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Abstract
Despite the current effective antiretroviral therapy (ART) and viral suppression, depression remains the most prevalent 
mental health challenge among people with HIV (PWH) in Uganda and worldwide. This study examined the relation-
ship between CD4 cell count and depressive symptoms among PWH on ART with viral suppression, and the potential 
modification effect of alcohol use on this relationship. We combined baseline data from two longitudinal studies (DIPT 
(NCT03492216) and ADEPTT (NCT03302299)) conducted between May 2017 and August 2021 across four health facili-
ties in Southwestern Uganda. Eligible participants were adults with suppressed HIV viral load. Depressive symptoms were 
assessed using the Center for Epidemiologic Studies Depression (CESD) Scale (≥ 16 considered significant). CD4 + count 
was measured through blood tests, while alcohol use was measured using both the Alcohol Use Disorders Identification 
Test - Consumption (AUDIT-C) and the alcohol biomarker phosphatidylethanol (PEth), measured in dried blood spots. 
Multivariable mixed effects logistic regression models examined associations. Among 908 participants, 14.6% had depres-
sive symptoms. The median CD4 count was 632 cells/mm³ (IQR: 467.5-825.5), and 62.1% had high or very high-risk 
alcohol use. Overall, no significant association was found between CD4 count and depressive symptoms (aOR: 1.04; 95% 
CI: 0.97–1.12; p = 0.26). Additionally, no evidence of effect modification by level of alcohol use (p = 0.10) was found. The 
prevalence of depressive symptoms is high among PWH with viral suppression. Healthcare providers should assess and 
manage depression among this population. Further studies should also explore the causes of the depressive symptoms and 
develop targeted interventions.
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Introduction

Depression among people with HIV (PWH) is a significant 
problem worldwide and specifically, in sub-Saharan Africa 
[1–4]. Almost 1 million people (5.1% of the population) in 
Uganda are living with HIV [5], and previous studies con-
ducted among PWH reported a high prevalence of depres-
sion compared to people without HIV [6–10].

Depression in PWH may be linked to immune status; 
associations between depression and CD4 cell count have 
been demonstrated over the years among PWH [11, 12]. The 
mechanisms underlying this suggest immune activation as 
key. Increased risk for depression may occur from immune 
dysfunction through stress-responsive pathways like the 
hypothalamic-pituitary-adrenal (HPA) axis [13]. For exam-
ple, a recent study using the Mendelian analysis to assess 
the causal relationship between immune cells and depres-
sion found that innate and adaptive immune dysfunction 
contribute to the pathogenesis of depression [14]. Increased 
activation of CD4 cells may affect the pathogenesis of 
depression through a linkage between neuroinflammation 
and decreased dopamine transmission [14–17]. Addition-
ally, excessive activation is increased among immune non-
responders, i.e., those who fail to achieve complete immune 
reconstitution despite being on ART [18]. The long-term 
immunological recovery period for PWH can take years, 
depending on their CD4 count at the initiation of ART [19]. 
This long period of recovery includes a period of high activ-
ity of CD4 cells [20], which may affect the pathogenesis of 
depression despite being on ART and having a suppressed 
viral load. However, the association between CD4 count 
and depression can be bidirectional, with previous studies 
demonstrating that depression can predict CD4 cell count 
among PWH through direct biological and indirect behav-
ioral mechanisms [12, 21, 22]. Depression contributes to 
the CD4 decline biologically through the HPA axis dys-
regulation, increased inflammatory cytokines, and impaired 
immune function [12, 21], while it also involves poor adher-
ence through behavioral mechanisms that lead to poor viral 
suppression [22].

Many prior studies examining the relationship between 
CD4 cell count and depression were conducted in heteroge-
neous samples, with some including individuals with unsup-
pressed viral loads [11, 23]. As the use of ART improves 
and more people attain viral suppression more quickly [24, 
25], more people are living with HIV with suppressed viral 
load. It is therefore important to reevaluate the association 
between CD4 count and depressive symptoms among peo-
ple with suppressed viral load. The hypothesis for this study 
was that there is a negative association between CD4 cell 
count and depression among.

persons with viral suppression. Moreover, since depres-
sion is one of the most prevalent mental health challenges 
among PWH in Uganda, understanding the association 
between CD4 count and depressive symptoms could stimu-
late further research into the causes of depression in PWH, 
particularly among those with viral suppression. This analy-
sis aimed to gain further insight into the association between 
CD4 count and depressive symptoms among PWH on ART 
with viral suppression. We also sought to evaluate the 
potential effect modification of alcohol use, which at high 
levels may contribute to an increased risk for depression 
and alter the relationship between CD4 count and depres-
sive symptoms.

Methods

Study Design

The current analysis used the baseline data from two lon-
gitudinal studies of the Uganda-Russia-Boston Alcohol 
Network for Alcohol Research Collaboration on HIV/AIDS 
(URBAN ARCH) Consortium [26–29]. The two studies 
were: The Drinkers Intervention to Prevent Tuberculosis 
(DIPT, NCT03492216) and the Alcohol Drinkers Expo-
sure to Preventive Therapy for Tuberculosis (ADEPTT, 
NCT03302299). The DIPT study was a randomized con-
trolled trial (RCT) of economic incentives to promote 
reduced alcohol consumption and increased isoniazid (INH) 
adherence, while the ADEPTT cohort study was a one-arm 
trial aimed at examining the safety and tolerability of INH 
preventive therapy in people co-infected with HIV and TB, 
including both persons who drank alcohol and those who 
abstained from alcohol use [26–29]. The baseline data col-
lection tools used in both studies were similar, and recruit-
ment took place from May 2017 to August 2021.

Study Setting

In both DIPT and ADEPTT, participants were recruited 
from the Southwestern region of Uganda. DIPT participants 
were recruited from two rural (Rugazi Health Center IV and 
Ruhoko Health Center IV) and two semi-urban (Mbarara 
City Council (MCC) and Mbarara Regional Referral Hos-
pital Immune Suppression Syndrome (ISS)) HIV clinics. 
ADEPTT participants were recruited from the Mbarara 
Regional Referral Hospital ISS HIV clinic.

Study Participants

We limited this analysis to participants with viral suppres-
sion (HIV RNA < 200 cells/mm3) at baseline [30]. Inclusion 
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criteria for participants in both studies were age ≥ 18 years; 
living with HIV; prescribed ART for at least 6 months; being 
fluent in Runyankole (the local language) or English; living 
within 2 h travel time or 60 km of the study site with no plans 
to relocate outside the catchment area; a positive tuberculin 
skin test (≥ 5 mm induration), no history of active TB or 
use of TB preventive therapy; and alanine aminotransfer-
ase (ALT) and aspartate aminotransferase (AST) elevations 
≤ 2 times the upper limit of normal. The latter restriction 
was due to safety concerns since the studies were giving 
isoniazid, which can be hepatotoxic. Additionally, people 
were eligible for the ADEPTT study if they reported current 
alcohol use (prior 3 months) or abstaining from using alco-
hol for at least the past year. For the DIPT study, additional 
eligibility criteria included recent risky alcohol use, defined 
as a self-reported AUDIT-C score of ≥ 3 for women and ≥ 
4 for men (modified to assess the prior 3 months), and a 
positive result for recent alcohol use on a urine ethyl gluc-
uronide (EtG) dipstick test. Additional details of the study 
participants in both studies are available [26–28].

Data Collection Procedures

The Computer Assisted Survey Information Collection 
(CASIC) system was used for the structured interviewer-
administered survey. The participants were interviewed 
in Runyankole or English, depending on the participant’s 
language of preference. In addition, blood specimens were 
collected at the baseline visit and tested for CD4 cell count 
and phosphatidylethanol (PEth, an alcohol biomarker), 
as described below. The collection of specimens was per-
formed after the interview.

Variables and Measurement

Outcome Variable

The outcome variable in this analysis was depressive symp-
toms (yes/no), assessed via the Center for Epidemiologic 
Studies Depression (CESD) Scale [31]. Two previous stud-
ies have evaluated the psychometric properties of the CESD 
in Uganda among pregnant women with HIV and people 
living with HIV [32, 33]. Although these studies were 
conducted in another local language (Luganda), which is 
different from Runyankole, the CESD tool showed good 
discriminatory ability, construct validity, and reliability. The 
Cronbach’s alpha from the two studies were 0.92 and 0.90, 
respectively [32, 33]. In this study, the Cronbach’s alpha 
was 0.90. People with a score of 16 and above were consid-
ered to have significant depressive symptoms [32, 34, 35].

Independent Variable

 CD4 count: Blood samples were collected and tested at the 
Mbarara University of Science and Technology (MUST) 
Clinical Research Laboratory and at the Infectious Diseases 
Research Collaboration (IDRC) Regional Research Labo-
ratory using the BD FACS Presto (TM), PIMA POC CD4 
test system (Alere Inc., Waltham, MA), and GeneXpert® 
Dx System. The CD4 count was examined as a continuous 
variable. Additionally, the variable was later categorized 
into three groups for an exploratory analysis: (i) < 200 cells/
mm3, (ii) 200-<500 cells/mm3, (iii) ≥ 500 cells/mm3.

Covariates

Covariates were considered in the model to adjust for poten-
tial confounding and improve the precision of the estimate 
between the CD4 count and depressive symptoms. The 
covariates included in this analysis were assessed using a 
questionnaire and included participant age, gender, marital 
status, and spouse HIV status, level of education, employ-
ment status, religion, ART adherence in the past 30 days, 
and general health status. The ART adherence in the past 30 
days was assessed using the following self-reported ques-
tion: “How have you been at taking your anti-HIV medi-
cation in the past 30 days?”. The participants rated their 
adherence to treatment by choosing among the following 
options: excellent, very good, good, fair, poor, or very poor. 
This is a 5-point Likert scale tool named the Self-Rating 
Scale Item (SRSI), which is made up of one question to 
assess medication adherence over the past 30 days [36]. In 
this analysis, it was dichotomized as good/fair/poor/very 
poor versus excellent/very good. The general health status 
of the participant was assessed using the first question of the 
Medical Outcomes Study-HIV (MOS-HIV) Health Survey 
that asked: “In general, would you say your health is excel-
lent, very good, good, fair, or poor?” The MOS-HIV has 
been used before as a validated measure of general health in 
Uganda [37]. We dichotomized responses as good/fair/poor 
versus excellent/very good.

Alcohol use was assessed using both the AUDIT-C and 
PEth, a biomarker of alcohol consumption in the prior 2–3 
weeks [38]. The cutoffs used for medium risk alcohol use 
via the AUDIT-C were ≥ 3 for women or ≥ 4 for men, and 
≥ 6 for high/very high risk alcohol use for both women and 
men [39, 40]. For PEth, dried blood spot (DBS) cards were 
tested for the PEth homologue 16:0/18:1 with a limit of 
quantification of 8 ng/mL at the United States Drug Test-
ing Laboratories, Inc., in the USA. Consistent with previ-
ous studies, we employed a cutoff of PEth ≥ 50 ng/ml to 
indicate medium-risk alcohol use and a cutoff of PEth ≥ 
200 ng/ml to indicate high/very high-risk drinking [41–43]. 
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To determine the level of alcohol use, we combined the 
AUDIT-C and PEth measures as follows: “no/low risk alco-
hol use”: AUDIT-C negative (< 3 for women and < 4 for 
men) and PEth < 50 ng/ml; “medium risk”: AUDIT-C ≥ 3 
for women or ≥ 4 for men and AUDIT-C < 6, or PEth ≥ 50 
and < 200 ng/ml; “high/very high risk”: AUDIT-C ≥ 6 or 
PEth ≥ 200 ng/ml. If someone fell into two different catego-
ries, the higher category was used for the combined level of 
alcohol use variable. Considering that neither of the above 
measures for alcohol use is 100% sensitive, combining them 
can improve overall sensitivity [44].

Data Analysis

Data analysis was conducted using the baseline data from 
these studies and was limited to participants with CD4 data 
who were virally suppressed (< 200 copies/ml). Participant 
characteristics were described using proportions and fre-
quencies for the categorical variables, and the median and 
interquartile range (IQR) for the continuous variables (i.e., 
age and CD4 count).

The bivariate associations between participant char-
acteristics and the outcome (depressive symptoms) were 
assessed using Chi-squared tests for categorical variables 
and Kruskal-Wallis tests for the two continuous variables. 
The following variables, in addition to CD4 count, were 
selected a priori for inclusion in the multivariable model: 
age, gender, marital status, spouse HIV status, education, 
religion, general health status, alcohol use, and ART adher-
ence. We assessed collinearity among these variables using 
Spearman correlations and found all correlations to be 
< 0.40; as such, we included all covariates selected a priori 
in our multivariable models. Bivariate and multivariable 
mixed effects logistic regression models were used to exam-
ine associations with depressive symptoms, and accounted 
for clustering by study site. We considered a two-sided 
p-value < 0.05 as significant. Additionally, we assessed 
possible effect modification of alcohol use by including an 
interaction term between CD4 count and level of alcohol use 
in the multivariable model. We considered a p-value < 0.10 
as significant for the interaction term and planned to present 
models stratified by alcohol use if a significant interaction 
was observed. As an exploratory analysis, we also assessed 
CD4 count as a categorical variable, rather than a continu-
ous variable, in the multivariable model.

Ethical Consideration

DIPT and ADEPTT protocols were approved by different 
ethical approval committees including (i) the institutional 
review board of the University of California, San Fran-
cisco (UCSF); (ii) the institutional review board of Boston 

University; (iii) the Mbarara University of Science and 
Technology Research Ethics Committee (MUST-REC); (iv) 
the Makerere University School of Medicine Research Eth-
ics Committee (SOMREC), and (v) the Ugandan National 
Council for Science and Technology (UNCST). All partici-
pants provided written informed consent prior to enrollment 
in the studies.

Results

In total, 680 participants were enrolled in the DIPT study, 
and 301 participants in the ADEPTT study. From the 981 
participants in both studies, two participants were excluded 
from this analysis because they were missing CD4 counts. 
An additional 71 participants were excluded because they 
were not virally suppressed (n = 45) or were missing viral 
load results (n = 26). In total, 908 PWH were included in 
this analysis, with a median age of 40 years (IQR: 32–47) 
(Table  1). One hundred thirty-three participants (14.6%) 
reported depressive symptoms. The majority of partici-
pants were men (63.2%) and married (61.5%), with primary 
school as their highest level of education (63.1%). The 
median CD4 count was 632.0 (IQR: 467.5–825.5). Most 
(62.1%) participants had high/very high-risk alcohol use, 
and 80.7% had very good or excellent ART adherence.

Bivariate Associations with Depressive Symptoms

In the bivariate analysis, we found no significant difference 
in the median CD4 cell count between people with and with-
out depressive symptoms (median CD4 cell counts: 662.0 
and 630.0, respectively; p-value = 0.407) (Table 2). Among 
all participants, 65.2% of those with depressive symptoms 
were classified as having high/very high-risk alcohol use, 
compared to 61.6% of those without depressive symptoms 
(p = 0.695). A higher proportion of participants with depres-
sive symptoms were unmarried compared to those without 
depressive symptoms (48.1% versus 36.8%, p = 0.014).

Adjusted Association Between CD4 Count and 
Depressive Symptoms

In the main multivariable model, there was no evidence of 
an association between CD4 count and depressive symp-
toms (adjusted Odds Ratio (aOR) per 100 cells/mm3: 1.04 
(95% Confidence Interval (CI) 0.97–1.12) (Table  3). Age 
was associated with depressive symptoms in the multi-
variable model. In the exploratory model including CD4 
count as a categorical variable, there was no evidence of an 
association between CD4 count and depressive symptoms 
(p = 0.44).
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We found no evidence of effect modification by level of 
alcohol use (p = 0.10).

Discussion

We did not find an association between CD4 cell count and 
depressive symptoms in this study of PWH with viral sup-
pression. The lack of association may be due to the recency 
of the studies included here, which recruited participants 
after the implementation of the “test and treat” strategy in 
recent years in Uganda [45], whereby ART is initiated imme-
diately following HIV diagnosis. This may have resulted in 
higher CD4 counts at treatment initiation [46]. The majority 
of participants, i.e., 71%, in this study had CD4 cell counts 
≥ 500 cells/mm3 and reported very good or excellent ART 
adherence and general health. These parameters are linked 
to better physical and mental health among PWH [3, 47]. In 
addition, majority of participants were engaged in income-
generating activities, which are known to have a protective 
impact against depression [48]. The clinical significance of 
our main finding is that depression is still prevalent among 
PWH even in the context of viral suppression. In this era 
of early ART initiation and high ART adherence, CD4 cell 
count may no longer be one of the main predictors of depres-
sive symptoms. Health care providers should therefore pri-
oritize exploring and addressing psychosocial factors such 
as alcohol use to more effectively manage depressive symp-
toms in this population.

The prevalence of depressive symptoms in this study 
was comparable to findings from other studies among PWH 
in Nigeria (14.2% in 2014) [49] and one study in Uganda 
(14% in 2017) [50]. However, the prevalence of depressive 
symptoms in this study was about half lower compared to 
a systematic review of the prevalence of depression among 
PWH (28.2%) [51]. These findings suggest that early ART 
initiation may be having an effect on depression reduction in 
Uganda [52] and globally [53].

The results of no association between CD4 count and 
depression contrast previous studies in which alcohol use 
had a bidirectional association with mental health, such that 
alcohol use causes poor mental health and vice versa, an 
effect most pronounced among PWH [54–60]. Although 
uncommon, our findings may be due to the indirect benefits 
of broad access to care for PWH. The majority of PWH in 
this study were adhering well to treatment, which included 
regular visits to the facility for medication refill and coun-
seling, and may have influenced the lower levels of depres-
sion symptoms observed in this study. In addition, PWH in 
this study may be using alcohol use as a normal behavior 
since it is culturally and socially accepted in Uganda [61], 
and not in relation to depression or coping mechanisms.

Table 1  ADEPTT and DIPT study participant characteristics at study 
enrollment, among those with HIV viral load < 200 copies/ml

N (%) or median (IQR)
(N = 908)

Participant sex
Female 334 (36.8%)
Male 574 (63.2%)
Age (median (IQR)) 40.0 (32.0–47.0)
Married
No 349 (38.5%)
Yes 558 (61.5%)
Spouse HIV status
HIV-negative 157 (28.1%)
HIV-positive 373 (66.7%)
Don’t know status 29 (5.2%)
Marital status/Spouse HIV status
Not married 349 (38.5%)
Married, HIV- spouse 157 (17.3%)
Married, HIV+ spouse 372 (41.0%)
Married, spouse status unknown 29 (3.2%)
Education
No formal education 130 (14.3%)
P1-P7 573 (63.1%)
S1-S6 165 (18.2%)
Tertiary/Vocational/University 40 (4.4%)
Job
Self-employed, business 329 (36.2%)
Paid employment 149 (16.4%)
Agriculture 405 (44.6%)
Unemployed/student 25 (2.8%)
Religion
Protestant/Anglican 448 (49.3%)
Catholic 391 (43.1%)
Muslim 46 (5.1%)
Other 23 (2.5%)
Depressive symptoms
No 775 (85.4%)
Yes 133 (14.6%)
CD4 count (median (IQR)) 632.0 (467.5–825.5)
CD4 count
< 200 cells/mm3 19 (2.1%)
200-<500 cells/mm3 245 (27.0%)
>=500 cells/mm3 644 (70.9%)
Alcohol use: self-report and PEth
No/low risk alcohol use 156 (17.3%)
Medium risk alcohol use 186 (20.6%)
High/very high-risk alcohol use 560 (62.1%)
ART adherence, past 30 days
Good/fair/poor/very poor 175 (19.3%)
Excellent/very good 733 (80.7%)
General health: excellent/very good?
Good/fair/poor 438 (48.2%)
Excellent/very good 470 (51.8%)
Participant language for questionnaire
Runyankole 859 (94.6%)
English 49 (5.4%)
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These results should be interpreted with consideration of 
the limitations. This study was a secondary analysis of data 
originally collected for other research aims, and we used 
only baseline data for the analysis. Therefore, the actual 
direction of causality between the variables included in the 
study could not be determined, and some of the relation-
ships may be bidirectional. Additionally, any unmeasured 
confounding may also distort the relationship. Although 
combining self-report and Peth in assessing alcohol use was 

used to improve overall sensitivity, the two tools can have 
discrepancies, with the self-report being potentially affected 
by social desirability. Additionally, while people with ALT 
and AST elevations ≤ 2 times the upper limit of normal 
were excluded from the analysis due to safety concerns, it 
is important to note that these liver enzymes can be linked 
to alcohol and could have removed some participants from 
the analysis. Lastly, self-reported variables have potentially 
been impacted by social desirability bias. For example, the 

CES-D > = 16
No Yes p-value

(chi2/k-wallis)
N 775 (85.4%) 133 (14.6%)
Participant sex 0.86
Female 286 (36.9%) 48 (36.1%)
Male 489 (63.1%) 85 (63.9%)
Age (median (IQR)) 40.0 (33.0–47.0) 37.0 (32.0–45.0) 0.06
Married 0.01
No 285 (36.8%) 64 (48.1%)
Yes 489 (63.2%) 69 (51.9%)
Is spouse HIV+? 0.73
HIV-negative 138 (28.2%) 19 (27.5%)
HIV-positive 328 (66.9%) 45 (65.2%)
Don’t know status 24 (4.9%) 5 (7.2%)
Marital status/spouse HIV status 0.09
Not married 285 (36.8%) 64 (48.1%)
Married, HIV- spouse 138 (17.8%) 19 (14.3%)
Married, HIV+ spouse 327 (42.2%) 45 (33.8%)
Married, spouse status unknown 24 (3.1%) 5 (3.8%)
Education 0.03
None 107 (13.8%) 23 (17.3%)
P1-P7 484 (62.5%) 89 (66.9%)
S1-S6 145 (18.7%) 20 (15.0%)
Tertiary/vocational/University 39 (5.0%) 1 (0.8%)
Religion 0.07
Protestant/Anglican 395 (51.0%) 53 (39.8%)
Catholic 321 (41.4%) 70 (52.6%)
Muslim 38 (4.9%) 8 (6.0%)
Other 21 (2.7%) 2 (1.5%)
CD4 count (median (IQR)) 630.0 (467.0–825.0) 662.0 (492.0–851.0) 0.41
CD4 count 0.40
< 200 cells/mm3 18 (2.3%) 1 (0.8%)
200-<500 cells/mm3 210 (27.1%) 35 (26.3%)
>=500 cells/mm3 547 (70.6%) 97 (72.9%)
Alcohol use: self-report and PEth 0.70
No/low risk alcohol use 134 (17.4%) 22 (16.7%)
Medium risk alcohol use 162 (21.0%) 24 (18.2%)
High/very high-risk alcohol use 474 (61.6%) 86 (65.2%)
ART adherence, past 30 days 0.14
Good/fair/poor/very poor 143 (18.5%) 32 (24.1%)
Excellent/very good 632 (81.5%) 101 (75.9%)
General health: excellent/very good? 0.36
Good/fair/poor 369 (47.6%) 69 (51.9%)
Excellent/very good 406 (52.4%) 64 (48.1%)

Table 2  Participant characteris-
tics, by depressive symptoms, 
among those with HIV viral 
load < 200 copies/ml
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adherence measure used one self-reported question, which 
can be questionable. However, previous studies have dem-
onstrated the validity of the single-item self-rating adher-
ence scale [62]. Strengths of the study include the use of 
validated tools to assess depressive symptoms and alcohol 
use, as well as an objective biomarker (PEth) to measure 
alcohol use.

In summary, while the results of this study suggest no 
evidence of an association between CD4 cell count and 
depressive symptoms among PWH with suppressed viral 
load, depressive symptoms are still prevalent. These results 
suggest that health providers should be aware that PWH, 
although virally suppressed, are still at risk for depression. 

Further studies should focus on other areas of research in 
addressing depression among PWH.
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Table 3  Unadjusted and Adjusted Odds Ratios (OR) and 95% Confidence Intervals (CI) for depressive symptoms (CESD ≥ 16), ADEPTT and 
DIPT study participants at baseline with HVL < 200 copies/mL (n = 908)

Unadjusted OR (95% CI) p-value Adjusted OR
(95% CI)
(n = 902)

p-value Adjusted OR
(95% CI)
(n = 902)
(exploratory)

p-value

CD4 count (per 100 cells/mm3) 1.04 (0.98, 1.12) 0.21 1.04 (0.97, 1.12) 0.26 –
CD4 count 0.40 0.44
< 200 cells/mm3 1.00 – 1.00
200–499 cells/mm3 3.31 (0.42, 25.99) – 3.08 (0.39, 24.58)
≥ 500 cells/mm3 3.74 (0.48, 28.85) – 3.49 (0.44, 27.45)
Gender 0.91 0.24 0.28
Woman 1.00 1.00 1.00
Man 0.98 (0.66, 1.45) 1.33 (0.83, 2.15) 1.30 (0.81, 2.08)
Age (per 1 year) 0.98 (0.96, 1.00) 0.08 0.98 (0.96, 1.00) 0.04 0.98 (0.96, 1.00) 0.04
Marital status, spouse HIV status 0.08 0.30 0.32
Not married 1.00 1.00 1.00
Married, HIV- spouse 0.60 (0.34, 1.04) 0.67 (0.37, 1.20) 0.66 (0.37, 1.19)
Married, HIV+ spouse 0.61 (0.40, 0.93) 0.67 (0.43, 1.05) 0.69 (0.44, 1.07)
Married, spouse HIV status unknown 0.88 (0.32, 2.43) 0.93 (0.33, 2.66) 0.95 (0.33, 2.71)
Education 0.06 0.07 0.07
No formal education 1.00 1.00 1.00
Primary 0.76 (0.45, 1.28) 0.69 (0.40, 1.19) 0.69 (0.40, 1.20)
Secondary 0.52 (0.26, 1.02) 0.49 (0.24, 1.00) 0.49 (0.24, 1.00)
Tertiary/Vocational/Uni 0.10 (0.01, 0.81) 0.10 (0.01, 0.83) 0.10 (0.01, 0.82)
Religion 0.17 0.10 0.11
Protestant/Anglican 1.00 1.00 1.00
Catholic 1.52 (1.02, 2.26) 1.64 (1.08, 2.49) 1.62 (1.07, 2.45)
Muslim 1.62 (0.71, 3.67) 1.57 (0.68, 3.64) 1.54 (0.66, 3.58)
Other 0.77 (0.17, 3.38) 0.66 (0.15, 3.00) 0.65 (0.14, 2.95)
General health status 0.08 0.15 0.13
Good/fair/poor 1.00 1.00 1.00
Excellent/very good 0.71 (0.48, 1.04) 0.73 (0.48, 1.19) 0.72 (0.48, 1.10)
Alcohol use 0.53 0.66 0.63
No/low risk alcohol use 1.00 1.00 1.00
Medium risk alcohol use 0.86 (0.45, 1.67) 0.80 (0.41, 1.58) 0.80 (0.41, 1.57)
High/very high-risk alcohol use 1.1 (0.65, 2.01) 1.02 (0.55, 1.88) 1.03 (0.56, 1.91)
ART adherence, past 30 days 0.04 0.15 0.18
Good/fair/poor/very poor 1.00 1.00 1.00
Excellent/very good 0.62 (0.39, 0.97) 0.70 (0.43, 1.14) 0.72 (0.44, 1.17)
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obtained as described in the Methods section. Both studies involved 
human participants, and all of them provided written informed consent 
prior to enrolment.
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