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abstract  Advances have occurred in relation to 
the coverage of water supply and sanitation in 
Brazil, however inequalities are still observed in 
relation to the coverage of these services, reflecting 
the importance of diarrheal disease in the Brazil-
ian epidemiological context. The aim of this study 
was to measure the impact of the water supply and 
sanitation system on diarrheal diseases among 
children aged under five. The global burden of di-
arrhea was calculated based on the attributable 
population fraction, using information on prev-
alence and relative risks from the 2000/2010 cen-
suses and a study by Pruss et al. The north of the 
State of Minas Gerais, the Northeast and Jequit-
inhonha regions had the highest disability-adjust-
ed life year (DALY) rates and ratios. The fraction 
of diarrhea attributable to the water supply and 
sanitation system was 83%, decreasing to 78.3% 
where sanitation had 100% coverage. An inverse 
relationship was found between DALY rates and 
attributable fractions and per capita GDP. Broad-
ening the scope and coverage of services and im-
proving the quality of water available in homes 
is an urgent requirement. These measures will 
bring economic and social benefits related to the 
reduction of diarrheal diseases and consequent 
improvement of the quality of life of children aged 
under five.
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introduction

The impact of environmental risk factors on 
burden of disease studies has been measured in 
several regions of the Planet since 19901, with up-
dates and method advances available for 20012, 
20043, and, more recently for 20104.

Thirty-three percent of burden of disease 
(DALY) is attributable to environmental factors5. 
Despite its relevance,  studies on burden of dis-
ease are scarce5,6. An environmental factor with 
a major impact on the health of populations is 
related to access to adequate sewage and water 
supply systems. The factor was included among 
the Millennium Development Goals (MDG) that 
established that the proportion of individuals 
without access to drinking water and to basic 
sanitation should be reduced in 50% between 
1990 and 20157,8.

According to a survey performed by the 
WHO, investments to improve water supply, san-
itation and hygiene in all countries could prevent 
a series of health disorders, especially diarrhea 
that has an approximate 9.1% impact on the 
global burden of disease and a 6.3% impact on 
total deaths, mainly among children up to the age 
of five9. 

Diarrhea is considered a public health con-
cern, given its universal occurrence and because it 
affects individuals of all ages and social classes10. 
Diarrhea is considered one of the major causes 
of morbidity and mortality in developing coun-
tries11,12, especially among children under five13-17 
who live in unfavorable sanitary conditions18,19.  
Reflecting this inequality, diarrheal diseases were 
responsible for 4.8% of global burden of disease, 
and 7.2% in developing countries. According to a 
Unicef and WHO report20, the proportion of the 
population with access to improvements in sani-
tation grew from 68% to 79% between 1990 and 
2010 in Brazil. Progress has also been observed 
in relation to use of drinking water: 89% to 98%. 
Despite the growth, there are still inequalities 
related to the coverage of these services among 
regions and social groups in the country, which 
would possibly explain the importance of diar-
rheal diseases in the Brazilian scenario.

A study on Burden of Disease in the State 
of Minas Gerais for 200521 showed that social 
inequality has an important role in the State, 
given that higher standardized DALY rates were 
observed in the poorest macro regions of the 
State: Norte de Minas, Nordeste and Jequitin-
honha. Bearing this scenario in mind, the present 
study aims to measure the impact of water sup-

ply and the sanitation system on diarrheal dis-
eases among children under the age of five, in the 
State of Minas Gerais and its 13 macro-regions 
in 2005.

 
Methods

Information on burden of disease attributable to 
diarrhea for the State of Minas Gerais and its 13 
macro health regions was obtained from a study 
performed by Leite et al.21 using 2005 as refer-
ence year. Studies on burden of disease use DALY 
(disability-adjusted life years) to measure health 
status of populations1,22. DALY is a synthetic indi-
cator that measures the impact of mortality and 
morbidity simultaneously. Thus, DALY is calcu-
lated as the sum of two components:  YLL (years 
of life lost) and YLD (years of life lost due to 
disability). DALY was calculated per gender, age 
group for over 100 diseases/disorders, including 
diarrhea for the burden of disease study in Minas 
Gerais.

The burden of diarrhea attributable to wa-
ter supply and sanitation was calculated based 
on the population attributable fraction (PAF), 
which has been widely used in epidemiological 
studies, to measure how much of a burden of dis-
ease could be avoided, if any risk exposure fac-
tor for the occurrence of a certain disease were 
hypothetically eliminated. PAF is defined as the 
amount or proportion of burden of disease, in 
the population, attributable to a certain exposure 
factor, in which: pi is the prevalence of exposure 
category i of the risk factor and RRi is the relative 
risk calculated in relation to the reference expo-
sure category.

In which: p
i
 is the prevalence of exposure cat-

egory i of the risk factor and RR
i 
is the relative 

risk calculated in relation to the reference expo-
sure category.

Prevalence of categories 
of exposure to risk factor

Information on the prevalence of exposure to the 
water supply and sanitation system categories, 
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representative of the health macro regions of the 
state of Minas Gerais, are available in the 2000 
and 2010 censuses23,24.

The Joint Monitoring Programme (JMP) 
is an official structure of the United Nations 
responsible for the development of indicators 
aimed at monitoring access of the population to 
water supply and sanitation for the World and re-
gions25. The program has defined a set of criteria 
to classify the adequacy of both the basic sani-
tation and the water supply systems (Table 1). 
Not all criteria established by the JMP for water 
supply and sanitation can be used in Brazil. The 
definitions have a high level of detail that was not 
incorporated into any of the two censuses, and 
therefore require making the information com-
patible. 

The current scenarios based on adapting the 
definition to water supply and sewage, accord-
ing to the information available in the 2000, 
2010 Censuses and JMP were the following:  
Adequate water supply: home or land connected 
to: 1) general water system; 2) well or spring on 
the land or property; 3) rainwater cistern storage 
system. 

Inadequate water supply: home or land with 
water supply other than the one stated previously.  
Adequate sanitary sewage: home with bathroom 
or latrine connected to: 1) public sewer or rain-
water network; 2) septic system. 

Inadequate sanitary sewage: 1) home with 
bathroom or latrine connected to another system 
not previously mentioned; 2) home without a 
bathroom or latrine. The categories of the sani-
tary sewage variable used in the definition of ad-
equacy criteria proposed by the JMP, were avail-
able in the 2000 and 2010 censuses and, thus, the 
prevalence rates of exposures related to sanitary 
sewage were calculated directly. 

The water supply system categories, however, 
were different and required a slight adjustment. 
In the 2000 Census, water supply was only mea-
sured as the presence of a general system, well 
or spring at the household. However, accord-
ing to the JMP definition, adequate water sup-
ply should include the presence of a cistern as a 
means of storing rainwater. Given this response 
category was only present in the 2010 Census, the 
percentage in the response category “other” of 
the variable water supply of the 2000 census was 
used to define the number of dwellers in private 
permanent households that had a cistern in 2000. 

After making the information on the sew-
age and water supply system of the 2000 and 
2010 censuses compatible, the prevalence for 
each one of the four exposure categories to 
the risk factor, for the State of Minas Gerais 
and its 13 health macro regions was estimat-
ed for 2005, based on the geometric rate of 
population growth in the inter-census period.  

adequate

inadequate

Water supply

Household land or yard piped water connection
Public faucet/fountains
Well with pipe 
Protected excavated well
Protected reservoir 
Rainwater collector 
Unprotected excavated well 
Unprotected reservoir 
Vehicle with small tank/container
Bottled water***

Tanker truck
Surface water (rivers, channels, etc.)

table 1. Adequacy criteria of sanitation and water supply systems defined by the JMP.

Sanitation*

Drainage to: piped sewer system
Septic system 
Latrine
Improved ventilated latrine 
Protected latrine
Waste composting bathroom 
Drainage without an established 
route**

Unprotected or open latrine
Pail
Bathroom or suspended latrine 
No facilities, woods or field 

Source: WHO, 200725. * Only facilities that are not shared or are not public are considered improvements. ** Excreta thrown on 
streets, yard or land; open air sewage, pit. *** Improvement is considered only when the household uses water from an “improved” 
source for cooking and personal hygiene.
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relative risks for risk factor 
exposure categories
 
Relative risks were obtained from a study per-
formed by Pruss et al.14, in which the burden of 
disease associated with inadequate water, sanita-
tion and hygiene was estimated for the world and 
geographic regions. The study presents exposure 
scenarios for the population and their relative 
risks according to two criteria: minimum and 
realistic. The minimum criterion has more con-
servative estimates and takes into account only 
personal hygiene. The realistic criterion, on the 
other hand, takes into account the quality of the 
water supply (by improvement of drinking water 
at points of use), in addition to hygiene. 

The relative risks used to calculate PAF were 
based on an ideal scenario, in which there is no 
transmission of diarrheal diseases by inadequate 
water, sanitation or hygiene14. Relative risks were 
the following: ideal scenario (RR = 1); Presence of 
water and sanitation (RR = 4.5); Absence of water 
and presence of sanitation (RR = 6.9); Presence 
of water and absence of sanitation (RR = 8.7) 
and Absence of water and sanitation (RR = 11.0).  
 

calculation of Population attributable 
Fractions

Attributable fractions were calculated based 
on three existing scenarios: the first mea-
sured the impact of the four exposure catego-
ries. In the second, the assumption was that 
all households had adequate water available. 
For the last one, all households were consid-
ered as having adequate water and sanitation.  
PAFs were then applied in the total DALY from 
diarrhea in the State of Minas Gerais and mac-
ro regions, for the year 2005. In this way, to-
tal DALY from diarrhea attributable to water 
supply and sanitation system was obtained.  

 
results

Table 2 shows the prevalence in children under 
the age of five according to adequacy criterion 
for water supply and sanitary sewage. The high-
est prevalence rates of simultaneously inadequate 
water supply and sanitary sewage systems were 
found in the Jequitinhonha (13.6%), Norte de 
Minas (13.4%) and Nordeste (11.6%) macro re-
gions. The same regions also had the lowest prev-
alence of both systems simultaneously adequate.  

Table 3 shows the DALY rates and rate ratios due 
to diarrhea among children under five, according 
to: gender, age groups (< 1 year, 1 to 4 years) and 
macro regions of the State of Minas Gerais.

Total DALY rates were higher in the Nord-
este, Jequitinhonha and Norte de Minas macro 
regions, with DALY rates, approximately 138%, 
42% and 27% respectively higher than the rate 
for the State of Minas Gerais. These macro re-
gions also had the highest DALY rates from diar-
rhea, although the Norte de Minas macro region 
ranked second, with a DALY rate from diarrhea 
around 14.1 per 1,000 children, roughly 123% 
higher than the mean for the state as a whole. 
Although total and diarrhea DALY rates were 
higher among children under 1 year of age, the 
regional pattern was similar. It is important to 
underscore that the Nordeste, Jequitinhonha and 
Norte de Minas macro regions are the most eco-
nomically unfavorable regions of the state. 

Regarding attributable population rates (Table 
4), calculated based on four exposure categories, 
figures over 80% in all macro regions of the State 
of Minas Gerais were observed. The highest pop-
ulation attributable fractions were observed in the 
three most vulnerable macro regions of the state: 
Norte de Minas, Jequitinhonha and Nordeste.  

region

Minas Gerais
Jequitinhonha
Norte de Minas
Nordeste
Leste do Sul
Noroeste
Centro Sul 
Leste
Sul
Sudeste
Centro
Oeste
Triângulo do Sul
Triângulo do Norte

No

4.0
13.6
13.4
11.6

4.3
3.9
3.6
3.0
2.7
2.2
1.8
1.1
0.9
0.9

Yes

0.6
0.4
0.5
0.9
0.8
0.3
0.7
0.9
0.7
1.0
0.4
0.4
0.3
0.2

table 2. Prevalence of children under the age of five, 
living in private permanent households according 
to adequacy of water supply and of sanitary sewage. 
Minas Gerais and macro regions, 2005.

Source: IBGE, 2000/2010 Census23,24.

No

26.0
47.3
57.2
46.4
37.3
32.7
25.7
26.2
16.9
19.8
20.8
18.2
11.4
11.0

Yes

69.4
38.7
28.8
41.0
57.6
63.0
70.0
69.9
79.6
77.1
77.0
80.3
87.4
87.8

No Yes

adequate water  

adequate Sanitation 
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Considering the assumption that all house-
holds would have access to adequate water, there 
would be a very small reduction in attributable 
fractions. If there were complete access to basic 
sanitation available to all households, reductions 
would be more expressive. 

The highest reduction in attributable frac-
tions, therefore, observed a hypothetical sce-
nario, in which basic sanitation would be avail-
able to all. In this scenario, 78.3% of diarrhea 
would be attributable to water supply and san-
itation system. The percentages would range 

table 3. DALY rates and rate ratios (all causes and from diarrhea) for children under the age of five, according to 
age group and health macro regions. Minas Gerais, 2005.

Source: Núcleo de estudo e métodos aplicados ao estudo de Carga de Doença - ENSP/Fiocruz.

all causes Diarrheas

Macro region

Minas Gerais
Nordeste
Norte de Minas
Jequitinhonha
Leste do Sul
Noroeste
Leste
Sudeste
Centro-Sul
Oeste
Triângulo do Sul
Centro
Sul

total

163
388
208
232
167
145
176
162
168
140
141
135
128

< 1 

658
1679

853
990
645
574
709
675
704
567
559
521
512

1-4

44
73
53
55
48
42
47
39
42
38
41
40
36

DalY (1,000)

total

100
238
127
142
102

89
108
100
103

86
87
83
78

< 1 

100
255
130
151

98
87

108
103
107

86
85
79
78

1-4

100
168
122
126
109

97
109

90
96
87
93
92
83

ratio*

total

6
24
14
11

8
7
6
6
5
4
4
4
4

< 1 

15
79
30
25
19
17
15
15
13

7
8
7
6

1-4

4
11
10

7
5
4
4
3
3
3
3
3
3

DalY (1,000)

total

100
381
223
166
121
105

98
89
79
63
62
55
55

< 1 

100
524
200
167
125
114

96
99
83
48
54
47
38

1-4

100
255
243
169
116

98
99
81
77
76
68
61
70

ratio*

table 4. Attributable Fractions (%) and DALY rates from diarrhea among children under the age of five, 
attributable to water supply system and sanitation according to macro regions. Minas Gerais, 2005. 

Source: Núcleo de estudo e métodos aplicados ao estudo de Carga de Doença - ENSP/Fiocruz. * AF calculated for 4 scenarios, 
together. ** AF calculated reallocating prevalence rates in 2 scenarios: Absence of water /sanitation; Presence of water and 
sanitation. *** AF calculated reallocating prevalence rates in 2 scenarios: Absence of water /Presence of sanitation; Presence of water 
and sanitation.

Macro region

Minas Gerais
Norte de Minas
Jequitinhonha
Nordeste
Leste do Sul
Noroeste
Centro Sul 
Leste
Centro
Sudeste
Sul
Oeste
Triângulo do Sul
Triângulo do norte

Fa*

83.0
87.2
86.5
86.2
84.3
83.7
82.9
82.8
81.8
81.8
81.5
81.3
80.2
80.1

Water for all**

Proportion

82.6
86.6
85.8
85.6
84.0
83.4
82.6
82.5
81.6
81.6
81.2
81.2
80.1
80.0

Variation %

99.5
99.3
99.1
99.3
99.6
99.6
99.6
99.6
99.7
99.7
99.6
99.8
99.8
99.8

Sanitation for all***

Proportion

78.3
79.3
79.3
79.2
78.4
78.3
78.3
78.2
78.0
78.1
78.2
78.0
77.9
77.9

Variation %

94.7
91.5
92.4
92.5
93.3
93.8
94.7
94.7
95.5
95.7
96.3
96.0
97.2
97.3

DalY
from diarrhea 

(per 1,000 inhab.)

5.2
12.3

9.1
20.8

6.5
5.6
4.2
5.1
2.8
4.6
2.8
3.2
3.1
2.2
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Discussion and final comments

Due to changes in the PAF estimation process, 
mainly because of the inclusion of new diseases, 
the results of the present study were compared 
to the results in which only diarrhea was taken 
into account as a condition associated with inad-
equate water, sanitation  and hygiene.

Among the major results found in the study, 
the highest DALY rates (all causes and specifically 
from diarrhea) and DALY rate ratios were found 
in the most economically unfavorable regions of 
the State: Norte de Minas, Nordeste and Jequitin-
honha. Moreover, the fraction of diarrhea attrib-
utable to water supply and sanitation in the State 
as a whole was 83.0%, and it would fall to 78.3% 
if the sanitation coverage were 100% in the State. 
An inverse correlation was found between DALY 
rates and per capita GDP, and between attribut-
able fractions and per capita GDP in the State, 
and in the macro regions of Minas Gerais.

In 2001, Rodgers et al.26 estimated that 3.7% 
of total DALY anticipated for all countries could 
be attributed to the inadequate water, sanitation 
and hygiene factor, and that 5.5% and 1.8% of 
total DALY, respectively, would be attributable 
to the study factor in countries with high and 
low mortality rates. Among children under four 
years, the percentage was 9% of total DALY27.

In the present study, 3.2% of total DALY in 
the State of Minas Gerais was attributed to water 
supply and sanitation among children under the 
age of five, reaching 5.9% in the Norte de Minas 
macro region.

Unlike what was found in the present study, 
a 2004 WHO report3 showed that inadequate 
water, sanitation and hygiene are responsible for 
6.3% and 4.2% of total DALY for low income 
countries and all countries in the world, respec-
tively. 

Pruss-Ustun et al.27 observed that the frac-
tion of diarrhea attributable to inadequate water, 
sanitation and hygiene in children in developing 
countries ranged between 85 and 90%. The figure 
was 87% for Latin America and the Caribbean 22.

In the present study, the figure found among 
under five year-olds was 83% for the State of 
Minas Gerais, reaching 87% in the Norte de 
Minas macro region.

The inverse correlation found in the present 
study between DALY and per capita GDP was 
also observed in a study that evaluated regional 
discrepancies in burden of disease attributable 
to inadequate water, sanitation and hygiene in 
China28.

between 77.9%, in the Triângulo do Norte, and 
79.3%, in the Norte de Minas macro-regions.  
Regarding the occurrence of diarrhea attributable  
to water supply and basic sanitation, the highest 
DALY rates were found in the most economically 
unfavorable macro regions: Nordeste (20.8/1,000 
inhabitants), Norte de Minas (12.3/1,000 inhabi-
tants) and Jequitinhonha (9.1/1,000 inhabitants). 

There was an inverse correlation between 
population attributable fractions and per capita 
GDP, and DALY rates and per capita GDP in the 
state and macro regions in 2005. So, the highest 
attributable fractions and DALY rates were found 
in areas with the lowest per capita GDP (Figure 1). 

Figure 1. Population Attributable Fractions (%) and 
DALY rates from diarrhea among children under the age 
of five attributable to water supply system and sanitation 
according to per capita GDP and macro regions. Minas 
Gerais, 2005.

Source: Núcleo de estudo e métodos aplicados ao estudo de Carga 
de Doença - ENSP/Fiocruz.
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Although the association between diarrhea 
and basic sanitation has been well established, 
there are few studies on the effectiveness of san-
itation-oriented interventions in the prevention 
of the disease. Moreover, most of the evidence 
results from observational studies 29-31.

Among the limitations appointed by studies 
that worked with water, sanitation and hygiene 
associated with diarrhea, we emphasize: 1) Lack 
of control of bias and confounders32-34; 2) Limita-
tions related to exclusion of studies in Chinese17.

Recently, systematic revisions and meta-anal-
yses that evaluated interventions oriented toward 
hand washing12, disposal of human excreta34 and 
quality of water35,36 in the prevention of diarrhea 
have been published. These studies have observed 
an ample variation in estimate of measurements 
of effect due to substantial heterogeneity in type 
of design and intervention, and therefore do not 
allow for the calculation of combined effects. 
The exception was for hygiene-oriented inter-
ventions, in which summary measurements were 
calculated, including the percentage of reduction 
in episodes of diarrhea12.

Among the major limitations of the present 
study, we can mention that the definitions and 
relative risks used to calculate fractions attrib-
utable to water supply and sanitation did not 
consider hygiene. Although the subject was in-
corporated into some scenarios used by Pruss et 
al.14, the information was not used in the present 
study, given the absence of population data com-
patible with the Brazilian scenario. Moreover, 
relative risks were built for the under five years 
of age Brazilian scenario using an external popu-
lation, between 3 and 36 months of age. Another 
issue relates to the information on water supply 
available in the Censuses. The JMP works with 
the inclusion of other variables in the definition 
of adequate water and, if the information were 
available for Brazil, we could have qualified the 
data better and consequently attained more accu-
rate information on the scenario. Another point 
to emphasize is the lack of information available 
on the quality of water in major databases. The 
monitoring of factors that affect the quality of 
water offered is related to infra-structure issues 
(cleaning of pipes, supply interruptions) and 
should be important variables for estimating pa-
rameters.

These limitations are believed to have con-
tributed to the conservative estimates of the pa-
rameters in the present study.

The process of urbanization and growth in 
population density in large cities has brought 

about the need for adequate quantity and quality 
of water supply and of collection and treatment 
of human excreta in Brazil, like in most Latin 
American countries. However, the urban popula-
tion has been acquiring access to water through a 
perilous expansion, above the capacity of supply 
systems, without promoting collection and treat-
ment of sewage and garbage. The combination of 
universalization of access to water supply systems 
and of the growing vulnerability of superficial 
and underground sources has expanded health 
risks due to precarious systems, with growth in 
the population exposed to chemical and biolog-
ical agents 37.

More than coverage, vulnerable and intermit-
tent water supply systems have been appointed 
as relevant problems in large cities38-40 because 
they allow for the intrusion of pathogenic agents 
through water contaminated in the distribution 
system41.

Available piped water in households also has 
been appointed as an important factor to con-
trol diarrhea. The presence of piped water makes 
adequate personal, domestic and food hygiene 
possible, interrupting the oral-fecal transmission 
cycle of pathogens18.

According to data from PNAD 2005, in the 
State of Minas Gerais, 98.1% of the individuals 
that have piped water in at least one room also 
live in a home connected to the general distri-
bution system. This information was taken into 
account to define scenarios and their associated 
relative risks.

Data from the PNDS 200642 show that the 
quality and quantity of water available to the 
population in Brazil has not improved in recent 
years and that the population began to use more 
bottled water due to the quality of the water from 
the general system, wells and springs.

Monitoring the quality of the water of-
fered, by evaluating its accessibility, availability 
(amount, reliability, continuity) and acceptabili-
ty, and monitoring an effective  sanitation system 
to prevent exposure to fecal matter (appropri-
ate treatment) may allow for potential gains to 
health in Brazil43-45. However, the challenge rep-
resented by the restricted availability of informa-
tion in major databases has to be overcome39,46,47.

In the State of Minas Gerais, in 2005, the per-
centage of children under five years of age, who 
live in households with adequate water and san-
itation, was 69.4%. Moreover, the high rates of 
total DALY and DALY from diarrhea, mainly in 
economically unfavorable regions of the state, 
showed the need for expansion of services cover-
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age and improvement in the quality of water and 
in the sanitation system.

These measures and mainly those related to 
the reduction in diarrheal diseases, bring about 
economic and social benefits to the entire popu-
lation, and consequently improve the quality of 
life and reduce health expenditures. 
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uscript.
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