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Abstract

A cohort of cases initiating tuberculosis treat-
ment from May 2001 to July 2003 was followed
in Recife, Pernambuco State, Brazil, to investigate
biological, clinical, social, lifestyle, and health-
care access factors associated with three nega-
tive tuberculosis treatment outcomes (treatment
failure, dropout, and death) separately and as
a group. Treatment failure was associated with
treatment delay, illiteracy, and alcohol consump-
tion. Factors associated with dropout were age,
prior TB treatment, and illiteracy. Death was as-
sociated with age, treatment delay, HIV co-infec-
tion, and head of family’s income. Main factors
associated with negative treatment outcomes as
a whole were age, HIV co-infection, illiteracy, al-
coholism, and prior TB treatment. We suggest the
following strategies to increase cure rates: further
training of the Family Health Program person-
nel in TB control, awareness-raising on the need
to tailor their activities to special care for cases
(e.g., literacy training); targeting use of directly
observed therapy for higher risk groups; estab-
lishment of a flexible referral scheme to handle
technical and psychosocial problems, including
alcoholism; and increased collaboration with the
HIV/AIDS program.
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Introduction

The annual tuberculosis (TB) incidence rate
is high in the city of Recife, Pernambuco State,
Brazil, and has been constant in recent years at
approximately 100 per 100,000 inhabitants. In
Brazil, case finding is mostly passive, and diag-
nosis is mainly based on sputum smear examina-
tion in patients presenting cough of more than
three weeks’ duration 1. Treatment (mainly self-
administered) is managed through outpatient
services, and only the severely ill are hospital-
ized. The drug regimen for new cases includes
pyrazinamide, isoniazid, and rifampicin for the
first two months and isoniazid and rifampicin
for the last four months. Re-treatment uses the
same drugs as for new cases, plus ethambutol,
for the full six months 1. Directly observed ther-
apy (DOT), rather than the wider DOTS strategy
(which includes government commitment to TB
control, case detection by sputum microscopy,
supply of free drugs administered under direct
observation for at least the first two months,
and improved case management and monitor-
ing of outcomes) has been introduced, but there
are no clear criteria for including patients in the
strategy. The TB control program is undergoing
decentralization with the progressive transfer of
activities from “TB health units” to Family Health
Program (FHP) units and teams. The FHP is a
new program in which teams of health profes-
sionals work in the community, linked to health
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units. Each team is responsible for approximately
3,200 residents of a specific geographical area 2.3.

The definitions vary for an “unsuccessful”
outcome of TB treatment and the population
in which it has been studied. Some definitions
consider only noncompliance, while others com-
bine all negative outcomes: treatment failure,
noncompliance, and death 456,789, Determi-
nants have included male gender 410, older age 7,
migration 11, homelessness 11,12,13, history of in-
carceration 11,12, alcoholism 12,13, HIV infection
7,8,14,15,16, intravenous drug use 12, and decreased
access to healthcare 4.

The current study focuses on the association
between all forms of unsuccessful TB treatment
outcomes and biological, clinical, social, lifestyle,
and healthcare access factors as part of a broader
study on different aspects of TB control activities
in Recife. Both new and previously treated cases
were included.

Methods

The study population consisted of a cohort of
TB cases newly diagnosed from May 2001 to July
2003, residing in Recife (cases were excluded if
the final treatment outcome was not known). Pa-
tients at the primary health unit were invited to
participate in the study as soon after diagnosis as
possible. Those who agreed to participate signed
an informed consent form and were interviewed
by trained assistant nurses using a standard
questionnaire, after which they had a sputum
sample taken for examination and a blood sam-
ple drawn for HIV serology. Treatment outcome
was ascertained from the health unit registry and
from patients’ medical records soon after the ex-
pected end of treatment. When the information
was not found, a second search was conducted
six months after the end of data collection.

An outcome was defined as successful if there
was documented evidence of cure or completion
of treatment. Unsuccessful outcomes were de-
fined, following the Brazilian TB treatment cri-
teria (similar to the World Health Organization
guidelines), as: (i) treatment failure, consisting
of a positive smear four months after beginning
treatment; (ii) treatment dropout, defined as no
contact with the TB treatment center within 30
days after a missed appointment; or (iii) death
during treatment. TB treatment outcomes were
analyzed both separately (treatment failure,
dropout, or death) and jointly.

Target exposures included:
¢ (linical and epidemiological factors: treat-
ment delay, defined as the lag between onset
of symptoms and start of treatment (the cut-off
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point followed Santos et al. 17); previous TB treat-
ment; drug regimen; and HIV co-infection.

¢ Biological factors: age group and sex.

e Social factors: patient income; employment
status; head-of-household’s literacy status and
income.

e Lifestyle: alcohol consumption (excessive al-
cohol consumption or alcoholism, classified re-
spectively as those who drink every day or those
who, once having started drinking, find it difficult
to stop).

¢ Health services: whether the FHP was imple-
mented in the health district including the pa-
tient’s place of residence. Health district in which
the health unit was located was considered only
for the combined outcomes.

Analysis

Risk factors were investigated for each of the
three negative TB treatment outcomes (treat-
ment failure, dropout, and death) separately and
as a group. The significance of these associations
was tested using the chi-square test and p values.
Variables with a univariate association showing a
p value < 0.20 were included in a multiple logistic
regression analysis. Crude and adjusted ORs and
95%ClIs were calculated. The population-attrib-
utable risk percent (PAR%) in the final model was
estimated as PAR% = p, (OR-1) / p, (OR-1) + 1 x
100, where OR was the adjusted odds ratio for
each variable.

Results

Of the 1,555 cases, 10.2% were excluded because
of change of diagnosis, transfer out, or lack of
information on outcome. Among the remaining
1,396 patients (86.8% with the pulmonary form),
1,089 had successful outcomes (217 with docu-
mented cure and 872 with documented comple-
tion of treatment) and 307 had unsuccessful
outcomes (33 failed treatment, 230 abandoned
treatment, and 44 died) (Table 1). Only 30% of
the patients agreed to have blood samples drawn
for HIV serology.

Prognostic factors for treatment failure
in tuberculosis patients:

Univariate analysis on the relationship between
treatment failure and biological and clinical fac-
tors showed an association (p < 0.20) with age
group, treatment delay, prior TB treatment, and
treatment with PZA+INH+RMP+EMB. Among
the socioeconomic and lifestyle factors, illitera-
cy and excessive alcohol consumption (includ-
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Table 1

Tuberculosis outcomes in Recife, Pernambuco, Brazil, 2001-2003 (N = 1,555).

Outcomes Successful Unsuccessful Excluded from analysis
n % n % n %
Documented cure 217 14.0 - - - -
Completion of treatment 872 56.1 - - - -
Total successful 1,089 70.1
Treatment dropout - - 230 14.8 - -
Treatment failure - - 33 2.1 - -
Death - - 44 2.8 - -
Total unsuccessful 307 19.7

Change of diagnosis -
Change of municipality -
Unknown -

Total excluded

10
46
103
159

0.6
3.0
6.6
10.2

ing alcoholism) were associated with treatment
failure. Not having received visits by the Family
Health team was also associated with treatment
failure.

The following variables remained in the final
multivariate model: treatment delay, illiteracy,
and excessive alcohol consumption (Table 2).

Prognostic factors for treatment
dropout in tuberculosis patients

Univariate analysis on the relationship between
biological and clinical factors and treatment
dropout showed significant association (p < 0.20)
with age group, previous TB treatment, and treat-
ment with PZA+INH+RMP+EMB. Among the so-
cioeconomic and lifestyle factors, illiteracy and
excessive alcohol consumption (including alco-
holism) were associated with dropout.

The following variables remained in the final
multivariate model: age group, previous TB treat-
ment, and illiteracy (Table 3).

Prognostic factors for death in
tuberculosis patients

Univariate analysis on the relationship between
death and biological and clinical factors showed
significant association (p < 0.20) with age group,
treatment delay, prior TB treatment, and HIV co-
infection. Among the socioeconomic factors, un-
employment and low income for head-of-house-
hold were associated with death. Not having re-
ceived visits by the Family Health team was also
associated with death.

The following variables remained in the final
multivariate model: age group, treatment delay,
HIV co-infection, and low income for head-of-
household (Table 4).

Prognostic factors for grouped unsuccessful
tuberculosis treatment outcomes

According to the univariate analysis, biological
and clinical factors associated with unsuccessful
outcome (p < 0.20) included age group, prior TB
treatment, treatment with PZA+INH+RMP+EMB,
and HIV co-infection. Social factors associated
with unsuccessful outcome in the univariate
analysis were illiteracy and head-of-household’s
low income. Univariate association between
treatment outcome and lifestyle shows that alco-
holics had approximately twice the risk of unsuc-
cessful outcome as non-drinkers or social drink-
ers. The proportion of unsuccessful treatment
varied among the six health districts: in District
IV, 91.5% of treatment courses were successful, as
compared to 71.2% in District VI.

In the final model (Table 5), variables sig-
nificantly and independently associated with
unsuccessful TB treatment were the 20-34 and
35-49-year age groups, prior TB treatment, illit-
eracy, HIV infection, alcoholism, and health dis-
trict. The attributable risks of these factors were
as follows: age 20-34 years, 51%, and 35-49 years,
48.4%; prior TB treatment, 41.2%; illiteracy, 35.5%;
HIV infection, 68.3%; and alcoholism, 51%. The
differences in treatment success between health
districts did not decrease when the variables as-
sociated with individual patients were included,
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Table 2

Multivariate analysis of factors associated with treatment failure in tuberculosis (TB) patients treated in Recife, Pernambuco, Brazil, 2001-2003.

Crude OR 95%Cl p value Adjusted OR 95%Cl p value PAR%

Age group (years)* 0.159

<19 1.00

20-34 1.53 0.31-7.67 0.604

35-49 3.56 0.80-15.85 0.095

50-64 4.32 0.92-20.30 0.063

> 65 2.73 0.38-19.80 0.320
Treatment delay (days)

<60 1.00 1.00

> 60 6.06 1.84-19.98 0.0031 4.44 1.30-15.11 0.0170 68.1
Prior TB treatment

No 1.00

Yes 2.00 0.94-4.27 0.073
Drug regimen

PZA+INH+RMP 1.00

PZA+INH+RMP+BEM 3.24 1.35-7.79 0.009
Literacy

Yes 1.00 1.00

No 2.22 1.04-4.76 0.039 2.84 1.20-6.70 0.0175 23.0
Alcohol consumption 0.009 0.0134

Non-drinker 1.00 1.00

Social drinker 0.39 0.13-1.16 0.089 0.38 0.11-1.36 0.1385

Alcoholic 2.50 1.05-5.94 0.038 2.78 1.07-7.18 0.0350 15.7
Family Health Program visits

Yes 1.00

No 1.83 0.84-3.99 0.129

*y2 for linear trend: 5.01, p = 0.0252.

suggesting that the variations reflect healthcare
practices rather than demographic composition.

Discussion

Treatment failure was associated with treatment
delay, illiteracy, and alcohol consumption. Drop-
out was associated with age group, prior TB treat-
ment, and illiteracy. Death was associated with
age group, treatment delay, HIV co-infection,
and head-of-household’s low income. The main
factors associated with combined unsuccessful
treatment outcomes were age group, HIV co-in-
fection, illiteracy, alcoholism, and prior TB treat-
ment. The highest population-attributable risk
percentages were related to HIV infection and
alcohol consumption, both potentially modified
by public health interventions.

The small number of cases of treatment fail-
ure and death limited the study, since the sample
size may have lacked sufficient statistical power
to reveal an association with some of the factors.
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Treatment delay of more than 60 days was as-
sociated with treatment failure and death. Death
associated with delay in TB detection has also
been described in the former Yugoslavia 18. Treat-
ment delay allows progression of the disease to
a more severe clinical phase in which cure be-
comes more difficult.

Low socioeconomic status, expressed ei-
ther as illiteracy or low income for the head of
household, increased the risk of all three nega-
tive outcomes. The increased risk of death among
individuals for whom the head-of-household’s
income was unknown probably reflects sporadic
earnings. Illiteracy can reflect both poor access to
information (an obstance for patients in this set-
ting, which involves mainly written educational
materials) and (given its strong association with
low socioeconomic status) the inability to af-
ford transportation to the health unit or losses
in workdays. Because of social stigma, patients
often prefer to be treated away from their place
of residence 19. Such conditions contribute to ir-
regular treatment, which may in turn lead to fail-



Table 3

FACTORS ASSOCIATED WITH TUBERCULOSIS TREATMENT OUTCOME

Multivariate analysis of factors associated with treatment dropout in tuberculosis (TB) patients treated in Recife, Pernambuco, Brazil, 2001-2003.

Crude OR 95%Cl p value Adjusted OR 95%Cl p value PAR%

Age group (years) 0.159

<19 0.003 0.015

20-34 1.00 1.00

35-49 2.42 1.43-4.10 0.001 1.89 1.07-3.34 0.028 21.6

50-64 2.25 1.32-3.83 0.003 1.51 0.85-2.69 0.163 13.6

> 65 1.47 0.79-2.71 0.222 0.93 0.47-1.83 0.829
Prior TB treatment

No 1.00 1.00

Yes 2.37 1.72-3.27 0.000 2.16 1.51-3.12 0.000 16.5
Drug regimen

PZA+INH+RMP 1.00

PZA+INH+RMP+BEM 2.05 1.36-3.10 0.001
Literacy

Yes 1.00 1.00

No 1.69 1.20-2.37 0.003 1.72 1.17-2.53 0.006 10.1
Alcohol consumption 0.067

Non-drinker 1.00

Social drinker 1.24 0.89-1.72 0.203

Alcoholic 1.68 1.07-2.65 0.025

ure. Although low income and poor formal edu-
cation measure similar attributes, in this setting
illiteracy represents a lower cut-off point on the
social scale and is likely to be related to greater
deprivation, which explains its closer association
with negative prognosis. According to a study in
Pelotas, a city in the South of Brazil, among the
socioeconomic variables, only skin color (non-
white) was associated with treatment noncom-
pliance. The authors suggested that poorer pa-
tients, probably non-whites, are more likely to
get the disease and to experience more adverse
conditions, making personal and family adap-
tation to treatment more difficult 20.21. The lack
of association with other variables was probably
due to the sample size. In another Brazilian study,
at the ecological level, the correlation between
TB death rates and poverty in Sao Paulo showed
higher mortality in low-income areas 22. A study
that reviewed mortality data for all U.S. residents
that died in 1990 with TB as the underlying cause
of death or with TB listed anywhere on the death
certificate as a contributing cause of death sug-
gested a contribution to TB mortality by sub-
stance abuse (including alcohol) 23.

Alcoholism, which the current study found
to be associated with treatment failure and the
combined negatives outcomes, is a classical fac-
tor 12,13 both for developing TB 24 and for poor
treatment outcome.

HIV infection is also a widely described risk
factor 7.8,14,15,16, and our results showed it was as-
sociated with death and unsuccessful outcome.
Studies have shown that improved TB outcomes
can be achieved through decentralization of
treatment and the supply of an extended range
of supervised DOT options (even in countries
where HAART is not readily available, like Ma-
lawi 25) and the integration of the DOTs strategy
with HIV/AIDS homecare 25.26.27. Some measures
recommended by the WHO 28 could be imple-
mented in this area, such as joint planning of
some TB/HIV activities, periodic surveillance of
HIV among TB patients, HIV counseling, and a
rational regimen of treatment and follow-up for
co-infected patients. The association with death
during treatment in this setting is similar to other
studies 29,30,

A history of prior TB treatment, associated
here with treatment failure and dropout, is a
clear indication of the importance of properly
completing treatment the first time around and
monitoring patients, offering adequate support.
Encouragingly, the fact that differences in treat-
ment success between districts are not a conse-
quence of case mix (the population composition
being treated in different health districts), sug-
gests room for improvement in the way TB con-
trol program services are run. Options on man-
aging cases with social factors range from the
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Table 4

Multivariate analysis of factors associated with death in tuberculosis (TB) patients treated in Recife, Pernambuco, Brazil, 2001-2003.

Crude OR 95%Cl p value Adjusted OR 95%Cl p value PAR%
Age group (years) * 0.032
<19 1.00
20-34 5.10 0.65-40.20 0.122
35-49 7.63 1.00-58-27 0.050
50-64 11.53 1.48-89.63 0.019
> 65 16.38 1.93-138.75 0.010
Age group ** 1.63 1.24-2.14 0.0003 1.75 1.31-2.36 0.0002
Treatment delay (days)
= 60 1.00 1.00
> 60 1.82 0.91-3.64 0.0902 2.02 0.94-4.30 0.0678 38.8
Prior TB treatment
No 1.00
Yes 1.83 0.92-3.62 0.083
HIV infection 0.000 0.0000
Negative 1.00 1.00 -
Positive 20.07 6.35-63.45 0.000 24.52 7.14-84.22 0.0000 29.7
Not tested 1.96 0.81-4.76 0.136 1.93 0.78-4.75 0.1528
Employment status
Employed 1.00
Unemployed 3.22 1.61-6.43 0.004
Income of head of household
(times the minimum wage) 0.0190 0.0426
>2 1.00 1.00
<2 1.59 0.43-5.86 0.4863 0.35 0.07-1.69 0.1940
Unknown 3.57 1.08-11.83 0.0372 1.81 0.85-3.87 0.1207
Family Health Program visits
Yes 1.00
No 1.73 0.87-3.43 0.116

* Categorical;

** Continuous.

authoritarian approach 31 to the enabling, with
comprehensive, tailored, support 32. Another
possibility is further training of FHP personnel.
Interestingly, prior TB chemotherapy was also as-
sociated with treatment dropout in HIV-positive
subjects 33.

Age was associated treatment failure, drop-
out, and death in the multivariate models. Ag-
ing was associated with increased odds of death,
while the 20-49-year bracket was associated with
increased odds of treatment failure and dropout.
Dropout in the 29-49-year bracket is likely to be
related to the demands of work activities, which
may hinder attendance at clinics. Like our re-
sults, other authors 7 have described age (> 50) as
an independent predictor of death.

Health personnel in the local units have still
not developed the necessary skills to deal with
the various psychosocial and technical problems
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that can arise. This is an opportunity to offer fur-
ther training based on the results of the current
study. One alternative is to train the teams to im-
plement a form of DOT tailored to specific groups
(alcoholics, illiterates, the poor, and patients with
prior treatment or HIV infection). This alone may
not be sufficient, as there is evidence that DOTS
can fail to increase the proportion of satisfactory
outcomes in high-risk populations 12. Additional
measures could include developing appropriate
educational materials for illiterate patients and
evaluation of practice in both the successful and
less successful health districts, thereby leading to
widespread adoption of practices from the suc-
cessful clinics.

Unlike other studies, we did not find treat-
ment failure to be associated with gender 410.
Uplekar et al. 10, reviewing the literature, found
that women generally tend to comply better and



Table 5

FACTORS ASSOCIATED WITH TUBERCULOSIS TREATMENT OUTCOME

Multivariate analysis of prognostic factors associated with combined unsuccessful outcomes of tuberculosis (TB) treatment in Recife, Pernambuco, Brazil, 2001-

2003
(N =1,396).
Crude OR 95%Cl p value Adjusted OR 95%Cl p value PAR%
Age group (years) 0.0037 0.0903
<19 1.00 1.00
20-34 2.45 1.49-4.02 0.0004 2.04 1.19-3.51 0.0098 51.0
35-49 2.60 1.59-4.26 0.0001 1.94 1.12-3.36 0.0180 48.4
50-64 2.17 1.26-3.74 0.0049 1.47 0.80-2.70 0.2081
> 65 1.98 0.97-4.01 0.0576 1.60 0.73-3,48 0.2365
Prior TB treatment 0.0022
No 1.00 1.00 - -
Yes 2.26 1.69-3.01 0.0000 1.70 1.21-2.39 0.0022 41.2
HIV infection 0.0070 0.0362
Negative 1.00 1.00 -
Positive 2.93 1.45-5.92 0.0026 3.19 1.31-7.73 0.0102 68.3
Not tested 1.00 0.75-1.33 0.9987 1.08 0.76-1.51 0.6564
Drug regimen
PZA+INH+RMP 1.00
PZA+INH+RMP+BEM 2.13 1.46-3.10 0.0001
Literacy
Yes 1.00 1.00 1.00 - -
No 1.71 1.26-2.32 0.0005 1.55 1.08-2.22 0.0160 35.5
Income of head of household
(times the minimum wage) 0.0740
>2 1.00
<2 1.52 1.00-2.32 0.0470
Unknown 1.58 1.05-2.36 0.0257
Alcohol consumption 0.0248 0.0061
Non-drinker 1.00 1.00 - -
Social drinker 1.08 0.80-1.46 0.8383 1.14 0.81-1.59 0.4571
Alcoholic 1.79 1.21-2.66 0.0079 2.06 1.32-3.21 0.0014 51.0
Health district 0.0000 0.0000
| 1.00 1.00
I 1.56 0.97-2.51 0.0645 1.62 0.94-2.81 0.0819
1 1.15 0.68-1.94 0.6062 1.16 0.63-2.16 0.6287
I\ 0.39 0.21-0.72 0.0028 0.33 0.15-0.70 0.0043
\ 1.36 0.83-2.23 0.2139 1.87 1.06-3.31 0.0298
VI 1.67 0.88-3.18 0.1153 1.83 0.86-3.88 0.1130

are less likely to die from the disease. We believe
that the material obstacles to successful treat-
ment are such that gender-related social and cul-
tural factors are not visible.

Conclusion

Individual and grouped outcome analysis identi-
fied the relevant risk factors for planning public
health interventions, while the population-at-
tributable risk expresses the potential benefit of
such interventions. Unsuccessful outcomes are

adverse health conditions for the patients them-
selves and are also adverse for public health, be-
cause they increase the duration of infectious-
ness; thus, they should also be considered to-
gether for planning effective control strategies. A
large proportion of unsuccessfully treated cases
could be identified at entry by screening for age
group, HIV, treatment delay, prior treatment, al-
coholism, illiteracy, and income, and specially
targeted measures could be taken. We suggest the
following strategies, based on our results and the
local situation: further training of FHP person-
nel in TB control, awareness-raising of the need
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to tailor the activities to special case situations,
for example, illiteracy; targeting the use of DOT
to risk groups; establishment of a flexible refer-
ral scheme capable of handling technical and
psychosocial problems, including alcoholism
and stigma; and increased collaboration with the
HIV/AIDS program. Further training should also

Resumo

Acompanhou-se uma coorte de casos de tuberculose
que iniciou o tratamento entre maio de 2001 e julho
de 2003, em Recife, Pernambuco, Brasil, com o objeti-
vo de investigar a associagdo de fatores bioldgicos, cli-
nicos, sociais, de hdbitos de vida e acesso aos servigos
de satide com faléncia terapéutica, abandono e 6bito,
separadamente e de forma agregada. Faléncia do tra-
tamento esteve associada com demora para o inicio do
tratamento, analfabetismo e consumo de dlcool. Asso-
ciagdo com o obito foi encontrada com grupo etdrio,
demora para o inicio do tratamento, co-infecgdo pelo
HIV e renda do chefe da familia. Fatores associados ao
abandono foram grupo etdrio, tratamento prévio para
tuberculose e analfabetismo. Os fatores associados aos
desfechos de forma agregada foram grupo etdrio, co-
infecg¢do pelo HIV, analfabetismo, consumo de dlcool
e tratamento prévio para tuberculose. Sugere-se, para
aumentar os percentuais de cura, a capacitagdo conti-
nuada das equipes do Programa Satide da Familia pa-
ra o controle da tuberculose, adaptagdo das atividades
de controle para situagées especiais como analfabetis-
mo, alcoolismo e co-infecgdo pelo HIV, direcionando o
uso da terapia diretamente observada para estes gru-
pos de risco.

Tuberculose; Fatores de Risco; Falha de Tratamento
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focus on early identification and more efficient
management of respiratory symptoms (patients
presenting with cough of more than three weeks’
duration) and decreasing the delay in initiating
treatment. Research should continue to focus on
the successes and limitations of these different
strategies.
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