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Abstract Tuberculosis (TB) remains a cause of illness and death across the world, especially in developing
countries and vulnerable population groups. In 2013, 1.5 million died from the disease worldwide. In
Argentina, the largest proportion of TB-related deaths occurred in the northern provinces. Several international
studies reported that TB mortality was related to the presence of certain comorbidities and socio-demographic
characteristics. Our aim was to investigate the main risk factors associated with TB mortality in adults from six
provinces in Argentina, especially those with higher TB mortality rates. A retrospective case-control study was
conducted. It included all patients of >18 years with clinical and/or bacteriological TB diagnosis who underwent
treatment from January 1%, 2012 to June 30", 2013. Socio-demographic, clinical and bacteriological variables
were surveyed. Information on 157 cases and 281 controls was obtained. Patients reported as deceased to the
TB Control Program were considered cases, and those whose treatment result was reported as successful in
the same time period were considered controls. For 111 deaths, the average time elapsed between the start of
treatment and death was 2.3 months; median: 1. TB-related mortality was associated with poor TB treatment
adherence (OR: 3.7 [1.9-7.3], p: 0.000), AIDS (OR: 5.29 [2.6-10.7], p: 0.000), male gender (OR: 1.7 [1.1-2.5],
p: 0.009), belonging to indigenous people (OR: 7.2 [2.8-18.9], p:0. 000) and age > 50 (OR: 2.2 [1.4-3.3], p: 0.000).
By multivariate analysis the two first associations were confirmed. This study sets up the basis for planning inter-
program and inter-sector work to accelerate the decline in the inequitable TB mortality.
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Resumen Factores de riesgo asociados con la mortalidad por tuberculosis en adultos de seis provincias
de Argentina. En 2013, 1.5 millones de personas murieron por tuberculosis (TB) en el mundo,
especialmente en paises en desarrollo y grupos de poblacién vulnerables. En Argentina, la mayor proporcién de
muertes asociadas con TB ocurrid en las provincias del norte. Estudios internacionales observaron que la morta-
lidad por TB estaba relacionada con comorbilidades y caracteristicas sociodemograficas. Este estudio pretendid
investigar cudles eran los principales factores de riesgo asociados con la mortalidad por TB en adultos de seis
provincias argentinas, especialmente aquellas con mayores tasas de mortalidad por TB. Se realizé un estudio
retrospectivo casos-controles, incluyendo todos los pacientes > 18 afios con diagndstico clinico y/o bacteriolégico
de TB en tratamiento entre el 1° de enero de 2012 y el 30 de junio de 2013. Se obtuvo informacion de 157 casos
y 281 controles, considerandose casos los pacientes notificados como fallecidos al Programa de TB y controles
aquellos cuyo resultado de tratamiento fue notificado como éxito o curado en el mismo periodo de tiempo. El
tiempo transcurrido entre el comienzo del tratamiento y la muerte fue 2.3 meses; mediana: 1. Las muertes
relacionadas con TB estuvieron asociadas con: escasa adherencia al tratamiento (OR: 3.7 [1.9-7.3], p: 0.000),
sida (OR: 5.29 [2.6-10.7], p: 0.000), género masculino (OR: 1.7 [1.1-2.5], p: 0.009), pertenencia a pueblos
originarios (OR: 7.2 [2.8-18.9], p: 0.000) y edad > 50 (OR: 2.2 [1.4-3.3], p: 0.000). Por analisis multivariado, se
confirmaron las dos primeras asociaciones. Este estudio sienta las bases para planificar acciones destinadas
a acelerar el descenso de la mortalidad por TB.
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Although there is a cost-effective treatment, tuberculo-
sis (TB) remains a cause of illness and death across the
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world, especially in developing countries and the most
vulnerable population groups. In 2014, 9.6 million new
TB cases were estimated and 1.5 million died from the
disease worldwide'.

In Argentina, the TB case reported rate in 2014 was
24.7 per 100 000 inhabitants, with 9605 new cases?.
There was an increase in the TB notification rate of 5.1%
from the previous year, and a tendency toward stability
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was observed in the TB death rate, with a record of 1.60
deaths per 100 000 people in 201423, More than one third
of the TB-related deaths between 35 and 44 years were
associated with the Human Immunodeficiency Virus (HIV)
infection and 46.9% were younger than 55 years, including
economically active age groups®. The largest proportion of
TB-related deaths in the biennium 2012-2013 occurred in
the northern provinces of the country, with rates nearly 5
times higher than the average for Argentina (1.63 per 100
000)3. The highest mortality rates were those from Jujuy,
Formosa, Chaco and Salta, which were 8.4, 7.7, 4.5 and
3.8 per 100 000 respectively. This shows that mortality
from this disease is a serious public health problem,
especially in provinces from the north of Argentina which
have the highest proportion of population with unsatisfied
basic needs*.

Several studies reported that TB mortality was closely
related to the presence of certain comorbidities (HIV/AIDS,
among others) and certain socio-demographic patient
characteristics and living features®'*. TB mortality tends
to be higher in the first two months of TB treatment and
early mortality increases in specific patient-groups, includ-
ing elderly people and those with previous TB episodes,
smear-negative TB and extra-pulmonary TB. HIV co-
infection increases the TB mortality rate, and HIV-positive
patients continue to die throughout TB treatment, whereas
mortality in HIV-negative patients declines rapidly after
the first month of treatment' '6. Given the wide range of
results and the need to set events in context for decision-
making, this study aims to investigate which are the main
risk factors associated with TB mortality in six provinces of
Argentina, especially those with higher TB mortality rates.

Materials and methods

A retrospective case-control study was conducted in the
provinces of Jujuy, Formosa, Chaco, Salta, Neuquén and
Santa Fe, where mortality rates in 2012-2013 biennium were
8.36; 7.69; 4.50; 3.85; 1.43 and 0.92 per 100 000 inhabitants
respectively'. In the same provinces, TB lethality rates were
13.4; 10.5; 5.8; 11.3; 1.0 and 6.1 per cent respectively. The
first four provinces were chosen for their high mortality rates
and the last two for convenience. It included all patients of
> 18 years, new cases and those with a history of previous
treatment, patients with clinical and/or bacteriological TB
diagnosis, sensitive or resistant to TB drugs, with pulmonary
and/or extra-pulmonary TB, who underwent treatment in the
period from January 1512012 to June 30" 2013.

TB patients reported as deceased to the TB Control Pro-
gram (TBCP) in the aforesaid period were considered cases,
and those whose treatment result was reported as successful
to the TBCP (i.e., cured or with completed treatment according
to national technical standards) in the same period of time
were considered controls.

Based on the reported death count for the period under
study, a sample size of 158 cases and 316 controls was esti-
mated using EPI-DAT software, with a confidence interval of
95% and a power of 80%.

Sociodemographic, clinical and bacteriological variables
were surveyed. For the “indigenous people” variable, the
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definition by the “Instituto Nacional de Estadisticas y Censos”
(INDEC) was taken'. To identify the native population, the
statement of the interviewees (relatives of the deceased or
patients in the case of controls) were respected and com-
bined two criteria: self-identification and self-recognition of
belonging to an indigenous people and indigenous descent
in first generation.

TB treatment adherence was defined as the degree of
compliance in taking the drug doses specified in each phase of
treatment. Those patients who took the recommended doses
were considered adherents.

For data collection, clinical history and treatment cards
were examined from cases and controls under study, and
TB National and Provincial Control Programs databases. A
data collection and registry form was drafted, with its layout
based on the previously considered variables. A pilot test
for the collection instruments was performed with 10 cases
and 10 controls. Researchers agreed to take precautions to
protect the privacy and confidentiality of the data collected, as
specified in the National Law 25 326 of Habeas Data, omitting
information that would identify patients and limiting access only
to those data directly involved in the present study.

Data analysis was conducted using Epi Info software ver-
sion 3.5.1. Patient characteristics were recorded using the
mean, median and range for continuous variables. To evalu-
ate the association between the characteristics of TB patients
and the risk for mortality, univariate analysis was performed;
the chi-squared test or Fisher's exact test were used for the
categorical variables. The variables with p < 0.10 in the univari-
ate analysis were included in a multivariate logistic regression
model. A p < 0.05 was considered statistically significant. The
strength of association was determined by calculating odds
ratios (OR) and their 95% confidence intervals (Cls).

The approval from the “Health Investigation Committee” of
the National Ministry of Health, which analyzes ethical aspects,
was obtained on March, 2013.

Results

Information on 157 cases and 281 controls was obtained.
However, not for all the information could be obtained in
every variable. In Table 1, the main characteristics of TB
deceased cases are displayed. Among all 41 deceased
cases of whom information about drug addiction could be
obtained, 4 (9.8%) were addicted and 3 of them had AIDS.

For 111 deaths of which the decease date was avail-
able, the average time elapsing between the start of
treatment and decease was 2.3 months (range: 0-6), the
median was 1, the mode 0 (considering 0 those who died
before the first month), and percentiles 25% and 75%, 0.5
and 2 respectively. Forty per cent died before reaching
the first month of treatment, and 63% before reaching the
second month.

Of all 44 patients known to have died before the first
month of treatment, 70% were male, 41% were 65 years
of age or older, 58% were unmarried or without a partner,
100% had pathological radiology, 91% had pulmonary
TB, 78% were bacteriologically confirmed through direct
examination, 7% had a history of prior treatment and 11%
had AIDS.

Of all 30 patients known to have died from AIDS/TB
association, 79% were between 18 and 49 years old and
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TABLE 1.— Characteristics of deceased patients with tuberculosis Argentina, 2012-2013

Characteristic N (%)
Age Mean = 58 years (19-94)
Median: 60 years
Gender (N = 157) Male 102 (65.0)
Female 55 (35.0)
Provinces of residence (N = 157) Salta 55 (35.0)
Jujuy 52 (33.2)
Formosa 20 (12.7)
Santa Fe 12 (7.7)
Neuquén 9 (5.7)
Chaco 9 (5.7)
Nationality (N = 157) Argentine 143 (91.1)
Foreigner 12 (8.9)
Belonging to indigenous people (N = 74) Yes 23 (31.1)
No 51 (68.9)
Smear positive at diagnosis (N = 117) Yes 82 (70.1)
No 35 (29.9)
Radiology (N = 113) Pathological 112 (99.1)
Normal 1 (0.9)
AIDS (N = 157) Yes 30 (19.1)
No 5 (3.2)
Unknown 122 (77.7)
Diabetes (N = 142) Yes 9 (6.3)
No 133 (93.7)
Adverse reactions to anti-TB drugs (N = 156) Yes 15 (9.6)
No 141 (90.4)
TB location (N = 156) Pulmonary 123 (78.8)
Pulmonary + extrapulmonary 22 (14.1)
Extrapulmonary 11 (7.1)
History of previous treatment (N = 156) No 134 (85.9)
Yes 22 (14.1)

TB: tuberculosis

93% had a pulmonary presentation of TB. Of all 28 cases
with pulmonary TB, 10 also had extrapulmonary location.

A statistically significant association was observed
between TB-related mortality and poor TB treatment
adherence, male gender, presence of AIDS, belonging to
indigenous people and age over 50. In Table 2, results of
the univariate analysis are presented, where only the most
relevant and/or prevalent associations were considered.

No statistically significant association was observed
between mortality and presence of adverse reactions to
anti-TB drugs (ARADs). However, in considering specifi-
cally the province of Jujuy where the highest proportion of
ARADs was reported, it is clear that ARADs occurred for
the most part in patients who died than in those who did

not [OR: 4.9 (1.6-15.1), p: 0.033]. In this province, among
52 cases and 109 controls, a statistically significant as-
sociation was observed between presence of anemia and
TB-related death [OR: 2.4 (1.2-4.6), p: 0.006].

AIDS-associated TB-related deaths were more fre-
quent in men than in women [OR: 2.3 (0.9-5.4), p: 0.03].

Among the other reported pathologies and addictions
to exceed a 5% percentage considering the total number
of deaths (157), other infectious conditions (5.1%) and
kidney conditions (5.1%) were found. Nevertheless, they
did not prove to be associated with TB mortality.

Deaths occurring prior to the first month of treatment
were significantly associated with the fact of patients
being single or without a partner [OR: 3.0 (1.1-8.8),
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TABLE 2.— Univariate analysis of risk factors associated with TB-related deaths. Argentina, 2012-2013
Cases Controls OR 95%Cl p
N (%) N (%)
Gender Male 102 146 (58.9) 1.7 1.1-2.5 0.0095
Female 55 134 (79.9)
Total 157 280 (64.1)
Age > 50 years 109 143 (56.8) 2.2 1.4-3.3 0.0002
< 50 years 48 138 (74.2)
Total 157 281 (64.1)
Married or with partner Yes 53 119 (69.2) 1.0 0.6-1.7 0.43
No 34 87 (30.4)
Total 80 199 (69.6)
Belonging to indigenous people Yes 23 6 (20.7) 7.2 2.8-18.9  0.0000
No 51 96 (65.3)
Total 74 102 (58.0)
History of previous treatment Yes 22 25 (53.2) 1.6 0.7-1.9 0.10
No 134 252 (65.3)
Total 156 277 (64.0)
Treatment adherence Poor 22 19 (46.3) 3.7 1.9-7.3 0.0001
Satisfactory 72 230 (76.2)
Total 94 249 (72.6)
Drug addiction Yes 4 6 (60.0) 0.4 0.1-1.9 0.31
No 37 22 (37.3)
Total 41 28 (40.6)
Alcoholism Yes 14 20 (58.8) 0.6 0.3-1.3 0.19
No 120 106 (46.9)
Total 134 126 (48.5)
Cavities Yes 47 74 (61.2) 1.3 0.8-2.1 0.29
No 65 132 (67.0)
Total 112 206 (64.8)
Diabetes Yes 9 22 (71.0) 0.5 0.2-1.2 0.12
No 133 172 (56.4)
Total 142 194 (57.7)
Anemia Yes 41 51 (55.4) 1.6 1.0-2.6 0.03
No 105 207 (66.4)
Total 146 258 (63.9)
Adverse reactions to anti-TB* drugs Yes 15 15 (50.0) 1.9 0.9-4.0 0.05
No 141 266 (65.4)
Total 156 281 (64.3)
AIDS Yes 30 12 (28.6) 5.3 2.6-10.7  0.0000
No or unknown 127 269 (67.9)
Total 157 281 (64.2)
TB* location Pulmonary 145 249 (63.2) 1.6 0.8-3.4 0.23
Extrapulmonary 11 31 (73.8)
Total 156 280 (64.2)
Country of birth Argentina 143 226 (61.2) 1.4 0.7-2.8 0.20
Other 12 26 (68.4)
Total 155 252 (61.9)

* TB: Tuberculosis
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p:0.02]. These deaths were also associated, though not
significantly, with sputum smear positive diagnosis [OR:
1.4 (0.5-3.5), p: 0.25].

In Table 3, results of the multivariate analysis can be
observed. The variables that remained significant risk
factors for death were poor TB treatment adherence
[OR: 25.0 (1.3-1 000.0), p: 0.03] and AIDS [OR: 66.7
(5.48-811.9), p: 0.001]. A major limitation for multivariate
analysis was that it could only be performed for 74 patients
who had the information of all the selected variables to
analyze. The variable “indigenous peoples” could not be
included in the multivariate analysis because of incomplete
information.

Discussion

Although studies have been developed in Argentina ana-
lyzing TB mortality, to our knowledge there is no record
that any such studies had been designed specifically to
analyze risk factors associated with TB mortality. The
main limitation of this study is its retrospective nature,
which made it necessary to use primary sources, such as
generally incomplete medical records and treatment cards.

Deceased patients were mostly Argentinean and
males, with an average age of 58; 93% of them were
pulmonary TB cases, 18% of whom had also an extra-
pulmonary TB localization and 9.6% presented ARADs.
Nineteen per cent of those patients that were tested for
HIV presented TB/AIDS association. In a study by Kim
et al. the the average age of death was 10 years older
than here, what seems more consistent for a developed
country’®; in this study most of deceased cases were also
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males and 84% had positive sputum smear tests, higher
than in our study, where it only achieved 70%.

Field et al., like us, also found a high mortality in the
first month after starting TB treatment in new cases as well
as in retreated cases's. They suggest that TB prevention
and early accurate diagnosis, recognition of the role of
HIV and shorter pathways to TB treatment initiation may
reduce death rates. This early lethality may be related to
excessive TB diagnosis delay, as noticed in an earlier
study in Argentina in which two of the provinces involved
in this investigation participated?°.

From predicting factors of TB-related deaths, from
which good information coverage could be attained, a
statistically significant association was observed for male
gender, age older than or equal to 50, poor adherence to
TB treatment and AIDS. Indigenous origin also resulted
statistically significant, but the validity of this result was
limited by the low information coverage. Male gender
was mentioned as a risk factor in many studies; Kwon
et al. add that differences between males and females,
just like adherence in treatment, alcohol abuse, smoking
behavior, and use of health services might explain this
result?’. In this work the same type of association could
not be verified. Although an increased death risk was
observed in non-foreign patients, those with a history of
prior TB treatment, those who suffered from ARADs, or
presented lung cavities, anemia, or pulmonary TB loca-
tion, these results did not reach statistical significance.
A history of previous treatment, non-foreign condition
and ARADs were also mentioned as risk factors for TB
mortality in a study conducted in Iran?2. Kim et al. in Korea
found a significant association between TB mortality and

TABLE 3.— Multivariable analysis of risk factors associated with TB-related death.
Argentina, 2012-2013

Characteristics OR Cl (95%) p
Treatment adherence

Poor/Satisfactory 25.00 1.33-1000.00 0.031
Anemia

Yes/No 2.47 0.45-13.50 0.295
Age

> 50 /< 50 11.05 0.79-154.40 0.074
Gender

Male/female 1.05 0.20-5.52 0.958
Adverse reactions to anti-TB* drugs

No/Yes 0.27 0.003-22.83 0.560
AIDS

Yes/No 66.68 5.48- 811.86 0.001
History of previous treatment

No/Yes 0.19 0.01-6.56 0.362

*TB: tuberculosis
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anemia, and also positive sputum smear result at the time
of diagnosis, and did not find any association with the
presence of diabetes disease’®.

TB is known to be the most common associated in-
fection and the leading cause of death in HIV patients
worldwide, especially in limited-resource settings; it is not
surprising that in this study, AIDS was one of the main
risk factors of TB-related death’ 2. In a study conducted
in North Carolina, US, over a 10-year period (1993-
2003), risk factors for TB-related death included old age,
miliary or meningeal diseases and HIV?4. In other study
conducted in San Francisco, California, US, Nahid et al.
reported factors for TB-related death such as HIV infec-
tion, old age, positive sputum smear result, and poor TB
treatment courses®.

For health policy makers, it is important to reinforce
training of health personnel on TB/HIV co-infection diag-
nosis and management, making TB and HIV drugs and
cotrimoxazole consistently available to anyone requiring
them in order to avoid stock-outs, and strengthening
TB and HIV treatment collaborative activities in order to
generate the expertise needed for a well coordinated joint
approach to care of TB/HIV co-infected patients.

Waitt et al. in a systematic review conducted in 2011,
pointed to the TB/HIV association as a death predictor in
patients treated for TB in two countries in America: Brazil
and Peru'®; the strength of association in the two studies
from Brazil is similar to that of Argentina, while in Peru, a
country with high TB rate, it is much higher?s2.

Nahid et al. found that the association between treat-
ment interruption and risk of death was due to poor ad-
herence during the intensive phase of treatment®. In this
study, poor adherence to TB treatment was four times
larger in patients who died than in those who did not.

The low number of other comorbidities very likely was
related to shortcomings in records, as well as lack of time
to investigate, since about half of patients died before
completing the first month of treatment.

A fact that should not be overlooked is the association
between mortality and indigenous origin, as this would
point to other sociodemographic, economic and cultural
factors characteristic of these people, such as unfavorable
housing conditions in confined areas with poor ventilation
and poor sanitation. Other relevant factors include migra-
tion from rural to urban areas and sociocultural charac-
teristics associated with a different health-illness-healing
pattern than the rest of the population besides a lack of
proper cultural adjustment of services and problems in
health care organization. In Chile, this was evidenced
by CEPAL in a study conducted in 2007, where relative
risks of dying from TB proved to be between 2.9 and 6.5
times higher in indigenous in relation to non-indigenous
populations®. In Peru, a high rate of TB occurrence have
been reported in indigenous population, further and deeper
research being recommended in order to produce more
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reliable evidence about the situation of TB in this popula-
tion; this may also be recommended in Argentina, as there
is no such information available.

Despite the problems of lack of information, mentioned
in the study, which limited the scope of the multivariate
analysis, in the latter it was concluded that AIDS and poor
TB treatment adherence are significantly associated with
TB-related death, which confirms the relevance of these
two risk factors.

In conclusion, this study can provide a good basis for
planning inter-program and inter-sector work to acceler-
ate the decline in the inequitable TB mortality, especially
strengthening strategies that support control of TB/HIV
co-infection and adherence to TB treatment. Thus, it will
contribute to the End TB Strategy success whose goal
for 2020 is to have reduced the number of TB deaths by
35% compared to 2015°'.
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Quinto: Que no hay nada que no sea absolutamente empeorable.
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