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Asociación entre el uso de cocaína y los resultados negativos del 
tratamiento de tuberculosis: revisión sistemática y metaanálisis

Franco Carpio1 , Dora Torres1 , Carolina Salguero1 , Renzo Lindo1 , 
Paulo Ruiz-Grosso1, 2, 3 

ABSTRACT

Tuberculosis (TB) remains a significant global health burden, with substance 
abuse being a common comorbidity. Cocaine-derived drugs, particularly crack 
and cocaine hydrochloride, have been associated with poor TB treatment 
outcomes. Objective: This systematic review aimed to synthesize the evidence 
on the relationship between crack or cocaine hydrochloride use and TB treatment 
outcomes. Materials and methods: A comprehensive search was conducted 
across multiple databases (PubMed, Ovid, EBSCOhost, Lilacs, and Google Scholar) 
using structured search terms. Eligible studies were included in a meta-analysis 
performed using STATA 16. Results: Five studies were included in the analysis. 
Overall, crack or cocaine use was associated with a higher risk of loss to follow-up 
or non-completion of TB treatment (OR = 2.73; 95% CI: 1.33-5.61). In the subgroup 
of individuals with active TB, this association was particularly strong for loss to 
follow-up (OR = 7.029; 95% CI: 2.66-18.57). However, no significant association 
was observed between crack or cocaine use and treatment non-completion in the 
latent TB subgroup (OR = 1.26; 95% CI: 0.77-2.05). Conclusions: Consumption 
of crack or cocaine is associated with adverse TB treatment outcomes, particularly 
loss to follow-up among individuals with active TB. These findings highlight the 
importance of addressing substance abuse as part of comprehensive TB control 
strategies.
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There is a variable prevalence (10-59%) of latent 
TB among illicit drug users (5). In Brazil, 58 % of 
crack users have been found to have latent TB (9). 
Moreover, crack use appears to be an independent risk 
factor for the development of TB due to pulmonary 
damage caused by inhaled substances (10). Drug 
use (marijuana, cocaine, and terokal) has also been 
identified as a risk factor for relapse in patients who 
have initiated TB treatment (11). Cocaine and its 
derivatives are the principal stimulant drugs used in 
America and Western Europe, with 19 million users 
worldwide in 2018 (12); a Brazilian study found a 
strong association between cocaine/crack use and loss 
to follow up during TB treatment (13).

Several studies have found a relationship between 
drug use of alcohol or illegal drugs and negative 
outcomes during TB treatment, but specific drug-
related studies that synthesize the current evidence are 
still necessary (13, 14). This review aims to synthesize 
the available data on the association between cocaine-
derived drug consumption and adverse outcomes of 
TB treatment (death, loss to follow-up, and treatment 
failure), answering the research question: Is the use of 
cocaine-derived drugs associated to adverse outcomes 

INTRODUCTION

Tuberculosis (TB) is one of the most prevalent diseases 
worldwide. It has been estimated that up to 25% of the 
global population was infected by Mycobacterium 
tuberculosis by 2014 (1). In 2019, 10 million people 
developed this disease, and approximately 1.2 million 
died from it. As a result, TB is ranked among the ten 
diseases with the highest mortality and is the primary 
cause of death due to a single infectious agent, surpassing 
HIV/AIDS (2). Immunosuppression, socioeconomic 
factors, nutritional status, and substance abuse are risk 
factors for disease development (3, 4). The latter is 
the most common behavioral risk factor in the United 
States (5).

The World Health Organization (WHO) has proposed 
the “End TB” strategy to eradicate tuberculosis by 
2035 through prevention and comprehensive patient-
centered care (6, 7). However, drug-resistant strains 
remain a significant challenge to achieving this goal. 
The primary cause of drug-resistant strains is loss to 
follow up during treatment, which has been associated 
with psychiatric disorders, specifically to substance 
use disorders (8).

RESUMEN

La tuberculosis (TB) sigue siendo una carga significativa para la salud mundial, 
y el abuso de sustancias es una comorbilidad frecuente. Las drogas derivadas 
de la coca, en particular el crack y el clorhidrato de cocaína, se han relacionado 
con resultados negativos en el tratamiento de la TB. Objetivo: Esta revisión 
sistemática tuvo como objetivo sintetizar la evidencia sobre la asociación entre 
el consumo de crack o el clorhidrato de cocaína y los resultados del tratamiento 
de la TB. Materiales y métodos: Se realizó una búsqueda exhaustiva en varias 
bases de datos (PubMed, Ovid, EBSCOhost, Lilacs y Google Scholar) utilizando 
términos de búsqueda estructurados. Los estudios elegibles fueron incluidos en un 
metaanálisis utilizando STATA 16. Resultados: Se incluyeron cinco estudios en 
el análisis. En general, el consumo de crack o clorhidrato de cocaína se asoció con 
un mayor riesgo de abandono o no finalización del tratamiento de TB (OR = 2,73; 
IC 95 %: 1,33-5,61). En el subgrupo de personas con TB activa, esta asociación fue 
particularmente fuerte para el abandono (OR = 7,029; IC 95 %: 2,66-18,57). Sin 
embargo, no se observó una asociación significativa entre el consumo de crack 
o clorhidrato de cocaína y la no finalización del tratamiento en el subgrupo con 
TB latente (OR = 1,26; IC 95 %: 0,77-2,05). Conclusiones: El consumo de crack 
o clorhidrato de cocaína se asocia con resultados adversos en el tratamiento de 
TB, en particular con el abandono en individuos con TB activa. Estos hallazgos 
subrayan la importancia de abordar el abuso de sustancias como parte de las 
estrategias integrales de control de la TB.

Palabras clave: cocaína; tuberculosis; abandono del tratamiento.
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of TB treatment, specifically death, loss to follow-up, 
and treatment failure?

MATERIALS AND METHODS

Search strategy and selection criteria

We conducted a systematic review and meta-
analysis following the PRISMA Statement guidelines 
(S1 checklist) to report our findings. The study 
protocol was registered in the PROSPERO database 
(CRD42021230010).

The PRISMA Statement is a widely used reporting 
guideline for systematic reviews and meta-analyses. It 
provides a checklist of items that should be included in 
the report to ensure transparency and reproducibility.

We searched for studies that evaluated, directly or 
indirectly, the association between illicit drug use of 

cocaine-derived substances and negative outcomes of 
TB treatment as defined by the WHO (death, loss to 
follow-up, and treatment failure) or as defined by the 
individual studies (15). Cross-sectional, case-control, 
cohort, and clinical trial studies were included in 
this review. We considered both latent and active 
tuberculosis (pulmonary or extrapulmonary) with any 
grade of drug-resistance diagnosed according to the 
criteria used by each study.

The electronic databases used were PubMed, Lilacs, 
EBSCOhost, Ovid, and Google Scholar for articles 
written in English and Spanish published up to 
December 31, 2020. Gray literature was not considered. 
The search strategy included the terms “Cocaine” and 
“Tuberculosis”. Detailed search strategies for PubMed 
are described in Table 1.

Table 1. Search strategy for PubMed.

Tuberculosis (1) (“tuberculosis”[MeSH Terms] OR “tuberculosis”[All Fields])

Cocaine (2) “cocaine”[MeSH Terms] OR “cocaine”[All Fields] OR “cocaine s”[All Fields] OR “cocaines”[All 
Fields] OR “cocainics”[All Fields] OR (“crack cocaine”[MeSH Terms] OR (“crack”[All Fields] 
AND “cocaine”[All Fields]) OR “crack cocaine”[All Fields]) OR ((“cocaine”[MeSH Terms] OR 
“cocaine”[All Fields] OR “cocaine s”[All Fields] OR “cocaines”[All Fields] OR “cocainics”[All 
Fields]) AND “chlorydrate”[All Fields]) OR ((“cocaine”[MeSH Terms] OR “cocaine”[All 
Fields] OR “cocaine s”[All Fields] OR “cocaines”[All Fields] OR “cocainics”[All Fields]) AND 
(“ointments”[MeSH Terms] OR “ointments”[All Fields] OR “paste”[All Fields] OR “pastes”[All 
Fields] OR “pasting”[All Fields]))

SEARCH 1 AND 2

Ethical approval was obtained from the Universidad 
Peruana Cayetano Heredia Integrated Unit of 
Investigation Management, Science, and Technology 
(SIDISI: 205425).

Data extraction and quality assessment

After eliminating duplicates, all identified 
articles were randomly assigned to two groups 
of two evaluators (FC & DT and CS & RL) who 
independently appraised each title and abstract 
using Rayyan’s software blinding tool. Non eligible 
articles were eliminated. Using the same strategy, 
we proceeded to the full-text review to determine 
if they met the inclusion criteria. We registered 
each article included in a database through Google 
Forms, extracting relevant information: authors, 
year of publication, study type, patients’ age, type of 
tuberculosis, illicit drugs use definition, and negative 

outcomes definition. No double entry by independent 
observers was used during this step. Disagreements 
in the decision to include an article were resolved by 
consensus or by a fifth reviewer (PR).

The Newcastle-Ottawa Scale (NOS) was used to assess 
the quality of cohort and case-control studies. Clinical 
trials (16, 17) were evaluated with the NOS for cohorts 
because drug consumption was not an intervention 
of the investigators nor was it randomized among 
the population, but rather an exposure variable not 
included in the main research question, and thus the 
randomization.

Data analysis

A random effects model was used to estimate summary 
odds ratios (ORs) with 95% confidence intervals using 
the metaan command in STATA 16. A random effects 
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model is appropriate when there is heterogeneity 
among the studies, which is often the case in meta-
analyses.

The Cochrane Q test and the I2 statistic were used 
to evaluate the heterogeneity of the effects. The 
Cochrane Q test assesses whether there is significant 
heterogeneity among the studies, with a null hypothesis 
of no heterogeneity. The I2 statistic measures the 
percentage of variation in the effects that is due to 
heterogeneity rather than chance. Scores of 0.5 to 1 
are indicative of high heterogeneity.

RESULTS

We found a total of 1,187 articles published up to 
December 31, 2020. Due to download restrictions 
imposed by Google Scholar, we were only able to 
retrieve the first 1,000 of the 17,400 articles identified 
in this database. Additionally, we found 94 articles 
in PubMed, 44 in EBSCOhost, 34 in Ovid, and 15 in 
Lilacs.

After removing duplicates, we evaluated 875 unique 
titles and abstracts. Of these, 42 articles were selected 
for full-text review. Ultimately, only 5 articles met all 
inclusion criteria. Figure 1 depicts the study selection 
process.

The total number of participants across the five studies 
was 1,656. None of the studies specifically investigated 
the association between cocaine-derived drug 
consumption and negative outcomes in TB treatment 
as their primary objective.

Tulsky et al. (17), Malotte et al. (16), and Pablos-
Méndez et al. (18) conducted their investigations in the 
United States, while Story et al. (10) and Silva et al. (13) 
conducted theirs in the United Kingdom and Brazil, 
respectively. Two studies (13, 18) were cohorts, two 
(16, 17) were clinical trials, and one was a case-control 
study (10). All studies defined the exposure as the use of 
cocaine (cocaine hydrochloride or crack), either as the 
only drug or as the “hardest drug”. However, detailed 
consumption frequency or quantity, and cocaine base 
paste or local variants were not reported.

Two studies (16, 17) included patients with latent TB, 
while the other three (10, 13, 18) included patients 
with active TB. Latent TB was defined as a tuberculin 
test ≥10 mm in HIV-negative patients and ≥5 mm 
in HIV-positive patients. Active TB was diagnosed 
using smear microscopy, culture, or histopathology. 
The main characteristics of the studies that were 
considered for data synthesis can be found in Table 2.

1187 articles from overall search

1000 Google scholar

94 Pubmed

44 EBSCOhost

34 Ovid

15 Lilacs

362 duplicates

825 for titles and abstract
review

42 for full text review

5 included for data
synthesis

789 removed

37 removed
2 no control group
1 book chapter
1 low quality
3 no full text available
6 no desired exposure
13 no specification of used
11 no desired outcome

Figure 1. Selection process.
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The main aim of Silva et al. (13) was to evaluate the 
risk factors of loss to follow up in TB treatment. 
They developed a cohort of 220 patients who were 
categorized into four groups based on their drug 
consumption characteristics: never used drugs, 
former illicit drug users, current users of cocaine as 
the ‘hardest drug,’ and current users of crack cocaine 
as the ‘hardest drug.’. Patients who didn’t receive 
treatment for at least 30 consecutive days without 
medical authorization were considered into the loss to 
follow up group. Authors notified that the reduction 
from 60 (WHO definition) to 30 days was arranged 
by the Brazilian Health Ministry to avoid permanent 
loss of patients. The bivariate analysis showed that 
substance use was associated to loss to follow up with 
a cOR = 10.50 (95% CI: 2.72-40.51) for current cocaine 
users as hardest drug and a cOR = 4.12 (95% CI: 1.11-
15.20) for current crack users as hardest drugs. 

Tulsky et al. (17) aimed to establish a positive 
association between monetary incentives and 
preventive tuberculosis treatment in homeless or 
marginally housed people. They did a randomized 
clinical trial that included 119 patients. Participants 
without X-ray abnormalities and normal physical 
findings started isoniazid therapy and were randomized 
into two groups of intervention. The association 
between no completion of treatment with sometime 
in life and actual (last 30 days) crack consumption 
was non-significant (OR = 1.46; 95% CI: 0.51-4.13 and 
OR = 0.66; 95% CI: 0.2-2.2, respectively).

Malotte et al. (16) performed a randomized clinical 
trial including 163 current or former IV drug or crack 
users. Their objective was to analyze the independent 
and combined effects between monetary incentives 
or directly observed therapy in the percentage of 
patients that completed treatment. Based on the data 
reported in the paper we estimated that there was no 
evidence of an association between the sometime-
in-life consumers and no completion of treatment 
(OR = 1.2; 95% CI: 0.68-2.13). Those who reported 
just crack or crack plus IV drug consumption in the 
last 30 days obtained a no significant association with 
no completion of treatment (OR = 1.58; 95% CI: 0.94-
2.67) as well as those who got a positive urine examen 
for cocaine and cocaine plus other drugs (OR = 1.93; 
95% CI: 0.66-5.62).

Story et al. (10) performed a case control study 
that included 970 patients with pulmonary TB 

currently receiving treatment. They aimed to find 
the relationship between cocaine consumption and 
positive sputum samples in pulmonary TBC. The 
authors do not establish definitions for “loss to follow 
up”, however they reported the number of patients 
exposed and not exposed with this outcome. Based 
upon the information in their study we estimated the 
association between crack consumption and loss to 
follow up as an OR = 11.09 (95% CI: 4.06-30.28).

Pablos-Méndez et al. (18) analyzed a retrospective 
cohort of 184 patients with pulmonary and 
extrapulmonary TB diagnosed by 1991 and followed 
up until 1994 in New York. Their objective was to 
identify predictors and consequences of no adherence 
to treatment (defined as medical appointment loss for 
at least 2 consecutive months or 3 or more months 
for a year). Moreover, they considered non-adherent 
patients who reject the treatment from the beginning. 
The OR for cocaine use was 1.64 (95% CI: 0.75-3.58) for 
non-adherence to the treatment. We considered non-
adherence as loss to follow up due to the similarity of 
the definition the authors used to the one established 
by the WHO.

Three studies (10, 13, 18) defined its outcomes as loss 
to follow up and another two (16, 17) as no completion 
of treatment. These outcomes will be referred 
together hereinafter as unfavorable outcomes in TB 
treatment. No study used death or treatment failure 
as independent variables. However, we considered 
the “non completion of treatment” outcome in our 
analysis because it is an unfavorable outcome in TB 
treatment.

Regarding the loss to follow up and non-completion 
of treatment, we found a significant statistical 
association between crack and cocaine hydrochloride 
use and unfavorable outcomes in TB treatment 
(OR = 2.73; 95% CI: 1.33-6.61), with very high 
heterogeneity (I2 = 75.43%). See Figure 2. 

In the subgroup of users of crack or cocaine who 
received preventive therapy with isoniazid for latent 
TB, we did not find a significant association with 
non-completion of treatment (OR = 1.26; 95% CI: 
0.77-2.05; I2 = 0%). In the subgroup of patients with 
active TB, there was a strong association with loss to 
follow-up (OR = 7.03; 95% CI: 2.66-18.57), although 
with high heterogeneity (I2 = 71.40%). See Figure 3.
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Figure 2. Meta-analyses of included studies.
C: cocaine hydrochloride; Cr: crack; V: use at some point in life; A: current use; TPI: preventive therapy using 

isoniazid; TA: active TB therapy; NC: treatment non completion; PS: loss to follow-up.

Figure 3. Meta-analyses of studies including persons treated for active TB.
C: cocaine hydrochloride; Cr: crack; V: use at some point in life; A: current use; TPI: preventive therapy using 

isoniazid; TA: active TB therapy; NC: treatment non completion; PS: loss to follow-up.
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Due to the discordant findings of the Pablos-Méndez 
et al. (18) study within this subgroup, we conducted a 
secondary analysis excluding this study. This analysis 
revealed a strong significant association with no 
heterogeneity (OR=12.76; 95% CI: 6.64-24.52; I2≈0%).

In patients who had consumed these drugs at some 
point in their lives, there was no significant association 
with unfavorable outcomes (OR = 1.37; 95% CI: 0.58-
3.24; I2≈0%).

Current and sometime-in-life crack consumption, 
when considered together, were associated with 
unfavorable outcomes in latent or active TB treatment 
(OR = 3.4; 95% CI: 1.07-5.68; I2 = 76.3%). Current 
cocaine consumption was significantly associated with 
loss to follow-up in active TB treatment (OR = 3.48; 
95% CI: 1.01-12.01; I2 = 61.8%), as was current crack 
consumption (OR = 13.54; 95% CI: 6.42-28.56; 
I2 = 0%). However, current crack consumption did not 
show a significant association with non-completion 
of latent TB treatment (OR = 1.21; 95% CI: 0.67-2.18; 
I2=0%).

All studies were individually evaluated for their quality 
of evidence using the criteria described previously. 
Four studies (13, 16-18) received a poor-quality score 
due to deficiencies in the selection and comparability 
sections. The exposed and non-exposed groups to 
cocaine and crack were not described individually, 
making it impossible to assess if they were significantly 
different. These studies were not designed according 
to our PICO question and did not address the same 
exposures and outcomes. In contrast, the Story et al. 
(10) study obtained a good quality score.

DISCUSSION

The present study aimed to synthesize the available 
information on the association between illegal cocaine-
related drug consumption and negative outcomes in 
TB treatment, specifically death, loss to follow-up, or 
treatment failure, considered individually or together. 
No studies were found to have been designed to 
answer our research question as their main analyses. 
Our results are based on secondary analyses of loss 
to follow-up and non-completion of treatment 
outcomes.

Our results suggest that there is an association between 
cocaine or crack (sometime-in-life or current) and 
loss to follow-up or non-completion of TB treatment 
(OR = 2.73). This association tends to be strong and 
statistically significant in people undergoing active TB 

treatment (OR = 7.03) but is non-significant in those 
with latent TB treatment (OR = 1.26; 95% CI: 0.77-
2.5). We considered cocaine hydrochloride and crack 
as exposures likely to be analyzed together because 
they produce similar effects, being related to the same 
base substance (19).

We did not find comparative studies between active and 
latent TB regarding adherence or negative outcomes, 
only descriptions of these outcomes considered 
individually. The percentage of patients with latent 
TB who complete their treatment varies widely 
within subgroups: from 22% (6-43%) in prisoners to 
82% (66-94%) in patients with HIV. Among patients 
with active TB, the percentage of success in treatment 
(healed and treatment completed) is approximately 
85% in patients with no resistant TB and 57% in MDR 
TB (2). The WHO has identified the therapeutic 
regime as a factor associated with TB treatment 
adherence (20). Due to the greater complexity of 
active TB treatment compared to latent TB, we 
suggest that the difference found in our review may 
be explained by this factor. Moreover, the two studies 
included that evaluated latent TB treatment outcomes 
had monetary and non-monetary incentives (16, 17). 
All participants in the Tulsky et al. (17) and Malotte 
et al. (16) studies received directly observed therapy 
(DOT), a WHO-driven strategy. Although a Cochrane 
publication shows no significant difference in cure or 
completion of treatment between conventional DOT 
and self-administered treatment, some studies suggest 
a significant difference, especially in community-based 
strategies (21-23). Additionally, monetary incentives 
have been proven to favor positive outcomes in TB 
treatment (24). Both DOT and monetary incentives 
could modify the outcomes, and as long as these factors 
could not be controlled in the statistical analysis, it is 
possible that we have underestimated the relationship 
between crack or cocaine consumption and non-
completion of latent TB treatment.

When analyzing all included studies and the active 
TB subgroup, we observed very high heterogeneity 
(I2 = 75.4%) and high heterogeneity (I2 = 71.4%), 
respectively. As shown in Figure 3, when only the 
results from Story et al. (10), Pablos-Méndez et al. 
(18), and Silva et al. (13) were included, the data were 
heavily influenced by the results of Story et al. (10) 
and Silva et al. (13), which accounted for 71% of the 
weight. Both studies reported high point estimates 
of ORs, ranging from 10.50 to 17.32, whereas Pablos-
Méndez et al. (18) reported no statistically significant 
association (OR = 1.64; 95% CI: 0.75-3.58).
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Pablos-Méndez et al. (18) conducted patient 
monitoring between 1991 and 1994, during which a 
significant intervention was implemented in New 
York. Between 1992 and 1995, the Correctional 
Services Department collaborated with the 
Conditional Freedom Division and the Health 
Department to diagnose and treat latent and active 
TB in 70 correctional facilities, involving 69,000 
patients. Active TB patients were isolated for at least 
two weeks until laboratory confirmation of non-
contagiousness was achieved. Additionally, treatment 
was delivered through the DOT strategy, which was 
mandatory under New York public health law. This 
extensive intervention during patient monitoring 
could explain the discordant outcomes in TB 
treatment observed in this study.

In contrast, the definition of loss to follow-up used by 
Silva et al. (13) was 30 or more days without treatment, 
whereas Story et al. (10) employed a more flexible 
definition: 60 or more continuous days without 
treatment, 90 days or more without treatment in 
one year, or outright rejection of treatment. These 
differences in outcome definitions likely contributed 
to the variation in findings. Furthermore, the 
classification of cocaine-based drug use also varied. 
Pablos-Méndez et al. (18) used “ever use”, similar to 
Silva et al. (13) in Brazil, while Story et al. (10) focused 
on “current use”. These differences in exposure 
definitions may further explain the disparities in 
results.

It was not possible to conduct a subgroup analysis 
by TB location (pulmonary/extrapulmonary) or 
resistance due to the lack of data in the included studies 
to calculate associations between these subgroups.

Furthermore, current crack consumption showed 
a stronger association than current cocaine use 
(OR = 14.54; 95% CI: 6.42-28.56 vs. OR = 3.48; 
95% CI: 1.01-12.01) with loss to follow-up outcomes 
in patients with active TB. Crack consumption is 
known to be more related to psychosocial problems 
such as delinquent behavior, psychotic symptoms, and 
violent acts and thoughts, as well as with an intense 
dependence on consumption compared to cocaine 
hydrochloride. Crack has a higher bioavailability, 
stronger post-consumption dysphoria, an easier 
method of administration and a more accessible price 
(19). These factors could explain why crack consumers 
have worse outcomes in anti-TB treatment.

Substance abuse is more common among males, but 
the role of male gender in TB treatment outcomes 

is still unclear. While some authors do not find a 
significant association between male gender and 
negative outcomes in TB treatment (25-28), other 
studies establish it as an independent risk factor for 
loss to follow-up in TB treatment (8, 29). Various 
studies have reported a high prevalence of a low 
education level among drug consumers (10, 27, 
28). Additionally, there is evidence of significant 
association between education level and adherence 
or treatment failure in TB treatment. Persons with 
lower education degree have showed higher risk of 
negative treatment outcomes (30, 31), suggesting that 
education level plays a modifying role in the results. 
Evidence supports that cocaine-derived users are often 
polysubstance consumers, frequently including alcohol 
(32). However, no study specifies the percentage of 
patients exposed to other substances, although Silva 
et al. (13) found an association between high-risk 
alcoholism (CAGE Scale 3-4) and loss to follow-up 
(OR = 6.1; CI95%: 2.86-13.26). Other authors have also 
reported an association between alcohol consumption 
and negative outcomes in TB treatment (32). 
Moreover, low economic income, homelessness, and 
unemployment have been established as risk factors 
for negative outcomes (32).

One important limitation of our study is that, as 
previously stated, no study specifically designed to 
address our research question was available in the 
reviewed literature. This limitation suggests that the 
results and conclusions may be subject to selection 
and information bias, which might not have been fully 
accounted for. For instance, the primary aim of the 
original research by Story et al. (10) was to investigate 
the association between crack use and smear-positive 
TB. The variable related to loss to follow-up was 
included as a covariate rather than a primary outcome 
and was not consistently utilized across studies.

Another important limitation of our study is that none 
of the final articles evaluated their loss to follow-up 
outcomes strictly according to the WHO’s definition. 
Silva et al. (13) reduced the required number of days 
due to governmental reasons; Story et al. (10) did not 
define loss to follow-up, Pablos-Méndez et al. (18) 
used a looser definition, and the others reported the 
percentage of patients who completed the treatment. 
This heterogeneity in the definition of loss to follow-
up may be explained by temporality; some studies were 
conducted before the current international definitions 
presented by the WHO in 2013 (15).

Another important limitation of our study is the 
inability to extract key variables from all studies, 
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which are essential for controlling confounding 
bias. For instance, co-occurring use of alcohol and 
other legal or illegal substances is associated with 
both an increased likelihood of cocaine-based drug 
use and a higher risk of negative TB outcomes. 
Additional confounding factors that could influence 
the association between cocaine-based drug use and 
adverse TB treatment outcomes include male sex, 
level of education, marital status, employment status, 
and characteristics of healthcare facilities, particularly 
their capacity to manage withdrawal symptoms.

Additionally, we could not access all the articles 
available in Google Scholar due to the download 
limit established by the browser, dismissing 16,400 
articles and retrieving only the first 1,000, which 
were more similar to our search terms according 
to the tool. There were other databases that were 
not consulted (e.g., EMBASE) because we did 
not have access to them. However, we conducted 
a supplementary search of clinical trials in the 
Cochrane database and did not find any additional 
studies. Finally, we included only articles written in 
English and Spanish, which can imply a publication 
bias. This might be of relevance, since we might 
have not included data from countries that are less 
likely to report their results in English or Spanish, 
but are key to understand TB epidemiology, such as 
the eastern Europe countries and Russia Federation, 
some countries in Africa and Asia.

The meta-analysis showed high heterogeneity 
between studies (I2=75.43%). This may be explained 
by differences in outcome definitions, the fact that 
some studies evaluated loss to follow-up only in active 
TB patients while others evaluated non-completion 
of treatment only in latent TB patients, and the lack 
of information on drug consumption frequency and 
quantity in some studies. This high heterogeneity is 
probably the result of the influence of the data extracted 
by Silva et al. (13) and Story et al. (10). Both studies 
were performed in patients with active TB patients, 
and one of them in a developing country, which might 
explain in part the high heterogeneity found. We 
advise to interpret the results of the synthesis taking 
this into consideration. 

During the systematic review, we found 14 articles 
that did not specify the illegal drug used. We 
requested this information via email, but only six 
authors responded, and none had the required 
data. We suggest that future investigators of the 
risk factors for negative outcomes in TB treatment 
specify the type of substance used and, if possible, the 

characteristics of drug use (frequency and quantity). 
Also, it will be important to include information 
from regions of high incidence of TB.

The clinical implications of our study highlight the use 
of illegal drugs, particularly cocaine-based substances, 
as significant risk factors for adverse outcomes in 
TB treatment. The strength and clinical relevance 
of this association may vary considerably depending 
on the target population, as indicated by the high 
heterogeneity observed in our analysis. Consequently, 
the detection and clinical management of cocaine-
based drug use during TB treatment should be key 
targets for interventions aimed at improving TB 
outcomes, both as a public health strategy and at the 
individual level.

CONCLUSIONS

The present study provides evidence supporting an 
association between crack/cocaine consumption and 
loss to follow-up or non-completion of treatment 
for tuberculosis. This association is apparent in 
active TB treatment but not in latent TB treatment. 
Furthermore, the association appears to be stronger 
among crack users.

However, it was not possible to conduct a subgroup 
analysis by TB location (pulmonary/extrapulmonary) 
or resistance due to the limitations of the available 
data. Additionally, no studies were found that directly 
evaluated this association. Therefore, we recommend 
continuing the search for evidence that directly 
assesses the relationship between cocaine-derived 
drug consumption and negative outcomes in TB 
treatment.

Conflict of interests: The authors declare no conflict 
of interests.

Funding: Self-financed.

Author contribution:
FC, DT: writing – original draft. 
FC, DT, CS, RL: conceptualization, data curation, 
formal analysis, investigation, methodology, writing – 
review & editing. 
PRG: supervision, methodology, writing – review & 
editing.

REFERENCES

1.	 Houben RM, Dodd PJ. The global burden of latent 
tuberculosis infection: a re-estimation using 
mathematical modelling. PLoS Med [Internet]. 



Carpio F et al.

404 Rev Neuropsiquiatr. 2024; 87(4): 394-405

2016; 13(10): e1002152. Available from: https://
doi.org/10.1371/journal.pmed.1002152 

2.	 World Health Organization. Global Tuberculosis 
Report 2021 [Internet]. WHO; 2021. Available 
from: https://www.who.int/publications/i/
item/9789240037021 

3.	 Deiss RG, Rodwell TC, Garfein RS. Tuberculosis 
and illicit drug use: review and update. Clin Infect 
Dis [Internet]. 2009; 48(1): 72-82. Available from: 
https://doi.org/10.1086/594126 

4.	 Furin J, Cox H, Pai M. Tuberculosis. Lancet 
[Internet]. 2019; 393(10181): 1642–1656. 
Available from: https://doi.org/10.1016/s0140-
6736(19)30308-3 

5.	 Oeltmann JE, Kammerer JS, Pevzner ES, Moonan 
PK. Tuberculosis and substance abuse in the United 
States, 1997-2006. Arch Intern Med [Internet]. 
2009; 169(2): 189-197. Available from: https://doi.
org/10.1001/archinternmed.2008.535 

6.	 World Health Organization. Implementing the End 
TB Strategy: The Essentials 2022 Update [Internet]. 
WHO; 2022. Available from: https://www.who.
int/publications/i/item/9789240065093 

7.	 Uplekar M, Raviglione M. WHO’s End TB 
Strategy: From stopping to ending the global TB 
epidemic. Indian J Tuberc [Internet]. 2015; 62(4): 
196-199. Available from: https://doi.org/10.1016/j.
ijtb.2015.11.001 

8.	 Culqui DR, Munayco CV, Grijalva CG, Cayla JA, 
Horna-Campos O, Alva K, et al. Factores asociados 
al abandono de tratamiento antituberculoso 
convencional en Perú. Arch Bronconeumol 
[Internet]. 2012; 48(5): 150-155. Available from: 
https://doi.org/10.1016/j.arbres.2011.12.008 

9.	 De Oliveira SM, Da Silva EF, Motta-Castro AR, 
De Castro VD, Stábile AC, Paniago AM, et al. 
Tuberculosis infection among cocaine crack users 
in Brazil. Int J Drug Policy [Internet]. 2018; 59: 
24-27. Available from: https://doi.org/10.1016/j.
drugpo.2018.06.012 

10.	 Story A, Bothamley G, Hayward A. Crack cocaine 
and infectious tuberculosis. Emerg Infect Dis 
[Internet]. 2008; 14(9): 1466-1469. Available from: 
https://doi.org/10.3201/eid1409.070654 

11.	 Ríos M, Suárez C, Muñoz D, Gómez M. Factores 
asociados a recaídas por tuberculosis en Lima Este-
Perú. Rev Peru Med Exp Salud Pública [Internet]. 
2002; 19(1): 35-38. Available from: https://www.
redalyc.org/articulo.oa?id=36319107 

12.	 United Nations Office on Drugs and Crime. 
World Drug Report 2020. Drug Use and Health 
Consequences [Internet]. Vienna: UNODC; 2020. 

Available from: https://wdr.unodc.org/wdr2020/
field/WDR20_Booklet_2.pdf 

13.	 Silva MR, Pereira JC, Costa RR, Dias JA, 
Guimarães MD, Leite IC. Drug addiction and 
alcoholism as predictors for tuberculosis treatment 
default in Brazil: a prospective cohort study. 
Epidemiol Infect [Internet]. 2017; 145(16): 3516-
3524. Available from: https://doi.org/10.1017/
s0950268817002631 

14.	 Eufrásio R, Alcobia MC, Cordeiro CR, Silva HC. 
Loss to follow-up: Understand its determinants 
among tuberculosis patients, in Coimbra District 
(2005-2017). Indian J Tuberc [Internet]. 2024. 
Available from: https://doi.org/10.1016/j.
ijtb.2024.02.003 

15.	 World Health Organization. Definitions and 
Reporting Framework for Tuberculosis-2013 
Revision: Updated December 2014 and January 
2020 [Internet]. WHO; 2013. Available 
from: https://www.who.int/publications/i/
item/9789241505345 

16.	 Malotte CK, Hollingshead JR, Larro M. Incentives 
vs outreach workers for latent tuberculosis 
treatment in drug users. Am J Prev Med [Internet]. 
2001; 20(2): 103-107. Available from: https://doi.
org/10.1016/s0749-3797(00)00283-x 

17.	 Tulsky JP, Hahn JA, Long HL, Chambers DB, 
Robertson MJ, Chesney MA, et al. Can the 
poor adhere? Incentives for adherence to TB 
prevention in homeless adults. Int J Tuberc Lung 
Dis [Internet]. 2004; 8(1): 83-91. Available from: 
https://pubmed.ncbi.nlm.nih.gov/14974750/ 

18.	 Pablos-Méndez A, Knirsch CA, Barr RG, Lerner 
BH, Frieden TR. Nonadherence in tuberculosis 
treatment: Predictors and consequences in New 
York City. Am J Med [Internet]. 1997; 102(2): 
164-170. Available from: https://doi.org/10.1016/
s0002-9343(96)00402-0 

19.	 Hatsukami DK, Fischman MW. Crack cocaine 
and cocaine hydrochloride: Are the differences 
myth or reality? JAMA [Internet]. 1996; 276(19): 
1580-1588. Available from: https://pubmed.ncbi.
nlm.nih.gov/8918856/ 

20.	 World Health Organization. Adherence to Long-
Term Therapies: Evidence for Action [Internet]. 
WHO; 2003. Available from: https://iris.who.int/
handle/10665/42682 

21.	 Karumbi J, Garner P. Directly observed therapy 
for treating tuberculosis. Cochrane Database Syst 
Rev [Internet]. 2015; (5): CD003343. Available 
from: https://doi.org/10.1002/14651858.
cd003343.pub4 

https://doi.org/10.1371/journal.pmed.1002152
https://doi.org/10.1371/journal.pmed.1002152
https://www.who.int/publications/i/item/9789240037021
https://www.who.int/publications/i/item/9789240037021
https://doi.org/10.1086/594126
https://doi.org/10.1016/s0140-6736(19)30308-3
https://doi.org/10.1016/s0140-6736(19)30308-3
https://doi.org/10.1001/archinternmed.2008.535
https://doi.org/10.1001/archinternmed.2008.535
https://www.who.int/publications/i/item/9789240065093
https://www.who.int/publications/i/item/9789240065093
https://doi.org/10.1016/j.ijtb.2015.11.001
https://doi.org/10.1016/j.ijtb.2015.11.001
https://doi.org/10.1016/j.arbres.2011.12.008
https://doi.org/10.1016/j.drugpo.2018.06.012
https://doi.org/10.1016/j.drugpo.2018.06.012
https://doi.org/10.3201/eid1409.070654
https://www.redalyc.org/articulo.oa?id=36319107
https://www.redalyc.org/articulo.oa?id=36319107
https://wdr.unodc.org/wdr2020/field/WDR20_Booklet_2.pdf
https://wdr.unodc.org/wdr2020/field/WDR20_Booklet_2.pdf
https://doi.org/10.1017/s0950268817002631
https://doi.org/10.1017/s0950268817002631
https://doi.org/10.1016/j.ijtb.2024.02.003
https://doi.org/10.1016/j.ijtb.2024.02.003
https://www.who.int/publications/i/item/9789241505345
https://www.who.int/publications/i/item/9789241505345
https://doi.org/10.1016/s0749-3797(00)00283-x
https://doi.org/10.1016/s0749-3797(00)00283-x
https://pubmed.ncbi.nlm.nih.gov/14974750/
https://doi.org/10.1016/s0002-9343(96)00402-0
https://doi.org/10.1016/s0002-9343(96)00402-0
https://pubmed.ncbi.nlm.nih.gov/8918856/
https://pubmed.ncbi.nlm.nih.gov/8918856/
https://iris.who.int/handle/10665/42682
https://iris.who.int/handle/10665/42682
https://doi.org/10.1002/14651858.cd003343.pub4
https://doi.org/10.1002/14651858.cd003343.pub4


Association between tuberculosis and cocaine on negative outcomes

405Rev Neuropsiquiatr. 2024; 87(4): 394-405

22.	 Zhang H, Ehiri J, Yang H, Tang S, Li Y. Impact of 
community-based DOT on tuberculosis treatment 
outcomes: a systematic review and meta-analysis. 
PLoS One [Internet]. 2016; 11(2): e0147744. 
Available from: https://doi.org/10.1371/journal.
pone.0147744 

23.	 Balasubramanian VN, Oommen K, Samuel R. DOT 
or not? Direct observation of anti-tuberculosis 
treatment and patient outcomes, Kerala State, 
India. Int J Tuberc Lung Dis [Internet]. 2000; 
4(5): 409-413. Available from: https://pubmed.
ncbi.nlm.nih.gov/10815733/ 

24.	 Richterman A, Steer-Massaro J, Jarolimova 
J, Luong LB, Werdenberg J, Ivers LC. Cash 
interventions to improve clinical outcomes for 
pulmonary tuberculosis: systematic review and 
meta-analysis. Bull World Health Organ [Internet]. 
2018; 96(7): 471-483. Available from: https://pmc.
ncbi.nlm.nih.gov/articles/PMC6022611/

25.	 Shamaei M, Marjani M, Baghaei P, Chitsaz E, 
Rezaei E, Abrishami Z, et al. Drug abuse profile - 
Patient delay, diagnosis delay and drug resistance 
pattern - among addict patients with tuberculosis. 
Int J STD AIDS [Internet]. 2009; 20(5): 320-
323. Available from: https://doi.org/10.1258/
ijsa.2008.008299 

26.	 Castro Neto AG, Da Silva DC, Figueiroa M. Main 
mental disorders in crack-cocaine users treated at 
Psychosocial Care Centers for Alcohol and Drugs 
in the city of Recife, Brazil. Trends Psychiatry 
Psychother [Internet]. 2016; 38(4): 227-233. 
Available from: https://doi.org/10.1590/2237-
6089-2016-0002 

27.	 Garrido M, Penna ML, Perez-Porcuna TM, De 
Souza AB, Marreiro L, Albuquerque BC, et al. 
Factors associated with tuberculosis treatment 

default in an endemic area of the Brazilian Amazon: a 
case control-study. PLoS One [Internet]. 2012; 7(6): 
e39134. Available from: https://doi.org/10.1371/
journal.pone.0039134 

28.	 Jenkins HE, Ciobanu A, Plesca V, Crudu V, Galusca 
I, Soltan V, et al. Risk factors and timing of default 
from treatment for non-multidrug resistant 
tuberculosis in Moldova. Int J Tuberc Lung Dis 
[Internet]. 2013; 17(3): 373-380. Available from: 
https://doi.org/10.5588/ijtld.12.0464 

29.	 Adamashvili N, Akopyan K, Tukvadze N, 
Dumchev K, Sereda Y, Khonelidze I, et al. Factors 
associated with loss to follow-up among people 
with tuberculosis in the country of Georgia: a 
cohort study. Monaldi Arch Chest Dis [Internet]. 
2021; 91(1): 1705. Available from: https://doi.
org/10.4081/monaldi.2021.1705 

30.	 Gulpe T, Ciobanu A, Iavorschi C, Gozalov O, 
Dadu A. Risk factors associated with loss to 
follow-up among multidrug-resistant tuberculosis 
patients in the Republic of Moldova in 2014-2016. 
Public Health Panorama [Internet]. 2019; 5(4): 
493-502. Available from: https://iris.who.int/
handle/10665/330196

31.	 Bello SI, Itiola OA. Drug adherence amongst 
tuberculosis patients in the University of Ilorin 
Teaching Hospital, Ilorin, Nigeria. Afr J Pharm 
Pharmacol [Internet]. 2010; 4(3): 109-114. 
Available from: https://academicjournals.org/
journal/AJPP/article-abstract/135DA2427696

32.	 Pelissari DM, Diaz-Quijano FA. Impact of alcohol 
disorder and the use of illicit drugs on tuberculosis 
treatment outcomes: a retrospective cohort study. 
Arch Public Health [Internet]. 2018; 76: 45. 
Available from: https://doi.org/10.1186/s13690-
018-0287-z 

https://doi.org/10.1371/journal.pone.0147744
https://doi.org/10.1371/journal.pone.0147744
https://pubmed.ncbi.nlm.nih.gov/10815733/
https://pubmed.ncbi.nlm.nih.gov/10815733/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6022611/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6022611/
https://doi.org/10.1258/ijsa.2008.008299
https://doi.org/10.1258/ijsa.2008.008299
https://doi.org/10.1590/2237-6089-2016-0002
https://doi.org/10.1590/2237-6089-2016-0002
https://doi.org/10.1371/journal.pone.0039134
https://doi.org/10.1371/journal.pone.0039134
https://doi.org/10.5588/ijtld.12.0464
https://doi.org/10.4081/monaldi.2021.1705
https://doi.org/10.4081/monaldi.2021.1705
https://iris.who.int/handle/10665/330196
https://iris.who.int/handle/10665/330196
https://academicjournals.org/journal/AJPP/article-abstract/135DA2427696
https://academicjournals.org/journal/AJPP/article-abstract/135DA2427696
https://doi.org/10.1186/s13690-018-0287-z
https://doi.org/10.1186/s13690-018-0287-z

