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Summary

Objective—To evaluate the impact of the Brazilian cash transfer programme (Bolsa Familia
Programme, BFP) on tuberculosis (TB) incidence in Brazil from 2004 to 2012.

Design—We studied tuberculosis surveillance data using a combination of an ecological
multiple-group and time-trend design covering 2458 Brazilian municipalities. The main
independent variable was BFP coverage and the outcome was the TB incidence rate. All study
variables were obtained from national databases. We used fixed-effects negative binomial models
for panel data adjusted for selected covariates and a variable representing time.

Results—After controlling for covariates, TB incidence rates were significantly reduced in
municipalities with high BFP coverage compared with those with low and intermediate coverage
(in a model with a time variable incidence rate ratio = 0.96, 95%CI 0.93-0.99).

Conclusion—This was the first evidence of a statistically significant association between the
increase in cash transfer programme coverage and a reduction in TB incidence rate. Our findings
provide support for social protection interventions for tackling TB worldwide.
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TUBERCULOSIS (TB) is a poverty-related disease. According to the World Health
Organization, Brazil ranks sixteenth in the absolute number of cases and twenty-second in
incidence rate worldwide.1 Brazil has shown a decline in mortality and incidence rates over
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recent decades. TB incidence declined at a rate of 19.3% between 2005 and 2014, reaching
33.5 per 100 000 population at the end of this period (68 000 new TB cases).2

In addition to individual risk factors, TB determinants include demographic, social and
economic factors such as social inequality, poor housing, low education levels,
overcrowding, difficulties in accessing public services and food shortages.3-5 TB incidence
has declined faster in countries in which economic growth is associated with advances in
social conditions and health care. In industrialised countries, the association between
indicators of socio-economic development and TB incidence is clear3,6 and has been
verified in different contexts.7-9

In Brazil, a recent government recommendation suggested that TB control activities should
be coordinated with other public policies, such as interventions to reduce poverty.10 In
2004, Brazil introduced what would become the largest conditional cash transfer programme
worldwide, the Bolsa Familia Programme (BFP), which covered nearly 14 million families
in 2014.11 BFP has two main objectives: to transfer income to poor families and to improve
access to education and health care.12 In the study period, families classified as ‘extremely
poor’ (monthly per capita income <US$35) and ‘poor’ (monthly per capita income US$35—
US$70 and with children aged <17 years or pregnant or lactating women) are eligible to
receive cash transfer after registration in the CadUnico database for social programmes.
Benefits vary from US$18 to US$175 per month.

Families considered to be ‘extremely poor’ can receive the benefit to overcome extreme
poverty. Families may move out of extreme poverty but still be eligible for BFP because they
are considered ‘poor” according to the average per capita income and family composition.13
Enrolled families must meet education and health conditions (also known as
‘conditionalities’): up-to-date vaccination and growth monitoring for children aged <7 years,
and attendance during antenatal and postnatal care for pregnant women.13

There are no rules for beneficiaries on how the money may be spent. Nevertheless, cash
transfers can improve household consumption, reduce food shortage and increase health and
nutritional status.14 Studies have shown that social protection interventions, such as cash
transfer programmes, contribute to strengthening TB control by improving household living
conditions and reducing exposure to biological risk factors such as malnutrition.15,16 This
strategy leads to increased access to and diversification of food intake and health-seeking
behaviour, thus reducing people’s vulnerability to TB infection and disease.15,16

In Brazil, there is evidence to suggest that BFP has reduced extreme poverty and alleviated
social and economic inequalities, 17,18 improved nutritional status19 and reduced childhood
mortality20,21 and leprosy incidence22 by increasing income and improving food security
and other health benefits among the most deprived individuals.13 Although BFP is not
specifically targeted at TB-affected families, the programme focuses on poor households,
which are consequently at high risk of TB.16

The objective of the present study was to evaluate the impact of the BFP on the TB
incidence rate in Brazil.
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Study Population and Methods

We conducted a mixed ecological study (ecological multiple-group and time-trend panel
data) with municipality as the unit of analysis from 2004 to 2012. Of 5000 Brazilian
municipalities with available data, 2458 were selected based on the quality of TB
surveillance data and ability to treat cases in the municipality. Eight indicators of Brazilian
TB surveillance and their respective cut-offs were selected. The mean proportion of
indicators in each municipality during the first 8 years of the study (2004—2011) was used
for selection. Municipalities that met the criteria of at least three of the indicators of quality
of TB detection and at least two indicators of information quality were considered to have
‘adequate’ quality.23

Data and data sources

The main independent variable was BFP coverage of the target population, which was
obtained from the Ministry of Social Development database. BFP coverage was defined as
the ‘number of families included in the programme by the municipality divided by the
number of eligible families (according to BFP criteria) in the municipality’.11 BFP coverage
in the target population was divided into three categories: low (<30%), intermediate (30—
69%) and high (=70%).

The outcome was the annual incidence TB rate, which was calculated as the number of new
TB cases all forms notified (defined by the codes A15-A19 of the International
Classification of Diseases, tenth edition) per 100 000 population. Data on the number of new
TB cases notified was collected from the Notifiable Diseases Information System (Sistema
de Informacédo de Agravos de Notificacdo) of the Ministry of Health, Brasilia, Brazil.24 The
population of the municipalities was obtained from the national demographic census
databases (including intercensus estimates) at the Brazilian Institute of Geography and
Statistics, Rio de Janeiro, RJ, Brazil (Instituto Brasileiro de Geografia e Estatistica, IBGE).
25

We selected a set of covariates known as potential TB determinants:4 illiteracy rate,
percentage of poor people in the municipality (proportion of individuals with per capita
household income <US$35 per month at that time), unemployment rate, urbanisation rate,
mean number of residents per household and the Gini Index. These variables were extracted
for each municipality from the 2000 and 2010 IBGE national demographic census databases,
25 with linear interpolation for 2004—-2009 and linear extrapolation for 2011-2012.

The yearly coverage of the Family Health Programme (FHP), the main primary health care
strategy in Brazil, was calculated as the number of individuals with records in any of the
FHP facilities of the municipality in that year divided by the population of the municipality.
This variable was obtained from the Primary Care Information System of the Ministry of
Health.24

Statistical analyses

We present a descriptive analysis of trends in mean BFP coverage, TB incidence rate and
covariates in the selected municipalities. We estimated the impact of BFP on the TB
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incidence rate using multivariable negative binomial regression models for panel data with
fixed-effects specification, both crude and adjusted, for relevant covariates. Negative
binomial regression models were used, as the outcome of study was a rate (TB incidence
rate) and the distribution was overdispersed.26—28

We estimated the TB incidence rate ratio (IRR), both crude and adjusted, for covariates. We
present two fitness results: one including a variable for calendar year to take into account
secular trends independent of BFP and another that did not include a time variable. The
municipalities with low BFP coverage were used as the reference category.

All analyses were performed using Stata, version 13 (StataCorp, College Station, TX, USA).
The Ethics Committee of the Institute Research for Collective Health of the Federal
University of Bahia, Salvador, BA, Brazil (protocol number 200.900) approved our study
protocol.

More than 93% of all new TB cases diagnosed in Brazil were notified and lived in the 2458
municipalities included in this study (Table 1). Figure 1 shows the increase in BFP coverage
among the target population, from 61% to 93%, between 2004 and 2012. The TB incidence
rate decreased from 46.1 to 38.8/100 000/year, corresponding to a decline of 15.8% in 9
years. The increase in BFP coverage and the decline in TB incidence were both more robust
during the first 3 years of the study (2004-2006). During the study period, the reduction in
TB incidence in the selected municipalities was approximately similar to that in Brazil as a
whole.

Table 2 shows the trends in the main variables in the study municipalities. From 2005 to
2012, most of the municipalities had =70% BFP coverage in the target population. The mean
municipality FHP coverage reached 69.4% in 2012. There was remarkable progress in socio-
economic indicators during the study period: reductions in the Gini Index, illiteracy rate,
mean number of residents per household, percentage of poor people in the municipality and
unemployment rate. The proportion of the population living in urban areas of the
municipalities increased.

Table 3 shows the crude and adjusted association between TB incidence rate and BFP
coverage over the period. When compared with municipalities with low and intermediate
BFP coverage, municipalities with BFP coverage =70% had significant reductions in the TB
incidence rate in the crude and adjusted models for socio-economic variables. In models
without a variable representing overall time, the reduction in municipalities with high BFP
coverage was 12% over this period (IRR 0.88, 95%CI 0.85-0.91). In the model adjusted for
time and other covariates, the effect of BFP was 4% (IRR 0.96, 95%CI 0.93-0.99).

Variables significantly associated with TB incidence were the proportion of the illiterate
population in the municipality, the proportion of the population living with per capita
monthly household income <US$35 and, in the model including time, FHP coverage. The
adjusted independent effect of time was significant, with all years having a statistically
significantly lower TB incidence rate than the baseline year (2004). Unemployment rate,
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urbanisation rate, mean number of residents per household and the Gini Index were excluded
from the model as they were not significantly associated with TB incidence rate and did not
change the association between BFP coverage and TB incidence rate.

Discussion

Our ecological-level analysis shows that municipalities with high BFP coverage had a
statistically significant association with the reduction in TB incidence in a high TB burden
country such as Brazil. TB incidence has decreased in recent decades in Brazil,2 and our
results suggest that BFP may have contributed, at least in part, to this reduction, although the
programme was not developed for TB control.

We did not investigate the mechanism by which cash transfers contributed to the reduction in
TB incidence, but this reduction is consistent with our understanding of the role of social
determinants on TB incidence based on historical trends. The occurrence of new TB cases
has two components: new infections with Mycobacterium tuberculosis or progression from
latent infection to disease. Infection with M. tuberculosis is related to crowding, housing
conditions and organisation of urban spaces. It could be argued that the financial benefit of
BFP (a maximum of US$175 a month for a family with at least one child, teenager or
pregnant woman) is likely to be too small to influence TB incidence.

Progression of TB disease and time elapsed since a person has become infected are
determined by a range of factors, which BFP can address. Cash transfer itself may have a
direct effect on the reduction in TB incidence, leading to improved living conditions and
reducing potential risk factors for progression to TB disease.15,16 One hypothesis is that
undernutrition and food shortage increase the risk of development of active TB.5,29 Cash-
transfer interventions such as BFP are related to increasing food intake and variability in diet
quality.30,31 In conclusion, although BFP may reduce people’s vulnerability to progression
to TB disease, probably through its financial benefits, it may have a smaller or no impact on
TB transmission in highly endemic countries such as Brazil.

The effect of BFP on the reduction in the TB incidence rate in Brazil was consistent with the
only other study on the impact of investments in social protection programmes on TB, which
was undertaken in 21 European countries over 18 years.32 The authors were reluctant to
generalise their results to middle- and low-income countries, and suggested that social
protection interventions might lead to greater benefits in poorer countries.

Should we have expected a higher reduction of TB incidence in our analysis? There are
some reasons to suggest that the response might be ‘no’, and these are methodological,
programmatic and biological. Methodological reasons include the fact that we were
examining the effect at the municipality level. Programmatic reasons include characteristics
of BFP that make it difficult to reach some populations at high risk of TB (e.g., the
homeless), and other individuals at risk of TB, with lower income than is required for BFP
enrolment. Biological mechanisms include the long incubation period of TB, which might
lead to medium- rather than short-term effects, and other determinants, such as the
prevalence of human immunodeficiency virus (HIV) infection and diabetes, smoking, drug
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use and alcohol consumption.3 Policies and preventive actions aimed at reducing the
prevalence of these factors may have contributed to the additional reduction in TB incidence.

There is strong evidence of the effectiveness of BFP in reducing childhood mortality,21
especially by causes related to poverty. With regard to infectious diseases, these effects have
been linked to diarrhoea and pneumonia.20 BFP was associated with a reduction of 11% in
leprosy incidence, which shares some social determinants with TB.22 Another study, by
Pettifor et al., reviewed other conditional cash transfer programmes on HIV prevention in
other countries.33

The present study had some methodological innovations but also limitations. We used panel
data, a consolidated statistical methodology that allowed us to analyse a time series of 9
years for each municipality in the database. Panel data analysis is a more sophisticated
approach than using cross-sectional data, as it allowed us to define a time-series analysis for
each municipality and compare trends in TB rates among them based on the category of BFP
coverage.28 We used the municipality as our unit of analysis due to data availability and
because there were variations in BFP coverage among municipalities, as BFP was
implemented at the municipality level.13 Finally, our study investigated the effect of BFP
coverage on the TB rate at municipality level. We did not use information at the individual
level, and the findings should not be interpreted as the effect that an individual receiving
BFP would have on his/her risk of developing active TB.

We do not believe that under-reporting was a problem in our study. Brazil has a single
surveillance information system and TB has been a nationally notifiable disease for many
years: Municipal Health Secretaries are required to notify each newly diagnosed TB case to
the Ministry of Health. However, as some Brazilian municipalities have deficiencies in TB
surveillance, including under-reporting or misclassified cases,23 we included only
municipalities with adequate quality TB surveillance data in our analysis. This was done to
improve the internal validity of our study. A similar analysis involving all Brazilian
municipalities with regard to TB surveillance quality produced similar effect estimates. We
were able to include estimates for most of the known TB determinants. The annual values of
sociodemographic variables were obtained from linear interpolation and extrapolation from
a decennial census; it is unlikely that small errors in these estimates would distort the results.

Conclusions

To the best of our knowledge, this is the first study to investigate the potential contribution
of cash transfer programmes in reducing TB by tackling important social determinants of the
disease. Our analysis contributes to evidence supporting the role of future social protection
interventions in the fight against TB.1

We have demonstrated that a cash transfer programme, even if it does not specifically target
TB, might contribute to a reduction in the TB incidence rate in a large middle-income
country. These results are encouraging and will stimulate other scientific efforts to elucidate
mechanisms for the impact of cash transfer interventions on the burden of TB and other
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poverty-related infectious diseases. Future research should include individual-based
observational studies and prospective impact evaluations to assess the effectiveness and cost-
effectiveness of these interventions, and how they can realistically become part of the
programmatic response to TB control worldwide. BFP has been established as an inclusive
public policy which has a positive impact on poverty reduction, particularly with respect to
poverty-related diseases.
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Figure.

Mean BFP coverage (%) of target population and TB incidence rate (/100 000) in the study
municipalities (7= 2458) and in Brazil as a whole, 2004-2012. TB = tuberculosis; BFP =

Bolsa Familia Programme.
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Number of new cases and TB incidence rate in Brazil and in selected municipalities, 2004-2012 (7= 2 458)

New TB cases: study

New TB cases in

Proportion of total

Annual TB

municipalities n (a) Brazil n (b) cases in Brazil % (a/b) TB incidence rate: study incidence rate:
Year municipalities/100 000 Brazil/100 000
2004 72331 77 694 93.1 46.1 434
2005 71179 76 468 93.1 445 415
2006 68 072 72213 94.3 42.0 38.7
2007 67 718 71825 94.3 42.3 379
2008 69 382 73 536 94.4 42.3 38.8
2009 69 075 72 962 94.7 41.6 38.1
2010 67 822 69 433 97.7 40.9 36.4
2011 69 740 70731 98.6 41.8 36.8
2012 67 940 71230 95.4 38.8 36.7

TB = tuberculosis.
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Table 3

Association between the incidence rate ratio of TB and BFP coverage, Brazil, 2004-2012

TB incidence rate

Models with no time variable (adjusted) IRR Models with time variable (adjusted) IRR

(95%Cl) (95%Cl)
BFP coverage target population
Low (0.0-29.9%) 1 1
Intermediate (30-69.9%) 0.95 (0.92-0.98) 0.99 (0.96-1.02)
High (=70%) 0.88 (0.85-0.91) 0.96 (0.93-0.99)
FHP coverage
1st tertile (=0 and <49.8%) 1 1
2nd tertile (249.8% and <88.25%) 0.99 (0.97-1.01) 1.01 (1.00-1.03)
3rd tertile (=88.25%) 1.01 (0.99-1.04) 1.05 (1.03-1.08)
Hliteracy rate
>10% and <20% 1.08 (1.05-1.12) 1.05 (1.02-1.08)
>20% 1.20 (1.14-1.26) 1.14 (1.09-1.20)
Percentage of poor people in the 111 (1.08-1.13) 1.07 (1.05-1.10)
municipality 224.88%
2004 — — 1
2005 — — 0.97 (0.95-0.98)
2006 — — 0.92 (0.91-0.94)
2007 — — 0.90 (0.89-0.92)
2008 — — 0.92 (0.91-0.94)
2009 — — 0.91 (0.89-0.92)
2010 — — 0.89 (0.87-0.90)
2011 — — 0.91 (0.89-0.92)
2012 — — 0.87 (0.85-0.89)
Number of observations 22122 22122
Number of municipalities 2 458 2458

IRR = incidence rate ratio; TB = tuberculosis; BFP = Bolsa Familia Programme; CI = confidence interval; FHP = Family Health Programme
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