysfunction, end organ damage and 

elevated biomarkers of inflammation [188]. The degree of damage to the systemic organs could 

affect the recovery from preeclampsia.  

There was a relationship between increased parity and odds of persistent hypertension. 

Prior studies conducted in sub-Saharan Africa and high-income countries have reported 

inconsistent results [42, 189]. A study by Olagbuji and colleagues in Nigeria found no evidence 

of an association [42]. Our study findings align with Lykke and colleagues from Denmark, who 

demonstrated that women with two or more pregnancies had 4.34-fold higher rates of persistent 

hypertension [189]. It is unclear the mechanism behind the observed association. It could be 

because of pregnancy's stress on the cardiovascular system, especially in women with a history 

of hypertensive disorders [190]. The body undergoes significant changes during pregnancy to 

support the growing fetus [191]. In women with multiparity, this cumulative cardiovascular 

stress can contribute to a higher risk of persistent hypertension after giving birth and in years to 

come [192]. 

There is a lack of studies exploring the link between anxiety, depression and persistent 

hypertension in women previously diagnosed with preeclampsia. A systematic review of studies 

from LMICs reported an association between food insecurity and depression in the general 

population [193] and similar findings have been reported among pregnant women in Ethiopia 

and Uganda [194-196]. It is plausible that the same underlying drivers that lead to persistent 

hypertension may simultaneously underpin anxiety and depression, including economic 

instability, housing insecurity, or exposure to violence [197]. Our findings add to this growing 

literature by identifying the link between anxiety, depression and persistent hypertension in 

postpartum women after preeclampsia. 

Postpartum care for women living with HIV should consider long-term cardiovascular 

risk assessment before discharge from the hospital. This is important, particularly in LMICs that 

share a disproportionate burden of hypertension and HIV. The risk for each individual should 

determine the length of postpartum follow-up based on the assessment, which should include 

family history and cardiovascular risk scores. 
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Strengths and limitations 

This is among the first studies to explore persistent hypertension after preeclamptic pregnancies 

in a high HIV prevalence setting. If confirmed by other studies, postpartum monitoring may 

serve as an early entry point for long-term hypertensive care among high-risk individuals. 

However, these findings should be interpreted in the context of some limitations. We could not 

assess the independent effect of ART since all women living with HIV were on ART. 

Furthermore, even though most similar studies have a shorter follow-up, six months may be too 

short for cardiovascular events to be observed. Therefore, there is a need for studies with a 

longer follow-up period to examine how hypertension resolves in this population and the 

independent effect of ART. 

Conclusion 

We found an elevated risk of persistent hypertension among participants living with HIV on 

ART. Peripartum patients in HIV-endemic settings may benefit from timely detection and 

treatment interventions to improve health outcomes. Timely detection and treatment of persistent 

hypertension could have lasting impacts on maternal health.  
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Chapter 6:  Association of postpartum cardiovascular biomarkers 

with HIV among women with recent preeclampsia in Zambia  

 

Moses Mukosha, Benjamin H Chi, Wilbroad Mutale, Mwansa Ketty Lubeya, Innocent Maposa, 

Abigail Hatcher. Association of Postpartum Cardiovascular Biomarkers with HIV Among 

Women with Recent Preeclampsia in Zambia." Maternal and Child Health Journal (2025): 1-10. 

Abstract  

Background: Women recovering from preeclampsia with elevated vascular biomarkers are at 

risk of future cardiovascular diseases. We investigated whether HIV on treatment was associated 

with biomarkers of cardiovascular risk after preeclampsia.  

Methods: We analyzed data from a six-month cohort study conducted from January 2022 to 

June 2023. Following delivery and at six weeks postpartum, we measured cystatin C, high 

sensitivity C-reactive protein (hs-CRP), Interleukine-2 (IL-2), Interleukine-6 (IL-6) and Tumor 

necrosis factor-alpha (TNFa). A generalized linear regression model with Poisson distribution 

estimated the association between vascular biomarkers and HIV on treatment.  

Results: This study included 75 participants; median age of 29 years (IQR=27-34 years). 

Overall, 35 (46.7%) were HIV-positive on ART and 40 (53.3%) HIV-negative. The HIV-positive 

group had higher levels of hs-CRP than the HIV-negative (4.68mg/l vs 3.60mg/l, p=0.025) at six 

weeks. Conversely, the two groups had similar levels of cystatin C (0.78 mg/l vs 0.81 mg/l, 

p=0.303), IL-2 (0.64 pg/ml vs 0.67 pg/ml, p=0.131), IL-6 (0.64 pg/ml vs 0.64 pg/ml, p=0.422), 

and TNFa (24.2pg/ml vs 24.1 pg/ml, p=0.346). Living with HIV while on ART was associated 

with a higher risk of presenting as hypertensive with elevated hs-CRP (aRR=2.88, 95% CI: 1.09-

7.60).   

Conclusion: Women living with HIV on ART had elevated hs-CRP but similar levels of other 

biomarkers after preeclampsia. Future studies should explore the differential impact of HIV 

disease vs. antiretroviral treatment on inflammatory responses. 
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Introduction 

Preeclampsia, a pregnancy-specific condition that presents with high blood pressure and systemic 

inflammation, is a significant public health problem [198]. Preeclampsia affects about 4-8% of 

pregnant women worldwide [199] and is responsible for increased maternal morbidity and 

mortality [65]. For HIV-positive women, the intersection of HIV, antiretroviral therapy (ART), 

and preeclampsia can lead to adverse outcomes in affected women [172].  

HIV-infection is associated with a 2-fold or greater risk for lifetime cardiovascular diseases 

(CVDs )and premature cardiovascular mortality [187]. Similarly, chronic hypertension is common 

after preeclampsia and contributes to over 2-fold higher rates of CVDs [23]. Evidence suggests a 

synergistic effect between HIV and preeclampsia through inflammation and endothelial 

dysfunction [200]. Studies have highlighted the potential role of biomarkers of inflammation in 

cardiovascular disease risk monitoring, particularly after pregnancies complicated by preeclampsia 

[124, 139], and have been incorporated into the risk prediction scores for cardiovascular diseases 

[136]. Therefore, assessing biomarkers of inflammation and kidney function such as high 

sensitivity C reactive protein (hs-CRP), interleukin 2 (IL-2), interleukin 6 (IL-6), tumour necrosis 

factor-alpha (TNFa) and cystatin C can be useful in the understanding of how HIV is associated 

with future risk of CVDs for women recovering from preeclampsia in the postpartum and beyond 

[131]. 

Elevated levels of vascular biomarkers (e.g., hs-CRP, IL-2, IL-6, cystatin C and TNFa)  

have been documented in the general population and women with preeclampsia during pregnancy 

[137]. A study by Kiefer and colleagues found that HIV infection was associated with 

inflammation, measured by higher levels of hs-CRP in the general population [36]. However, 

similar associations between vascular biomarkers and HIV have not been evaluated in women with 

preeclampsia after giving birth. Additionally, there is a lack of evidence linking specific vascular 

biomarkers to postpartum outcomes among HIV-positive women recovering from preeclampsia.  

In this study, we examined the association of HIV on treatment with cardiovascular risk 

biomarkers among postpartum women previously diagnosed with preeclampsia. We hypothesized 

that women living with HIV on ART would have higher levels of hs-CRP, IL-2, IL-6, TNFa and 
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cystatin C than HIV-negative women, likely due to underlying chronic inflammation and 

dysfunction of the endothelium.  

Methods 

Study design, setting and population 

We analyzed data from a six-month prospective cohort study of women previously diagnosed with 

preeclampsia from Jan 1, 2022, to June 30, 2023, at the Kanyama General and Women and 

Newborn Hospitals in Lusaka Urban, Zambia.  

The sample for biomarker testing was drawn from the eligible participants in the primary 

cohort. To be eligible for inclusion, a participant should have had a documented HIV testing result 

in the antenatal record, show willingness to participate voluntarily, and provide written informed 

consent and consent for blood draw. This study is reported per the STROBE Guidelines [171]. 

Study procedures   

A research assistant provided a full description of the study prior to obtaining informed consent. 

Building on our previous work, we anticipated difficulties in the recruitment of women living with 

HIV due to the low prevalence of preeclampsia in this population, 4.8% [172]; therefore, in the 

main cohort, we purposively oversampled women living with HIV, and an equivalent number of 

HIV-negative women were enrolled using a systematic sampling technique. At enrolment, research 

assistants collected blood samples, measured blood pressure and recorded participants' 

sociodemographics, clinical and obstetric characteristics. Venous blood samples were collected to 

test hs-CRP, IL-2, IL-6, TNFa and cystatin C at enrollment and on their return at six weeks’ 

postpartum routine hospital visit.  

Laboratory procedures 

After collection into heparin bottles, blood samples were transported to the laboratory located 

within the hospital (within 30 minutes), where it was centrifuged at 3000g for 5 minutes, and 

resultant plasma and serum were stored at -80 degrees Celsius for biomarker testing. The assay for 

plasma and serum levels of biomarkers (hs-CRP, IL-2, Il-6, cystatin C and TNFa) was done 

through a commercially available MAGPIX MILLIPLEX MAP kit. Measurements were 

performed using the Bio-Plex MAGPIX Multiplex Reader (Bio-Rad Laboratories, Hercules, CA, 



 

74 

 

USA) as specified by the manufacturer. All laboratory analyses were done in triplicate with 

standard curves calculated using a four-parameter logistic curve analysis using Graph Pad Prism 

5 (San Diego, CA, USA). 

Study outcome 

The primary outcome variable was hs-CRP. The secondary outcomes were IL2, IL6, TNFa and 

Cystatin C. The primary and secondary outcomes were categorized based on the cardiovascular 

risk, which was previously described as linear, with higher levels associated with high 

cardiovascular risk [201]. The statistical analysis used a cutoff value of >3mg/l to categorize hs-

CRP because levels above 3mg/l are associated with a higher cardiovascular risk profile [202]. On 

the other hand, we used quartiles to categorise IL-2, IL-6, TNFa and cystatin C, with levels in the 

highest quartile representing a high cardiovascular risk [48]. We further categorized the biomarker 

levels based on the level of cardiovascular risk profile as moderate adverse cardiovascular risk 

profile (i.e. any elevated vascular biomarker) and most adverse cardiovascular risk profile 

(hypertensive with any elevated biomarker)[202].  

Study exposures 

The primary exposure of interest was HIV infection. All participants with a positive HIV serostatus 

had initiated ART, as recommended by the national Zambian clinical guidelines [203], though 

adherence was not formally assessed. In the study settings, therapy for HIV includes a combination 

of any regimen with three or more medications, such as protease inhibitors, integrase inhibitor-

based regimens, and non-reverse transcriptase inhibitor regimens.  

We also collected sociodemographic, clinical and obstetric characteristics. Using standard 

procedures, research assistants measured blood pressure at enrollment and six weeks postpartum. 

Age was measured in years based on the last birthday. Marital status was measured on two levels 

(unmarried and married). Food insecurity scores were assessed using the Household Hunger Scale 

[204]. The socio-economic status was scored using the principal component analysis to obtain 

wealth index quintiles (poorest, poorer, medium, rich, richest) [141]. Education status was 

measured based on the following categories/levels (uneducated, primary, secondary, tertiary).  

Furthermore, we calculated body mass index from the participant's weight and height at 

six weeks postpartum. The severity of preeclampsia was measured on three levels: mild 
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(hypertension [140/90 to 149/99 mmHg]), moderate (hypertension [150/100 to 159/109 mmHg]) 

and severe (hypertension [160/110 mmHg or higher]) [144]. The onset of preeclampsia was 

measured as early-onset (less than 34 weeks gestation) and late-onset (more than 34 weeks 

gestation).  

Adverse pregnancy outcomes were categorized as preterm birth (<37 completed weeks 

gestation) or stillbirth; were those foetal losses that occurred after 28 weeks gestation. The Hospital 

Anxiety and Depression Scale, a 14-item measure for assessing mental health in primary 

healthcare settings [146], was used to assess anxiety and depression. Contraceptive use was 

measured categorically: intrauterine, barrier, or dual methods; hormonal methods; and unknown 

or no contraception at six weeks postpartum.  

Sample size consideration 

In the six-month main cohort study, 55 HIV-positive and 111 HIV-negative completed postpartum 

visits. For this analysis, we included 35 HIV-positive with complete samples for visits 1 and 2 and 

sampled 40 eligible participants from the HIV-negative group using a simple random sampling 

technique without replacement. This sample was sufficient to achieve 80% power to detect a 

difference of 0.77mg/l of hs-CRP (smallest effect size from similar published studies) [36, 205] 

between women living with and without HIV at an alpha level of 0.05. This considered a mean hs-

CRP level of 1.36mg/l among women living without HIV and an equal standard deviation of 1.3 

mg/l in either group [205].  

Data management and analysis 

Study data were collected and managed using REDCap (Research Electronic Data Capture), an 

electronic data capture tool hosted at the University of the Witwatersrand (Johannesburg, South 

Africa).  Final data was transferred and analyzed in Stata version 17/BE (Stata Corp., College 

Station, Texas, USA).  

We conducted a descriptive analysis of the levels of biomarkers in the HIV-positive on-

ART group compared to the HIV-negative group. We used the Shapiro-Wilk test for normality 

and quartile-quartile plots to assess the distribution of continuous variables. Median levels of hs-

CRP, cystatin C, IL-2, IL-6 and TNFa were compared between the two groups using the Wilcoxon 

Ranksum test. Violin plots were used to illustrate the concentration of the biomarkers stratified by 
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HIV serostatus. The risk of moderate adverse cardiovascular profile (any elevated hs-CRP > 3mg/l 

or IL-2, IL-6, TNFa, cystatin C > 4th quartile) and most adverse cardiovascular profile 

(hypertensive with any elevated biomarker) at six-week follow-up was assessed using the 

Generalized Linear regression models with Poisson distribution. Separate models with robust 

estimation of standard errors were fitted for each of the biomarkers, adjusting for body mass index, 

initial biomarker concentration and age. Interactions were assessed among the significant variables 

and none reached any statistical significance at p<0.05. In the regression models, we reported the 

adjusted relative risk and 95% confidence intervals with significance set at a p-value less than 5%. 

Ethical statement 

Ethical approval was obtained from the University of Zambia Biomedical Research Ethics 

Committee (ref: 1785-2021) and the Human Research Ethics Committee of the University of 

Witwatersrand South Africa (Medical [ref: R14/49]). All ethical principles were observed 

throughout this study to the extent legally possible. Before participating in the study, we collected 

written informed consent from all participants. 
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Results 

The study included 75 participants with a median age of 29 years (interquartile range [IQR]: 27-

34 years). Overall, 64 (85.3%), were married and 54 (72.0%) attained a secondary or tertiary level 

of education. About two thirds, 47(62.7%) were below the richer wealth index quintile (Table 8).  

Table 8. Characteristics of study participants  

Variable Total 

population 

n=75(%) 

HIV serostatus P-value 

  Negative, 

n=40(%) 

Positive, 

n=35(%) 

 

 

Age years median (IQR) 29 (27-34) 28 (23.5-30.5) 32 (27-35)  0.07 

Marital status 

Unmarried 

Married  

 

11 (14.7) 

64 (85.3) 

 

5 (12.5) 

35 (87.5) 

 

6 (17.1)   

29 (82.9) 

 

0.57 

Education 

None/Primary 

Secondary/Tertiary 

 

21 (28.0) 

54 (72.0) 

 

7 (17.5) 

33 (82.5) 

 

14 (40.0)  

21 (60.0) 

0.03 

Wealth index 

Poorest/poorer/middle 

Richer/richest 

 

47 (62.7) 

28 (37.3) 

 

21 (52.5) 

19 (47.5) 

 

26 (74.3)  

9 (25.7) 

 

0.05 

Onset of preeclampsia 

Early (<34 weeks) 

Late (≥34 weeks) 

 

34 (45.3) 

41 (54.7) 

 

20 (50.0) 

20 (50.0) 

 

14 (40.0)) 

21 (60.0) 

 

0.26 

Severity of Preeclampsia 

Severe 

 Mild/Moderate 

 

4 (5.3) 

71 (94.7) 

 

1 (2.5) 

39 (97.5) 

 

6 (10.3) 

29 (89.7) 

 

0.24 

Adverse pregnancy outcomes, n=24 

Stillbirth 

Preterm birth 

 

7 (29.2) 

17 (70.8) 

 

- 

13 (100) 

 

7 (63.6)    

4 (36.4) 

 

0.001 

Parity median (IQR) 2 (1-3) 2 (1-3) 2 (1-4) 0.49 

Contraceptive use 

Unknown/no contraception 

Intrauterine/barrier/dual 

Hormonal 

 

24 (32.0) 

9 (12.0) 

42 (56.0) 

 

10 (25.0) 

6 (15.0) 

24(60.0) 

 

14 (40.0) 

3 (8.6) 

18 (51.4)   

 

0.38 

Body mass index, median (IQR)  27.5 (24.7-31.3) 27.3 (24-30.8) 29.7 (25.4-31.3) 0.29 

Anxiety and depression 

No 

Yes 

 

45 (60.0) 

30 (40.0) 

 

25 (62.5) 

15 (37.5) 

 

20 (57.1) 

15 (42.9) 

 

0.64 

 
Abbrev: IQR-interquartile range 
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Biomarker levels, hypertension and HIV serostatus 

Participants in the HIV positive group had a higher hs-CRP than HIV negative (4.68mg/l vs 

3.60mg/l, p=0.025) (Table 6; Figure 8). however, the levels of IL-2, cystatin C, IL-6 and TNFa 

were similar between the two groups. Nearly half 17 (48.6%) of HIV-positive women had 

hypertension, whereas just over a quarter, 11 (27.5%) of HIV-negative women had hypertension 

(Table 9).  

 

Table 9. Median biomarker levels and hypertension according to HIV serostatus at postpartum visit 

Variable                         HIV serostatus 

 Negative, n(%)/ 

median(IQR) 

Positive, n(%)/ 

median(IQR)  

p-valueb 

Hypertensiona 

No 

Yes 

 

29 (75.5) 

11 (27.5) 

 

18 (51.4) 

17 (48.6) 

 

0.023 

Hs-CRP, mg/l 3.60 (1.44-5.68) 4.68 (2.35-10.78) 0.025 

Cystatin C, mg/l 0.78 (0.72-1.01) 0.81 (0.68-1.15) 0.303 

IL-2, pg/ml 0.64 (0.64-0.64) 0.64 (0.64-0.67) 0.131 

IL-6, pg/ml 0.64 (0.64-2.39) 0.64 (0.64-2.34) 0.422 

TNFa, pg/ml 24.1 (15.5-32.5) 24.1 (15.5-32.2) 0.346 

aElevated systolic blood pressure≥140mmHg and/or diastolic blood pressure≥90mmHg or on treatment, IQR-interquartile range, 

hs-CRP-high sensitivity reactive protein, IL-2-interleukine-2, IL-6-interleukine-6, TNFa-tumor necrosis factor-alpha, boldface 

indicates statistical significance at alpha <0.05, bp-values from Wilcoxon Ranksun test/Pearson Chi-square test 
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Figure 8. Concentration of biomarker (hs-CRP, Cystatin C, IL-2, IL-6 and TNFa) levels at six weeks postpartum in 

women living with and without HIV, n=75 

 

Cardiovascular risk profile and HIV serostatus 

We categorized participants based on biomarker levels at six weeks postpartum. The majority, 22 

(62.9%) of the HIV-positive group had elevated hs-CRP. Being HIV-positive on ART was 

associated with a higher risk (aRR=2.88, 95% CI: 1.09-7.60) of the most adverse cardiovascular 

profile (hypertensive with elevated hs-CRP) than HIV-negative women after adjusting for body 

mass index, age and initial hs-CRP levels. However, the risk of moderate adverse cardiovascular 

profile (i.e., any elevated hs-CRP, IL-2, IL-6, TNFa, and cystatin C) at six weeks postpartum was 

similar between the two groups (Table 10).   
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Table 10. Multivariable model for prediction of various cardiovascular risk profiles at six weeks 

postpartum, n=75 

Cardiovascular profile HIV negative HIV positive 

 n(%) n(%) Adjusted RRa (95% CI) 

Hs-CRP>3mg/l 23 (57.5) 22 (62.9) 1.09 (0.75-1.61) 

Cystatin C>97.2mg/l 8 (20.0) 9 (25.7) 1.27 (0.51-3.21) 

IL-2>0.64pg/ml 4 (10.0) 6 (17.1) 1.59 (0.48-5.30) 

IL-6>10pg/ml 10 (25.0) 8 (22.9) 0.84 (0.38-1.87) 

TNFa>16pg/ml 10 (25.0) 8 (22.8) 0.79 (0.32-1.94) 

Hypertensive with  

elevated hs-CRP 

 

6(15.0) 

 

12(34.3) 

 

2.88(1.09-7.60)* 

RR-relative risk, 95% CI- 95% confidence intervals, aHIV-negative was the reference group, *p<0.05, All models adjusted for initial 

biomarker concentration, maternal age and body mass index as continuous variables, hs-CRP-high sensitivity reactive protein, IL-2-interleukine-2, 

IL-6-interleukine-6, TNFa-tumor necrosis factor-alpha 

Cardiovascular risk profile and HIV serostatus stratified by preeclampsia onset 

Among women who developed late-onset preeclampsia, the percentage of participants with 

adverse cardiovascular risk profiles was more for those living with HIV on ART than the HIV-

negative. However, statistical significance was not retained among the women with early-onset 

preeclampsia. Women with late onset preeclampsia Living with HIV (aRR=2.56, 95% CI: 1.10-

5.95) were more likely to have the most adverse cardiovascular profiles (hypertensive with 

elevated hs-CRP) compared to the HIV negative counterparts (Table 11).  
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Table 11. Multivariable model for prediction of various cardiovascular risk profiles stratified by onset of 

preeclampsia, n=75 

Cardiovascular 

profile 

Early onset Preeclampsia Late-onset Preeclampsia 

 HIV 

negative 

n=20(%) 

HIV 

positive 

n=13(%) 

aRRa (95% CI) HIV negative, 

n=20(%) 

HIV 

positive, 

n=22 (%) 

aRRa (95% CI) 

Hs-CRP>3mg/l 10 (50.0) 9 (69.2) 1.55 (0.84-2.83) 13 (65.0) 13 (59.1) 0.97 (0.58-1.62) 

Cystatin 

C>97.2mg/l 

6 (30.0) 6 (46.2) 1.65 (0.65-4.19) 2 (10.0) 3 (13.6) 1.14 (0.18-7.12) 

IL-2>0.64pg/ml 2 (10.0) 1 (7.7) 1.78 (0.10-32.7) 2 (10.0) 5 (22.7) 2.11 (0.42-10.5) 

IL-6>10pg/ml 4( 20.0) 1 (7.7) 0.39 (0.04-4.41) 6 (30.0) 7 (31.8) 1.15 (0.41-3.20) 

TNFa>16pg/ml 3 (15.0) 1 (7.7) 0.52 (0.08-3.53) 7 (35.0) 7 (31.8) 1.04 (0.34-3.20) 

Hypertensive 

with  elevated hs-

CRP 

3 (15.0) 3 (23.1) 2.06 (0.44-9.75) 3 (15.0) 

 

9 (40.9) 2.56 (1.10-

5.95)* 

RR-relative risk, 95% CI- 95% confidence intervals, aHIV-negative was the reference group, *p<0.05, All models adjusted for 

initial biomarker concentration, maternal age and body mass index as continuous variables, hs-CRP-high sensitivity reactive 
protein, IL-2-interleukine-2, IL-6-interleukine-6, TNFa-tumor necrosis factor-alpha 

 

Discussion 

We assessed the cardiovascular risk biomarkers among postpartum women previously diagnosed 

with preeclampsia. We found that at six weeks postpartum, HIV-positive women on ART 

recovering from preeclampsia had elevated blood pressure and hs-CRP, marker of inflammation 

and future cardiovascular risk. HIV with ART use was associated with a 2.88-fold increase in the 

risk of presenting with an adverse cardiovascular profile compared to HIV-negative participants. 

When stratified by preeclampsia onset, statistical significance was only retained in the late-onset 

group. However, we did not observe IL-2, IL-6, TNFa, and cystatin C differences by HIV status; 

the comprehensive risk of moderate adverse cardiovascular profile at six weeks postpartum was 

similar regardless of HIV-serostatus.  

Consistent with the extant literature [206, 207], we found that more women with 

hypertension and elevated hs-CRP at six weeks postpartum were living with HIV. High levels of 

pro-inflammatory biomarkers and immune activation are linked to having HIV and are known to 

contribute to endothelial dysfunction and subsequent hypertension [208]. This study found that 

HIV was associated with an increased risk of the most adverse cardiovascular profile 

(hypertension with elevated hs-CRP), further supporting the pro-inflammation hypothesis. In 

addition, certain ART agents (e.g., protease inhibitors) may have metabolic side effects that 
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could lead to elevated blood pressure [209]. As all patients in our study were on ART, 

determining the relative contribution of treatment regimens is impossible, but this would be 

important in future studies. 

Our findings on elevated hs-CRP levels indicate increased inflammation, which is 

recognized as a contributing factor to hypertension and future cardiovascular risk [210]. 

Furthermore, the finding on higher blood pressure with elevated hs-CRP could be suggestive of 

future cardiovascular diseases in the HIV population post-pregnancy complicated by 

preeclampsia. Most participants in the present study had hs-CRP 3mg/l or above, suggesting 

chronic rather than acute inflammation as the most probable pathway to hypertension in this 

population. 

The similarities in the overall concentrations of cystatin C, IL-2, IL-6 and TNFa between 

women living with and without HIV may suggest that other mechanisms of endothelial 

dysfunction could be contributing to high rates of hypertension in our cohort [211]. Studies from 

high-income countries showed an association between IL-6 and TNFa and endothelial 

dysfunction in individuals with HIV [212]. This may also suggest that the association between 

HIV and preeclampsia may not always be through the pro-inflammatory biomarkers.  

While HIV itself has been associated with chronic inflammation [213], the lack of 

substantial variation in the assessed biomarkers of inflammation suggests that several factors, 

such as socioeconomic or genetic factors [214], may play a prominent role in women recovering 

from preeclampsia in our cohort. Additionally, there are other chronic infections that may be 

contributing to the changes in interleukin 2 interleukin 6 and TNF alpha other than HIV. 

Understanding the multifaceted nature of endothelial dysfunction in women recovering from 

preeclampsia is crucial for developing effective preventive and therapeutic strategies tailored to 

the unique challenges and factors at play.  

In this study, the percentage of women with adverse cardiovascular profiles was high. 

The within-group difference was only seen in the women presenting with late-onset than early-

onset preeclampsia. This could at least be partially explained by the placental pathophysiological 

condition during preeclampsia which is mainly seen in later stages of pregnancy [215]. Placenta 
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hypoxia induces the release of IL-6 and TNF-α that stimulate the release of hs-CRP, leading to 

endothelial dysfunction and hypertension [216].  

Sustained injury to the endothelium during pregnancy may not resolve entirely even after 

delivery, and HIV could potentially worsen this. Testing biomarkers such as hs-CRP early 

postpartum could help in risk identification and stratification of future cardiovascular diseases 

and potentially improve outcomes in those living with HIV who are at a greater risk of 

cardiovascular diseases. Biomarkers of inflammation are useful in predicting future 

cardiovascular risk, and most risk score algorithms have incorporated them in high-income 

countries [15].   

Clinical Implications 

Understanding vascular biomarkers is important in patient risk stratification, particularly among 

intermediate cardiovascular-risk women, where it is unclear whether to initiate primary 

preventive therapy [202]. Additionally, this creates an opportunity for targeted interventions such 

as lifestyle modification (Diet, exercise, smoking cessation, moderation of alcohol), 

pharmacological interventions such as Statins and Aspirin, and nutritional supplementation 

(ginger, green tea and Vitamins C,D,E).  

Strengths and limitations 

This study is among the first to study associations between HIV and biomarkers (hs-CRP, IL-2, 

IL-6, cystatin C and TNFa) in postpartum women recovering from preeclampsia. However, there 

are some limitations. This study enrolled women from two urban hospitals in Lusaka, Zambia, 

and therefore, findings may not be generalized to other settings. Additionally, although the 

sample size was in line with prior findings in the medical literature [182, 187], the wide 

confidence intervals  indicate that future studies with larger sample sizes may be needed. 

Furthermore, for reasons of cost, this study used case-control subsampling when population-

based sampling may be more representative.  

Conclusion  

Women living with HIV on treatment had higher blood pressure and concentrations of postpartum 

hs-CRP, a marker of inflammation and risk of future cardiovascular diseases. Additionally, women 
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living with HIV were twice as likely to have the most adverse cardiovascular risk profile than HIV-

negative women. However, we did not observe differences in IL-2, IL-6, TNFa, and cystatin C by 

HIV status. There is potential for hs-CRP in risk stratification and identification for future 

hypertension. Given the high morbidity and mortality from cardiovascular diseases globally, future 

studies are warranted to identify accurate methods of cardiovascular disease screening to decrease 

preventable deaths from hypertension among women of childbearing age. 
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Chapter 7: Discussion  

7.1. Introduction 

This chapter presents the synthesis of major PhD findings in light of research, policy and practice. The 

primary research was guided by the findings from the systematic review that demonstrated a dearth of 

data in Africa but a high prevalence of persistent hypertension. Furthermore, in Africa there is a high 

prevalence of HIV and it is relevant to understand the differences that HIV will have on persistent 

hypertension. In this section, I first begin by summarising the main results from the three studies (Table 

12). After that, I present the emerging research themes from the studies. Additionally, I highlight how 

the findings can inform one of the global targets (SDG target 3.4) to reduce hypertension prevalence by 

33% between 2010 and 2030.  

Furthermore, I explore the link between HIV and persistent hypertension after preeclampsia. I 

then comment on the potential role of vascular biomarkers in the clinical setting to assist in the 

identification and risk stratification for future cardiovascular diseases as early as six weeks postpartum.   

I further discuss the global agenda on hypertension prevention, early detection and management 

and the way forward for postpartum care of women after preeclampsia. Additionally, I comment on the 

conceptual frameworks' usefulness and methodological considerations, including strengths and 

limitations. The chapter ends with some implications for future research, public policy and practice. 
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7.2. Summary of major findings of the PhD thesis 

Table 12 Summary of PhD findings based on each objective of the research 

Chapter  Aim Major findings 

 

3 To synthesize available 

evidence on the persistent 

hypertension prevalence 

following a pregnancy 

complicated by hypertensive 

disorders in LMICs. 

 

 

Rates of persistent hypertension appeared high (6.9% - 

62.2%) in most settings, suggesting that more needs to be 

done to improve cardiovascular health after pregnancy.   

 

The prevalence differed by region, type of hypertensive 

disorder and timing of hypertension measurement—but 

remained high throughout 

4 To examine the combined 

effect of HIV and 

antiretroviral therapy on 

persistent hypertension six 

months after giving birth. 

At six months, 16.9% of participants had persistent 

hypertension, with no measurable difference between 

Women with and without HIV on ART (18.2% vs 16.3%, 

p=0.79)  

 

The odds of persistent hypertension in the six months after 

giving birth were 1.68-fold higher for HIV on ART than 

HIV-negative women. 

 

5 To describe the levels of 

cardiovascular risk 

biomarkers at six weeks 

postpartum among 

preeclamptic women with 

and without HIV.  

 

To investigate the combined 

effect of HIV and 

antiretroviral therapy (ART) 

on biomarker levels  

 

When compared to those without HIV, women living with 

HIV on ART had elevated hs-CRP, a marker of 

inflammation and future cardiovascular risk.  

Cystatin C, IL-2, IL-6 and TNFa were similar between 

women living with and without HIV on ART.  

 

HIV on ART was associated with 2.88-fold increased risk of 

presenting with an adverse cardiovascular profile 

(hypertension with elevated hs-CRP) compared to HIV-

negative participants  
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7.3 Emerging themes from the study findings 

Based on the consolidated findings of this PhD, the following were emerging themes: (a) Prevalence of 

persistent hypertension in LMICs, (b) Cardiovascular risk biomarker (hs-CRP) among postpartum 

women living with HIV, (c) Persistent hypertension six months after a preeclamptic pregnancy and (d) 

HIV on treatment and persistent hypertension postpartum. Overall, novel findings from the emerging 

themes are: (a) confirms that pHTN is high in LMICs, (b) confirms the possible role of hs-CRP in CVD 

risk stratification for the HIV population with comorbid preeclampsia and (d) confirms that HIV on 

treatment is associated with pHTN post pregnancies complicated by preeclampsia.  

 

7.3.1 Prevalence of persistent hypertension in the LMICs 

While hypertension prevalence is well-characterized in the general population [217-219], there are gaps 

in postpartum groups in LMICs. The systematic review in chapter four found that a high proportion of 

women in LMICs have persistent hypertension, which is linked to unresolved effects of preeclampsia 

after giving birth [220]. In the general population, one in five women globally suffers from 

hypertension. The African region has the highest prevalence of hypertension in women at 27%. 

Therefore, the findings from the systematic review showed a worrying trend in women post pregnancies 

affected by hypertensive disorders. 

The estimates of persistent hypertension in LMICs were high, ranging from 6.9% to 62.2% in the 

first 12 months following delivery. This is more pronounced than high-income countries, regardless of 

source population and timing of hypertension measurement. For instance, rates of persistent 

hypertension around the time of pregnancy in the United Kingdom, USA, and Japan are 13%, 19% and 

17%  respectively [183, 185] [48]. The differences in socio-demographics [221], obstetric factors [222], 

and postpartum care continuum in LMICs [223, 224] could account for the disparities. In LMICs, most 

women present to health facilities with advanced disease states because of inattentive healthcare services 
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[72, 73]. Additionally, genetic differences between people of colour and other populations [74], 

healthcare services and socioeconomic status could be contributing to the disparities [75].  

Therefore, in LMICs with the highest global burden of cardiovascular diseases, more needs to be 

done to achieve the current global targets to reduce hypertension in women of childbearing age post-

pregnancies complicated by hypertensive disorders.  

 

7.3.2 Cardiovascular risk biomarkers and HIV serostatus 

Preeclampsia is characterised by a pro-inflammatory response [225] which is exacerbated by HIV 

infection and ART use [226]. Chapter six showed that women living with HIV had higher hs-CRP levels 

at six weeks postpartum, an indicator of inflammation and future risk of cardiovascular diseases. 

However, we did not observe IL-2, IL-6, TNFa, and cystatin C differences by HIV status; the 

comprehensive risk of adverse cardiovascular profile at six weeks was similar in the two groups. 

This was consistent with the results in chapter six where we noted that HIV-infected participants 

on ART were 2.88 times as likely to present with the most adverse cardiovascular profile (hypertension 

with elevated hs-CRP), compared to HIV-negative women, further supporting the pro-inflammation 

hypothesis. Additionally, certain ART agents such as protease inhibitors are known to have metabolic 

side effects associated with high blood pressure [209]. Since all participants in this study were on ART, 

assessing the relative contribution of treatment regimens is impossible, but this would be important in 

future studies. 

Studies from high-income countries showed links between IL-6, TNFa and endothelial 

dysfunction leading to hypertension [212]. The similarities in the overall concentrations of cystatin C, 

IL-2, IL-6 and TNFa between women living with and without HIV may suggest that other mechanisms 

of endothelial dysfunction could be contributing to high rates of hypertension for our cohort [211]. This 

also points to the fact that inflammation is complex and a combination of more than one biomarker may 

better predict endothelial dysfunction which is consistent with previous findings from similar studies 

[227].  
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7.3.3 Hypertension six months postpartum 

Chapter five study results showed that 16.9% of women in the cohort had persistent hypertension six 

months post-delivery. Studies have reported different follow-up times postpartum with varied 

prevalence estimates [44, 46, 186, 228, 229].  The prevalence in our cohort at six months was higher 

than reported Cameroon (14.8%) [181], but was below that reported in Kenya (44.4%)[182] and Nigeria 

(62.2%) [161]. The prevalence in developed countries is around 10% to 20%. Some reported estimates 

are: United Kingdom, 13% [183], USA, 19% [48], Switzerland, 20.3% [183], France 10.8% [184] and 

Japan 17% [185]. The differences in source population, guidelines on hypertension management and 

settings could mostly account for the differences across different regions [69].   

Several factors associated with hypertension changes during the six-month follow-up were 

identified in chapter five. The factors associated with persistent hypertension were parity, severity of 

preeclampsia and probable anxiety and depression. These findings are inline similar studies previous 

studies from LMICs and high-income countries [186, 187]. The identified factors could be useful as 

points of intervention to increase the efficiency of the prevention and control programs for hypertension 

post-pregnancy complicated by hypertensive disorders. 

 

7.3.4. HIV/ART and persistent hypertension postpartum 

Chapter five showed that the preeclamptic women comorbid HIV were 1.68 times as likely to present 

with pHTN after preeclampsia than HIV-negative women with preeclampsia. Few studies have assessed 

the effects of HIV and treatment among women recovering from preeclampsia postpartum and beyond 

[46, 48, 161]. Those that did, such as the study by Olagbuji and colleagues [42] and Nakimuli and 

colleagues [46] in Uganda, found higher prevalence among postpartum women but included small 

numbers of HIV-positive women.  

It is plausible that HIV-infection could have a synergistic effect with preeclampsia, which can 

worsen the outcomes after giving birth and beyond. The pathways linking HIV and persistent 

hypertension remain unclear, but a state of continued inflammation, which has previously been linked to 
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persistent hypertension in the general population, is plausible [48]. The theory of inflammation was 

supported in chapter six, where we noted higher levels of hs-CRP among the HIV-positive group. The 

high levels of hs-CRP, marker of inflammation and future cardiovascular risk, were reflected in the 

higher risk of persistent hypertension we noted in a longitudinal follow-up of the HIV-positive group.  

 

7.4 The conceptual framework  

The conceptual framework (Figure 9) for this PhD work was guided by the hypothesis and reported links 

from the extant literature between HIV and persistent hypertension. Additionally, the systematic review 

confirmed that pHTN was high in LMICs. Based on these evidence, pathways were proposed in the 

conceptual framework that were used to develop specific objectives and guide the hypothesis testing 

procedures. Furthermore, the framework was driven by the study's overall objective and the potential 

role vascular biomarkers could play in risk stratification and early detection of future cardiovascular 

disease risk.  

  

 

Figure 9. Conceptual framework of HIV and ART's effect on postpartum hypertension. Numbers are study objectives. 

Solid lines are the confirmed pathways. 
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The framework had three pathways to postpartum hypertension from which objectives were 

developed: (2a and 2b) sociodemographic, clinical and obstetric factors directly affecting postpartum 

hypertension. (3) HIV affects postpartum hypertension indirectly through its effect on vascular 

biomarkers, and (4) HIV affects postpartum hypertension directly. Chapter four showed persistent 

hypertension was high in LMICs, but there was little information on the factors that could be affecting 

this prevalence. Chapter six supported 2a, 2b and the fourth pathways; we noted that HIV on ART 

increased the odds of persistent postpartum hypertension after adjusting for potential confounders and 

highlighted the main factors influencing postpartum hypertension in this population. Chapter five with 

regards to the third pathway, showed that HIV-positive women on ART had elevated hs-CRP but no 

differences were observed for IL-2, Il-6, TNFa and cystatin C.  

 

7.5. Methodological considerations 

This section highlights some methodological considerations for the PhD thesis, focusing on the strengths 

and limitations as well as potential biases. 

 

7.5.1. Strengths of the study 

The main strength of this PhD work is synthesis of evidence around prevalence of persistent 

hypertension in LMICs, a critical public health problem in this region. The other strength is the 

assessment of the role of HIV and treatment in persistent hypertension in women previously diagnosed 

with preeclampsia, which until now has been poorly understood. This study further assessed whether 

vascular biomarkers would be useful for future cardiovascular risk identification and stratification for 

the HIV population recovering from preeclampsia. The biomarkers were assessed without prior 

knowledge of exposure or outcome status, and we analysed the samples in triplicate with standard 

curves calculated using a four-parameter logistic curve analysis, which is another strength. Finally, we 

assessed vascular biomarkers with potential clinical use in risk prediction in a higher HIV prevalence 

setting than similar studies. 
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7.5.2 Limitations of the study 

The major potential weakness of cohort studies arises from the sample population not truly representing 

the underlying source (selection bias) or data collection on exposure or ascertainment of outcome 

(information biases). This section discusses different ways this study's methods and analysis attempted 

to minimize these weaknesses. For selection bias, this study targeted HIV-positive women (from our 

previous work [172]  in the setting, where we noted the low prevalence of HIV-positive women with 

preeclampsia) and systematically enrolled HIV-negative equivalent numbers, thereby ensuring a high 

percentage in both groups. Additionally, we developed strategies to reduce loss to follow-up in both 

groups, such as home outreach visits for those unable to come to the hospital, transport and lunch 

reimbursements, and detailed study procedure explanations at enrollment. At the analysis stage, we 

compared the characteristics of dropouts with those who remained in the study and noted that selection 

bias was not an issue in this study. 

With exposure and outcomes clearly defined, we minimized information bias because all the 

participants were free of the outcome at enrollment and data collectors were blinded to the exposure 

groups at return visits. Furthermore, we used structured checklists and objective measures for data 

collection, which further minimised information bias.  

Another potential bias in cohort studies is confounding, whereby an exposure that is a risk factor 

of an outcome is also associated with an exposure of interest; for example, women with elevated 

inflammatory biomarkers are at a higher chance of hypertension but also BMI may be an important 

confounder of this association, being associated with elevated vascular biomarkers and hypertension. In 

our research, we controlled for confounding by first identifying potential confounders at the study design 

stage and collecting data about the confounders, which we used at the analysis stage in the multivariable 

analysis. 

Our study results are based on women aged 15-49 years who were recruited from two local 

hospitals in Lusaka, Zambia. Therefore, these study findings may not be generalized to other provinces 

of Zambia. Additionally, the excluded studies in the systematic review in Chapter Four that were done in 

languages other than English may have affected the prevalence estimates. Furthermore, the 
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socioeconomic status of the subjects and their different profiles was summarized into a wealth index 

which could have not accounted for important unmeasured socio economic status factors that future 

studies can include. 

 

7.6. Implications for future research and programs 

Persistent hypertension is high in LMICs which could worsen the burden of cardiovascular diseases in 

women of reproductive age. It will be important for future interventions to achieve a reduction in 

persistent hypertension and associated cardiovascular diseases. Existing interventions in high-income 

countries such as close monitoring and continued follow-up in the postpartum to assess cardiovascular 

risk have been effective in reducing persistent hypertension [230]. Nevertheless, most countries in 

LMICs have not adopted these interventions, therefore, it will be crucial for future studies to assess the 

feasibility and acceptability of these interventions in LMIC settings to address the high burden of 

persistent hypertension. Additionally, there is a need to develop strategies aimed at reducing 

hypertension through prevention and early identification at the community level, particularly in women 

of reproductive age, where hypertension programs remain neglected and under-prioritized [231]. This 

approach would ensure women are identified early from their communities and proper management is 

done to address the late presentation to healthcare facilities that is high in LMICs. These strategies 

should incorporate biomarkers of cardiovascular risk indicators as a tool in risk identification and 

stratification so that women at risk for future cardiovascular diseases can be accurately identified and 

treated early. 

Cardiovascular diseases take long to manifest and time may vary based on the individual risk 

[187], therefore, future studies should have a longer follow-up period to observe the changes in risk and 

how persistent hypertension resolves after a hypertensive pregnancy. Additionally, since women living 

with HIV are at a higher risk of persistent hypertension and current guidelines recommend lifelong ART 

for such women [232], future studies should examine the mechanism through which ART could be 

affecting persistent hypertension independent of HIV infection. This can be done by assessing the ART 

blood concentrations in the postpartum together with blood pressure monitoring. Compared to the 
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medication possession ratio, blood concentration of ART drugs provides the best measure of adherence 

and consequently could provide insight into the effect of ART on rates of postpartum hypertension 

[233]. 

 

7.7. Implications for policy and practice  

Early identification of hypertension improves outcomes in affected women and is of public health 

importance [234]. The following sub-sections highlight some implications on policy and practice from 

the global point of view and local perspective. 

 

7.7.1. Global policy on the prevalence of hypertension 

The declaration in 2011 by United Nations General Assembly for non-communicable disease control 

and prevention recognized that by incorporating evidence-based, population-wide, affordable, 

multisectoral interventions, the effects of non-communicable diseases can be largely prevented or 

reduced [235].  World Health Assembly approved monitoring framework with 9 targets to meet by 2025 

(Figure 10). The goal is to eliminate deaths directly attributable to hypertension, mostly in LMICs, by 

2030. The WHO contends that the long-term benefits can only be achieved through early identification 

of cardiovascular risk, thereby improving outcomes. This PhD work provides crucial information that is 

key to optimizing care for postpartum women and ultimately achieving SDG target 3.4.  
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Figure 10. Voluntary global targets for prevention and control of noncommunicable diseases (as of August 2023): source: WHO 

NCD Accountability Framework, including Global Monitoring Framework for NCD prevention and control (2021 update) in alignment with 

the extension of the NCD Global Action Plan to 2030 (10); b. Decision WHA75(11). 2022 (11); c. Global action plan for the prevention and 

control of noncommunicable diseases 2013–2020, 

  

For women with preeclampsia, postpartum care provides an opportunity to identify 

cardiovascular risks and treat hypertension early. International guidelines on postpartum care for women 

with preeclampsia now incorporate follow-up beyond one year based on risk assessment [37]. In most 

developed countries, women at three and six months postpartum are reviewed to assess blood pressure 

and for any laboratory abnormalities [37, 236, 237]. The PhD findings underscore the need for programs 

in LMICs to incorporate guidelines on calculating the lifetime cardiovascular risk scores and counselling 

for women with heightened risk after pregnancy. 
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This would ultimately save a lot of lives and improve the primary health care system. However, 

this requires commitment from national leaders to track the progress of the programs and implement 

strategies to prevent, accurately identify early and treat hypertension and prompt rechecking of those 

found with raised blood pressure. 

 

7.7.2 Hypertension prevention, early detection and effective management 

In its latest report to the United Nations General Assembly in September 2023 [159], WHO noted that 

early hypertension detection, prevention and management are among the most cost-effective 

interventions and encouraged member countries to prioritize this at a primary healthcare level [234]. In 

most LMICs, there are still challenges in the identification, and treatment of hypertension, mainly due to 

limited resources and inadequate human resources and infrastructure [219, 238].  

The results from chapters five and six highlight some factors linked to hypertension after a 

hypertensive pregnancy. This information is critical for the actual implementation of hypertension 

control strategies in LMICs which largely depends on cost considerations and the availability of 

resources. Additionally, prevention of hypertension requires a robust primary healthcare sector focused 

on community engagement, lifestyle modification, and low sodium intake among the population at risk 

[239]. Therefore, programs in LMICs should emphasize early screening and risk identification for 

women of childbearing age with a previous diagnosis of hypertensive disorders. The implementation of 

such programs in LMICs will reduce the burden of chronic hypertension and associated cardiovascular 

diseases.   

 

7.8. Way forward to improve postpartum care in Zambia and similar settings 

According to the WHO, the economic benefits of a well-functioning hypertension care program 

outweigh the costs to the country by about 18 to 1 [240]. As a member of the WHO, Zambia has 

committed to the global agenda of reducing hypertension by 2030 [19]. Early identification is one of the 

strategies WHO recommends that member countries implement to achieve the SDG target 3.4 by 2030 
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[241]. Identifying women with a greater chance of developing hypertension early would contribute to 

the overall achievement of the global target to reduce the prevalence of hypertension.  

This PhD work has identified one such population at the highest risk of a less-known persistent 

hypertension post-pregnancy complicated by hypertensive disorders. This implies that more needs to be 

done for the high number of young women presenting with hypertension to prevent challenges for 

general medical practitioners, obstetricians and specialist physicians in primary care facilities. 

Therefore, there is a need for strategies to address persistent hypertension, which may include guidelines 

and treatment protocols. Education is also critical to raising awareness for women to attend postpartum 

clinics. With good knowledge of chronic hypertension risk after preeclampsia, women will be 

empowered to make informed choices on lifestyle modification and good health-seeking behaviour.  
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Chapter 8: Conclusion 

This PhD work provides a critical contribution to the current evidence regarding postpartum 

hypertension in settings with a high HIV and non-communicable disease burden. The systematic review 

for this thesis found a consistently high prevalence of persistent hypertension across the LMICs, even if 

the estimates greatly varied by region and source population. The critical contribution of this PhD 

includes the characterization of persistent hypertension prevalence in LMICs where three-quarters of the 

global hypertension cases are found, which could inform future policy decisions and strategies to reduce 

hypertension. 

Furthermore, this PhD used a prospective cohort study design to examine postpartum 

hypertension and vascular biomarkers in the HIV population previously diagnosed with preeclampsia 

and at high risk of hypertension. With a clear definition of exposure and outcome status, this PhD 

showed that HIV/ART increased the odds of persistent hypertension six months following delivery. 

Strategies are needed for the HIV population to address this increased risk through routine monitoring 

and follow-up, incorporating lifestyle medication and treatment for women with chronic hypertension. 

Additionally, this PhD showed some vascular biomarkers were elevated among the women living with 

HIV, suggesting a high cardiovascular risk profile, which could be an indication of future risk of a first 

cardiovascular event in this population. Programs in Zambia and other similar LMICs should emphasize 

early screening, diagnosis, and treatment of hypertension to reduce CVDs in affected women. 
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Appendix 6: Supplementary Tables 

Table 1. Cross-tabulations: Baseline characteristics and loss to follow-up 

Variable  Not LTFU LTFU p-value 

 

Age in years, median (IQR) 31(28-33) 29(26-34) 0.227 

Marital status 

Unmarried 

 Married 

 

9(16.7) 

45(83.3) 

 

23(16.9) 

113(83.1) 

 

0.968 

Education 

None/Primary 

Secondary/Tertiary 

 

12(22.2) 

42(77.8) 

 

 

28(20.6) 

108(79.4) 

 

0.803 

Wealth index 

Poorest/poorer/middle 

Richer/richest 

 

28(58.3) 

20(41.7) 

 

 

74(60.7) 

48(39.3) 

 

0.781 

Onset of preeclampsia 

Early (<34 weeks) 

Late (≥34 weeks) 

 

24(44.4) 

30(55.6) 

 

69(50.7) 

67(49.3) 

 

0.434 

Severity of preeclampsia 

Severe  

Mild/Moderate 

 

5(9.3) 

49(90.7) 

 

8(5.9) 

127(94.1) 

 

0.413 

Adverse pregnancy outcomes 

Other 

Preterm birth/stillbirth 

 

40(74.1) 

14(25.9) 

 

92(68.7) 

42(31.3) 

 

0.462 

Parity median(IQR) 1(1-3) 2(1-3) 0.081 

LTFU- Loss to follow up, IQR- interquartile range, p-values from Pearson Chi-square test 

 

Table 2. Multivariable models for the predictors of blood pressure levels 

Variable Systolic blood pressure,  mmHg Diastolic blood pressure, mm/Hg 

 

 Adjusted_β 

Coefficient (95% 

CI) 

p-value Adjusted_β 

Coefficient (95% 

CI)  

p-value 

HIV serostatus 

Negative 

positive 

 

Ref  

4.04 (0.90, 7.18) 

 

 

0.012 

 

Ref 

2.79 (0.48, 5.10) 

 

 

0.018 

Age 

years

  

< 30 

 

Ref 

0.15(-3.04, 3.34) 

0.63(-7.78, 9.04) 

 

 

0.926 

0.883 

 

 

-0.46(-2.79, 1.88) 

-7.53(-13.81, -1.23) 

 

 

0.701 

0.019 
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30-39 

40 or more 

Depression and anxiety 

No 

yes 

 

Ref 

3.42(0.39, 6.46) 

 

 

0.027 

 

 

1.85(-0.23, 3.94) 

 

 

0.083 

Severity of Preeclampsia 

Severe 

 Mild/Moderate 

 

Ref 

-1.54(-7.34, 4.26) 

 

 

0.602 

 

Ref 

-6.84(-11.07, -2.62) 

 

 

0.001 

Parity  0.70(-0.37, 1.78) 0.201 0.79(0.01, 1.57) 0.047 

Food insecurity score -0.05(-0.91, 0.80) 0.900 0.45(-0.14, 1.06) 0.134 

Body mass index kg/m^2 0.35(0.07, 0.64) 0.015 0.35(0.15, 0.56) 0.001 

Time since delivery (months) -5.14(-5.71, -4.55) <0.001 -1.56(-2.03, -1.10) <0.001 
Abbrev: β-regression coefficient, 95% CI- 95% confidence intervals, the models were fitted with systolic and diastolic blood 

pressure as continuous outcomes. We used the GEE model with unstructured correlation and identify link function. Boldface indicates 
statistical significance at p<0.05 

 

 

Table 3 Interaction between HIV/ART and time since delivery 

Variable Crude odds ratio 

(95% CI) 

p-value Adjusted odds ratioa 

(95% CI) 

p-value 

HIV serostatus 

Negative 

positive 

 

Ref  

1.71 (0.94- 3.09) 

 

 

0.078 

 

Ref 

2.02 (1.08-3.81) 

 

 

0.029 

Time since delivery (months) (0.48 0.42-0.55)  0.53 (0.46-0.61) <0.001 

HIV#time since delivery 

Negative 

positive 

 

Ref 

1.01(0.79-1.27) 

 

 

0.985 

 

Ref 

0.92(0.72-1.16) 

 

 

0.466 
In the crude model we included only HIV and time since delivery. In the adjusted model: adjustment variables (body mass index, 

age, anxiety&depression, parity, food insecurity score, severity of preeclampsia), Boldface indicates statistical significance at p<0.05 
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