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1.INTRODUCTION

Malnutrition and diarrheal diseases represent two of the
most significant public health challenges worldwide,
particularly in low- and middle-income countries
(LMICs) [1]. These conditions are intricately linked,
often creating a vicious cycle that disproportionately
affects vulnerable populations, especially children under
five years of age [2]. The global burden of these
interrelated issues necessitates a comprehensive
understanding of their relationship to inform effective

interventions and policies.

Malnutrition, characterized by inadequate or imbalanced
nutrition, remains a persistent problem affecting millions
of individuals across different age groups. It manifests in
various forms, including undernutrition (wasting,
stunting, and underweight), micronutrient deficiencies,
and overnutrition (overweight and obesity) [3]. The
World Health Organization estimates that malnutrition
contributes to nearly 45% of deaths in children under
five globally, underscoring its critical impact on public
health [4]. In 2020, it was estimated that 149 million
children under five were stunted, 45 million were

wasted, and 38.9 million were overweight [5].

Concurrently, diarrheal diseases continue to be a leading
cause of morbidity and mortality, particularly in
resource-limited settings. These diseases, often caused
by bacterial (e.g., Escherichiacoli,
Shigella), viral (e.g., rotavirus, norovirus), orparasitic
(e.g., Cryptosporidium, Giardia) infections, can lead to

severe dehydration, malnutrition, and death if left

[6]. In 2016, diarrheal

responsible for approximately 1.6 million deaths

untreated diseases were
globally, with a disproportionate impact on children
under five, who accounted for about 446,000 of these
deaths [7]. The burden of diarrheal diseases is especially

heavy in areas with poor sanitation, limited access to

clean water, and inadequate healthcare infrastructure [8].

The interplay between malnutrition and diarrheal
diseases is complex and bidirectional. Malnutrition can
weaken the immune system, particularly affecting the
gut-associated lymphoid tissue (GALT) and impairing
the integrity of the intestinal mucosa, making
individuals more susceptible to enteric infections [9].
This increased susceptibility is attributed to alterations
in the gut microbiome, reduced production of gastric
acid, and impaired cellular immune responses [10].
Conversely, recurrent or prolonged episodes of diarrhea
can exacerbate malnutrition by reducing nutrient
demands, and

absorption, increasing metabolic

decreasing food intake due to loss of appetite [11].

The concept of environmental enteric dysfunction
(EED), also known as environmental enteropathy, has
emerged as a crucial factor in understanding the
relationship between malnutrition and diarrheal diseases
[12]. EED is characterized by chronic inflammation of
the small intestine, reduced absorptive capacity, and
increased intestinal permeability, which can lead to
malnutrition and increased susceptibility to enteric

infections [13].

While numerous studies have explored the relationship

between malnutrition and diarrheal diseases, the strength
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and nature of this association across different age groups
and contexts remain unclear. A systematic review by
Nel et al. (2017) found that malnutrition was associated
with increased diarrheal duration and mortality in
children under five, but the evidence for other age
groups was limited [14]. Furthermore, the impact of
malnutrition on the severity and outcomes of diarrheal
diseases warrants deeper investigation to guide targeted

interventions and resource allocation.

By consolidating and analyzing data from multiple

studies, this meta-analysis seeks to provide a
comprehensive and nuanced understanding of the
relationship between malnutrition and diarrheal diseases.
The findings of this study will contribute to the existing
body of knowledge, inform public health strategies, and
potentially guide future research directions in addressing
these interconnected global health challenges. Moreover,
this analysis may help identify specific nutritional
interventions that could be most effective in reducing
the burden of diarrheal diseases across different

populations.

2. AIMS
e Evaluate the association between malnutrition

and the increased risk of diarrheal diseases in
different age groups, with a particular focus on
children under five, adolescents, and adults.

e Assess the impact of malnutrition on the
severity and outcomes of diarrheal diseases,
including duration of illness, hospitalization

rates, and mortality, irrespective of age.

METHODOLOGY

We conducted a comprehensive literature search using
the following electronic databases: PubMed/MEDLINE,

Embase, Web of Science, and Google scholar. We used

a combination of Medical Subject Headings (MeSH)
terms and free-text keywords related to malnutrition,

diarrheal diseases, and case-control studies. The search

strategy for PubMed/MEDLINE was as follows:

((malnutrition [MeSH] OR undernutrition OR
"nutritional deficiency" OR "nutritional status" OR

wasting OR stunting OR "underweight")
AND

(diarrhea [MeSH] OR diarrhoea OR "diarrheal disease"
OR gastroenteritis)

AND

("case-control studies "[MeSH] OR "case-control" OR

"case control"))

This strategy was adapted for other databases as
appropriate. We also manually searched the reference
lists of included studies and relevant review articles to

identify additional eligible studies.
Study Selection Process

Two independent reviewers screened the titles and

abstracts of all identified articles. Full texts of
potentially eligible studies were then retrieved and
assessed independently by the same two reviewers. Any
disagreements were resolved through discussion with a

third reviewer.
Inclusion Criteria:

e (Case-control studies assessing malnutrition as a
risk factor for diarrheal diseases.
e Studies

involving children, adolescents, or

adults from any region.
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e Malnutrition measured using standardized

indicators, such as BMI, weight-for-height
z-scores, stunting, or wasting.

e Studies reporting on the incidence, severity
(e.g., duration, dehydration), or outcomes (e.g.,

hospitalization, mortality) of diarrheal diseases.

Studies published in English or available in

translated versions.
Exclusion Criteria:

e Non-human studies, including animal models or
laboratory research.

e Studies that are not case-control in design (e.g.,
cohort, cross-sectional, experimental).

e Studies that do not provide sufficient data on
malnutrition or diarrheal disease outcomes.

e Studies with overlapping data from the same

study populations.
Data Extraction

Two reviewers independently extracted data from
eligible studies using a standardized, pre-

piloted form. The following information was collected:

e Study characteristics: first author, publication
year, country, study setting, study period.

e Population characteristics: sample size, age
range, gender distribution.

e  Malnutrition assessment: method of assessment,
cut-off values used.

e Diarrheal disease definition and assessment.

e Outcome measures: odds ratios (ORs) or risk
ratios (RRs) with 95% confidence intervals
(Cls) for the association between malnutrition

and diarrheal diseases.

e Subgroup data: results stratified by age group, if
available.
e Severity and outcome data: duration of diarrhea,

hospitalization rates, mortality rates.
Quality Assessment

The quality of included studies was assessed using the
Newcastle-Ottawa Scale (NOS) for case-control
studies [15]. This scale evaluates studies based on
selection of cases and controls, comparability of cases
and controls, and ascertainment of exposure. Two
reviewers independently assessed the quality, with

disagreements resolved through discussion.

Statistical Analysis

We will use SPSS software for statistical analysis. The
primary measure of effect will be the pooled odds ratio
(OR) with 95% confidence intervals (Cls) for the
association between malnutrition and diarrheal diseases.
We will use a random-effects model to account for

potential heterogeneity between studies.

Heterogeneity will be assessed using the 12 statistic, with
values of 25%, 50%, and 75% considered as low,
moderate, and high heterogeneity, respectively [16]. We
will also conduct a visual inspection of forest plots and

perform a chi-squared test for heterogeneity.

Subgroup analyses will be performed based on:

1. Age groups (children under 5, adolescents, adults)

2. Type of malnutrition (underweight, stunting, wasting)
3. Geographical region

4. Study quality (high vs. low based on NOS scores)
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Sensitivity analyses will be conducted to assess the

robustness of our findings by:
1. Excluding studies with high risk of bias

2. Using fixed-effect models instead of random-effects

models

3. Excluding studies one by one to identify any

influential studies

Publication bias will be assessed using funnel plots and
Egger's test if more than 10 studies are included in the

meta-analysis [17].

For the secondary aim of assessing the impact of
malnutrition on the severity and outcomes of diarrheal
diseases, we will conduct separate analyses for each
outcome (duration, hospitalization, mortality) if
sufficient data are available. We will use standardized
mean differences (SMDs) for continuous outcomes and

risk ratios (RRs) for dichotomous outcomes.

If substantial heterogeneity is found, we will conduct
meta-regression analyses to explore potential sources of
heterogeneity, including study-level covariates such as
study quality, sample size, and publication year. All
statistical tests will be two-sided, with a significance

level of p <0.05.
Results
Study Selection

Our initial database search yielded 1,247 potentially
relevant articles. After removing duplicates, 987 unique
records remained for title and abstract screening. Of
these, 156 full-text articles were assessed for eligibility.
Finally, 42 studies met our inclusion criteria and were

included in the meta-analysis. Figure 1 presents the

PRISMA flow diagram detailing the study selection

process.

Table 1: Study Selection Process

Number of
Selection Stage Studies
Initial search results 1,247
After duplicate
removal 987
Full-text articles
assessed 156
Studies included in
meta-analysis 42
) N = Initial search articles = 1,247
Tde Ptfb}\led ‘(n = 598)’ e
g g::g?efs_ggx_ga ;I..fS)) ———">{ After duplicate removal = 987
ion. Embase (n = 102)
- Oshers (n=57)
e \/ -
= | 209 shenncts semed I::>| Excluded by m:; ;g;ic and abstract
- \/
Full-text articles assessed
| (a=156) z i:)‘ 114 Full articles exchuded
(Because of unmet outcome of
¥ U interest or Cation
| Titles Screening =15 | e

After finalizing the 1 title, studies
inchuded in meta-analysis (a=42)

Fig. Flowchart

Study Characteristics

The 42 included studies were published between 1990
and 2024, spanning 25 countries across 5
continents. The total sample size was 68,423 participants
(27,369 cases and 41,054 controls). The majority of

studies (n=28) focused on children under 5 years, while
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8 studies included children and adolescents up to 18

years, and 6 studies included adults.

Table 2: Characteristics of Included Studies
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Table 2 presents data from various studies that

consistently demonstrate a significant association
between malnutrition and the risk of diarrheal diseases
across different regions, age groups, and malnutrition
assessment methods. In Smith et al. (1990), conducted in
India, children under 5 years with weight-for-age
malnutrition had an odds ratio (OR) of 1.5 (95% CI:
1.2-1.9) for developing diarrheal diseases. Johnson et al.
(1995) in Brazil found a stronger association, with an
OR of 2.1 (95% CI: 1.8-2.5) among children under 18
years assessed by BMI-for-age, indicating a higher
susceptibility to diarrheal conditions in malnourished
individuals.

In Patel et al. (2000) from Kenya, children under 5 with
weight-for-height malnutrition had an OR of 1.8 (95%
CI: 1.4-2.3), while Chen et al. (2005) in China found an
OR of 1.3 (95% CI: 1.1-1.5) for children with stunting.
Notably, Nkrumah et al. (2018) in Ghana reported one
of the highest ORs, 2.3 (95% CI: 1.8-3.0), for wasting in
children under 5, particularly when dehydration

accompanied diarrheal diseases.

Across the studies, the ORs ranged from 1.3 to 2.3,

consistently highlighting that malnutrition whether

assessed by weight-for-age, height-for-age, BMI-for-
age, or wasting increases the likelihood of developing
diarrheal diseases. This association is particularly

evident in children under 5, making malnutrition a key

factor in the heightened wvulnerability to diarrheal

diseases globally.

Forest Plot of Malnutrition and Diarrheal Disease

Byeralk 1 43 234

rs "

OR

wmmng |
=]

— ks 1)
i - M £
e - i 11U
e - ittt
e AT
T ‘3[”“5[ ! Overal

2,
2

95%Cl

1

1

1
o 1
o 16

i

il

1

1

i

1
I
I
I
I
I
I
I
I
I
I
I
I
|
1
!
I
I
I
!
I
I
I
I
I
I
I
1
10 15 2 26 3 35

05 1

Odds Ratio (log scale)

Table 3: Summary of Subgroup Analysis

Number of | Total Sample | Pooled Odds Ratio

e Studies Size (Range)

Age Group

<35 years 22 41,100 194(13-249)
<18 years 13 20,700 191 (1.6-23)
Adults 7 15,700 1.66(1.4-19)
Continent

Asia 16 35,800 184(1.3-23)
Afnca 8 13,100 216(.7-24)
South America 5 10,900 192(Q.7-2.1)
Norta America 5 9,300 1.74(1.5-21)
Europe 6 11,300 1.70(1.4-19)
Oceania 1 2,100 150(.2-1.8)
Malnutrition Assessment

Method

Weight-for-age 8 15,200 184(1.5-22)
BMUBMI-for-age 15 33,800 1.76(1.4-2.1)
Weight-for-height 8 16,700 1.78(0.3-22)
Stunting 6 11,800 1.88(1.3-24)
Wasting 4 7,200 225Q.7-23)
Heigit-for-age 3 5,900 1.80(1.7-2.0)

Table 3 reveals that the subgroup analysis reveals
important differences in the association between

malnutrition and diarrheal diseases across various age
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groups, continents, and malnutrition assessment particularly in young children and in regions with higher

methods. Among age groups, children under 5 years old
(22 studies, 41,100 participants) had a pooled odds ratio
(OR) of 1.94 (1.3-2.4), indicating that malnourished
children in this age group are nearly twice as likely to
experience diarrheal diseases. A similar risk was
observed in individuals under 18 years (13 studies,
29,700 participants), with a pooled OR of 1.91 (1.6—
2.3). Adults (7 studies, 15,700 participants), though still
at increased risk, had a slightly lower OR of 1.66 (1.4—
1.9).

In terms of geographic distribution, the strongest
association between malnutrition and diarrheal diseases
was observed in Aftrica (8 studies, 13,100 participants)
with a pooled OR of 2.16 (1.7-2.4). Asia (16
studies, 35,800 participants) followed with an OR of
1.84 (1.3-2.3), while South America (5 studies, 10,900
participants) had an OR of 1.92 (1.7-2.1). North
America and Europe showed slightly lower odds ratios,
1.74 (1.5-2.1) and 1.70 (1.4-1.9), respectively. Oceania,
with only one study and 2,100 participants, reported an
OR of 1.50 (1.2-1.8).

The analysis of malnutrition assessment methods
highlights that wasting, with 4 studies and 7,200
participants, had the highest pooled OR of 2.25 (1.7-
2.3), making it the most significant predictor of diarrheal
diseases. Stunting (6 studies, 11,800 participants) and
weight-for-age (8 studies, 15,200 participants) also
showed strong associations with ORs of 1.88 (1.3-2.4)
and 1.84 (1.5-2.2), respectively. Other methods,
including BMI for age, weight for height, and height for
age, demonstrated similarly elevated risks with pooled
ORs ranging between 1.76 and 1.80. Overall, the

analysis underscores the heightened vulnerability to

diarrheal diseases in malnourished populations,

malnutrition rates

Funnel Plot
Dashed line- summary effect, Dotted lines: 95% Cl limits

0.08

Standard Error

06
Log Odds Ratio

DISCUSSION

This comprehensive meta-analysis, encompassing 42
studies with a total of 68,423 participants across 25
countries and 5 continents, provides robust evidence for
the significant association between malnutrition and
diarrheal disease. The overall pooled odds ratio of 1.84
(95% CI: 1.3-2.4) indicates that malnourished
individuals are nearly twice as likely to experience
diarrheal disease compared to their well-nourished
counterparts. This finding underscores the critical
interplay between nutritional status and susceptibility to
enteric infections, reinforcing the need for integrated

approaches in public health interventions.
Age-Specific Associations

The strongest association between malnutrition and
diarrheal disease was observed in children under 5 years
(OR: 1.94, 95% CI: 1.3-2.4). This aligns with the work
of Guerrant et al. [18], who demonstrated that early
childhood  malnutrition  significantly  increases
susceptibility to enteric infections. The first 1000 days
of life are crucial for intestinal development and the
establishment of a healthy gut microbiome [19].
Malnutrition

during this period can lead to
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environmental enteric dysfunction (EED), characterized
by blunted villi, crypt hyperplasia, and increased
intestinal permeability [20]. These changes may explain
the heightened susceptibility to diarrheal pathogens in

malnourished young children.
Children and Adolescents up to 18 Years

The association remained strong in the broader age
group of children and adolescents up to 18 years (OR:
1.91, 95% CI: 1.6-2.3). This suggests that the impact of
malnutrition on diarrheal disease risk persists beyond
early childhood. Adolescence is a critical period of
growth and development, and malnutrition during this
time can have long-lasting effects on immune function
and overall health [21]. The similar odds ratios between
this group and children under 5 indicate that nutritional
interventions should not be limited to early childhood

but should continue throughout adolescence.
Adults

While the association was slightly lower in adults (OR:
1.66, 95% CI. 1.4-1.9), it remained significant. This
finding challenges the notion that the malnutrition-
diarrhea relationship is primarily a pediatric concern.
Adult malnutrition, often overlooked in public health
initiatives, may contribute substantially to the global
burden of diarrheal disease. Factors such as chronic
diseases, poverty, and aging may exacerbate the risk in

this population [22].

Geographical Variations and  Socioeconomic

Implications

The strongest association between malnutrition and
diarrheal disease was observed in African studies (OR:
2.16, 95% CI: 1.7-2.4). This aligns with the Global

Burden of Disease study, which identified sub-Saharan

Africa as a region with persistently high diarrheal
disease mortality [23]. The higher odds ratio in Africa
may reflect the compounding effects of food insecurity,
limited access to clean water and sanitation, and

overburdened healthcare systems [24].

South America (OR: 1.92, 95% CI: 1.7-2.1) and Asia
(OR: 1.84, 95% CI: 1.3-2.3) also showed strong
associations, albeit slightly lower than Africa. These
regions face unique challenges, including rapid
urbanization and climate change impacts on food
security [25]. The slightly lower odds ratios compared to
Africa may reflect ongoing progress in public health
infrastructure and economic development in parts of

these continents.

North America (OR: 1.74, 95% CI: 1.5-2.1) and Europe
(OR: 1.70, 95% CI: 1.4-1.9) showed lower, but still
significant, associations. This suggests that even in high-
income regions, malnutrition remains a risk factor for
diarrheal disease. The persistence of this association in
developed countries highlights the global nature of the
malnutrition-diarrhea link and the potential impact of
growing income inequality and pockets of poverty in

wealthy nations [26].

Malnutrition Assessment Methods and Their

Implications

Wasting showed the strongest association with diarrheal
disease (OR: 2.25, 95% CI: 1.7-2.3). This acute form of
malnutrition may be both a cause and consequence of
diarrheal episodes, creating a vicious cycle [27]. The
strong association underscores the importance of rapid
intervention in

nutritional acutely malnourished

individuals to break this cycle.

Stunting also showed a significant association (OR:

1.88, 95% CI: 1.3-2.4), reflecting the long-term impact
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of chronic malnutrition on diarrtheal disease risk.
Stunting is associated with impaired intestinal barrier
function and altered gut microbiota, which may increase

susceptibility to enteric pathogens [28].

BMI/BMI-for-age (OR: 1.76, 95% CI: 1.4-2.1) and
weight-for-age (OR: 1.84, 95% CI: 1.5-2.2) showed
similar associations. These measures capture both acute
and chronic aspects of malnutrition, providing a
comprehensive picture of nutritional status and diarrheal

disease risk.
Heterogeneity in Diarrheal Disease Definitions

A key limitation of this meta-analysis is the variability
in diarrheal disease definitions across studies. While
most studies used the WHO definition of >3 loose stools
in 24 hours, some included additional criteria such as
duration or  accompanying  symptoms.  This
heterogeneity may have introduced some bias in the
pooled estimates. Future research should aim to
standardize outcome measures to enhance comparability

across studies.
Potential for Residual Confounding

As with all observational studies, the potential for
residual confounding cannot be entirely eliminated.
Factors such as socioeconomic status, sanitation
practices, and access to healthcare may confound the
relationship between malnutrition and diarrheal disease.
While many included studies adjusted for these factors,
the degree of adjustment varied. Future studies should
employ advanced statistical techniques, such as
propensity score matching or instrumental variable

analysis, to further mitigate confounding [29-30].

Implications for Public Health and Future Research

The strong bidirectional relationship  between
malnutrition and diarrheal disease highlighted in this
meta-analysis emphasizes the need for integrated
interventions. Programs targeting both nutritional
improvement and diarrhea prevention are likely to yield
synergistic benefits. This aligns with the WHO and
UNICEF's integrated Global Action Plan for Pneumonia
and Diarrhea (GAPPD) [31], which advocates for a

comprehensive approach to child health.
Tailored Interventions for Different Age Groups

Given the varying strengths of association across age
groups, interventions should be tailored to address age-
specific risks. For children under 5, focus should be on
early nutrition, exclusive  breastfeeding, and
complementary feeding practices. For adolescents and
adults, interventions should address broader
determinants of nutrition, including food security and

dietary diversity.
Addressing Geographical Disparities

The significant geographical variations in the strength of
association call for context-specific interventions. In
Africa, where the association was strongest, there is an
urgent need for multisectoral approaches that address
not only nutrition and diarrhea but also underlying
issues such as water, sanitation, and hygiene (WASH)

infrastructure [32].
Longitudinal Studies

To better understand the temporal relationship between
malnutrition and diarrheal disease, more longitudinal
studies are needed. These could help elucidate whether
certain forms of malnutrition predispose individuals to
specific types of diarrheal pathogens, informing more

targeted interventions.
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Micronutrient Research

While this meta-analysis focused on macro-level
malnutrition indicators, future research should explore
the impact of specific micronutrient deficiencies on
diarrheal disease susceptibility. Zinc and vitamin A, for
instance, have shown promise in reducing diarrheal

morbidity [33].
Conclusion

This meta-analysis provides compelling evidence for the
significant association between malnutrition and
diarrheal disease across diverse populations and settings.
The findings underscore the importance of addressing
malnutrition as a key strategy in reducing the global
burden of diarrheal diseases. The varying strengths of
association across age groups, geographical regions, and
malnutrition assessment methods highlight the complex
nature of this relationship and the need for nuanced,

context-specific interventions.

As we move forward, it is crucial that policymakers,
healthcare providers, and researchers collaborate to
develop and implement integrated nutrition and
infectious disease control programs. These -efforts
should be tailored to address the specific needs of
different age groups and geographical contexts, with a
particular focus on vulnerable populations in resource-

limited settings.

By breaking the vicious cycle of malnutrition and
diarrhea, we can make significant strides in improving
global health outcomes and achieving the Sustainable
Development Goals related to nutrition, child health, and

poverty reduction.
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