Clinical Infectious Diseases

MAJOR ARTICLE

Predictors of All-Cause Mortality Among People With
Human Immunodeficiency Virus (HIV) in a Prospective
Cohort Study in East Africa and Nigeria

Hannah Kibuuka,' Ezra Musingye,' Betty Mwesigwa,’ Michael Semwogerere,' Michael Iroezindu,>* Emmanuel Bahemana,>* Jonah Maswai,>*
John Owuoth,®” Allahna Esher,”®“ Nicole Dear, 2*“ Trevor A. Crowell,2® Christina S. Polyak,2® and Julie A. Ake’ on behalf of the AFRICOS Study Group

'Makerere University Walter Reed Project, Kampala, Uganda; US Military Human Immunodeficiency Virus (HIV) Research Program, Walter Reed Army Institute of Research, Silver Spring,
Maryland, USA; *HJF Medical Research International, Abuja, Nigeria; “HJF Medical Research International, Mbeya, Tanzania; *HJF Medical Research International, Kericho, Kenya; ®US Army
Medical Research Directorate—Africa, Kisumu, Kenya; "HJF Medical Research International, Kisumu, Kenya; and ®Henry M. Jackson Foundation for the Advancement of Military Medicine,
Bethesda, Maryland, USA

SA

Infectious Diseases Society of America hiv medicine association

OXFORD

Background. Introduction of antiretroviral therapy (ART) has been associated with a decline in human immunodeficiency
virus (HIV)-related mortality, although HIV remains a leading cause of death in sub-Saharan Africa. We describe all-cause mortality
and its predictors in people living with HIV (PLWH) in the African Cohort Study (AFRICOS).

Methods. AFRICOS enrolls participants with or without HIV at 12 sites in Kenya, Uganda, Tanzania, and Nigeria. Evaluations
every 6 months include sociobehavioral questionnaires, medical history, physical examination, and laboratory tests. Mortality data
are collected from medical records and survivor interviews. Multivariable Cox proportional hazards models were used to calculate
adjusted hazard ratios (aHRs) and 95% confidence intervals (Cls) for factors associated with mortality.

Results. From 2013 through 2020, 2724 PLWH completed at least 1 follow-up visit or experienced death. Of these 58.4% were
females, 25.8% were aged > 50 years, and 98.3% were ART-experienced. We observed 11.42 deaths per 1000 person-years (95% ClI:
9.53-13.68) with causes ascertained in 54% of participants. Deaths were caused by malignancy (28.1%), infections (29.7%), and other
non-HIV related conditions. Predictors of mortality included CD4 < 350 cells/uL (aHR 2.01 [95% CI: 1.31-3.08]), a log, ,copies/mL
increase of viral load (aHR 1.36 [95% CI: 1.22-1.51]), recent fever (aHR 1.85[95% CI: 1.22-2.81]), body mass index < 18.5 kg/m2
(aHR 2.20 [95% CI: 1.44-3.38]), clinical depression (aHR 2.42 [95% CI: 1.40-4.18]), World Health Organization (WHO) stage III
(aHR 2.18 [95% CI: 1.31-3.61]), a g/dL increase in hemoglobin (aHR 0.79 [95% CI: .72-.85]), and every year on ART (aHR 0.67

[95% CI: .56-.81]).

Conclusions. 'The mortality rate was low in this cohort of mostly virally suppressed PLWH. Patterns of deaths and identified
predictors suggest multiple targets for interventions to reduce mortality.
Keywords. HIV; mortality; Africa South of the Sahara; acquired immunodeficiency syndrome; cause of death.

With the introduction of antiretroviral therapy (ART), there
has been a steady worldwide decline in deaths directly at-
tributable to human immunodeficiency virus (HIV) [1,
2], including about a 40% reduction in the World Health
Organization (WHO) African region between 2010 and
2018 [3]. Data from 7 demographic surveillance sites esti-
mated HIV-related mortality to be 45-88 deaths per 1000
person-years (PY) before the era of widely available ART
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and 14-46/1000 PY after the mass rollout of ART programs
in sub-Saharan Africa. However, even in 2019, an estimated
690 000 people died from HIV-related illnesses out of which
64% were from Sub-Saharan Africa [4], and 5.6% of all deaths
in the WHO African region were attributable to HIV [5]. The
maturity of cohorts on ART and improvements in program
management, including the recent test and treat strategy, are
likely to further reduce HIV-related mortality [6], as people
living with HIV (PLWH) are initiated on ART earlier in their
disease course [7].

Although many studies of PLWH have found that HIV-related
causes of death are the most common, non-HIV-related causes
are increasing, particularly non-AIDS cancers [8-11]. However,
ascertaining causes of death in limited resource environments
remains a challenge. For example, in a 10-year HIV cohort from
Uganda that started enrolment in 2004, almost one-third of
causes of death were unknown [10]. Understanding the causes
of mortality is important to target programs to improve overall
health and longevity for populations living with HIV.
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Several predictors of mortality among PLWH have been pre-
viously described. A study in Tanzania conducted from 2003
to 2006, identified moderate and severe anemia and severe
malnutrition as predictors [12], whereas in a Kenyan cohort of
PLWH initiating ART, predictors included low body mass index
(BMI) and low CD4 counts [13]. In a Ugandan study conducted
between 2004 and 2013, identified predictors included male
gender, older age, low education status, unemployment, and ad-
vanced immunodeficiency [14]. Most of these studies examined
baseline predictors at the start of ART without incorporating
longitudinal data to reflect the viral suppression and immune
reconstitution that occur with successful ART. There is a pau-
city of information on factors associated with mortality in co-
hort studies that conduct activities in a public health setting in
the context of the UNAIDS 90-90-90 and 95-95-95 strategies
[15]. Understanding predictors of mortality may inform patient
management by focusing clinicians on key factors that require
attention. In addition, these same factors can be useful for pri-
oritizing program activities toward decreasing mortality.

We examined all-cause mortality and its predictors in a co-
hort of PLWH followed between 2013 and 2020, the majority
of whom were virally suppressed at the time of analysis. We
also characterized the most common causes of death in this
population.

METHODS

Study Design and Participants

The African Cohort Study (AFRICOS) is an ongoing prospec-
tive study that follows people with and without HIV at 12 clin-
ical care sites embedded in 5 HIV care programs supported
by the President’s Emergency Plan for AIDS Relief (PEPFAR)
in Kayunga, Uganda; South Rift Valley, Kenya; Kisumu West,
Kenya; Abuja and Lagos, Nigeria; and Mbeya, Tanzania. The
study, established in 2013, longitudinally assesses the impact of
clinical practices, biological factors and socio-behavioral issues
on HIV infection and disease progression in an African context
as previously described [16]. Briefly, for this analysis, adult par-
ticipants aged 2 18 years with and without HIV were recruited
in a roughly 5:1 ratio from client lists at participating PEPFAR
clinics, new diagnoses from PEPFAR counseling and testing
programs, and serodifferent partners of participants. PLWH
were started on ART according to routine practices, which since
2017 have included “test and start” guidance. Every 6 months,
sociodemographic and behavioral factors were collected via de-
tailed questionnaires, a study clinician took a medical history
and performed a physical examination and standardized labo-
ratory evaluations were conducted. Participants who missed a
scheduled study visit were followed up by study personnel via
mobile phone contacts and home visits. Information on deaths
was routinely collected from hospital records, including au-
topsy reports where available, or from relatives of the deceased.

Written informed consent was obtained from all study par-
ticipants before conduct of any study activities. The study
was approved by institutional review boards of the Makerere
University School of Public Health, the Tanzania National
Institute of Medical Research, the Kenya Medical Research
Institute, the Nigerian Ministry of Defense, and the Walter Reed
Army Institute of Research.

Laboratory Evaluations

HIV RNA was quantified assessed using several different plat-
forms over the course of the study: Roche Cobas Ampliprep/
Cobas TagMan HIV Type 1 (HIV-1) Test, v2.0 (linear range
20-100000 000 or 48-10 000 000 copies/mL); Roche High Pure/
COBAS TagMan HIV-1 Test, v2.0 (linear range 34-10 000 000
copies/mL); COBAS® AmpliPrep/COBAS® TagMan® 48 HIV-1
Test (linear range 48-10 000 000 copies/mL); or Abbott Real
Time HIV-1 Viral Load assay (linear range 40-10 000 000 copies/
mL). CD4 T-cell count was assessed using BD FACSCount,
BD FACSCalibur, BD FACSCanto II, or BD FACSPresto. Full
hemogram was assessed using Beckman Coulter AcT5 Diff and
Sysmex x1000i.

Statistical Analyses

These analyses included enrolled participants who completed
at least 1 follow-up study visit or experienced death after en-
rollment. All data were obtained from the most recent study
visit available except for WHO staging, which was recorded at
study enrollment. Data were collected between January 2013
and March 2020.

Selected sociodemographic data were analyzed as frequency
counts with corresponding percentages. In the survival analyses,
PLWH were considered to have become at risk for death at study
enrollment. Participants without HIV who seroconverted after
enrollment were considered to have become at risk for death at
HIV diagnosis. Participants who did not experience death were
right censored at their most recent study visit. Unadjusted and
adjusted Cox proportional hazards regression models were run
to establish risk factors associated with mortality at the most
recent visit by estimating hazard ratios (HRs) and associated
95% confidence intervals (CIs). The final multivariable model
was selected using the backward stepwise method, systemati-
cally eliminating from the model factors with P > .2. Statistical
significance for the final multivariable model was considered
at P < .05. In Cox proportional hazards modeling, duration on
ART was observed not to follow the proportionality assump-
tion when modeled as an interaction term with time; This was
corrected by modeling duration on ART as a time-varying
covariate. Sensitivity analyses between the final multivariable
model where the failure event was death and a second model
where the failure event was death or loss to follow-up were per-
formed. ART-naive participants were considered to have been
on ART for zero days. Participants with undetectable HIV
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RNA were considered to have 0 log, copies/mL. BMI was cat-
egorized as underweight (<18.5 kg/m?), normal (18.5-24.9 kg/
m?), overweight (25.0-29.9 kg/mz), and obese (230 kg/mz).
Depression was assessed using Center for Epidemiological
Studies Depression (CES-D) scale, with a score > 16 considered
diagnostic of depression [17]. Having any malignancy or any
infection at the most recent visit was analyzed to determine
their association with risk of death. Malignancies and infections
reported as the cause of death were also analyzed.

Mortality rates were computed by dividing the total number
of deaths by the total number of person-years of follow up and
multiplying by 1000 to obtain rates per 1000 person-years.
Bivariate analyses comparing risk of mortality between PLWH
and participants without HIV were also run. In addition, for
PLWH with a known cause of death, we performed bivariate
analyses to compare socio-demographic and clinical factors
between those with HIV related and non-HIV related causes
of death. Missing data were excluded from analyses for those
factors with nonresponse and missing data points. Statistical
analyses were conducted in STATA 13.0 (StataCorp, College
Station, Texas, USA).

RESULTS

Study Population

Of the 3540 participants enrolled in the cohort, 3206 were el-
igible for these analyses including 2724/2937 (92.8%) PLWH
and 482/603 (79.9%) without HIV.

The 2724 PLWH had a median age 38.8 years (interquartile
range [IQR], 31.8-46.3) at enrolment and 42.8 years (35.5-50.3)
at the most recent visit. The majority of participants were female
(58.4 %), married (57.0%), non-Catholic Christians (67.4%),
had no or primary level education (58.0%), and were not em-
ployed (60.7%; Table 1).

The majority were ART experienced (98.3%) at their most re-
cent visit. The median duration on ART was 5.1 years (IQR, 3.1-
9.0). The majority, 73.4% (1998/2721) had CD4 > 350 cells/pl,
and an undetectable viral load (83.5%, n = 2268/2716), whereas
45.3% (1228/2710) were on first-line regimens of NRTI, and
dolutegravir at the most recent visit. Only 8.5% (232/2716) and
16.5% (448/2716) of participants had a viral load = 1000 copies/
mL and 2 50 copies/mL, respectively.

Mortality

Overall, there were 123 deaths in the cohort over 12 030 PY
of observation, yielding a mortality rate of 10.22/1000 PY. The
median time from study enrolment to death was 1.3 years (IQR,
0.5-2.5). Among PLWH, 118 deaths were observed with an
overall mortality rate of 11.42/1000 PY (95% CI: 9.53-13.68)
while in people without HIV, the mortality rate was 2.95/1000
PY (95% CI: 1.23-7.09). The mortality rate for PLWH gradu-
ally reduced from 19.74/1000 PY in 2013-2014 to 4.74/1000 PY

in 2019-2020 (P < .001; Figure 1). The risk of death for PLWH
varied across sites. The Uganda site had significantly higher
mortality rate compared to South Rift Valley, Kenya and Mbeya,
Tanzania sites (Supplementary Table 1). There were no signifi-
cant differences in mortality rates across different age groups or
gender (Table 1).

Causes of Death
The cause of death was available for 54% (64/118) of PLWH.
Only 8 autopsies were performed to identify the cause of death.
The most frequent causes of death included infection in 19/64
(29.7%) and malignancy in 18/64 (28.1%; Figure 2). A slightly
higher proportion of deaths (53.1%) were from non-HIV re-
lated causes. Compared to participants with HIV related causes
of death, participants with non-HIV related causes of death
were significantly older (P =.020), had been longer on ART
(P =.007), had lower viral load (P =.002), and higher median
hemoglobin (g/dL) (P =.035). Interestingly, a higher propor-
tion (73.9%) of those with CD4 < 350 cells/uL had non-HIV re-
lated deaths compared to 42.5% with CD4 > 350 cells/ pL. HIV
related deaths significantly reduced after year 2017 compared
to the period 2013-2016 (P = .023); (Supplementary Table 2).
Five deaths were observed among participants without HIV
with the cause of death being available in 3 participants: stroke,
postpartum hemorrhage, and bacteremia.

Mortality Risk Factors
Site and sociodemographic factors including, religion, food in-
security, stigma, marital status, and use of traditional healers
were associated with mortality in unadjusted models but
were not significant in multivariable models (Table 2). In the
multivariable model, independent predictors of mortality in-
cluded CD4 < 350 cells/pl (adjusted hazard ratio [aHR]: 2.01
[95% CI: 1.31-3.08]), a 1 log, copies/mL increase in viral load
(aHR 1.36 [95% CI: 1.21-1.51], fever in the previous 6 months
(aHR: 1.85 [95% CI: 1.22-2.81]), underweight (aHR: 2.20 [95%
CI: 1.44-3.38]), WHO stage III (aHR 2.18 [95% CI 1.31-3.61]),
clinical depression (aHR: 2.42 [95% CI: 1.40-4.18]), having any
infection at the most recent visit (aHR:1.77 [95% CI:1.21-2.59]),
a g/dL increase in hemoglobin (aHR:0.79 [95% CI .72-.85]) and
every year on ART (aHR:0.67 [95% CI: .56-.81]).).

The final multivariable model was robust to sensitivity ana-
lyses that reclassified the failure event as either death or loss to
follow-up (Supplementary Table 3).

DISCUSSION

Our study describes all-cause mortality and its predictors
among PLWH across several sites in Uganda, Kenya, Tanzania,
and Nigeria. Key study findings were a low overall mortality rate
at 11.42/1000 PY with variations across study sites, non-HIV
related causes of death contributing significantly to mortality
and several, mostly biological predictors of mortality, including
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Table 1. Sociodemographics of Participants Living With Human Immunodeficiency Virus (HIV)

Total N (%) Dead n (%) Alive n (%) Mortality Unadjusted HR (95% Cl) Pvalue
Number of participants 2724 118 2606
Site
Kayunga, Uganda 503 (18.5) 37 (7.4) 466 (92.6) 1.00
South Rift Valley, Kenya 944 (34.7) 33 (3.5) 911 (96.5) 0.47 (.29-.75) .002
Kisumu West, Kenya 500 (18.4) 24 (4.8) 476 (95.2) 0.64 (.38-1.07) .087
Mbeya, Tanzania 500 (18.4) 14 (2.8) 486 (97.2) 0.44 (.24-.82) .009
Abuja and Lagos, Nigeria 277 (10.2) 10 (3.6) 267 (96.4) 0.53 (.26-1.06) .074
Age at most recent visit
18-24 years 119 (4.4) 5(4.2) 114 (95.8) 1.00
25-39 years 961 (35.3) 40 (4.2) 921 (95.8) 0.63 (.25-1.61) .339
40-49 years 940 (34.5) 45 (4.8) 895 (95.2) 0.68 (.27-1.72) 415
>50 704 (25.8) 28 (4.0 676 (96.0) 0.55(.21-1.42) 213
Sex
Male 1134 (41.6) 58 (5.1) 1076 (94.9) 1.00
Female 1590 (58.4) 60 (3.8) 1530 (96.2) 0.72 (.60-1.03) .076
Marital status, n = 2723
Single 317 (11.6) 14 (4.4) 303 (95.6) 1.35 (.76-2.42) 31
Married 1549 (57.0) 60 (3.9) 1489 (96.1) 1.00
Divorced/Separated 404 (14.8) 25 (6.2) 379 (93.8) 1.66 (1.04-2.64) .033
Widowed 437 (16.1) 18 (4.1) 419 (95.9) 1.04 (.61-1.75) .890
Other 16 (0.6) 0(0.0) 16 (100.0)
Religion
Catholic Christian 680 (25.0) 38 (5.6) 642 (94.4) 1.59 (1.07-2.37) .023
Non catholic Christian 1837 (67.4) 66 (3.6) 1771 (96.4) 1.00
Muslim 184 (6.8) 11 (6.0) 173 (94.0) 1.70 (.90-3.22) .104
Traditionalist 19(0.7) 3(15.8) 16 (84.2) 4.83 (1.52-15.40) .008
Other 4(0.1) 0(0.0) 4 (100.0)
Highest level of school, n = 2722
No school 108 (4.0) 6 (5.6) 102 (94.4) 1.00
Primary 1469 (54.0) 64 (4.4) 1405 (95.6) 0.80 (.35-1.85) .603
Secondary 803 (29.5) 37 (4.6) 766 (95.4) 0.84 (.36-1.99) .695
Vocational/university 340 (12.5) 10 (2.9) 330 (97.1) 0.56 (.20-1.54) .260
Other 2(0.1) 0(0.0) 2 (100.0)
Currently employed, n = 2723
No 1653 (60.7) 69(4.2) 1584 (95.8) 1.00
Yes 1070 (39.3) 48(4.5) 1022 (95.5) 1.05 (.73-1.52) 797

For these mortality analyses, only PLWH with at least 2 documented study visits, including the enrolment visit and/or a reported death event were considered, n = 2724. Unadjusted Cox
proportional hazards regression models were run to identify socio-demographic factors associated with mortality at the most recent visit by estimating HRs and associated 95% Cls. For

factors with non-response and missing data points, only available data were analyzed.
Abbreviations: Cl, confidence interval; HR, hazard ratio; PLWWH, people living with HIV.

CD#4, viral load, hemoglobin level, and low BMI. Variations in
mortality across African countries has been reported in other
studies [18]. The differences we observed could be attributed
to differences in populations whether urban or rural, cultures
and economies across the populations or tracing of losses to
follow-up. Additionally, Kayunga, Uganda site had higher pro-
portion of participants not on ART at enrolment compared to
other sites with higher mortality observed in the first year of
follow-up. Declining mortality rates observed as the study pro-
gressed are in line with studies that showed reduction in mor-
tality over the years following the introduction of ART [2, 14].
In addition, mortality rates in our study are further impacted by
concerted efforts of HIV programs toward UNAIDS 95-95-95
treatment targets [15], most recently the test and treat policy,

better follow-up in a study environment, and the introduction
of newer regimens that have improved viral suppression [19,
20]. Mortality among PLWH in 2019-2020 (4.74/1000 PY, 95%
CI: 2.37-9.48) overlapped with that among participants without
HIV (2.95/1000 PY, 95% CI: 1.23-7.09) further highlighting the
success of efforts toward epidemic control.

In the multivariable model, mortality predictors identified
included CD4 cell count/pL, log,, copies/mL of viral load, low
BMI (Kg/m®) low hemoglobin (g/dL), and WHO staging as have
similarly been reported elsewhere [12-14, 21]. Our study shows
a harmful effect of depression on mortality. Several studies have
shown depression to be associated with mortality in PLWH [22,
23]. One study found a risk for mortality to be 3.6 times higher
among women living with HIV who had depressive symptoms
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Overall mortality rate=11.42

20 19.74

15 15.09

Mortality rate per 1000 person years (95% Cl)

2013-2014 2015-2016 2017-2018

Year of follow-up

2019-2020

Figure 1. Observed mortality rate among PLWH during study follow-up. Mortality
rates were computed by dividing the total number of deaths by the total number of
person-years of follow-up and multiplying by 1000 to obtain rates per 1000 PY. Among
PLWH, 118 deaths were observed with an overall mortality rate of 11.42/1000 PY
(95% Cl: 9.53-13.68). Mortality rate for PLWH gradually reduced from 19.74/1000
PY in 2013-2014 to 4.74/1000 PY in 20192020 (P < .001). Abbreviations: Cl, confi-
dence interval; PLWH, people living with HIV; PY, person-years.

[23]. This risk was determined to be greater than the mortality
risk associated with not initiating ART. The same study showed a
doubling of the risk among those with depressive symptoms and
not on ART. Compared to other studies, the modest risk seen in
our study could be because the majority of participants were on
ART and virally suppressed. Routine screening for depression
as part of comprehensive care in HIV programs may reduce the
risk of mortality even further. Depression may accelerate HIV
disease progression through biological and behavioral mechan-
isms to include alterations in glucocorticoids and catecholamine
with effects on cellular immunity and poor social support, beha-
vior, and nonadherence to medication [24, 25].

Several infections at the most recent visit were associ-
ated with an increased risk of death. Studies have implicated
co-infections as a major driver of morbidity and mortality
among PLWH [26-29]. In 2017, WHO reported that tuber-
culosis caused 1 in 3 of HIV-related deaths [30], and recom-
mended that the 2 epidemics be handled concurrently within
affected communities. Several studies have reported significant
declines in tuberculosis incidence and mortality with use of an-
tiretroviral treatment [31, 32]. Rapid scale-up of ART in Africa
coupled with more recent tuberculosis prevention programs
provide opportunities for reduction in tuberculosis mortality.
In our study, only 7 of the 64 participants with known causes of
death were due to tuberculosis. Tuberculosis screening and tu-
berculosis preventive therapy (TPT), which are routinely imple-
mented in the cohort and efforts toward UNAIDS 95-95-95, are
potential explanations for this observation. However, although
the last few years have seen an emphasis on tuberculosis preven-
tion in HIV programs, potential barriers that result in under-
utilization and scaling-up of TPT in resource limited settings
must be overcome [33]. Manageable conditions like tubercu-
losis that were associated with mortality in our study indicate a
need for programs to enhance screening and diagnosis of these
comorbidities early enough to prevent mortality among PLWH.

In the era of antiretroviral therapy, varied causes of death
have been reported to include non-HIV related conditions [34,
35]. The pattern of causes of death seen in our study is similar
to what has been reported in other studies [10]. Among parti-
cipants with a known cause of death, the highest mortality rate
was attributed to infections, mostly tuberculosis, followed by
malignancies, anemia, and cardiovascular disease highlighting
a need to improve clinical acumen, early diagnosis, and preven-
tive measures to counteract preventable deaths. Establishment
of ART has led to a change in the epidemiology of cancer among

70
n=64
60
50
40
30

20 n=19/64(29.7%

Numberr of patients

10

0

Available (known) cause of death: . Infecnons;
. tuberculosis(7), malaria(4),
cause of death was known in

64/118 (54%) patients experiencing pneumoc\{sus carinit pneum.onla(l),
death pneumonia(1),gastroenteritis(2),

encephalitis(1), meningitis (1),
septicemia with renal failure(1),
tuberculosis with cryptococcal
meningitis(1)

Malignancies:
cervical cancer (4), kaposis sarcoma
(3), breast cancer(1), oesophagel
cancer(3), cervical carcinoma in
situ(1), hepatocellular carcinoma(1),
metastatic lung cancer(1),
pancreatic adenocarcinoma(1),
skin cancer melanoma(1),
squamous cell carcinoma of the
vulva(1), unknown cancer(1)

n=21/64(32.8%

n=18/64(28.1%))

n=6/64(9.4%

Cardiovascular disease: Others:
cardiomyopathy(1), AIDS(1), acute renal failure(1),
deep vein thrombosis(1), alcohol intoxication(2),
hypertension(2), suspected anaemia(7), chronic kidney
congestive cardiac failure(1), diasease(1), HIV wasting
syndrome(1), lymphadenitis(1),
metabolic acidosis(1),
postpartum hemorrhage(1),
road accident(2), upper GI
bleeding(2), suicide(1)

Figure 2. Causes of death among PLWH. Cause of death was available for 54% (64/118) of PLWH. Only 8 autopsies were performed to identify cause of death. Most fre-
quent causes of death included infection in 19/64 (29.7%) and malignancy in 18/64 (28.1%). A slightly higher proportion of deaths (53.1%) were from non-HIV related causes.

Abbreviations: HIV, human immunodeficiency virus; PLWH, people living with HIV.
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Table 2. Bivariate and Multivariable Cox Proportional Hazards Regression Model for Mortality Risk Associated Factors

Unadjusted Analyses

Adjusted Analyses

HR (95% Cl) P value HR (95% CI) P value

Duration (years) on ART 0.67 (.61-.73) <.001 0.67 (.566-.81) <.001
ART status

ART experienced 1.00

ART naive 6.32 (3.91-10.23) <.001
CD4 [cells/uLl

>350 1.00 1.00

<350 5.11 (3.562-742) <.001 2.01 (1.31-3.08) .001
HIV RNA [log,copies/mL] 2.00 (1.83-2.17) <.001 1.36 (1.22-1.51) <.001
History of fever in the last 6 months

No 1.00 1.00

Yes 3.51(2.43-5.08) <.001 1.85 (1.22-2.81) .004
BMI

Underweight 3.58 (2.35-5.44) <.001 2.20 (1.44-3.38) <.001

Normal weight 1.00 1.00

Overweight 0.68 (.39-1.17) .166 1.08 (.61-1.91) 784

Obese 0.33 (.12-.91) .032 0.44 (.14-1.42) A71
Hemoglobin (g/dL) 0.69 (.65-.74) <.001 0.79 (.72-.85) <.001
WHO classification

Asymptomatic HIV infection only 1.00 1.00

WHO Stage |

WHO Stage Il 0.95 (.63-1.71) .861 0.88 (.48-1.62) .689

WHO Stage Il 2.08 (1.26-3.45) .004 2.18 (1.31-3.61) .003

WHO Stage IV 1.91 (0.89-4.08) .095 2.16 (.99-4.74) .064
Clinical depression

No 1.00 1.00

Yes 10.17 (6.82-15.17) <.001 2.42 (1.40-4.18) .001
Any immediate family member diagnosed with HIV

No 1.00 1.00

Yes 5.34 (3.05-9.45) <.001 2.32 (1.08-5.02) .032
Infections®

No 1.00 1.00

Yes 3.11 (2.16-4.48) <.001 1.77 (1.20-2.59) .004
Malignancies®

No 1.00

Yes 27.89 (13.53-57.50) <.001
ART regimen

NRTI, | 0.02 (0.02-0.15) <.001

NRTI, NNRTI 1.86 (1.03-3.36) .041

NRTI, PI 1.00

Others 1.26 (0.16-9.64) .824

Unadjusted and adjusted Cox proportional hazards regression models were run to identify risk factors associated with mortality at the most recent visit by estimating HRs and associated
95% confidence intervals (Cls). All factors except WHO classification were assessed at participants’ most recent visit, WHO classification was only assessed at enrollment in this study.
No deaths were observed among participants with WHO Stage |. Duration (years) on ART was modeled as a time varying covariate. Using backwards stepwise selection, factors with a P
value > .2 were removed the multivariable model and statistical significance observed at P < .05. A total of 2705 participants with complete and non-missing data for all the adjusted factors,
were considered in the adjusted model.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; Cl, confidence interval; HIV, human immunodeficiency virus; HR, hazard ratio; |, integrase inhibitor; NNRTI, non-nucleoside
reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; WWHO, World Health Organization.

“Any infection reported at the most recent visit to include: bacteremia, bacterial vaginosis/trichomonas/chlamydia, candidiasis-oral/esophageal/vaginal, chronic hepatitis B, chronic hepatitis
C, conjunctivitis, extrapulmonary cryptococcosis — central nervous system (CNS)/men, gastroenteritis, genital ulcer disease nitric oxide synthase (NOS), gingivitis/periodontitis/sinusitis/
otitis media, herpes simplex infection, malaria, meningitis/encephalitis (bacterial/toxoplasma), pelvic inflammatory disease, pneumonia (non-cytomegalovirus [CMV]/non-pneumocystis
pneumonia [PCP]), proctitis, pruritis (itch without rash), tuberculosis —pulmonary/ extra pulmonary, schistosomiasis, syphilis, tinea infection, upper respiratory infection, urinary tract infection,
wound infection/ abscess/ cellulitis, wound infection/abscess/cellulitis.

®Any malignancy present at the most recent visit to include anaplastic glioma/glioblastoma, brain tumor NOS, breast cancer, cancer of unknown primary (occult primary), cervical carcinoma,
Kaposi's sarcoma — gastrointestinal, Kaposi’s sarcoma- skin.

PLWH (36, 37], as seen in our study where esophageal malig- malignancies and increasing cancer prevention and screening
nancies, pancreatic carcinoma, breast cancer, and melanoma among this population is key in order to initiate treatment early
were added to the list. Awareness of potential for the unusual and avert death. Cervical cancer was a common cause of death
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in our study and highlights the need for aggressive cervical
cancer screening in HIV programs. Cardiovascular diseases as
a cause of death has been seen in other studies and is likely to
increase as people stay longer on ART [38].

The major limitation of our study was the inability to deter-
mine the cause of death in many of the participants. We used
all possible means to obtain the cause of death to include hos-
pital medical records when available, phone interviews or home
visits. However, in 46% of participants, the cause of death could
not be determined. In addition, there is a possibility of ascer-
tainment bias resulting from potential misclassification of the
causes of death in the study population. As has been noted in
other resource limited settings [39], autopsy reports were un-
common among participants who died in this study, and verbal
autopsies were not systematically performed to identify the
cause of death. It is also possible that some participants who
were lost to follow-up could have experienced death, but sen-
sitivity analyses yielded similar results to the primary analysis.
Because the analysis was cross-sectional at the most recent visit,
it is possible that some of the factors identified as predictors of
mortality such as anemia and low BMI may be the result of un-
derlying disease leading to mortality rather than independent
predictors. In addition, results from our study may not be gen-
eralizable to other populations, considering that people who en-
roll in cohort studies might be healthier and more engaged in
care than the general population.

Our findings suggest low mortality among mostly virally
suppressed PLWH as compared to prior studies, but mortality
among PLWH was still more than 3 times higher than among
contemporaneous comparators without HIV. Non-HIV re-
lated causes of death identified in the study serve as targets for
interventions to reduce mortality. Viral suppression and con-
comitant immune reconstitution are critical deterrents of HIV-
related mortality that are already prioritized by UNAIDS targets
and have mostly been achieved within our cohort. More impor-
tantly, we identified low BMI and depression as independent
predictors of mortality among PLWH that could be directly ad-
dressed through interventions such as the integration of nutri-
tional and mental health services into comprehensive HIV care
programs.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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