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Background Tuberculosis is known to have socio-economic determinants at indi-
vidual and at area levels, but it is not known whether they are
independent, whether they interact and their relative contributions
to the burden of tuberculosis.

Methods A case–control study was conducted in Recife, Brazil, to investigate
individual and area social determinants of tuberculosis, to explore
the relationship between determinants at the two levels and to
calculate their relative contribution to the burden of tuberculosis.
It included 1452 cases of tuberculosis diagnosed by the tuberculosis
services and 5808 controls selected at random from questionnaires
completed for the demographic census. Exhaustive information on
social factors was collected from cases, using the questionnaire used
in the census. Socio-economic information for areas was down-
loaded from the census. Multilevel logistic regression investigated
individual and area effects.

Results There was a marked and independent influence of social variables
on the risk of tuberculosis, both at individual and area levels. At
individual level, being aged 520, being male, being illiterate, not
working in the previous 7 days and possessing few goods, all
increased the risk of tuberculosis. At area level, living in an area
with many illiterate people and where few households own a com-
puter also increased this risk; individual and area levels did not
appear to interact. Twice as many cases were attributable to social
variables at individual level than at area level.
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Conclusions Although individual characteristics are the main contributor to the
risk of tuberculosis, contextual characteristics make a substantial
independent contribution.

Keywords Tuberculosis, social determinants, multilevel, Brazil, poverty

Introduction and background
The marked decrease in mortality from tuberculosis in
England before the advent of drug treatment was an
early indication of the effect of living conditions on
tuberculosis.1–3 This effect has been shown often since
and again, recently, after the re-emergence of tuber-
culosis in the late 1980s in both developing coun-
tries4,5 and developed countries.6–11 The association
between poverty—at an individual level—and tuber-
culosis is plausible, and likely to be mediated by an
increase in risk of infection in those living in crowded
accommodation in areas of high incidence, and by
increased risk of progression to disease in those
with low resistance and reduced immunity because
of under-nutrition or other socially determined
factors.12

In a classic paper, Rose13 pointed out the importance
of distinguishing between two kinds of etiological ques-
tions: what are the ‘cause of cases’ (factors that increase
the individual risk) and the ‘cause of the incidence
in populations’ (what variations in exposures between
populations explain the variations in incidence between
populations). For tuberculosis there is evidence that
deprivation is both a cause of cases and a cause of inci-
dence in populations. Evidence for the latter comes
from traditional ecological analysis7,8,10 and from stu-
dies using geographical information systems.9,14–16 In
developed countries, there is evidence that areas with
higher incidence have worse housing conditions,
crowding and higher population density,6,8,9,15–19

higher unemployment,6,7,9,15,19 higher proportion of
immigrants from high-incidence areas,7–9,18,20 lower
household income,9,21 higher inequality22 and also
higher composite indexes of deprivation.6,8,10,21

Results from developing countries are similar, with par-
ticular emphasis on low income, education and
unemployment.5,14,15,23

Diez Roux24 defended the importance of using a mul-
tilevel approach in the study of infectious diseases
because it permits the investigation not only of the
effects of individual factors (reflecting biology and
life style) and area factors (reflecting socio-economic
processes in the population), but also whether they
act independently and whether they interact. Because
this approach incorporates explicitly the social dimen-
sion it can more easily meet the objective of the ‘ecolo-
gical epidemiology’ as proposed by Susser24–26 to
identify how the context influences the health of indi-
viduals and groups. Finally, we share the values
expressed by the World Health Organization (WHO)
commission on social determinants: of health: a

commitment to the value of equity and the use of evi-
dence as a basis for understanding and action.27

The incidence of tuberculosis in Brazil (based on
notified cases) has been relatively stable in the
last decade, with roughly 50 per 100 000 inhabitants
per year. In Recife, where this study was conducted,
in 2005, the incidence was 136 per 100 000 inhabi-
tants.28 The National Program for Tuberculosis
Control (PNCT) has standard procedures for investi-
gation, and diagnosis in the whole country and the
standardized treatment regimen is only delivered after
the case is notified to the Surveillance System for
Infectious Diseases (SINAN). Access to diagnosis,
treatment and follow-up is free. As in many large
cities, in Recife, poverty clusters in neighbourhoods,
with the poorest areas having fewer basic services
(water, sanitation, garbage collection) and the highest
rates of population growth.29

To further our understanding of social determinants
of tuberculosis, and to inform policy decisions, it
is helpful to know the relationship between the influ-
ence on tuberculosis of area and individual level fac-
tors, and also their relative contributions; in other
words, what contributes more to tuberculosis: being
poor or living in a poor neighbourhood. In the study
reported here, we sought to answer these questions
for the city of Recife, Brazil, using a case–control
study with individual- and area-level information
analyzed using a multilevel model.

Methods
The objectives of this study were to investigate the
increase in risk of tuberculosis associated with social
characteristics at the level of the individual and at the
level of the area of residence; to explore whether
these effects are independent, and whether they inter-
act; and to estimate the relative contribution of each
level to the burden of tuberculosis.

This is a case–control study with socio-economic
information on individuals and on the area in
which they live.

Study site and period was Recife, a city in the
Northeast of Brazil with about 1.4 million inhabitants.
Participants were recruited from May 2001 to July
2003.

Cases were subjects aged 57 years participating in a
cohort study of newly diagnosed cases of pulmonary
tuberculosis conducted to investigate predictors of
successful tuberculosis treatment. Methods are
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reported elsewhere,30 but in short, patients diagnosed
by the tuberculosis control programme were invited to
participate in the study soon after diagnosis by the
tuberculosis control programme personnel. About
half of all eligible cases were invited to participate.
Invitation was determined by availability of the
health personnel in the unit of treatment (health cen-
tres of different levels of complexity) to interview
patients and not by patient characteristics. This
reflected internal organization of the service and
was not related to the social characteristics of the
area, as measured by quartiles of area social charac-
teristics (data not shown). Those accepting, signed an
informed consent form and were interviewed at the
health unit by trained assistant nurses using a stan-
dard questionnaire, which included demographic
information (like age and sex), address, and the
socio-economic data used in this analysis.
To investigate questions related to socio-economic fac-
tors, the questionnaire used a set of just under
50 questions from the census. These covered compo-
sition of the family, history of migration, years of
schooling, type of work, whether at work, income,
characteristics of the household and ownership
of goods.

Controls were a random sample of subjects from
the 2001 census database, aged 57 years and resi-
dents in the city of Recife. The selection was done
allocating a number to all potential controls and
using a random procedure in STATA. They were
sampled from individuals who had been selected
during the census to complete an in-depth form,
which is applied to one in every 10 households (sys-
tematic sampling), using traditional census methodol-
ogy.31 Controls were not interviewed by the study: we
used their anonymous information on socio-economic
factors, age, sex and census area of residence given to
us in electronic format by the census bureaux.

The smallest unit from which census data is avail-
able is the census tract. Information on individuals
linked to census tracts are not released by the
Census Bureaux for confidentiality reasons. Census
tracts are collated into census areas (‘area ponderal’),
defined by the Census Bureaux by selecting adjacent
census tracts of similar population characteristics and
infrastructure. Recife has 53 census areas, so a census
area has, on average, approximately 26 000 inhabi-
tants. Although we had detailed addresses for cases
and could link them to census tracts, we were not
given address or census tract data for controls to pro-
tect their anonymity, so the lowest census unit we
could link cases and controls to was census area.
Information about the census area of each case and
each control was downloaded from the publicly avail-
able census database.32 All cases and controls there-
fore had the same information for the same variables
at area and individual level, although, at the individ-
ual level, information was collected for cases by the
study and for controls during the census.

Data were not available from the census on human
immunodeficiency virus (HIV) infection. The preva-
lence of HIV in Recife is low (<1%33), and among
the cases, also likely to be low (8% of those tested34).

Analysis
A database was constructed with individual- and
area-level variables for cases and controls. We were
aware that the study included only about half of all
cases diagnosed with tuberculosis in Recife in resi-
dents during the study period, whereas controls
were a random sample of all residents in the city.
Because we had information on the number of cases
notified to the Tuberculosis Control Program by area,
we were able to calculate the degree of under-ascer-
tainment of cases into the study by census area. We
adjusted for the variation in completeness of ascer-
tainment of cases into the study by giving weights
to cases and controls in the analysis. All controls
were given a weight of one and cases were given dif-
ferent weights according to their area of residence: for
each area, the weight was the inverse of the ratio of
notified cases to recruited cases in the area. The
degree of under-ascertainment did not vary with
wealth of the area.

The following individual-level variables were studied:
sex, age, migration (always lived in Recife vs has ever
lived out of Recife), illiteracy (not being able to read or
write), whether the subject worked in the week preced-
ing the interview, in-house access to piped water
supply, number of the following goods possessed:
radio, refrigerator, video, washing machine, micro-
wave, computer, TV set, car and air conditioning. Age
was grouped as 7–19, 20–34, 35–49, 50–64 and 565
years. The number of goods was grouped as follows.
First, possession of each of the different goods was
counted as 1, independent of the number of each
good possessed (e.g. owning two cars counted as
owning one good); then, the number of goods pos-
sessed was summed and grouped into four categories:
0 to 1, 2 to 3, 4 to 6, and 7 or more goods.

The characteristics of the area of residence were
allocated to cases and to controls and categorized in
quartiles according to the frequency in controls. The
following area variables were studied: mean income
of the head of the families in the area, mean number
of schooling years of the head of the families in the
area, mean number of inhabitants per household in
the area, percent of literate individuals in the area,
percent of individuals in the area who work, percent
of households in the area with each of the following
goods: refrigerator, video, washing machine, micro-
wave oven, computer, air conditioning unit.

Bivariate analysis was performed for the variables at
individual and area level, always controlling for age
and sex. Variables that had shown a significant asso-
ciation (P < 0.05) in the bivariate model were intro-
duced in the multivariable models. Multivariable
analysis was performed initially separately for
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individual and area levels, weighting for the under-
ascertainment of cases, and using a forward proce-
dure. For the multivariable analysis of area variables,
quartiles were grouped when appropriate [when their
odds ratio (OR) of tuberculosis in adjacent quartiles
was the same in the univariable analysis]. Because
illiteracy and computer ownership were the best
area predictors for tuberculosis in the multivariable
analysis and because when the two variables were
compared there were empty cells at the extreme
values (no areas with a high proportion of computer
owners had a high proportion of illiterate residents;
and no areas with a high proportion of illiterate resi-
dents had a high proportion of computer owners), but
there was some variation in the intermediate levels,
we created a composite variable at area level combing
the percent of the households in the area that had at
least one computer and the percentage of residents in
the area that were illiterate (‘computing and lit-
eracy’). The final composite variable (‘computer and
literacy’) had only three levels with roughly half the
population in the lowest level, and a quarter each in
the highest and intermediate levels. The composition
of the variable is presented in Table 1.

After selecting the best model for individual vari-
ables and the best model for area variables, a final
multilevel model was built with individuals as the
first level and areas as the second level. This was
done by backwards selection, starting with a model
with all the significant variables in the area model
and in the individual model and then withdrawing
those that were no longer statistically significant.
Interactions between the individual and the area-
level variables were investigated. Population
Attributable Fractions (PAFs)—the excess rate of dis-
ease in the total study population that is attributable
to the exposure—for individual and area variables
were calculated using the formula PAF¼ [(% of
exposed cases)� (OR –1)/OR] to estimate the contri-
bution of each variable. PAFs were estimated for all
individual levels and all area levels using an accepted
procedure: it is worth noting that this is not the
equivalent of adding the PAFs.35 Gllamm was used
to run the two-level random-intercept logit model
using Stata 9.2. Ethical committee approval was
granted to by the Universidade Federal de
Pernambuco (UFPE) ethical committee.

Results
Included in the study were 1452 cases and 5808 con-
trols, and 36% of cases and 54% of controls were
female. The distribution of cases and controls accord-
ing to the age groups defined in Methods were: 7–19
years: 12.4 and 28.0%; 20–34 years: 32.0 and 29.6%,
35–49 years: 32.7 and 22.6%; 50–64 years: 16.7 and
12.4%; and 565 years: 6.2 and 7.4%, respectively.

Bivariate analysis of individual- and area-level vari-
ables are presented in Tables 2 and 3. All individual
variables tested were statistically significantly asso-
ciated with tuberculosis at bivariate level. Age was a
strong predictor of tuberculosis (Table 2). At multivari-
able level, history of migration was no longer signifi-
cant. Access to piped water lost statistical significance
when illiteracy was introduced in the model.
Ownership of goods had the strongest association,
and showed a clear reverse dose–response relationship
to tuberculosis: using as baseline those with 7 goods or
more, those with no goods or only 1 good had a 5-fold
increase in risk; those with 2 to 3 goods, an increase of
3-fold and those with 4 to 6 goods, an increase of 1.7-
fold. Illiteracy and not having worked in the previous
week remained statistically significant (Table 4).

All area-level variables tested were statistically sig-
nificantly associated with tuberculosis in the bivari-
able analysis (Table 3); however, in multivariable
analyses, only the proportion of residents that are
illiterate and the proportion of households that own
a computer remained significant. As described in
Methods, a composite variable ‘computing and lit-
eracy’ with three levels was created, and in the pres-
ence of this variable, no other area variable was
statistically significantly associated with tuberculosis.
Decreasing levels of ‘computing and literacy’ increase
the risk of tuberculosis respectively by 1.5 times and
doubled it (Table 4).

In the final model (Table 4), combining variables that
were statistically significant at individual and area
levels, all variables significant in the multivariable
model at individual and area levels remained signifi-
cant, with a small reduction on the strength of the asso-
ciation between tuberculosis and the extreme low levels
of ownership of goods (at individual level) and between
tuberculosis and computing and literacy at area level.
This final model with individual and area levels was
statistically significantly better than the model with

Table 1 Composing the area-level variable computers and literacy

Computer and literacy Proportion of literate residents Proportion of households with a computer

High Above mediana Top quartileb

Intermediate Above median Second and third quartile

Low Below median Lowest quartile

aMedian value for literacy: 79% of the population is literate.
bInter-quartile ranges: between 1st and 2nd quartile: 3.5% of households owns a computer; between 2nd and 3rd quartiles: 10.4%
of households owns a computer; between 3rd and 4th quartiles: 19% owns a computer.
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Table 3 Risk of tuberculosis associated with area variables (bivariable)

Area level Inter-quartile ranges
Percentage

exposed cases
Percentage

exposed controls OR 95% CI P

Mean income of head of family in R$a

2 between 366 and 618 28.86 26.08 1.00 0.73–1.37 0.995

3 between 619 and 873 25.55 24.78 0.83 0.59–1.17 0.283

4 4873 16.12 26.43 0.57 0.41–0.78 0.000

Mean years schooling of head of family

2 between 5.1 and 5.6 27.82 22.81 0.86 0.63–1.73 0.337

3 between 5.7 and 6.3 19.70 24.76 0.63 0.48–0.82 0.001

4 46.3 18.11 27.00 0.52 0.39–0.71 0.000

Mean number of habitants per household

2 between 3.6 and 3.7 26.52 24.86 1.53 1.05–2.23 0.028

3 between 3.8 and 3.94 26.58 24.72 1.62 1.22–2.15 0.001

4 more than 3.9 31.54 25.50 1.83 1.32–2.53 0.000

Percentage of literate individuals

2 between 78 and 79.3 31.75 23.23 0.94 0.69–1.30 0.732

3 between 79.4 and 83.5 19.08 25.64 0.66 0.49–0.88 0.005

4 483.5 17.91 26.53 0.55 0.40–0.75 0.000

(continued)

Table 2 Risk of tuberculosis associated with individual variables: bivariable, controlled for age and sex only

Variable
Percentage

exposed cases
Percentage

exposed controls OR 95% CI P

Individual level

Age groupa

20–34 years 32.02 29.61 2.43 1.95–3.03 <0.001

35–49 years 32.71 22.57 3.29 2.69–4.02 <0.001

50–64 years 16.67 12.43 3.14 2.63–3.75 <0.001

565 years 6.20 7.40 1.99 1.61–2.45 <0.001

Sexb

Male 64.19 46.16 2.13 1.87–2.41 <0.001

Literacyc

Illiterate 18.32 10.42 1.88 1.56–2.28 <0.001

No computer ownershipc 92.41 83.89 2.27 1.75–2.95 <0.001

Not working in the previous 7 daysc 56.82 56.96 1.56 1.34–1.81 <0.001

Ownership of goodsc

7þ

4–6 29.08 36.95 1.76 1.37–2.25 <0.001

2–3 53.12 39.44 3.03 2.34–3.91 <0.001

0–1 9.39 3.45 5.81 4.03–8.37 <0.001

Access to piped waterc 19.23 12.40 1.69 1.27–2.25 <0.001

Migrantc 39.74 34.16 1.33 1.11–1.59 0.002

aAdjusted for sex.
bAdjusted for age.
cAdjusted for age and sex.
CI¼ confidence interval.
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individual data only (P¼ 0.011). There were no statis-
tically significant interactions between individual- and
area-level variables.

Table 5 shows the proportion of cases attributable to
each statistically significant individual- and area-level
factor; the proportion attributable to all individual fac-
tors, to all area-level factors and to all factors identified.
It is interesting to note that although extremes of
poverty at individual level (having no goods or only 1
good) carry a very high increase in risk (OR¼ 4.3)
it only accounts for 7% of all cases, as very few
controls (very few people in the population) are in

this category; and that possession of only 2 to 3
goods, although only increasing risk by 2.4-fold,
accounts for 31% of all cases. The social variables in
the model explained a very high proportion of all
cases of tuberculosis, with individual-level variables
explaining half the cases and area-level variables 29%.
In Recife, 65% of all cases are explained by socio-eco-
nomic variables, with one-and-a-half times more cases
attributable to being poor than can attributable to
living in a poor neighbourhood. A proportion of cases
remain unexplained, indicating that the study did not
include all potential risks factors for tuberculosis.

Table 3 Continued

Area level Inter-quartile ranges
Percentage

exposed cases
Percentage

exposed controls OR 95% CI P

Percentage of individuals who work

2 between 32.7 and 35.1 33.68 25.33 0.90 0.66–1.23 0.529

3 between 35.2 and 38.8 21.69 25.02 0.68 0.51–0.90 0.008

4 438.8 23.31 25.62 0.47 0.34–0.65 0.000

Percentage of households with refrigerator

2 between 86.9 and 89.5 30.99 24.02 0.85 0.62–1.15 0.294

3 between 89.6 and 92.6 18.60 24.40 0.59 0.46–0.75 0.000

4 492.6 16.94 25.83 0.52 0.39–0.70 0.000

Percentage of households with video

2 between 35.8 and 44.3 29.89 23.83 0.91 0.68–1.23 0.549

3 between 44.4 and 54.0 21.01 25.48 0.62 0.48–0.81 0.000

4 454.0 14.88 23.74 0.52 0.38–0.72 0.000

Percentage of households with washing machine

2 between 17.4 and 26.6 23.42 24.05 0.76 0.59–0.99 0.045

3 between 26.7 and 36.0 29.27 29.55 0.67 0.49–0.92 0.015

4 436.0 13.57 21.81 0.49 0.35–0.69 0.000

Percentage of households with microwave

2 between 6.9 and 13.0 27.48 23.71 0.95 0.70–1.30 0.748

3 between 13.1 and 20.9 26.31 26.22 0.79 0.57–1.10 0.158

4 420.9 15.36 25.21 0.54 0.39–0.74 0.000

Percentage of households with computer

2 between 3.7 and 10.3 27.69 25.62 0.89 0.65–1.22 0.469

3 between 10.4 and 19.5 30.92 26.93 0.83 0.62–1.11 0.210

4 419.5 12.60 24.59 0.47 0.35–0.63 0.000

Average number of cars in the household

2 between 0.18 and 0.30 30.30 27.88 0.76 0.57–1.00 0.057

3 between 0.31 and 0.48 21.83 24.00 0.58 0.46–0.75 0.000

4 more than 0.48 16.12 26.43 0.46 0.34–0.62 0.000

Average number of air-conditioning units in the household

2 between 0.07 and 0.1 28.37 25.03 0.82 0.60–1.12 0.205

3 between 0.2 and 0.3 22.25 22.95 0.66 0.52–0.85 0.001

4 more than 0.3 16.87 28.19 0.47 0.35–0.65 0.000

aUS $1 roughly equivalent to R $2.
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Discussion
Our results show that there was a marked influence
of social variables on risk of tuberculosis, both at indi-
vidual and at area levels. We found a clear effect of

age on risk of tuberculosis similar to the literature.
At individual level, being aged 520 years and posses-
sing fewest goods increased markedly the risk of
tuberculosis; male sex, being illiterate, not working
in the previous 7 days also increased this risk. At
area level, living in an area with many illiterate
people and where few households own a computer,
also increased the risk of tuberculosis; individual and
area levels were independent and did not appear
to interact. Many other area variables were significant
by themselves (crowding, proportion working, low
income) but lost significance when computer and lit-
eracy were included in the model. The statistically
significant social variables in the model explained
65% of all cases of tuberculosis; with 50% of the
cases being attributable to individual-level factors
and 29% to area-level factors. The fact that the PAF
for all identified factors is less than adding each PAF
is not unexpected and results from the overlap of
factors in the population.35

The study does have some limitations. The area for
which we had information was not very small
(average 26 000 inhabitants), and it is possible that
an area of this size still has some internal variation
in wealth. This is not likely to be very marked as one
of the criteria to aggregate census tracts into census
areas is homogeneity (the other is contiguity). Any
degree of internal heterogeneity would lead to an
underestimation of the proportion of cases attribut-
able to the area characteristics. Also, the study was
potentially vulnerable to bias in relation to the area

Table 4 Multivariable analysis: risk of tuberculosis associated with individual variables, area variables and both

OR (95% CI)
individual factors

OR (95% CI)
area factors

OR (95% CI) individual
and area factors

Individual level

Sex

Male 2.20 (1.93–2.53) 2.21 (1.92–2.53)

Age group

20–34 years 2.72 (2.07–3.59) 2.70 (2.06–3.55)

35–49 years 3.75 (2.90–4.85) 3.76 (2.91–4.86)

50–64 years 3.38 (2.73–4.20) 3.42 (2.74–4.25)

565 years 1.89 (1.46–2.45) 1.96 (1.52–2.54)

Illiterate 1.38 (1.15–1.66) 1.33 (1.11–1.61)

Not worked previous week 1.32 (1.13–1.53) 1.31 (1.13–1.52)

Possession of goods

4–6 1.74 (1.36–2.23) 1.48 (1.16–1.90)

2–3 2.93 (2.24–3.84) 2.42 (1.86–3.15)

0–1 5.52 (3.57–7.64) 4.27 (2.88–6.34)

Area level

Computers and literacy

Intermediate 1.58 (1.25–2.00) 1.29 (1.00–1.67)

Low 2.12 (1.64–2.74) 1.59 (1.19–2.13)

Table 5 Proportion of cases attributable to individual- and
area-level variables

Percentage
exposed

cases ORa PAF PAF

Individual level

Ownership of goods

4–6 0.29 1.5 0.10

2–3 0.53 2.4 0.31

0–1 0.09 4.3 0.07

Literacy 0.18 1.3 0.04

Worked in previous week 0.57 1.3 0.13

All individual levels 0.50

Area level

Computers and literacy

Intermediate 0.24 1.3 0.06

Low 0.63 1.6 0.24

All area variables 0.29

All variables 0.65

aORs used are adjusted by age and sex and all variables in
the model.
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variables as we did not include all diagnosed cases,
with the proportion of diagnosed cases included in
the study varying from area to area, whereas we did
include as controls a representative random sample of
all individuals in the areas. Fortunately we had data
on notifications for each area, and therefore were able
to control for this. We are confident that this removed
the possibility of substantial bias. Social information
was collected in controls as part of the census and in
cases as part of the study, so that the interviewers
and the setting were different for cases and controls
(although the questionnaire used was the same). To
reduce this bias, interviewers were rigorously trained
and supervised. HIV infection was not measured but
we believe that this has a limited impact given the
small proportion of cases attributable to HIV in Recife.
Finally, this is a study of diagnosed cases of tubercu-
losis, and all conclusions relate to those and not to
undiagnosed cases in the population. Data from other
studies provide indirect evidence that the fraction of
cases which are never diagnosed is small.30,36 It is
probably due to the fact that, in Brazil, access to treat-
ment is easy as decentralization of the Tuberculosis
Control Program is taking place [with the progressive
transfer of activities from ‘tuberculosis health units’
to health units in the Family Health Program (FHP)
and their teams]37,38 and investigation and treatment
of patients are free and standardized for the whole
country.39

The study has many strengths. The controls were a
random sample of the population of Recife, and con-
trol information was collected as part of the demo-
graphic census; detailed social information was
collected at individual level using the questions devel-
oped for the census for both cases and controls. The
sample size of approximately 1500 cases was large,
giving the study substantial power, including power
to detect interactions had an interaction been present.
The multilevel analysis permitted the investigation in
a single study of both individual and contextual vari-
ables (therefore exploring whether they are indepen-
dent) and any interactions between them.

Many individual factors and all area factors were
associated with tuberculosis in univariable analysis.
This indicates how socially determined tuberculosis
is, and that at least in this setting, deprived groups
accumulate many aspects of deprivation. This may be
more common in places like here where inequalities
are marked. Because of this clustering we hesitate to
propose biological pathways for the effect of these
variables.

Of individual variables, illiteracy and ownership
of goods were highly associated with tuberculosis
and explained a good proportion of cases. These are
simple measures of access to resources, and consistent
with the literature. Not having worked in the previous
week can reflect both increased risk associated with
unemployment—consistent with much of the litera-
ture6,7,9,15,19—but also can have resulted in part

from the individual not being well enough to work
during the week before diagnosis. Unemployment is
investigated using this question in the census in
Brazil to address work both in the formal and infor-
mal sectors.

The composite measure we created, reflecting own-
ership of a computer and illiteracy, captured the effect
of all other area variables, including proportion unem-
ployed, income distribution and crowding. This again
is an indication of clustering of aspects of deprivation
in the same area; and of the centrality of education as
it is related to all other aspects of poverty, at least in
this setting.

This is the first study, to our knowledge, that inves-
tigates social determination of tuberculosis using a
multilevel model (except for a study in South Africa
of determination of reported levels of tuberculosis).40

The independence of the effects of area-level factors
and individual factors, shown for the first in this
study, suggests a clear contextual risk: the risk of
tuberculosis in an individual is increased by charac-
teristics of the people around the individual; this is
plausible as tuberculosis is an infectious disease, and
infection must be acquired by direct contact with a
case. It was surprising that the individual and the
area factors did not interact: we expected individual
wealth to reduce the effect of area of residence.
Because of the very large sample size, the study
would have had the power to find an interaction
between individual and area factors if one was pre-
sent, so this was not due to lack of power and must
be real. Individual factors contributed to twice as
many cases as area-level ones. We interpret this to
reflect two things: first, that infection is acquired
not only where people live, but also where they
work or socialize; and secondly, that at least in this
setting, poverty must be influencing the risk of pro-
gressing to disease more than the risk of acquiring
infection. Since individual level variables explained
almost twice as many cases of tuberculosis than
area level variables, we conclude that based on the
variables we had in the study, to avoid tuberculosis
it is better to be rich in a poor area than to be poor in
a rich area.

Finally, the fact that social determinants explained
almost 65% of all cases is a clear confirmation of how
essential poverty in its many aspects is to mainte-
nance of tuberculosis, and reinforces the hope that
social development and reduction in inequality may
one day eliminate the disease. Although our study
was in developing countries, we suggest this is true
for developing and developed countries.

Conclusions
The study provides evidence of a substantial effect of
both individual and area social characteristics on
the risk of developing tuberculosis; these effects
were independent and did not interact, and the
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individual variables are responsible for roughly one-
and-a-half as many cases.

Recommendation
Further research of determinants of tuberculosis
should try to incorporate both contextual and individ-
ual factors. Targeting of control measures for tubercu-
losis—for example, active case finding—should
consider not only individual characteristics but also
characteristics of areas. Planning of public health
interventions, for example, the decision of where to
place a new health unit for tuberculosis diagnosis and
treatment should be based not only on the incidence
of diagnosed tuberculosis (since cases may be under
diagnosed) but also in the area characteristics asso-
ciated with risk of tuberculosis. Reducing poverty and
inequality would have a major impact on tuberculosis.
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KEY MESSAGES

� The effect on tuberculosis of socio-economic characteristics at individual level and at area level are
independent: the increase in risk of tuberculosis associated with living in a poor area is barely
reduced when we take into account the individual characteristics; and the increase in risk of tuber-
culosis associated with being poor is barely reduced when we take into account effect the character-
istics of the area of residence.

� The effect on tuberculosis of socio-economic characteristics at individual level and at area level do
not interact: the increase in risk of tuberculosis associated with being poor is the same in people
living in poor and rich areas; and the effect of living in a poor area is the same for rich and poor
people.

� Individual level variables explained almost twice as many cases of tuberculosis than area level vari-
ables suggesting that, at least in this setting, to avoid tuberculosis it is better to be rich in a poor area
than to be poor in a rich area.
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Manual técnico para o controle da tuberculose. Brası́lia:
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