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Methods

We investigated determinants of prevalence of diarrhoea in two
cohort studies conducted before and after the intervention. Each
study enrolled pre-school children followed up for 8 months. For
both cohorts, we calculated relative, attributable and mediated risks
of diarrhoea determinants by a hierarchical effect decomposition
strategy.

Results

The intervention reduced diarrhoea and also changed attributable
and relative risks of diarrhoea determinants by altering the pathways of mediation. Before the intervention SES was a major distal
diarrhoea determinant (attributable risk: 24%) with 90% of risk
mediated by other factors, mostly by lack of sanitation and poor
infrastructure (53%). After the intervention, only 13% of risk was
attributed to SES, with only 42% mediated by other factors
(18% by lack of sanitation and poor infrastructure).

Conclusion The intervention reduced diarrhoea risk by reducing direct exposure
to unfavourable sanitation conditions. At the same time it altered
the effect and mediation pathways of most distal diarrhoea determinants, especially SES. This finding corroborates the importance of
public sanitation measures in reducing the impact of poverty on
diarrhoea. It also underlines the value of studying the impact of
public health interventions to improve our understanding of health
determinants.
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Background Poor socioeconomic status (SES) increases diarrhoea risk, mostly
mediated by lack of sanitation, poor infrastructure and living conditions. The effectiveness of a city-wide sanitation intervention on
diarrhoea in a large urban centre in Northeast Brazil has recently
been demonstrated. This article aims to explore how this intervention altered the magnitude of relative and attributable risks of
diarrhoea determinants and the pathways by which those factors
affect diarrhoea risk.
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Introduction

Methods
Salvador, capital of Bahia state in Northeastern Brazil
(population 2.5 million) has health problems typical
of a large urban centre. The improvement in water
supply in the 1980s and 1990s (by 1997 over 90% of
the city’s households had access to piped water) must
have had some effect on childhood diarrhoea, but this
was never measured. In 1997, the prevalence of child
diarrhoea measured in a longitudinal study was 9.2
days per child-year. A large sanitation programme,
initiated in 1997, known as Bahia Azul or ‘Blue Bay’,
was implemented with the objective of increasing the
proportion of the population with an adequate sewer
connection from 26% to 80%; details of the intervention are given elsewhere.19 To assess the epidemiological impact of the intervention an evaluation study
was conducted composed of two longitudinal studies.19 Each consisted of a cohort of children aged
0–36 months at baseline, recruited from households
selected from the same 24 sentinel areas chosen
to represent the parts of the city without access
to sewerage. The sampling design of the study has
been described in detail elsewhere.19,21,22 The first
study, carried out before the intervention, enrolled
832 children beginning in September 1997 and followed them over a period of up to 15 months
(until November 1998). The second study was conducted after the intervention, beginning in October
2003 and enrolled 992 children with a follow-up of up
to 8 months (until May 2004). To make the two
cohorts comparable, the analysis of the first cohort
was restricted to the first 8 months of follow-up.
Diarrhoea data were collected by twice-weekly home
visits carried out by 15 fieldworkers. During each visit,
the field worker questioned the mother or child’s
caretaker about the number and consistency of bowel
movements, and the occurrence of additional symptoms (such as fever, vomiting and blood in stool) over
the preceding 3–4 days. A day with diarrhoea was
defined by the occurrence of three or more liquid or
loose stools starting when the child woke in the
morning.23 As outcome variable, we chose prevalence
of diarrhoea, defined as the number of diarrhoea days
divided by the total number of days under
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Diarrhoeal diseases are a major child health problem
in developing countries, especially in the growing
urban areas.1 Epidemiological studies conducted in
various developing countries have shown that diarrhoea has a complex epidemiology. Diarrhoea risk
is affected by numerous determinants on different
causal levels, but the major role of poor socioeconomic status (SES) is well established.2–6
It is widely accepted that diarrhoea risk is affected
by a hierarchy of risk factors, of which the distal
factors are mediated through causal pathways involving the more proximal ones,7 and hierarchical
modelling techniques are mainly used to control for
confounding and the risk factors identified one by
one.8 Rarely have the pathways themselves been the
subject of study or any changes in them resulting
from an intervention. Poverty is still one of the major
distal determinants of diarrhoea, and is closely related
to lack of sanitation, poor neighbourhood infrastructure and poor living conditions.4,9 In urban settings,
this is very clear because huge inequalities between
rich and poor are expressed in marked social, environmental and health differences.10 Children in the
poorest stratum suffer from a high burden of various
infectious diseases as a consequence of their unfavourable environment.10
The eradication of poverty in developing countries is
not very likely during the next decades, but public
interventions such as improving sanitation, water supply and neighbourhood infrastructure, food supply
etc. seem to be immediate effective ways to improve
child health. Several studies have shown the important role of inadequate water supply and sanitation in
the occurrence of diarrhoeal diseases11–14 and have
shown that improving water supply and sanitation
prevents them.15–18. However, very few studies have
evaluated the impact of these interventions in urban
settings, or of sanitation alone. Recently, an evaluative epidemiological study in Salvador, a large urban
centre in Northeast Brazil, has shown the impact of a
city-wide sanitation programme in controlling diarrhoeal diseases.19 The evaluation was conducted using
a robust observational methodology with precise measurement of the outcome in two cohorts before and
after the intervention and with measurement of
potential confounders at individual and contextual
levels. The study showed a reduction in diarrhoea
prevalence by 21% (95% CI 18–25%), from 9.2
(9.0–9.5) days per child-year before the intervention
to 7.3 (7.0–7.5) days per child-year afterwards. By
means of a novel hierarchical analysis strategy, the
study also showed how different components of the
intervention (e.g. the increased sewerage coverage,
the improved water supply, etc) contributed to the
decrease in diarrhoea risk.
There is some recognition that well-conducted
health impact assessments, such as the study done
in Salvador, have the potential to enhance recognition

of societal determinants of health.20 Large-scale sanitation programmes are complex interventions that
affect the transmission of diarrhoeal diseases directly
by reducing exposure to proximal risk factors, and
also indirectly acting on distal ones. It is likely that
such interventions act not only by changing the
attributable risk of distal diarrhoea determinants (e.g.
poor SES or poor living conditions), but also by
modifying the mediating pathways by which these
determinants act on the outcome. In this article, we
further investigate the impact of the same city-wide
sanitation programme on determinants of child
diarrhoea.

IMPACT OF A CITY-WIDE SANITATION INTERVENTION ON CHILDHOOD DIARRHOEA

surveys used similar methodologies and their unit of
sampling was the 100 m stretch of road running 50 m
to either side of each sampled house.10

Statistical analysis
Statistical analysis was conducted according to a
predefined conceptual model (shown in Figure 1) that
reflects our hypotheses about how diarrhoea determinants are grouped in blocks, the inter-relationships
existing between these blocks and the pathways by
which these variables act on diarrhoea prevalence.
The conceptual framework selected is similar to a
model that has been used previously in the same
context to analyse determinants of diarrhoea incidence.4 Following the framework we implemented
a hierarchical effect decomposition strategy (HED)
to quantify the effect of risk factors on different
levels and to disentangle direct and mediated effects
of these factors. Details of the HED are described
elsewhere.28,29
First, descriptive statistics were calculated to examine the distribution of covariates before and after
the intervention. Then, bivariate analyses were carried
out to identify potential diarrhoea determinants
by calculating prevalence ratios (PR) (exposed vs
non-exposed children) and 95% CI. Robust CIs were
calculated by using a resampling technique to adjust
for intra-cluster correlation due to children recruited
from the same sentinel areas.30 Second, we fitted
a sequence of mixed effects Poisson regression

Block 1: Socioeconomic status
Household specific indicators
number of people per room (crowding)

Mother's or child's caretaker's indicators:
occupational status, education level,
marital status

Block 2: Neighbourhood Infrastructure, sanitation and living conditions
Intervention :
Sanitation programme
“Bahia Azul”

Block 3: Nutrition
Neighbourhood infrastructure and sanitation:
Sewage coverage of sentinel area
Water supply (Origin, quality and availability of drinking
water), presence of open sewage nearby, paved street,
frequency of garbage collection

Household living conditions:
Type of habitation, quality of painting (in/outside), quality
of ground, flooding of habitation during rain, presence of
toilet, separate kitchen, number of children less then 5
years in the household, garbage and excreta disposal

Birth weight,
Duration of breast feeding,
Anthropometric measures

Block 4: Hygiene behaviour

Block 5: Intestinal parasitic infections
A. lumbricoides, T. trichiura, G. lamblia

Age

Diarrhoea Prevalence
Gender

Figure 1 Conceptual framework visualizing the inter-relationships between potential risk factors, the sanitation
intervention and diarrhoea prevalence
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observation.24,25 Days with missing diarrhoea information were excluded from the person’s time at risk. Stool
samples were collected only once during the follow-up
and examined for the presence of intestinal parasites
(Ascaris lumbricoides, Trichiuris trichiura, Giardia
lamblia). The mother or child’s caretaker was visited
at home and given a numbered, labelled container,
which was collected the next morning, placed on ice
and taken immediately for analysis the same day. Each
stool sample was examined using the Kato-Katz
method for the presence and number of helminth eggs.
In addition, at the beginning of both cohort studies,
individual and household questionnaires were applied
by fieldworkers to assess potential child and household confounding variables. These included SES,
living and sanitation conditions of the households
and child-related variables (birth weight and breast
feeding). Anthropometric measurements of nutritional status were done at baseline, and height-forage Z-scores were calculated by use of the EPINUT
programme (version 6.0).26 The fieldworkers were
also trained to check a list of 23 forms of hygienic or
unhygienic behaviour by the child or the child’s
caretaker if they were observed during two visits every
week. On the basis of this information, a composite
hygiene behaviour score was calculated for each child.
Details of the hygiene behaviour observations have
been reported elsewhere.27 In addition, for each
sentinel area contextual variables were assessed, on
the basis of environmental surveys that were done in
1997 (for cohort 1) and 2004 (for cohort 2). These
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Ethics
Ethical approval for the study was given by the ethics
review board of the Instituto de Saúde Coletiva,
Federal University of Bahia. Written informed consent
to participate in the study was obtained from the
guardians of all studied children.

Results
The study population was selected from the population of the city, as described elsewhere.19 For this
study, we selected children that were followed up for
at least 90 days and for whom all study variables of
the conceptual framework in Figure 1 (except for data
about intestinal parasites) were available. The first
cohort, before the intervention, consisted of 832
children (mean age 18.1 months, SD: 9.8, median
follow-up: 239 days). The second cohort, after the

intervention, consisted of 992 children (mean age 17.1
months, SD: 9.7, median follow-up: 201 days). The
prevalence of diarrhoea decreased from 9.2 diarrhoea
days per year (95% CI: 8.9–9.6) before the intervention to 7.3 diarrhoea days per year (95% CI: 6.9–7.5)
after the intervention, a reduction of 21%.
Table 1 summarizes the results of the HED approach
showing all factors that showed multivariate associations with diarrhoea prevalence (P < 0.05). For each
factor, estimates of PR and 95% CI are shown.
According to the principle of HED,7 the PR shown
refer to the ‘overall effect’, i.e. the effect adjusted for
all potential confounding variables from the same or
upper levels of the conceptual framework (Figure 1)
but not adjusted for mediating variables on the
pathway to the outcome. For instance, the overall
effect of block 2 (sanitation, neighbourhood infrastructure and living conditions) is adjusted for age,
gender and SES (located one causal level above) and
block 3 (located on the same causal level) but not
for the effect of blocks 4 and 5 (that are potential
mediating variables). In addition, the proportion of
multivariate attributable risks is shown for both
exposed individuals (AR) (i.e. quantifying the diarrhoea risk in exposed subjects that is due to exposure)
and the total study population (ART) (i.e. quantifying
how much risk in the total population can be attributed to exposure). In addition, we show the cumulative proportion of ART for each block of variables.
For SES we observed a decrease in ART from 24%
in cohort 1 to 13% in cohort 2. This decrease could
not be explained either by changes in the distribution
of this variable or by changes in the magnitude of
association from cohort 1 to cohort 2. We observe a
higher PR for the poorest (stratum 4) but a decrease
in stratum 3.
As expected, after the construction of the new sewer
system, attributable risk due to block 2a (neighbourhood infrastructure, sanitation and living conditions)
changed substantially. The increase in ART from 24%
to 47% was mostly related to the construction of the
new ‘Bahia Azul’ project sewers that, even adjusted
for SES, explained 28% of the diarrhoea risk. A
decrease in ART was observed for water supply, on
the one hand because there were more houses with
piped water (coverage increased from 74% to 96%),
and on the other hand by reducing the strength of
association (e.g. PR for inadequate water supply
diminished from 1.75 to 1.32). For open sewage
nearby, despite the decrease in the frequency of
exposure (47% to 23%) the PR increased from 1.09 to
1.47, resulting in a substantial increase of AR from 4%
to 10%.
In contrast, for variables of block 2b (household and
living conditions) we did not observe any substantial
change in PR. Except for type of floor (PR decreased from
1.30 to 1.03) the distribution and strength of association
with these risk factors was similar before and after
the intervention. Attributable and relative risks for
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models each including different blocks of variables to
obtain multivariate PR. All models were adjusted for
confounding by age and gender; adjustment for intracluster correlation was done by including a gammadistributed random effect. For multivariate analysis,
missing data for explanatory variables were filled by
imputation of the mean for quantitative variables and
the mode for categorical ones, assuming that there
was no association between diarrhoea risk and the
probability of observing it on the day (assuming
‘missing at random’). Variable selection in each block
was done using a backward selection procedure using
a P-value of 0.1.
Briefly, we started with model A (including only
block 1) that sought to estimate the overall effect of
SES. Followed by model B additionally including
variables from block 2 (neighbourhood infrastructure,
sanitation and living conditions) and model C additionally including block 3 variables (nutrition) and so
on. By comparing the effect estimate (e.g. for SES, the
PR of the poorest group vs other groups) before and
after adjusting for the next block in the hierarchy of
the framework (e.g. block 2) we get an estimate how
much of the effect of the block has been mediated by
the block on the pathway. Some authors have called
this proportion of excess risk explained the ‘mediation
proportion’.28
In addition, we calculated multivariate adjusted
estimates of attributable risks from the relative risks
for both exposed subjects and the whole study population. Finally, we extended the idea of ‘excess risk
explained’ to attributable risks and quantified the
fraction of attributable risk mediated by the pathway
by comparing the ‘overall’ estimates of attributable
risk of each block with the estimates that were
adjusted for blocks on the pathway. All statistical
analyses were carried out using the statistical software package STATA (version 9.2, STATA Corporation, College Station, TX, USA).

IMPACT OF A CITY-WIDE SANITATION INTERVENTION ON CHILDHOOD DIARRHOEA

835

Table 1 Estimates of PR and attributable risks of factors associated with diarrhoea prevalence before and after the
sanitation intervention
Cohort 1 (before, n^832 children)
Children
n (%)
PR
95% CI
ARa ARTb

Cohort 2 (after, n^992 children)
Children
n (%)
PR
95% CI
ARa ARTb

Block 1: Socioeconomic status
24c

Socioeconomic index
1 (richest)

119 (14)

2

207 (25)

1.04

0.91–1.19

4

3

312 (38)

1.33f

1.18–1.50f

25

194 (23)

f

f

4 (poorest)

1.00

1.49

1.31–1.69

13c
164 (17)

1.00

279 (28)

1.11

0.97–1.26

10

335 (34) 1.19f 1.05–1.35f

16

f

214 (22) 1.62

33

1.39–1.88

f

38

24d

Block 2a: Sanitation and
neighbourhood infrastructure

47d

Connections to sewere
475% of houses in area

183 (22)

1.00

450%, 475% of houses in area

251 (30)

0.94

0.84–1.04

0

441 (45) 1.59f 1.43–1.76f

33

425%, 450% of houses in area

314 (37)

0.74f

0.66–0.82f

0

199 (20) 1.21f 1.07–1.38f

16

84 (10)

1.12

0.98–1.28

11

84 (8) 1.87f 1.61–2.18f

47

Absent

442 (53)

1.00

Present

390 (47)

1.09f

425% of houses in area

0 268 (27)

Open sewage nearby

10

1.01–1.08f

1.00

226 (23) 1.47f 1.34–1.60f

8

32

c

0c

11
613 (74)

1.00

Access to piped water close
to the household

102 (12)

1.19f

1.06–1.34f

16

No access to piped water

117 (14)

1.75f

1.59–1.93f

43

House served by paved street

865 (96)

1.00

98 (11)

0.74

0.64–0.87

0

29 (3) 1.32f 1.07–1.57f

24

9

Yes

256 (31)

1.00

No

576 (69)

1.14f

9
369 (41)

1.04–1.24f

1.00

623 (59) 1.14f 1.04–1.25f

12

13

d

Block 2b: Household
living conditions

11d

10

Type of housing

2
765 (92)

1.00

67 (8)

1.23f

6
912 (92)

1.05–1.43f

80 (8) 1.29f 1.09–1.53f

20

Floor conditions

1.00
23

4

Ceramic/cement

721 (87)

1.00

Unpaved floor

111 (13)

1.30f

1.15–1.47f

25

Flooding of house during rain

0
955 (96)

1.00

37 (4)

1.03

0.84–1.27

3

4

No

689 (68)

1.00

Yes

143 (17)

1.24f

5
867 (87)

1.13–1.36f

Block 3: Nutrition

1.00

125 (13) 1.49f 1.34–1.65f

19

35

d

17d

7

5

18

Birth weight
52500 g

713 (86)

1.00

<2500 g

119 (14)

1.51f

51 (normal)

657 (79)

1.00

<1 (subnutrition)

175 (21)

1.46f

861 (87)
1.37–1.67f

Anthropometry (height for age)

1.00

131 (13) 1.37f 1.24–1.53f

34

27

9

5
821 (83)

1.34–1.59f

32

1.00

171 (17) 1.28f 1.17–1.40f

22
(continued)
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766 (77)

Piped water inside the
household

Shack

28

4

Water supply

House/apartment

1.00
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Table 1 Continued

Exclusive breast feeding
<6 months
56 months

Cohort 1 (before, n^832 children)
Cohort 2 (after, n^992 children)
Children
Children
PR
95% CI
ARa ARTb
n (%)
PR
95% CI
ARa ARTb n (%)
2
7
686 (82)

1.00

146 (18)

f

1.13

1.01–1.25

f

12

841 (85)

1.00

151 (15)

1.53f

1.39–1.69f

35

Block 4: Hygiene behaviour
30c

Hygiene behaviour score
Good
Intermediate
Bad

175 (21)

1.00

504 (61)

1.44

f

1.92

f

153 (18)

1.30–1.60

f

1.71–2.16

f

22
48

T. trichiura
G. lamblia

266 (27)

1.00

421 (42)

1.15f

1.04–1.26f

13

305 (31)

f

1.24–1.52f

27

1.37

d

Block 5: Intestinal
parasitic infections
A. lumbricoides

15c

1d

3
679 (82)

1.00

153 (18)

0.85
1.00

113 (14)

1.33

742 (89)

1.00

90 (11)

0.95

0

0

108 (12)

1.07

0.94–1.22

7

1

1.19–1.48f

23

3

41 (5)

1.00

0.79–1.26

0

0

0.85–1.07

0

0

44 (5)

0.86

0.71–1.04

0

0

a

Adjusted proportion of attributable risk of diarrhoea due to exposure in exposed individuals, estimates were calculated from the
predicted rates for each stratum resulting from the multivariate estimates of relative risk.
b
Adjusted proportion of attributable risk of diarrhoea due to exposure in the entire study population, the estimate is based on the
rate in unexposed subjects adjusted for covariates.
c
For variables with more than two categories the first category was considered as the stratum of unexposed individuals.
d
Sum of proportion of attributable risk of all variables of the block.
e
The coverage shown for the first cohort refers to connections to any existing sewer system before the intervention, the coverage
shown for the second cohort refers to the new ‘Bahia Azul’ project sewers.
f
P values refer to the Wald test statistic (testing whether the regression coefficient of the Poisson regression model was
significantly different from zero).

nutritional variables also did not change substantially.
The reduction of attributable risk due to unhygienic
behaviour was more striking (30% to 15%). Intestinal
parasites did not increase diarrhoea risk except for
T. trichiura, whose PR was 1.33 before the intervention,
but diminished after the intervention (PR ¼ 1.00).
Table 2 summarizes the ART with respect to the
total study population showing how each block of
variables contributed to the diarrhoeal prevalence.
We observed a reduction of attributable risk of poor
SES (11%) without any substantial change in the
distribution of this risk factor in the study population.
As expected, the sewerage intervention substantially
changed the population attributable risk of block 2
(increase of 24%), even adjusted for SES, lack of sanitation and neighbourhood infrastructure explained
an additional 23% of the diarrhoea risk in cohort 2.
Improving sanitation also reduced the attributable
risk due to negative hygiene behaviour (15%),
mostly by reducing the magnitude of association
(Table 1) rather than by improving the behaviour of
the population. Nutritional status also had an effect
on diarrhoea risk, but attributable risks were quite
similar in both cohorts.

In addition, by our HED approach we were able to
investigate whether the intervention also changed the
pathways by which the risk factors acted on the
diarrhoea occurrence. By fitting a sequence of regression models each adjusting for different blocks of
variables we quantified the proportion of effect
mediated by other variables on the pathway. Effect
measures were derived from the multivariate estimates of attributable risk that refer to the overall
effect of each block (shown in Table 1) and estimates
step-by-step adjusted for other blocks of variables on
the pathway (not shown). The results of this effect
decomposition analysis are shown in Figure 2. We
found that in both cohorts a large fraction of the
effect of SES was mediated by other factors. The proportion of attributable risk thus mediated decreased
substantially after the intervention. Before the intervention, 90% of the effect of SES was mediated; 53%
by block 2, 24% by block 3, 11% by block 4 and 2% by
block 5. In contrast, after the intervention only 42% of
effect of SES was mediated by the factors of our
conceptual framework; 18% by block 2, 9% by block
3 and 15% by block 4. Sanitation infrastructure
and nutritional status proved to be more directly
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Table 2 Change in population attributable risk of the study population due to exposure to diarrhoea determinants before
and after the intervention
Population attributable risk (%)
Cohort 1
Cohort 2
24
13

Block 1: Socioeconomic status
Block 2: Neighbourhood infrastructure, sanitation and living conditions

Change
11

34

58

þ24

Block 2a: Neighbourhood infrastructure and sanitary conditions

24

47

þ23

Block 2b: Household living conditions

10

11

þ1

Block 3: Nutrition

18

17

1

Block 4: Hygiene behaviour

30

15

15

3

1

2

Block 5: Intestinal parasitic infections

Block 1: Socioeconomic status

53% 18%

24% 9%

Block 2: Neighbourhood infrastructure,
sanitation and living conditions

2% 0%

4% 6%
6% 0%

7% 4%
93% 96%

Block 4: Hygiene behaviour
Block 5: Intestinal parasitic
infections:

0% 0%
10% 58%
100% 100%

86%

88%

100% 100%

Diarrhoea Incidence

Figure 2 Proportion of population attributable risk explained by mediating factors (mediating proportion) before and
after the intervention, displayed in the left and right side of each arrow, respectively. The numbers close to the arrows
(left: before the intervention, right: after the intervention) show the proportion of attributable risk (of the block the
arrow comes from) mediated by the block the arrow goes to. The estimates of the mediated proportion (MP) have been
derived from the adjusted (ARTadj) and unadjusted estimates (ARTunadj) of multivariate attributable risks according to
the formula: MP ¼ (ARTunadjARTadj)/ARTunadj  100

associated with diarrhoea risk; only 14% of block 2
were mediated by other variables before and 12%
after the intervention, while mediation of block 3 was
7% before and 4% after the intervention.

Discussion
The aim of this study was to investigate the impact of
a city-wide sanitation intervention in a large urban
centre in Northeast Brazil on determinants of child
diarrhoea. We identified diarrhoea determinants in
two cohort studies conducted before and after the
intervention and quantified the magnitude of relative,
attributable and mediated risk of these factors by
a HED strategy based on a predefined conceptual
framework.

As a main result of the present analysis we found that
the city-wide sanitation intervention besides generating a substantial decrease in child diarrhoea prevalence,
shown elsewhere,9 changed the magnitude of attributable and relative risks of many proximal and distal
factors and also altered the pathways by which SES
acted on the diarrhoea occurrence.
As expected, our study showed that the intervention
substantially altered diarrhoea occurrence directly
by reducing exposure to proximate factors that are
directly related to diarrhoea (e.g. lack of adequate
sanitation, neighbourhood infrastructure or household conditions). For instance, by increasing the coverage of sewer connections the intervention reduced
exposure to open puddles and streams of sewage.
However, the multivariate relative risk for ‘open
sewage’ increased. This finding suggests that after
the intervention, this manifestation of inadequate
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11% 15%

Block 3:
Nutrition
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the new sewer system) and its effect on diarrhoea
occurrence seems to have happened independently of
SES. While economic constraints delayed connection
of some of the poorest households to the sewer system,
the intervention was a city-wide public measure
planned to benefit all the households in the areas
covered.32 Moreover, the evaluation study11 found
that the protective effect was associated with the
overall coverage of the neighbourhood, rather than
with access to the system by the household of the
individual child. The evaluation study also showed
that the intervention was most effective in very poor
areas, which had previously had the highest diarrhoea
risk.19 Thus, the intervention decreased the association between poverty and unfavourable environmental conditions directly by reducing the population’s
exposure to environmental risk factors. The intervention also altered the attributable risk of SES indirectly
by changing the magnitude of relative risk of
variables on the pathways by which poor SES was
mediated, e.g. floor conditions, anthropometry and
hygiene behaviour.
This study, using a comparison of the epidemiological situation before and after a city-wide sanitation
programme, shows how improving sanitation affects
the contribution of other determinants of diarrhoea
risk that did not change significantly during the
period of the intervention (e.g. SES). In addition, by
implementing a HED strategy we were able to estimate the effects of risk factors operating at different
levels and also to disentangle direct and intermediate
effect components involved in diarrhoea occurrence in
a complex urban setting. It is a relevant contribution
on the search for interventions targeted to reduce
socioeconomic inequalities in health.33
A limitation of our study was that the comparison
was conducted using different children (though from
the same sentinel areas), so that bias due to sampling
error and confounding due to unobserved child
specific variables could not be completely excluded.
Moreover, since it was a longitudinal study over several years several unmeasured factors might have
changed during the time of the study. However, it is
not likely that these changes would account for the
findings of our study with respect to the main study
question, i.e. whether a complex sanitation intervention was able to change relative, attributable risks and
pathways of important diarrhoea determinants. Our
major finding was that the intervention changed the
attributable risk and the pathways of SES without
changing the prevalence of poverty. Before the
intervention, the effect of SES was mostly mediated
by poor living conditions and lack of access to
sanitation. Since the intervention improved sanitation
and environment infrastructure of the study households independent of their SES, poverty was less
related to poor sanitation after the intervention. It is
much more likely that the intervention, rather than
changes in other unobserved variables, accounts for
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sanitation was less closely associated with poverty.
Before the intervention, it was mainly the poor who
lacked sewerage; after the intervention, other factors,
such as local topography making sewer construction
difficult, are more likely to have come into play,
weakening the association between poverty and poor
sanitation.
Improving sanitation also reduced the relative risk
of inadequate floor conditions in the household and
the effect of unhygienic behaviour on diarrhoea.
A cement floor is easier to clean, and cleaning the
floor assumes greater importance in the prevention of
diarrhoea if people’s shoes are likely to be contaminated with sewage. So does hygienic behaviour such
as washing hands and cleaning objects that fall on
the floor. Thus, both changes would be expected if,
due to the increasing sewerage coverage, there was a
decrease in the burden of pathogens carried into the
domestic environment—for instance on shoes and on
hands. As a consequence, conditions that before the
intervention were strongly associated with diarrhoea
occurrence (e.g. inadequate floor conditions or unhygienic behaviours) became less risky and ‘caused’ less
diarrhoea, even without changes in their frequencies.
This new finding has several implications. Much of
the global interest devoted to diarrhoea control is
focused on behavioural changes;27,31 however, while
unhygienic behaviour was the most important single
risk factor in the first cohort (Table 1), and without
major changes on its frequency, its role decreased
in consequence of the environmental improvements
which occurred.
The most rewarding finding derived from our
analysis was that the intervention substantially
altered the attributable risk of poor SES without
changing its relative risk or the prevalence of poverty
in the city. Before the intervention, poverty was
a major determinant of diarrhoea (attributable
risk: 24%). Most of the effect of SES was mediated
(mediating proportion 90%) indicating that poor SES
was closely related to other more proximate diarrhoea
determinants such as lack of sanitation, inadequate
environmental infrastructure and poor living conditions. This finding of mediation of SES is not very
surprising and completely in line with the results of a
previous study in the same city that investigated risk
factors for diarrhoea incidence.4
After adjustment for SES, access to the existing
sewer system did not explain any diarrhoea risk.
This finding can be explained by the fact that before
the intervention poor SES was closely related to lack
of sanitation, and also that the pre-existing sewerage
was ineffective due to poor construction and maintenance.10 After the intervention, the situation had
changed: SES had a less important role (attributable
risk: 13%) but diarrhoea occurrence was strongly
related to the coverage of the new sewage system
(attributable risk: 28%). These results suggest that
the progress of the intervention (e.g. the coverage of
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this major finding. A further limitation of our study
was that the HED approach is only valid when there
is no confounding at the intermediate levels of the
framework, an assumption that we have discussed in
detail elsewhere.4,28
In conclusion, our study shows that a sanitation
intervention in a large urban centre can have a
substantial impact on the epidemiology of child
diarrhoea. Improving sanitation decreases the attributable risk of diarrhoea determinants directly by
reducing exposure to these factors, or indirectly by
changing the strength of associations with them.
An indirect effect of the sanitation intervention is to
alter the pathways by which socioeconomic factors
act on the outcomes. In particular, the intervention
reduced the risk attributable to poor SES, a major
health determinant in developing countries, without
changing the prevalence or distribution of poverty.
This finding underlines the importance of public
sanitation measures as part of a group of compensatory policies in reducing the impact of poverty and
social inequalities on poor child health. Moreover, the
interesting findings of the hierarchical analysis
approach used in this study underline the importance
of studying the impact of public health interventions
in order to understand inter-relationships and complex pathways of health determinants.
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