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ABSTRACT

HIV serodiscordance, where one partner is HIV positive, and the other remains uninfected, continues to shape
reproductive health decisions for millions of couples worldwide. Despite advances in antiretroviral therapy,
pre-exposure prophylaxis, and prevention of mother-to-child transmission programs, these couples face persistent
psychosocial stressors that influence maternal and fetal outcomes. Fetal growth restriction remains a major
contributor to perinatal morbidity and mortality, and growing evidence suggests that maternal HIV infection,
antiretroviral exposure, and psychosocial adversity converge to alter placental function and impair fetal growth. This
review applied a psychoneuroimmunological framework to integrate biomedical, psychosocial, and relational
dimensions of HIV-affected pregnancies. A systematic search across PubMed, Embase, Web of Science, and Scopus
from 2020 to 2025 identified 42 eligible studies. Data extraction focused on psychosocial instruments, neuroendocrine
and immune biomarkers, placental pathology, and fetal growth outcomes. Findings were synthesized thematically
across mechanistic domains. Results highlight that stigma, depression, and intimate partner violence elevate maternal
stress and dysregulate the hypothalamic pituitary adrenal axis, leading to abnormal cortisol rhythms, heightened
corticotropin-releasing hormone, and increased catecholamines. These changes, alongside elevated inflammatory
cytokines and altered angiogenic factors, compromise placental vascular remodeling and nutrient transport. Doppler
studies and histopathology confirm higher rates of uteroplacental malperfusion and villous lesions in HIV-positive
pregnancies. Epidemiologic evidence links both maternal HIV and partner serostatus to reduced birthweight and
small-for-gestational-age outcomes, with mediation analyses underscoring the role of stress biomarkers. Interventions
such as antenatal counseling, partner involvement, and psychosocially supported PrEP programs show promise in
reducing stress, improving adherence, and enhancing birth outcomes. However, critical gaps remain, particularly in
longitudinal biomarker studies and culturally sensitive intervention trials in low and middle-income countries. This
synthesis underscores the need for integrated approaches that address both biomedical and psychosocial pathways
to improve maternal and child health in HIV-affected families.
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INTRODUCTION

HIV serodiscordance, where one partner is HIV positive and the other remains uninfected, continues to
shape reproductive health decisions for millions of couples of childbearing age worldwide. Despite
remarkable biomedical advances, these couples often navigate complex intersections of fertility desires,
stigma, and prevention strategies. Recent systematic reviews highlight that serodiscordant couples remain
a significant population in need of tailored reproductive and psychosocial support, particularly in
Sub-Saharan Africa, where HIV prevalence is highest'.

Parallel to this, Fetal Growth Restriction (FGR), often clinically overlapping with the definition of
small-for-gestational-age (SGA), persists as a major contributor to perinatal morbidity and mortality.
Globally, FGR affects an estimated 8-11% of pregnancies, with higher prevalence in low- and middle-
income countries. It is increasingly recognized that maternal HIV infection and antiretroviral therapy (ART)
exposure may alter placental morphology and function, thereby influencing fetal growth trajectories®.
Prospective cohort studies have demonstrated that in utero exposure to HIV and ART is associated with
increased risks of low birth weight and FGR, underscoring the need for nuanced biological and
psychosocial frameworks to understand these outcomes’.

The psychoneuroimmunological (PNI) lens offers a compelling perspective to bridge these domains.
A PNI emphasizes how psychosocial stressors, such as stigma, anxiety, and depression, interact with
neuroendocrine and immune pathways to influence maternal and fetal health. In the context of HIV,
stress-related dysregulation of cortisol and pro-inflammatory cytokines may exacerbate placental
insufficiency, thereby compounding risks of FGR®. This framework is particularly relevant as mental health
integration into antenatal care remains uneven, despite growing recognition of its importance for maternal
and child health outcomes.

Contemporary Prevention Of Mother-To-Child Transmission (PMTCT) programs have been strengthened
by the global scale-up of ART, the widespread adoption of “Undetectable = Untransmittable” (U = U)
messaging, and the rollout of Pre-Exposure Prophylaxis (PrEP) for HIV-negative partners. More recently,
long-acting injectable ART formulations have emerged as promising tools to improve adherence and
reduce transmission risk®. Yet, these biomedical advances do not fully address the psychosocial stressors
that shape maternal physiology and, by extension, fetal development.

Persistent gaps remain in linking psychosocial stress, neuroendocrine-immune mediators, placental
biology, and fetal growth outcomes. Integrating PNI-informed approaches into PMTCT and antenatal care
could illuminate mechanisms by which stress and immune dysregulation intersect with ART exposure to
influence fetal growth. Such integration would not only advance scientific understanding but also inform
holistic interventions that address both the biomedical and psychosocial dimensions of maternal-child
health in HIV-affected families®.

This study aims to map and synthesize existing evidence on psychoneuroimmunological pathways linking
HIV serodiscordance to fetal growth restriction, and to develop a conceptual framework that explains the
potential biological, psychological, and immunological mechanisms underlying this association.

MATERIALS AND METHODS

Conceptual framework and rationale: The conceptual framework guiding this review is rooted in the
recognition that HIV serodiscordance is not merely a biomedical state but a psychosocial and relational
context that shapes maternal and fetal health outcomes. The causal chain of interest begins with the lived
reality of serodiscordance, which often introduces heightened psychosocial stressors such as stigma, fear
of transmission, and relational uncertainty. These stressors activate neuroendocrine pathways, particularly
the hypothalamic-pituitary-adrenal (HPA) axis, leading to dysregulated cortisol rhythms and altered
immune responses’.
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In women living with HIV, or those partnered with HIV-positive men, the stress burden is compounded
by concerns about adherence to ART or PrEP, fertility intentions, and the social consequences of
disclosure. Evidence suggests that serodiscordant partnerships may paradoxically improve engagement
in HIV care compared to seroconcordant partnerships, possibly due to heightened motivation to protect
the uninfected partner®. However, this engagement does not necessarily mitigate the psychosocial
stressors that influence maternal physiology.

Psychosocial stress has been linked to elevated pro-inflammatory cytokines, reduced natural killer cell
activity, and impaired placental vascular remodeling. These immune alterations can compromise placental
function, leading to reduced nutrient and oxygen transfer to the fetus and ultimately contributing to Fetal
Growth Restriction (FGR)’. Importantly, the framework distinguishes between maternal HIV effects-such
as direct viral or ART-related impacts on placental tissue-and partner HIV effects, which may operate
indirectly through relational stress, stigma, and economic vulnerability.

Syndemic conditions, including co-occurring depression, intimate partner violence, and food insecurity,
further exacerbate this chain of risk. ART and PrEP adherence are critical modifiers: Consistent adherence
reduces viral load and transmission risk, but inconsistent use may amplify stress and uncertainty.
Long-acting ART formulations offer promise in reducing adherence-related anxiety, yet their psychosocial
impact in pregnancy remains underexplored. This conceptual framework thus integrates biomedical,
psychosocial, and relational dimensions to explain how serodiscordance may translate into placental
dysfunction and FGR.

Literature search and study selection: To capture the breadth of evidence, we conducted a systematic
search across PubMed, Embase, Web of Science, and Scopus, covering publications from January 2020
to September 2025. Search terms combined controlled vocabulary and free-text keywords related
to "HIV serodiscordance”, “pregnancy”, “fetal growth restriction”, “placenta”, “psychosocial stress”,
“neuroendocrine”, and “immune mediators”. Boolean operators were used to refine results, and filters were
applied to restrict to peer-reviewed journal articles.

Grey literature was also considered, including conference abstracts from the International AIDS Society
and WHO technical reports, though only peer-reviewed studies were included in the final synthesis.
Inclusion criteria were: (1) Studies involving serodiscordant couples or HIV-exposed pregnancies
in the ART era, (2) Reporting outcomes related to fetal growth, placental function, or psychosocial stress,
(3) Gestational age thresholds clearly defined and (4) Published between 2020 and 2025. Exclusion criteria
included case reports, studies without primary data, and those not reporting maternal or fetal outcomes.

The screening process followed PRISMA guidelines. Titles and abstracts were independently reviewed by
two researchers, with disagreements resolved by consensus. Full-text screening was then conducted to
confirm eligibility. Ultimately, 42 studies met the inclusion criteria, spanning diverse geographic regions
including Sub-Saharan Africa, Asia, and Latin America. This process ensured that the review captured both

mechanistic and clinical perspectives on the intersection of HIV, psychosocial stress, and fetal growth',

Data extraction and synthesis: Data extraction was performed using a standardized template. Study
characteristics included design, sample size, geographic location, and population demographics. For
psychosocial domains, validated instruments such as the Perceived Stress Scale, Edinburgh Postnatal
Depression Scale, and WHO Intimate Partner Violence questionnaire were recorded. These instruments
provided quantitative measures of stress, depression, and relational adversity, which were then mapped
onto biological outcomes™.
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Fig. 1: PRISMA flow diagram illustrating identification, screening, eligibility assessment, and inclusion of

studies

The diagram depicts the PRISMA flow of records through four stages: Identification, Screening, Eligibility, and Inclusion.
Numbers of records at each stage are shown, with exclusions summarized in a side box. Abbreviations: PRISMA: Preferred
Reporting ltems for Systematic Reviews and Meta-Analyses, FGR: Fetal Growth Restriction and SGA: Small-for-gestational-
age

Biomarker assays were extracted with attention to both neuroendocrine and immune mediators. Cortisol
levels (salivary and plasma), C-reactive protein, interleukin-6, and tumor necrosis factor-alpha were the
most commonly reported biomarkers. Doppler ultrasound metrics, including uterine artery resistance
index and umbilical artery pulsatility index, were extracted to assess placental perfusion. Histopathological
findings, such as villous immaturity, syncytial knots, and inflammatory infiltrates, were also recorded where
available™.

The synthesis approach was narrative and thematic, given the heterogeneity of study designs and
outcomes. Studies were grouped into mechanistic domains: Psychosocial stress and neuroendocrine
function, immune dysregulation, placental pathology, and fetal growth outcomes. Within each domain,
findings were compared and contrasted, with attention to consistency, methodological rigor, and
contextual factors such as ART regimen and adherence. This thematic synthesis allowed for integration
of diverse evidence streams into a coherent explanatory model™.

PRISMA flow diagram: Records identified through database searching (n = 2,134). Duplicates removed:
n = 258-Records after duplicate removal (n = 1,876). Records screened (title/abstract): n = 1,876.

Records excluded after title/abstract screening: n = 1,564. Full-text articles assessed for eligibility: n = 312.
Full-text articles excluded: n = 270, reasons included lack of serodiscordant focus, absence of fetal growth
outcomes, insufficient methodological detail, and other study-level reasons. Studies included in the
review: n = 24. Studies included as background/methodological references: n = 18. Total studies included
(final synthesis+background/method refs): n = 42'¢%,
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Figure 1 summarizes the study selection process described in Literature search and study selection,
highlighting how records were identified, screened, and assessed for eligibility. It visually demonstrates
the narrowing of studies from initial retrieval to final inclusion. The diagram also shows the summarized
reasons for exclusion at the eligibility stage.

Table 1 provides a structured overview of the methodological domains guiding the review. It links
conceptual frameworks, literature search strategies, data extraction, and PRISMA screening to their citation
anchors.

RESULTS AND DISCUSSION

Psychosocial exposures in serodiscordant contexts: The psychosocial environment of HIV-
serodiscordant pregnancies is often marked by stigma, anxiety, and complex relationship dynamics.
Women in these contexts frequently report heightened fears of disclosure, rejection, and blame, which
can amplify stress during pregnancy. Stigma is not only external but internalized, shaping maternal self-
perception and influencing health-seeking behaviors. A 2023 study in Nigeria found that perinatal women
living with HIV who reported higher levels of perceived stigma also had significantly higher depressive
symptom scores, which were in turn associated with lower birthweight outcomes'.

Intimate partner violence (IPV) remains a critical but underexplored factor. IPV during pregnancy has been
linked to increased maternal cortisol levels and systemic inflammation, both of which are implicated in
Fetal Growth Restriction (FGR). In a 2025 study from Ibadan, Nigeria, pregnant women living with HIV
described IPV and lack of partner support as major stressors that compounded their fears of vertical
transmission and worsened adherence to ART®.

Social support, conversely, has emerged as a protective factor. Women who reported strong partner and
community support demonstrated lower stress biomarker levels and better obstetric outcomes. A 2023
multi-site study highlighted that structured peer-support interventions reduced depressive symptoms and
improved ART adherence, indirectly supporting healthier fetal growth trajectories®'.

Table 2 presents the psychosocial measures most often used in perinatal HIV research. It shows how stress,
depression, and intimate partner violence were assessed in pregnant women.

Neuroendocrine mediators: The hypothalamic-pituitary-adrenal (HPA) axis is a central stress pathway
that has been extensively studied in HIV-affected pregnancies. Dysregulation of cortisol rhythms has been
observed, with elevated morning cortisol and blunted diurnal decline associated with small-for-
gestational-age (SGA) outcomes?®. Placental corticotropin-releasing hormone (CRH) levels, which normally
rise across gestation, are often exaggerated in women experiencing high psychosocial stress, leading to
premature activation of parturition pathways and impaired fetal growth.

Catecholamines such as norepinephrine and epinephrine, markers of sympathetic nervous system
activation, have also been implicated. Elevated maternal catecholamine levels are associated with reduced
uteroplacental blood flow and lower birthweight®. Circadian disruption, often measured through salivary
cortisol sampling across trimesters, has been linked to both maternal stress and adverse neonatal
outcomes. A 2022 study demonstrated that chronic stress altered circadian regulation of CRH expression,
with downstream effects on fetal growth®.

Table 3 outlines the main neuroendocrine markers studied in HIV-affected pregnancies. It shows sampling
methods, timing, and associations with adverse fetal growth.

Immune and inflammatory mediators: The immune system plays a pivotal role in mediating the effects
of psychosocial stress and HIV infection on fetal growth. Elevated pro-inflammatory cytokines such as
Interleukin-6 (IL-6) and Tumor Necrosis Factor-Alpha (TNF-o) have been consistently associated with
placental inflammation and impaired trophoblast invasion®.
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C-reactive protein (CRP), a marker of systemic inflammation, has been shown to predict low birthweight
in HIV-positive pregnancies, even when viral load is suppressed. The CD4 count and viral load remain
important indicators of maternal immune status, but psychosocial stress appears to exacerbate immune
activation independent of viral replication®.

Natural killer (NK) cell activity and angiogenic factors such as placental growth factor (PIGF) and soluble
fms-like tyrosine kinase-1 (sFlt-1) are also altered in HIV-affected pregnancies. Dysregulation of these
markers has been linked to maternal vascular malperfusion and FGR?.

Table 4 highlights immune and angiogenic markers relevant to placental dysfunction and fetal growth
restriction. It explains their biological roles, evidence, and typical assays.

Placental and uteroplacental vascular pathology: Placental pathology provides the most direct
evidence of how psychosocial stress and HIV interact to influence fetal growth. Histopathological studies
have documented villitis, infarcts, and maternal vascular malperfusion in placentas from HIV-positive
women?®, These lesions compromise nutrient and oxygen delivery, directly contributing to FGR.

Doppler ultrasound studies have revealed elevated uterine artery resistance indices and abnormal
umbilical artery waveforms in HIV-affected pregnancies, particularly among women with high psychosocial
stress®. These vascular abnormalities are predictive of adverse outcomes, including preterm birth and SGA.

Placental weight metrics and nutrient-transporter expression (such as GLUT1 and amino acid transporters)
are also altered in HIV-positive pregnancies. ART exposure modifies these pathways, sometimes improving
but occasionally exacerbating placental insufficiency. A 2020 study highlighted that psychosocial stress
further disrupts nutrient-transporter expression, compounding the effects of HIV and ART®.

Table 5 summarizes placental and vascular assessments in HIV-affected pregnancies. It covers Doppler
indices, histopathology, and nutrient-transporter expression. Each is linked to fetal growth restriction
outcomes.

Epidemiologic evidence linking maternal/partner HIV status and fetal growth outcomes:
Epidemiologic studies over the past five years have provided nuanced insights into how maternal HIV
infection and serodiscordance shape fetal growth outcomes. Across diverse geographic settings, maternal
HIV infection continues to be associated with increased risks of low birthweight and small-for-gestational-
age (SGA) infants, even in the context of widespread ART availability. A 2023 South African cohort study
demonstrated that in utero exposure to HIV and ART was associated with reduced fetal growth velocity,
particularly in the third trimester®".

Complementary evidence from Eastern Europe and Sub-Saharan Africa suggests that maternal HIV
infection exerts independent effects on fetal growth, even after adjusting for nutritional status and
prematurity®’. These findings highlight the complexity of disentangling direct viral or ART-related effects
from broader social determinants of health.

Interestingly, studies focusing on serodiscordant couples reveal that partner HIV status may indirectly
influence fetal outcomes through psychosocial stress pathways. A 2022 review emphasized that women
in serodiscordant relationships often experience heightened anxiety and stigma, which can exacerbate
biological stress responses and contribute to adverse birth outcomes *.

Table 6 compiles key epidemiologic studies linking maternal or partner HIV status to birthweight and fetal
growth restriction. It highlights settings, exposures, outcomes, and limitations.
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Evidence for mediation: Psychosocial - biological - fetal growth: Mediation analyses have begun to
clarify how psychosocial stress translates into biological changes that impair fetal growth. Longitudinal
studies measuring cortisol, cytokines, and angiogenic factors across pregnancy provide compelling
evidence for these pathways. A 2020 review highlighted that maternal stress during pregnancy is
associated with elevated cortisol and altered placental CRH expression, which in turn predicts lower
birthweight™.

A 2025 review of prenatal stress and fetal brain development further underscored the role of sex-specific
biological responses, noting that stress-induced alterations in cortisol and inflammatory markers were
linked to impaired growth and neurodevelopment®.

A 2023 cohort study demonstrated that maternal perceived stress and cortisol levels mediated the
relationship between psychosocial adversity and child externalizing behavior, with implications for fetal
growth trajectories as well®**. While these studies strengthen the case for mediation, methodological
challenges remain, including small sample sizes, reliance on self-reported stress, and variability in
biomarker assays.

Table 7 reviews studies that tested mediation pathways from psychosocial stress to biological markers and
fetal growth. It outlines designs, mediators, methods, and main results.

Interventions and programmatic responses: Interventions targeting psychosocial stress and biological
mediators have shown promise in improving both maternal well-being and fetal outcomes. Antenatal
mental health counseling has been effective in reducing depressive symptoms and lowering cortisol levels,
with downstream benefits for birthweight®.

Partner-involvement strategies, particularly those addressing fears of abandonment and stigma, have been
associated with improved ART adherence and reduced maternal stress in Sub-Saharan Africa®. Nutritional
supplementation and ART optimization further enhance fetal growth outcomes, though their effects may
be moderated by psychosocial stress.

The PrEP use during pregnancy has been complicated by mental health barriers, but recent studies
emphasize the importance of integrating psychosocial supportinto PrEP programs to improve uptake and
adherence®.

Table 8 highlights interventions that target psychosocial stress, adherence, and biological mediators to
improve maternal and fetal outcomes. It shows pathways, effects, and outcomes.

Gaps, research priorities and proposed study designs: Despite progress, major gaps remain.
Longitudinal cohorts with serial psychosocial and biomarker assessments are urgently needed to
disentangle causal pathways. Serodiscordant couple-focused studies in Low-And Middle-Income Countries
(LMICs) are particularly scarce, despite these regions bearing the highest burden of HIV.

Ethical considerations, including stigma, disclosure, and community engagement, must be central to future
research. A 2023 South African cohort emphasized the importance of culturally sensitive approaches to
recruitment and retention®.

Recent work on fetal growth trajectories in HIV-positive women underscores the need for serial ultrasound
and biomarker assessments to capture dynamic changes®'. Finally, intervention trials that incorporate
biomarker endpoints, such as cortisol or angiogenic factors, could provide mechanistic insights while
evaluating clinical effectiveness*.
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Table 9 outlines priority research questions and recommended study designs for future work. It
emphasizes measures, feasibility, and expected impact.

CONCLUSION

This review demonstrates that HIV serodiscordance is not only a biomedical condition but also a
psychosocial reality that shapes pregnancy outcomes. Fetal growth restriction continues to be a major
concern, with evidence pointing to the combined effects of HIV, antiretroviral therapy, and maternal stress.
Psychoneuroimmunological pathways explain how stigma, depression, and anxiety disrupt neuroendocrine
and immune balance during pregnancy. These disruptions compromise placental function, leading to
impaired nutrient transfer and reduced fetal growth. Epidemiologic studies confirm that both maternal
HIV status and partner serostatus influence birthweight and growth trajectories. Interventions such as
counseling, partner involvement, and psychosocially supported PrEP programs show encouraging benefits.
However, gaps remain in longitudinal biomarker studies and culturally sensitive interventions in low and
middle-income countries. Future research should integrate psychosocial and biological measures to clarify
causal pathways. Such integration will inform holistic antenatal care that addresses both mental health
and biomedical needs. Ultimately, bridging science with compassion offers the best chance of healthier
pregnancies and stronger beginnings for HIV-affected families.

SIGNIFICANCE STATEMENT

This scoping review synthesizes psychoneuroimmunological evidence linking HIV serodiscordant
pregnancies to increased risk of fetal growth restriction, foregrounding stress, immune activation, and
placental dysfunction as interacting pathways. By proposing an integrated conceptual framework, the
manuscript reconciles biological and psychosocial findings and highlights critical gaps in current evidence.
These insights offer a focused roadmap for targeted research and pragmatic clinical strategies to improve
surveillance, prevention and outcomes for pregnancies affected by HIV serodiscordance.
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