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Abstract

Although mortality among people living with HIV (PLHIV) in sub-Saharan Africa has
decreased markedly with the scale-up of antiretroviral therapy (ART), the demographic
consequences of this success remain underexamined. Using ten years of longitudinal data from
the African Cohort Study (AFRICOS; 2013-2023) in Kenya, Tanzania, and Uganda, we
estimated the contribution of hypertension to all-cause mortality among adults aged 40 years
and older. We combine descriptive decremental life-table analysis with discrete-time logistic
regression, applying both lagged and exponentially weighted moving-average (EWMA)

exposure models to capture cumulative risk.

The analytic baseline sample included 1,169 unique participants (Kenya = 698, Tanzania =
256, Uganda = 215), who expanded to 1,360 individuals across all biannual follow-up waves
over ten years, contributing a total of 12,462 person-period observations to the final adjusted
models. Participants were 51% male, with a mean age of 48 years, and 60% were from Kenya.
The cumulative prevalence of hypertension during follow-up was 60%, with 10% mortality
among hypertensive participants. The greatest disadvantage occurred in the 50-59 age group,
where hypertension-attributable excess mortality accumulated steadily over time, rising to
nearly 4% by year nine with modestly higher odds of death. In Model 6 (aOR: 1.13, 95% CI:
0.57-2.23, p < 0.05), while participants aged 60 years and above experienced substantially
elevated mortality (aOR: 2.32, 95% CI: 0.89-6.01, p < 0.05). Subgroup analyses revealed
sharper effects in men, underweight individuals, and those with unsuppressed viral load.

Hypertension was an independent predictor of death (aOR = 3.25; 95 % CI 1.26-8.40). High
viral load also remained a strong independent risk factor, doubling the odds of death (aOR 2.4;
95 % CI 1.3-4.5). These findings highlight a demographic transformation of the HIV epidemic
in East Africa, where mortality among PLHIV increasingly reflects a growing influence of
chronic diseases in addition to infection control. Hypertension has become a key driver of

excess mortality and a demographic indicator of the region’s compressed health transition.

Keywords: HIV, hypertension, mortality, life course, East Africa



CHAPTER ONE: INTRODUCTION
1.1 Background of the study

The scale-up of antiretroviral therapy (ART) has changed the mortality profile of people living
with HIV (PLHIV) in sub-Saharan Africa. Before ART, HIV caused very high adult mortality,
especially among young and middle-aged adults. With ART, survival has improved greatly.
More PLHIV now live into their 40s, 50s, and 60s (Nabukalu et al., 2020; Negin et al., 2012).
In Uganda’s Rakai cohort, life expectancy before age 50 increased by over a decade in one
treatment generation (Nabukalu et al., 2020). Similar trends are seen across East Africa.
Women often benefit earlier and more due to higher treatment uptake (Reniers et al., 2014).
This study treated Uganda, Kenya, and Tanzania as a connected region. Life course theory
frames comorbidities as a cumulative outcome of unique exposures (Elder Jr & Shanahan,
2007).

Among these comorbidities, hypertension (HTN) has emerged as one of the most prevalent and
consequential. Globally, over 20% of PLHIV are now aged 50 and above, double the proportion
in 2005 (Schnure et al., 2022), and prevalence of hypertension among PLHIV is consistently
higher than among HIV-negative peers (Chen et al., 2024; Xu et al., 2017). In East Africa,
recent meta-analyses report prevalence rates of 19% in Uganda, 18% in Kenya, and 27% in
Tanzania (Tegegne et al., 2023), with some local studies finding rates exceeding 35%
(Byonanebye et al., 2023; Sakita et al., 2023). Incidence studies confirm that hypertension often
arises earlier in HIV cohorts, with patients on long-term ART developing elevated blood
pressure in their 40s, a decade earlier than expected in HIV-negative populations (Byonanebye
et al., 2023; Mbuthia et al., 2021).

For demographers, the significance of this trend is not hypertension prevalence per se, but its
contribution to all-cause mortality. Mortality schedules are shifting as AIDS deaths decline,
hypertension and related conditions account for a growing share (Mollel et al., 2022; Omar et
al., 2025). This reflects Omran’s epidemiologic transition theory (Omran, 2001). Yet in sub-
Saharan Africa, the transition is incomplete and complex, producing a “double burden” where

infectious and chronic diseases coexist (Kuate Defo, 2014).

Hypertension’s demographic significance is magnified by the life course of PLHIV survival.
Older cohorts who initiated ART late carry lasting damage from untreated infection, leaving

them more vulnerable despite treatment (Nabukalu et al., 2024). Later cohorts benefit from

1



earlier initiation but as they age, cumulative ART toxicity, immune activation, and social stress
accelerate hypertension onset (Masenga et al., 2019; Prakash et al., 2024). These patterns align
with life course theory, which emphasizes accumulated exposures shaping later-life health
(Elder et al., 2007). Hypertension is thus not incidental but an expression of cumulative

disadvantage and accelerated ageing.

Evidence confirms its mortality effect. In South Africa, uncontrolled hypertension raises all-
cause mortality among PLHIV (Chidumwa et al., 2023), while Tanzanian data show rising
cardiovascular deaths (Mollel et al., 2022). Comparable findings in North America (Sadinski
et al., 2023) highlight its global contribution to survival inequalities. Despite mounting
evidence, demographic measurement has lagged. Most East African surveillance still centers
on AIDS-specific mortality or aggregate NCD burdens, rarely isolating hypertension’s role
(Bigna & Noubiap, 2021). These risks overstating life expectancy and dependency ratio gains
by ignoring deaths redistributed upward in the age schedule. Demographic tools such as
decrement and cause-deleted life tables can capture these shifts (Beltran-Sanchez et al., 2008),

yet have seldom been applied in HIV populations.

The omission is consequential. Premature mortality among hypertensive PLHIV erodes the
demographic dividend through reduced workforce participation and heavier caregiving
demands (Canning, 2011; Cooper et al., 2003). Country contrasts show structural effects:
Uganda’s weaker HIV-NCD integration yields higher mortality than Kenya or Tanzania
(Kiplagat et al., 2022; Kivuyo et al., 2023; McCombe et al., 2022). Such variation illustrates
that demographic transitions unfold unevenly across contexts, conditioned by institutional

capacity and cohort exposure histories (Mayer, 2003; Palagyi et al., 2019).

This study quantified excess all-cause mortality from hypertension among PLHIV aged 40+ in
East Africa. Using decrement life tables and discrete-time survival models, it shows how
hypertension reshapes survival by age, sex, nutrition, and viral load, advancing demographic

understanding of comorbidity.



1.2 Problem statement

In East Africa, HIV treatment scale-up has extended life expectancy among people living with
HIV (PLHIV) (Nabukalu et al., 2020), shifting the demographic profile away from young-adult
mortality toward aging cohorts (Schnure et al., 2022). As these cohorts age, they accumulate
exposures and transitions from long-term ART, changing nutritional status, and evolving viral
suppression shaping their risk for non-communicable diseases, especially hypertension
(Tegegne et al., 2023). Recent meta-analyses show that nearly 20% of PLHIV in East Africa
have hypertension, with rates ranging from about 16% in Ethiopia to 27% in Tanzania
(Tegegne et al., 2023). In eastern Uganda, hypertension prevalence among PLHIV has been

observed at 38%, and many individuals are unaware of their condition (Kanyike et al., 2024).

Despite these trends, demographic models rarely quantify how cumulative exposures across
the life course contribute to all-cause mortality among older PLHIV. This gap matters: Life
Tables, decomposition analyses, and survival schedules that omit hypertension likely
overestimate survival gains from ART and mischaracterize the shifting age pattern of mortality
(Chidumwa et al., 2023; Nabukalu et al., 2024). Therefore, we applied a life course thinking to
ask: how much of the excess all-cause mortality is associated with hypertension among PLHIV
aged 40+ in Kenya, Uganda and Tanzania, especially when considering cohort exposure

histories, nutritional vulnerability, and virologic dynamics?
1.3 Objectives of the study

The general objective was to assess the influence of cumulative and time-varying exposure to
hypertension, in the context of socio-demographic and clinical trajectories on all-cause
mortality among people living with HIV aged 40 and above in Kenya, Uganda, and Tanzania.

Specific objectives included:

1. To examine the association between socio-demographic factors, cumulative exposure
to hypertension status, and all-cause mortality among people living with HIV (PLHIV).

2. To assess the effect of clinical and behavioral risk factor accumulation and trajectories
on all-cause mortality among hypertensive and non-hypertensive PLHIV.

3. To determine whether allostatic load, as a marker of cumulative physiological stress,
independently or interactively contributes to all-cause mortality among hypertensive
PLHIV.



4. To estimate the excess all-cause mortality associated with cumulative hypertension
exposure among PLHIV using life table methods, capturing survival disadvantage over
time.

5. To evaluate the effect of cumulative and time-varying hypertension exposure on all-
cause mortality among PLHIV using static and moving average models, reflecting life

course accumulation and timing of risk.

1.4 Hypotheses

1. Older PLHIV with high cumulative exposure to hypertension status are likely to be
associated with all-cause mortality among PLHIV.

2. Accumulation and trajectories of viral loads likely affect all-cause mortality among
hypertensive and non-hypertensive PLHIV.

3. PLHIV with cumulative or persistent hypertension exposure will likely have higher all-
cause mortality compared to those without hypertension.

4. The association between hypertension and all-cause mortality among PLHIV will likely
be stronger when hypertension exposure is modeled cumulatively using exponentially
weighted moving averages compared to static single-time-point models.

5. Higher allostatic load scores, as indicators of cumulative physiological stress, will be
independently and/or interactively associated with increased all-cause mortality among
hypertensive PLHIV, supporting the role of multi-system risk accumulation.

1.5 Significance of the study

The significance of this study lies in its rigorous quantification of the effect of hypertension on
all-cause mortality among aging people living with HIV (PLHIV) in East Africa, using
advanced demographic and epidemiological methods. By employing decrement life tables and
lagged discrete-time logistic regression, the analysis demonstrates that cumulative and
persistent hypertension exposure is associated with a substantial and statistically significant

increase in mortality risk, particularly when cumulative exposure is modeled.

The study reveals that hypertensive PLHIV experience a progressive accumulation of excess
mortality over time, with the risk peaking in early follow-up intervals and remaining elevated
across subsequent periods. Importantly, the effect of hypertension on mortality is most

pronounced when accounting for time-varying covariates such as BMI and viral load, and the



association is robust across demographic subgroups, including age, gender, and country of

residence.

These findings advance demographic practice by illustrating how classical life table methods
and dynamic survival models can be adapted to multi-morbid, aging populations in sub-
Saharan Africa, where cause-of-death data are often limited. The results bridge a critical gap
between epidemiological studies of relative risk and demographic estimates of life expectancy,
providing direct evidence of how comorbid hypertension reshapes survival trajectories among
PLHIV. Furthermore, the study’s identification of high-risk subgroups such as older adults and

those with unsuppressed viral load offering actionable insights for public health policy.

Integrating hypertension management into HIV care programs emerges as a clear priority, as
doing so could mitigate the growing burden of non-communicable disease mortality and
preserve the survival gains achieved through antiretroviral therapy. In sum, this research
underscores the necessity of a holistic, chronic disease-oriented approach to HIV care in the

region, with direct implications for demographic projections and health system planning.

1.6 Theoretical Framework

This study results drew on the Life Course Theory to interpret how mortality among older
PLHIV with hypertension is shaped by the interplay of biological, social, and structural forces
across time (Elder, 2018; Mayer, 2003). The theory emphasizes three interrelated principles:
(@) life transitions, which mark shifts such as entry into adulthood or onset of chronic illness;
(b) cumulative (dis)advantage, where early inequalities compound to produce widening
survival gaps; and (c) the timing and sequencing of events, which influence the extent to which
exposures translate into later-life outcomes. Together, these principles provide a framework
for understanding why some HIV cohorts’ age into higher mortality risks from hypertension,

while others survive longer with fewer complications.

Of these principles, the concept of cumulative disadvantage is central for interpreting mortality
among hypertensive PLHIV. Early disadvantages such as poverty, limited access to care, or
stigma accumulate over decades, resulting in amplified health burdens in older adulthood
(Dannefer, 2003; Ferraro & Shippee, 2009). Empirical evidence confirms that chronic
conditions like hypertension appear earlier and progress more severely in disadvantaged
populations, reinforcing health disparities and shortening survival (Kato et al., 2020; Masenga
etal., 2019; Prakash et al., 2024). These processes produce stratified mortality schedules, where



survival inequalities are embedded in cohort life tables and expressed in differential life

expectancy.

The timing and sequencing of life events further condition these outcomes. Contracting HIV
in adolescence, experiencing stigma in young adulthood, and developing hypertension in
midlife represent a chain of events that layers stress exposures over the life span (Billari et al.,
2006; Friedman et al., 2022; Sarfo et al., 2020). For demographers, the importance lies not only
in each exposure, but in how their order and timing redistribute deaths across the age schedule,
altering the shape of cohort survival curves.

The concept of allostatic load provides a biological mechanism that links these theoretical
principles to measurable outcomes. Defined as the cumulative wear and tear from repeated
stress exposures, allostatic load captures how disadvantage becomes biologically embedded
over time (McEwen, 2004; Seeman & Gruenewald, 2006). Elevated allostatic load has been
associated with higher cardiovascular mortality among PLHIV (Fazeli et al., 2020), reinforcing
the interpretation of hypertension as a marker of accelerated aging and cumulative stress. From
a demographic perspective, these justify modeling hypertension not as an isolated risk factor
but as part of broader survival dynamics, in which layered disadvantages shorten life

expectancy and reshape population mortality patterns.
1.7 Conceptual Framework of mortality associated with hypertension among PLHIV

Mortality among hypertensive PLHIV in East Africa results from cumulative processes that
unfold across the life course and interact with structural inequalities and health-system
dynamics. Our framework adopts a layered perspective that links early exposures, social
stratification, comorbidity accumulation, and service contexts to population-level survival

outcomes.

At the life course level, early disadvantages such as poverty, malnutrition, stigma, and violence
accumulate over time, producing physiological stress responses and setting individuals on
trajectories of higher morbidity and mortality risk (Burkey et al., 2014). These disadvantages
are stratified by gender, education, income, and geography, shaping differential access to
health-promoting resources and care (Crimmins et al., 2019). From a demographic perspective,
these stratifications generate systematic survival inequalities that become visible in life tables

and cohort survival estimates.



Biomedical processes further intensify these risks. Long-term ART exposure and earlier onset
of hypertension in PLHIV accelerate the accumulation of comorbidities, concentrating
mortality risks in midlife and older ages (Godongwana & De Wet-Billings, 2021). Rather than
viewing hypertension solely as a comorbidity, we conceptualize it as a marker of accelerated
aging and cumulative disadvantage which condition that shifts deaths into younger ages and

reshapes the age pattern of all-cause mortality.

Health system factors mediate these trajectories. In many East African settings, weak
integration of HIV and NCD services, coupled with stigma, cost, and fragmentation, reduces
treatment adherence and leaves hypertension frequently undiagnosed or uncontrolled (Kivuyo
et al., 2023). These systemic barriers reinforce individual-level vulnerabilities, producing

excess mortality that is patterned not randomly but along social and demographic lines.

In demographic terms, the culmination of these layered disadvantages manifests as higher all-
cause mortality among hypertensive PLHIV, reduced life expectancy, and widening cohort
survival inequalities. This framework therefore emphasizes three principles: (a) the timing and
sequencing of exposures across the life course, (b) the compounding effects of comorbidity
and social disadvantage, and (c) the role of systemic contexts in shaping how these

disadvantages translate into measurable population outcomes.
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Figure 1.1 Conceptual framework of mortality associated with hypertension among
PLHIV (Kibuuka et al., 2021; Mollel et al., 2022; Omar et al., 2025)




CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction

This literature review examined the growing body of knowledge on hypertension-related

mortality among aging PLHIV in East Africa situated within demographic framework.
2.2 Mortality patterns in HIV populations

Mortality among people living with HIV (PLHIV) has undergone a profound transformation
in East Africa over the past two decades (Mills et al., 2011; Ford et al., 2017). With the
expansion of antiretroviral therapy (ART), mortality has shifted from acute AIDS-related
deaths in early adulthood to longer survival and increasingly chronic causes of death in later
life (Gupta et al., 2019; Mills et al., 2011). This transition is crucial because it reshapes
mortality schedules, alters life expectancy, and creates new survival differentials across age
groups and cohorts (Ford et al., 2017; Mills et al., 2011). This subsection reviews highlight
how mortality levels, age-patterns, and cohort dynamics have changed, and why these shifts
foreground the importance of quantifying the contribution of hypertension to all-cause

mortality.

The expansion of ART in sub-Saharan Africa has reduced adult mortality and increased life
expectancy, especially among women, as shown in population-based studies (Reniers et al.,
2014). In Uganda’s Rakai cohort, partial life expectancy before age 50 rose by over a decade
within one treatment generation(Nabukalu et al., 2020). As HIV-positive cohorts age, mortality
patterns shift upward, and chronic comorbidities like hypertension increasingly shape survival,

marking a demographic turning point (Reniers et al., 2014; Nabukalu et al., 2020).

Biological and clinical evidence provides the context for why non-communicable causes
specifically hypertension emerges earlier and with greater severity in HIV populations, shaping
downstream mortality. This is largely because HIV infection and long-term ART exposure
place additional strain on cardiovascular and metabolic systems (Kato et al., 2020; Masenga et
al., 2019; Prakash et al., 2024; Sarfo et al., 2020). These mechanisms are not ends in themselves
but explanations for altered survival trajectories: they clarify why hypertension prevalence rises

faster and earlier in HIV cohorts than in general populations (Ajayi et al., 2024).

Accelerated chronic disease risks, such as hypertension, may cause mortality to appear at
younger ages in life tables, redistributing deaths and reducing cohort life expectancy (Geng et



al., 2015). Despite ART’s benefits, mortality hazards remain highest during early treatment,
especially for those starting ART with advanced disease or low CD4 counts (Geng et al., 2015).
Ethiopian studies confirm mortality clusters in the first six months of ART, then
decline (Kebede et al., 2020). These patterns mean stationary life tables cannot capture HIV
mortality’s complexity. Instead, demographic estimates must reflect time-varying hazards:
early attrition reduces average survival, even as long-term mortality falls (Geng et al., 2015;
Kebede et al., 2020). Quantifying hypertension’s contribution to all-cause mortality requires
advanced demographic methods beyond simple survival curve descriptions.

Translating individual-level risks into population contributions requires demographic tools that
explicitly allocate mortality to specific causes. Cause-deleted life tables and decomposition
techniques, pioneered in demographic analysis, estimate how the removal of a given condition
would alter life expectancy (Beltran-Sanchez et al., 2008). Their value lies in estimating the
share of all-cause mortality attributable to hypertension: not merely whether hypertension
raises risk, but how many years of life are lost at different ages when its contribution is isolated
(Franco et al., 2005; Mak et al., 2025). To apply these methods meaningfully, however,
demographic analysis must account for the fact that HIV populations are not homogeneous.
Differences in cohort timing, treatment history, and exposure shape who survives into older
ages and thus who is at risk of hypertension-related mortality (Byonanebye et al., 2023; van
Zoest et al., 2016).

The extension of survival under ART has produced a marked demographic shift in the age
structure of HIV populations. Increasingly, individuals now live into their fifties and sixties,
expanding the older age groups within which mortality risks accumulate (Negin et al., 2012;
Schnure et al., 2022). Yet this transition is uneven across cohorts. Adults who initiated
treatment in earlier eras often carried prolonged untreated infection and extensive exposure to
opportunistic illnesses, leaving them with higher mortality even after ART became available.
In contrast, later cohorts, who entered care earlier and with higher CD4 counts, show improved
survival trajectories (Nabukalu et al., 2020). These patterns highlight the importance of cohort
timing and exposure history meaning mortality differentials cannot be interpreted purely by

age, but context in which cohorts matured.

Within these shifting cohorts, mortality remains strongly stratified by demographic and clinical
characteristics. Across East African, Western, and Southern African studies, older age, male
sex, and low baseline CD4 counts consistently emerge as predictors of higher mortality hazards
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(Kibuuka et al., 2021; Mollel et al., 2022; Omar et al., 2025). These findings reveal layered
inequalities where survival is shaped simultaneously by life course position, gendered patterns
of health-seeking, and clinical vulnerability at treatment initiation (Kibuuka et al., 2021). This
stratification underscores why hypertension cannot be analyzed in isolation. Its contribution to
all-cause mortality must be evaluated against the backdrop of these broader differentials, since

comorbid risks compound rather than substitute existing survival disadvantages.

The structure of deaths in HIV populations has shifted decisively toward non-communicable
causes with AIDS-related mortality declined under ART. Longitudinal evidence from rural
Tanzania shows a rising proportions of cardiovascular and other chronic conditions in cause-
of-death attribution over the past decade (Mollel et al., 2022), while mortality surveillance in
South Africa highlights hypertension and vascular disease as increasingly prominent
contributors (Omar et al., 2025). These changes signal more than clinical diversification: they
mark a demographic transition in which the distribution of deaths within HIV cohorts is being
redrawn. The implication is that; all-cause mortality can no longer be understood without
disaggregating the contribution of conditions like hypertension, whose growing share directly

reshapes life expectancy and survival projections.

At the same time, mortality patterns under ART remain heterogeneous across contexts.
Comparative analyses of East African treatment sites reveal that mortality hazards differ
substantially, reflecting variations in service delivery, retention, and patient composition (Geng
et al., 2015). Broader population-based surveillance in Malawi, Kenya, and Uganda shows
persistent gender gaps, with men experiencing higher mortality risks than women, largely due
to later ART initiation and weaker care engagement (Reniers et al., 2014). Such findings
demonstrate that survival outcomes are not solely driven by biological aging or comorbidity
profiles, but also by structural and programmatic contexts. This heterogeneity complicates the
task of estimating comorbidity contributions, since the share of all-cause mortality attributable
to hypertension will vary not only by age and cohort but also by the institutional and social

environments in which PLHIV are embedded.
2.3 Socio-demographic differentials

Socio-demographic characteristics are not merely control variables but axes that shape the
age-pattern, timing, and magnitude of deaths. Understanding their joint effects is therefore

essential for estimating the share of hypertension in population-level mortality.
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Age structures the relationship between hypertension and mortality more than any other factor.
As PLHIV survive into older adulthood, hypertension prevalence rises steeply, and onset often
occurs earlier than in HIV-negative peers. Evidence from East African cohorts shows that older
patients on ART are disproportionately hypertensive (Byonanebye et al., 2023; Mbuthia et al.,
2021), while longitudinal analyses confirm that these age groups also experience higher all-
cause mortality (Bwogi et al., 2025; Nabukalu et al., 2020; Nabukalu et al., 2024). Historical
cohort studies further indicate that those who initiated ART in the early years of rollout, often
at advanced disease stages, carry greater vulnerability in later life (Negin et al., 2012).

Sex and gender also stratify exposure to hypertension and shape survival outcomes. Across
HIV cohorts, men consistently face higher mortality risks than women, a pattern linked to
delayed care-seeking and lower retention in treatment programs (Connelly et al., 2022). Yet,
women report greater morbidity and higher rates of hypertension, particularly during midlife
and menopause transitions (Connelly et al., 2022; Masenga et al., 2022). Despite these
differences, women often achieve better long-term survival, reflecting earlier ART initiation

and stronger health-seeking behaviors (McGraw et al., 2021).

Socioeconomic status fundamentally conditions both the risk of hypertension and its
contribution to mortality among PLHIV. Lower education, unstable income, and reduced
access to NCD services are consistently linked to higher prevalence of hypertension and worse
survival outcomes (Burkey et al., 2014; Yang et al., 2020) . These associations reflect how
disadvantage operates cumulatively over the life course, compounding biological vulnerability
with structural barriers to care. This means that mortality schedules cannot be modeled without
accounting for SES as a stratifying dimension. Cumulative disadvantage theory (Dannefer,
2003) suggests that inequalities intensify with age, so the burden of hypertension-related
mortality is likely concentrated among poorer and less-educated PLHIV. Because SES also
structures health-related behaviors, it provides the bridge to understanding how lifestyle factors

interact with hypertension to shape mortality.
2.4 Clinical and behavioral influence

Health behaviors amplify or mitigate the mortality risks associated with hypertension in HIV
populations. Tobacco use, harmful alcohol consumption, poor diet, and physical inactivity all
elevate hypertension incidence and worsen blood pressure control, with direct implications for

survival (Alebel et al., 2021; Denu et al., 2024). These behaviors are not randomly distributed
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but patterned by age, sex, and socioeconomic position, reinforcing social gradients in health
outcomes. Behaviors are best modeled as time-varying covariates, since their influence on

mortality unfolds dynamically across the life course (Elder et al., 2007).

Clinical vulnerability remains a decisive modifier of the hypertension—mortality relationship.
Individuals with low baseline CD4 counts, unsuppressed viral loads, or prolonged exposure to
older ART regimens exhibit elevated cardiometabolic risk and earlier onset of hypertension
(Geng et al., 2015; Hatleberg et al., 2018; Masenga et al., 2019; Masuku et al., 2019). These
clinical trajectories magnify mortality hazards and can confound estimates of hypertension’s

independent effect if not properly accounted for (Hatleberg et al., 2018; Nduka et al., 2016).

The later evidence indicates that the burden of hypertension-related mortality is highest among
those with advanced HIV disease or complex treatment histories, underscoring the need for
stratified demographic analyses. Comparative analyses illustrate that: some cohorts find that
older men of lower socioeconomic status who have lived longest with HIV face markedly
higher hypertension-related mortality, while younger women with stronger engagement in care
show lower mortality despite comparable hypertension prevalence (Van Deurzen &
Vanhoutte, 2019).

Precisely because risks accumulate and overlap, the way mortality is measured becomes central
to demographic analysis. Most clinical and epidemiological studies stop at reporting hazard
ratios for individual risk factors, which, while valuable, do not tell us how much of population
survival is eroded by hypertension (Alebel et al., 2021; Denu et al., 2024). Demographic
methods fill this gap by translating individual risks into population-level consequences. Cause-
deleted life tables, decomposition techniques, and population-attributable fractions make it
possible to ask counterfactual questions on how life expectancy would change if hypertension
were eliminated and to quantify the proportion of deaths that hypertension contributes in
specific subgroups (Beltran-Sanchez et al., 2008). Applying these methods with stratification
by age, sex, socioeconomic status, and clinical profile turns disparate individual-level findings

into interpretable measures of survival at the population level (Beltran-Sanchez et al., 2008).

The contribution of hypertension to mortality depends not only on biological and social
vulnerabilities but also on the strength of health systems to detect and control it. Evidence from
East Africa shows that weak integration of HIV and NCD services, alongside poor retention in

chronic care, leaves hypertension underdiagnosed and undertreated among PLHIV (Kivuyo et
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al., 2023; Moyo-Chilufya et al., 2023). This means that two populations with the same age and
hypertension prevalence may exhibit very different mortality outcomes depending on service
coverage (Kivuyo et al., 2023; Moyo-Chilufya et al., 2023). Demographic projections that
abstract away from these system realities risk overestimating future survival or underestimating
the true burden of hypertension-related deaths. Situating quantitative estimates within health-
system constraints ensures that demographic analysis remains not only rigorous but also

relevant for policy and planning.
2.5 Hypertension as a contributor to all-cause mortality among PLHIV

Understanding how hypertension contributes to all-cause mortality among people living with
HIV (PLHIV) is a demographic challenge that extends beyond measuring prevalence. The key
issue is how hypertension alters survival schedules, modifies mortality differentials, and
influences life expectancy. This subsection synthesizes evidence to demonstrate how
hypertension intersects with HIV-related mortality, and why quantifying its share of all-cause

mortality is essential for survival projections in East Africa.

Evidence consistently shows that hypertension has become a widespread condition among
PLHIV, both in East Africa and globally. Pooled estimates from East African studies place
prevalence around one-fifth in Uganda and Kenya and more than a quarter in Tanzania,
confirming that hypertension is now common in treated cohorts (Tegegne et al., 2023).
Research across sub-Saharan Africa further indicate that prevalence is not only higher among
PLHIV than among HIV-negative peers, but also emphasized among those on long-term ART,
suggesting that treatment histories shape the risk profile (Chang et al., 2022; Chen et al., 2024;
Sarfo et al., 2020). Global meta-analyses report similar levels, with nearly one in four PLHIV
affected worldwide (Xu et al., 2017), underscoring that this is not an isolated regional pattern
but a broader demographic transformation of HIV populations.

Beyond the cross-sectional prevalence figures, longitudinal analyses reveal that hypertension
emerges earlier and progresses faster in HIV populations. Ugandan cohort data show that
incidence accumulates rapidly in midlife, meaning many PLHIV face hypertensive risk well
before reaching older ages (Byonanebye et al., 2023). Comparable findings from Nigeria and
Kenya demonstrate not only earlier onset but also more rapid progression and clustering with
other metabolic conditions relative to HIV-negative populations (Denu et al., 2024; Mbuthia et

al., 2021). This evidence suggests an accelerated exposure trajectory in HIV cohorts:
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hypertension does not merely appear more frequently; it also compresses into earlier life stages
(Denu et al., 2024; Mbuthia et al., 2021). This acceleration shifts the age-pattern of mortality
risk upward in HIV populations and increases the likelihood that hypertension contributes
significantly to all-cause mortality at ages where survival gains from ART should otherwise be

strongest.

A growing body of evidence demonstrates that hypertension significantly contributes to
mortality among PLHIV, not simply as an individual comorbidity but as a factor reshaping
population survival patterns. Across African cohorts, elevated blood pressure has been shown
to increase mortality risk independently of HIV status, confirming that hypertension
compounds existing vulnerabilities in HIV populations (Houle et al., 2022). The analyses from
South Africa further reveal that uncontrolled hypertension and diabetes cluster among PLHIV
and drive excess mortality compared to those without these conditions (Chidumwa et al., 2023).
These findings are reinforced by similar pattern from high-income settings: in North America,
hypertensive women living with HIV experienced markedly higher one-year mortality than

normotensive peers (Sadinski et al., 2023).

The effect of hypertension is also visible in the changing cause-of-death structure of HIV
cohorts. Longitudinal evidence from Tanzania documented a decade-long rise in deaths
attributable to cardiovascular and hypertension-related causes within ART programs (Mollel
et al., 2022). South African data show similar trends with vascular causes emerging as leading
contributors to mortality in HIV clinics (Omar et al., 2025). These shifts illustrate the
epidemiological transition within HIV populations: as ART reduces AIDS-related deaths, non-

communicable conditions increasingly define survival trajectories.

The critical issue is not simply whether hypertension is common among PLHIV, but the extent
to which it alters population-level mortality. Estimating this contribution requires moving
beyond relative risks reported in clinical studies to measures that capture aggregate effects
(Batavia et al., 2018; Houle et al., 2022; Hickey et al., 2021). Tools such as population-
attributable fractions quantify the proportion of deaths that would be avoided in the absence of
hypertension, while cause-deleted life tables and decomposition methods (Beltran-Sanchez et
al., 2008) could translate disease-specific risks into losses of life expectancy. Applied to HIV
populations, these methods allow us to compare the years of life lost to hypertension against
those lost to other comorbidities, thus positioning hypertension within the broader mortality
schedule of aging HIV cohorts.

15



Cohort dynamics intensify the demographic weight of hypertension. Survivors from earlier
treatment eras, who often initiated ART late, carry cumulative physiological damage that
makes them especially vulnerable to hypertension-related deaths. Longitudinal analyses
confirm that older PLHIV face persistently higher mortality risks despite ART (Nabukalu et
al., 2024), while evidence from population-level studies shows that survival into the fifties and
sixties is now common, creating a larger at-risk population (Negin et al., 2012; Schnure et al.,
2022). These findings suggests that hypertension’s contribution is magnified not only because

prevalence increases with age.

HIV-specific pathways i.e., chronic inflammation, ART-related metabolic changes, and
accelerated vascular aging (Masenga et al., 2019) which expose the entire cohorts to
hypertension earlier and with greater severity than in the general population. The result is
widening survival inequalities both within and across HIV populations, a demographic trend

that demands explicit quantification through stratified life tables and decomposition analyses.
2.6 Theoretical perspectives

Theoretical perspectives provide important scaffolding for interpreting how hypertension
contributes to mortality among PLHIV in demographic terms. Life course theory reminds us
that health outcomes at older ages reflect the accumulation of exposures across time (Dannefer,
2003; Ferraro & Shippee, 2009). Within this framework, hypertension is not simply a
comorbidity but a marker of accelerated and premature aging, arising from the cumulative
physiological stress of HIV infection, ART exposure, and social disadvantage (Dannefer, 2003;
Ferraro & Shippee, 2009).

The concept of allostatic load i.e., the “wear and tear” on the body from repeated stress
exposures deepens this interpretation by linking chronic inflammation, metabolic changes, and
structural inequities to earlier and more severe onset of hypertension in PLHIV (McEwen,
2004). Little or no empirical evidence supports the connection of elevated allostatic load scores
to predict higher mortality risks among older PLHIV, translating biological processes into

demographic outcomes of shortened survival.

These theoretical insights make the policy stakes clear. If hypertension embodies cumulative
disadvantage across the life course, then failure to measure its contribution to mortality leads
to systematic underestimation of health inequalities in survival projections. Yet health systems

in East Africa remain oriented toward AIDS-specific indicators, with limited integration of
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NCD care into HIV programs (Kivuyo et al., 2023; Moyo-Chilufya et al., 2023). As a result,
hypertension often goes undetected and untreated, even as it becomes a leading driver of
mortality in older HIV populations (Kivuyo et al., 2023; Moyo-Chilufya et al., 2023).
Therefore, producing robust estimates of the share of deaths attributable to hypertension is
more than a methodological exercise: it is essential for aligning survival projections, life
expectancy calculations, and resource allocation with the realities of population aging under

dual disease burdens.
2.7 Summary of the literature review

This literature review examines how hypertension shapes mortality among aging PLHIV in
East Africa within a demographic and life-course framework. ART has shifted mortality to
older ages, creating cohorts increasingly affected by chronic conditions. Hypertension now
emerges earlier and progresses faster in HIV populations, contributing significantly to
changing cause-of-death patterns. Its effect varies by age, sex, socioeconomic status, clinical
history, and health-system capacity, reflecting cumulative disadvantage and allostatic load.
Demographic tools such as cause-deleted life tables and decomposition techniques are essential

for quantifying hypertension’s share of all-cause mortality.
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CHAPTER THREE: METHODOLOGY
3.1 Introduction

This chapter presents the study design, data sources, and analytical methods utilized in the

study.
3.2 Data source and study design

This study employed a retrospective cohort design using secondary longitudinal data from the
African Cohort Study (AFRICOS), a multi-country prospective cohort study. This is
coordinated by the U.S. Military HIV Research Program, executed in collaboration with
national research institutions in Kenya, Uganda, Tanzania, and Nigeria.

The recruitment into AFRICOS follows standardized inclusion criteria with eligible
participants including HIV-positive and HIV-negative adults and adolescents receiving care at
participating clinics, who are aged 15 years and older, willing to provide informed consent, and
capable of attending biannual follow-up visits. The enrollment is continuous, with replacement
of participants lost to follow-up.

By design, AFRICOS uses clinic-based consecutive sampling, recruiting individuals who
attend care at selected military and civilian HIV treatment sites. The cohort was established in
2013 and, as of 2023, had enrolled 4,176 participants, including both HIV-positive and HIV-
negative individuals. At each visit, participants undertake standardized clinical assessments
and provide socio-demographic, behavioral, and laboratory data. Mortality, treatment history,

and comorbid conditions are routinely recorded and validated through clinic systems.

For this study, we limited the AFRICOS dataset to HIV-positive individuals aged 40 years and
above at enrollment from sites in Kenya, Uganda, and Tanzania from January 2013 to June
2023 (AFRICOS, 2023). We adopt age 40 as the lower threshold for “aging” PLHIV in East
Africa, diverging from the >50 benchmark common in high-income settings to reflect the
regional demographic realities: multimorbidity, particularly hypertension, emerging earlier
(Chang et al., 2022) and truncated life expectancy renders mid-life mortality highly

consequential.

This vyielded an analytic baseline sample of 1,169 (Kenya=698, Tanzania=256 and
Uganda=215) unique participants. Across all biannual follow-up waves, these individuals who
expanded to a total of 1,360 participants at the end of the tenth-year visit yielding 12,462
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person-period observations involved in the final adjusted models. Individuals were included if

they had at least one follow-up visit and available blood pressure.

From this analytic cohort, we constructed exposure groups based on hypertension status,
assessed at baseline and longitudinally. We did not apply age standardization because the age
distributions of PLHIV across Kenya, Tanzania, and Uganda were broadly similar. In both the
40-49 and 50-59-year groups, proportions were nearly identical across countries, while the
>60 category showed only modest variation (Kenya 17%, Tanzania 19%, Uganda 12%). Our
analysis proceeded with crude mortality probabilities thus preserving the interpretability of

estimates while minimizing the risk of confounding by age.
3.3. Variables and measures

The primary outcome variable was all-cause mortality — mortality from any cause. This was
defined as the likelihood of death among people living with HIV. For each individual, the
dependent variable was coded as 1 in the year of death (from any cause) and O for all prior
years during which they remained alive. Individuals who were alive at the end of follow-up
were right-censored. Mortality was modeled as a person-period outcome using a discrete-time
approach. The outcome is permissible for modeling time-varying differences between
hypertensive and non-hypertensive individuals, supporting estimation of all-cause excess

mortality we could attribute to hypertension.

In this study, the primary exposure of interest was hypertension, categorized based on clinical
single blood pressure measurements as recorded in routine visits. The classification of
hypertension (HTN) was defined strictly according to the 2023 ESH Hypertension Guideline
(Prasantha L Vemu, 2024) without consideration on information on diagnosis or
antihypertensive treatment. Hypertensive state was defined as systolic blood pressure of 140
mmHg or higher given diastolic blood pressure of 90 mmHg or higher (Ojangba et al., 2023),
coded as 1 if hypertensive and 0 otherwise. Systolic blood pressure (SBP) refers to the
maximum pressure in the arteries when the heart contracts and pumps blood through the body,
while diastolic blood pressure (DBP) reflects the pressure in the arteries when the heart rests
between beats. These two measurements are expressed in millimeters of mercury (mmHg) and

are commonly written as a ratio, such as 140/90 mmHg (Whelton et al., 2018).

The independent variables used in this study were grouped into socio-demographic,

behavioral and clinical factors, and physiological domains. Socio-demographic variables
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included: Age (in years), also grouped into 40-49, 50-59, and 60+ for stratified analysis.
Employment status was categorized as employed/unemployed based on reported income-
generating activity. Education level was classified as none, primary, secondary, or post-
secondary. Marital status included single, married/cohabiting, divorced/separated, and
widowed. Socioeconomic status (SES) followed the Demographic and Health Surveys (DHS)-
style composite tradition, we adapted to available AFRICOS variables derived as a composite
score based on using from household income, number of meals per day, and number of adult
and child dependents. Each variable was standardized and assigned weights based on
theoretical relevance and prior literature. SES was then categorized into tertiles: low, middle,

and high. Internal consistency of the index was assessed using Cronbach’s alpha.

Behavioral variables included alcohol use., smoking and drug use. Alcohol use (self-reported
past year) coded as 1 = yes, 0 = no. Cigarette smoking and drug use (any substance) were binary

(yes/no).

Clinical variables included BMI, allostatic load, and viral load. For BMI was calculated as
weight (kg) divided by height (m) using measured height and weight. Categories were defined
as: underweight (<18.5), normal weight (18.5-24.9), overweight (25.0-29.9), and obese (>30)
(WHO, 2000). Allostatic load (AL) measure was consistent with established
operationalizations in the literature (Seeman & Gruenewald, 2006), adapted to available
biomarkers in AFRICOS computed operationalized as a composite of six biomarkers: systolic
and diastolic blood pressure, CD4 count, C-reactive protein (CRP), total cholesterol, and BMI.
Each biomarker was dichotomized into high-risk vs. normal range using clinical cutoffs (SBP
>140 mmHg or DBP >90 mmHg; CD4 <200 cells/mm?; CRP >3 mg/L; cholesterol >200
mg/dL; BMI >30). Domain-specific scores (cardiovascular, immune, inflammatory, and
metabolic) adopted from (Fazeli et al., 2020) were weighted and summed into a total AL score,
which was standardized and dichotomized into low vs. high (median split). Reliability was
tested using Cronbach’s alpha, and construct validity examined through correlation with key

clinical indicators.

Duration of HIV infection was calculated in years from the self-reported diagnosis date because
variables on confirmatory test was absent in the dataset to the last follow-up visit. Date of first
enrollment in HIV care, ART initiation date, ART regimen, and current ART status were

extracted from clinical records. ART status was coded as 1 = currently on ART, 0 = not on
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ART. Viral load was categorized using standard WHO clinical thresholds as: 1 = suppressed

(<50 copies/mL), 2 = low-level viremia (50-999 copies/mL), and 3 = high (>1000 copies/mL).

All covariates that vary over time (viral load, BMI, blood pressure) were defined at baseline
and treated as fixed characteristics. Thus, stratified decrement life tables reflect differences in

mortality by baseline status, without accounting for subsequent changes during follow-up.
3.4 Data analysis

Descriptive statistics were used to summarize the characteristics of PLHIV aged 40 years and
above across the three countries. Categorical variables (sex, country, BMI, viral load) were
summarized as frequency distributions; continuous variables (age, duration on ART) were

summarized using medians and interquartile ranges.

Chi-square and Kruskal-Wallis tests were used to assess associations between hypertension
and mortality status across key demographic and clinical factors. The log-rank tests were used
to examine survival differences by hypertension status and subgroup. We tabulated the number
and proportion of participants who had ever developed hypertension and who died during the
ten years of follow-up, stratified by sex, age group, BMI, viral load, and country selected based
on bivariate analysis. Pearson chi-square tests were used to assess differences across categories,

and median follow-up time with interquartile range (IQR) was calculated for each subgroup.

The selection of confounders was informed by prior literature on HIV, hypertension, and
mortality, and by demographic relevance within the East African context. Five variables were
considered as potential confounders: country of residence, age category, gender, BMI category,
and viral load category. Each variable was assessed for its influence on the odds ratio for
hypertension by applying a change-in-estimate criterion, where a >10% shift in the effect size
compared to the unadjusted model indicated confounding. All five were subsequently included
in the fully adjusted model to account for demographic, clinical, and contextual variation.

We constructed two separate single-decrement Life Tables (hypertensive PLHIV and non-
hypertensive PLHIV) using interval-specific mortality probabilities (Appendix 2 and 3). This
was to aid estimation of the additional mortality burden attributable to hypertension among
people living with HIV (PLHIV). Each Life Table was computed using standard methods to
derive the probability of dying in each interval (g,), and cumulative mortality up to each time

point. Interval-specific death probabilities (qx) for each exposure interval, qx was derived as the
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ratio of deaths in that interval (Dx) to the number at risk, expressed in person-years. These

probabilities formed the basis for constructing the decrement life tables used in the analysis.

To quantify the excess all-cause mortality associated with hypertension, we computed the
difference in interval-specific mortality probabilities between the two subgroups at each
follow-up interval. This yielded a derived table that reflects the excess probability of death
attributable to hypertension per interval, rather than for a single cohort. Mathematically, excess

all-cause mortality at interval x, denoted A4qy, was calculated as:

non—HTN

AQX = quTN —(qx
where:

o 4™ is the probability of dying during interval x among hypertensive PLHIV, and
o g " HTN s the probability of dying during interval x among non-hypertensive
PLHIV.

The resulting excess all-cause mortality was estimated and presented using a LOESS-smoothed
graph (frac=0.6) to minimize line crisscrossing, alongside a numerical table. These outputs
quantify the additional all-cause mortality attributable to hypertension among PLHIV across
follow-up time. This approach offered a clear method to assess differential attributable to a

single health condition within cohort-based survival analysis.

These values were visualized using a line graph of Aq, over time, highlighting intervals where
hypertension contributed most substantially to increased mortality. This approach emphasizes
within-cohort mortality differentials. At the multivariable level, to model time-to-death, the
dataset was transformed into person-period format, with each individual contributing multiple

records (one per follow-up interval) until death or censoring.

We then fitted a discrete time model with logistic regression using a binary outcome for death
at each interval. AFRICOS data is visit based and interval structured thus does not exactly
capture failure times. Discrete-time models were appropriate because they accommodate
interval-censored event data and allow the use of person-period observations. Hypertension
exposure and other covariates were lagged by one time period to reduce simultaneity bias. Visit

dummy variables were included to account for time effects.
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Exponentially weighted moving averages (EWMA) modeled Hypertension as a cumulative
exposure to reflect recency and duration. Six models were fitted using a static lagged
hypertension indicator, and EWMA-based exposure measures with smoothing parameters o =
0.3 and a =0.7. For each exposure type, we estimated an unadjusted model and adjusted model,
controlling for key covariates (age category, sex, BMI category, viral load category, and
country). The purpose was to test whether cumulative hypertension exposure better captured

mortality patterns.

The EWMA apply a decay factor (o) to weight past exposures with a lower o = 0.3 retaining
more influence from older exposures and higher o = 0.7 giving more weight to recent exposures
which approach is grounded in life course theory, which recognizes the layered, time-
dependent nature of chronic disease progression. In modelling, hypertension status and
covariates were lagged by one time interval (t-1) to temporally separate predictors from the
outcome. This allowed for time-specific mortality estimation and identification of critical

follow-up intervals with elevated hypertension effect.

The Akaike Information Criterion and Bayesian Information Criterion were used to assess
internal consistency and estimation stability. The final form of the models estimated the
probability of death at time t as a function of hypertension exposure at time 7—/, covariates at

time #— 1, and fixed visit-level effects:

(P(Deathiy=1) \ _
log (1—P(Deatf;it=1)) = b+ +ﬁlEMAHTNi(t—1) + BaXie-1) vt

Where:

. EMAHTNi(t_l)is the lagged value of hypertension status for individual i at time t-1.

e Xj-1) is avector of lagged confounders for individual i at time t-1, including country,
age category, gender, BMI category, viral load category.
e [, isthe intercept.

e [2is a vector of coefficients for the confounders.

ytrepresents time-fixed effects (visit-specific indicators), controlling for any

unobserved heterogeneity that varies across time points.

Odds ratios (ORs) and 95% confidence intervals (Cls) was reported for the coefficients. Model

diagnostics included checks for multicollinearity (using VIF), and fit statistics (Linktest and
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Hosmer-Lemeshow test) to assess model adequacy. No severe collinearity was observed

among key covariates.

A composite socioeconomic status (SES) index was constructed using z-scores for education,
employment, income, and food security, and an allostatic load (AL) index was derived from
six biomarkers reflecting cardiovascular, metabolic, and immune function. Both indices were

entered as continuous predictors.
3.5 Ethical Considerations

This study adhered to ethical standards set in RV329 / WRAIR 18971 ensuring the protection
of participants and the integrity during the research. This ensured that any research
modifications aligned with participant safety and data use policies, maintaining ethical
standards for studies using existing cohort data. A letter permitting the use of data was granted
to the researcher attached in the Appendix 2.

3.6 Strengths and Limitations

A key strength of this study lies in its use of longitudinal AFRICOS data, which moves beyond
the cross-sectional “snapshots” typical of HIV-hypertension studies in sub-Saharan Africa
(Kazibwe et al., 2022; Kivuyo et al., 2023). By following individuals over time, we were able
to align more closely with life course frameworks (Elder et al., 2007; Ferraro & Shippee, 2009)

and capture how cumulative exposure to hypertension reshapes mortality trajectories.

Methodologically, our application of decrement life tables extended traditional demographic
tools by disaggregating survival differences between hypertensive and non-hypertensive
PLHIV across subgroups defined by BMI, viral load, and country. The addition of interval-
specific excess mortality enhanced their interpretive value for population-level burden
estimation. The use of lagged discrete-time logistic regression provided a pragmatic way to
incorporate time-varying exposures, accommodating the sequencing of hypertension and
mortality events. Combined with exponentially weighted moving averages (EWMA), this
allowed us to approximate cumulative exposure and align with life course principles of

accumulation.

At the same time, several limitations must be acknowledged. The AFRICOS mortality data did

not include secondary or tertiary causes of death, preventing the application of Multiple Cause
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of Death (MCOD) frameworks. This constrains our ability to fully disentangle hypertension-
attributable mortality from competing comorbidities, a limitation for demographic analyses of

cause-deleted survival (Beltrdn-Sanchez et al., 2008).

Similarly, survival time was measured from cohort enrollment rather than from HIV diagnosis
or ART initiation, restricting our ability to model full disease histories and their effect on
mortality schedules. The models used for the study still treat exposure changes in a stepwise
fashion and rely on fixed decay rates (Heagerty & Comstock, 2013), which may obscure
nonlinearities in chronic disease progression. Our operationalization of allostatic load relied on
cross-sectional biomarkers, limiting our capacity to fully model dynamic stress accumulation.
This reduces our ability to capture how social disadvantage, immune dysfunction, and
comorbidity interact across the life course to structure mortality risks (Van Deurzen &
Vanhoutte, 2019; Yang et al., 2023).
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CHAPTER FOUR: RESULTS AND DISCUSSIONS
4.1 Introduction

This chapter presents the findings, structured around the key research objectives and
hypotheses described in Sections 1.3 and 1.4. Results are presented through univariate,
bivariate, and multivariable analyses, including descriptive statistics, survival analysis, and
regression models, to examine the effect of hypertension and related covariates on mortality

among people living with HIV aged 40 and above in Kenya, Uganda and Tanzania.
4.2 Associations between social-demographic factors, hypertension, and mortality

Table 4.1 shows the association between hypertension and mortality with key demographic
factors. At baseline (visit 1), hypertension prevalence was 19%, differing significantly by
country (p<0.001). Tanzania had the highest prevalence (32%), followed by Kenya (17%),
while Uganda had the lowest prevalence (10%). By visit 17, the prevalence of hypertension
was 21%, differed significantly across countries (p<0.001) with prevalence highest in Tanzania
(40%), followed by Kenya (19%), and lowest in Uganda (14%). Age was significantly
associated with hypertension (p < 0.001), with 32% among those aged 60+, compared to 14%
in the 40-49 age group.

Gender did not show statistically significant association with hypertension (p = 0.53), though
females (19%) slightly had higher proportion of hypertension compared to males (18%). Other
socio-demographic factors, such as education, employment, socioeconomic class, and alcohol

use, did not exhibit strong associations with hypertension status.

Cumulative mortality was slightly higher among participants with baseline hypertension (8%)
compared to those without baseline hypertension (6%). However, this difference was not
statistically significant (p=0.24). Mortality was significantly associated with age (p = 0.04) at
baseline, with the highest mortality observed among participants aged 60+ (13%). Gender
differences in mortality were also notable (p = 0.04), with males exhibiting a higher mortality
rate (8%) than females (5%). Employment and socioeconomic class did not significantly

predict mortality.

Table 4.1 continued shows that alcohol consumption and cigarette smoking showed some
notable mortality trends with (p = 0.99) among smokers (p = 0.05) and also could not predict
hypertension. BMI categories (defined according to WHO criteria: underweight <18.5 kg/m,
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normal 18.5-24.9 kg/m?, overweight 25.0-29.9 kg/m?, and obese >30.0 kg/m?), was strongly
associated with hypertension (p < 0.00), with a clear gradient observed among obese
participants (38%) compared to only 13% of those who were underweight. Additionally, viral
load significantly was associated with hypertension (p = 0.02), with the highest prevalence seen

among those with suppressed viral loads (21%).

Body Mass Index was strongly associated with mortality (p = 0.00), with the highest mortality
recorded among underweight participants (13%), however, mortality among obese individuals
was significantly lower (2%). Viral loads had a statistically significant difference (p = 0.00)
with participants with high viral loads having the highest mortality rate (10%) compared to

those with suppressed viral loads (4%).
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Table 4.1 Socio-demographic characteristics at baseline (visit 1) by exposure status and

mortality distribution

Variable Exposure Outcome

Frequency (n) Hypertensive P-value Dead P-
n(row%o) n(row%)  value

Country of residence

Kenya 698 118(16.9) 44(6.3)

Tanzania 256 82(32) 11(4.3)

Uganda 215 21(9.8) <0.00 20(9.3) 0.09

Age categories (years)

40-49 720 98(13.6) 41(5.7)

50-59 349 90(25.8) 22(6.3)

60+ 96 31(32.3) <0.00 12(12.5) 0.04

Sex

Male 595 107(17.9) 47(7.9)

Female 566 110(19.4) 0.53 28(4.9) 0.04

Educational level

No education 72 12(16.7) 5(6.9)

Primary 683 118(17.3) 38(5.6)

Secondary 330 73(22.1) 28(8.5)

Post-secondary 84 18(21.4) 0.26 4(4.8) 0.31

Marital status

Single 69 12(17.4) 2(2.9)

Married traditional or civil 682 117(17.2) 47(6.9)

incl. Living together with

partner

Divorced/separated 143 22(15.4) 12(8.4)

Widowed 275 70(25.5) 0.02 14(5.1) 0.33

Employment status

No 742 154(20.8) 50(6.7)

Yes 427 67(15.7) 0.03 25(5.9) 0.55

Socio-economic status

Low 416 74(17.8) 26(6.2)

Middle 422 72(17.1) 30(7.1)

High 331 75(22.7) 0.12 19(5.7) 0.74

Total 1169
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Table 4.1 Continued

Variable Exposure Outcome

Frequencies (n) Hypertensive P-value Dead P-value
n (row%) n (row%)

Alcohol consumption history

No 964 179 (18.6) 62 (6.4)

Yes 202 41 (20.3) 0.59 13 (6.4) 0.99

Cigarette smoking

No 1114 213 (19.1) 75 (6.7)

Yes 52 7 (13.5) 0.31 0 (0.0 0.05

Drug use

No 1139 213 (18.7) 71 (6.2)

Yes 27 7 (25.9) 0.34 4(14.8)  0.07

BMI categories

Underweight 142 18(12.7) 19(13.4)

Normal 717 101(14.1) 44(6.1)

Overweight 210 65(30.9) 10(4.8)

Obese 100 37(37.8.) <0.00 2(2.0) 0.00

Viral load categories

Suppressed 694 146(21.0) 30(4.3)

Low-level viremia 132 27(20.5) 10(7.6)

High viral load 343 48(13.9) 0.02 35(10.2)  0.00

Allostatic load

Low 786 51 (6.5) 38 (4.8)

High 383 170 (44.4) 37 (9.7) 0.00

Total 1169

4.3 Participants follow-up characteristics by exposure status and mortality

Table 4.2 shows the end of follow-up characteristics of the respondents. Overall, 702
participants (60%) were hypertensive at any point/cumulative prevalence during follow-up.
There were 75 deaths among all participants (6%). Among hypertensive participants, 71 deaths
occurred (10%), while 4 deaths occurred among non-hypertensive participants (1%). Among
599 males, 359 (60%) were hypertensive and 47 (8%) died during follow-up, with a median
follow-up of 7 years (IQR 3.70). Among 570 females, 343 (60%) were hypertensive and 28
(5%) died, with a median follow-up of 7.2 years (IQR 3.2).

Among participants aged 40-49, 50-59 and 60+, the proportions ever hypertensive were 57%,
64%, and 68%, respectively. Deaths occurred in 6%, 6%, and 12% of respondents in these age

groups. Median follow-up ranged from 7.0 to 7.4 years. Among respondents in BMI categories
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underweight, normal, overweight, and obese, the proportion ever hypertensive was 44%, 54%,
72%, and 82%, respectively. Deaths occurred in 18%, 6%, 3%, and 3% of respondents across

these categories. Median follow-up ranged from 7.1 to 7.5 years.

Among respondents with viral load categories suppressed, low-level viremia and high viral
load, the proportion ever hypertensive was 62%, 63%, and 50%, respectively. Deaths occurred
in 4%, 8%, and 16% of respondents across these categories. Median follow-up ranged from 6.5
to 7.5 years. Among respondents from countries Kenya, Tanzania and Uganda, the proportion
ever hypertensive was 63%, 74%, and 33%, respectively. Deaths occurred in 6%, 4%, and 9%

of respondents from these countries. Median follow-up ranged from 5.5 to 7.6 years.
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Table 4.2 End of follow-up characteristics of the respondents

Variable Frequencies Ever P- Ever P- Median
(n) hypertensive  value dead value follow-up
n (%) n (%) (years, IQR)
Hypertension 702 (60.1%)
Mortality (all 75 (6.4%)
respondents)
Mortality among 702 (10.1%)
hypertensive
Mortality among 467 (0.86%)
non-hypertensive
Sex
Male 599 359 (59.9) 093 47(7.9) 004 7237
Female 570 343 (60.2) 28 (4.9) 7.2 (3.2)
Age group
40-49 663 376 (56.7) 0.03 37(5.6) 005 7233
50-59 347 221 (63.7) 22 (6.3) 7.4 (3.3)
60+ 99 67 (67.7) 12 (12.1) 6.9(3.8)
BMI categories
Underweight 148 65 (43.9) <0.00 26 (17.6) <0.00 7.2(3.9
Normal 631 340 (53.9) 38 (6.0) 7.1(3.6)
Overweight 228 165 (72.4) 7(3.1) 7.5 (3.5)
Obese 162 132 (81.5) 4 (2.5) 7.3 (3.0)
Viral load
Suppressed 900 557 (61.9) 0.01 39(4.3) <0.00 7.5(2.7)
Low-level viremia 87 55 (63.2) 7(8.1) 6.6 (4.0)
High viral load 182 90 (49.5) 29 (15.9) 6.5 (7.7)
Country
Kenya 698 441 (63.2) 0.00 44(6.3) 009 7522
Tanzania 256 190 (74.2) 11 (4.3) 55 (4.5)
Uganda 215 71 (33.0) 20 (9.3) 7.6 (5.0)
Total 1169

4.4 Assessment of confounding effect of different variables on the effect of hypertension

and death

Table 4.3 shows the confounding effect of different variables on the effect of hypertension and

mortality. When adjusting for viral load, the association strengthens (OR: 1.62, 95% CI: 0.94—

2.78, p=0.08). The most pronounced effect is observed after adjusting for BMI, where the

association reaches statistical significance (OR: 1.72, 95% CI: 1.00-2.98, p=0.05). However,

there was a non-significant increase in mortality among hypertensive individuals (OR: 1.44,

95% CI: 0.84-2.45, p=0.18). However, after adjusting for age, the association slightly
attenuated (OR: 1.34, 95% CI: 0.78-2.31, p=0.28). The adjustment for gender does not also
substantially alter the estimate (OR: 1.48, 95% CI: 0.87-2.53, p=0.15).
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Table 4.3 Confounding effect of different variables on the effect of hypertension and
mortality

Variables Odds Ratios (95%CI) P-value
Crude OR 1.44 (0.84-2.45) 0.18
Adjusting for age 1.34 (0.78-2.31) 0.28
Adjusting for sex 1.48 (0.87-2.53) 0.15
Adjusting for Viral load 1.62 (0.94-2.78) 0.08
Adjusting for BMI 1.72 (1.00-2.98) 0.05

4.5 Hypertension contribution to all-cause excess mortality

Table 4.4 presents all-cause excess mortality associated with hypertension obtained from
difference between hypertensive and non-hypertensive decremental life table, stratified by
confounders. Among the total cohort, hypertensive individuals exhibited consistently elevated
likelihood of mortality relative to their non-hypertensive counterparts across all follow-up

intervals (Figure 4.2).

The excess mortality started modestly at 0.004 during the first survival interval and increased
steadily over time, peaking at 0.044 by interval 9. Although minor fluctuations were observed
across intermediate intervals such as a slight dip at interval 4 (0.006) compared to interval 3
(0.009), the overall trend was one of progressive accumulation of survival disadvantage
associated with hypertension. After reaching the maximum excess mortality at interval 9, the

mortality modestly declined to 0.032 in intervals 10 and 11.

In Kenya, hypertensive individuals exhibited slightly lower mortality than non-hypertensives
during the early intervals, reflected by negative excess mortality values (e.g., -0.004 at interval
1 and -0.008 at interval 2). However, this trend reversed after interval 7, with hypertensive
respondents showing positive excess mortality by interval 8 (0.019) and a further increase to
0.030 by intervals 9 and 10.

In contrast, Tanzania showed consistently elevated excess mortality attributable to
hypertension across all intervals. Beginning with a positive excess mortality of 0.028 at interval
1, the mortality rose sharply to 0.067 at interval 2 and remained relatively stable thereafter,
fluctuating slightly around 0.053 across later intervals. The pattern was more variable in
Uganda after a near-neutral excess mortality at interval 1 (0.001), negative excess mortality

was observed at interval 2 (-0.005), followed by a sharp spike in positive excess mortality at
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interval 3 (0.102) and interval 4 (0.084). Toward the later intervals (10-11), Uganda displayed

small negative values again (-0.011).

Among respondents aged 40-49 years, excess mortality was initially negligible or slightly
negative (e.g., -0.002 at interval 1). However, by interval 9, the excess mortality had risen to
0.045. In contrast, individuals aged 50-59 years consistently demonstrated positive excess
mortality across nearly all time points. Although initially small (0.011 at interval 1), the excess

mortality increased steadily, peaking at 0.054 from interval 8 onwards.

Notably, among respondents aged 60 years and older, excess mortality fluctuated substantially.
After an early positive excess (0.018 at interval 1), the values turned negative by intervals 3
and 4 (-0.032 and -0.066, respectively). The Figure 4.2 indicate that individuals aged 60 and
above exhibited the steepest decline in survival probabilities over time, followed by those aged
50-59. Surprisingly, the 40-49 age group showed relatively lower survival probabilities

throughout the follow-up period despite their younger age.

Among males, hypertensive individuals consistently exhibited higher mortality than non-
hypertensives throughout the follow-up. Starting with a modest excess mortality of 0.018 at
interval 1, the excess mortality steadily increased, peaking at 0.0779 by interval 8. Although
the magnitude decreased slightly thereafter (0.062 at interval 9 and 0.039 at interval 10).

In contrast, females’ hypertensive PLHIV showed a less consistent pattern. Early in follow-up,
excess mortality among hypertensive females was either negative or near zero (e.g., -0.009 at
interval 1, 0.002 at interval 2, -0.004 at interval 4 and 5). Positive excess mortality appeared
only later, with values of 0.028 from interval 9 onward, although these gains remained modest
relative to males. Figure 4.2 shows that females experienced a more pronounced decline in
survival probabilities over time compared to males. Males maintained consistently higher
survival probabilities across the 10-year follow-up period.

The hypertensive PLHIV classified as underweight consistently experienced the highest excess
mortality attributable to hypertension. Starting with an excess mortality of 0.121 at interval 1,
it sharply rose to 0.287 by interval 5. Although slight declines followed, the values remained
markedly elevated (above 0.27) until missing data emerged beyond interval 7. In contrast,
individuals with normal BMI exhibited small or even negative excess mortality in early
intervals (e.g., -0.005 at interval 1, -0.006 at interval 2). Only in later intervals (e.g., 0.031 at
interval 8) did a slight excess mortality appear, although the magnitude remained low overall.
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The hypertensive PLHIV classified as overweight group showed modestly positive but stable
excess mortality attributable to hypertension throughout follow-up. After early small increases
(e.g., 0.0017 at interval 1), the values rose slightly toward later periods (0.069 at intervals 9 to
11). Among the obese subgroup, excess mortality attributable to hypertension was initially
negative (-0.016 at interval 1) but turned consistently positive by interval 2 (0.015), persisting

at low but steady levels thereafter.

Caution in interpreting late-stage patterns for this group due to the limited number of events
(as seen in missing values after interval 9). Figure 4.2 shows that underweight individuals had
the steepest decline over time. In contrast, those classified as overweight or obese maintained

the highest survival probabilities throughout the follow-up period.

Hypertensive respondents with suppressed viral load consistently exhibited modest but positive
excess mortality throughout follow-up. Starting at 0.011 in interval 1 and gradually increasing
to 0.067 by interval 9. In stark contrast, individuals with low-level viremia (i.e., detectable but
not fully suppressed virus) showed progressively negative excess mortality over time. For
example, by interval 4, the excess mortality was -0.091, and further declined to -0.122 by
interval 8. However, missing values after interval 8 limit full interpretation for later periods.
Among hypertensive individuals with high viral load, the excess mortality attributable to
hypertension was consistently positive and substantial, peaking early (0.063 at interval 2) and

remaining stable around 0.070 thereafter.

Hypertensive individuals with low allostatic load exhibited positive and increasing excess
mortality across most follow-up intervals, peaking around intervals 6-8 before declining. In
contrast, those with high allostatic load showed negative or near-zero excess mortality during
early follow-up, but this trend reversed in later intervals reaching a positive excess mortality
of 0.116 by the final interval.
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Figure 4.2 Excess mortality across demographic and clinical subgroups
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Table 4.4 Cumulative excess mortality by demographic and clinical subgroup, AFRICOS 2013-2023

Variable 1 2 3 4 5 6 7 8 9 10 11

Hypertension Status 0.004 0.014 0.009 0.006 0.002 0.017 0.018 0.035 0.044 0.032 0.032
Age Groups

Age 40-49 -0.002 0.027 0.018 0.009 0.007 0.007 -0.003 0.019 0.045 0.045 0.045
Age 50-59 0.011 0.003 0.012 0.021 0.016 0.016 0.033 0.054 0.054 0.054 0.054
Age 60+ 0.018 0.002 -0.032  -0.066 0.016 0.016 0.016 -0.017  -0.017 NA NA
Sex

Male 0.018 0.028 0.016 0.018 0.011 0.031 0.040 0.078 0.062 0.039 NA
Female -0.007 0.002 0.006 -0.004  -0.004 0.006 -0.001 -0.001 0.028 0.028 0.028
BMI

Underweight 0.121 0.172 0.204 0.195 0.287 0.2774 0.2774 NA NA NA NA
Normal -0.005 -0.006 -0.012 -0.011 -.015 0.008 0.014 0.031 0.019 0.001 0.001
Overweight 0.002 0.012 0.015 0.007 0.007 0.007 0.007 0.007 0.069 0.069 0.069
Obese -0.016 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 NA NA
Viral Load

Suppressed 0.0105 0.016 0.018 0.016 0.014 0.029 0.035 0.057 0.067 0.049 0.049
Low-Level Viremia 0.0000 -0.031 -0.067 -0.091 -0.103 -0.103 -0.122 -0.122 NA NA NA
High 0.0096 0.063 0.055 0.051 0.046 0.074 0.070 0.070 0.070 0.070 0.070
Country

Kenya -0.0037  -0.008 -0.006 -0.007 -0.013 -0.009 -.005 0.019 0.031 0.031 NA
Tanzania 0.0275 0.067 0.053 0.053 0.053 0.053 0.053 0.053 0.053 0.053 NA
Uganda 0.0007 -0.005 0.102 0.084 0.084 0.084 0.076 0.076 0.076 -0.011  -0.011
Allostatic load

low 0.028 0.046 0.035 0.051 0.048 0.087 0.081 0.078 -0.057 -0.071 -0.071
high -0.026 -0.038 -0.037 -0.046  -0.052 -0.053 -0.051 -0.038 -0.014 -0.014 0.116

Note: Excess mortality is calculated as the difference between hypertensive and non-hypertensive mortality within each subgroup at each time point. Positive values indicate higher
mortality among hypertensives, while negative values suggest higher mortality among non-hypertensives or small-sample fluctuations. NA = Data not available for evaluation beyond.
1-11 intervals describe the time in years
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4.6 Cumulative mortality from hypertension exposures by visits

Table 4.5 shows Time (visits) unadjusted and adjusted odds ratios for all-cause mortality by
hypertension exposure, modeled using standard lag and EWMA approaches, across biannual
follow-up visits. Mortality varied significantly over the follow-up time, with hypertension
included as a main effect. In the standard lagged discrete-time logistic regression model,
hypertension was associated with 1.53 times higher odds of mortality (OR = 1.53, 95% CI:
0.845-2.77), though this association was not statistically significant. However, when
hypertension exposure was modeled using an Exponentially Moving Average (EWMA)
approach with a smoothing factor of 0.3, the odds ratio increased to 2.15 (OR = 2.15, 95% CI:
(0.86, 5.34), while the EWMA model with a smoothing factor of 0.7 produced a slightly lower
odds ratio of 1.76 (OR = 1.758, 95% CI: 0.84-3.69). The inclusion of demographic and clinical
covariates in adjusted Models 4-6, the estimated effect of hypertension on mortality became

more pronounced.

The adjusted standard lagged model (Model 4) indicated that hypertensive individuals had
more than twice the odds of mortality compared to non-hypertensives (OR = 2.04, 95% CI:
1.10-3.79), reaching statistical significance at the 0.05 level. Notably, the EWMA-based
models, which incorporate cumulative exposure to hypertension, yielded even stronger
associations. In the adjusted EWMA model with a smoothing factor of 0.3 (Model 5),
hypertension was associated with 3.25 times higher odds of mortality (OR = 3.25, 95% CI:
1.26-8.39, p < 0.05), while the model with a.= 0.7 (Model 6) estimated 2.51 times increase in
mortality (OR = 2.51, 95% CI: 1.16-5.44, p < 0.05).

The highest mortality was observed during the early phases of follow-up. Across all models,
the odds of mortality were sharply elevated at visit 2, where unadjusted models estimated odds
ratios ranging from 17.47 to 17.55 (p < 0.01), and adjusted models showed slightly higher
estimates between 17.85 and 18.44 (p < 0.01). This elevated likelihood of mortality persisted
into visit 3 (ORs: 15.88-18.18), visit 4 (ORs: 13.42-16.59), and visit 5 (ORs: 13.46-16.43),
all statistically significant. Although the odds of mortality declined progressively in subsequent
visits, they remained statistically elevated through visit 12 across all model specifications. For
example, at visit 8, the adjusted models showed mortality odds between 9.64 and 9.87 (p <
0.05), while by visit 12, the odds reduced to 5.79-5.88 (p < 0.05). From visit 13 onwards, the
estimates were lower and often not statistically significant, with odds ratios gradually tapering
toward approximately 2.3 by visit 17.
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Table 4.5 All-cause mortality by hypertension exposure, modeled using standard lag and EWMA approaches, across biannual follow-

up visits

Variable

Model 1
(Standard Lag)

Model 2
EMA 0=0.3

Model 3
EMA o=0.7

Model 4
(Standard Lag)

Model 5
EMA ¢=0.3

Model 6
EMA o=0.7

Hypertensive

visit=

visit=

visit=

visit=

visit=

visit=

visit=

1

OR (95% ClI)

OR (95% Cl)

OR (95% Cl)

aOR (95% Cl)

aOR (95% Cl)

aOR (95% Cl)

1.537(0.85-2.77)
1(1-1)
17.47™(2.49-122.6)
15.88™(2.27-111.2)
13.42"(1.93-93.20)
13.46™(1.93-93.69)
11.46"(1.65-79.45)

9.827"(1.43-67.48)

2.157(0.864- 5.3)
1(1-1)
17.55™(2.51-122.5)
16.21™(2.31-113.8)
13.777(1.97-96.22)
13.76™(1.97-96.37)
11.70%(1.68-81.54)

10.127(1.46-70.20)

1.767(0 .84 -3.69)

1(1-1)

17.48™(2.49-122.4)
16.007(2.28-112.3)
13.50"(1.94-93.98)
13.52"(1.94-94.23)
11.507(1.66-79.80)

9.899"(1.44-68.16)

2.047(1.10-3.79)
1(1-1)
18.44™(2.84-119.9)
18.18™(2.91-113.6)
16.36™(2.62-102.1)
16.43™(2.69-100.3)
13.817(2.26-84.49)

12.41*(2.04-75.30)

3.257(1.26- 8.39)
1(1-1)
17.85™(2.76-115.5)
18.15™(2.89-114.0)
16.59"(2.64-104.4)
16.437(2.67-101.1)
13.89™(2.26-85.28)

12.71"(2.08-77.67)

2.517(1.16- 5.44)
1(1-1)
18.07™(2.79-117.0)
18.09™(2.89-113.20)
16.26™(2.60-101.60)
16.217(2.65-99.04)
13.707(2.24-83.70)

12.41(2.04-75.34)
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Table 4.5 Continued

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

(Standard Lag) EMA 0=0.3 EMA 0=0.7 (Standard Lag) EMA ¢=0.3 EMA 0=0.7

OR (95% CI) OR (95% ClI) OR (95% CI) aOR (95% CI) aOR (95% ClI) aOR (95% CI)
Visit=" 8 7.52°(1.12-50.62)  7.76°(1.14-52.92) 7.567(1.12-51.09) 9.66"(1.61-58.08) 9.877(1.61-59.85)  9.63"(1.60-57.92)
Visit=" 9 6.66°(1.00-44.36)  6.87°(1.02-46.22) 6.687(1.02-44.53) 8.06°(1.34-48.40) 8.247(1.36-49.92)  8.027(1.34-48.19)
Visit=" 10 6.4834(0.98-43.01)  6.66(0.99-44.68)  6.49(0.98-43.11)  7.71°(1.30-45.72) 7.93°(1.33-47.27)  7.67°(1.29-45.35)
Visit= 11 5.72(0.87-37.61)  5.84(0.88-38.70)  5.72(0.87-37.63)  7.41°(1.24-44.22) 7.49°(1.25-44.81)  7.35°(1.24-43.74)
Visit= 12 4.39(0.69-28.16) 4.46(0.69-28.75)  4.39(0.69-28.15)  5.837(1.02-33.39) 5.897(1.03-33.78)  5.79°(1.01-33.05)
Visit=" 13 4.58(0.72-29.07) 4.64(0.73-29.59)  4.57(0.72-29.02)  5.62(0.97-32.72)  5.66(0.97-33.04) 5.56(0.96-32.33)
Visit=" 14 3.54(0.580-21.64)  3.66(0.593-22.56) 3.56(0.582-21.80) 4.44(0.772-25.56) 4.56(0.785-26.52)  4.44(0.768-25.61)
Visit= 15 2.11(0.39-11.48) 2.14(0.39-11.75)  2.10(0.39-11.42)  2.46(0.48-12.69)  2.50(0.48-13.03) 2.43(0.47-12.52)
Visit=" 16 1.89(0.39-9.34) 1.91(0.39-9.42)  1.89(0.38-9.23)  2.38(0.54-10.54)  2.39(0.54-10.63) 2.35(0.53-10.34)
Visit= 17 2.33(0.47-11.56) 2.31(0.47-11.43)  2.31(0.47-11.42)  1.78(0.17-18.84)  1.75(0.16-18.62) 1.75(0.17-18.48)

Notes: aOR= adjusted Odds Rations; EMA= Exponentially weighted moving averages; a= smoothing parameter; Adj = adjusted; OR =

unadjusted Odds Ratios
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4.7 Cumulative mortality from hypertension exposure by covariates

Table 4.6 show that the influence of hypertension on all-cause mortality varies across key
subgroups specifically by country, age, gender, and viral load status. We included interaction
columns help identify effect modification or to show whether the association between hypertension
and mortality differs depending on these demographic or clinical factors. Across all three models,
the interaction between hypertension and these factors had significantly lower odds of mortality

compared to the reference group and did not reach statistical significance.

In Models 4 through 6, interaction terms were introduced to assess subgroup differences in
mortality among hypertensive PLHIV aged 40 and above. The odds ratios for the Tanzania—Kenya
interaction were 0.21 (95% CI: 0.08-0.55) in Model 4, 0.19 (95% CI: 0.07-0.52) in Model 5, and
0.20 (95% ClI: 0.08-0.54) in Model 6, all statistically significant at the p < 0.01 level. For Uganda
compared to Kenya, the interaction term was not statistically significant in Models 4 and 5 but
reached statistical significance in Model 6 with an odds ratio of 1.238 (95% CI: 0.53-2.89, p <
0.05).

Individuals aged 50-59 had slightly higher odds of mortality compared to those aged 40—49 in
Model 6 (OR: 1.13, 95% CI: 0.57-2.23, p < 0.05). Similarly, for individuals aged 60 and above,
the interaction became statistically significant in Model 6 (OR: 2.32, 95% CI: 0.89-6.01, p <0.05).
Gender-based interactions indicated that male respondents had lower odds of mortality compared
to females in all models, but the effect was highest in Model 6 (OR: 0.63, 95% CI: 0.31-1.26, p <
0.05).

For viral load status, individuals with low viremia had significantly higher odds of mortality than
those with suppressed viral load in all models: Model 4 (OR: 2.41, 95% CI: 1.16-4.99), Model 5
(OR: 2.4, 95% CI: 1.1-5.09), and Model 6 (OR: 2.42, 95% CI: 1.16-5.04), all significant at p <
0.05. Those with high viral load also had significantly higher odds of mortality compared to the
suppressed group, with odds ratios of 2.355 (95% CI: 1.280-4.334) in Model 4, 2.44 (95% CI.
1.32-4.51) in Model 5, and 2.39 (95% CI: 1.29-4.41) in Model 6, all significant at p < 0.01. The
high allostatic load category showed higher odds of mortality in Model 4 (OR: 1.59, 95% CI:
0.85-2.99, p < 0.05), though in Models 5 and 6, the direction of association varied slightly. In
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Model 5, the odds ratio was 0.743 (95% CI: 0.317-1.74), and in Model 6, it was 0.79 (95% CI:

0.29-2.19).

Table 4.6 Cumulative hypertension exposure among PLHIV aged 40 and above, controlled
for key demographic and clinical covariates

Variable

Model 4
(Standard Lag)

Model 5
EMA 0=0.3

Model 6
EMA o=0.7

aOR (95% ClI)

aOR (95% Cl)

aOR (95% Cl)

Country
Kenya
Tanzania
Uganda

Age group
Age 40-49
Age 50-59
Age 60+
Gender
Female

Male

BMI
Underweight
Normal BMI
Overweight
Obese

Viral load
Suppressed
Low viremia
High viral load
Allostatic load
Low

High
Observations

0.21* (0.08- 0.55)
1.21* (0.52- 2.82)

1.16* (0.59- 2.274)
2.40* (0.94- 6.16)

0.53* (0.24 1.17)

0.63* (0.31- 1.31)
0.31* (0.11- 0.90)
0.15* (0.04- 0.59)

2.41** (1.16- 4.99)
2.36** (1.28-4.33)

1.59* (0.85-2.99)
12,462

0.19* (0.07- 0.52)
1.27* (0.54- 2.96)

1.09* (0.5- 2.16)
2.23* (0.85- 5.83)

0.63* (0.31- 1.25)

0.63* (0.30- 1.29)
0.29* (0.10- 0.85)
0.14* (0.04- 0.53)

2.43** (1.16- 5.09)

2.44"(1.32-4.51)

12,462

0.202* (0.08- 0.54)

1.24* (0.53- 2.89)

1.13* (0.57- 2.23)
2.32* (0.89- 6.01)

0.63* (0.31- 1.26)

0.63* (0.31- 1.31)
0.30* (0.10- 0.88)
0.14* (0.04- 0.56)

2.42** (1.16- 5.04)

2.39"(1.29-4.41)

12,462

All models include time-fixed effects for the follow-up wave—results presented as ORs (95%
Confidence Intervals).
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4.8 Discussion

The objective of this study was to examine how hypertension shaped all-cause mortality
trajectories among people living with HIV (PLHIV) aged 40 years and above in Kenya, Uganda,
and Tanzania. Hypertension was common and increased slightly over time, with consistently
higher prevalence in Tanzania and lower prevalence in Uganda. Although crude comparisons
showed only modest differences in mortality between hypertensive and non-hypertensive
individuals, hypertension was strongly associated with age, BMI, and viral load. These same
factors also predicted mortality.

Hypertension was highly prevalent during follow-up and was associated with substantially higher
cumulative mortality. This confirms the pooled estimates showing a prevalence of 19% in Uganda,
18% in Kenya, and 27% in Tanzania (Tegegne et al., 2023), with higher rates among those on
long-term ART (Chen et al., 2024). Nearly one in four PLHIV globally is estimated to be
hypertensive (Xu et al., 2017). While such studies highlight the scale of exposure, they leave open
the question of mortality contribution. Our findings move beyond prevalence to directly assess
survival differentials, quantifying the demographic cost of hypertension in terms of earlier deaths
and compressed life expectancy. This aligns with recent evidence showing persistently high
mortality among older PLHIV in East African cohorts despite ART coverage (Geng et al., 2015;
Nabukalu et al., 2024).

During follow-up, hypertensive respondents experienced a markedly greater mortality burden, and
models that accounted for cumulative exposure demonstrated that hypertension was independently
associated with higher all-cause mortality. Comparable evidence has been documented in sub-
Saharan Africa, where uncontrolled hypertension significantly increased all-cause mortality
among PLHIV (Chidumwa et al., 2023). Similar results were found in South African surveillance,
where elevated blood pressure predicted premature death independent of HIV status (Houle et al.,
2022). These patterns are observed globally; in a North American cohort, hypertensive women
with HIV had higher one-year mortality compared to normotensive peers (Sadinski et al., 2023).
These results confirm that hypertension is a determinant of mortality in HIVV populations, not
merely an associated morbidity.

42



The excess-mortality Life-Table profiles and the pronounced early-follow-up mortality peaks in
the regression models point to substantially steeper mortality gradients among hypertensive
PLHIV. This might indicate accelerated survival loss relative to normotensive individuals with
ART expansion shifting HIV survival schedules upward, moving mortality out of young adulthood
and into middle and older ages (Nabukalu et al., 2020; Reniers et al., 2014). Cohorts are now living
long enough to accumulate risks of chronic disease, producing a redistribution of deaths away from
opportunistic infections and toward non-communicable conditions. Within this shift, hypertension
plays a leading role, advancing mortality into the forties and fifties, which is a decade earlier than
typically observed in HIVV-negative populations (Godongwana & De Wet-Billings, 2021; Okello
etal., 2015).

Our results demonstrate that hypertension substantially elevates early and cumulative mortality,
with the most pronounced effects among older adults, those with underweight BMI, and
respondents with high viral load. These findings highlight how, HIV populations in East Africa
undergoing an epidemiological transition toward chronic disease mortality (McKeown, 2009;
Omran, 2001). Health systems remaining largely organized around infectious outcomes with weak
integration of NCD screening (Kivuyo et al., 2023; Mayo-Clinic, 2023) risking eroding the
survival gains secured by ART and leaves demographic projections of life expectancy overly

optimistic if hypertension’s contribution is not incorporated.

Early-interval mortality spikes and cumulative-exposure models all pointed to earlier deaths and
compressed survival among hypertensive PLHIV. Mortality schedules are being reconfigured:
HIV is no longer defined by early deaths in young adulthood but by midlife and older-age mortality
shaped by chronic comorbidities. Hypertension accelerates this shift by precipitating earlier deaths
within cohorts already disadvantaged by decades of infection and treatment histories (Nabukalu et
al., 2024; Negin et al., 2012). As a result, cohort survival is increasingly determined not just by
ART access, but by the management of chronic conditions layered onto HIV. Without embedding
comorbidity contributions into demographic models through decrement Life Tables, population-
attributable fractions, and stratified survival estimates (Beltran-Sanchez et al., 2008) the future
survival of HIV populations cannot be fully understood.
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The Exponentially Weighted Moving Average results, which accounted for both the duration and
recency of hypertension exposure, hypertensive PLHIV exhibited substantially higher mortality
exceeding that observed in standard lagged models. This implies survival among PLHIV might
be well understood as a trajectory shaped by repeated exposures rather than discrete events
(Dannefer, 2003; Elder et al., 2007; Ferraro & Shippee, 2009). In HIV populations, prolonged
ART use, chronic immune activation, and persistent socio-economic strain interact to accelerate
physiological wear, producing mortality schedules distinct from those of HIV-negative cohorts
(Kato et al., 2020; Masenga et al., 2019; Prakash et al., 2024). Hypertension, therefore, operates
not only as a comorbidity but as a temporal process that accumulates silently before manifesting
in mortality. This interpretation echoes earlier findings that suggested elevated long-term mortality
risks among hypertensive PLHIV (Hatleberg et al., 2018; Nduka et al., 2016), but extends them by

demonstrating how cumulative exposure alters cohort survival patterns.

The EWMA results where hypertensive PLHIV exhibited substantially higher mortality exceeding
that observed in standard lagged models suggest that cumulative and recent hypertension exerts
additive physiological stress over time. Similar mechanisms have been described in global cohort
collaborations, which document accelerated cardiovascular ageing among PLHIV on long-term
ART (Althoff et al., 2024; Friis-Mgller & Worm, 2007). These dynamics illustrate what (Singer
& Clair, 2003) termed a “Syndemic”: the convergence of biological vulnerability and structural
disadvantage, producing mortality risks greater than the sum of their parts. For demographers, the
key contribution is showing that hypertension must be modelled as a time-varying exposure

shaping survival curves, not simply as a baseline status.

The mortality patterns among PLHIV aged 60 and above underscore the complexity of ageing
processes in these populations. Contrary to linear expectations, the results shows that older
normotensive PLHIV display higher mortality than their hypertensive peers. This phenomenon
likely reflects competing risks and selective survival processes. Those with hypertension who
survive into their sixties may constitute a resilient cohort of individuals buffered by favorable
genetics, adaptive health behaviors, or better access to healthcare across the life course. Such
“survivor effects” have long been recognized in demographic research on frailty and heterogeneity
(Fine & Gray, 1999; Markides & Machalek, 1984), and have been observed in African HIV cohorts

where older survivors often defy expected mortality gradients (Houle et al., 2022; Nabukalu et al.,
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2024). This mirrors evidence from cardiovascular epidemiology, which notes that hypertension-
related excess mortality often peaks in midlife before attenuating in older cohorts due to selective
survival (Kadota et al., 2007).

The diminished effect of hypertension observed among the oldest PLHIV is therefore best
understood as a redistribution rather than a true reduction of risk, consistent with competing risk
theory. Evidence from general aging populations shows that in advanced age, frailty and
competing comorbidities can supplant hypertension as dominant mortality drivers (Sairenchi et al.,
2005). More recent findings suggest paradoxical associations in which elevated systolic blood
pressure is linked to improved survival among frail elderly, obscuring linear models of risk
(Kremer et al., 2022). Demographic theory reinforces these insights: heterogeneity in frailty means
that survivors into advanced ages often represent more resilient subgroups. These dynamics
highlight the importance of demographic analyses that incorporate non-linear, age-dependent
mortality processes shaped by vulnerability and competing risks (Fine & Gray, 1999). In such
contexts, deaths from unmeasured or undiagnosed conditions such as cancer, diabetes, or frailty
may preempt hypertension-related deaths, particularly in resource-limited health systems (Houle
et al., 2022; Nabukalu et al., 2024).

Age showed a general positive gradient with mortality; the variation in risk across early follow-up
intervals and the modifying effects of BMI, sex, and cumulative hypertension indicate that age
alone is insufficient to capture the true mortality risk in this cohort. This finding challenges the
adequacy of chronological age as the sole marker of mortality risk. Instead, it underscores the
salience of biological ageing, shaped by early HIV infection, prolonged ART exposure, and the
cumulative burden of social and physiological disadvantage (Ferraro & Shippee, 2009; Van
Deurzen & Vanhoutte, 2019). Mortality among older HIV cohorts in Tanzania and South Africa
increasingly reflects cardiovascular and metabolic conditions (Mollel et al., 2022; Omar et al.,
2025), confirming that survival heterogeneity arises not only from age itself but from accumulated

disadvantage across the life course.

Among PLHIV aged 4049, excess mortality attributable to hypertension was initially low but
increased steadily over follow-up. This indicates that hypertension imposes a measurable survival

disadvantage even in younger adults, signaling early truncation of the life course relative to
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normotensive peers. Premature deaths in this age band reduce workforce participation and
intensify intergenerational care demands, thereby exacerbating existing socioeconomic
vulnerabilities (Canning, 2011; Cooper et al., 2003). In regions where PLHIV are aging into
midlife with poorly managed comorbidities, survival losses extend beyond individual life

expectancy, reshaping age structures and increasing dependency burdens on families and states.

Excess-mortality estimates showed consistently greater survival disadvantage among hypertensive
males throughout follow-up, while hypertensive females experienced smaller and more delayed
excess mortality. Male PLHIV in sub-Saharan Africa continue to show higher mortality hazards
than women, partly due to weaker engagement with care and higher rates of treatment
discontinuation (Cornell et al., 2012; McGraw et al., 2021). These behaviors are deeply embedded
in cultural norms that discourage preventive health-seeking and valorize patience, producing late
diagnoses, poor adherence, and unmanaged comorbidities. Such entrenched social dynamics
contribute to the observed male disadvantage in survival. These highlight the persistence of
gendered survival inequalities even in an era of ART scale-up, and point to the need for sensitive
interventions not only biology but also to life course and social determinants (Crimmins et al.,
2019).

Excess-mortality analyses showed that hypertensive PLHIV with low allostatic load experienced
steadily increasing mortality across follow-up, while those with high allostatic load initially
showed near-zero or negative excess mortality that became substantially positive in later intervals.
These findings indicate that cumulative physiological stress, as measured by allostatic load,
modifies the timing and magnitude of hypertension-related mortality. Therefore, signals cohort-
level vulnerability rather than a discrete, one-off illness (Elder et al., 2007; Fazeli et al., 2020;
McEwen & Stellar, 1993). The result is that elevated blood pressure in these cohorts is likely to
reflect cumulative disadvantage and to manifest as earlier and more severe mortality than seen in
HIV-negative populations (Masenga et al., 2019). Allostatic load provides a mechanism linking
poverty, stigma, and fragmented care to earlier onset of hypertension and mortality (McEwen,
2004; Venkatapuram & Marmot, 2014).

In our analysis, underweight hypertensive PLHIV experienced the highest cumulative mortality,

consistent with literature showing that undernutrition amplifies vulnerability to infection and
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reduces physiological reserve (Alebel et al., 2021). By contrast, overweight and obese PLHIV
sometimes showed relatively better survival; this pattern is consistent with the “obesity paradox”
or the protective role of metabolic reserves in frail or immunocompromised populations (Hainer
& Aldhoon-Hainerov4, 2013; Lainscak et al., 2012). From a demographic viewpoint, these patterns
imply that BMI classifies different risk trajectories within cohorts (early truncation vs. resilient
survival), and so survival models and life-table estimates must be stratified by nutritional status to

avoid biased, aggregate conclusions (Nazarenko et al., 2025).

Our evidence shows that persistent LLV is associated with mortality. Research has document
higher risk of virologic failure and inflammation among PLHIV with LLV, particularly when
combined with comorbidities such as hypertension (Lanz et al., 2024; Zhang et al., 2022). Early
mortality among the most immunologically compromised PLHIV produces a survival bias: those
who remain in LLV groups appear stable but continue to face elevated cardiovascular and
hypertension-related risks (Fleming et al., 2019; Lanz et al., 2024; Pham et al., 2022). This creates
the illusion of stability while redistributing deaths toward middle adulthood, truncating life
expectancy at ages where the demographic dividend is typically realized (Canning, 2011). Rather
than a benign clinical state, LLV signals the intersection of incomplete viral suppression,
cumulative stress, and comorbidity accumulation that accelerates population-level mortality
schedules (Hatleberg et al., 2018).

The Ugandan lower prevalence but relatively higher mortality suggests that hypertensive PLHIV
in Uganda may experience delayed diagnosis, suboptimal management, or interacting risk factors,
shaped by health system histories. Vertical HIV programming, designed for speed and scale during
ART rollout, extended life but has left hypertension largely undiagnosed. Consequently,
hypertensive PLHIV in Uganda face disproportionately high midlife mortality compared to
counterparts in Kenya and Tanzania, where decentralized and task-shifted care models embedded
hypertension screening into HIV programs (Kiplagat et al., 2022; Kivuyo et al., 2023; McCombe
et al., 2022). These contrasts reflect institutional path dependency: early design choices created
enduring differences in service integration, now visible as survival inequalities across national
cohorts (Mayer, 2003; Palagyi et al., 2019).
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CHAPTER FIVE: SUMMARY, RECOMMENDATIONS AND CONCLUSIONS
5.1 Introduction

This chapter presents the final synthesis of the study by drawing together the key findings,

proposing actionable recommendations, and offering a concise conclusion.
5.2 Summary

Hypertension was highly prevalent during follow-up (60%) and was associated with substantially
higher cumulative mortality (10%) compared with non-hypertensive PLHIV (1%). Multivariable
models indicated that the association between hypertension and all-cause mortality varied by
country, age, sex, and viral load status. Compared with Kenya, hypertensive PLHIV in Tanzania
experienced significantly lower odds of mortality across all models (OR range: 0.19-0.21; p <
0.01), while excess mortality in Uganda was observed only in the fully adjusted model (OR: 1.24;
p < 0.05). Mortality risk increased with age, with higher odds among individuals aged 50-59 years
(OR: 1.13; p < 0.05) and those aged >60 years (OR: 2.32; p < 0.05) relative to the 40—49-year

reference group, indicating premature truncation of survival in mid-life.

Men exhibited lower mortality than women (OR: 0.63; p < 0.05). Viral load status strongly
modified mortality risk: compared with virologically suppressed individuals, those with low-level
viremia had more than twice the odds of death (OR range: 2.40-2.42; p < 0.05), while those with
high viral load had similarly elevated mortality (OR range: 2.35-2.44; p < 0.01). Elevated allostatic
load was associated with higher mortality in partially adjusted models, though estimates attenuated
after full adjustment. Overall, these findings demonstrate that hypertension-related mortality
among PLHIV is structured by demographic, virologic, and institutional contexts, with important

implications for population-level survival and life-expectancy projections.

5.3 Conclusion

Hypertension is a significant and growing comorbidity among people living with HIV (PLHIV) in
East Africa, with prevalence rates ranging from 14% to over 37% depending on country and
population subgroup. The risk of hypertension and associated mortality is strongly influenced by
older age, higher body mass index, and male sex, while viral load status also plays a critical role.

PLHIV with low-level or unsuppressed viral loads face substantially higher mortality
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risks. Notably, the integration of hypertension management into HIV care platforms, as seen in
Kenya and Tanzania, is associated with improved survival outcomes. Uganda experiences higher

excess mortality due to less integration or steaking with the vertical structure.

Despite the widespread use of antiretroviral therapy, these findings collectively signal that
mortality among PLHIV is no longer defined solely by opportunistic infections. Instead, survival
trajectories are shaped by a combination of ART timing, cohort exposure, socio-demographic
differentials, and emerging chronic conditions. The challenge is not only to describe mortality
decline but also to measure how new causes of death, especially hypertension, alter survival
schedules and life expectancy. Few studies have systematically quantified the share of all-cause

mortality attributable to hypertension, leaving a critical gap in demographic knowledge.
5.4 Recommendations

The findings highlight three broad areas where demographic research and practice should advance.
First, we recommend prioritizing integrated hypertension screening and management within HIV
care, especially in Tanzania where prevalence and risk are highest. Special attention should be
given to older adults (particularly those aged 60+), who face significantly elevated mortality risks.
Second, Enhanced monitoring and intervention are also warranted for PLHIV with low-level or
high viral loads, as these groups demonstrated substantially higher odds of mortality. Country-
specific strategies are essential, as mortality risk varied significantly between Tanzania, Kenya,
and Uganda. Finally, targeted interventions for men, who exhibited higher mortality, and for
underweight individuals, are advised to address demographic disparities and improve survival

outcomes among PLHIV.
5.5 Areas for further research

Future research should explore the underlying mechanisms driving the significant country-level
differences in hypertension prevalence and mortality among PLHIV, particularly focusing on
health system factors, access to care, and cultural determinants in Tanzania, Kenya, and Uganda.
Longitudinal studies are needed to clarify the causal pathways linking hypertension, viral load
status, and mortality, especially in older adults and those with varying BMI.
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Further investigation into the effectiveness of integrated hypertension and HIV care models,
including interventions tailored to high-risk subgroups such as men, older individuals, and those
with unsuppressed viral loads, is warranted. Additionally, research should assess the effect of early
detection and sustained hypertension control on long-term survival. And evaluate the role of other
potential confounders, such as medication adherence, comorbidities, and socioeconomic factors,
that were not significantly associated in this study but may influence outcomes in different

contexts.
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Appendix 2: Decremental life tables by different participant characteristics among hypertensives

Variable 1 2 3 4 5 6 7 8 9 10 11
Hypertension Status

Hypertensive 0.024 0.044 0.049 0.055 0.055 0.074 0.081 0.100 0.118 0.118 0.118
Age Categories

40-49 0.021 0.056 0.0566 0.056 0.056 0.056 0.056 0.0776 0.115 0.115 0.115
50-59 0.023 0.036 0.049 0.062 0.062 0.077 0.093 0.114 0.114 0.114 0.114
60+ 0.034 0.034 0.034 0.034 0.133 0.133 0.133 0.133 0.133

sex

Male 0.039 0.059 0.059 0.071 0.071 0.097 0.112 0.1544 0.154 0.154 -
Female 0.009 0.029 0.041 0.041 0.041 0.053 0.053 0.053 0.082 0.082 0.082
BMI categories

underweight 0.171 0.231 0.289 0.289 0.391 0.391 0.391

Normal 0.010 0.021 0.021 0.033 0.033 0.060 0.076 0.0969 0.096 0.096 0.096
Overweight 0.016 0.033 0.052 0.052 0.052 0.052 0.052 0.0522 0.115 0.115 0.115
Obese 0 0.031 0.031 0.031 0.031 0.031 0.031 0.0312 0.031

Viral load categories

Suppressed 0.014 0.022 0.029 0.038 0.038 0.056 0.065 0.0909 0.113 0.113 0.113
low-level viremia 0 0 0 0 0 0 0 0

High viral load 0.067 0.139 0.139 0.139 0.139 0.179 0.179 0.1785 0.179 0.179
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Appendix 3: Decremental life tables by different participant characteristics among non-hypertensives

Variable 1 2 3 4 5 6 7 8 9 10 11
Hypertension Status

Non-hypertensive 0.019 0.029 0.039 0.049 0.053 0.057 0.063 0.065 0.073 0.085 0.085
Age Categories

40-49 0.023 0.029 0.038 0.047 0.049 0.049 0.059 0.059 0.071 0.071 0.071
50-59 0.0119 0.033 0.037 0.041 0.046 0.060 0.060 0.060 0.060 0.060 0.060
60+ 0.016 0.032 0.066 0.099 0.117 0.117 0.117 0.150 0.150 0.363

Sex

Male 0.021 0.032 0.044 0.053 0.061 0.066 0.072 0.077 0.092 0.115 0.115
Female 0.018 0.028 0.035 0.045 0.045 0.048 0.054 0.054 0.054 0.054 0.054
BMI categories

underweight 0.050 0.059 0.086 0.094 0.104 0.114 0.114 0.114 0.114 0.114
Normal 0.015 0.028 0.033 0.044 0.048 0.052 0.062 0.066 0.078 0.096 0.096
Overweight 0.014 0.022 0.038 0.046 0.046 0.046 0.046 0.046 0.046 0.046
Obese 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.016

Viral load categories

Suppressed 0.004 0.007 0.012 0.022 0.024 0.026 0.031 0.034 0.047 0.064 0.064
low-level viremia 0 0.033 0.067 0.091 0.103 0.103 0.122 0.122 0.122 0.122

High viral load 0.057 0.077 0.085 0.089 0.093 0.103 0.108 0.108 0.108 0.108 0.108
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