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ABSTRACT

Background: Diarrhea is an infectious disease that can cause children to experience appetite
disturbances, resulting in reduced nutritional intake, while the nutrients consumed also fail to be
properly absorbed by the body. If this condition is not balanced with appropriate food intake, it can
have an impact on cognitive development disorders and height growth, namely stunting. This study
aimed to determine whether there was a relationship between a history of diarrhea and the incidence
of stunting in toddlers, through a meta-analysis of primary studies conducted by previous authors.
Subjects and Method: This study was conducted using a systematic review and meta-analysis with
PICO namely, Population: under five, Intervention; diarrhea, comparison: no diarrhea, outcome:
stunting. By searching for articles in 2 databases, namely PubMed and Google Scholar, which were
published from 2017 to 2022, following keywords "Diarrhea" AND "Stunting" AND "adjusted Odds
Ratio" OR "aOR". The included article is a full-text cross-sectional study design for 2017-2022 and
reports the adjusted odds ratio (aOR) in multivariate analysis. Articles were selected using prism flow
with inclusion criteria, namely, and data analysis using the Review Manager 5.3 application.
Results: In total there were 9 articles using a cross-sectional study design with a total sample of
69,549 children under five from Ethiopia, Uganda, Indonesia, Pakistan which had been carried out
systematic review and meta-analysis. The data that has been processed shows that toddlers with a
history of diarrhea have a risk of experiencing stunting 1.21 times compared to toddlers without a
history of diarrhea (aOR= 1.57; 95% CI= 1.20 to 2.05; p< 0.001).

Conclusion: Toddlers with a history of diarrhea have a risk of experiencing stunting compared to
toddlers without a history of diarrhea.
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BACKGROUND

stunted often appear to have proportional

Stunting or chronic malnutrition is another
form of growth failure. Stunting is still one
of the most common public health problems
among children under the age of five world-
wide (Sema et al., 2021). Children who are

e-ISSN: 2549-0273

normal bodies, but in fact their height is
shorter than the normal height of children of
their age (Lukman et al., 2021). According to
WHO (2021), the prevalence of stunting in
children under five worldwide in 2020 will
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reach 22% or as many as 149.2 million child-
ren under five. Meanwhile in the Southeast
Asia region, the prevalence of stunting in
children under five in 2020 was reported at
30.1%. This figure needs to be watched out
for because it is close to the 40% threshold
which marks a serious public health pro-
blem. Then thanks to the National Move-
ment to Accelerate Nutrition Improvement
which has been promoted since 2013, in
2018 the prevalence of stunting in Indonesia
has decreased to 30.8% or around 7 million
children under five (Kemenkes RI, 2021).
The latest data for 2021 according to the
Indonesian Nutrition Status Study (SSGI)
report, the prevalence of stunting in Indo-
nesia has decreased again to 24.4%. Mean-
while, based on the data obtained by the In-
donesian Toddler Nutritional Status Survey
(SSGBI) team in 2021, it was found that the
prevalence of stunting is currently still 24.4
percent, or 5.33 million children under the
age of five are stunted. The prevalence of
stunting has decreased compared to pre-
vious years, besides that Indonesian presi-
dent Joko Widodo on the other hand wants
the stunting rate to drop to 14% in 2024
(KemenkoPMK, 2022).

Incidence of stunting in toddlers can
be caused by direct factors and indirect fac-
tors. Direct factors include: food intake and
infectious diseases, while indirect factors
include: the condition of household food
security, parenting style, and the economic
conditions of families of toddlers. One of the
causes of stunting in toddlers is an infectious
disease. Diarrhea is an infectious disease
that can cause impaired absorption and even
loss of nutrients. When a child has diarrhea,
he will lose his appetite, so that the intake of
nutrients is reduced, while the nutrients
consumed also fail to be properly absorbed
by the body. These conditions cause the
child's weight to begin to slowly decrease
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and this is followed by stunted growth in
height (Choiroh et al., 2020).

If this condition is not balanced with
appropriate food intake, it can impact on
cognitive development disorders and height
growth, namely stunting (Lestari and
Siwiendrayanti, 2021). The results of re-
search conducted by Dake et al. (2019) on
toddlers in Sodo Zuria, South Ethiopia
showed 24.9% of toddlers experienced
stunting, where one of the contributing
factors was the incidence of diarrhea.

Based on the background, the re-
searcher is interested in conducting a study
using a meta-analysis approach on the rela-
tionship between diarrhea and stunting in
toddlers, with the aim of knowing the rela-
tionship between diarrhea and stunting in
toddlers based on previous studies. In this
study there were no regional restrictions, so
the range of analysis was quite broad while
taking into account its relevance. This study
aimed to determine whether there was a
relationship between a history of diarrhea
and the incidence of stunting in toddlers,
through a meta-analysis of primary studies
conducted by previous authors.

SUBJECTS AND METHOD

1. Study Design

This research is a systematic review and

meta-analysis, using PRISMA diagrams by

searching for articles on 2 databases, namely

PubMed and Google Scholar, which were

published from 2017 to 2022, entering the

following keywords "Diarrhea" AND "Stun-

ting" AND "adjusted Odds Ratio" OR "aOR".

Analysis was performed with Review Mana-

ger (RevMan) 5.3.

2, Steps of Meta-Analysis

Meta-analysis is carried out through 5 steps

as follows:

1) Formulate research questions with the
PICO model (Population= toddlers. Inter-
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vention= diarrhea. Comparison= no
diarrhea. Outcome: Stunting).

2) Search for primary study research articles
from 2 online databases, namely PubMed
and Google Scholar.

3) Conduct screening and quality assess-
ment of primary research articles.

4) Extracting and analyzing data into the
RevMan 5.3 application.

5) Interpret results and draw conclusions.
3. Inclusion Criteria
The inclusion criteria of this study were full
text articles and used a cross-sectional stu-
dy design, research subjects were toddlers
with a history of diarrhea, multivariate ana-
lysis with adjusted odds ratio (aOR), the
year of the article used ranged from 2017 to
2022 with English or Indonesia language
and the outcome of the study was stunting.
4. Exclusion Criteria
The exclusion criteria were articles with
size incomplete results study or did not
clearly describe the results, the year of
publication was more than 5 years since the
study was conducted, the intervention and
study population were different.

5. Operational Definition of Variables

Article search was carried out by considering

the eligibility criteria determined using the

PICO model. Population= toddlers. Inter-

vention= diarrhea.Comparison: no diarrhea.

Outcome: Stunting

Diarrhea is a disease characterized by

changes in the form and consistency of

liquid stools and the frequency of bowel

movements more than usual (more than 2

times a day). The instrument used was a

medical record document from a health

center related to a history of diarrhea.

Stunting itself is a condition of failure to

thrive in toddlers with a z-score <-2 for HFA

(height for age)/height for age. The instru-

ment used was an anthropometric measure-

ment of TB/BB.

6. Study Instruments
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The instrument in this study was an article
on the relationship between history of diar-
rhea and the incidence of stunting in tod-
dlers. This research using a checklist for
critical assessment from a cross-sectional
study (survey) sourced from the Center for
Evidence Based Management (CEBMa)
(2014).

7. Data Analysis

The research that has been collected is selec-
ted with predetermined criteria and then the
results of the research will be analyzed based
on variations between studies with the fixed
effect model analysis model and random
effect model using RevMan 5.4 software re-
leased by the Cochrane collaboration to cal-
culate the overall OR value by describing the
95% Confidence Interval (CI) using the
effects model and also data heterogeneity.

RESULTS

The process of searching articles is carried
out through several journal databases,
namely Google Scholar and PubMed. With
keywords including: "Diarrhea" AND "Stun-
ting" AND "adjusted Odds Ratio" OR "aOR"
in the period 2017-2022. The process of
reviewing related articles can be seen in the
PRISMA flow in Figure 1. The selected re-
search articles can be seen in Figure 2 that
the research articles came from 2 continents,
namely 4 articles from the continent of Asia
(Indonesia, Pakistan), and 5 articles from
the continent of Africa (Ethiopia and
Uganda).

After conducting an initial search on
the database, 1,079 articles were found, then
266 published multiple articles were deleted
to obtain 813 articles. Followed by the pro-
cess of selecting articles by issuing 360 so
that there are still 453 full text articles that
are considered feasible. Then as many as
444 full text articles were published, leaving
9 final articles which will be followed by a
qualitative synthesis
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Figure 2 shows the area of distribution
of primary articles spread over 2 continents,
namely 4 articles from the Asian Continent

(Indonesia and Pakistan), 5 articles from the
African continent (Ethiopia and Uganda).

Articles identified through database

\ 4

Removing duplicate data (n= 266)

I

(n=1,079)
Issued articles (n= 360)
- : Irrelevant title= 179
Filtered articles »| Articles are not full text = 68
(n=813) Not an observational study = 56

Articles not in English= 57

Complete articles that are
considered eligible

A 4

(n=453)

Articles included in the
qualitative synthesis
(n=9)

!

Articles included in quantitative
synthesis of meta-analysis
(n=9)

Full text articles issued with reasons (n= 444)
The article does not include aOR= 76

Not multivariate analysis = 91

Non-diarrhea intervention = 234

Outcomes are not stunting = 43

Figure 1. PRISMA Flowchart
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Figure 2. Research areas on the effect of vaccination on covid-19 infection

Table 1, researchers conducted an assess-
ment of the quality of the study. The nine

www.jepublichealth.com

articles that have been obtained from Pub-
med and Google scholar, need to be critically
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assessed to determine the quality of the arti-
cles before being used as material for pro-
cessing meta-analyses. This research was
conducted using a checklist for -critical
assessment from a cross-sectional study
(survey) sourced from the Center for evi-
dence based management (CEBMa) (2014).
This assessment criterion consists of 12
question criteria with each given a score of
2= if the answer is yes, 1= if the answer is
uncertain, and o= if no answer, then added

up. The results of the summation of the
scores that have been carried out get a total
score of 24 answers, namely Ademas et al.
(2021), Abeway et al. (2018), Amoako et al.
(2020), and Sartika et al. (2021), Khan et al.
(2019). In addition, there are 3 articles with
a total answer score of 23, namely Mekonen
et al. (2019), Desyanti and Nindya (2017),
Badriyah and Syafiq (2017), as well as one
article with a total score of 22, namely Dake
et al. (2019).

Table 1. Critical appraisal checklist for cross-sectional studies on correlation
between diarrhea and stunting in children under five

Question Criteria

Author (Year) 1 2 3 4 5 6 7 8 9 10 11 12 Total
Dake et al (2019) 2 2 2 1 2 2 2 2 2 2 2 1 22
Mekonen et al. (2019) 2 2 2 1 2 2 2 2 2 2 2 2 23
Ademas et al. (2021) 2 2 2 2 2 2 2 2 2 2 2 2 24
Abeway et al. (2018) 2 2 2 2 2 2 2 2 2 2 2 2 24
Amoako et al. (2020) 2 2 2 2 2 2 2 2 2 2 2 2 24
Sartika et al. (2021) 2 2 2 2 2 2 2 2 2 2 2 2 24
Desyanti and Nindya (2017) 2 2 2 1 2 2 2 2 2 2 2 2 23
Badriyah and Syafiq (2017) 2 2 2 2 2 2 2 2 2 2 2 1 23
Khan et al. (2019) 2 2 2 2 2 2 2 2 2 2 2 2 24

Description of the question criteria:

1 = Does the study address clearly focused questions/problems?

2 = Istheresearch method appropriate to answer the research questions?

3 = Was the subject selection method clearly explained?

4 = Could the way the sample was obtained introduce selection bias?

5 = Does the subject sample represent the population to which the findings will refer?
6 = Was the sample size based on pre-study considerations of statistical power?
7 = Was a satisfactory response rate achieved?

8 = Are the questionnaire measurements likely to be valid and reliable?

9 = Was statistical significance assessed?

10 = Are confidence intervals given for the main outcome?

11 = Could there be any confounding factors that have not been recorded?

12 = Can the results be applied in your organization?

Answer score description:

o0 = No
1 = Hesistant
2 = Yes
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Table 2 shows 9 cross-sectional articles
provide evidence of the association between
history of diarrhea and the incidence of

stunting in toddlers, with a total sample of
69,549 toddlers with an age range of 0-65
months.

Table 2. Summary of primary cross-sectional study articles with each PICO

(N=69,549)
Author Count Total
(Year) i Sampel e 1 C o
Dake et al. Ethiopia 342 Children HAZ score <-  HAZ scores Stunting
(2019) aged 6-59  2SD between -2SD to
months +2SD
Mekonen Ethiopia 616 Parents of HAZscore <- HAZ scores Stunting
et al. (2019) toddlers. 2SD between -2SD to
+2SD
Ademas Ethiopia 630 Toddler HAZ score < - HAZ scores Stunting
et al. (2021) 2SD or <-3SD. between -2SD to
+2SD
Abeway et al.  Ethiopia 410 Children HAZ score < -  HAZ scores Stunting
(2018) aged 6 to 2SD between -2SD to
59 months +2SD
Amoako Uganda 33,054 Children WHO Child The WHO Child  Stunting
et al. (2020) aged 6 to Growth Score < Growth score -2
59 months -2SD SD to +2SD
Sartika et al.  Indonesia 559 Infants WHO Child The WHO Child  Stunting
(2021) aged o to Growth Score < Growth score
11 months. -2SD ranges from -2SD
to +2SD
Desyanti and Indonesia 66 Toddler HAZ score < - HAZ scores Stunting
Nindya 2SD between -2SD to
(2017) +2SD
Badriyah and Indonesia 30,801 Toddlers WHO Child The WHO Child  Stunting
Syafiq (2017) under 2 Growth Score < Growth score
years -2SD ranges from -2SD
to +2SD
Khan et al. Pakistan 3,071  Toddler WHO Child The WHO Child  Stunting
(2019) Growth Score < Growth score

-2SD

ranges from -2SD
to +2SD

Tabel 3. Adjusted Odds Ratio (aOR) of correlation between diarrhea and stunting
in children under five (N=69,549)

. 95%CI
Studies aOR Lower Limit Upper Limit

Dake et al (2019) 2.50 1.20 5.30
Mekonen et al. (2019) 1.25 1.06 1.48
Ademas et al. (2021) 1.79 1.13 2.83
Abeway et al. (2018) 2.79 0.99 7.90
Amoako et al. (2020) 2.90 1.50 2.91
Sartika et al. (2021) 1.06 0.79 1.40
Desyanti and Nindya (2017) 3.62 1.29 10.15
Badriyah and Syafiq (2017) 1.02 0.89 1.17

Khan et al. (2019) 1.10 0.45 2.60
www.jepublichealth.com 93
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Table 3 displays the amount of aOR in each
selected article. It is necessary to pay atten-
tion to the collection of articles by selecting
articles that have controlled for confounding
factors, which can be seen from the study in-
clusion requirements, namely the adjusted

odds ratio (aOR). According to Murti (2018),
the confounding factor is the mixing of esti-
mates of the relationship between exposure
to the disease under study, and other factors
that are related, both to disease and
exposure.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Aheweay 2018 0.0953 0486 B.0% 1.10[0.45, 2.649] B —
Ademas 2021 1.0661 02118 13.0% 2.807[1.82, 4.40) —_
Amaako 2020 0.2231 00841 17.8% 1.25[1.06,1.47] e
Badrivah 2017 0.0198 D.0B9E 18.2% 1.02[0.89 117 *
Dake 2018 09163 03745 7.7% 2.80[1.20,8.21] I
Desyanti 2017 1.2862 05263 48%  36Z[1.2910.19] —_—
khan 2018 0.0583 015 15.4% 1.06[0.79, 1.42) -+
Mekonen 20149 08822 02347 121% 1790113, 2.84] —
Sartika 2021 1.026 05286 4.9% 2.79[0.89 7.86] —
Total (95% CI) 100.0% 1.57 [1.20, 2.05] &
Heterogeneity: Tau®= 0.10; Chi®= 37 43, df=8 (F = 0.00001); F=79% ID 0 D|1 1ID mnl

Testfor overall effect: £=3.33 (F = 0.000&)

Mot Diarrhea Diarrhea

Figure 3. Forest plot of meta-analysis the relationship
between diarrhea and the incidence of stunting in toddlers
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Figure 4. plot meta-analysis of the relationship between diarrhea
and the incidence of stunting in toddlers

The forest plot in Figure 3 shows that there

is a relationship between a history of

diarrhea and the incidence of stunting in

www.jepublichealth.com

toddlers, and this relationship is statis-
tically significant. Toddlers with a history of
diarrhea have a risk of experiencing stunt-
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ing 1.57 times compared to toddlers without
a history of diarrhea (aOR= 1.57; 95% CI=
1.20 to 2.05; p< 0.001). The forest plot also
shows high heterogeneity of effect estima-
tes between studies (I2 = 79%; p <0.001)
thus the calculation of the average effect
estimate was carried out using the random
effect model (REM) approach.

The funnel plot in Figure 4 shows that
the distribution of effect estimates is asym-
etric to the right and left of the estimated
mean vertical line. The effect estimates are
more distributed to the right of the vertical
line, thus identifying publication bias.
Because the distribution of effects in the
funnel plot lies to the right of the vertical
line in the same direction as the average
estimated effect (diamond shape) in the
forest plot image which is also to the right
of the vertical line, the publication bias
tends to overstate the true effect (over-
estimated).

DISCUSSION

This systematic study and meta-analysis
research raised the relationship between a
history of diarrhea in toddlers and the inci-
dence of stunting. This research is consi-
dered important because there is a relation-
ship between a history of diarrhea in
toddlers and an increased risk of stunting.
The results of a meta-analysis from 9 cross-
sectional articles containing the relationship
between diarrhea and the incidence of stun-
ting showed that toddlers with a history of
diarrhea were shown to have a 1.21 times the
risk of experiencing stunting compared to
toddlers who did not have a history of
diarrhea (aOR = 1.57; 95% CI = 1.20 to0 2.05;
p < 0.001).

Several studies have shown a relation-
ship between a history of diarrhea in
toddlers and the incidence of stunting, one
of which is the study by Dake et al. (2019) on
toddlers in the city of Sodo Zuria, South
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Ethiopia showed that 24.9% of toddlers ex-
perienced stunting, where one of the contri-
buting factors was the incidence of diarrhea.
Toddlers with diarrhea for a long time have
a 2.5 times greater risk of experiencing
stunting than toddlers who don't experience
it. The results of Soboksa et al. (2021) on
toddlers in the city of Jimma showed that
toddlers with a history of diarrhea had a
9.22 times greater risk of experiencing
stunting than normal toddlers.

The results of the study by Mekonen et
al. (2019) in the city of Adama, Ethiopia
found that of a total sample of children
under five with undernourished and mal-
nourished conditions, 34.1% had diarrhea in
the last 2 weeks and 32.2% had three to four
episodes of diarrhea in the past year.
Furthermore, the results of the meta-analy-
sis conducted by Danaei et al. (2016) cover-
ing toddlers in 137 developing countries in
the world shows the fact that out of a total of
10.8 million cases of stunting in toddlers
analyzed, as many as 5.8 million toddlers
have a history of infection with diarrhea.
While in a study by Verma (2017) it was
reported that there was no significant rela-
tionship between stunting and the severity
and duaration of diarrhea, however there
was a significant relationship between
wasted children and the severity and dura-
tion of diarrhea. The conclusion in this study
is that there is a relationship between a
history of diarrhea and the incidence of
stunting in toddlers. The limitations of this
study are the publication bias shown in the
funnel plot results due to the varying
number of samples from each study, as well
as search bias because it only uses two
databases, namely Pubmed and Google
Scholar.
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