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SUMMARY

Alcohol use is associated with increased risk of developing
tuberculosis (TB) disease, yet the impact of alcohol use on
TB treatment outcomes has not been summarized. We
aimed to quantitatively review evidence of the relationship
between alcohol use and poor TB treatment outcomes. We
conducted a systematic review of PubMed, EMBASE, and
Web of Science (January 1980-May 2018). We categorized
studies as having a high- or low-quality alcohol use
definition and examined poor treatment outcomes indi-
vidually and as two aggregated definitions (i.e., including
or excluding loss to follow-up [LTFU]). We analyzed drug-
susceptible (DS-) and multidrug-resistant (MDR-) TB
studies separately. Our systematic review yielded 111
studies reporting alcohol use as a predictor of DS- and
MDR-TB treatment outcomes. Alcohol use was associated

with increased odds of poor treatment outcomes (i.e.,
death, treatment failure, and LTFU) in DS (OR 1.99, 95%
CI 1.57-2.51) and MDR-TB studies (OR 2.00, 95% CI
1.73-2.32). This association persisted for aggregated poor
treatment outcomes excluding LTFU, each individual poor
outcome, and across sub-group and sensitivity analyses.
Only 19% of studies used high-quality alcohol definitions.
Alcohol use significantly increased the risk of poor
treatment outcomes in both DS- and MDR-TB patients.
This study highlights the need for improved assessment of
alcohol use in TB outcomes research and potentially
modified treatment guidelines for TB patients who
consume alcohol.
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IN 2017, AN ESTIMATED 10 MILLION individuals
developed tuberculosis (TB) disease, with 1.6 million
resultant deaths, more than from disease caused by
any other pathogen.! Alcohol use has been identified
as a major risk factor for both developing TB disease
and having worse outcomes;!=* 10-20% of all TB
deaths worldwide have been attributed to alcohol
use.?> The 2017 World Health Organization (WHO)
Sustainable Development Goals (SDG) for TB high-
light the prevention and treatment of alcohol use
disorders (AUDs), defined in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(DSM-35) as including alcohol abuse and depen-
dence,® as key to decreasing global TB incidence
and deaths.! Neither the magnitude of the impact of
alcohol use on TB treatment response nor the drivers
of the association have been systematically quanti-
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fied, a critical first step in informing novel approaches
to improving TB outcomes.

Heavy alcohol use or AUD prevalence among TB
patients worldwide ranges from 15% to 70%.7-11
Those who use alcohol may have worse TB treatment
outcomes due to behavioral mechanisms, including
worse medication adherence and greater loss to
follow-up (LTFU),'2-14 or biologic mechanisms,
including the impact of alcohol on innate and
adaptive immune responses,!’ lung function and
barrier protection,'¢ hepatotoxicity,!” and TB and
human immunodeficiency virus (HIV) drug absorp-
tion and metabolism.8

In this systematic review and meta-analysis, we
aimed to quantify the strength of the association
between alcohol use and drug-susceptible TB (DS-TB)
and multidrug-resistant TB (MDR-TB) treatment
outcomes, including whether the association persists
beyond LTFU, and to identify gaps in knowledge. DS-
and MDR-TB studies were analyzed separately, given
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their distinctly different treatment regimens and risk
factors for poor outcomes.

METHODS

We conducted this study according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (Supplementary Table S1).1°
Ethical approval was not required for the study.

Data sources and searches

We searched PubMed, EMBASE, and Web of Science
from January 1980 to May 2018 for articles and
abstracts evaluating risk factors for TB treatment
outcomes (Supplementary Table S2). We also
searched references of identified review articles for
studies meeting our criteria.

Study review and selection

Studies written in English, Spanish, French, Portu-
guese, Russian, Mandarin, Italian, Dutch, and
Korean were included. We resolved discrepancies by
discussion and consensus, and third party arbitration
if needed. Two individuals independently reviewed
titles and abstracts of articles for inclusion. Articles
were included if they were peer-reviewed, reported
participants receiving standard treatment regimens
for TB disease, and described factors associated with
TB treatment outcomes comparable to WHO defini-
tions (Supplementary Table S3). Studies were exclud-
ed if they reported three or fewer patients, were
reviews or commentaries, reported an exclusively
pediatric population (<16 years of age), or reported
treatment prior to 1980. For our analyses, the alcohol
exposure group was considered the highest level of
exposure reported by the authors (e.g., the highest
volume of consumption or highest AUD risk), while
the reference group was the lowest level of exposure
(which mostly referred to no alcohol consumption,
but could also include low levels of consumption). If a
study reported more than two alcohol exposure
levels, participants from the intermediate levels were
excluded. Due to between-study variations in how
alcohol use was assessed, we refer to exposure as
‘alcohol use,” recognizing that severity varies.

For studies identified through title and abstract
review, two reviewers conducted a full-text review of
all articles that mentioned alcohol terms. Reviewers
documented on a coding sheet the primary reason for
exclusion using the criteria listed above, with
additional exclusion of studies that did not stratify
treatment outcome by alcohol use or did not report
either count data or effect measure estimates.

Data extraction

For each included study, two investigators indepen-
dently extracted variables of interest (Supplementary
Table S4). For papers presenting data on more than

one distinct cohort, we treated each cohort as a
distinct “study,” adding ‘a’ or ‘b’ to the assigned study
ID.

Data analysis

MDR-TB was defined as resistance to at least
isoniazid and rifampin. If >20% of participants had
MDR-TB, we classified it as an MDR-TB study.
Separate analyses were performed for each of the
following outcomes: 1) poor outcome A (i.e., death,
treatment failure, and LTFU) compared to cure and
treatment completion; 2) poor outcome B (i.e., death
or treatment failure) compared to cure and treatment
completion; 3) death compared to treatment failure,
LTFU, cure, and treatment completion; 4) treatment
failure compared to death, LTFU, cure and treatment
completion; and, 5) LTFU compared to death,
treatment failure, cure and treatment completion.
We excluded participants who transferred out. We
performed sensitivity analyses where LTFU was
added to the reference group of poor outcome B
and the other poor outcomes were compared only to
cure and treatment completion.

The study sample was the number of individuals
with alcohol use information reported in the authors’
final analysis. We used study counts to calculate
unadjusted odds ratios (ORs) and 95% confidence
intervals (Cls) for each outcome. For studies that
reported adjusted effect measures or did not provide
counts, we used the authors’ reported effect measure
estimates and 95% Cls. We considered adjusted effect
measures adequate if the model included age and sex.
Overall study quality was assessed by looking at the
case, exposure, and outcome definitions. All included
studies used standard definitions for TB disease and
treatment outcomes. We also assessed study strategy
for documenting alcohol use. Assessment of alcohol
use was determined to be higher-quality if a validated
screening instrument was used, or alcohol use was
well categorized by quantity and/or frequency of
drinking.

We assessed heterogeneity of effect estimates using
the Cochran Q test for heterogeneity and calculating
the I? statistic.?%-21 We computed summary estimates
for both the unadjusted and adjusted effect estimates
using the random-effects model and weighting
method according to the maximum likelihood meth-
od described by Normand.?? Studies that were highly
influential or contributed greatly to the estimate of
heterogeneity were identified using Baujat et al.’s
graphical method.?3 We conducted sensitivity analy-
ses by recalculating combined effect sizes after
removing these studies. We assessed publication bias
using the Egger test,?* and visually reviewed funnel
plots of the effect estimate logarithms against the
standard errors for asymmetry.?4

We conducted sub-group and meta-regression
analyses to identify additional sources of heterogene-
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Potentially relevant citations retrieved from PubMed, EMBASE,
Web of Science, and key bibliographies; duplicates eliminated
(n=3,038)

Cltatlons excluded based on title and abstract review (n = 1,936):
Review or commentary (n = 491)
No individual-level TB treatment outcomes (n = 416)
Not primarily about TB (n = 331)
« Case report; <3 patients (n = 180)
Study of patients with LTBI (n = 162)

Pediatric population (n = 159)

«  Exclusively describing risk of TB infection (n = 119)
Exclusively looking at TB diagnosis methods (n = 27)
Animal or in vitro study (n = 23)

TB treatment prior to 1980 or not standard TB treatment (n
Study describing surgical outcomes for TB (n = 11)

=17)

Citations retrieved for more detailed evaluation
(n=1,102)

Citations excluded prior to full-text review (n = 36):

Citation included in full-text review
(n=1,066)

Full-text article not available (n = 1)
Full-text article in language for which we did not have a reviewer" (n = 35)

Cltatlons excluded based on full-text review (n = 958):
No mention of an alcohol term (n = 502)
Alcohol not assessed as a risk factor for TB treatment outcomes (n = 280)
Outcome did not align with WHO criteria (n = 75)

Citations included in analysis (by TB treatment outcome assessed)
(n=108)

Studies' included in primary analysis
(n=111)

No individual-level TB treatment outcomes (n = 64)
«  Overlap of population across studies (n = 11)
Authors contacted for additional data but did not respond (n = 8)
Review or commentary (n = 6)
Not primarily about TB (n = 6)
TB treatment prior to 1980 or not standard TB treatment (n = 6)

Drug-susceptible TB (by TB treatment

outcome assessed?) (n = 80)

»  Poor outcome,’ including LTFU (n = 25)
Poor outcome,® excluding LTFU (n = 12)

Multidrug-resistant TB (by TB treatment

outcome assessed?) (n = 31):

*  Poor outcome,® including LTFU (n = 18)
Poor outcome,* excluding LTFU (n = 10)

Death (n = 22) Death (n = 6)
Treatment failure (n = 13) Treatment failure (n = 4)
LTFU (n = 29) LTFU (n = 15)
Figure 1 PRISMA flow chart of studies included in the meta-analysis. * Japanese (n = 21), German (n

= 8), Polish (n = 5), and

Hungarian (n = 1). " Three citations were split due to reporting on two unique cohorts, therefore were treated as two studies each.
* List not mutually exclusive as many studies report more than one outcome. § Death or treatment failure. TB = tuberculosis; LTBI =

latent tuberculosis infection; WHO = World Health Organization; LTFU =

Systematic Reviews and Meta-Analyses.

ity, assess the impact of study quality on the summary
estimates, and look for effect modification. We
performed individual random-effects meta-regression
analyses, restricting analyses to sub-groups with a
minimum of five studies. Background TB incidence
was determined by WHO classifications of high-
burden (HBC) or not high-burden countries (not
HBC), differentiated by overall TB and MDR-TB
burden.! Country income was based on the World
Bank’s 2019 fiscal year classifications.>®

Statistical procedures were performed using SAS
v9.4 (SAS Institute, Cary, NC, USA) and R v3.5.1 (R
Computing, Vienna, Austria).

RESULTS

We identified 3038 citations for title and abstract
review; 1102 met criteria for full review (Figure 1).
We excluded 335 citations in languages for which we

loss to follow-up; PRISMA = Preferred Reporting Items for

lacked fluent reviewers and one whose full text was
not available. Nine hundred and fifty-eight papers
were excluded upon full-text review. We contacted
the authors of 10 studies and obtained clarification
from three. We ultimately included 80 studies on DS-
TB and 31 studies on MDR-TB (Figure 1; Supple-
mentary Data I). The included studies were in
English (nz = 105), Spanish (nz = 3), French (n = 2),
and Portuguese (7 = 1). The studies included 81
cohort, 29 case-control, and one randomized con-
trolled trial.

Quality of alcohol measurement

Off the 111 studies included, four used a validated
screening method for alcohol exposure (i.e., CAGE
Alcohol Questionnaire. One study used DSM-5
definitions, two reported the volume consumed, and

12 reported consumption frequency (Supplementary
Tables S5 and S6). The remaining (7= 90, 81%) used
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A Alcoholgroup Non-alcohol group
Author, year Event Total Event Total OR [95% CI]
DS-TB
Ambrosetti, 1999A 7 24 107 642 P 2.06 [0.83, 5.09]
Ambrosetti, 1999B 7 33 108 705 P 1.4910.63, 3.51]
Ambrosetti, 1999C 5 38 91 750 P 1.10[0.42, 2.88]
Bhagat, 2010 17 42 7 55 R | 4.66 [1.71, 12.73]
Bumburidi, 2006* - 762 - 18203 g 3.20 [2.80, 3.70]
Centis, 2000 10 35 139 833 p— 2.00 [0.94, 4.25]
Centis, 2002 2 19 104 764 I i 0.75[0.17, 3.28]
Chiang, 2012 36 88 74 214 = 1.31[0.79, 2.18]
De Albuquerque, 2007* - - - - — 1.79 [1.21, 2.66]
Diel, 2003 61 127 41 391 — 7.89[4.91, 12.69]
Ismail, 2013 29 54 21 113 P 5.08 [2.49, 10.39]
Jain, 2016 10 52 21 189 [ | 1.90 [0.83, 4.35]
Kim, 2007 116 182 90 166 — 1.48 [0.97, 2.28]
Kittikraisak, 2009 45 386 16 168 —— 1.25[0.69, 2.29]
Lillebaek, 1999 14 48 45 227 P 1.67 [0.82, 3.36]
Lin, 2015 29 122 619 2200 A 0.80[0.52, 1.22]
Magee, 2015 16 48 10 82 —_— 3.60 [1.47, 8.79]
Pimchan, 2012 21 55 101 340 | m— 1.46 [0.81, 2.64]
Przybylski, 2014* - 534 - 1491 = 1.74 [1.29, 2.36]
Ramachandran, 2017 171 742 93 1170 | | 3.47 [2.64, 4.55]
Santha, 2002 55 146 87 435 — 2.42[1.61, 3.64]
Siemion-Szczesniak, 2012A 37 73 45 232 — 4.27 [2.43, 7.50]
Siemion-Szczesniak, 2012B 24 61 56 200  — | 1.67 [0.92, 3.04]
Tabarsi, 2012 18 53 23 58 P 0.78[0.36, 1.70]
Volkmann, 2014 2569 27145 12488 155897 n 1.20 [1.15, 1.26]
Random-effects model (P < 0.001; 2= 93%) <o 1.99[1.57, 2.51]
MDR-TB
Aibana, 2017 56 67 227 281 o 1.21[0.59, 2.47]
Cox, 2007 10 20 23 67 P 1.91[0.70, 5.26]
De Albuquerque, 2001 42 151 19 135 | | 2.35[1.29, 4.29]
Gadallah, 2016 11 21 59 207 e | 2.76 [1.11, 6.84]
Gegia, 2012 51 94 128 286 F— 1.46 [0.92, 2.34]
Gegia, 2015 20 104 29 175 —— 1.20 [0.64, 2.25]
Jain, 2014 22 27 50 103 —_— 4.66 [1.64, 13.26]
Jeong, 2015 6 33 59 304 P—— 0.92[0.36, 2.34]
Kendall, 2013 74 131 29 78 | — 2.19[1.23, 3.90]
Kuksa, 2014 36 64 27 68 | — | 1.950.98, 3.90]
Kurbatova, 2012 207 489 121 478 = 2.17 [1.65, 2.85]
Leimane, 2010 122 479 62 402 —— 1.87 [1.33, 2.63]
Magee, 2014 57 86 451 967 [ —— 2.25[1.41, 3.58]
Miller, 2012 126 253 34 154 | —— 3.50 [2.22, 5.51]
Oliveira, 2013 22 61 63 196 — 1.19[0.65, 2.18]
Prajapati, 2017 19 20 60 88 } I 8.87 [1.13, 69.59]
Scuffell, 2017 6 8 31 41 I | 0.97 [0.17, 5.58]
Velasquez, 2016 66 122 481 1424 — 2.31[1.59, 3.35]
Random-effects model (P < 0.001; 2= 32%) <& 2.00[1.73, 2.32]
* Counts unavailable
| | | | | |
0.15 0.5 1 2 5 15
OR

Figure 2 A) Forest plots of the association between alcohol use and Poor Outcome A (i.e., death, failure, and LTFU) for both DS-TB
and MDR-TB studies and the breakdown of participants with poor outcome by exposure group. B) Forest plots of the association
between alcohol use and Poor Outcome B (i.e., death and failure) for both DS-TB and MDR-TB studies and the breakdown of
participants with poor outcome by exposure group. Squares indicate ORs from individual studies; square size reflects the statistical
weight of the study. Horizontal lines indicate 95% Cls. Diamonds represent the combined ORs and 95% Cls. The vertical solid line
shows no effect (OR=1). The Pvalues are from tests that the combined ORs equal 1. OR=o0dds ratio; Cl=confidence interval; DS-TB =
drug-susceptible tuberculosis; MDR-TB = multidrug-resistant TB; LTFU = loss to follow-up.

a lower-quality alcohol exposure variable: 58 (52%)
relied on medical chart extraction, 28 (25%) on
questionnaire/interview self-report, and 21 (19%)
lacked detail on how alcohol use was assessed.

Poor outcome A (including loss to follow-up)

Among DS-TB studies, patients who consumed
alcohol had significantly higher odds of poor
outcome A (i.e., death, treatment failure, and LTFU)

than the reference alcohol group (i.e., no or low
alcohol use) (n =25; OR 1.99, 95% CI 1.57-2.51;
Figure 2A, Table 1). The finding was similar for
MDR-TB studies (7 = 18; OR 2.00, 95% CI 1.73-
2.32; Figure 2A, Table 1). Sub-group analyses among
DS-TB studies that used a high-quality definition for
alcohol use revealed an increase in the association
between alcohol use and poor outcome A (7 =4; OR
3.05, 95% CI 1.58-5.89). All sub-group analyses for
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B Alcoholgroup Non-alcohol group
Author, year Event Total Event Total OR [95% CI]
DS-TB
Ambrosetti, 1999A 4 21 43 578 —_—a 2.93[0.94, 9.09]
Ambrosetti, 1999B 5 31 31 628 —y 3.70 [1.33, 10.30]
Ambrosetti, 1999C 3 36 22 681 e 2.720.78, 9.56]
Bhagat, 2010 0 25 0 48 -+ > 1.90 [0.04, 98.70]
Centis, 2000 2 27 64 758 —_— 0.87 [0.20, 3.75]
Centis, 2002 0 17 30 690 - 0.62[0.04, 10.53]
Diel, 2003 23 89 21 371 —— 5.81[3.04, 11.10]
Kittikraisak, 2009 0 341 0 152 - - 0.45[0.01, 22.61]
Lillebaek, 1999 11 45 37 219 — 1.59 [0.74, 3.42]
Santha, 2002 14 105 33 381 —— 1.62 [0.83, 3.16]
Siemion-Szczesniak, 2012A 9 45 15 202 — 3.12[1.27, 7.67]
Siemion-Szczesniak, 2012B 9 46 11 155 [ ———— 3.18 [1.23, 8.25]
Random effects model (P < 0.001; 2= 23%) - 2.55[1.77, 3.66]
MDR-TB
Aibana, 2017 31 42 137 191 —— 1.11[0.52, 2.37]
Bonnet, 2016* - - - - —— 1.14 [0.35, 3.65]
Choi, 2014* - 215 - 454 —— 0.59 [0.36, 0.98]
Cox, 2007 3 13 17 61 — 0.78 [0.19, 3.17]
Ferrara, 2005* - 6 - 121 L i 1.30 [0.23, 7.69]
Kendall, 2013 27 84 16 65 ——a— 1.45[0.70, 3.00]
Kurbatova, 2012 101 383 63 420 - 2.03 [1.43, 2.88]
Leimane, 2010 122 479 62 402 il 1.87 [1.33, 2.63]
Miller, 2012 52 179 15 135 —a— 3.28 [1.75, 6.13]
Velasquez, 2016 15 7 151 1094 —a— 1.67 [0.92, 3.03]
Random effects model (P = 0.023; 2= 64%) - 1.47 [1.06, 2.05]
. , | T 1 |
Counts unavailable 0.15 05 1 2 5 15
OR

Figure 2 (continued)

poor outcome A among both DS-TB and MDR-TB
studies retained a significant association with alcohol
use, except DS-TB studies of pulmonary TB patients
(m=3; OR 2.02; 95% CI 0.92-4.45) and MDR-TB
studies reporting an adjusted measure of association
(n=235; OR 1.48, 95% CI 0.84-2.61), both of which
contained a small number of studies in each analysis

(Table 2).

Poor outcome B (excluding loss to follow-up)

Among DS-TB studies, patients who consumed
alcohol had significantly higher odds of poor
outcome B (i.e., death and treatment failure) than
the reference alcohol group (n=12; OR 2.55,95% CI
1.77-3.66; Figure 2B, Table 1). This relationship was
also observed in MDR-TB studies (7 =10; OR 1.47,
95% CI 1.06-2.05; Figure 2B, Table 1). Sub-group

Table 1 A) Meta-analysis results for poor treatment outcomes, studies on drug-susceptible TB
Studies Summary effect ? P value
Treatment outcome n estimate 95% Cl % heterogeneity
Poor outcome A* 25 1.99 1.57-2.51 93 <0.001
Poor outcome B 12 2.55 1.77-3.66 23 0.222
Death 22 1.58 1.24-2.00 73 <0.001
Treatment failure 13 3.12 1.83-5.33 52 0.014
LTFU 29 2.25 1.74-2.91 79 <0.001

B) Meta-analysis results for poor treatment outcomes, studies on multidrug-resistant TB

Studies Summary effect P P value
Treatment outcome n estimate 95% Cl % heterogeneity
Poor outcome A* 18 2.00 1.73-2.32 32 0.098
Poor outcome B* 10 1.47 1.06-2.05 64 0.003
Death 6 1.38 1.04-1.83 0 0.551
Treatment failure 4 1.54 1.09-2.17 45 0.143
LTFU 15 1.87 1.56-2.24 51 0.013

* Death, treatment failure, and LTFU.
" Death and treatment failure.

TB = tuberculosis; Cl = confidence interval; LTFU = loss to follow-up.
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Table 2 A) Meta-analysis results of sub-group analyses for treatment outcomes for drug-susceptible TB studies

Summary
Study Studies effect ? P value
Treatment outcome Variable characteristics n estimate 95% ClI %  heterogeneity
Poor outcome A* Country TB burden High burden 7 2.18 1.62-2.93 67 <0.001
Not high burden 18 1.92 1.42-2.59 94 <0.001
Country income HIC 14 1.75 1.26-2.42 86 <0.001
LMIC 12 2.05 1.43-2.95 84 <0.001
Type of TB Pulmonary 3 2.02 0.92-4.45 95 <0.001
Pulmonary and 18 2.00 1.52-2.65 89 <0.001
extrapulmonary
High-quality alcohol definition Yes 4 3.05 1.58-5.89 88 <0.001
Adjusted effect measure Yes 7 2.03 1.54-2.69 88 <0.001
Minimally adjusted effect measure  Yes 3 1.63 1.21-2.18 92 <0.001
Poor outcome BY Country TB burden High burden 3 1.57 0.82-3.01 0 0.814
Not high burden 9 2.86 1.94-4.21 26 0.214
Country income HIC 9 2.86 1.94-4.21 26 0.214
LMIC 3 1.57 0.82-3.01 0 0.814
Type of TB Pulmonary 0 NA NA NA NA
Pulmonary and 10 2.37 1.52-3.70 35 0.129
extrapulmonary
High-quality alcohol definition Yes 2 3.15 1.29-7.69 84 0.011
Adjusted effect measure Yes 1 1.80 0.42-7.69 NA NA
Minimally adjusted effect measure  Yes 1 1.80 0.42-7.69 NA NA
Death Country TB burden High burden 3 1.85 0.88-3.89 79 0.009
Not high burden 19 1.46 1.18-1.81 49 0.009
Country income HIC 15 1.20 1.15-1.26 38 0.065
LMIC 6 2.15 1.58-2.93 54 0.053
Type of TB Pulmonary 2 1.02 0.67-1.55 66 0.088
Pulmonary and 15 1.49 1.20-1.85 50 0.014
extrapulmonary
High-quality alcohol definition Yes 4 1.49 0.96-2.31 29 0.240
Adjusted effect measure Yes 4 2.26 1.80-2.83 31 0.228
Minimally adjusted effect measure  Yes 3 2.35 1.89-2.93 8 0.337
Treatment failure Country TB burden High burden 2 1.70 0.86-3.39 47 0.168
Not high burden 11 3.90 2.06-7.39 54 0.016
Country income HIC 9 5.27 2.68-10.36 21 0.255
LMIC 4 1.84 1.04-3.23 59 0.064
Type of TB Pulmonary 1 2.63 1.04-6.60 NA NA
Pulmonary and 10 3.99 1.85-8.63 64 0.003
extrapulmonary
High-quality alcohol definition Yes 2 12.15 3.63-40.71 0 0.447
Adjusted effect measure Yes 2 1.85 0.80-4.27 0 0.427
Minimally adjusted effect measure  Yes 1 1.09 0.23-5.11 NA NA
Loss to follow-up Country TB burden High burden 14 2.36 1.95-2.87 65 <0.001
Not high burden 15 1.92 1.20-3.08 85 <0.001
Country income HIC 11 1.92 1.13-3.24 73 <0.001
LMIC 18 2.37 1.77-3.17 82 <0.001
Type of TB Pulmonary 5 2.20 0.93-5.20 94 <0.001
Pulmonary and 18 2.10 1.68-2.62 61 <0.001
extrapulmonary
High-quality alcohol definition Yes 6 3.20 1.86-5.50 85 <0.001
Adjusted effect measure Yes 8 2.12 1.58-2.84 72 0.001
Minimally adjusted effect measure  Yes 4 1.71 1.53-1.92 79 0.003
B) Meta-analysis results for treatment outcomes, sub-group analyses for MDR-TB
Summary
Study Studies effect P P value
Treatment outcome Group characteristics n estimate 95% ClI %  heterogeneity
Poor outcome A* Country TB burden High burden 6 2.52 2.05-3.11 20 0.284
Not high burden 11 1.73 1.46-2.06 11 0.341
Country MDR-TB burden High burden 9 2.33 1.95-2.77 28 0.197
Not high burden 8 1.72 1.43-2.08 17 0.292
Country income HIC 4 1.64 1.26-2.13 12 0.335
LMIC 13 2.13 1.73-2.63 34 0.110
Type of TB Pulmonary 3 1.81 1.15-2.84 28 0.252
Pulmonary and 8 2.06 1.77-2.40 0 0.712
extrapulmonary
High-quality alcohol definition Yes 2 1.87 1.26-2.78 68 0.079
Adjusted effect measure Yes 5 1.48 0.84-2.61 63 0.029
Minimally adjusted effect measure  Yes 2 0.85 0.43-1.69 0 0.628
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Table 2 B) (continued)

Summary
Study Studies effect ? P value
Treatment outcome Variable characteristics n estimate 95% ClI %  heterogeneity
Poor outcome BY Country TB burden High burden 4 2.05 1.56-2.70 25 0.263
Not high burden 6 1.18 0.77-1.82 67 0.009
Country MDR-TB burden High burden 7 1.83 1.45-2.31 24 0.249
Not high burden 3 1.1 0.55-2.24 86 0.001
Country income HIC 3 1.11 0.55-2.24 86 0.001
LMIC 5 1.69 1.14-2.49 41 0.147
Type of TB Pulmonary 1 0.78 0.19-3.17 NA NA
Pulmonary and 5 1.85 1.49-2.29 0 0.915
extrapulmonary
High-quality alcohol definition Yes 3 0.99 0.55-1.8 72 0.030
Adjusted effect measure Yes 1 1.10 0.56-2.19 NA NA
Minimally adjusted effect measure  Yes 1 1.10 0.56-2.19 NA NA
Death Country TB burden High burden 4 1.63 1.10-2.41 0 0.463
Not high burden 2 1.15 0.76-1.74 0 0.992
Country MDR-TB burden High burden 5 1.38 1.04-1.85 0 0.409
Not high burden 1 1.26 0.27-5.83 NA NA
Country income HIC 0 NA NA NA NA
LMIC 5 1.35 0.95-1.93 0 0.411
Type of TB Pulmonary 0 NA NA NA NA
Pulmonary and 2 1.32 0.90-1.93 0 0.598
extrapulmonary
High-quality alcohol definition Yes 1 1.15 0.62-2.15 NA NA
Adjusted effect measure Yes 0 NA NA NA NA
Minimally adjusted effect measure  Yes 0 NA NA NA NA
Treatment failure Country TB burden High burden 2 1.82 1.25-2.66 0 0.933
Not high burden 2 0.73 0.33-1.63 28 0.240
Country MDR-TB burden High burden 4 1.54 1.09-2.17 45 0.143
Not high burden 0 NA NA NA NA
Country income HIC 0 NA NA NA NA
LMIC 3 1.15 0.61-2.17 51 0.131
Type of TB Pulmonary 0 NA NA NA NA
Pulmonary and 2 1.75 1.15-2.68 0 0.562
extrapulmonary
High-quality alcohol definition Yes 1 1.26 0.38-4.20 NA NA
Adjusted effect measure Yes 0 NA NA NA NA
Minimally adjusted effect measure  Yes 0 NA NA NA NA
Loss to follow-up Country TB burden High burden 7 1.82 1.47-2.25 38 0.140
Not high burden 7 2.14 1.53-2.99 50 0.061
Country MDR-TB burden High burden 11 1.83 1.53-2.19 42 0.067
Not high burden 3 3.1 2.00-4.81 0 0.790
Country income HIC 2 3.15 1.96-5.07 0 0.505
LMIC 1 1.83 1.50-2.22 45 0.052
Type of TB Pulmonary 3 2.76 1.94-3.92 35 0.213
Pulmonary and 8 1.72 1.39-2.13 45 0.078
extrapulmonary
High-quality alcohol definition Yes 2 2.68 1.99-3.60 0 0.334
Adjusted effect measure Yes 4 2.59 1.91-3.53 0 0.670
Minimally adjusted effect measure  Yes 1 2.10 1.10-4.00 NA NA

* Death, treatment failure, and LTFU.
"Death and treatment failure.

TB = tuberculosis; Cl = confidence interval; HIC = high-income country; LMIC = low- to middle-income country; NA = not applicable or available; MDR-TB =

multidrug-resistant TB; LTFU = loss to follow-up.

analyses did not reveal a noticeable difference in
effect measure for poor outcome B (Table 2). When
LTFU was included in the reference outcome group,
along with cure and treatment completion, alcohol
use remained significantly associated with poor
outcome B for both DS-TB (7 =12; OR 2.16, 95%
CI1.55-3.01) and MDR-TB (n=7; OR 1.44,95% CI
1.12-1.86 (Supplementary Table S7).

Death

Among DS-TB studies, alcohol use was associated
with significantly higher odds of death (n =22; OR

1.58, 95% CI 1.24-2.00; Table 1; Supplementary
Figure S1A). The same relationship was observed
among MDR-TB studies (7 = 6; OR 1.38, 95% CI
1.04-1.83; Table 1; Supplementary Figure S1A). Sub-
group analyses among DS-TB studies conducted in
low and middle-income countries showed an increase
in the association between alcohol use and death (7=
6; OR 2.15, 95% CI 1.58-2.93; Table 2). When
compared only to cure and treatment completion,
alcohol use remained significantly associated with
death in both DS-TB and MDR-TB patients (DS-TB:
n=16;OR 1.53,95% CI 1.16-2.01; MDR-TB: n=35;
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OR 1.86; 95% CI, 1.34-2.60; Supplementary Table
S7).

Treatment failure

Among DS-TB studies, alcohol use was associated
with higher odds of treatment failure (z = 13; OR
3.12, 95% CI 1.83-5.33) (Table 1; Supplementary
Figure S1B). The same was observed among MDR-
TB studies (7=4; OR 1.54, 95% CI 1.09-2.17; Table
1; Supplementary Figure S1B). Sub-group analyses
showed an increase in the association between
alcohol use and treatment failure among DS-TB
studies conducted in countries not considered high
TB burden (z=11; OR 3.90, 95% CI 2.06-7.39) and
high-income countries (7=9; OR 5.27,95% CI 2.68-
10.36) (Table 2). The relationship between alcohol
use and treatment failure for both DS- and MDR-TB
remained significant when only cure and treatment
completion were used as the reference outcome group
(DS-TB: n=14; OR 3.23,95% CI 1.75-5.96; MDR-
TB: n=4; OR 2.05, 95% CI 1.44-2.92; Supplemen-
tary Table S7).

Loss to follow-up

Alcohol use was associated with an increased odds of
LTFU in both DS-TB (#=29; OR 2.25, 95% CI 1.74—
2.91; Table 1; Supplementary Figure S1C) and MDR-
TB studies (n = 15; OR 1.87, 95% CI 1.56-2.24;
Table 1; Supplementary Figure S1C). Sub-group
analyses showed an increase in the association
between alcohol use and LTFU in DS-TB studies that
reported a higher-quality definition of alcohol use (n
=6; OR 3.20, 95% CI 1.86-5.50; Table 2). Alcohol
use remained significantly associated with LTFU
when cure and treatment completion were used as
the reference outcome for both DS-TB (n = 30; OR
2.71, 95% CI 2.07-3.55) and MDR-TB studies (7 =
9; OR 2.18, 95% CI 1.64-2.90; Supplementary Table
S7).

Heterogeneity, publication bias, and meta-regression

Considerable heterogeneity was present in many of
the main and sub-group analyses, even when outliers
were removed (Tables 1 and 2; Supplementary Table
S7). Egger’s test for publication bias was significant
for the DS-TB analyses of poor outcome A (P =0.03)
and treatment failure (P = 0.03). Visual inspection of
funnel plots showed no compelling evidence of
publication bias for poor outcome A, but was
suggestive of bias for treatment failure due to a lack
of small studies with odds ratios below the combined
value (Supplementary Figure S2). In meta-regression,
the proportions of patients with diabetes mellitus
(DM), patients who were smear-positive at diagnosis,
illicit drug users, and the WHO region each
significantly modified the associations between alco-
hol use and at least one outcome (Supplementary

Table S8). No covariate had a consistently significant
impact across all outcomes or TB susceptibility types.

DISCUSSION

In this systematic review and meta-analysis, alcohol
use was associated with a 1.5-2-fold increased odds
of poor DS-TB and MDR-TB treatment outcomes,
relative to minimal or no alcohol exposure. Alcohol
use was a risk factor for poor TB outcomes in
aggregate, in addition to each poor treatment
outcome (treatment failure, death, LTFU) individu-
ally. While much of the literature has pointed to poor
adherence and retention in care as primary drivers of
this association,2628 our finding that those who
consumed alcohol had increased risk of treatment
failure and death, independent of LTFU, suggests that
the negative impact of alcohol may have biologic
drivers as well. Our review reveals that most TB
studies that capture alcohol use reported only
dichotomous use (i.e., yes/no), relying heavily on
medical record documentation or patient self-report.
An increased body of TB literature with validated
measures of alcohol use may ultimately reveal that
the strong associations we highlight in this review are
conservative.

With the large number of identified studies, we
were able to look at the impact of alcohol on DS- and
MDR-TB separately, which had not been done in
previous reviews on alcohol use and TB.3:429:30
MDR-TB patients globally have a more than two-
fold higher rate of poor outcomes than DS-TB
patients.! This indicates a potentially greater number
of competing risks for poor outcomes that may
diminish the observed effect of alcohol. Even so, our
findings indicate that alcohol use contributes to poor
outcomes for both forms of TB.

Our sub-group and meta-regression analyses indi-
cated potential for effect modification, but ultimately
did not explain the high heterogeneity observed. Sub-
group analyses of studies reporting a high-quality
alcohol measurement indicated a strengthened rela-
tionship between alcohol use and poor treatment
outcomes for DS-TB and LTFU for MDR-TB. Sub-
group analyses of country income showed a stronger
alcohol use effect on treatment failure and death in
higher-income countries. Country wealth is positively
associated with the number of individuals with
problem alcohol use.®* High TB burden countries
experiencing economic growth, such as India or
South Africa, may become locations where the
epidemics of alcohol use and TB co-occur, with
potential for explosive impact, similar to that
predicted for DM and TB. This analysis was limited
because lower-income and high TB burden countries
were largely under-represented. Findings from our
meta-regression analyses were ultimately mixed, but
highlight the importance of collecting high-quality
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information on covariates associated with poor
treatment outcomes that may have an additive effect
with alcohol, namely DM, smear status, and illicit
drug use.

Strong associations between alcohol use and poor
TB outcomes were observed in this review despite
several limitations of the summarized literature. First,
misclassification was likely for both treatment
outcomes and exposure to alcohol. LTFU was a
frequent event in the studies we reviewed, ranging
from 4% to 57% in DS-TB and from 0% to 33% in
MDR-TB cohort studies, but is a TB outcome for
which the appropriate reference group remains
unclear. Although primarily considered a poor
outcome, LTFU is intermediary, as a patient LTFU
may ultimately have a favorable or a poor outcome
had they continued treatment. Similarly, treatment
failure and death may be a result of poor adherence or
borderline LTFU. To account for this, we used two
aggregate poor outcome definitions, including and
excluding LTFU, and performed sensitivity analyses
where each individual poor outcome was compared
only to successful outcomes. Inclusion or exclusion of
LTFU in the reference group did not meaningfully
alter the observed effect. With respect to exposure,
very few studies used a higher-quality alcohol use
measure. Given that alcohol use is often under-
reported,3! misclassification would likely diminish
the observed effect and render our findings conser-
vative. This is supported by the observed strength-
ened effect on all poor outcomes except death in sub-
group analyses of DS-TB studies collecting a high-
quality alcohol use variable (poor outcome A, OR
3.05; poor outcome B, OR 3.15; failure, OR 12.15;
LTFU, OR 3.20; Table 2).

Second, a common methodological issue among
the reviewed studies was that few reported hazard
ratios (HRs). As highlighted by Huangfu et al.,
logistic regression is the most commonly used
analysis for treatment outcome studies, but survival
analysis is often the more appropriate method to
account for competing risk and avoid outcome
misclassification.32 We attempted to reduce misclas-
sification by including only studies that reported
standardized definitions and aggregating outcomes in
various combinations. Third, few studies reported
adjusted effect measures which may have led to
within-study confounding. Finally, we found high
heterogeneity in many of our analyses which was not
fully explained by secondary analyses or meta-
regression, potentially driven by differences in the
patient populations (e.g., geography, burden, comor-
bidities) and alcohol use definitions.

The findings of our meta-analysis indicate a clear,
quantifiable relationship between alcohol use and
poor TB treatment outcomes, and highlight the need
for interventions for TB patients in treatment who
consume alcohol. All TB outcome studies should

include rigorous alcohol measurements, as a larger
body of studies reporting high-quality measures may
better illuminate causal mechanisms, a dose-response
relationship, and a differential impact of chronic vs.
acute problem drinking.33 Numerous validated in-
struments (e.g., Alcohol Use Disorder Identification
Test [AUDIT] or CAGE) can be incorporated easily
into data collection for both observational and
interventional studies.’*3> Recent treatment guide-
lines from the WHO, American Thoracic Society
(ATS), and the US Centers for Disease Control and
Prevention (CDC) lack guidance on how to integrate
alcohol use interventions into treatment for active
TB.3¢-38 Our findings suggest that guidelines for
treating TB, integrated with interventions that
address the impact of alcohol use via both biologic
and behavioral mechanisms, are warranted, similar to
what has been developed or proposed for integrating
TB treatment with HIV and DM care.3%-41
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RESUME

La consommation d’alcool est associée a un risque accru
de développer une tuberculose (TB), mais I'impact de la
consommation d’alcool sur le résultat du traitement de
la TB n’a pas été synthétisé. Nous avons revu
quantitativement les éléments en faveur de la relation
entre consommation d’alcool et résultats médiocres du
traitement de la TB. Nous avons réalisé une revue
systématique sur PubMed, EMBASE et Web of Science
(janvier 1980-mai 2018). Nous avons catégorisé les
études en fonction de la qualité élevée ou faible de la
définition de la consommation I’alcool et examiné les
résultats du traitement au niveau individuel et sous
forme de deux définitions cumulées (c’est-a-dire incluant
ou excluant les pertes de vue [LTFU]). Nous avons
analysé les études consacrées a la TB pharmacosensible
(DS-) et multirésistante (MDR-) séparément. Notre
revue a abouti a 111 études rapportant la
consommation d’alcool comme facteur de prédiction
du résultat du traitement de la DS-TB et de la MDR-TB.

La consommation d’alcool a été associée a un risque
accru de mauvais résultat du traitement (c’est-a-dire
déces, échec du traitement et LTFU) parmi les études
relatives a la DS-TB (OR 1,99 ; IC 95% 1,57-2,51) et a
la MDR-TB (OR 2,00 ; IC 95% 1,73-2,32]. Cette
association a persisté pour les mauvais résultats des
traitements combinés excluant les LTFU, pour chaque
mauvais résultat individuel et dans les sous-groupes et
les analyses de sensibilité. Seulement 19% des études ont
utilisé des définitions de bonne qualité de la
consommation d’alcool. Celle-ci a significativement
accru le risque de mauvais résultat du traitement a la
fois pour la DS-TB et la MDR-TB. Cette étude met en
lumiere le besoin d’améliorer I’évaluation de la
consommation d’alcool dans le cadre de la recherche
en matiere de résultats de traitement de TB et peut-étre
de modifier les directives de traitement destinées aux
patients TB qui consomment de I’alcool.

RESUMEN

El consumo de alcohol se asocia con un mayor riesgo de
aparicion de la tuberculosis (TB); sin embargo, no se ha
hecho una sintesis de la repercusion del consumo de
alcohol en los desenlaces del tratamiento
antituberculoso. En el presente estudio se realizo una
revision cuantitativa de la evidencia sobre la correlacion
entre el consumo de alcohol y los desenlaces
desfavorables del tratamiento de la TB. La revision
sistematica incluyo las bases datos PubMed, EMBASE y
Web of Science (de enero de 1980 a mayo del 2018). Los
estudios se categorizaron en articulos con una definicion
de calidad alta o baja de consumo de alcohol y se
examinaron los desenlaces terapéuticos desfavorables de
manera individual o como dos definiciones agregadas (es
decir, que incluian o excluian la pérdida durante el
seguimiento). Se analizaron separadamente los estudios
de TB normosensible (DS-TB) y TB multirresistente
(MDR-TB). En la revision sistematica se encontraron
111 estudios que comunicaban el consumo de alcohol
como un factor pronodstico del desenlace terapéutico de

la DS- y la MDR-TB. El consumo de alcohol se asocid
con una mayor posibilidad de desenlaces desfavorables
(es decir, muerte, fracaso y pérdida durante el
seguimiento) en los estudios de DS-TB (OR 1,99; IC
95% 1,57-2,51) y de MDR-TB (OR 2,00; IC 95%
1,73-2,32). Esta asociacion persistio cuando los
desenlaces desfavorables agregados excluian la pérdida
durante el seguimiento y en los analisis de sensibilidad de
cada desenlace desfavorable y de todos los subgrupos.
Solo 19% de los estudios aplicaban definiciones de gran
calidad del consumo de alcohol. El consumo de alcohol
aument6 de manera significativa el riesgo de desenlaces
desfavorables tanto en los casos de DS-TB como de
MDR-TB. Los resultados del presente estudio ponen de
manifiesto la necesidad de mejorar la evaluacion del
consumo de alcohol en la investigacion sobre los
desenlaces de la TB y eventualmente modificar las
directrices del tratamiento de los pacientes que
consumen alcohol.




	t01a
	t01b
	t02a
	t02b
	ﬁ

