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Objectives: The prevalence of underweight in children under 5 years of age is anomalously high in Konawe District, Southeast Su-
lawesi Province, Indonesia. This state of affairs may be related to poor housing conditions, such as limited access to clean water, the
absence of a sanitary latrine, and the use of poor housing materials. Therefore, this study aimed to examine the effect of housing con-
ditions on underweight in under-5 children in Konawe District.

Methods: This study was conducted in 2013 in 5 health centres in Konawe District, Southeast Sulawesi Province, and used a case-con-
trol study design. The study recruited 400 under-5 children, including 100 of whom were cases and 300 of whom were age-matched
controls (1:3). Cases were underweight children, while the controls were children with a normal nutritional status. The independent
variables were the availability and types of water and latrine facilities and housing materials (roof, wall, and floor). The statistical anal-
ysis used Cox regression.

Results: A lack of water availability (odds ratio [OR], 5.0; 95% confidence interval [Cl], 2.7 to 9.5; p<0.001), a lack of latrine availability
in the home (OR, 2.5;95% Cl, 1.5 to 4.0; p<0.001), and poor-quality roofing materials (OR, 1.7;95% Cl, 1.1 to 2.7; p<0.02) significantly
contributed to underweight in children. In contrast, the walls and the floors did not contribute to under-5 year children being under-
weight (p=0.09 and p=0.71, respectively).

Conclusions: Sanitation facilities and roofing were identified as important factors to address in order to improve children’s nutritional
status. Children’s health status was directly impacted by food intake via their nutritional status.
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was 15.5%; thus, the Southeast Sulawesi government had to
reduce the prevalence of underweight in children by 0.8 per-
centage points in 2015. This was challenging because the
highest prevalence of underweight children was in rural vil-
lages, and underweight is known to be caused by a diverse
range of social, economic, cultural, and political factors. Un-
derweight under-5 children experience substantially increased
mortality and overall disease burden [2]. It is also common
knowledge that underweight in under-5 children is associated
with decreased productivity, resulting in a vicious cycle of pov-
erty in affected families, communities, and nations [3]. Some
rural communities include low-income families. Approximate-
ly 42.3% of people who lived in rural villages in Konawe Dis-
trict had incomes below the poverty line in 2010 [4]. These in-
dividuals lived in poor housing conditions, with insufficient
clean water sources, and some of them did not have a sanitary
latrine in their home. As reported by the Health Department
of Southeast Sulawesi [5], only 5.3% of households had access
to clean water facilities such as piped water facilities in their
home, although 56.8% of rural families had a sanitary latrine,
such as a pour-flush latrine, in their home. These conditions
may contribute to the high incidence of diarrhoea in Konawe
District, which was 56.2% in under-5 children in 2011. Cough
and pneumonia were also found to be common in these rural
villages. Infectious diseases, including diarrhoea, cough, and
pneumonia, reduce children’s appetite, thereby contributing
to inadequate nutritious food intake in addition to their dele-
terious effects on metabolism.

Several studies have been conducted to elucidate the
causes of underweight in children in Indonesia. However,
these studies have mainly focused on parental education and
income. Limited research has been conducted into the contri-
butions of housing conditions, such as the materials of the
roof, the walls, and the floor of the house, and the type of wa-
ter and latrine facilities available in the home. Therefore, it is
necessary to investigate whether housing materials and the
type and availability of water and latrine facilities in the home
contribute to underweight in under-5 children in rural villages.
Doing so in Konawe District was the aim of this study. In par-
ticular, the objective of this study was to investigate the rela-
tionship of the availability and type of water and latrine facili-
ties in the home and housing materials (roof, walls, and floor)
with underweight in under-5 children in rural villages in
Konawe District.

Housing Contributes to Underweight

METHODS

Study Design

This quantitative study applied a case-control design, be-
cause this design enables the assessment of multiple causes
relating to a condition such as underweight in children [6]. The
case-control study was conducted from December 16, 2012 to
February 2, 2013 in 5 community health centres in Konawe
District, Southeast Sulawesi Province. A case was defined as an
underweight child aged 0-59 months, as indicated by a Z-
score of weight-for-age (WA) lower than —2 standard devia-
tions (SDs) [7]. The case group was composed of such children.
In contrast, controls were children aged 0-59 months with a
WA of —2 SD < Z-score < +2 SD; in other words, the control
group was composed of children with a normal nutritional
status. Children’s nutritional status was the dependent vari-
able in this study. The independent variables were the avail-
ability and the type of water and latrine facilities and housing
materials (roof, wall, and floor). The objective criteria for the
independent variables were as follows:

a) The availability of water facilities was defined based on
the presence of a clear-water facility in the home that was
used by the family for their daily activities. This parameter was
categorized as (1) “yes," if the family had clean water facilities
in the home; or (2) “no;” if they did not. Piped water or a deep
well was defined as a safe water facility located inside the
house, while a superficial well, a communal water supply was
defined as a poor water facility; b) The availability of a latrine
was defined based on the presence of a sanitary latrine facility
on the family’s property. There were two answers to this ques-
tion: (1) “yes,” if a latrine facility was present on the family’s
property, either inside or outside; or (2) “no,"if no latrine facility
was present on the family’s property. Pour-flush latrines were
categorized as a sanitary latrine facility in the home, while
other types such as ventilated and simple pits were catego-
rized as medium-quality latrine facilities. Use of the sea, a river,
or a garden was defined as a poor latrine facility; (C) The roof
was evaluated according to the materials used for its construc-
tion. Iron sheets and tiles were classified as high-quality roof-
ing materials, while thatch, grass, and other materials were
classified as poor-quality materials; (D) The walls were evaluat-
ed according to the materials used in their construction. Bricks,
cement, and cement blocks were classified as high-quality
materials, while bamboo sheets and wood were classified as
poor-quality materials; and e) The floor was evaluated accord-
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ing to the materials used for the construction of the floor. Ce-
ramic was classified as a high-quality material for the floor, ce-
ment as a medium-quality material, and earth, wood, and
plastic were classified as poor-quality materials.

Population and Sample of This Study

The population of this study was all children under 5 years of
age in 5 villages in Konawe District, while the sample of this
study was 400 under-5 children. They were recruited from the
register of the childhood nutritional program in the 5 commu-
nity health care centres. The sample size was calculated using
the Kelsey et al. [8] model of sample size calculation for case-
control studies at a case-to-control ratio of 1:3. A 2-sided signif-
icance level (alpha) of 0.05 was used, as well as 80% power and
95% confidence intervals (Cl). A case-to-control ratio of 1:3 was
used to improve the rigor and power of this study [9]. Cases less
than 11 months old were matched with a control of the same
age, while cases aged 12-59 months were matched with con-
trols of a similar age. In each of the 5 community health care
centres, 20 cases were identified, and these were then matched
with 60 controls from the same community health care centre.
The children’s mothers or guardians were also invited to partici-
pate in structured interviews in the form of a questionnaire.

Data Analyses

Data were analysed using both univariate and multivariate
analyses. The univariate analysis examined the demographic
characteristics of respondents (children and mothers) and
housing conditions (i.e., water facilities, latrines, and the
house’s construction materials). Cross-tabulations were em-
ployed to compare these variables between the case and the
control groups. The multivariate analysis was conducted using
logistic regression in SPSS version 20.0 (IBM Corp., Armonk, NY,
USA). The p-values less than 0.05 on the chi-square test were
considered to indicate significant associations. The reference
category for all models was the category assumed to have the
least risk. For water facilities in the home, this was the availabil-
ity of piped water or a deep well. The reference category of la-
trine facilities in the home was availability of a pour-flush la-
trine in the home. Iron sheet/tiles were used as the reference
category for the roof materials. Bricks and cement/cement
blocks were the reference category for the wall materials. Final-
ly, ceramic was the reference category for the floor materials.
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Table 1. Descriptive information of children’s characteristics

Cases (n=100) Controls (n=300)

Sex
Male 55 (55.0) 162 (54.0)
Female 45 (45.0) 138 (46.0)
Age (mean £ SD) 29.5+13.2 26.8+14.4
Sickness'
Yes 79(79.0) 130(43.3)
No 21(21.0) 56.7 (47.8)
Diseases
Diarrhoea 4(4.0) 8(2.7)
Malaria 1(1.0) 0(0.0)
Measles 0(0.0) 2(0.7)
Cough 32(32.0) 48 (16.0)
Pneumonia 1(1.0) 2(0.7)
Fever/influenza 68 (68.0) 107 (35.7)

Values are presented as number (%).
SD, standard deviation.
'Sickness during the past 2 weeks.

RESULTS

Characteristics of the Children in the Case and
Control Groups

In the total sample, there were 217 male children and 183
female children. The distribution of male and female children
under the age of 5 years was almost equal in the cases and the
controls (Table 1). A much higher proportion of the cases
(79.0%) compared to controls (43.3%) reported an illness dur-
ing the 2 weeks prior to the study. The most frequently report-
ed symptoms were fever or influenza for both the cases and
the controls (68.0% in cases vs. 35.7% in controls), followed by
cough, which was reported by 32.0% of the cases and 16.0%
of the controls.

Housing Facilities and Materials

This study found that a high proportion of underweight
children lived in houses without clean water facilities (31.0%)
(such as no piped water facilities), no latrine facilities (41.0%)
(including no pour-flush latrine), a roof made of thatch or
grass (46.0%), a wall made of bamboo sheets (70.0%), and
floors made of earth or wood (14.0%) (Table 2).

Relationship Between Housing Conditions and
Underweight in Under-5 Children

Several independent variables made a significant contribu-
tion to underweight in under-5 children, including a lack of
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Cases (n=100)

Availability of water facility at home

Yes 69 (69.0)

No 31(31.0)
Type of water facility at home

Piped water/deep well 36 (36.0)

Superficial well 33(33.0)

Communal/shared 31(31.0)
Availability of latrine at home

Yes 59 (59.0)

No 41 (41.0)
Type of latrine at home

Pour-flush 49 (49.0)

Simple/ventilated pit 14(14.0)

Sea/river/garden/others 37(37.0)
Roof of the house

Iron sheet/tiles 54 (54.0)

Thatch/grass/others 46 (46.0)
Wall of the house

Bricks and cement/cement block 30(30.0)

Bamboo sheets/wood 70(70.0)
Floor of the house

Ceramic 14(14.0)

Cement 72(72.0)

Earth/wood/plastic 14(14.0)

Values are presented as number (%).

OR, odds ratio; Cl, confidence interval.

'Using logistic regression.

water and latrine availability in the home and the roof of the
house (p<0.001) (Tables 2 and 3). For example, children from
households with no water facilities in the home were 5 times
more likely to be underweight than children from households
where water facilities were available in the home (odds ratio
[OR], 5.0; 95% Cl, 2.7 to 9.5; p<0.001). Children who lived in
thatched or grass-roof houses were 1.9 times more likely to be
underweight than children who lived in houses constructed
with corrugated iron sheets or with tiled roofs (OR, 1.9; 95% Cl,
1.1t03.1;p<0.01).

DISCUSSION

A lack of clean water facilities (piped water or deep well) in
the family home was found to be a strong predictor of under-
weight in children under 5 years of age. Approximately 64% of
underweight children lived in homes with a superficial well or

Housing Contributes to Underweight

Control (n=300) OR (95% CI)' p-value
273(91.0) 1.0 (reference)
27 (9.0) 5.0(2.7,9.5) <0.001
170 (56.7) 1.0 (reference)
103 (34.3) 22(1.1,4.2) <0.01
27 (9.0) 7.8(3.7,16.6) <0.001
233(77.7) 1.0 (reference)
67 (22.3) 25(1.5,4.0) <0.001
190 (63.0) 1.0 (reference)
52(17.3) 1.1(0.5,2.1) 0.88
58(19.3) 2.6(1.5,4.4) <0.001
201 (67.0) 1.0 (reference)
99(33.0) 1.9(1.1,3.1) <0.01
116 (38.7) 1.0 (reference)
184 (61.3) 1.6(0.9,2.7) 0.09
48(16.0) 1.0 (reference)
218(72.7) 1.2(0.6,2.3) 0.68
34(11.3) 1.5(0.6, 3.6) 0.42

communal/shared water facilities. The physical condition of
the water in some of the superficial wells was very poor. The
water was yellow and turbid. This condition was caused by the
mining industry in Konawe District. Low-income families used
communal or shared water facilities that were built by the lo-
cal government in 1995. Thus, the construction and sanitation
of communal water facilities was very poor. It is therefore logi-
cal that the absence of clean water in the home may have in-
creased the transmission of infectious diseases in children un-
der 5 years old, via inadequate sanitation practices for daily
activities, such as food preparation and child feeding practices.
Diarrhoea and other parasitic infections are often caused by a
lack of clean water in the home [10], as insects (vectors of in-
fectious diseases) prefer to live and breed in the water, includ-
ing home water storage systems [11]. As suggested by Priiss-
Ustiin et al. [12], schistosomasis and lymphatic filariasis are
more common in households without clean water in the
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Cases (n=100)

Availability of water facility at home

Yes 69 (69.0)

No 41(41.0)
Type of water facility at home

Piped water/deep well 36 (36.0)

Superficial well 33(33.0)

Communal/shared 31(31.0)
Availability of latrine at home

Yes 59 (59.0)

No 41(41.0)
Type of latrine at home

Pour-flush 49 (49.0)

Simple/ventilated pit 14(14.0)

Sea/river/garden/others 37(37.0)
Roof of the house

Iron sheet/tiles 54 (54.0)

Thatch/grass/others 46 (46.0)
Wall of the house

Bricks and cement/cement block 30(30.0)

Bamboo sheets/wood 70(70.0)
Floor of the house

Ceramic 14 (14.0)

Cement 72(72.0)

Earth/wood/plastic 14(14.0)

Values are presented as number (%).
OR, odds ratio; Cl, confidence interval; N/A, not applicable.
'Uing logistic regression.
home or adequate sanitation. These illnesses cause undernu-
trition in under-5 children because they are susceptible to
these diseases and they have low immunity [13]. This study
found an almost doubled prevalence of reported diarrhoea
among children under 5 years of age who lived in an environ-
ment without an adequate supply of clean water. In addition
to diarrhoea, malaria, dengue fever, and Japanese encephalitis
are also impacts of limited water resources [12]. Diarrhoea and
other infectious diseases reduce children’s food intake and nu-
trient absorption [14]. Three children also experience a loss of
appetite, thus leading to lower food intake [14]. Access to wa-
ter and sanitation facilities is the most important factor in this
regard, followed by the quality of water and sanitation, as well
as individuals’ behaviour relating to these facilities [12].
However, 36% of underweight children were found in high-
income families who had access to clean water facilities such
as piped water or deep wells. This means that the determi-
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Control (n=300) OR (95% CI)' p-value
273 (91.0) 1.0 (reference)
67 (22.3) 45(25,8.1) <0.001
170 (56.7) 1.0 (reference)
103 (34.3) 2.1(0.9,4.7) 0.07
27 (9.0) 75(3.2,18.0) <0.001
233(77.7) 1.0 (reference)
67 (22.3) 24(15,39) <0.001
190 (63.0) 1.0 (reference)
52(17.3) 1.0(0.5, 2.0) 0.90
58(19.3) 25(15,4.2) <0.001
201 (67.0) 1.0 (reference)
99(33.0) 17(1.1,27) <0.02
116 (38.7) 1.0 (reference)
184 (61.3) 0.1(0.0,0.9) 0.04
48(16.0) 1.0 (reference)
218 (72.7) N/A
34(11.3) 1.5(0.8,3.1) 021

nants of underweight in under-5 children were not limited to
the availability of water in the home, but also included other
factors, such as children’s health status and parental behaviour
related to child-feeding practices [15]. Children’s health status
is affected by many factors, including environmental health
and their immunity. Thus, if a child gets an infectious disease,
such as diarrhoea, they will become hosts who transmit the
disease to others, especially those with low immunity.

A lack of latrine facilities in the family home also increased
the risk of children under 5 years old being underweight. The
absence of latrine facilities in the home causes faecal contami-
nation of the water storage, thus leading to an increase in par-
asitic infections, such as diarrhoea. Additionally, faecal con-
tamination of children’s food and drinking water can also take
place through fingers, flies, soil, and waterborne sewage [16].
Therefore, if if neighbourhoods have not been managed hy-
gienically, and practices such as not having a latrine in the
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home are commonplace, the surrounding area will be con-
taminated [17]. Moreover, the distance between the water re-
source and the latrine is a concern. Placing them close to each
other risks contamination of the water resource, resulting in
an increased burden of diarrhoeal and other diseases [17].

In this study, roofing materials of thatch or grass were also
predictors of children under 5 years of age being underweight.
A possible explanation for this is that roofs made of thatch or
grass can be a breeding place for the propagation of insects
that can act as vectors of diseases. Thatched roofing has been
found to provide a space for protozoan parasites of the genus
Leishmania [18]. People who are infected by this parasite suf-
fer from visceral leishmaniasis, which can result in death, par-
ticularly in vulnerable groups such as under-5 children [18].
Another Indonesian study found a high number of rats in
houses with roofing materials of thatch or grass. These roofing
materials can easily be broken down by the rats, who are then
able to take up residence in the house [19]. A high level of rat
infestation can lead to the contamination of food and the
transmission of diseases and viruses such as Lassa fever, cow-
pox, or Streptobacillus moniliformis [19]. People who are infect-
ed by any of these pathogens are susceptible to a disease
known as human epizootic Haverhill fever, with symptoms
such as fever and malaise [19]. The high proportion of fever
cases reported in this study may have been caused by the
consumption of food contaminated by parasites or viruses
transmitted by rats. The use of poor housing materials is asso-
ciated with low-incomes and low education levels [20]. This
was also the case in this study, where thatch and grass materi-
als for roofs were predominantly used by families with a low-
income and a low level of education. This means that these
families might have no refrigerators or food covers, so that
food is more easily contaminated by rats or flies. Furthermore,
people with a low level of education also tend to have poor
health knowledge, and are less aware of hygienic practices re-
lated to food for children [21].

In this study, the material used to construct the walls of the
house was not found to have a significant relationship with
underweight in children. This is in contrast to other studies
that have found that the materials used in the construction of
the walls in low-income dwellings increased the risk of respira-
tory diseases among children under 5 years of age [22]. For ex-
ample, walls made of bamboo or wood tend to lead to in-
creased dust levels inside the house, which might bring bacte-
ria and are inhaled by vulnerable children, who then suffer

Housing Contributes to Underweight

from upper or lower respiratory infections. These walls also
have poor ventilation, which causes high humidity levels in-
side the house; humidity, in turn, generates high growth levels
of fungi, bacteria, amoebae, algae, or arthropod allergens,
thus creating conditions that cause respiratory symptoms
such as coughs [23]. The present study found no association
between the materials used in the construction of the walls in
a house with children’s nutritional status, and likewise found
no significant relationship with morbidity.

This study also found that flooring materials were not a pre-
dictor of children under the age of 5 years being underweight.
This finding goes against the widely held view that dirt, earth-
en, or wooden floors are poor housing materials for children
under 5 years of age [24]. This is because dirt floors increase
the level of dampness inside the houses, which can then in-
crease the growth of bacteria, such as Streptococcus species,
and cause pneumonia [22]. Having an earth floor was found
to increase the risk of pneumonia in children under 5 years of
age by 3.9 times [22]. Moreover, earth or dirt floors can also
become home to insects that transmit the parasitic protozoan
Trypanosoma cruzi, which can cause Chagas disease [22]. Floor
materials likely did not affect children’s nutritional status be-
cause the majority of respondents’ houses used cement as the
flooring material (72.0% of cases and 72.2% of controls). An-
other reason is that children under 5 years of age in Konawe
District are not in direct contact with the floor, so the floor
does not directly contribute to illnesses in the children. This is
because an infant is usually carried by the mother, while older
children often wear shoes or sandals when they play.

Limitations and Implications for Public Health
Policy and Practices

It is important to note that this study was conducted in
Konawe District, and more specifically, among families con-
tacted through the 5 health care centres. Thus, our findings
cannot be generalized to the whole population either of
Southeast Sulawesi Province or of Indonesia. This study did
not analyse the relationship between housing conditions and
families’ socioeconomic status. Thus, our explanations of the
relationships between housing conditions and families’ socio-
economic status were based on previous studies conducted in
Indonesia and other countries.

As described above, this study found evidence that the
availability of clean water, sanitary latrines, and the quality of
the roof of a house play an important role in preventing chil-
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dren from becoming underweight. This evidence can be used
by public health policy makers and health practitioners in this
province to improve children’s nutritional status. Using a filter
in the water storage system is the most effective intervention
to minimize the risk of water source contamination [25]. Such
interventions can decrease the prevalence of diarrhoea by 30
to 40% [17]. The World Health Organization also made 6 sug-
gestions to local governments [26]. First, local governments
must ensure that communities in both urban and rural areas
have access to clean water and sanitation. As found in this
study, some communities in rural areas had no access to clean
water facilities (i.e., piped water) or sanitary latrines (i.e., pour-
flush latrines). The quality of water and environmental protec-
tion measures must be also improved. Horizontal cooperation
in planning and environmental policy must be done by the lo-
cal governments to increase the sustainability of the manage-
ment of water and sanitation facilities.
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