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SUMMARY

This study aimed to evaluate the risk factors for tuberculosis (TB) treatment default in a priority
city for disease control in Brazil. A cohort of TB cases diagnosed from 2008 to 2009 was
followed up from patients’ entry into three outpatient sites, in Juiz de Fora, Minas Gerais
(Brazil), until the recording of the outcomes. Drug addiction, alcoholism and treatment site
appeared to be independently associated with default. Current users of crack as the hardest drug
(odds ratio (OR) 12·25, 95% confidence interval (CI) 3·04–49·26) were more likely to default than
other hard drug users (OR 5·67, 95% CI 1·34–24·03), former users (OR 4·12, 95% CI 1·11–15·20)
and those not known to use drugs (reference group). Consumers at high risk of alcoholism (OR
2·94, 95% CI 1·08–7·99) and those treated in an outpatient hospital unit (OR 8·22, 95% CI 2·79–
24·21%) also were more likely to default. Our results establish that substance abuse was
independently associated with default. National TB programmes might be more likely to achieve
their control targets if they include interventions aimed at improving adherence and cure rates,
by diagnosing and treating substance abuse concurrently with standard TB therapy.
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INTRODUCTION

In the 21st century, tuberculosis (TB) is still one of the
greatest challenges in the public health field. In 2015,
there were an estimated 10·4 million new TB cases
worldwide and 1·4 (13·5%) million died from the

disease, 0·4 million of whom were HIV-positive.
People living with HIV accounted for 1·2 million
(11·5%) of all new TB cases [1].

In Brazil, there were an estimated 84 000 new cases
in 2015, corresponding to an incidence of 41/100 000
inhabitants. The mortality rate in 2014 was 2·2
deaths/100 000 inhabitants. These indicators put
Brazil among the 30 high TB burden countries
(HBCs) that accounted together for more than 80%
of the world’s TB cases in 2015. Of the 30 HBCs, 13
did not reach a treatment success rate of 85% among
all new and relapse TB cases in 2014, including
Brazil (71% success) [1].
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Default from TB treatment is common in high-
incidence urban areas in Brazil, pointing to the need
for strategies to address adherence. de Queiroz and
Bertolozzi stated that health professionals should rec-
ognise patients as people who have specific needs that
are not limited to the TB treatment [2]. Similarly, a
study carried out in Colombia concluded that family
support during treatment is a protective factor for
the successful cure [3]. In this context, the WHO
recommends the Directly Observed Treatment Short
(DOTS) course as a highly efficient and cost-effective
strategy and the central element in a comprehensive
patient-centred approach to prevent non-adherence
[1]. Services linked to the Brazilian Unified Health
System (SUS), however, due to scarcities of human
and financial resources, have encountered operational
difficulties in expanding this strategy to a greater num-
ber of patients.

One study found that substance abuse and the side
effects of treatment were some of the factors asso-
ciated with TB treatment default in Brazil, although
drug users exhibited the highest risk [4]. This is a
worrying issue since the last household survey on psy-
chotropic drug use in this country confirmed that
22·8% of the population had used some psychotropic
drug in their lifetime [5].

However, most of the Brazilian studies assessed TB
treatment outcomes through a secondary database,
instead of validated instruments, and only retrospect-
ive analyses are currently available. Since the available
data have limitations, further studies with more
detailed information are needed. Therefore, the aim
of the present study was to evaluate the risk factors
for TB treatment default through a prospective cohort
study in Juiz de Fora, state of Minas Gerais, Brazil, an
area where default is currently one of the biggest chal-
lenges for TB control [6, 7]. Knowledge of these risk
factors is of utmost importance for guiding future
actions intended to increase the effectiveness of TB
control programmes worldwide.

STUDY POPULATION AND METHODS

Setting

The study was carried out in Juiz de Fora, an urban
area in the state of Minas Gerais, Brazil. This munici-
pality has a population of approximately 500 000
inhabitants, and has the second highest prevalence
of TB cases in Minas Gerais. Along with 24 other
municipalities, they are responsible for 54·38% of the

total notified cases statewide. Therefore, this munici-
pality was considered by the Brazilian Health
Ministry a priority location for TB control in Brazil
[6]. Most TB cases (75%) reported to the Brazilian
Notifiable Diseases Information System (SINAN) by
this municipality are managed at three public health
facilities. They are considered the main referral service
for patient care and drug supply in this area, and were
included in this study to facilitate logistical issues,
which required regular follow-up of patients. The cen-
tres included were classified as follows: centres 1 and 2
are of secondary complexity and attend general TB
patients and HIV/AIDS patients, respectively; centre
3 is a hospital unit that attends patients after discharge
from the same establishment. Cases of TB were trea-
ted through health centre-based, with treatment pro-
vided cost-free to the patient.

Patients were provided with adherence counselling
and TB health education by physicians at the start
of TB treatment and on recurrent visits. During coun-
selling, patients were informed about TB, signs and
symptoms, how the disease spreads, consequences of
not following treatment guidelines, why treatment is
long and why completion of treatment is critical,
likely adverse events during therapy, and that free
treatment and public services are available in Brazil.

Design and study population

A prospective cohort study was carried out with all
adults with a first episode of TB. Patients were
enrolled between 2008 and 2009 and followed up
until treatment completion (6 months) or some epi-
sode of default (at any time up to 6 months).

The inclusion and exclusion criteria were as follows.
Patients with TB who were attended at the three cen-
tres were eligible for the study if they were at least13
years old and had the start of TB treatment recorded
in SINAN with at least one diagnostic test confirming
TB, such as sputum smear microscopy, microbio-
logical culture or histopathology examination with
suggestive aspects (granulomatous lesions with case-
ous necrosis). Participants had to be able to respond
to an interview and give their consent.

Data collection and main study variables

Field workers interviewed each patient to collect socio-
demographic, medical (e.g. treatment site), individual
and behavioural information using a structured ques-
tionnaire. Complementary information was abstracted
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from the SINAN database (treatment supervision vari-
able) or from treatment centre medical records (HIV
diagnosis and information on hospitalisation variables).

The treatment site variable refers to one of the three
centres included in the study where the treatment was
undertaken and the participants were recruited for this
study. The Cut down, Annoyed, Guilty, Eye-opener
(CAGE) questionnaire was used to screen persons at
high risk of alcoholism, as described by Ewing [8].
The risk of alcoholism was defined as low when a
score was lower than 3 and high when the score was
3 or 4 [9]. Tobacco addiction was considered to be
the consumption of 10 or more cigarettes per day.
The instruments to assess illicit drug consumption
were already tested for validity and reliability in previ-
ous Brazilian studies, PESSOAS and ATAR [10, 11],
which included several questions related to type
(e.g. cocaine, crack, etc.), routes of administration
(e.g. smoke, freebase/smoke, inject) and quantities of
current and lifetime illicit drug use. The answers to
these questions were grouped into a summary variable
in the present analyses, called illicit drug use. The
treatment supervision variable used a general classifi-
cation of ‘yes or no’. When this variable has a positive
record in SINAN, this indicates that some degree of
supervision of the TB treatment has occurred, regard-
less of the time used during the supervision of drug
intake, either semi-supervised, supervised or strictly
supervised. Serodiagnosis ofHIV infectionwas obtained
using data from the most recent tests at the time of
interview.

The TB treatment outcome was the dependent vari-
able and the explanatory variables were grouped into
three hierarchical levels:

(i) distal (socio-demographic): skin colour, marital sta-
tus, income, education level and type of housing;

(ii) middle (health care): treatment site and treatment
supervision;

(iii) proximal (individual and behavioural features):
gender, clinical features of TB, cigarette smoking,
alcoholism, illegal drugs, comorbid HIV/AIDS
and if the patient was hospitalised at some stage
during TB treatment.

Definition of the outcomes

The outcomes, defined according to the Brazilian TB
Guidelines [12], were recorded during the monthly
patient follow-up appointments at each service and
were detailed in the first publication of this cohort

study [7]. Briefly, default and cure were defined as
follows:

. Default was defined as a patient having missed treat-
ment by the health unit for at least 30 consecutive
days, prior to physician-approved treatment comple-
tion. In the case of supervised treatment, the period
of 30 days is from the last medication intake;

. Cure for sputum smear-positive cases was defined
as either of two criteria being met at the completion
of the treatment period: a patient presented two
negative smears – in the last month of treatment
and on at least one previous occasion (bacterio-
logical cure proven); and a patient who did not do
the sputum examination due to the absence of
expectoration and who was classified as cured
based on clinical and complementary examinations
such as radiography (clinical cure unproven);

. Cure for sputum smear negative or extrapulmonary
cases at the completion of the treatment was defined
based on clinical, radiological and other complemen-
tary examinations such as radiography and culture.

The definition of outcomes was in line with the WHO,
but Brazil made some modifications for operational
issues [12]. The main modification was that this coun-
try considers at least 30 days without taking the neces-
sary medications as default, while the WHO has
defined it as being at least 60 days. The Brazilian
Health Ministry believes that with this modification
they would avoid permanently losing a patient under
treatment.

Statistical analyses

Descriptive statistics were used to summarise general
data about the study patients. The cumulative inci-
dences ofTB treatment default and curewere calculated.

Univariate and multivariate logistic regression ana-
lyses were conducted to evaluate the risk factors for
TB treatment default, comparing those defaulting
from treatment with those who completed it. We
excluded from the risk factors analyses patients who
failed, died during the study period or had not com-
pleted TB treatment in time for the outcome, because
if any variables were associated with both treatment
default and death or another negative outcome, this
dichotomisation could bias resulting odds ratios
(ORs) towards the null, as previously stated [13].

In the univariate analyses, the χ2 test was used to
assess which explanatory variables were associated
with the outcome, with a significance level of 5%.
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The dose–response trend between the score of addic-
tion to illicit drugs and TB treatment default was eval-
uated using χ2 for linear trend.

In the multivariate analyses, theoretical models with
three hierarchical levels (distal, middle and proximal)
were constructed according to Victora et al. [14]. The
variables of each hierarchical level were detailed in
the topic ‘Data collection and main study variables’.

In the multivariate analyses, the initial criteria for a
variable of any hierarchical level being tested in the
multivariate model was having P-values <0·20 in the
univariate analyses. All the variables with P-values
<0·20 in the univariate analyses were hierarchically
included in the multiple logistic regressions and
adjusted from a further towards a closer hierarchical
level. A backward stepwise method was used to reach
a satisfactory level of fit. Crude and adjusted ORs
and 95% confidence intervals (CIs) were calculated
using a backward stepwise method and goodness-of-
fit was assessed by the Hosmer and Lemeshow’s test.
The OR obtained from logistic regression was used in
this study as an estimate of relative risk.

Data management was performed using Epi Info
version 6 [15] and statistical analyses carried out
with SPSS version 20.0 [16].

Ethical standards

The authors assert that all procedures contributing to
this work comply with the ethical standards of the rele-
vant national and institutional committees on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2008. Furthermore, this study was
approved by the Brazilian National Research Ethics
Committee (protocol 166/2006).

RESULTS

Descriptive analyses

Patients of potential interest (n= 287) were followed
up during their TB treatment. From this group, 172
(60·0%) were successfully treated, 48 (16·7%) defaulted
and 67 (23·3%) were not eligible for current analyses,
because they had outcomes other than cure or default.
This study therefore consisted of 220 patients (172
cures and 48 defaults). Among them, the present
instruments identified that: (i) 129 (58·6%) and 59
(26·8%) presented low (CAGE <3) and high (CAGE
3–4) risks of alcoholism at the start of treatment,
respectively, while 32 (14·6%) did not have such infor-
mation recorded; (ii) 136 (61·8%) had never used illicit

drugs, 21 (9·5%) were former users, 11 (5·0%) were cur-
rent users of cocaine as the hardest drug and 19 (8·7%)
were current users of crack as the hardest drug, while
33 (15·0%) did not have such information recorded
(Table 1).

Univariate regression analyses

Table 1 presents all the variables associated (P4
0·05) with default, and shows a linear trend between
illicit drug use scores and TB treatment default,
which is displayed in Figure 1.

Multivariate regression analyses

In the final model, the illicit drug use, current alcohol
use and treatment site variables remained as inde-
pendent variables associated with default (P4 0·05).
Current users of crack as the hardest drug (OR
12·25, 95% CI 3·04–49·26) were more likely to default
from treatment compared with other current users of
cocaine as the hardest drug (OR 5·67, 95% CI 1·34–
24·03), those who were former users (OR 4·12, 95%
CI 1·11–15·20) and those not known to use drugs (ref-
erence group). Additionally, consumers at high risk of
alcoholism at the start of treatment were more likely
to default from treatment (OR 2·94, 95% CI 1·08–
7·99) and those treated in an outpatient hospital unit
were more likely to default (OR 8·22, 95% CI 2·79–
24·21%) than those treated in a general outpatient
unit (Table 2).

DISCUSSION

We found that substance abuse was significantly
associated with defaulting from TB treatment in
Brazil, with adjusted ORs for consumers at high
risk of alcoholism at the start of treatment 2·94
(95% CI 1·08–7·99); past use of illicit drugs 4·12
(95% CI 1·11–15·20); current use of cocaine as the
hardest drug 5·67 (95% CI 1·34–24·03) and current
use of crack as the hardest drug 12·25 (95% CI
3·04–49·26).

Addictive behaviours also have been reported by
other studies as associated with non-adherence to,
and defaulting from, TB treatment. A prospective
cohort study showed that patients who defaulted
were more likely to have used illegal drugs and abused
alcohol [13]. A retrospective cohort study found that
baseline alcohol dependence and intravenous drug
use were strongly associated with non-adherence-or-
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default and non-adherence, respectively [17]. A case–
control study found an association between drug
addiction and non-adherence to treatment regimen

or default from treatment altogether [18]. A matched
case–control study also found alcoholism as a risk fac-
tor for default [19].

Table 1. Univariate analysis for tuberculosis treatment default, Juiz de Fora, state of Minas Gerais, Brazil,
2008–2009

Treatment default

Variables Total TD* (%) OR (95% CI) P-value

Distal level
Marital status 0·034

Never lived with sexual partner 46 5 (10·9) 1·00
Lives with sexual partner 83 14 (16·9) 1·66 (0·55–4·95)
Has lived with sexual partner 64 19 (29·7) 3·46 (1·18–10·11)

Education 0·011
Incomplete high school to complete undergraduate 64 6 (9·4) 1·00
None to complete elementary school 138 34 (24·6) 3·16 (1·25–7·97)

Dwelling type 0·020
House, apartment, shack, room 177 33 (18·6) 1·00
Penitentiary, shelter, home for elderly or homeless 26 10 (38·5) 2·72 (1·13–6·54)

Middle level
Treatment site <0·0000001

Centre 1† 124 8 (6·5) 1·00
Centre 2‡ 19 4 (21·0) 5·8 (1·48–22·66)
Centre 3§ 77 32 (41·6) 10·31 (4·41– 24·07)

Treatment supervision <0·0000001
No 108 6 (5·6) 1·00
Yes 106 41 (38·7) 10·72 (4·31– 26·67)

Internment at some stage of the treatment 0·0000006
No 104 7 (6·7) 1·00
Yes 116 41 (35·3) 7·57 (3·21–17·83)

Proximal level
Gender 0·0002

Female 72 5 (6·9) 1·00
Male 148 43 (29·1) 5·48 (2·06–14·55)

Cigarette consumption 0·001
Never in life 48 6 (12·5) 1·00
Former to current moderate (<10/day) 80 10 (12·5) 1·00 (0·33–2·95)
Current abuse (510/day) 69 24 (34·8) 3·73 (1·38–10·03)

Current alcohol use 0·000002
Low risk of alcoholism (CAGE <3)|| 129 13 (10·1) 1·00
High risk of alcoholism (CAGE 3–4)|| 59 24 (40·7) 6·11 (2·82–13·26)

Serological diagnosis for HIV 0·005
Negative 136 20 (14·7) 1·00
Testing not conducted 65 22 (33·8) 2·96 (1·47–5·97)
Positive 19 6 (31·6) 2·67 (9·91– 7·86)

Illicit drug use <0·0000001¶

Never in life 136 10 (7·4) 1·00
Former user 21 7 (33·3) 6·30 (2·07–19·16)
Current user of cocaine as the hardest drug 11 5 (45·5) 10·50 (2·72– 40·51)
Current user of crack as the hardest drug 19 11 (57·9) 17·32 (5·68– 52·84)

* Number of tuberculosis treatment default cases.
†General outpatient unit.
‡Outpatient unit specialised in the HIV/AIDS patient care.
§ Outpatient unit of a public tuberculosis referral hospital.
|| Cut-Annoyed-Guilty-Eye questionnaire.
¶ Pearson’s χ2 = 40·50 (P< 0·0000001), χ2 for linear trend = 39·45 (P< 0·0000001), χ2 for non-linearity = 39·45 (P= 0·59).
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The authors do not know of any other prospective
cohort study with risk factor analyses for default
among TB patients in Brazil. Furthermore, most stud-
ies in this country exclusively used a secondary data-
base (SINAN) [4, 20, 21] instead of validated
instruments for more appropriately assessing explana-
tory variables and outcome, as the current study did.

Non-adherence to, and default from, anti-TB treat-
ments are serious challenges that are jeopardizing TB
control worldwide, because these patients required
longer treatment regimens, were more likely to acquire
drug resistance and were less likely to complete treat-
ment [22].

Hypothetical explanations for the association
between substance abuse and TB treatment default
have been proposed. Chemically dependent individuals
do not invest in their self-care, use less health services,
eat poorly, have precarious family and institutional
relationships [23], and are prone to escapism and for-
getfulness when confronting real-life situations [24, 25].

Our multivariate analyses showed that current users
of crack as the hardest drug were more likely to
default from treatment than other current or former
hard drug users, and those not known to use drugs.
Another study also found a similar association, even
using only univariate analyses [18]. This higher inci-
dence of both default and non-adherence among
crack users could be attributed to a more addictive
power of crack [26]. Those who inject or freebase/

smoke cocaine tend to use cocaine more frequently
and experience higher rates of dependence than trad-
itional intranasal users [27, 28].

Compared with patients treated in a general out-
patient unit, those treated in an outpatient hospital
unit were more likely to default, in this study. This
could be attributed to a worse quality of patient care
found in this unit, where physicians often were not
complying with the schedule times and patients waited
for a long time (approximately 4 h) to be examined. A
close doctor–patient relationship (humanisation) and
a better organisation of healthcare services, leading
to a reduction in waiting time for consultations,
were reinforced as important factors related to satis-
factory adherence [29–31].

The DOTS is directed mainly at patients with drug
and alcohol abuse [32], and although high rates of
illicit drugs consumption and persons at high risk of
alcoholism were revealed in this study, strictly super-
vised treatment strategy, surprisingly, was not applied
for any study patient. Additionally, the term super-
vised treatment was used indiscriminately by the
health system for any TB patient who had hospitalisa-
tion at some stage, regardless of the monitoring time.
Perhaps for this reason, there was an unexpected dir-
ect association between treatment supervision and
TB treatment default in the univariate analyses. This
could be due to the effect of possible confounding
variables such as: (i) hospitalisation at some stage dur-
ing treatment and (ii) place of treatment, both of
which were associated with both the treatment super-
vision and outcome variables.

The high incidence of default (16·7%) among the
study population during the study period (2008–
2009) was above that recommended by the WHO, at
5% [1]. In 2015, Juiz de Fora still presented a 19%
rate of default from treatment [33], and remained in
second place in number of TB cases statewide [34],
and one of the 181 priority municipalities of Brazil
for TB control [35] as of the study period. Treatment
default has been an overlooked issue in this municipal-
ity, where a TB control programme based on the
effective implementation of the DOTS strategy is not
a local reality yet, despite the availability of free
anti-TB medicines in this country. Brazilian TB sur-
veillance has passively worked even in priority munici-
palities, including Juiz de Fora. National surveillance
has been presenting fragilities, such as inadequate
active search for patients with respiratory symptoms
and incipient decentralisation of both the DOTS strat-
egy and TB treatments [1, 4, 7, 36–38]. The prospective

Fig. 1. Dose–response trend between the score of
addiction to illicit drugs and TB treatment default. Score
1: never addicted to illicit drugs, score 2: former user,
score 3: current user of cocaine as the hardest drug, score
4: current user of crack as the hardest drug.
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follow-up of patients to identify exposure and detect
outcomes with appropriate instruments, rather than
mere reuse of secondary data, strengthened the results
of this study. These instruments identified significantly
higher incidences of both substance abuse and TB
treatment default, and lower frequencies of missing
data than recorded by SINAN, which results were pre-
viously reported by our team [7]. However, this study
also had some limitations, which we will address.
The TB patients followed up in the three centres (n
= 287) represented 57·05% of the total reported (n=
503) in the municipality during the study period.
Nevertheless our sample was representative, since it
did not differ (P> 0·05) from the total in terms of gen-
der, age, race, educational level, HIV diagnosis or
municipality of residence [7]. The lack of a better
and more detailed definition of the treatment supervi-
sion variable assigned according to the degree of super-
vision as self-administered, semi-supervised, supervised
and strictly supervised could be another limitation of
this study. There was also a loss of follow-ups resulting
in some outcomes missed; however, we confirmed that
the losseswere few (2·1%). Some associations, especially
those related to socio-economic conditions present in
the univariate analyses, may not have been identified
in multivariate analyses because of the lack of power
of this study. Munro et al. [39], using the reconceptua-
lisedmodel of factors influencing adherence toTB treat-
ment, concluded that adherence to the long course ofTB
treatment is a complex, dynamic phenomenon with a
wide rangeof factors having impact on treatment-taking
behaviour. They emphasised four major factors that

interact to affect adherence to TB treatment: structural
factors, including poverty and gender discrimination;
the social context; health service factors and personal
factors. Some of these factors, such as characteristics
of healthcare service providers and individual percep-
tion for the reasons of defaulting were not contemplated
by the present study and could hamper a more detailed
exploration of predictors.

In conclusion, our results establish that substance
abuse was independently associated with default and
suggest that programmes might be more likely to
achieve their control targets if they include interven-
tions aimed at improving adherence and cure rates
by diagnosing and treating substance abuse concur-
rently with standard TB therapy. The training of
health care professionals to identify the symptoms of
substance abuse in order to support and treat patients
earlier, and the adoption of DOTS among users,
should be incorporated into the strategies to improve
the effectiveness of TB control programmes.
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Table 2. Final multivariate regression model* in hierarchical levels for tuberculosis treatment default, Juiz de Fora,
state of Minas Gerais, Brazil, 2008–2009

Variable OR (95% CI) P-value

Treatment site 0·001
Centre 1 1·00
Centre 2 1·79 (0·24–13·37) 0·56
Centre 3 8·22 (2·79–24·21) <0·001

Illicit drug use 0·001
Never in life 1·00
Former user 4·12 (1·11–15·20) 0·033
Current user of cocaine as the hardest drug 5·67 (1·34–24·03) 0·018
Current user of crack as the hardest drug 12·25 (3·04–49·26) <0·001

Current alcohol use 0·034
Low risk of alcoholism (CAGE <3)† 1·00
High risk of alcoholism (CAGE 3–4) 2·94 (1·08–7·99) 0·034

*Model summary: Cox & Snell’s R2 = 0·267; Nagelkerke’s R2 = 0·441; Hosmer and Lemeshow’s test χ2 = 1·597 (P= 0·902); score
test for significance of the model = 57·689 (P< 0·001); likelihood ratio test for significance of the model = 56·819 (P< 0·001).
†Cut-Annoyed-Guilty-Eye questionnaire.
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