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Abstract

Introduction: Diarrhea continues to be a major global public health concern, contributing
substantially to morbidity and mortality. Environmental factors, including inadequate sanitation
infrastructure and poor hygiene practices, play a significant role in increasing the risk of
diarrhea. This study aims to analyze the relationship between environmental factors and the
incidence of diarrhea in East Kalimantan Province based on big data from the 2023 Indonesian
Health Survey (SKI-Survei Kesehatan Indonesia).

Methods : This study employed a cross-sectional design using secondary data from 15,854
SKIl respondents. Variables included gender, education, drinking water sources, water quality
and treatment, storage containers, wastewater disposal, waste management, sanitation
access, and hygiene practices. Data were analyzed using Chi-square and logistic regression
to determine independent environmental factors influencing diarrhea incidence.

Results: The prevalence of diarrhea was 2.1%. Bivariate analysis showed a significant
association between the incidence of diarrhea and education (p=0.001), drinking water source
(p=0.003), physical quality of drinking water (p=0.000), raw water source (p=0.012), waste
management (p=0.002), and sanitation hygiene (p=0.000). In the models of multivariable
logistic regression analysis, it was found that physical quality of drinking water (AOR=2.058;
p<0.001), level of education (AOR=2.008; p<0.001), and waste management (AOR=1.276;
p=0.032) were the main determinants of diarrhea incidence.

Conclusion: Poor drinking water quality, low levels of education, and inadequate waste
management increase the risk of diarrhea in East Kalimantan. Efforts to improve water quality,
environmental health education, and household-based waste management need to be
strengthened to reduce the incidence of diarrhea.

Keywords: Diarrhea, East Kalimantan, Environmental Factors, Indonesian Health Survey,
Logistic regression.

Introduction

Environmental quality in residential areas is closely related to the incidence of
environmental diseases, one of which is diarrhea. Globally, diarrhea is the second leading
cause of death, with approximately 75% of deaths occurring in people over the age of 5,
especially in the elderly aged 70 and above '. The number of deaths due to diarrheal diseases
in children under five years of age reaches approximately 443,832 cases annually?3. In
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Indonesia, diarrhea remains the leading cause of death among toddlers. Diarrhea can affect
all age groups, but the elderly and toddlers are among the most vulnerable populations. This
is due to the decline in physiological function in the elderly and the still suboptimal immune
system in toddlers, making both groups more susceptible to diarrhea. *.

Diarrhea is an infectious disease that has a significant impact on public health,
especially among vulnerable groups such as toddlers and the elderly. In toddlers, this
condition can cause drastic fluid loss and interfere with the absorption of essential nutrients,
often leading to an increased risk of malnutrition and stunting . Several studies show that
recurrent diarrhea in toddlers is statistically correlated with linear growth disorders, which, in
the long term, have an impact on chronic nutritional status. Meanwhile, in the elderly, severe
diarrheal infections such as cholera can cause serious complications, such as severe
dehydration, hypokalemia, and metabolic acidosis, which require intensive treatment.
Environmental, social, and behavioral factors have been shown to play an important role in
increasing the risk of diarrhea, including access to clean water, hand washing habits, and the
level of public knowledge about basic sanitation practices. °. n addition, physical aspects of
the environment such as drinking water sources and quality, water storage methods,
availability of family toilets, and types of flooring in homes also influence the prevalence of
diarrhea in various regions 0",

East Kalimantan Province has unique environmental characteristics that can directly
or indirectly affect the health of its population. Varied topography, high rainfall, and limited
access to clean water and sanitation in rural and coastal areas pose particular challenges in
controlling environmental diseases such as diarrhea . In addition, 75.56% of the raw water
supply in East Kalimantan Province still comes from rivers '*. Human activities such as
domestic and industrial waste disposal increase the potential for river pollution, which has an
impact on water quality. Meanwhile, in terms of waste management in East Kalimantan
Province, there are 11 landfills, with the total waste generated in 2025 reaching 2,287.97
tons/day and 835,108.87 tons/year 4.

The gap in sanitation infrastructure distribution efforts and the uneven adoption of
clean and healthy living behaviors are important risk factors that need to be analyzed further.
The use of data from the 2023 Indonesian Health Survey (SKI) is relevant because it provides
the latest and most comprehensive data on physical environmental conditions, community
behaviors, and the health status of the population throughout Indonesia, including East
Kalimantan Province. In addition, the large sample size in the SKI data reduces the possibility
of errors in generalization. Thus, the data is able to represent the target population of the study
more accurately. The 2023 SKI data enables more targeted analysis of various environmental
determinants related to diarrhea cases, thereby providing an evidence-based foundation for
formulating more targeted environmental health intervention policies

Methods
Research Design

This study used secondary data derived from the 2023 Indonesian Health Survey
(Survei Kesehatan Indonesia/SKI), a nationally representative cross-sectional survey
conducted by the Ministry of Health of the Republic of Indonesia. The SKI collects
comprehensive data on health status, determinants, and health-related behaviors to support
evidence-based policy development and program evaluation. For the present analysis, only
respondents from East Kalimantan Province were included.

A total of 15,854 respondents from East Kalimantan with complete data on diarrhea
incidence, environmental conditions, and hygiene practices were analyzed. The independent
variables comprised drinking water source, physical quality of drinking water, water treatment
practices, drinking water storage, raw water source, sanitation access, wastewater disposal,
solid waste management, and sanitation hygiene behavior. The dependent variable was the
incidence of diarrhea.

Variable Classification
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Environmental variables were categorized based on operational definitions adopted in
the Indonesian Health Survey (SKI) 2023. The classification was further aligned with national
environmental health regulations and international recommendations, including
WHO/UNICEF Joint Monitoring Programme (JMP) indicators for drinking water, sanitation,
and hygiene. Detailed classifications are presented in Table 1.

Table 1. Variable Classification

No Variable Category Criteria by SKI Instrument
1 Diarrhea Yes Diagnosed with diarrhea by health worker
within the last 2 weeks—1 month
No Respondents  without a  reported

diagnosis during the same period were
classified as not having diarrhea.

2 Gender Male Based on the respondent’s self-identified
Female gender
3 Education Level Low Did not complete junior high school
High Completed senior high school or obtained
a bachelor’s degree;

4 Source of Drinking Water Unsafe Unprotected dug wells, unprotected
springs, hydrants, water terminals, retail
water, surface water
(rivers/lakes/irrigation), and rainwater

Safe Bottled water, refillable water, tap water,

protected dug wells, protected springs,
drilled wells/pumps

5 Physical Quality of Drinking Not Cloudy, colored, tastes bad, foamy, or
Water Qualified smells unpleasant
Standars
Qualified Clear, colorless, tasteless, non-foamy,
Standars odorless;

6 Drinking Water Treatment ~ Not Treated Water only filtered or treated with

chemicals without heating
Treated Water boiled or treated with UV before
consumption

7 Drinking Water Storage Unsafe Stored in  uncovered containers
(bucket/pot/teapot without lid)

Safe Stored in covered containers
(bucket/gallon with lid)

8 Raw Water Source Unsafe Unprotected wells, rainwater, surface
water, water terminals, hydrants, or retail
water

Safe Protected wells/springs or
boreholes/pumps

9 Wastewater Dumping Unsafe Wastewater discharged into open drains,
ground, ditches, or rivers

Safe Wastewater channeled into closed
SEWers or reservoirs;
10 Waste Management Not Proper Waste dumped into rivers/ditches,

burned, buried, or disposed of
indiscriminately

Proper Waste disposed of properly (to TPS,
recycled, composted, or to waste bank
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11 Sanitation Access Not Viable  No toilet, shared/unusable toilet, open-
top toilet, or disposal of feces in open
environments (garden, field, river, etc.)

Viable Has private toilet with swan-neck bowl
and septic tank/ WWTP
12 Sanitation Hygiene Poor Facilities unavailable or lack clean water
and soap
Good Handwashing facilities available with
clean water and soap / detergent /
antiseptic

Safe environmental health factors are classified according to the WHO/UNICEF JMP
criteria and Indonesian environmental health regulations. Improved sanitation facilities are
classified according to the Indonesian Community-Based Total Sanitation (CBS) framework.

Statistic Analaysis

Data are presented in the form of frequencies and percentages based on the results of
risk variable classification and diarrhea incidence. Only respondents with complete information
on all variables included in the analysis were retained. Records with missing data on diarrhea
status or environmental variables were excluded prior to statistical analysis. Bivariate analysis
uses the Chi-Square test to determine the relationship between independent and dependent
variables. A p-value <0.050 indicates a relationship between the variables. Furthermore,
variables with a P-value <0.250 were multivariable analysis using backward stepwise
conditional logistic regression. Multivariable logistic regression was performed using the
backward likelihood ratio (Backward LR) method to identify the most parsimonious model and
determine independent predictors of diarrhea incidence.All analyses were performed using
SPSS 26.0 (IBM Corporation, NY, USA).

Result

The frequency distribution of diarrhea incidence and environmental risk factors among
respondents is presented in Table 2. All variables included in the analysis had complete data
after data cleaning; therefore, no missing values were present in the final analytical dataset.

Table 2.Frequency Distribution of Risk Factors for Diarrhea in East Kalimantan in 2023 (n:

15,854)
Variable Totals Percent (%)
Incidence of Diarrhea Diarrhea 326 21
No Diarrhea 15528 97.9
Gender Male 7434 46.9
Female 8420 53.1
Education Low
(No School — Junior High School) 10312 65.0
High
(Senior Hght School — Bachelor 5542 35.0
degree)
Source of Drinking Water  Unsafe 1107 7.0
Safe 14747 93.0
Physical Quality of Not Qualified Standars 801 5.1
Drinking Water Qualified Standars 15053 94.9
Drinking Water Treatment  Not Treated 10761 67.9
Treated 5093 321
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Drinking Water Storage Unsafe 2748 17.3
Safe 13106 82.7
Raw Water Source Unsafe 2616 16.5
Safe 13238 83.5
Wastewater Dumping Unsafe 14183 89.5
Safe 1671 10.5
Waste Management Not Proper 6271 39.6
Proper 9583 60.4
Sanitation Access Not Viable 229 1.4
Viable 15625 98.6
Sanitation Hygiene Poor 1697 10.7
Good 14157 89.3

Table 2 shows the frequency distribution of risk factors for diarrhea among 15,854
respondents in East Kalimantan in 2023. The prevalence of diarrhea was recorded at 2.1%,
while 97.9% of respondents did not experience diarrhea. Respondents were predominantly
female (53.1%) compared to male (46.9%). The majority had a low level of education (65.0%),
with the remainder having a high level of education (35.0%). Most respondents used safe
drinking water sources (93.0%), and 94.9% of the drinking water used met physical
requirements. However, 67.9% of respondents did not treat drinking water before
consumption, and only 32.1% treated drinking water.

A total of 82.7% of respondents store drinking water in closed containers, while 17.3%
still use open containers. Regarding raw water sources, 16.5% of respondents rely on risky
sources. Most liquid waste disposal systems are open storage (89.5%), while closed storage
is only used by 10.5% of respondents. In terms of waste management, 60.4% of respondents
reported proper management, while 39.6% did not manage waste properly. The majority of
respondents have access to adequate sanitation (98.6%) and maintain good personal hygiene
(89.3%), although 10.7% still have poor personal sanitation conditions. These findings provide
an overview of the distribution of risk factors associated with diarrhea in the region. Table 3
shows the distribution of environmental risk factors related to diarrhea incidence.

Table 3. Relationship between Risk Factors for Diarrhea Incidence in East Kalimantan

in 2023
Incidence of Diarrhea p
Variable Diarrhea No Diarrhea OR (95% CI) Vv
o o alue
n %o n %o
Gender
Male 147 451 7278 46.9 0.926 (0,745-1.158) 0.548
Female 179 549 8241 53.1
Education
Low (No School — Junior High 259 79.4 10053 64.7 2.105(1.606-2.760) 0.000
School)
High (Senior Hght School — 67 20.6 5475 353
Bachelor degree)
Source of Drinking Water
Unsafe 37 1.3 1070 6.9 1.730 (1.222-2.450) 0.003
Safe 289 88.7 14458 93.1
Physical Quality of Drinking
Water
Not Qualified Standars 33 10.1 768 4.9 2.165 (1.499-3.125) 0.000
Qualified Standars 293 89.6 14760 95.1
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Drinking Water Treatment

Not Treated 214 65.6 10547 67.9 0.902(0.716-1.137) 0.417
Treated 112 344 4981 32.1

Drinking Water Storage

Unsafe 66 20.2 2682 17.3 1.216(0.925-1.598) 0.184
Safe 260 79.8 12846 82.7

Raw Water Source

Unsafe 71 21.8 2545 16.4 1.420(1.088-1.854) 0.012
Safe 255 78.2 12983 83.6

Wastewater Dumping

Unsafe 289 88.7 13894 89.5 0.919(0.650-1.298) 0.697
Safe 37 11.3 1634 10.5

Waste Management

Not Proper 157 48.2 6114 394 1.430(1.148-1.172) 0.002
Proper 169 51.8 9414 60.6

Sanitation Access

Not Viable 9 28 220 1.4 1.976 (1.005-3.883) 0.075
Viable 317 97.2 15308 98.6

Sanitation Hygiene

Poor 41 126 1656 10.7 1.236(1.194-1.278) 0.000
Good 285 874 13872 89.3

Bivariate analysis results show that several variables have a statistically significant
relationship with the incidence of diarrhea, including education level (OR=2.105; 95% CI:
1.606-2.760; p=0.001), risky drinking water sources (OR=1.730; 95% CI: 1.222-2.450;
p=0.003), and substandard physical quality of drinking water (OR=2.165; 95% CI: 1.499—
3.125; p=0.000), use of risky raw water sources (OR=1.420; 95% CI: 1.088-1.854; p=0.012),
improper waste management (OR=1.430; 95% CI: 1.148-1.172; p=0.002), and poor sanitation
hygiene (OR=1.236; 95% CI: 1.194-1.278; p=0.000).

Meanwhile, variables that did not show a significant relationship with the incidence of
diarrhea included gender (p=0.548), drinking water treatment (p=0.417), type of drinking water
storage container (p=0.184), liquid waste disposal (p=0.697), and access to sanitation
@ (p=0.075). All variables with p-values <0.25 will be included in the multivariate analysis to

identify the most influential independent factors on the incidence of diarrhea. Table 4 presents
the adjusted odds ratios (AORs) for both models.
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A. P-values Across Models B. Adjusted Odds Ratios (AOR) with 95% CI (Final Model)
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Figure 1. Logistic Regression Model of the Effect of Environmental Factors on the Incidence
of Diarrhea

Picture 1 shows the results of binary logistic regression using the Odds Ratio technique
to evaluate environmental factors associated with diarrhea. Three factors remained significant
in the final model: physical quality of drinking water, solid waste management, and education
level. Substandard physical quality of drinking water was significantly correlated with an
increased risk of diarrhea (AOR = 2.058; 95% CI: 1.423-2.976; p=0.000). Inadequate waste
management showed a significant correlation (AOR = 1.276; 95% Cl: 1.022—-1.594; p=0.032),
but low education levels were associated with a twofold increase in the frequency of diarrhea
(AOR = 2.008; 95% CI: 1.528-2.639; p=0.000). Additional factors, such as access to
sanitation, water storage containers, raw water supply, and hygiene, were removed from the
final model due to insufficient statistical significance. The model showed satisfactory fit with
the data, as evidenced by the Hosmer and Lemeshow goodness-of-fit test (x® = 3.531, p =
0.317), but the overall variance explained was minimal (Nagelkerke R? = 1.8%).

Discussion

The results of the study show that the prevalence of diarrhea in East Kalimantan
Province in 2023 is 2.1%. This figure is relatively low compared to the national average
of 4.3%, but diarrhea remains an important issue in the context of environmental health
in the community. Diarrhea accounts for 21% of annual deaths among children under
five in developing countries. Although most households in East Kalimantan have
access to adequate sanitation and good physical quality drinking water, the analysis
shows that there are environmental factors that contribute significantly to the incidence
of diarrhea, namely the physical quality of drinking water, waste management, and
education levels.

The physical quality of drinking water has been proven to be the most dominant
factor influencing an increased risk of diarrhea (AOR = 2,058; Cl 95%: 1,423-2,976).
Drinking water that does not meet physical standards, such as being cloudy, smelly,
or discolored, indicates the possibility of microbiological contamination that causes
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diarrhea, such as Escherichia coli and Vibrio cholerae 5. This condition is in line with
the characteristics of East Kalimantan, where most of the raw water sources come
from rivers that are highly vulnerable to pollution from domestic and industrial activities
16,17 These results also reinforce previous research by Girma et al. (2024) which
showed that poor water quality is closely related to the incidence of diarrhea and the
risk of stunting in toddlers. Therefore, improving household drinking water treatment
systems and monitoring raw water sources should be a priority in environmental health
policies.

In addition to the physical quality of drinking water, improper waste
management is also significantly associated with the incidence of diarrhea (AOR =
1.276; 95% CI: 1.022-1.594). Households that do not manage waste properly have
the potential to create an environment that supports the development of vectors,
especially flies, which can spread bacteria that cause diarrhea to water sources
Around 39.6% of households in East Kalimantan still practice improper waste
management, such as burning, hoarding, or dumping waste into rivers, while 60.4%
have been managing waste properly through transportation to waste collection sites,
recycling, or waste banks. Improperly managed waste becomes a breeding ground for
disease vectors such as flies, which can carry bacteria that cause diarrhea
(Escherichia coli, Vibrio cholerae) to water sources and food '''°. Data from the
Ministry of Environment and Forestry of Indonesia in 2024 shows that more than 1,700
tons of waste are produced every day in East Kalimantan (Ministry of Environment and
Forestry 29, On the other hand, the limited capacity of landfills poses a major challenge
to the solid waste management system. Efforts to strengthen community-based waste
management, such as waste banks and recycling, need to be increased so that the
risk of environment-related diseases caused by improper waste management can be
minimized 1.

A good solid waste management system plays an important role in controlling
environment-based diseases. When waste is not managed properly, for example
through open dumping, uncontrolled burning, or disposal into waterways, it can
become a breeding ground for vectors (including flies, mosquitoes, and rats) and a
source of water and soil pollution. For example, a study in informal settlements in
Tanzania found that inadequate waste collection and limited disposal facilities were
significantly associated with the burden of infectious diseases such as diarrhea and
cholera ?2. Strengthening community-based waste management systems is important
to reduce the risk of environmental contamination. Waste bank programs, household
waste sorting based on the 3R concept (reduce, reuse, recycle), and optimization of
landfill/transfer station facilities can support efforts to prevent environment-based
diseases. Support from community leaders such as neighborhood association heads
and village environmental health officers also plays an important role in the
implementation of waste management in the community 23

Furthermore, low educational attainment was a significant social factor
influencing the incidence of diarrhea (AOR = 2.008; Cl 95%: 1.528-2.639).
Respondents with low educational attainment were twice as likely to experience
diarrhea compared to those with high educational attainment. These findings are
consistent with the results of previous studies ?* which states that education level is
an important determinant in the distribution of diarrheal diseases, especially in families
with toddlers. Education plays an important role in shaping clean and healthy living
behaviors (PHBS), including hand washing, water treatment, and maintaining
environmental hygiene. Low education levels imply low public awareness of basic
sanitation practices, thereby increasing the risk of transmission of environment-based
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diseases 2526, Which states that education level is an important determinant in the
distribution of diarrheal diseases, especially in families with toddlers. Education plays
an important role in shaping clean and healthy living behaviors (PHBS), including hand
washing, water treatment, and maintaining environmental hygiene. Low education
levels imply low public awareness of basic sanitation practices, thereby increasing the
risk of transmission of environment-based diseases.

Meanwhile, several other variables, such as gender, drinking water treatment,
water storage containers, access to sanitation, and liquid waste disposal, did not show
a statistically significant relationship with the incidence of diarrhea. This can be
explained by the fact that most of the population of East Kalimantan already has
access to adequate sanitation (98.6%) and good drinking water storage practices
(82.7%), so these factors are no longer strong differentiators in the analysis model.
However, these variables remain important to consider as part of a comprehensive
environmental health control system. Based on research 2’ Liquid waste, access to
toilets, and drinking water management are related to the incidence of diarrhea, where
the implementation of a good Community-Based Total Sanitation program can reduce
the risk of diarrhea in the community.

An interesting finding regarding the wastewater management system is that
most households in East Kalimantan still dispose of wastewater openly (89.5%), such
as dumping kitchen and bathroom waste directly into gutters, soil, or water bodies such
as rivers. Only a small proportion (10.5%) use closed channels or reservoirs. The
results of the study show that wastewater management is not significantly related to
the incidence of diarrhea (p = 0.697). This is likely because most households already
have access to adequate sanitation (98.6%), so wastewater is not a major
distinguishing factor. However, ecologically, open disposal systems still have the
potential to reduce surface water quality and create an environment conducive to the
growth of pathogenic microorganisms. Therefore, the development of household
wastewater management systems (IPAL) and closed channels is still necessary,
especially in densely populated and coastal areas 128,

Data analysis shows that the incidence of diarrhea in East Kalimantan Province
is greatly influenced by drinking water quality, waste management, and community
hygiene practices. Therefore, improving access to and the quality of clean water is a
top priority. The equitable distribution of safe drinking water infrastructure, especially
in rural and coastal areas, needs to be accompanied by education on household
drinking water treatment (PAMRT), such as boiling water or using simple filters, based
on data from the Indonesian Demographic and Health Survey (SDKI), household
drinking water treatment (PAMRT) behavior has shown a downward trend over the
past decade. In 2007, around 91% of households still practiced PAMRT, but this figure
decreased to 70% in 2017 2°. One of the factors causing this decline is the increase in
consumption of bottled drinking water, which has led to the assumption that people no
longer need to treat their drinking water. However, bottled drinking water cannot
always be categorized as safe drinking water, especially if the distribution and storage
processes do not meet hygiene standards 3°.

Overall, diarrhea prevention in East Kalimantan needs to focus on improving
clean water facilities, sustainable waste management, and public hygiene education.
Further research with a longitudinal design is recommended to assess the
effectiveness of interventions and the causal relationship between environmental
factors and the incidence of diarrhea. However, this study has limitations in that the
logistic regression model shows that these three significant factors can only explain
1.8% of the variation in diarrhea incidence (Nagelkerke R? = 1.8%). This indicates that
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there are other factors not covered in the model, such as behavioral aspects, climate,
and geographical conditions that may play a role in increasing the risk of diarrhea.
Therefore, diarrhea control interventions need to be carried out comprehensively
through a multi-sectoral approach that combines technical environmental aspects,
community behavior, and health education. Given the large sample size and the
nationally standardized survey methodology, the findings are likely to be
representative of the population of East Kalimantan Province.

Conclusion

This study shows that the prevalence of diarrhea in East Kalimantan in 2023 is
2.1%, lower than the national average. factors that significantly influence the incidence
of diarrhea are the physical quality of drinking water, waste management, and
education levels. Prevention efforts need to focus on improving the quality of safe
drinking water, sustainable waste management, and education on clean and healthy
living behaviors through cross-sector collaboration.
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