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Abstract
Individuals are initiating antiretroviral therapy (ART) at earlier HIV disease stages. Unhealthy alcohol use is a known barrier 
to successful HIV treatment outcomes, yet it is unclear whether the problem varies by disease stage. We measured alcohol 
use with an objective biomarker (phosphatidylethanol [PEth]), comparing individuals (n = 401) with early (CD4 > 350 cells/
mL, WHO Stage 1) versus late (CD4 < 200 cells/mL) ART initiation in HIV care in Uganda and South Africa (SA). We 
examined the association between CD4 count and biomarker results using multivariable regression modeling, and compared 
PEth results to self-report to assess underreporting. Overall, 32.2% (n = 129) had unhealthy alcohol use (PEth ≥ 50 ng/ml). 
Early ART initiation was significantly associated with unhealthy alcohol use in Uganda (AOR 2.65; 95% CI: 1.05–6.72), 
but not SA (AOR 1.00; 95% CI: 0.46–2.17). In Uganda, 23.2% underreported unhealthy alcohol use versus 11.6% in SA 
(χ2 = 9.30; p < 0.01). Addressing unhealthy alcohol use is important as patients initiate ART earlier, yet challenging due to 
underreporting.

Keywords Alcohol use · Biomarker · HIV treatment · Sub-Saharan Africa

Resumen
Los pacientes con VIH estan iniciando terapia antiretroviral (TAR) en estadio temprano de la enfermedad. El consumo perju-
dicial de alcohol es una barrera conocida para el tratamiento efectivo de el VIH, aunque todavia no esta claro si el problema 
varia dependiendo del estadio de la enfermedad. Evaluamos los niveles de alcohol con el marcador biologico especifico 
Fosfatidil-etanol (PEth), comparando individuos (n = 401) al inicio (CD4 > 350 celulas/mL, OMS estadio 1) versus tardio 
(CD4 < 200 celulas/mL) de la TAR en Uganda y Africa del el Sur (AS). La asociacion entre el conteo de CD4 y los resul-
tados de PEth se realizo mediante un analisis de regresion multivariable y ademas comparamos los resultados del PEth con 
el reporte voluntario con el fin de medir la tasa de bajo reporte. En general, 32.2% (n = 129) tenian consumo perjudicial de 
alcohol (PEth ≥ 50 ng/mL). En Uganda el inicio temprano de la TAR esta significativamente ligado al consumo perjudicial 
de alcohol (AOR = 2.65; 95% CI: 1.05-6.72) a diferencia de Africa de el Sur (AOR = 1.00; 95% CI: 0.46-2.17). En Uganda 
se detecto un 23.2% de bajo reporte de consumo frente a un 11.6% en AS (χ2 = 9.30: p < 0.01). Identificar el uso perjudical 
de alcohol es importante debido a que los pacientes inician tempranamente la TAR, esto se dificulta debido a la baja tasa 
de reporte.

Palabras clave Uso de alcohol · Marcador biologico · Tratamiento VIH · Africa sub-Sahariana
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Introduction

New universal access initiatives may bring 23 million 
people on antiretroviral therapy (ART) at healthier stages 
than previously, when ART was given only to those with 
low CD4 cell counts [1]. In areas with generalized HIV 
epidemics, such as sub-Saharan Africa, one of the primary 
barriers to successful HIV treatment and secondary pre-
vention is unhealthy alcohol use [2–4]. Unhealthy alcohol 
use is a consistent risk factor for HIV acquisition, as well 
as poorer HIV treatment outcomes due to ART nonadher-
ence [5–9]. As individuals will be initiating ART earlier 
than ever before, the extent to which alcohol use is a prob-
lem among those starting ART at high CD4 cell counts is 
unknown. Poor physical health status and worsening of 
one’s health have both been associated with lower alcohol 
consumption among individuals with HIV following ART 
initiation [10] as well as at the onset of other chronic dis-
eases [11, 12]. As such, as individuals are initiating ART 
when they are more likely to be asymptomatic and with 
fewer physical symptoms, unhealthy alcohol use at ART 
initiation may be a barrier to ART adherence and success-
ful treatment outcomes.

Yet, efforts to recognize and address unhealthy alcohol 
use may be limited by low detection rates using self-report 
screening methods [13–15]. Patients, including those in 
sub-Saharan Africa, have been shown to be reluctant to 
disclose alcohol use to their health care providers due to 
factors related to stigma, social desirability biases, and 
fear of being denied ART [8, 16]. Additionally, lack of 
standardized alcohol content and serving size may also 
contribute to inaccurate consumption reports [17].

Phosphatidylethanol (PEth), a phospholipid metabo-
lite of ethanol, offers an objective measure of alcohol use. 
PEth is formed only in the presence of alcohol use and 
is thus one of the most sensitive and specific biomark-
ers for alcohol intake over the prior two to three weeks 
[18]. Detecting PEth at the time of ART initiation offers 
an objective measure of alcohol use early on among indi-
viduals initiating ART. Further, although prior research 
has identified high rates of underreporting of alcohol 
consumption using PEth testing in those in HIV care in 
Uganda [8, 17, 19], it is unknown whether this is general-
izable to other sub-Saharan African countries. This ques-
tion is particularly relevant in South Africa, where there is 
a high prevalence of HIV and alcohol use, as well as other 
illicit substance use, which is often stigmatized [20, 21].

As part of a recent study [3] that followed individuals 
initiating ART at high CD4 count (CD4 > 350 cells/μL 
and asymptomatic) versus low CD4 counts (CD4 < 200 
cells/μL) in routine care in southwestern Uganda and 
Cape Town, South Africa, we conducted an analysis to (1) 

compare the prevalence of biomarker-measured unhealthy 
alcohol use (PEth ≥ 50 ng/mL) among individuals initi-
ating ART early versus late in routine care in Uganda 
and South Africa; and (2) determine whether differences 
persisted after adjusting for relevant covariates. Second-
ary aims were to assess the prevalence of underreport-
ing unhealthy alcohol use (i.e., PEth ≥ 50 ng/mL without 
self-reported unhealthy alcohol use), and whether rates 
of underreporting differed by level of CD4 count and site 
after adjusting for relevant covariates, including perceived 
health status. Given prior research demonstrating that 
worse physical health status is associated with reduced 
alcohol consumption in HIV [10] as well as other chronic 
conditions [11, 12], we hypothesized that individuals who 
are starting ART when they are asymptomatic and with 
high CD4 counts would have higher alcohol use compared 
to individuals initiating ART later with lower CD4 counts, 
and that underreporting would be higher in Uganda com-
pared to South Africa.

Methods

Study Procedures

Individuals were recruited using convenience sampling 
as they presented for HIV care. Inclusion criteria for the 
parent study included: (1) ART-naïve and initiating ART 
within one   month of enrollment date; (2) either CD4 
count > 350 cells/μL and asymptomatic (clinically catego-
rized based on WHO Stage 1 criteria) or CD4 count < 200 
cells/μL at any WHO stage; (3) at least 18 years of age; (4) 
living within 60 km of the clinic; (5) intention to stay in the 
area for the next year; (6) if pregnant, no more than 34 weeks 
gestation; and (7) able to provide informed consent. Partici-
pants were excluded if the met any of the following crite-
ria: (1) intermediate stage disease at enrollment (i.e., CD4 
200–349); or (2) if pregnant, late stage disease (CD4 < 200). 
All participants initiated treatment within approximately 
one week of the assessment (median = 1; range 1–8). Please 
see Haberer et al. for additional detail about the parent study 
[3].

We randomly selected 432 stored dried blood spots 
(DBS) from the baseline assessments of the parent study 
(n = 692) for PEth testing, which included 108 from each 
enrollment group, at each site (early and late initiators, 
pregnant women excluded). We compared those with 
completed PEth testing and self-reported alcohol use 
(AUDIT-C) data (n = 401) to those without (n = 291). 
Missing data was due to no DBS sample available (n = 5), 
missing AUDIT-C data (n = 26), or not selected for PEth 
testing (n = 260). A higher percentage of female partici-
pants were included compared to male participants (61% 
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vs. 53%, p = 0.02), and study enrollment date was signifi-
cantly later for those not included (p < 0.01). There were 
no other significant differences for any variable included in 
the study multivariable analyses (see below; all p’s > 0.05).

This study was approved by Partners Healthcare/Massa-
chusetts General Hospital, Mbarara University of Science 
and Technology, the Uganda National Council for Science 
and Technology, the University of Cape Town, and the 
Western Cape province in South Africa. Procedures were 
conducted in accordance with the Helsinki Declaration of 
1975, as revised in 2000. Informed consent was obtained 
from all individual participants included in the study.

Assessments

The parent study collected a comprehensive battery of 
sociobehavioral measures via structured interviewer-
administered interview at baseline, six  months, and 
12 months. The current analysis focused on the study 
assessments described below, conducted at baseline.

AUDIT-C Self-reported alcohol use was measured using 
the Alcohol Use Disorder Identification Test—Consump-
tion (AUDIT-C) [22]. The AUDIT-C assesses alcohol use 
and related problems in the prior three months; unhealthy 
alcohol use via self-report was defined as an AUDIT-C 
score ≥ 3 for women and ≥ 4 for men.

Biomarker (PEth) We used PEth, a biomarker of recent 
alcohol use, to objectively measure alcohol use. PEth 
remains in the blood for approximately 21 days after alco-
hol consumption and represents a useful objective measure 
of alcohol use [8, 15]. In prior studies, PEth has demon-
strated superior sensitivity (88%) and specificity (89%) 
for any alcohol use over 21 days among individuals living 
with HIV/AIDS in Uganda, and it has greater diagnostic 
specificity and sensitivity than other frequently used alco-
hol biomarkers, such as carbohydrate-deficient transferrin 
(CDT) and gamma-glutamyl transpeptidase (GGT) [18]. 
PEth is formed only in the presence of alcohol use, and 
thus is highly specific. Further, PEth’s test characteristics 
have been shown to not vary with CD4 count, ART status, 
and age [15].

PEth was tested at the United States Drug Testing Labo-
ratories, Inc. (USDTL) using liquid chromatography-tan-
dem mass spectrometry (LC–MS/MS) after methanol was 
extracted from dried blood spots (DBS) [23]. The lower 
level of quantification was 8 ng/mL. Unhealthy alcohol 
use via PEth was defined as a PEth result ≥ 50 ng/mL, a 
cutoff which was highly sensitive (93%) and reasonably 
specific (83%) for detecting daily drinking of at least two 
drinks per day on average in a study of 222 patients with 
liver disease (S. Stewart, personal communication). We 
used PEth as the marker for unhealthy alcohol use due to 

findings that under reporting varied significantly by site 
(see Results).

Underreporting Alcohol Use

Participants who had a PEth result ≥ 50 ng/mL but who did 
not meet the AUDIT-C thresholds for unhealthy alcohol use 
were defined as underreporters of unhealthy alcohol use.

Health Status

CD4 count CD4 point-of-care testing was conducted at 
enrollment using Alere Pima™. The “early” CD4 group 
was defined as CD4 count > 350 cells/μL with asymptomatic 
HIV disease (clinically categorized based upon WHO Stage 
1 criteria), and the “late” CD4 group was defined as CD4 
count < 200 cells/μL (any WHO stage).

Perceived physical and mental health status Self-reported 
health status was measured using the MOS-HIV, a measure 
of health-related quality of life that has been validated in 
sub-Saharan Africa (normed with 50 as  average health in 
the US population) [24]. The physical and mental health 
summary scores (PHS and MHS, respectively), were used to 
measure perceived physical health-related functioning (PHS) 
and well-being (MHS) in this study. The PHS and MHS 
scales have been validated against clinical measures in HIV 
care in Uganda [25]; low PHS and MHS scores have been 
shown to correspond with low CD4 count and distinguish 
between stages of HIV infection, with individuals who are 
asymptomatic (WHO stage 1) scoring significantly higher on 
the PHS and MHS than individuals who were symptomatic 
at later disease stages [25].

TB status was assessed based on self-reported use of TB 
medication at the time of enrollment.

Covariates

We considered the following as covariates because they have 
been shown to be associated with alcohol use and under-
reporting, including demographic characteristics, structural 
barriers to care, stigma, and depression [26, 27].

Demographic characteristics Demographic characteris-
tics included participant gender, age, education, and eco-
nomic status. Age was categorized as follows: ≤ 25, 26–35, 
36–45, > 45 years. Education was categorized as follows: 
none, primary school (P1–P6 in Uganda/G1–G7 in South 
Africa), high school (P7–S6 in Uganda/G8–G12 in South 
Africa), and more than high school (> S6 in Uganda/> G12 
in South Africa). We used principal components analysis to 
create a household asset index from measures of housing 
quality and available energy sources [28, 29]; participants 
were grouped into the following categories: low (bottom 
40%), middle (middle 40%), high (top 20%).
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Stigma was measured using a 15-item abridged version 
of the Berger HIV Stigma scale [30], which included two 
subscales: HIV disclosure concerns and perceived negative 
attitudes. This measure has demonstrated strong internal 
consistency, reliability, and validity [30].

Structural barriers to care was assessed using a 13-item 
structural barriers to clinic attendance subscale of a previ-
ously validated measure in South Africa of structural barri-
ers to care and ART adherence among individuals on ART 
[31]. This subscale has demonstrated excellent internal con-
sistency in prior work in South Africa [31].

Depression We used a modified 12-item version of the 
Hopkins Symptom Checklist to measure depression that 
excluded somatic measures of depression [32, 33].

Statistical Analysis

All analyses were limited to study participants with PEth 
testing and self-reported alcohol use (AUDIT-C) data avail-
able (n = 401). To describe the study participants, we calcu-
lated frequency distributions for categorical variables, and 
medians and interquartile ranges (IQRs), means (M) and 
standard deviations (SD) for continuous variables, overall 
and stratified by CD4 group and study site. To assess asso-
ciations with PEth-measured unhealthy alcohol use and 
underreported unhealthy alcohol use, we conducted bivari-
ate analysis and multivariable logistic regression models, 
stratified by site. We stratified the analyses by site given 
socio-economic/cultural differences at the sites, and the dif-
ferent prevalence of underreporting at the two study sites. 
The following variables were selected a priori for inclusion 
in multivariable models: CD4 group, gender, age, household 
asset index, self-reported physical and mental health status, 
the Hopkins depression score, disclosure concerns stigma 
score, perceived negative attitudes stigma score, months 
since HIV diagnosis, study enrollment date, and structural 
barriers to care. We also conducted a posthoc analysis to test 
whether the interaction between one’s CD4 group (high vs. 
low) and perceived physical health status (PHS; continuous 
measure) was associated with unhealthy drinking and under-
reporting above and beyond perceived health status and CD4 
group independently.

Results

Demographic and Clinical Characteristics

Of the total sample (n = 401), 63.6% were female, median 
age was 32 years (IQR 27–40), and the median annual 
income was $370 (US dollars; IQR 0–1481). Half (n = 201) 
were in the low CD4 group (< 200  cells/μL and any 
WHO stage) versus high CD4 count and asymptomatic 

(> 350  cells/μL and WHO Stage 1; n = 200). Approxi-
mately half (53%; n = 211) were recruited in Uganda (vs. 
South Africa; n = 190). Median CD4 count in the high CD4 
group was 434.5 cells/μL (IQR 392–481), and median CD4 
count in the low CD4 group was 121 cells/μL (IQR 55–160). 
Regarding perceived health status, individuals who were in 
the high CD4 group and asymptomatic (based on WHO 
Stage 1 criteria) had a mean PHS score of 42.3 (SD = 6.8) 
compared to 38.7 (SD = 6.5) in the low CD4 group. Table 1 
presents other demographic and clinical characteristics by 
CD4 count group and site.

Prevalence of Unhealthy Alcohol Use

In the overall sample, 32.2% (n = 129) had biomarker-meas-
ured unhealthy alcohol use (PEth ≥ 50 ng/mL), compared to 
19.7% (n = 79) per AUDIT-C (see Table 1). Approximately 
one-third of participants in the low and the high CD4 groups 
were positive for PEth-measured unhealthy alcohol use 
(31.3% and 33.0%, respectively). Nearly one-quarter (23.0%) 
of those in the high CD4 group self-reported unhealthy alco-
hol use compared to 16.4% in the low CD4 group. In South 
Africa, the prevalence of unhealthy alcohol use was similar 
using PEth (31.6%) versus self-report (30.0%), whereas in 
Uganda, the prevalence of unhealthy alcohol use was 32.7% 
via PEth, compared to 10.4% via self-report.

Correlates of Biomarker‑Measured Unhealthy 
Alcohol Use in South Africa

Bivariate and multivariable analyses of PEth-measured 
unhealthy alcohol use in South Africa are presented in 
Table 2. CD4 cell count group was not associated with 
unhealthy alcohol use in South Africa in bivariate or multi-
variable analyses. Only gender was significantly associated 
with unhealthy alcohol use, with females having a lower 
odds of unhealthy alcohol use compared to males in bivari-
ate (odds ratio (OR) 0.29; 95% Confidence Interval (CI) 
0.15–0.56) and multivariable analyses (adjusted odds ratio 
(AOR) 0.25; 95% CI 0.12–0.54). There was not a signifi-
cant interaction between CD4 group and PHS in relation to 
unhealthy alcohol use in South Africa (CD4*PHS interac-
tion term p value = 0.45; data not shown).

Correlates of Biomarker‑Measured Unhealthy 
Alcohol Use in Uganda

Bivariate and multivariable analyses of PEth-measured 
unhealthy alcohol use in Uganda are presented in Table 3. 
CD4 cell count group was associated with PEth-measured 
unhealthy alcohol use in Uganda in the multivariable 
model (AOR 2.65; 95% CI 1.05–6.72 for individuals in 
the high versus low CD4 group); gender was associated 
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Table 1  Demographic, clinical, and alcohol use characteristics of persons starting ART by CD4 count and study site

Overall  
(n = 401)

High CD4 group 
(CD4 > 350) 
(n = 200)

Low CD4 group 
(CD4 < 200) 
(n = 201)

Uganda  
(n = 211)

South Africa  
(n = 190)

N (%) N (%) N (%) N (%) N (%)

Demographics
 Gender
  Male 146 (36.4) 54 (27.0) 92 (45.8) 84 (39.8) 62 (32.6)
  Female 255 (63.6) 146 (73.0) 109 (54.2) 127 (60.2) 128 (67.4)

 Age [median (IQR)] (n = 400) 32 (27–40) 31 (25–40) 33 (28–40) 30 (25–37) 34 (29–42)
  ≤ 25 82 (20.5) 55 (27.5) 27 (13.5) 56 (26.5) 26 (13.8)
  26–35 175 (43.8) 78 (39.0) 97 (48.5) 92 (43.6) 83 (43.9)
  36–45 86 (21.5) 37 (18.5) 49 (24.5) 39 (18.5) 47 (24.9)
  > 45 57 (14.3) 30 (15.0) 27 (13.5) 24 (11.4) 33 (17.5)

 CD4 among high CD4 group [median 
(IQR)] (n = 194)

434.5 (392–481) 434.5 (392–481) – 449.5 (401–488) 418.5 (380–465)

 CD4 among low CD4 group [median 
(IQR)] (n = 199)

121 (55–160) – 121 (55–160) 122.5 (64–164.5) 119 (51–159)

 Education
  None 23 (5.7) 11 (5.5) 12 (6.0) 17 (8.1) 6 (3.2)
  P1–P6/G1–G7 96 (23.9) 49 (24.5) 47 (23.4) 74 (35.1) 22 (11.6)
  P7–S6/G8–G12 258 (64.3) 128 (64.0) 130 (64.7) 112 (53.1) 146 (76.8)
  > S6/> G12 24 (6.0) 12 (6.0) 12 (6.0) 8 (3.8) 16 (8.4)

 Household asset index (n = 382)
  Low 160 (41.9) 85 (45.0) 75 (38.9) 112 (55.5) 48 (26.7)
  Middle 143 (37.4) 66 (34.9) 77 (39.9) 42 (20.8) 101 (56.1)
  High 79 (20.7) 38 (20.1) 41 (21.2) 48 (23.8) 31 (17.2)

 Months since HIV+ diagnosis 
[median (IQR)] (n = 385)

1.3 (0.4–19.7) 4.3 (0.6–36.0) 0.9 (0.3–3.7) 0.8 (0.1–18.8) 2.0 (0.7–22.3)

 Hopkins depression score [mean 
(SD)]

1.7 (0.6) 1.6 (0.6) 1.7 (0.6) 1.5 (0.6) 1.8 (0.6)

 Structural barriers score [mean (SD)] 7.7 (8.0) 8.3 (8.0) 7.1 (7.9) 2.8 (5.0) 13.0 (7.2)
 Physical Health Summary Score 

(PHS) [mean (SD)] (n = 381)
40.5 (6.9) 42.3 (6.8) 38.7 (6.5) 38.6 (5.1) 42.3 (7.9)

 Mental Health Summary Score 
(MHS) [mean (SD)] (n = 381)

41.1 (11.3) 42.4 (11.0) 39.8 (11.4) 44.0 (12.5) 38.1 (9.0)

 Currently on TB medication
  Yes 14 (3.5) 1 (0.5) 13 (6.5) 2 (1.0) 12 (6.3)
  No 387 (96.5) 199 (99.5) 188 (93.5) 209 (99.1) 178 (93.7)

 Stigma: disclosure concerns score 
[mean (SD)]

1.7 (1.6) 1.7 (1.6) 1.7 (1.5) 1.8 (1.6) 1.6 (1.5)

 Stigma: perceived negative attitudes 
score [mean (SD)]

1.4 (1.2) 1.3 (1.2) 1.5 (1.2) 1.1 (1.1) 1.7 (1.2)

Unhealthy alcohol use
 Self-report (AUDIT-C positive: 

women: ≥ 3; men: ≥ 4)
  No 322 (80.3) 154 (77.0) 168 (83.6) 189 (89.6) 133 (70.0)
  Yes 79 (19.7) 46 (23.0) 33 (16.4) 22 (10.4) 57 (30.0)

 PEth (≥ 50 ng/mL)
  No 272 (67.8) 134 (67.0) 138 (68.7) 142 (67.3) 130 (68.4)
  Yes 129 (32.2) 66 (33.0) 63 (31.3) 69 (32.7) 60 (31.6)

 AUDIT-C and PEth
  AUDIT-C negative and 

PEth < 50 ng/mL
251 (62.6) 121 (60.5) 130 (64.7) 140 (66.4) 111 (58.4)
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with unhealthy drinking in bivariate (OR 0.27; 95% CI 
0.15–0.49 for females compared to males) and multivari-
able analyses (AOR 0.16; 95% CI 0.07–0.36 for females 
compared to males). There was not a significant interac-
tion between CD4 group and PHS in relation to unhealthy 
alcohol use in Uganda (CD4*PHS interaction term p 
value = 0.47; data not shown).

Prevalence of Underreporting Alcohol Use

In the overall sample, 17.7% (n = 71) of individuals under-
reported unhealthy alcohol use (i.e., PEth ≥ 50 ng/mL but 
AUDIT-C negative; see Table 1). In the high CD4 group, 
the prevalence of underreporting was 16.5%, compared to 
18.9% in the low CD4 group (p = 0.53). In Uganda, 23.2% 
underreported alcohol use, compared to 11.6% in South 
Africa (χ2 = 9.30; p < 0.01).

Correlates of Underreporting Alcohol Use in South 
Africa

As shown in Table 4, CD4 cell count group was not asso-
ciated with underreporting in South Africa in bivariate or 
multivariable analyses. Only perceived physical health 
status and gender were associated with underreporting in 
South Africa in both bivariate and multivariable analyses. 
In bivariate analyses, the odds of underreporting decreased 
with increasing PHS scores (OR 0.92; 95% CI 0.86–0.98 
for a one-point increase in PHS), and gender (OR 0.29; 
95% CI 0.11–0.71 for females compared to males). In the 
multivariable model, the adjusted odds of underreporting 
also decreased with increasing perceived physical health 
status scores (AOR 0.88; 95% CI 0.80–0.97 for a one-point 
increase in PHS), and gender (AOR 0.16; 95% CI 0.04–0.60 
for females compared to males). There was not a signifi-
cant interaction between CD4 group and PHS in relation to 
underreporting of alcohol use in South Africa (CD4*PHS 
interaction term p value = 0.65; data not shown).

Correlates of Underreporting Alcohol Use in Uganda

As shown in Table 5, CD4 cell count group was not associ-
ated with underreporting in Uganda in bivariate or multivari-
able analyses. In the bivariate analysis, the odds of under-
reporting increased with increasing mental health status 
scores (OR 1.03; 95% CI 1.00–1.06 for a one-point increase 
in MHS) and decreased for females compared to males (OR 
0.32; 95% CI 0.16–0.61). In the multivariable analysis, 
only gender was significantly associated with underreport-
ing (AOR 0.22; 95% CI 0.09–0.52 for females compared to 
males). There was not a significant interaction between CD4 
group and PHS in relation to underreporting of alcohol use 
in Uganda (CD4*PHS interaction term p value = 0.66; data 
not shown).

Discussion

This study assessed how CD4 count at ART initiation related 
to biomarker-measured unhealthy alcohol use among indi-
viduals living with HIV at two sites in sub-Saharan Africa. 
As individuals are now initiating ART at all levels of health, 
it is important to understand the extent to which unhealthy 
alcohol use may interfere with successful HIV treatment out-
comes in healthier populations. Previous research among 
individuals living with HIV/AIDS in Uganda showed that 
unhealthy alcohol use at ART initiation was associated with 
fewer physical health symptoms [10], and similar research 
in other chronic conditions also has showed that worsen-
ing physical health status is associated with reduced alco-
hol consumption [11, 12]. Thus, we hypothesized that when 
HIV symptoms were fewer, alcohol use may be more of a 
problem.

We observed very high rates of unhealthy alcohol use 
overall. Almost one-third of patients sampled had biomarker-
measured levels of alcohol use greater than 50 ng/mL, 
reflecting a very high rate of unhealthy drinking, whereas 
only one-fifth self-reported unhealthy alcohol use. Overall, 
approximately 17.7% of individuals underreported alcohol 

Table 1  (continued)

Overall  
(n = 401)

High CD4 group 
(CD4 > 350) 
(n = 200)

Low CD4 group 
(CD4 < 200) 
(n = 201)

Uganda  
(n = 211)

South Africa  
(n = 190)

N (%) N (%) N (%) N (%) N (%)

  AUDIT-C positive and 
PEth < 50 ng/mL

21 (5.2) 13 (6.5) 8 (4.0) 2 (0.9) 19 (10.0)

  AUDIT-C negative and 
PEth ≥ 50 ng/mL (Underreporting)

71 (17.7) 33 (16.5) 38 (18.9) 49 (23.2) 22 (11.6)

  AUDIT-C positive and 
PEth ≥ 50 ng/mL

58 (14.5) 33 (16.5) 25 (12.4) 20 (9.5) 38 (20.0)
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use (i.e., were PEth positive but AUDIT-C negative), which 
was higher in Uganda (23.2%) compared to South Africa 
(11.6%). These findings are consistent with prior research in 
South Africa that identified 27% of patients as heavy drink-
ers from hair testing of ethyl glucuronide (EtG), whereas 
only 15% self-reported heavy alcohol use [13]. Similarly, 
prior research in Uganda among individuals living with HIV 
who reported any past year alcohol use found that 36% of 
individuals had underreported alcohol use (i.e., were PEth 
positive but AUDIT-C negative) [34]. Identifying who is 
most likely to have unhealthy alcohol use at ART initiation 
may inform efforts to provide additional adherence support 
and counseling for unhealthy  alcohol use.

We found that higher CD4 count was associated with 
biomarker-measured unhealthy alcohol use in Uganda, but 
not in South Africa. That is, individuals initiating ART at 

higher CD4 counts when asymptomatic were more likely 
to have unhealthy alcohol use in Uganda. This finding is 
consistent with our hypothesis that patients starting ART 
at higher CD4 counts would be healthier and more inter-
ested in drinking alcohol than those with lower CD4 counts, 
and that as health declines, alcohol becomes less appealing. 
This trend is supported by prior research in HIV showing 
that unhealthy alcohol use at ART initiation was associated 
with fewer physical health symptoms [10], as well as the 
“sick quitter” hypothesis—which has shown that as physical 
health declines, individuals are more likely to be abstinent 
from alcohol [12]. It is unclear why higher CD4 count was 
associated with unhealthy alcohol use in Uganda but not 
in South Africa. South Africa has a higher prevalence of 
heavy episodic drinking in the general population (10.4%) 
compared to Uganda (3.4%) [35, 36]. Potential factors to 

Table 2  Bivariate associations, unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (CI) for unhealthy alcohol use (unhealthy 
alcohol use defined as PEth ≥ 50 ng/mL) at enrollment, among individuals with PEth and AUDIT-C data in South Africa (n = 190)

No unhealthy alcohol use 
N (%) or median (IQR)

Unhealthy alcohol use  
N (%) or median (IQR)

Unadjusted OR 
(95% CI)

p-value Adjusted OR  
(95% CI)

p-value

Primary predictor variable
 CD4 group 0.83 0.99
 Low CD4 group 65 (67.7) 31 (32.3) 1.00 1.00
 High CD4 group 65 (69.2) 29 (30.9) 0.94 (0.51, 1.73) 1.00 (0.46, 2.17)

Covariates
 Gender < 0.01 < 0.01
  Male 31 (50.0) 31 (50.0) 1.00 1.00
  Female 99 (77.3) 29 (22.7) 0.29 (0.15, 0.56) 0.25 (0.12, 0.54)

 Age 0.52 0.39
  ≤ 25 21 (80.8) 5 (19.2) 1.00 1.00
  26–35 55 (66.3) 28 (33.7) 2.14 (0.73, 6.27) 1.79 (0.53, 6.05)
  36–45 32 (68.1) 15 (31.9) 1.97 (0.62, 6.23) 1.27 (0.33, 4.80)
  > 45 21 (63.6) 12 (36.4) 2.40 (0.72, 8.02) 3.01 (0.71, 12.78)

 Household asset index 0.33 0.34
  Low 36 (75.0) 12 (25.0) 1.00 1.00
  Middle 65 (64.4) 36 (35.6) 1.66 (0.77, 3.59) 1.98 (0.80, 4.90)
  High 23 (74.2) 8 (25.8) 1.04 (0.37, 2.94) 1.68 (0.51, 5.55)

 Physical health summary 
score (PHS)

41.5 (36.7–46.8) 42.2 (36.7–48.0) 1.01 (0.97, 1.05) 0.57 1.03 (0.98, 1.08) 0.27

 Mental health summary 
score (MHS)

37.0 (32.2–45.4) 37.0 (33.0–43.9) 1.01 (0.98, 1.05) 0.47 1.03 (0.98, 1.08) 0.22

 Hopkins depression score 1.7 (1.4–2.2) 1.7 (1.3–2.3) 0.84 (0.48, 1.45) 0.53 1.57 (0.73, 3.37) 0.25
 Stigma: disclosure con-

cerns score
2 (0–3) 1 (0–3) 0.88 (0.72, 1.08) 0.22 0.86 (0.66, 1.13) 0.29

 Stigma: perceived negative 
attitudes score

2 (1–3) 2 (0.5–3) 0.93 (0.72, 1.20) 0.58 0.93 (0.68, 1.28) 0.67

 Months since HIV+ 
diagnosis

1.9 (0.7–19.8) 2.3 (0.9–22.3) 1.00 (0.99, 1.01) 0.63 1.00 (0.99, 1.01) 0.85

 Study enrollment date (per 
30 days from earliest 
enrollment)

7.5 (4.1–13.3) 8.8 (5.1–14.4) 1.04 (0.98, 1.11) 0.17 1.04 (0.97, 1.12) 0.29

 Structural barriers score 13 (8–18) 11 (8–14.5) 0.96 (0.92, 1.00) 0.07 0.96 (0.90, 1.01) 0.12
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explain this difference may arise from social norms related 
to drinking alcohol [37–39] and/or cost of alcohol in the 
context of distinct country income levels [40]. However, 
future comparative work is necessary to fully understand 
this finding. Regardless, almost one-third of patients drink-
ing at unhealthy levels when starting ART is problematic, 
and the level of underreporting, especially in Uganda, makes 
this an even more challenging issue.

Further, individuals in the high CD4 group who were 
asymptomatic perceived themselves as healthier than 
individuals in the low CD4 group. However, there was no 
association between perceived health status and unhealthy 
drinking in either site, nor an interaction between CD4 count 
and perceived physical health status in relation to unhealthy 
drinking at either site. These findings suggest that health 
status may be experienced or perceived in different ways, 

which may then be associated with other behaviors, such as 
alcohol use. More attention to these issues will be needed as 
public policy encourages initiation of ART among increas-
ing numbers of individuals with high CD4 counts.

In both sites, males were more likely to have biomarker-
measured unhealthy alcohol use compared to females, con-
sistent with prior literature demonstrating that males are 
more likely to drink unhealthily compared to females [41]. 
This finding also reflects social norms around drinking 
among men versus women even in the absence of HIV 
infection. Many societies hold more negative attitudes 
towards women’s drinking alcohol than men’s drinking, 
and especially towards their harmful drinking [42–44]. We 
also found gender differences in underreporting in both 
sites. Females were significantly less likely to underre-
port alcohol use compared to males in Uganda and South 

Table 3  Bivariate associations, unadjusted and adjusted odds ratios (OR) and 95% confidence intervals (CI) for unhealthy alcohol use (unhealthy 
alcohol use defined as PEth ≥ 50 ng/mL) at enrollment, among individuals with PEth and AUDIT-C data in Uganda (n = 211)

No unhealthy alcohol use 
N (%) or median (IQR)

Unhealthy alcohol use 
N (%) or median (IQR)

Unadjusted OR 
(95% CI)

p-value Adjusted OR  
(95% CI)

p-value

Primary predictor variable
 CD4 group 0.49 0.04
  Low CD4 group 73 (69.5) 32 (30.5) 1.00 1.00
  High CD4 group 69 (65.1) 37 (34.9) 1.22 (0.69, 2.18) 2.65 (1.05, 6.72)

Covariates
 Gender < 0.01 < 0.01
  Male 42 (50.0) 42 (50.0) 1.00 1.00
  Female 100 (78.7) 27 (21.3) 0.27 (0.15, 0.49) 0.16 (0.07, 0.36)

 Age 0.40 0.74
  ≤ 25 42 (75.0) 14 (25.0) 1.00 1.00
  26–35 62 (67.4) 30 (32.6) 1.45 (0.69, 3.06) 0.87 (0.34, 2.20)
  36–45 23 (59.0) 16 (41.0) 2.09 (0.87, 5.03) 1.46 (0.51, 4.20)
  > 45 15 (62.5) 9 (37.5) 1.80 (0.65, 5.01) 1.10 (0.29, 4.09)

 Household asset index 0.23 0.33
  Low 76 (67.9) 36 (32.1) 1.00 1.00
  Middle 23 (54.8) 19 (45.2) 1.74 (0.84, 3.60) 1.85 (0.77, 4.48)
  High 34 (70.8) 14 (29.2) 0.87 (0.42, 1.82) 0.93 (0.38, 2.28)

 Physical health summary 
score (PHS)

38.9 (35.9–42.6) 38.9 (36.2–41.6) 0.99 (0.93, 1.05) 0.70 1.01 (0.94, 1.09) 0.78

 Mental health summary 
score (MHS)

45.9 (34.8–53.8) 49.3 (37.8–56.6) 1.02 (0.99, 1.05) 0.13 1.01 (0.97, 1.05) 0.64

 Hopkins depression score 1.3 (1.1–1.8) 1.3 (1.3–1.6) 0.70 (0.41, 1.20) 0.19 0.95 (0.38, 2.37) 0.91
 Stigma: disclosure con-

cerns score
2 (0–3) 2 (0–3) 0.99 (0.82, 1.18) 0.88 0.97 (0.77, 1.22) 0.79

 Stigma: perceived negative 
attitudes score

1 (0–2) 0 (0–2) 0.91 (0.71, 1.18) 0.47 1.06 (0.75, 1.51) 0.73

 Months since HIV+ 
diagnosis

0.6 (0.1–17.9) 1.3 (0.2–21.2) 1.00 (0.99, 1.01) 0.80 1.00 (0.99, 1.01) 0.82

 Study enrollment date (per 
30 days from earliest 
enrollment)

8.8 (4.6–11.4) 8.3 (5.3–11.2) 1.00 (0.93, 1.07) 0.98 1.00 (0.90, 1.12) 0.99

 Structural barriers score 0 (0–4) 0 (0–3) 0.98 (0.92, 1.04) 0.52 0.98 (0.90, 1.07) 0.69
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Africa, which was expected given their lower consumption 
overall compared to men based on PEth results.

Comparing biomarker-measured and self-reported 
unhealthy alcohol use in Uganda compared to South Africa, 
we found significantly higher rates of underreporting of 
alcohol use in Uganda compared to South Africa. South 
Africa had much higher self-reported unhealthy alcohol on 
the AUDIT-C compared to Uganda, yet there were similar 
rates of biomarker-measured alcohol use across sites. This 
finding may reflect different social norms around alcohol use 
in the two settings, including influences from religion [45], 
degree of stigma [46], social desirability biases [47], and 
desire to please health care workers [48, 49]. Further com-
parison of these factors may help explain the different rates 
of underreporting we observed across sites. Future work 

is needed, particularly in Uganda, to identify strategies to 
screen for and treat unhealthy alcohol use in the context of 
high underreporting.

However, screening and treating alcohol use in HIV 
care in Uganda may be challenging, given that our findings 
showed no factors were significantly associated with under-
reporting in Uganda (with the exception of gender, which 
reflects known gender differences in alcohol consumption). 
In South Africa, only self-reported physical health status 
was associated with underreporting; individuals in South 
Africa who perceived themselves as healthier were more 
likely to report alcohol use, and individuals who perceived 
themselves as sicker were more likely to minimize their alco-
hol use. Yet, actual immunological status, as measured by 
CD4 count group, was unrelated to underreporting in South 

Table 4  Bivariate associations, unadjusted and adjusted odds ratios 
(OR) and 95% confidence intervals (CI) for under reporting alcohol 
use (under report defined as AUDIT-C negative and PEth ≥ 50  ng/

mL) at enrollment, among individuals with PEth and AUDIT-C data 
in South Africa (n = 190)

No under reported alcohol 
use N (%) or median (IQR)

Under reported alcohol use 
N (%) or median (IQR)

Unadjusted OR 
(95% CI)

p-value Adjusted OR 
(95% CI)

p-value

Primary predictor variable
 CD4 group 0.40 0.61
  Low CD4 group 83 (86.5) 13 (13.5) 1.00 1.00
  High CD4 group 85 (90.4) 9 (9.6) 0.68 (0.27, 1.67) 1.41 (0.37, 5.40)

Covariates
 Gender < 0.01 < 0.01
  Male 49 (79.0) 13 (21.0) 1.00 1.00
  Female 119 (93.0) 9 (7.0) 0.29 (0.11, 0.71) 0.16 (0.04, 0.60)

 Age 0.54 0.24
  ≤ 25 24 (92.3) 2 (7.7) 1.00 1.00
  26–35 73 (88.0) 10 (12.1) 1.64 (0.34, 8.03) 0.76 (0.11, 5.11)
  36–45 43 (91.5) 4 (8.5) 1.12 (0.19, 6.55) 0.08 (0.00, 1.36)
  > 45 27 (81.8) 6 (18.2) 2.67 (0.49, 14.48) 0.94 (0.11, 8.05)

 Household asset index 0.13 0.28
  Low 45 (93.8) 3 (6.3) 1.00 1.00
  Middle 86 (85.2) 15 (14.9) 2.62 (0.72, 9.51) 2.78 (0.60, 12.82)
  High 30 (96.8) 1 (3.2) 0.50 (0.05, 5.04) 0.79 (0.06, 9.69)

 Physical health summary 
score (PHS)

42.1 (37.1–47.6) 37.2 (31.7–43.3) 0.92 (0.86, 0.98) < 0.01 0.88 (0.80, 0.97) 0.01

 Mental health summary 
score (MHS)

36.7 (32.3–45.4) 38.4 (34.7–41.8) 1.02 (0.97,1.07) 0.47 0.99 (0.91, 1.06) 0.72

 Hopkins depression score 1.7 (1.4–2.3) 1.5 (1.3–1.9) 0.45 (0.18, 1.14) 0.09 0.56 (0.14, 2.27) 0.42
 Stigma: disclosure con-

cerns score
1 (0–3) 1.5 (0–3) 0.96 (0.72, 1.28) 0.77 0.79 (0.50, 1.25) 0.32

 Stigma: perceived nega-
tive attitudes score

2 (1–3) 2 (0–3) 0.97 (0.67, 1.40) 0.87 1.00 (0.58, 1.72) 0.99

 Months since HIV+ diag-
nosis

2.1 (0.7–19.8) 1.4 (0.7–24.3) 1.00 (0.99, 1.01) 0.88 1.00 (0.98, 1.02) 0.98

 Study enrollment date 
(per 30 days from earli-
est enrollment)

7.6 (4.4–13.7) 8.4 (5.2–13) 1.02 (0.93, 1.11) 0.72 1.04 (0.92, 1.18) 0.54

 Structural barriers score 12 (8–18) 13 (10–17) 1.02 (0.96, 1.08) 0.52 1.05 (0.95, 1.16) 0.35
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Africa or Uganda. Further, the interaction between one’s 
perception of their health status and their immunological 
status was not related underreporting at either site.

Our results must be interpreted in light of study limita-
tions, including the use of a cross-sectional design, which 
limits our ability to interpret the directionality of findings. 
Further, the rates of unhealthy alcohol use and underreport-
ing may differ significantly by community and across dis-
tinct demographic groups; this is reflected in other work 
evaluating PEth in diverse samples, including HIV-infected 
young women in Russia [50], young people who inject drugs 
in the US [51], and veterans living with HIV and/or hepatitis 
C [52]. As such, these findings may not generalize to other 
populations. Despite these limitations, these findings suggest 

that unhealthy alcohol use is quite common among individu-
als initiating ART in both settings and may be a barrier to 
successful treatment outcomes.

Conclusions

These findings have important clinical implications in South 
Africa and Uganda. Biomarker-measured unhealthy alcohol 
use was prevalent in both Uganda and South Africa, sup-
porting the need for alcohol use interventions to be inte-
grated into HIV care. Innovative methods for screening for 
alcohol use in the context of under reporting are needed. At 

Table 5  Bivariate associations, unadjusted and adjusted odds ratios 
(OR) and 95% confidence intervals (CI) for under reporting alcohol 
use (under report defined as AUDIT-C negative and PEth ≥ 50  ng/

mL) at enrollment, among individuals with PEth and AUDIT-C data 
in Uganda (n = 211)

No under reported alcohol 
use N (%) or median (IQR)

Under reported alcohol use 
N (%) or median (IQR)

Unadjusted OR 
(95% CI)

p-value Adjusted OR 
(95% CI)

p-value

Primary predictor variable
 CD4 group 0.84 0.35
  Low CD4 group 80 (76.2) 25 (23.8) 1.00 1.00
  High CD4 group 82 (77.4) 24 (22.6) 0.94 (0.49, 1.77) 1.59 (0.60, 4.20)

Covariates
 Gender < 0.01 < 0.01
  Male 54 (64.3) 30 (35.7) 1.00 1.00
  Female 108 (85.0) 19 (15.0) 0.32 (0.16, 0.61) 0.22 (0.09, 0.52)

 Age 0.31 0.76
  ≤ 25 48 (85.7) 8 (14.3) 1.00 1.00
  26–35 69 (75.0) 23 (25.0) 2.00 (0.83, 4.85) 1.34 (0.47, 3.81)
  36–45 28 (71.8) 11 (28.2) 2.36 (0.85, 6.56) 1.66 (0.51, 5.39)
  > 45 17 (70.8) 7 (29.2) 2.47 (0.78, 7.84) 1.99 (0.50, 8.00)

 Household asset index 0.19 0.26
  Low 85 (75.9) 27 (24.1) 1.00 1.00
  Middle 28 (66.7) 14 (33.3) 1.57 (0.73, 3.41) 1.82 (0.73, 4.54)
  High 40 (83.3) 8 (16.7) 0.63 (0.26, 1.51) 0.73 (0.26, 2.04)

 Physical health sum-
mary score (PHS)

38.8 (35.7–42.6) 38.9 (36.2–41.8) 1.01 (0.94, 1.07) 0.83 1.04 (0.96, 1.13) 0.36

 Mental health summary 
score (MHS)

45.7 (34.9–53.8) 51.0 (38.3–56.7) 1.03 (1.00, 1.06) 0.06 1.03 (0.98, 1.07) 0.26

 Hopkins depression 
score

1.3 (1.1–1.8) 1.3 (1.1–1.6) 0.64 (0.34, 1.20) 0.16 1.17 (0.44, 3.13) 0.76

 Stigma: disclosure con-
cerns score

2 (0–3) 1 (0–3) 0.88 (0.71, 1.08) 0.21 0.89 (0.69, 1.14) 0.34

 Stigma: perceived nega-
tive attitudes score

1 (0–2) 0 (0–2) 0.82 (0.61, 1.09) 0.17 1.01 (0.69, 1.48) 0.97

 Months since 
HIV+ diagnosis

0.7 (0.1–17.5) 1.2 (0.2–21.9) 1.00 (0.99, 1.01) 0.70 1.00 (0.99, 1.01) 0.84

 Study enrollment date 
(per 30 days from 
earliest enrollment)

8.6 (4.7–11.5) 8.4 (5.3–11) 1.01 (0.93, 1.09) 0.86 0.97 (0.86, 1.09) 0.59

 Structural barriers score 0 (0–4) 0 (0–2) 0.96 (0.89, 1.03) 0.27 0.97 (0.89, 1.07) 0.58
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the time of this study, PEth is only being used as a research 
tool, as cost and access to a specialty laboratory are cur-
rently barriers to incorporating it into routine care. Future 
work is needed to identify affordable, rapid tests for alcohol 
biomarkers to detect alcohol use early in HIV treatment, for 
instance point-of-care testing for alcohol biomarkers such 
as urine EtG [53], especially in settings such as Uganda 
where underreporting is high. Further, in expanding efforts 
to screen and treat unhealthy alcohol use in HIV care, it 
will be important in future work to consider how to tailor 
interventions for people who are healthier and may be less 
motivated to reduce drinking.
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