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Abstract
Hypertensive disorders of pregnancy (HDP) remain a major contributor to maternal and perinatal morbidity and mortality in low- and middle-income countries (LMICs). While clinical risk factors are well-described, non-biological determinants including environmental, psychosocial, and health-system factors play a critical but underexplored role. This systematic review synthesizes evidence on these determinants, with particular focus on Kano State Northern Nigeria and sub-Saharan Africa. A systematic review was conducted following PRISMA 2020 guidelines. Key electronic databases were searched, including PubMed, Scopus, and Web of Science, along with grey literature sources such as WHO, ACOG, and the Nigerian Federal Ministry of Health, for studies published between 2000 and 2025. Observational and mixed-methods studies reporting on hypertensive disorders of pregnancy (HDP) and non-biological determinants in low- and middle-income countries (LMICs) were included. Data on study characteristics, HDP prevalence, maternal and neonatal outcomes, and environmental, psychosocial, and health-system exposures were extracted. Study quality was assessed using standardized checklists appropriate for observational studies, and findings were synthesized narratively and, where feasible, quantitatively. Forty-eight studies involving over 138 women met the inclusion criteria. In Nigeria, HDP prevalence ranged from 6% to 17%, with preeclampsia at 4–8% and eclampsia at 1–2%. Key non-biological determinants included psychosocial stressors (chronic stress, domestic violence, low social support), socioeconomic disadvantage (low education, poverty), environmental exposures (ambient heat, household air pollution), and health-system constraints (limited antenatal care, delayed booking, inadequate monitoring, insufficient referral systems). These factors were linked to delayed diagnosis, severe maternal complications (eclampsia, HELLP syndrome, renal impairment). This study highlights a critical and underexplored dimension of hypertensive disorders of pregnancy (HDP) by examining non-biological determinants in low- and middle-income countries (LMICs). By synthesizing evidence on psychosocial, environmental, and health-system factors, it broadens the understanding of HDP beyond traditional clinical risk factors. The focus on Kano State Northern Nigeria and sub-Saharan Africa provides context-specific insights for regions with high maternal morbidity and mortality. These findings are valuable for researchers, clinicians, and policymakers, informing the design of targeted interventions, the strengthening of antenatal care services, and the implementation of community-based strategies. Ultimately, this work contributes to improving maternal and neonatal health outcomes and advancing Sustainable Development Goal 3 by 2030.
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Introduction
Hypertension is a major global health challenge, affecting approximately 1.28 billion adults aged 30–79 years, with two-thirds residing in low- and middle-income countries (LMICs). The World Health Organization African Region has the highest prevalence at 27.0% [1]. Hypertension contributes to stroke, myocardial infarction, heart failure, kidney damage, and other complications, and nearly half of affected individuals remain undiagnosed. Hypertensive disorders of pregnancy (HDP) complicate 5.2–8.2% of pregnancies worldwide and are responsible for 10–15% of maternal deaths annually, predominantly in LMICs [2, 3]. In Africa, HDP prevalence ranges from 5–15%, with preeclampsia and eclampsia more common in sub-Saharan Africa than in other regions [4]. In 2021, approximately 13,000 new global cases were reported, with 62.0% of disability-adjusted life years (DALYs) occurring in sub-Saharan Africa [5]. Sub-Saharan Africa is also experiencing a growing burden of chronic non-communicable diseases, including HDP, cardiovascular diseases, diabetes mellitus, and cancer, with prevalence increasing substantially over the past two decades [6].
Non-biological determinants including psychosocial, environmental, and health-system factors play a critical role in HDP risk. Psychosocial stressors, such as exposure to violence and cumulative lifetime stress, have been associated with higher odds of HDP [7, 8]. Environmental exposures, particularly prenatal fine particulate matter (PM₂.₅), may exacerbate HDP through systemic inflammation and endothelial dysfunction [9]. In LMICs, structural barriers such as limited access to quality antenatal care, shortages of trained personnel, and socioeconomic deprivation further increase HDP risk and delay timely intervention [10, 11, 12]. Effective prevention and management of HDP require a multifaceted approach addressing modifiable risk factors and health-system challenges. Coordinated interventions including early detection, timely clinical management, and strengthened antenatal care can reduce both the prevalence and adverse outcomes of HDP [13]. These factors interact with traditional clinical and lifestyle risks, including advanced maternal age, primiparity, obesity, and chronic hypertension, highlighting the multifactorial nature of HDP [7, 14].
Despite the substantial burden of hypertensive disorders of pregnancy (HDP) in Northern Nigeria, existing research remains largely fragmented, hospital-based, and often fails to capture contemporary epidemiological trends in Kano State. This study addresses this critical knowledge gap by providing the first comprehensive systematic review and meta-analysis specifically focused on the Northwest region over the past 25 years. By integrating diverse data sources, including often-overlooked grey literature, the review offers a robust, evidence-based perspective on regional prevalence, risk factors, and maternal and perinatal outcomes. In Northern Nigeria, particularly Kano State, maternal health challenges are further compounded by suboptimal antenatal care utilization, socioeconomic disparities, and limited health-system capacity. Local studies have documented both clinical manifestations of pregnancy-induced hypertension and non-biological determinants, including psychosocial stress, high dietary salt intake, and obesity [14, 15]. Despite growing recognition of these factors, no comprehensive synthesis exists on environmental, psychosocial, and health-system determinants of HDP in low- and middle-income countries. This systematic review therefore consolidates available evidence on these determinants, providing critical insights to inform research, policy, clinical practice, and context-appropriate interventions aimed at reducing maternal and perinatal morbidity and mortality.
Methodology
Study Design
A systematic review was conducted to synthesize evidence on non-biological determinants of hypertensive disorders of pregnancy (HDP) in low- and middle-income countries (LMICs), with particular focus on environmental, psychosocial, and health-system factors. The review followed the PRISMA 2020 guidelines for systematic reviews and meta-analyses [16].  Eligible studies were published in English between 2000 and 2025 and included pregnant populations from LMICs, with emphasis on evidence from sub-Saharan Africa and, where available, Kano State or the Northwest region of Nigeria. Studies were included if they reported on HDP outcomes and assessed environmental exposures, psychosocial stressors, or health-system determinants. Non-empirical reports, studies with unclear HDP diagnostic criteria, or those lacking extractable data were excluded.
Eligibility Criteria
	Component
	Inclusion Criteria
	Exclusion Criteria

	Population
	Pregnant women residing in low- and middle-income countries (LMICs) with diagnosed hypertensive disorders of pregnancy
	    Non-pregnant populations or women without HDP

	Exposure
	- Environmental: heat exposure, air pollution, household fuel use
- Psychosocial: stress, social support, economic hardship
- Health-system: access to antenatal care, quality of services, referral systems
	Exposures not related to HDP or non-relevant environmental/psychosocial/system factors

	Outcome
	Occurrence and progression of hypertensive disorders: gestational hypertension, preeclampsia, eclampsia
	Studies not reporting HDP outcomes

	Study Design
	Observational studies: cross-sectional, case control, cohort; mixed-methods studies with quantitative associations
	Reviews, case reports, editorials, commentaries, non-primary research

	Language & Timeframe
	Published in English between 2000–2025
	Non-English publications or outside the specified timeframe



Data Sources and Search Strategy 
A comprehensive literature search was conducted across multiple electronic databases, including PubMed, Scopus, Web of Science, ResearchGate, Academia.edu, and Google Scholar, supplemented with grey literature from government reports, WHO publications, ACOG guidelines, and Nigerian Federal Ministry of Health documents. The search period spanned January 1, 2025, to July 31, 2025, with the final search conducted on September 1, 2025.
The PubMed search strategy combined controlled vocabulary (MeSH) and free-text terms related to hypertensive disorders in pregnancy and non-biological determinants: "hypertensive disorders of pregnancy" OR "preeclampsia" OR "eclampsia" OR "gestational hypertension" OR "chronic hypertension in pregnancy" AND "psychosocial factors" OR "stress" OR "violence" OR "environmental exposure" OR "air pollution" OR "health-system factors" OR "access to care" OR "antenatal care" AND "low- and middle-income countries" OR "sub-Saharan Africa" OR "Nigeria" OR "Kano State" OR "Northern Nigeria." Search strategies were adapted for each database, with manual reference checking of eligible studies and direct author contact to obtain missing or unclear data. 
Grey literature, including theses, conference abstracts, and institutional reports, was included when methodological quality was sufficient. This search approach followed PRISMA 2020 guidelines [17], Cochrane Handbook methods [18], WHO guidance on maternal health research [19], ACOG Practice Bulletins [20], and Nigerian national maternal health guidelines [21].
Study Selection
Records were imported into EndNote 21 for deduplication. Titles and abstracts were screened independently by six reviewers, followed by full-text assessment. Disagreements were resolved through discussion, consistent with PRISMA 2020 and Cochrane recommendations [17, 18].

Data Extraction
Data were extracted using a standardized Microsoft Excel (2021) data extraction form. Extracted information included study characteristics authors, year of publication, country or region, study design, sample size, and study population), diagnostic criteria for hypertensive disorders of pregnancy (HDP), reported prevalence where applicable, maternal and neonatal outcomes, and non-biological determinants of HDP.
Non-biological determinants were categorized as psychosocial factors (e.g., stress, exposure to violence), environmental factors (e.g., air pollution, ambient temperature), and health-system factors (e.g., antenatal care utilization, access to health services, socioeconomic status, and educational level). Additional data captured included study location, exposures assessed, outcome definitions, effect estimates (e.g., odds ratios [ORs], relative risks [RRs]), and key findings relevant to non-biological determinants of HDP.
Where multiple publications reported overlapping data from the same study population, the most comprehensive and recent report was retained for analysis. Data extraction procedures followed guidance from the Cochrane Handbook for Systematic Reviews of Interventions and adhered to PRISMA 2020 recommendations [17, 18].
Outcome Measures
The primary outcomes of this systematic review were the associations between non-biological determinants specifically environmental, psychosocial, and health-system factors and the occurrence of hypertensive disorders of pregnancy (HDP) in low- and middle-income countries (LMICs). Where reported, overall HDP prevalence and subtype-specific prevalence (including gestational hypertension, preeclampsia, eclampsia, and chronic hypertension in pregnancy) were extracted to provide contextual epidemiological estimates across LMIC settings.
Secondary outcomes included adverse maternal outcomes (maternal mortality, eclampsia, HELLP syndrome, renal complications, caesarean delivery, and prolonged hospital stay) and adverse neonatal outcomes (preterm birth, low birthweight, fetal growth restriction, stillbirth, and perinatal mortality) associated with non-biological determinants of HDP. Effect measures for associations between exposures and outcomes such as odds ratios (ORs), relative risks (RRs), or hazard ratios (HRs) were extracted where available.
Prevalence estimates were reported as percentages with corresponding 95% confidence intervals (CIs) when provided. Risk factors and determinants were synthesized narratively and, where feasible, quantitatively to describe patterns and strength of associations across diverse LMIC contexts.
Quality Assessment and Risk of Bias
The methodological quality and risk of bias of included studies were independently assessed using validated appraisal tools appropriate to study design. Cohort and case control studies were evaluated using the Newcastle Ottawa Scale (NOS), while cross-sectional studies were appraised using the Joanna Briggs Institute (JBI) critical appraisal checklists.
Four reviewers independently conducted the risk-of-bias assessment. Any discrepancies were resolved through discussion and, where necessary, consultation with a fifth reviewer. Based on appraisal scores, studies were categorized as having low, moderate, or high risk of bias.
To evaluate the robustness of the findings, sensitivity analyses were planned by excluding studies judged to be at high risk of bias. This approach was employed to assess the influence of study quality on the overall conclusions regarding non-biological determinants of hypertensive disorders of pregnancy in low- and middle-income countries.
Data Synthesis and Statistical Analysis
Given the substantial heterogeneity in study designs, populations, exposure definitions, diagnostic criteria for hypertensive disorders of pregnancy (HDP), and reported outcomes, a mixed synthesis approach was adopted. Where methodological and clinical homogeneity permitted, quantitative meta-analyses were conducted to generate pooled prevalence estimates using random-effects models, accounting for between-study variability.
For outcomes and determinants where meta-analysis was not appropriate, findings were synthesized narratively. Narrative synthesis focused on identifying patterns and consistencies across studies, with results organized by category of non-biological determinants, including psychosocial, environmental, and health-system factors. Prevalence ranges, direction and magnitude of associations, and contextual influences were summarized in textual formats.
Statistical heterogeneity was assessed using the I² statistic and Cochran’s Q test for pooled analyses. Sensitivity analyses were performed by excluding studies at high risk of bias to examine the robustness of pooled estimates. Due to the limited number of studies within specific determinant categories, formal assessment of publication bias (e.g., funnel plots or Egger’s test) was not undertaken. This integrated synthesis approach enabled comprehensive evaluation of non-biological determinants of HDP in low- and middle-income countries while appropriately addressing methodological diversity across included studies.
Ethical Considerations
No primary human data were collected; therefore, ethical approval was not required. All sources were appropriately cited.
	
Results
Study Selection and Characteristics
The literature search identified 650 records, of which 525 remained after deduplication. Following title and abstract screening, 138 full-text articles were assessed for eligibility, and 48 studies met the inclusion criteria and were included in the final synthesis. Included studies comprised cross-sectional designs (62.5%), retrospective cohort studies (25.0%), and case control studies (12.5%), collectively involving over 45,000 pregnant women, with mean maternal ages ranging from 24 to 33 years. Most studies applied standardized diagnostic criteria for hypertensive disorders of pregnancy (HDP) based on American College of Obstetricians and Gynecologists [19] or [21] guidelines.
Prevalence of Hypertensive Disorders of Pregnancy
 Hypertensive disorders of pregnancy (HDP) are a significant cause of maternal and perinatal morbidity and mortality worldwide. This study aims to use the Global Burden of Disease 2021 database to analyze the prevalence trends and disease burden of HDP across the globe from 2019 to 2021. [22]. Across Africa, prevalence estimates ranged from 5% to 15%, with higher burdens reported in sub-Saharan Africa [23].
In Nigeria, HDP prevalence varied substantially by region, ranging from 6% to 17%, with the highest rates consistently reported in the Northwest geopolitical zone. Gestational hypertension prevalence among primigravid women ranged from 6% to 17%, with the highest estimate reported in Katsina State [24, 10]. In Usmanu Danfodiyo University Teaching Hospital (UDUTH), Sokoto, the overall prevalence of HDP was 17.0%, including 6.0% preeclampsia .[25]. Subtype-specific prevalence across northern Nigeria and comparable settings showed preeclampsia rates of 4–8%, gestational hypertension 3–5%, chronic hypertension 2–3%, and eclampsia 1–2% [26]. Maternal complications included eclampsia, HELLP syndrome, renal impairment, and prolonged hospitalization, while neonatal complications included preterm birth (12–25%), low birthweight (10–22%), and perinatal mortality reaching up to 15.0% [27]. National meta-analytic evidence further supports these findings, with pooled prevalence estimates of preeclampsia at 4.51% (95% CI: 3.82–5.29) and eclampsia at 1.39% (95% CI: 1.02–1.84) among pregnant women in Nigeria, accompanied by substantial heterogeneity across regions and care settings (PMC).
Non-Biological Determinants of HDP
Non-biological factors such as socioeconomic and lifestyle factors, including education, association between hypertensive disorders of pregnancy and dementia [28]. Across included studies, HDP risk was consistently associated with advanced maternal age (≥35 years), primiparity, low educational attainment, low socioeconomic status, inadequate antenatal care utilization, and family history of hypertension [29].
Environmental Determinants
Only a limited number of studies directly examined environmental exposures in LMIC contexts. Available evidence suggests that ambient heat exposure, household air pollution, and poor housing conditions may plausibly increase the risk of hypertensive complications during pregnancy through mechanisms involving dehydration, oxidative stress, and endothelial dysfunction. However, the scarcity of high-quality epidemiological studies highlights a significant research gap in this domain [9]. Physical environmental stressors, including poor living conditions and unsafe water sources, are associated with increased incidence of pregnancy-related hypertension [30].
Psychosocial Determinants
Psychosocial factors including chronic stress, limited social support, domestic violence, and socioeconomic deprivation were reported primarily in qualitative and mixed-methods studies as contributors to delayed care-seeking, poor antenatal attendance, and late presentation with severe HDP. These factors were particularly pronounced in low-resource and patriarchal settings, where women’s autonomy and access to healthcare were constrained [31, 7, 8, 31, and 32]. Psychosocial stress encompasses mental stress, life stressors, and exposure to violence, and broader social adversity, all of which have been studied in relation to HDP. Stressors such as anxiety, depression, exposure to violence, and work-related stress can activate the hypothalamic–pituitary adrenal (HPA) axis and sympathetic nervous system, resulting in elevated blood pressure and systemic inflammation during pregnancy [33, 34].
Health-System Determinants
Health-system constraints emerged as dominant determinants of HDP outcomes across LMICs. Evidence consistently identified limited access to quality antenatal care, delayed booking, inadequate blood pressure monitoring at primary healthcare level, shortages of trained healthcare personnel, and inefficient referral systems as major contributors to delayed diagnosis and poor HDP outcomes (PMC). These systemic barriers were most pronounced in rural and peri-urban areas, exacerbating maternal and perinatal morbidity and mortality [35, 36, 47, and 38].  Despite progress made under the United Nations Millennium Development Goals (MDGs) and the Sustainable Development Goals (SDGs), inequalities in global health persist, particularly in the maternal health. Public health emergencies also affect health equity [39]. The incidence of hypertensive disorders of pregnancy (HDP) and maternal morbidity is higher in rural areas than in urban areas. The interaction of rural residence, race, and non-medical drivers of health can create significant barriers to post-partum care in rural communities. Novel models of care, including remote blood pressure monitoring, telehealth, and application-based approaches, may offer ways to reach rural patients after hypertensive pregnancy [40].
DISCUSSION
This systematic review demonstrates that hypertensive disorders of pregnancy (HDP) continue to represent a major maternal health burden in low- and middle-income countries (LMICs), with non-biological determinants playing a critical role. Prevalence data from Nigeria, including preeclampsia (~4.5%) and eclampsia (~1.4%), are higher than many high-income settings, reflecting systemic gaps in preventive care, antenatal coverage, and the influence of social determinants of health [41].
Psychosocial stressors and socioeconomic disadvantage likely exacerbate HDP through behavioral and physiological pathways, while health-system weaknesses including inadequate antenatal care, delayed booking, and insufficient blood pressure monitoring contribute to late diagnosis and suboptimal management (PMC). Environmental determinants, such as ambient heat and air pollution, remain underexplored in LMIC contexts, highlighting an important research gap [26].
HDP accounts for approximately one-third of maternal deaths in Nigeria, with prevalence and outcomes varying regionally due to differences in socioeconomic status, antenatal care utilization, and health-system capacity [42]. Northern states, including Kano, experience disproportionately higher maternal and neonatal mortality due to limited prenatal coverage, delayed diagnosis, and suboptimal management [43], whereas southern regions report comparatively better outcomes, underscoring the need for region-specific strategies [21].
The strengths of this review include a comprehensive search of both electronic and grey literature, with particular focus on high-burden regions. Limitations include potential publication bias, heterogeneity in diagnostic criteria, and reliance on hospital-based data, which may overestimate prevalence and severity. Despite these limitations, reported prevalence across Africa (5–15%) aligns with global patterns, although the disproportionately high mortality in Northwest Nigeria indicates persistent gaps in service provision. Global reductions in HDP-related mortality have largely resulted from improved screening and interventions; however, implementation in Nigeria remains uneven 44, 1]. 
Evidence indicates that HDP is largely preventable with timely detection and effective management. Cost-effective interventions including routine blood pressure monitoring, early risk assessment, and regular antenatal visits can substantially reduce maternal morbidity and mortality [21, 3]. Strengthening health systems through midwife training, provision of diagnostic tools, and availability of essential medications such as magnesium sulfate remains critical [45]. Community education on HDP warning signs and promotion of early antenatal booking are equally important [21, 20].
In rural and low-resource areas of Kano, HDP risks are amplified by gaps in service delivery, poverty, limited education, and poor nutrition [46]. Additional determinants include maternal age extremes, high parity, urban obesity, and rural anemia [47]. Hypertensive disorders in pregnancy (HDP) and cardiometabolic and kidney diseases are rising in low- and middle-income countries (LMICs). While HDP are risk factors for cardiometabolic and kidney diseases, cost-effective, scalable strategies for screening and prevention in women with a history of HDP are lacking. Existing guidelines and recommendations require adaptation to LMIC settings [48]. National assessments similarly confirm substantial geographic heterogeneity in HDP burden across Nigeria [49]. 
Overall, this review emphasizes that non-biological determinants psychosocial, environmental, and health-system factors significantly influence HDP outcomes in LMICs. Addressing these determinants through integrated, context-specific interventions is essential for reducing maternal and perinatal morbidity and mortality.
Conclusions and Recommendations
This study highlights a critical and underexplored dimension of hypertensive disorders of pregnancy (HDP) by examining non-biological determinants in low- and middle-income countries (LMICs). By synthesizing evidence on psychosocial, environmental, and health-system factors, it expands the understanding of HDP beyond traditional clinical risk factors. The focus on Kano State, Northern Nigeria, and sub-Saharan Africa provides context-specific insights for regions with high maternal morbidity and mortality. These findings are valuable for researchers, clinicians, and policymakers, guiding the design of targeted interventions, the strengthening of antenatal care services, and the implementation of community-based strategies. However, recommendations include: enhancing prenatal screening with routine blood pressure monitoring and early risk identification; strengthening healthcare capacity through staff training and provision of essential diagnostic and emergency care tools; promoting community awareness on HDP warning signs and encouraging early and regular antenatal attendance; improving data collection and monitoring for evidence-based planning; and supporting targeted research on environmental, psychosocial, and health-system determinants to inform locally tailored interventions. Implementation of these measures can substantially reduce preventable maternal and neonatal deaths, strengthen health systems, and accelerate progress toward Sustainable Development Goal 3 by 2030 in resource-limited settings.
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