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Objective: Isoniazid (INH) preventive therapy is recommended to prevent tuberculosis
(TB) disease for personswithHIV (PWH), except for thosewith regular and heavy alcohol
consumption, due to hepatotoxicity concerns. We aimed to quantify the incidence of
severe INH-related toxicity among PWH with and without recent alcohol consumption.

Design: A prospective study of PWH receiving INH.

Methods: We included PWH in southwest Uganda with recent (prior 3 months)
(n¼200) or no (prior year) self-reported alcohol consumption (n¼101), on antiretro-
viral therapy, TB infected (�5mmon tuberculin skin test), and alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) 2� or less the upper limit of normal (ULN).
Grade 3þ INH-related toxicity was ALT or AST at least 5� the ULN or severe symptoms;
we stopped IPT upon detection. Grade 2 INH-related toxicity was ALT or AST 2–5� the
ULN or moderate symptoms.

Results: The cumulative incidence of Grade 3þ INH-related toxicity was 8.3% [95%
confidence interval (95% CI) 5.4–12.0]; all resolved after INH cessation. Incidence was
6.0% (95% CI 3.1–10.2) among those reporting recent alcohol use and 12.9% (95% CI
7.0–21.0) among those reporting no prior year alcohol use. We found no differences by
baseline phosphatidylethanol-confirmed alcohol severity. The cumulative incidence of
Grade 2 toxicities (without Grade 3þ) was 21.7% (95% CI 17.0–27.1); 25.0% (95% CI
19.0–31.8) among those with recent alcohol use and 14.8% (95% CI 8.1–23.9) among
those with no prior year alcohol use.

Conclusion: Alcohol use does not appear to increase risk for serious INH-related
toxicity among PWHwithout significant liver enzyme elevations at baseline (�2xULN).
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Introduction
Tuberculosis (TB) remains the leading cause of death among
persons with HIV (PWH), leading to 187000 deaths in
2022 [1]. Uganda is one of the 30 countries the WHO lists
as having high TB burden overall and among PWH [1]. TB
preventive therapy with isoniazid (INH) decreases both all-
cause mortality and active TB in PWH by 30–50% above
and beyond the benefits of antiretroviral therapy (ART)
alone [2–6]. On the basis of these findings, the WHO
recommends isoniazid (INH) preventive therapy (IPT) for
all PWH [7]. Accordingly, the Uganda Ministry of Health
(MOH) launched a wide-scale program to provide
6months of INH to 300000 PWH in 2019 [8,9].

The HIV/TB problem is exacerbated by alcohol use,
which is very prevalent among PWH worldwide and in
sub-Saharan Africa, where 22–25% of PWH report high-
risk alcohol use [10,11]. Meta-analyses have found that
the rate of active TB disease among those consuming any
or high-risk alcohol use is two to three-fold higher than
among those not consuming alcohol [12–14]; this result
is consistent when restricted to studies of PWH [14]. In
addition to the higher risk of disease, the prognosis of TB
disease is worse for those who consume alcohol compared
with those who do not; those who consume alcohol have
higher morbidity from TB, treatment failure, and loss to
follow up [15]. Thus, TB disease prevention is extremely
important for PWH who consume alcohol.

Despite the high risk of TB disease and poor outcomes for
PWH who consume alcohol, the WHO recommends the
deferral of IPT for persons with ‘regular and heavy alcohol
consumption’ [7]. This deferral is due to hepatotoxicity
concerns, because there is a small but real risk of serious
outcomes. In the general population, INH causes
aminotransferase elevations of greater than five times the
upper limit of normal (ULN) in 3–5% of persons, and acute
liver injurywith jaundice in0.5–1.0%, and fatality for 0.05–
0.10% [16]. However, the risk for persons consuming
alcohol has not been systematically quantified; thus, there is a
lack of data to determinewhether the benefits of preventing
active TB outweigh the risks of possible increased risk for
toxicity among persons consuming alcohol.

To fill this knowledge gap, the primary aim of this study was
to determine the incidence of Grade 3þ INH-related
toxicity among PWH who consume alcohol. The
secondary aim was to examine whether the rate of INH-
related toxicity varies by how much alcohol is consumed.
Lastly, we aimed to describe the rate of Grade 2 toxicity and
whether this toxicity varies by level of alcohol use.
Materials and methods

This study was a prospective single-arm longitudinal
cohort study of PWH conducted in southwestern
Uganda. The study was entitled the ‘Alcohol Drinkers
Exposure to Preventive Therapy for TB’ (ADEPTT).

Eligibility
Participants were recruited from the Mbarara Regional
Referral Hospital (MRRH) Immune Suppression Syn-
drome (ISS) Clinic from April 2017 through December
2019. Study eligibility included being an adult (age �18
years) ISS clinic patient, fluent in English or Runyankole,
residing within 2h travel from the clinic, no prior history of
TB disease, treatment, or IPT, alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) elevations two
times or less theULN, prescribedART for at least 6months,
and infectedwithTB infection, as evidenced by a tuberculin
skin test (TST). The sample was designed to include 200
persons reporting any current (prior 3months) alcohol use
and100persons reportingno alcohol use for at least 1 year, to
have a clearly abstinent group for comparison with those
currently drinking alcohol. We excluded persons on
anticonvulsants, nevirapine, persons planning to move out
of the catchment area, and pregnant women. Eligibility was
determined via a three-stage process as follows. First,
potential participants were screened for age, language, ART,
plans to move, prior TB or TBmedications, anticonvulsant
use, and alcohol use. Those meeting eligibility criteria were
tested for liver enzyme elevations and pregnancy and
screened for TB disease. Those meeting the criteria were
then screened for TB infection using theMantoux TSTand
were asked to return 2–3days later for TST reading. TST
indurations at least 5mmwere considered positive andwere
read by trained medical personnel.

Study visits
Following enrollment, all participants were prescribed a
300mg INH oral tablet and a 25mg pyridoxine oral tablet
daily for 6months. Refills were given after symptom
and transaminase checks at weeks 2, 4, and monthly
thereafter, continuing until 1month after INH was
completed (allowing for the 6-month course to be taken
over 9months if necessary). At the baseline visit, INHwas
distributed in Medication Event Monitoring Systems
(MEMS) bottles (AARDEX Group) and the caps were
read electronically at the refill visits, to measure
adherence. Participants were instructed on their use at
the baseline visit. We paused study visits from mid-March
to June 2020 and asked participants who were on INH to
pause their pill-taking (n¼ 15) because the COVID-19
movement restrictions prohibited our ability to conduct
safety monitoring.

We conducted interviewer-administered structured sur-
veys at baseline, 3months, and 6months. Blood was
drawn and CD4þ cell count, HIV viral load, and hepatitis
B surface antigen (HBsAg) testing was performed at
baseline; these tests were performed at the Mbarara
University of Science and Technology (MUST) Clinical
and Research Laboratory. ALT and AST testing were
performed at eligibility screening, and all visits while on
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INH and 1 month following. Dried blood spots were
prepared from venous blood draws at baseline, 3, and 6
months, and were tested for phosphatidylethanol (PEth)
analog 16 : 0/18 : 1 with a limit of quantification of 8 ng/
ml at the United States Drug Testing Laboratory
(USDTL) using previously published procedures [17].

Safety monitoring
We conducted safety monitoring at weeks 2, 4, and
monthly thereafter until 1 month after INH completion
or termination. These checks included aminotransferase
level tests and checks for symptoms of TB and potential
adverse symptoms, with severity graded if present.
Moderate symptoms were defined as those in which
minimal, local, or noninvasive intervention was indicated
and that limited age-appropriate instrumental activities of
daily life. Severe symptoms were defined as medically
significant, with hospitalization or prolongation of
hospitalization indicated and disabling, limiting self-care
activities of daily life. We defined severe INH-related
toxicities (Grade 3þ) as events that were considered
possibly, probably, or definitely related to INH, with ALT
and/or AST at least 5� ULN and/or severe symptoms
(Grade 3), and ALTand/or ASTat least 10�ULN and/or
life-threatening symptoms (Grade 4). We stopped INH
and conducted increased monitoring (weekly for Grade
3, every 3–4 days for Grade 4) after these events were
detected. Grade 2 INH-related toxicities were defined as
adverse events possibly, probably, or definitely related to
INH with ALTand/or AST more than 2�ULN, and/or
moderate symptoms, and we conducted increased
monitoring (bi-weekly) when Grade 2 events were
detected. Participants were also given a study card with a
toll-free phone number to call in case of adverse
symptoms between study visits. The phone line was
staffed by medical officers who discussed symptoms and
advised on coming to the study site, with a medical doctor
available to respond to adverse events.

Study variables
Primary outcome
The primary outcome INH-related toxicity was the
occurrence of a Grade 3 or Grade 4 (referred to as Grade
3þ) ALT or AST elevation or severe symptoms in the
prior 3 months as defined above possibly, probably, or
definitely related to INH, at 3 and 6 months.

Secondary outcome
We examined Grade 2 INH-related toxicities among
those who did not have Grade 3 or 4 INH-related
toxicities as a secondary outcome.

Alcohol consumption
The primary alcohol measure was self-reported recent
alcohol use at screening.We further examined the level of
alcohol use at baseline and follow up using a composite
variable of self-report [the Alcohol Use Disorders Test –
Consumption (AUDIT-C), modified to measure prior
three months alcohol use], and PEth, hereafter referred to
as self-report/PEth combined. We used this composite
measure to increase the sensitivity beyond using self-
report or the biomarker alone. The cutoffs for this
variable are summarized in Table 1, based on previously
defined AUDIT-C [18,19], and PEth cutoffs [20,21]. We
also examined self-report alone using the AUDIT-C and
time-updated self-report/PEth during IPT (i.e. at 3 and 6
months) as the alcohol measures in additional analyses.

Covariates
We considered other factors as covariates that may impact
INH-related toxicity such as sex, age, self-reported health
status (excellent/very good versus good/fair/poor), BMI
(18.5, 18.5 to <25, �25), baseline liver injury [22,23],
and viral hepatitis (HBsAg) [23], and explored ART
regimen (dolutegravir versus efavirenz versus protease
inhibitor-based), ART adherence (prior month self-
report, excellent/very good versus good/fair/poor/very
poor), duration on ART (years), IPTadherence, duration
on INH (3 or 6 months), and HIV viral suppression
(<40 copies/ml). We measured baseline liver injury using
the Fib-4 score, elevated ALT (ALT > 1.25� the ULN),
and AST/ALT ratio at least 2. Adherence to INH was
considered as a time-updated variable and was assessed by
the percentage of days with at least one pill bottle opening
in the 3 months prior to the 3 and 6-month interviews, or
until INH discontinuation (if applicable), dichotomized
as at least 90% of pills taken, versus less than 90%.

Statistical analyses
We conducted descriptive analyses of the baseline
characteristics of the study sample, and report proportions
for categorical variables, and medians (interquartile range
[IQR]) for continuous variables, overall and by bothGrade
3þ INH-related toxicity andGrade 2 INH-related toxicity
(among those without a Grade 3þ INH-related toxicity).
We calculated the cumulative incidence of INH-related
toxicities, overall and by alcohol use at screening.

We conducted multivariable analyses to examine the
association between the level of alcohol use at baseline
and the occurrence of a Grade 3þ INH-related toxicity
in the prior 3months. We used generalized estimating
equation (GEE) models with the logit link, using robust
standard errors and an exchangeable working correlation
structure. Our initial primary model (Model 1) examined
the associationof self-report/PEth combined alcohol use at
baseline on Grade 3þ INH related toxicity, controlling for
a priori covariates (age, sex, health status, and study visit),
and added additional covariates as follows. We took a
stepwise modeling approach, by first fitting separate GEE
models for each potential additional covariate (baseline
BMI, HBsAg, HIV viral suppression, CD4þ cell count,
ARTregimen, years onART,ARTadherence, Fib-4 score,
elevated ALT, AST/ALT, and time-updated INH adher-
ence), adding each variable to the abovemodel, one byone.
We included any covariates with a P value less than 0.10
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Table 1. Participant characteristics at baseline, overall and by INH-related toxicity during IPT.

Overall
Any Grade 3þ INH-related

toxicity
Any Grade 2 INH-related toxicity
(among those without Grade 3þ)

(n¼301) No (n¼276) Yes (n¼25) No (n¼216) Yes (n¼60)
N (%) or

median [IQR]
N (%) or

median [IQR]
N (%) or

median [IQR]
N (%) or

median [IQR]
N (%) or

median [IQR]

Sex
Female 154 (51.2) 140 (90.9) 14 (9.1) 121 (86.4) 19 (13.6)
Male 147 (48.8) 136 (92.5) 11 (7.5) 95 (69.9) 41 (30.2)

Age (median [IQR]) 40 [33–47] 40 [34–47] 43 [31–47] 40 [34–49] 41 [35–45]
BMI
Low (<18.5) 31 (10.3) 26 (83.9) 5 (16.1) 22 (84.6) 4 (15.4)
Middle (18.5 to <25) 185 (61.5) 171 (92.4) 14 (7.6) 127 (74.3) 44 (25.7)
High (�25) 85 (28.2) 79 (92.9) 6 (7.1) 67 (84.8) 12 (15.2)

Alcohol use
Any self-reported alcohol
use at screening

No 101 (33.6) 88 (87.1) 13 (12.9) 75 (85.2) 13 (14.8)
Yes 200 (66.5) 188 (94.0) 12 (6.0) 141 (75.0) 47 (25.0)

Self-report at baseline (AUDIT-C)a

None 100 (33.2) 87 (87.0) 13 (13.0) 74 (85.1) 13 (14.9)
Low 85 (28.2) 80 (94.1) 5 (5.9) 66 (82.5) 14 (17.5)
Medium 66 (21.9) 63 (95.5) 3 (4.6) 50 (79.4) 13 (20.6)
High/very high 50 (16.6) 46 (92.0) 4 (8.0) 26 (56.5) 20 (43.5)

PEth (median [IQR]) 14.0 [1.0–181.0] 15.5 [1.0–187.5] 1.0 [1.0–147.0] 5.0 [1.0–133.0] 99.5 [1.0–459.5]
PEth at baselineb

None 140 (46.5) 125 (89.3) 15 (10.7) 108 (86.4) 17 (13.6)
Low 44 (14.6) 43 (97.7) 1 (2.3) 33 (76.7) 10 (23.3)
Medium 45 (15.0) 41 (91.1) 4 (8.9) 33 (80.5) 8 (19.5)
High/very high 72 (23.9) 67 (93.1) 5 (6.9) 42 (62.7) 25 (37.3)

Self-report /PEth combinedc

None 86 (28.6) 75 (87.2) 11 (12.8) 65 (86.7) 10 (13.3)
Low 66 (21.9) 62 (93.9) 4 (6.1) 52 (83.9) 10 (16.1)
Medium 56 (18.6) 53 (94.6) 3 (5.4) 47 (88.7) 6 (11.3)
High/very high 93 (30.9) 86 (92.5) 7 (7.5) 52 (60.5) 34 (39.5)

Health status
Self-reported health status

Good/fair/poor 162 (53.8) 147 (90.7) 15 (9.3) 115 (78.2) 32 (21.8)
Excellent/very good 139 (46.2) 129 (92.8) 10 (7.2) 101 (78.3) 28 (21.7)

Fib-4 score (median [IQR]) 0.96 [0.71–1.30] 0.97 [0.71–1.33] 0.85 [0.68–1.16] 0.93 [0.70–1.26] 1.08 [0.73–1.46]
Liver injury due to alcohol use
(AST/ALT ratio �2)

No 286 (95.0) 263 (92.0) 23 (8.0) 207 (78.7) 56 (21.3)
Yes 15 (5.0) 13 (86.7) 2 (13.3) 9 (69.2) 4 (30.8)

Liver injury (ALT >1.25� ULN)
No 219 (72.8) 200 (91.3) 19 (8.7) 159 (79.5) 41 (20.5)
Yes 82 (27.2) 76 (92.7) 6 (7.3) 57 (75.0) 19 (25.0)

Virally suppressed
No 23 (7.9) 22 (95.7) 1 (4.4) 19 (86.4) 3 (13.6)
Yes 269 (92.1) 246 (91.5) 23 (8.6) 190 (77.2) 56 (22.8)

CD4þ cell count (median [IQR]) 673 [506–866] 676 [509–870] 606 [459–746] 692 [526–887] 631 [447–854.5]
Hepatitis B status

Negative 296 (98.3) 271 (91.6) 25 (8.5) 4 (80.0) 1 (20.0)
Positive 5 (1.7) 5 (100.0) 0 (0.0) 212 (78.2) 59 (21.8)

ART regimen
Dolutegravir 55 (18.3) 51 (92.7) 4 (7.3) 40 (78.4) 11 (21.6)
Efavirenz-based 232 (77.1) 211 (91.0) 21 (9.1) 164 (77.7) 47 (22.3)
PI-based 14 (4.7) 14 (100.0) 0 (0.0) 12 (85.7) 2 (14.3)

ART adherence (self-reported)
Good/fair/poor/very poor 56 (18.6) 54 (96.4) 2 (3.6) 48 (88.9) 6 (11.1)
Excellent/very good 245 (81.4) 222 (90.6) 23 (9.4) 168 (75.7) 54 (24.3)

Years since ART initiation
(median [IQR]) (n¼283)

5.1 [3.3–7.6] 5.1 [3.2–7.7] 5.4 [3.6–7.4] 5.1 [3.2–8.1] 5.1 [3.4–6.6]

aSelf-report categories: None: AUDIT-C¼0; Low: AUDIT-C 1-2 for women and 1–3 for men; Medium: AUDIT-C 3–5 for women and 4–5 for men;
High/very high: AUDIT-C �6.
bPEth categories: None: PEth <8ng/ml; Low: PEth 8–<50 ng/ml; Medium: PEth 50–200ng/ml, High: PEth �200ng/ml.
cSelf-report/PEth combined categories assigns the higher of the self-report and PEth categories.
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together in a multivariable model and then removed
covariates one at a time if the P value was more than 0.10,
removing the variable with the largest P value first, and
then re-assessing. Finally, we evaluated factors not
previously included, one at a time, and retained them in
the model if the P value was less than 0.10. We considered
the last multivariable model the ‘final’ Model 1. We also
used this approach to construct exploratory models
evaluating the alternative measures of alcohol consump-
tion, that is, baseline alcohol use by self-report (Model 2)
and time-updated self-report/PEth (Model 3).

Additional sensitivity and exploratory analyses
To determine whether our findings on the relationship
between alcohol use and INH-related toxicity were
impacted by ‘sick-quitters’ who quit drinking due to
health reasons, we re-ran the final Models 1–3, excluding
participants who were in the no-alcohol use group but
who had reported ever drinking. We also conducted
analyses of Grade 2 INH-related toxicities in the prior
3months, among those who did not have a Grade 3þ
INH-related toxicity, using the same steps as above, to
create models 4–6. All analyses were conducted using
Stata Statistical Software, Release 14, 2015 (StataCorp.
LP, College Station, Texas, USA).

Ethical review
All participants gave written informed consent for the
study procedures, which were approved by the Uganda
Council on Science and Technology, and the Institutional
Review Boards of the Mbarara University of Science and
Technology, the University of California, San Francisco,
Boston University, and Boston Medical Center, and was
registered at ClinicalTrials.gov (NCT03302299).
Results

Screening and enrollment
One thousand four hundred thirty-four participants
completed the first stage of screening (Fig. 1). Of those,
1327 (92.5%) met the initial eligibility criterion and 1211
(84.4%) were eligible for TST. Exclusions at the second
stage were mostly due to elevated transaminases (n¼ 79/
1327, 6.0%). Of the 1192 (98.4%) who had TSTs placed,
308 (25.8%) were positive, 848 were negative (71.1%),
and 36 (3.0%) were not read on time because the
participant did not return within 72 h. Three hundred
and two persons were enrolled, 200 who reported current
alcohol use and 102 (2 more than the planned 100 due to
an error) reported no alcohol use in the past year. One
participant was found to be ineligible during their
baseline interview and was subsequently disenrolled,
leaving 301 participants for analysis.

Half (51.2%) of the participants were women, median age
was 40 years (IQR 33–47), and 92.1% [95% confidence
interval (95% CI) 88.4–94.7] were virally suppressed at
baseline (Table 1). Using combined self-report/PEth,
28.6% engaged in no alcohol use, 21.9% low alcohol use,
18.6% medium alcohol use group, and 30.9% in high/
very high alcohol use at baseline. These levels were higher
than by study screening and baseline self-report alone
(Table 1). About half (46.2%) reported excellent/very
good health, and 81.4% self-reported excellent/very
good ART adherence.

Grade 3R INH-related toxicities
Overall, the cumulative incidenceofGrade3þ INH-related
toxicity was 8.3% (95% CI 5.4–12.0), with 19 persons
reaching Grade 3 and six reaching Grade 4. The toxicities
occurred a median of 55 days after starting the INH course
(IQR 31–97), and the majority (n¼ 22) were due to
elevated ALTor ASTonly (i.e., without symptoms or mild
symptoms only). Almost all (n¼ 24) toxicities completely
resolved after stopping INH while one remained a Grade 1
toxicity. The cumulative incidence was 6.0% (95% CI 3.1–
10.2) among those reporting current alcohol use at screening
and 12.9% (95% CI 7.0–21.0) among those reporting no
prior year alcohol use at screening.

In multivariable modeling of Grade 3þ INH-related
toxicities in Model 1, we found no evidence of an
association between self-report/PEth alcohol category at
baseline and experiencing a Grade 3þ INH-related
toxicity in the prior 3months (P ¼ 0.32; Table 2). All
levels of alcohol use were at lower odds of Grade 3þ
INH-related toxicity compared with the no-alcohol use
group, although these comparisons were not statistically
significant. Model 2, which used baseline self-reported
alcohol use (alone), also showed no significant association
between alcohol use and Grade 3þ INH-related toxicity.
Model 3, which used a time-updated self-report/PEth to
measure alcohol use, showed an association between
alcohol use and Grade 3þ INH-related toxicity
(P¼ 0.04). The adjusted odds ratio (aOR) was 0.10
(95% CI 0.01–0.76) for those in the low-alcohol use
group, 0.23 (95% CI 0.06–0.93) for those in the
medium-alcohol use group, and 0.73 (95%CI 0.23–2.26)
in the high/very high alcohol use group, each compared
with the no-alcohol use group. Different from models 1
and 2, model 3 retained INH adherence. In sensitivity
analyses that excluded 48 participants in the lowest
alcohol group, who had reported ever drinking, the
results were similar for Models 1–3 (data not shown).

Grade 2 INH-related toxicities
The cumulative incidence of a Grade 2 INH-related
toxicity (among those without Grade 3 toxicities,
n¼ 276) was 21.7% (60/276, 95% CI 17.0–27.1).
Overall, there were 71 Grade 2 INH-related toxicities
among 60 persons; 65 of these resolved to normal, while
four were Grade 1 and two were Grade 2 at the end of
follow-up. The toxicities occurred a median of 55 days
after starting the INH course (IQR 29–107). The
cumulative incidence was 25.0% (95% CI 19.0–31.8)



1540 AIDS 2023, Vol 37 No 10

Completed ini�al screening 
(n=1434) Excluded prior to TST placement (n=223)

• Ineligible (n=199)
o History of ac�ve TB (n=26) and/or TB 

meds (n=42)
o Elevated ALT or AST (n=79)
o Currently on Nevirapine (n=36)
o Pregnant (n=10)
o Lives out of catchment area (n=23)
o Prior year, but not current, drinker (n=8)
o Other (n=5)

• Incomplete (n=9)
• Declined (n=15)

Enrolled (n=302)

No self-reported prior year 
alcohol use (n=102)

Self-reported current 
alcohol use (n=200)

Determined ineligible during baseline (n=1)

Completed TST placement 
(n=1211) Excluded post TST placement (n=909)

• Ineligible (n=884)
o TST nega�ve (n=848)
o TST not read on �me (n=36)

• Incomplete: TST not read (n=19)
• Declined (n=6)

Analyzed (n=301)

Enrollment

Analysis

No self-reported prior year 
alcohol use (n=101)

Self-reported current 
alcohol use (n=200)

Fig. 1. Consort diagram for ADEPTT study.
among those reporting current alcohol use at screening
and 14.8% (95% CI 8.1–23.9) among those reporting no
prior year alcohol use at screening.

In multivariable regressions, we found evidence of an
association between self-report/PEth alcohol use at baseline
and experiencing a Grade 2 INH-related toxicity (in the
absence of Grade 3þ INH-related toxicities) (Model 4,
P< 0.01; Table 3). The aOR of a Grade 2 toxicity was 1.11
(95%CI 0.44–2.76) for those in the low-alcohol use group,
0.69 (95%CI 0.25–1.91) in themedium-alcohol use group,
and 3.63 (95%CI: 1.48, 8.93) in the high/very high alcohol
use group, compared with those in the no-alcohol use
group. There was some attenuation of the alcohol effect
when using self-reported alcohol alone in Model 5; the
results using time-updated self-report/PEth measured
alcohol use (Model 6) were similar to those of Model 4.
Discussion

We found that the incidence of Grade 3þ INH-related
toxicity among PWH with TB infection engaging in
current alcohol use, including somewith high/very high-
risk alcohol use, was 6%. This incidence was similar to
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Table 2. Final multivariable models of Grade 3R INH-related toxicity in the prior 3 months.

Model 1
Baseline alcohol use by

self-report/PEth combineda

(N¼298)

Model 2
Baseline alcohol use by

self-report aloneb (N¼298)

Model 3
Time-updated alcohol use by
self-report/PEtha (N¼297)

aOR (95% CI) P aOR (95% CI) P aOR (95% CI) P

Alcohol use 0.32 0.14 0.04
None 1.00 1.00 1.00
Low 0.43 (0.13–1.44) 0.38 (0.13–1.10) 0.10 (0.01–0.76)
Medium 0.36 (0.10–1.29) 0.30 (0.09–1.08) 0.23 (0.06–0.93)
High/very high 0.56 (0.16–1.93) 0.50 (0.12–2.04) 0.73 (0.23–2.26)

Age 0.98 (0.93–1.03) 0.47 0.98 (0.93–1.03) 0.43 0.96 (0.91–1.01) 0.15
Sex 0.83 0.69 0.58
Female 1.00 1.00 1.00
Male 1.11 (0.41–3.05) 1.21 (0.47–3.16) 1.32 (0.49–3.57)

Health status 0.39 0.41 0.24
Good/fair/poor 1.00 1.00 1.00
Excellent/very good 0.70 (0.31–1.59) 0.70 (0.31–1.61) 0.60 (0.26–1.40)

Study visit 0.02 0.02 0.04
3 months 1.00 1.00 1.00
6 months 0.33 (0.13–0.86) 0.33 (0.13–0.86) 0.37 (0.15–0.94)

INH adherence, prior 3 months 0.08
< 90% – – 1.00
� 90% – – 2.79 (0.90–8.61)

aSelf-report/PEth combined categories assigns the higher of the self-report and PEth categories. Self-report as below. PEth categories: None: PEth
<8ng/ml; Low: PEth 8–<50ng/ml; Medium: PEth 50–200ng/ml, High: PEth �200ng/ml.
bSelf-report categories: None: AUDIT-C¼0; Low: AUDIT-C 1–2 for women and 1–3 for men;Medium: AUDIT-C 3–5 for women and 4–5 for men;
High/very high: AUDIT-C �6.
that reported in a study of severely immunosuppressed
PWH receiving INH (7.3%) [23], and the 7.0% incidence
of yellow urine, jaundice, or elevated liver enzyme tests
reported in a study of PWH receiving IPT at referral
hospitals in Uganda [24]. We did not find that the
proportion of Grade 3þ INH-related toxicity increased
Table 3. Final multivariable models of Grade 2 INH-related toxicity in the
toxicities).

Model 4
Baseline alcohol use by

self-report and PEth combineda

aOR (95% CI) P

Alcohol use <0.01
None 1.00
Low 1.11 (0.44–2.76) 1
Medium 0.69 (0.25–1.91) 1
High/very high 3.63 (1.48–8.93) 2

Age 0.98 (0.95–1.01) 0.14 0
Sex 0.17
Female 1.00
Male 1.63 (0.81–3.25) 1

Health status <0.01
Good/fair/poor 1.00
Excellent/very good 0.43 (0.23–0.79) 0

Study visit <0.01
3 months 1.00
6 months 0.37 (0.20–0.68) 0

ART adherence 0.04
Good/fair/poor/very poor 1.00
Excellent/very good 3.13 (1.06–9.25) 2

aSelf-report/PEth combined categories assigns the higher of the self-report a
<8ng/ml; Low: PEth 8–<50ng/ml; Medium: PEth 50–200ng/ml, High: PE
bSelf-report categories: None: AUDIT-C¼0; Low: AUDIT-C 1–2 for wome
men; High/very high: AUDIT-C �6.
with the level of alcohol use, and the toxicities resolved
with the cessation of INH. These results suggest that
concurrent alcohol use, per se, is not a major factor
contributing to severe INH-related toxicity. We found
lower IPT adherence among those with the highest level
of alcohol use in an analysis published elsewhere [25];
prior 3 months (nU273 participants with no Grade 3R INH-related

Model 5
Baseline alcohol use by

self-report aloneb

Model 6
Time-updated alcohol use by
self-report and PEth combineda

aOR (95% CI) P aOR (95% CI) P

0.07 <0.01
1.00 1.00

.00 (0.45–2.21) 1.98 (0.84–4.65)

.44 (0.60–3.44) 0.97 (0.36–2.66)

.70 (1.12–6.49) 3.58 (1.51–8.53)

.98 (0.95–1.01) 0.17 0.97 (0.95–1.00) 0.09
0.07 0.07

1.00 1.00
.83 (0.96–3.51) 1.88 (0.96–3.70)

0.07 0.03
1.00 1.00

.59 (0.33–1.04) 0.50 (0.27–0.92)
<0.01 <0.01

1.00 1.00
.38 (0.21–0.68) 0.38 (0.21–0.70)

0.07 0.07
1.00 1.00

.74 (0.93–8.12) 2.76 (0.94–8.13)

nd PEth categories. Self-report as below. PEth categories: None: PEth
th �200ng/ml.
n and 1–3 for men; Medium: AUDIT-C 3–5 for women and 4–5 for
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however, IPT adherence did not change our findings
when considered for inclusion in multivariable models.
Taken together with the higher risk of poor TB disease
outcomes for persons who consume alcohol [12–14], we
suggest that current guidelines be amended to recom-
mend TB preventive therapy for PWH who consume
alcohol at any level in the absence of baseline liver enzyme
elevations (<2� the ULN). Recent modeling studies
show that the benefits of IPT outweigh the risks in this
population [26], and updated models of this prior work
using these data confirm this is true, even when baseline
liver enzyme monitoring is not possible (A. Savinkina,
personal communication).

Grade 2 INH-related toxicities that did not progress to
more severe toxicities were quite common, and most
frequent among thosewith the highest level of alcohol use.
The vast majority of these resolvedwithout stopping INH.
It is unknown whether these resolved due to decreases in
alcohol use after receiving results indicating liver enzyme
elevations and receiving increasedmonitoring, or whether
they resolved on their own, which may suggest that
increased monitoring may not be needed.

The generalizability of this work was hindered by the
ethical need to conduct frequent monitoring that likely
found INH-related toxicities that would not have been
detected without the monitoring and inflated our
incidence estimate. We also limited the sample to those
with baseline liver enzyme elevations of two times or less
the ULN for ethical reasons, which may have caused us to
underestimate the incidence of INH-related toxicities.
This restriction was similar to that of another study
conducted in Uganda, which limited INH receipt to
those with liver enzymes less than 2.5 times the ULN
[23]. Because of this exclusion, we are unable to extend
our conclusions to PWH consuming alcohol who have
liver damage. However, we note that very few of the
persons we screened (1.1%) had Grade 3þ liver enzyme
elevations [27]. An additional limitation is that we
stopped IPTwhen we detected INH-related toxicities of
Grade 3þ; thus, we are unable to comment on what
would have happened if IPTwas continued. It is possible
that the toxicities would have resolved on their own, as
most settings do not do monthly liver enzyme monitor-
ing. However, there is real risk for a small number of
catastrophic outcomes so stopping treatment was
appropriate [28]. In addition, we limited the sample to
those on ART for at least 6 months. Although this
criterion was needed to be able to attribute toxicities
observed to INH, it further limited the generalizability of
our findings. Our study tested for HBsAg, but not
hepatitis C virus (HCV), based on our prior finding of
zero prevalence in 81 PWH starting ART in Uganda, but
4% (3/76) prevalence of HBsAg. Although low HCV
prevalence was confirmed in one study [29], others have
found higher prevalence [30,31], thus we may have failed
to identify this possible source of ALTor ASTelevations.
Another limitation is that this study was conducted at a
single site among persons on ART for at least 6 months,
and thus, there was a high proportion with viral
suppression, meaning this might not generalize to persons
not virally suppressed.

A strength of the study was our intentional sampling of
persons who consume alcohol, including many persons
with high/very high-risk alcohol use; prior research
studied more general populations. In addition, we
carefully measured alcohol use by self-report and PEth,
an objective biomarker. Using PEth, several participants
were re-classified from no alcohol use at screening to
current alcohol use at baseline (14/100), and several were
categorized to a higher level of alcohol use than when
using self-report alone, for example, the highest risk
group doubled in size when PEth was added to the
definition. Despite this, our conclusions using self-report
combined with PEth were similar to those when using
self-report alone. Another strength of the study was the
frequent monitoring to detect liver enzyme changes,
although this may have led to discontinuation of IPT that
was not necessary as discussed above.

In conclusion, we found that severe INH-related toxicity
among PWH with TB infection and liver enzymes less
than 2x the ULN did not appear to be elevated among
those who engaged in current alcohol use, compared with
those not engaging in alcohol use and compared with the
literature. We did not observe a dose–response by level of
alcohol use. These data support revising guidelines to
drop the recommendation of deferring IPT for this group
at a high risk for TB and poor TB outcomes, particularly
among those without prior liver enzyme elevations.
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