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Abstract

Ethiopia.

95% Cl (5.79, 14.48)].

reduce childhood diarrheal morbidity in the region.

Background: Diarrhea is second only to pneumonia as the cause of child mortality worldwide. Developing
countries particularly in Sub Saharan Africa including Ethiopia have a high burden of this disease. Studies showed
that different factors were associated with the occurrence of childhood diarrhea. Therefore, this study was aimed to
identify determinant factors of diarrhea in underfive children in Benishangul Gumuz Regional State, western

Method: Demographic and Health Survey (DHS) data of 2011 was used for this study. The data was extracted from
the National DHS data using data extraction tools. A total of 925 under five children were selected. The logistic
regression model was employed to examine the determinants of childhood diarrhoea. Both bivariate and
multivariate data analysis was performed using SPSS version 16.0.

Result: The results of this study indicated that low level of maternal education [AOR=1.81, 95% Cl (1.12,2.76)],
absence of toilet facility [AOR = 3.5, 95% Cl (2.4, 5.2)], improper child stool disposal methods [AOR = 2.05, 95%Cl
(1.36, 3.10)], having more than two under five children [AOR = 1.73, 95% Cl (1.03, 2.93)], higher birth order [AOR=6.1,
95% Cl (3.1,12.2)] and the age of children [AOR=1.9, 95% Cl (1.2, 3.6)] were found to be the risk factors for childhood
diarrhea after adjusting for other variables. When toilet facility was stratified by maternal education, it showed that
children of mothers who had no education were the most vulnerable in the absence of toilet facilities [OR = 9.16,

Conclusion: Under poor environmental conditions, mothers with primary education and above protected their
children against diarrhea better than mothers with no education. Thus, implementing effective educational programs
that emphasize environmental health and sanitation practices and encouraging female school enrolment would
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Background

Diarrhoea is the second gravest killer of underfive chil-
dren worldwide [1]. Every year, 2.5 billion cases of diar-
rhoea likely to result in death or other service outcomes
occur among underfive children. More than half of these
cases occur in Africa and South Asia. Underfive mortality
due to diarrhoea is about 1.5 million each year. About
80% of the deaths are still in Africa, including Ethiopia [2].
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Studies and reports on child morbidity and mortality
in Ethiopia show that diarrhoea is a major public health
problem [3,4]. According to the 2010 report of the Min-
istry of Finance and Economic Development’s (MOFED),
20% of the childhood death in the country was due to
diarrhoea. The 2011 Ethiopian Demographic and Health
Survey (EDHS) reported that 13% of the children had
diarrhoea in the two weeks preceding the survey at the
national level [5,6]. Different community based surveys on
childhood morbidity and mortality in Ethiopia at different
places disclosed three episodes of diarrhoea per child per
year [7]. Deaths attributed to diarrhoea were 23 per 1000
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live births [4]. Studies conducted in south west and central
Ethiopia revealed that the mortality attributed to diar-
rhoea was 30% and 27%, respectively [4,8].

The Ethiopian Ministry of Health has been struggling to
curb the morbidity and mortality of children by formulat-
ing and implementing different policies and strategies. In
2003, the Ministry adopted an integrated management
of childhood illness (IMCI) approach as a key national
strategy. In 2005, the national strategy for child survival
which focused on health service extension program was
launched. However, the major focuses of these strategies
were increasing access to essential basic curative health
services to the majority of the population [9,10]. Des-
pite these continuing efforts, the main issue of pre-
venting morbidity by identifying the basic causes of
illness remained important in fighting against child
mortality.

Many studies agree that child morbidity and mortality
are results of interactions among many factors in devel-
oping countries. The interactions of behavioural, socio-
economic and environmental factors influence child
morbidity [2,11]. Understanding childhood morbidity re-
quires explaining the relations and interactions of these
factors.

The Benishangul Gumuz Regional State has the high-
est underfive mortality rate which is almost twice the
country’s average of diarrheal morbidity [6]. Therefore,
this study will seek to identify the determinants of diar-
rhoea among underfive children in the region for proper
planning of intervention and prevention programs. The
region had the worst and declining child health out-
comes in the past decade. This poor performance can be
clearly seen in the rise of the under five diarrhoeal mor-
bidity which rose from 21.1% in 2005 to 22.7% and mor-
tality from 157 to 169 per 1000 live births in the 2011
DHS. This is despite the fact that the country is commit-
ted to reducing child morbidity and mortality [6,7].

Identifying the causes of diarrhea is very crucial for the
effective implementation of child health intervention pro-
grams for policy formulation and the general assessment
of resource requirements and intervention prioritization in
the region. Therefore, this study was conducted to identify
the risk factors for the occurrence of childhood diarrhea
among children aged 0-5 years in Benishangul Gumuz
Regional State, northwest Ethiopia (Figure 1).

Methods

Study design and period

A secondary data analysis was done on the Ethiopian
Demographic and Health Survey 2011, in this population
based cross sectional study. The study used the Benishangul
Gumuz Regional State DHS data. The region has an esti-
mated area of 51,000 KM? It is located in the western part
of Ethiopia. It shares common borders with the Amhara
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Region in the East, the Republic of Sudan in the northwest,
and Oromia Region in the south. The region is divided into
three administrative zones and 19 districts. About 75% of
the region is classified as low land, which is below 1500 me-
ters above sea level. The altitude ranges from 550 to 2,500
meters above sea level. According to the 2011 CSA esti-
mates, the region has a population of 982, 004. Ninety per-
cent of the population lives in rural areas, indicating the
very low level of urbanization. Agriculture is the major eco-
nomic activity followed by traditional gold mining. The re-
gion has two hospitals, 28 health centers, and 339 health
posts [12].

Sample size and sampling techniques

The sample size for this study was 925 under five chil-
dren. The samples were selected using a two stage strati-
fied cluster sampling technique in the EDHS 2011 for
Benishangul Gumuz Region. Initially, the region was
stratified into urban and rural clusters. A total of 6
urban and 42 rural clusters were considered, and then
all women with 0-5 years of age children were selected
in each cluster. Finally, 925 youngest or index children
aged 0—5 were taken for the analysis.

Data collection procedures

Data was extracted from EDHS 2011 children’s data set
using the prepared data extraction tool (Additional file 1).
The new data set was carefully extracted from EDHS
2011 data regarding environmental and socio-economic
determinants of childhood diarrhea among underfive
children.

Data processing and analysis

Extracted data were checked for completeness, coded,
and entered into SPSS version 16.0. Binary and multiple
logistic regressions were used to assess the association of
various determinant factors of childhood diarrhea. The
results were presented in the form of tables, figures, and
summary statistics. The strength of association of deter-
minant factors with the outcome variable was assessed
using the odds ratio with a 95% confidence interval. In a
multiple logistic regression analysis all variables that
were found significant at p-value of 0.25 and 95% CI in
the bi-variate analysis were entered into the model and a
backward step wise method was used [13]. Variables
which were significant at p-value 0.05 level and 95% CI
were considered to be the determinant factors of child-
hood diarrhea.

Ethical clearance was obtained from the Institute of
Public Health Institutional Review Board, the University
of Gondar. Official permission was also secured from
the Central Statistical Agency (CSA) to use the DHS
data set for this study.
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Figure 1 Map and location of Benishangul region in Ethiopia.
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Results

Socio-economic characteristics

A total of 925 underfive children were included in the
study with a response rate of 99.9%. The majority of
the children, 847 (91.6%), were from rural areas while
the rest, 78 (8.4%), from urban areas of the region. The
mean age of their mothers was 28.4 (+6), 60% of whom
were below the age of 29. More than half of the mothers,
522 (56.4%) were Muslims followed by 211 (23.1%),
Orthodox Christians and 144 (15.8%) protestants. Nearly
half of the mothers (48.9%) were not working; 26.2% were
farmers, and 27% had non-agricultural occupation. The
mean family size of the study population was 5.9 (+2.288)
persons. More than half of the households (50.1%) had a
family size of 6 or more persons, and the rest had 5 or less
persons. More than 80% of the households had 2 or less
under five children in the family. The remaining 20% had
three or more under five children. The majority of the
households (52%) were in the poor category of wealth sta-
tus, 20.2% in the medium, and 27.5% in the high wealth
category [Table 1].

Environmental characteristics

Of the total 925 households, 876 (94.7%), had floors made
of dirt and only 49 (5.3%) households had non-dirt floor
material. Households which had no toilet facility were 396
(42.8%). Regarding disposal of children’s stool, 55% of the
households disposed children’s’ stool in an improper man-
ner. Two hundred ninety-eight (32.2%) of the households
had unimproved source of water [Table 2].

Child demographic characteristics

Out of 925 children, 459 (49.6%) were male and the rest
50.4% female. Of all the under five children, 235 (25.5%),
were underweight at birth. The prevalence of diarrhea
in the previous two weeks preceding the survey was
22.1% [Table 3].

Determinants of childhood diarrhea

Socio-economic determinants

In the bi-variate analysis, only maternal and paternal
education, and maternal occupation showed significant
association with childhood diarrheal morbidity. Maternal
education was found to have a strong association with
childhood diarrhea. Children of none educated mothers
were about two times more likely to have diarrhea when
compared to children of mothers who had primary edu-
cation and above [COR: 2.27, 95% CI (1.17, 3.20)]. Simi-
larly, mothers’ occupation had a significant association
with childhood diarrhea. Children of mothers who had
work were about two times more likely to have diarrhea
compared to children of mothers who were not working
[COR: 1.76, 95% CI (1.28, 2.43)]. Paternal education was
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Table 1 Socioeconomic and demographic characteristics
of respondents in Benishangul in Gumuz region, 2013

Characteristics Frequency Percent
Maternal Education

No education 541 585

Primary or above 384 395
Occupation of mother

Not working 448 489

Working 468 51.1
Place of residence

Urban 78 84

Rural 847 916
Household size

5 or less 462 499

6 and above 463 50.1
No of under five in the HH

2 or less 756 81.7

3 and above 169 133
Wealth status

Poor 484 523

Medium 187 20.2

Rich 254 275
Religion of the mother

Orthodox 211 23.1

Muslim 522 564

Protestant 146 158

Others’ 11 12
Ethnicity of the mother

Ambhara 225 243

Berta 270 292

Gumuz 196 212

Oromo 133 144

Others* 91 109
Age of Mother

15-24 734 794

25-34 179 194

35-49 12 1.3
Father’s education

No education 509 55.2

Primary or above 412 44.8

*Traditional belief *Shinasha, Agew.

also found to be significantly associated with diarrheal
morbidity.

Environmental determinants
Household environmental variables and their relation
with childhood diarrhea were assessed on the bi-variate
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Table 2 Environmental conditions of the study
participants in Benishangul Gumuz Region in 2013

Characteristics Frequency Percent
Source of drinking water
Improved 627 67.8
Not improved 298 322
Type of toilet facility
Pit or flash toilet 529 572
No facility 396 428
Main Floor material
Dirt 876 94.7
Non dirt 49 53
Child stool disposal
Safe 410 44.6
Not safe 510 554

analysis. All variables showed a significant association
with childhood diarrhea except household floor ma-
terial. Children in households where their main drink-
ing water source was not improved were two times
more likely to have diarrhea than children from house-
holds that had improved water sources [OR: 2.22, 95% CI
(1.62, 3.06)].

Similarly, the analysis showed that there was a differ-
ence in the likelihood of diarrhea by the type of toilet fa-
cility. Children from those households who had no toilet

Table 3 Demographic and health characteristics of
children in Benishangul Gumuz region in 2013

Characteristics Frequency Percentage
Birth order

1 208 225

2-3 284 30.7

4-5 236 255

6+ 197 213
Low birth weight

Yes 235 255

No 688 745
Age of child in months

<6 105 1.7

6-11 89 99

12-23 168 18.6

24 and above 539 59.8
Sex of child

Male 459 496

Female 466 504
Presence of diarrhea

Yes 204 22.1

No 21 9
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facility had about six times more likelihood to have diar-
rhea than children from households who had toilet facil-
ity [OR: 6.74, 95% CI (4.70, 9.67)]. The analysis showed
about a 60% reduction of childhood diarrhea in house-
holds who disposed the stool of children in a safe way
than those children from households who disposed stool
in an unsafe manner [OR: 0.38, 95% CI (0.27, 0.53)].

Child demographic determinants

In this bi-variate analysis, only the age of a child and
birth order were found to be significantly associated with
childhood diarrheal morbidity. The risk of diarrheal
morbidity was higher at age categories of 6-11 months
[OR: 2.02, 95% CI (1.06, 3.83)] and 12—23 months [OR:
2.21, 95% CI (1.25, 3.88)] and lower on the age of
24 months and above compared to 0—5 months of age.
Higher birth order of the child had a significant risk for
diarrheal morbidity. Being the second or third child had
about three times more likelihood to have diarrhea com-
pared to being the first child [OR: 2.82, 95% CI (1.56,
5.08)]. Furthermore, being the sixth child or more had
about 6 times more chance of having diarrhea compared
to the first child [OR: 5.91, 95% CI (3.28, 10.66)].

Multivariable analysis

In the bi-variate analysis, unadjusted OR results showed
a significant variation in the effects of socio-economic
variables as well as varying degrees of the control variables
on the risk of childhood diarrhea. However, any possible
confounding factors were not controlled at this level;
assessing the independent effects of the covariates was dif-
ficult. The back ward step wise regression technique was
used to assess the relative effect of independent variables
on the response variable. To rule out the excess of vari-
ables and unstable estimates in the final model, only vari-
ables that reached a p-value of less than 0.25 in the
bi-variate analysis were included in the multivariable
analysis [14]. In the multivariable analysis Hosmer and
Lemeshow goodness of fit test was performed [13], and it
was found that the model was good (p-value = 0.20). Fi-
nally maternal education, maternal occupational status,
number of under five children, type of toilet facility, child
stool disposal, age of child and birth order had significant
associations with diarrheal morbidity. According to the re-
sult of the multivariate analysis, children of mothers who
had no education had about two times higher odds of
diarrhea than children whose mothers’ had primary and
above education [AOR: 1.81, 95% CI (1.12, 2.76)]. The risk
of diarrhea in children whose mothers were farmers was
the same in children whose mothers were not working,
but the risk was doubled in children whose mothers had
non-agricultural occupation compared to children
whose mothers were not working [AOR: 2.11, 95% CI
(1.34, 3.32)]. When the number of under five children in
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the households was two or less, the risk of diarrhea de-
creased by about 42% compared to households who had
more than three underfive children [AOR: 0.58, 95% CI
(0.34, 0.98)]. The type of toilet facility had a significant as-
sociation with diarrheal morbidity. Children from house-
holds who had no toilet facility had six times more risk for
having diarrhea than children from families who had toilet
facilities [AOR: 5.90, 95% CI (3.93, 8.86)]. Also safe dis-
posal of child stool was found protective of childhood
diarrheal morbidity by about 50% [AOR: 0.49, 95% CI
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(0.34 0.78)]. The risk of diarrhea peaked at the age of 12—
23 months [AOR: 1.94, 95% CI (1.43, 3.78)], and higher
ages and birth orders had a significant association with
childhood diarrheal morbidity [Table 4].

The type of toilet facility was stratified by maternal
education and revealed that it varied with the level of
education of mothers on childhood diarrhea. In the ab-
sence of toilet facility, children from mothers who had
no education had a very high risk of developing diarrhea
[OR: 9.16, 95% CI (5.79, 14.48)] than children from mothers

Table 4 Multivariate analysis of determinant factors of childhood diarrhea in Benishangul Gumuz Region, Ethiopia in 2013

Characteristics Diarrhea Crude OR (95% ClI) Adjusted OR (95% ClI) P-value
Yes No
Maternal education
No education 149 392 2.27 (162,3.20) 1.81 (1.12,2.76)* 0.027
Primary and above 55 329 1.00 1.00
Occupation of mother
Not working 76 372 1.00 1.00 0.035
Working 124 344 1.76 (1.28, 2.43) 1.62 (1.10, 2.38)
Father’s education
No education 100 409 1.381 (1.011,1.86)*
Primary and above 104 308 1.00
No. of under five in the house 0.043
3+ 172 584 1.00 1.00
2 or less 32 137 0.79 (0.52,1.21) 0.58 (0.34, 0.98)*
Source of drinking water
Improved 109 518 1.00
Not improved 95 203 222 (1.62, 3.06)* -
Type of toilet facility
Pit or flush toilet 47 482 1.00 1.00 0.000
No facility 157 239 6.74 (4.709.67)* 5.90 (393, 8.86)*
Main floor material
Dirt 197 679 1.74 (0.77,3.94) -
Non dirt 7 42 1.00
Child stool disposal 0.003
Safe 148 361 0.38 (0.268,0.532)* 049 (0.34,0.78)*
Not safe 55 355 1.00 1.00
Age of child in months
<6 22 83 1.000 1.00 0.052
6-11 31 58 2.02 (1.06,3.83)* 141 (0.65,3.07)
12-23 62 106 2.21(1.25,3.88)* 1.94 (1433.78)*
24 and above 87 141 1.10 (0.61,1.97) 0.76 (0.32,1.47)
Birth order
1 16 192 1.00 1.00 0.001
2-3 54 230 2.82 (1.56,5.08)* 370 (1.87,7.31)*
4-5 69 167 496 (2.77,8.87)* 6.68 (3.35,13.30)*
6+ 65 132 591 (3.28,1066)* 6.72 (3.33,13.54)%

*Statistically significant at p-value < 0.05.
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who had primary and above education [OR: 3.73, 95% CI
(2.03, 6.83)]. Therefore there was an interaction between
toilet facility and maternal education [Table 5].

Discussion

This study has revealed the important determinants of
childhood diarrhea among under five children. Out of
environmental variables, the type of toilet facility and
stool disposal were found to be significantly associated
with childhood diarrhea.

Children from households with no toilet facility were
about six times more at risk of diarrhea than children
living in households with toilet facility; this finding is
consistent with the findings in Egypt, Ethiopia, and
Lesotho [8,15-18]. The way the child’s stool is disposed
may significantly affect the occurrence of childhood
diarrhea. Children from households who disposed stool
properly had more than 50% reduction of the risk of
childhood diarrhea. These findings are consistent with
the study done in Tigray Region of Ethiopia on child-
hood morbidity [8]. The type of toilet facility and stool
disposal schemes might shade light on the notions of
household sanitary conditions and as such on the possibility
of the transmission of diarrheal pathogens through fecal
contamination [2,19].

Of all the socio-economic variables considered, only
maternal education and occupation and the number of
underfive children in the household remained significant
after controlling child demographic and health, environ-
mental and other socio-economic variables.

The findings of this study regarding maternal education
emphasizes that mothers with lower educational status
put their children at higher risk for having diarrhea, which
is in line with a community-based cross-sectional study in
Ethiopia, Zimbabwe, Uganda, India and in a case control
study done in Lesotho [15,17,18,20-23]. Mother’s literacy
influences hygienic practice, child feeding, weaning and
sanitation practices which in turn were important factors
for childhood diarrhea.

Maternal occupation was found to be significantly as-
sociated with childhood diarrhea. The findings of this
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study suggested that children of mothers whose occupa-
tion was non-agriculture had a higher risk of diarrhea
compared with children whose mothers were not work-
ing; this result is in line with a case control study in Iran
[24]. A study in Egypt showed a result quite contrary to
this; children whose mothers were not working or
farmers or manual laborers had a significantly higher
frequency of diarrhea [16]. In Nigeria, mothers in infor-
mal occupations had 23% more likelihood of child diarrhea
compared to mothers in other occupational categories
[14]. The effect of maternal occupation on childhood diar-
rhea varied from study to study; this might be due to
the difference in economic activities of each place studies
took place.

In this study, the number of underfive children and
birth order were found to be significantly associated with
childhood diarrhea. As the number of children and birth
order increased, the frequency of diarrhea increased
significantly, and this finding is consistent with other
studies done in Ethiopia, Egypt, Eritrea, and Pakistan
[8,16,25,26]. When the number of children in the house-
hold and child birth order increases it is expected that
children will be more vulnerable to diarrhea mainly
because the quality of care and attention from parents
decreases.

The results of this study showed that the likelihood of
diarrhea in the two week period reached its peak at 12—
23 months of age and began to fall after 24 months of
age. Children above 24 months of age were at very low
risk of diarrhea. This pattern was consistent with studies
done in Sub-Saharan countries [1]. In Ethiopia, for in-
stance, the peak occurs among infants of 6-11 and
12-23 months of age [15]. In Nigeria the frequency
of diarrhea was highest among children of 6-11 months
of age, the period when most children start additional
food [27]. Very young children 0—5 months of age were at
a lower risk of diarrhea according to this study, and this
clearly indicates that the protective effects of breastfeeding
and less exposure of children to contaminated agents. On
the other hand, the frequency of diarrhea peaks at the age
12-23 months when the child is exposed to different types

Table 5 Stratified analysis of type of toilet facility by mother’s education on the effect of diarrhea in Benishangul

Gumuz region, 2013

Mother’s Type of Had diarrhea OR 95% CI
education toilet facility Yes No
Pit or flush 47 482 Crude OR 6.74 (4.70, 9.67)*
No facility 157 239
No education Pit or flush 29 270 9.16 (5.79, 14.48)*
No facility 120 122
Primary & above Pit or flush 18 212 3.73 (2.03, 6.83)*
No facilit 3 11

*Statistically significant at p-value < 0.05.
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of infections due to eating foods that are prepared un-
hygienically, in unclean water and unhealthy environment.
In this study, the age of a child showed a significant asso-
ciation with the occurrence of diarrhea which is in line
with studies conducted in Uganda and Eritrea [21,25] that
infants and children at 0-5 and above 24 months were
at lower risk of diarrhea, and ages of 6-11 months and
12-23 months were at higher risk of diarrhea. The higher
risks at these ages could be attributed to the fact that chil-
dren at these age are either crawling or walking and can
easily pick dirt or other contaminated objects for playing
or eating.

This study clearly indicated that children of unedu-
cated mothers were the most vulnerable to diarrhea in
the absence of toilet facilities. This is consistent with a
study in Ethiopia and Ghana [28,29]. Thus, educated
mothers without toilet facilities can manage to reduce
the risk of diarrhea even though these children are ex-
ogenously exposed to a higher risk of diarrhea. While
children in households without toilet facilities were the
most vulnerable, the risk was lower with mothers who
had better education; this might indicate differences in
parentally provided input, particularly on hygiene and
nutrition. The findings also revealed considerably lower
risks of diarrhea in children from a better educated mother
with similar household facilities. Therefore, mothers’
education had a significant impact on diarrheal mor-
bidity among children.

Conclusion

This study has identified important socio-economic and
environmental determinants that contribute to the oc-
currence of diarrhea in underfive children.

The independent variables that were found to be deter-
minates were maternal education, maternal occupation,
type of toilet facility, child’s stool disposal, and number of
under five children, birth order, and age of child. A higher
risk of diarrhoea was seen in children in a higher birth
order and in households without improved toilet facilities.
Lack of toilet facility was also a risk factor for childhood
diarrhoea. When the analysis was stratified by maternal
education, it became evident that children of uneducated
mothers were the most vulnerable to diarrhoea in the
absence of toilet facility. Mothers with some educa-
tion protected their children against diarrhoea better
than mothers with no education under poor environmen-
tal settings. There was an interaction effect of type of toilet
facility with maternal education.

Recommendations

In general, the findings of this study have important pol-
icy implications for health intervention programs and
underline the view that encouraging girls’ education may
have a considerable importance on child health and
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survival in the region. The long term solution for redu-
cing the morbidity from diarrhea might involve the
provision of better sanitation, and expanding family
planning services so that they are accessible to the entire
population.

Effective educational programs that emphasize hygiene
should be strengthened in combination with health ex-
tension workers’” (HEW) educating households on sani-
tation through their house to house visits. Expanding
family planning services to the entire population of the
region will be helpful. Provision of continuous informa-
tion improves the environmental conditions at household
levels. Encouraging female school enrolment should be
strengthened. A longitudinal study may be the best design
to provide data in different seasons by including behav-
ioural and other relevant factors.

Strength and limitations of the study

Strength

In the absence of longitudinal and clinical data, cross-
sectional surveys lend a hand for assessing the determi-
nants and patterns of childhood diarrhea in the two weeks
preceding the survey. Such findings may be of relevance
for health intervention programs in the region.

Limitations

e We used a data that was collected cross-sectionally;
in such studies it is difficult to take into account
seasonal differences of the occurrences of diarrhoea.

e Diarrheal morbidity was measured by asking
mothers about their childrens’ health in the past two
weeks preceding the survey. This question measures
mother’s perception of her child’s health instead of
morbidity according to a clinical examination. Since
perception of illness is not similar among different
social groups, this may create variations across
different socio-economic groups.

e Although some factors other than the ones we
considered in this study affect diarrhoeal morbidity,
we were not able to account for them. The most
important one is breastfeeding practice because
information on this variable was collected for
children below 24 months of age.
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[ Additional file 1: Data extraction questionnaires. J

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TS designed the study, extracted the data, performed the analysis and
interpretation of data and drafted the paper. GA assisted with the design,


http://www.biomedcentral.com/content/supplementary/1471-2431-14-102-S1.docx

Sinmegn Mihrete et al. BMC Pediatrics 2014, 14:102
http://www.biomedcentral.com/1471-2431/14/102

approved the proposal, and revised drafts of the paper. AS assisted with the
design, approved the proposal, and revised drafts of the paper and prepared
and revised the manuscript. All authors read and approved the final
manuscript.

Acknowledgement

We would like to acknowledge the Central Statistical Agency for the financial
support. We are highly indebted to MEASURE DHS data archive owners for
their permission to use the Ethiopian 2011 datasets. For their permission,

we want to express our greatest thanks to all study participants.

Author details

'Central statistical agency of Ethiopia, Assossa Branch, Benishangul Gumuz,
Ethiopia. “Department of Epidemiology and Biostatistics, College of Medicine
and Health Sciences, University of Gondar, Gondar, Ethiopia.

Received: 21 August 2013 Accepted: 7 April 2014
Published: 14 April 2014

References

1. Christa L, Walker L, Perin J, Martin J, Bochi-Pinto C, Robert E: Diarrhea
incidence in low- and middle-income countries in 1990 and 2010:

a systematic review. BMC Public Health 2012, 12:220.

2. UNICEF/WHO: Diarrhea: Why Children are Still Dying and What can be Done.
New York: UNICEF; 2009.

3. Mekasha A, Tesfahun A: Determinants of diarrheal diseases: a community
based study in urban South Western Ethiopia. Fast Afr Mediacal J 2003,
80(2):77-82.

4. Deribew A, Tessema F, Girma B: Determinants of under five mortality in
Gilgel Gibie Field research center South west Ethiopia, Ethiop. J Health
Dev 2007, 21(22):117-124.

5. MOFED: Ethiopia: 2010 MDGs report: trends and Prospects in meeting MDGs in
2015. Addis Ababa: Federal Ministry of Finance and Economic Development;
2010.

6. CSA: Ethiopia Demographic and Health Survey. Addis Ababa, Ethiopia and
Calverton: Maryland USA Central Statistical Authority; 2011.

7. CSA: Ethiopia Demographic and Health Survey. Addis Ababa, Ethiopia and
Calverton: Maryland USA Central Statistical Authority; 2005.

8. Ali M, Asfaw T, Beyene H, Byass P, Shishay M, Karup F: A community based
study of childhood morbidity in Tigray, North Ethiopia. Ethiop J Health
Dev 2001, 15(13):165-172.

9. Shamebo D, Sandstrom A, Muhe L, Freij L, Krantz I, Lénnberg G, Wall S:
The Butajira Rural Health Project in Ethiopia: a nested case- control
study of under-five mortality and its health and behaviour determinants.
Annu Trop Paediatr 1994, 14:201-209.

10.  MOH: Ethiopia: Maternal and Child Health Package. Addis Ababa: Federal
Ministry of Health Ethopia; 2003.

11. UNICEF: Pneumonia and Diarrhea: tackling the deadliest diseases in the world.
New York: UNICEF; 2012.

12. CSA: Annual Statistical Abstract 2011, Addis Ababa: Central Statistical Agency;
2011.

13. Hosmer D, Lemeshow S: Applied Logistic Regression. 2nd edition. New York:
Wiley; 2000:92-95.

4. Raheem A, Sheu A, Segun-Agaboola B: Exploring the social and environmental
determinants of child health in llrorin, Nigeria. Ethiop J Environ Stud Manage
2009, 2(3):73-82.

15. Desalegn M, Kumie A, Tefera W: Predictors of under-five childhood diarrhea:
Mecha District, West Gojjam, Ethiopia. Ethiop. J Health Dev 2011,
25(3):192-200.

16. El-Gilany AH, Hammad S: Epidemiology of diarrheal diseases among
children under age 5 years in Dakahila, Egypt. East Mediterr Health J 2005,
11(4).762-775.

17.  Daniels DL, Cousens SN, Makoae LN: A case-control study of the impact
of improved sanitation on diarrhea morbidity in Lesotho. Bull WHO 1990,
68:455-463.

18.  Senyonga R, Muwonge R, Tewbaze FBN, Mutayabule R: Determinants of
acute diarrhea in children aged 0-5 in Uganda. East Afr Med J 2009,
86(11):513-519.

19.  WHO: Water Sanitation and Hygiene: Public Health and The Environment.
Geneva: WHO; 2007.

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

Page 9 of 9

Avachat SS, Phalke VD, Phalke DB, Syed MMA, Kalakoti P: A cross-sectional
study of socio demographic determinants of recurrent diarrhea among
children under five of rural area of Western Maharashtra. AMJ 2011,
4(2):72-75.

Bbaale E: Determinants of diarrhea and acute respiratory infections
among under fives in Uganda. Australas Med J 2011, 4(7):400-409.

Esrey Steven A: Water, waste and well-being: a multi-country study. Am J
Epidemiol 1996, 143(6):608-623.

Root GPM: Sanitation, community environments, and childhood diarrhea
in rural Zimbabwe. J Health Popul Nutr 2001, 19(2):73-82.

Kosek M, Bern C, Richard L: The Global burden of Diarrheal disease as
estimated from studies published between1992-2000. Bull World Health
Organ 2003, 81:197-204.

Woldemicael G: Diarrheal morbidity among young children in Eritrea:
Environmental and socio-economic determinants. J Health Popul Nutr
2001, 19(2):83-90.

Rennie M: Housing and environmental factors and their effects on the
health of children in the slums of Karachi, Pakistan. J Biosoc Sci 1997,
29:271-281.

Kandala N-B, Ji C, Stallard N, Stranges S, Cappuccio FP: Morbidity from
diarrhoea, cough and fever among young children in Nigeria. Ann Trop
Med Parasitol 2008, 102(5):427-445.

Tesema T, Hailu S, Anberbir S, Mitikie G: Household illness prevalence and
its determinants in the under five children. Ethiop J Health Dev 2001,
15(3):173-178.

Tagoe E: Maternal Education on Infant/Child Morbidity in Ghana. In The
Case of Diarrhoea: Evidence from the Ghana DHS. Edited by Paulina M,
An-Magritt J. Liege: Women's position and demographic change in
Sub-Saharan Africa; 1995.

doi:10.1186/1471-2431-14-102

Cite this article as: Sinmegn Mihrete et al.: Determinants of childhood
diarrhea among underfive children in Benishangul Gumuz Regional
State, North West Ethiopia. BMC Pediatrics 2014 14:102.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Method
	Result
	Conclusion

	Background
	Methods
	Study design and period
	Sample size and sampling techniques
	Data collection procedures
	Data processing and analysis

	Results
	Socio-economic characteristics
	Environmental characteristics
	Child demographic characteristics
	Determinants of childhood diarrhea
	Socio-economic determinants

	Environmental determinants
	Child demographic determinants
	Multivariable analysis

	Discussion
	Conclusion
	Recommendations
	Strength and limitations of the study
	Strength
	Limitations


	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


