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Diarrhea and acute respiratory tract infections (ARIs) are the primary causes of morbidity and mortality 
in children under the age of five worldwide. However, there is a scarcity of up-to-date conclusive 
multi-country studies on the comorbidity of diarrhea and acute respiratory tract infection in under-
five children in low- and middle-income countries. Therefore, this study aimed to assess the pooled 
magnitude and contributing factors of comorbidity of diarrhea and acute respiratory tract infection in 
low- and middle-income countries.  A cross-sectional study design was employed with the most recent 
Demographic and Health Survey secondary data (DHS) from 2015 to 2024 in low- and middle-income 
countries. This secondary data was accessed from the DHS portal through an online request. The 
DHS is the global data collection initiative that provides detailed and high-quality data on population 
demographics, health, and nutrition in low- and middle-income countries. We used a weighted sample 
of 669,138 children aged 0–59 months. A multilevel mixed-effect binary logistic regression model 
was fitted to identify significant factors associated with comorbidity of diarrhea and ARI. The level 
of statistical significance was declared with a p-value < 0.05.  This study found that 5.44% (95% CI: 
5.38–5.49) of under-five children in low- and middle-income countries developed a comorbidity of 
diarrhea and acute respiratory tract infection. Maternal age, child age, wealth index, child sex, birth 
size, media exposure, vaccination status, health insurance, survey year, residence, country income 
level, and geographic region were significantly associated with the comorbidity of diarrhea and acute 
respiratory infection.  This study revealed that a sizable portion of under-five children developed a 
comorbidity of diarrhea and ARI in low- and middle-income countries. Both individual and community-
level factors are significantly associated with the comorbidity of diarrhea and ARI. Therefore, the 
World Health Organization, with its partners, should inform respective countries executives and 
policymakers to focus on younger children, teenage mothers, media coverage, clean water provision, 
childhood vaccination, and extreme birth-weight babies. Moreover, low- and middle-income countries 
are encouraged to strengthen health insurance coverage, expand healthcare infrastructure, pursue 
sustainable economic growth, and foster intergovernmental collaboration to mitigate the comorbidity 
of diarrhea and acute respiratory tract infections.
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MOR	� Median odds ratio
SDG	� Sustainable development goal
SSA	� Sub-Sahara Africa
PCV	� Proportional change in variance
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Diarrhea and acute respiratory tract infections (ARIs) are the primary causes of morbidity and mortality in 
children under the age of five worldwide1. Diarrheal disease is the third leading cause of death in this age 
group, with approximately 1.7 billion cases and around 443,832 deaths every year2. On the other hand, ARI is 
responsible for 42 million cases and results in 630,000 fatalities per annum in under five children3. These figures 
highlight the significant burden of co-occurrence of acute respiratory infections and diarrhea among under-five 
children and the need for comprehensive interventions to curb child mortality and morbidity.

The co-occurrence of many diseases is one of the leading causes of death for under-five children4. Comorbidity 
is defined as the concurrent occurrence of more than one disorder in the same person, either at the same time 
or in some causal sequence5. In low- and middle-income countries, diarrhea and ARI are the major causes 
of under-five mortality. The burden of concurrent diarrheal disease and ARI is substantial and merits further 
investigation. Beyond its association with childhood mortality, both diarrheal disease and ARI have been linked 
with many child health outcomes. In the first 2 years of a child, where the incidence of ARI and diarrheal disease 
is highest, it impedes the physical growth and development of the child, which may translate later into adult 
life6,7.

Prior research conducted in some countries revealed that socioeconomic, demographic, and environmental 
factors contribute to the co-occurrence of these diseases. Maternal and paternal educational level, age and sex of 
the child, family size, nutritional status of the child, access to safe water, improved sanitation facilities, access to 
media, and vaccination status of the child were commonly associated with comorbidity of diarrhea and ARI8–14. 
However, a multi-nation study that assesses the comorbidity of diarrhea and ARI is limited.

The comorbidity of diarrheal diseases and acute respiratory infections can significantly exacerbate health 
outcomes in children by elevating the risk of severe illness, extending recovery periods, increasing mortality 
rates, contributing to psychological stress, compromising immune function, and reducing access to appropriate 
treatment8,15. Beyond immediate mortality risk, comorbid diarrhea and ARI may contribute to long-term 
developmental impairments due to prolonged illness, nutritional deficits, and repeated immune challenges 
during critical growth periods16. Investigating such comorbidities offers valuable insights for clinicians and 
public health stakeholders into the interactions between multiple diseases and their cumulative burden on 
healthcare systems. Moreover, this approach supports the development of integrated interventions, which may 
be more effective than disease-specific strategies in addressing the complex health challenges faced by children.

Various interventions implemented globally to fulfill Sustainable Development Goal 3 (SDG-3), which 
focuses on reducing maternal and child mortality through enhancing access to improved sanitation and clean 
water, conducting widespread immunization campaigns, and promoting community-based education initiatives. 
Consequently, significant declines in cases of diarrhea and acute respiratory tract infections have been observed 
in some regions. However, the prevalence of these conditions remains persistently high in certain countries17. 
Comorbidity of ARI & diarrhea may arise from distinct or interacting risk factors. Understanding comorbidity 
can reveal synergetic vulnerabilities/compound effects. Nonetheless, there is no conclusive and multi-continent 
study on the comorbidity of diarrhea and ARI among under-five children. Therefore, this study aimed to assess 
the pooled magnitude and contributing factors of comorbidity of diarrhea and ARI among under-five children 
in 45 low- and middle-income countries. The findings from this study can inform policymakers about common 
risk factors for these conditions, thereby supporting the implementation of more effective strategies to improve 
child health outcomes in LMICs.

Methods
Data source
This study utilized data from 45 low- and middle-income countries that had the most recent Demographic and 
Health Surveys (DHS) conducted between 2015 and 2024. Countries were selected based on the availability of 
their latest DHS data during the data collection period, which took place from February 1 to 30, 2025. Because 
DHS data use standardized identifiers across countries, we were able to merge datasets from the 45 selected 
countries into a single, unified dataset. Weighting was applied to account for the complex sampling design of 
DHS data surveys. The sample weights correct the unequal probability selection of samples. Consequently, 
individual sample weights were calculated by dividing the DHS weighting variable (v005) by 1,000,000.

Sampling procedure
The DHS was a nationwide survey done in low- and middle-income nations with standardized, pretested, and 
validated questionnaires. The DHS surveys use a two-stage stratified cluster sampling technique. The first stage 
included randomly selecting all-encompassing clusters, or enumeration areas (EAs), from the sampling frame 
of the most recent publicly available national survey. Enumeration areas were the primary sampling unit of 
the survey cluster. In the second phase, systematic sampling was utilized to interview a subset of the target 
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population’s houses, which included all of the households in each cluster. A weighted sample of 669,138 women-
child pairs was included in the study. Missing values for the outcome variable were excluded from the study. The 
details of the DHS sampling procedure were found at https://dhsprogram.com.

Source and study population
The source populations were all under-five children residing in low- and middle-income countries. The study 
populations were all under-five children in the selected enumeration areas.

Inclusion and exclusion criteria
We only included countries that had the most recent DHS datasets from 2015 to 2024. We excluded countries 
lacking standard DHS data between 2015 and 2024.

Study variable
Outcome variable
The outcome variable for this study was the comorbidity of diarrhea and acute respiratory tract infection (ARI) 
among children under five years of age. This composite variable was derived by combining responses from 
the standardized DHS questionnaires concerning the presence of diarrhea and ARI. Children exhibiting both 
conditions were classified as having comorbidity and assigned a value of ‘1’; all other cases were coded as ‘0’. 
Diarrhea was determined based on maternal reports indicating whether the child had experienced diarrhea 
within the two weeks preceding the survey. Similarly, ARI prevalence was assessed through maternal responses 
indicating whether the child had suffered from a cough accompanied by rapid or short breathing during the 
same reference period18.

Independent variables
Both individual-level and community-level factors were reviewed from prior literature, and these include mother 
and partner education level, marital status, maternal age, child age, child sex, household head sex, number of 
under-five children, birth order, birth size, household wealth index, water source, vaccination status, source 
of cooking fuel, place of residence, country income level, geographic location of countries, survey year, and 
distance to health facility19,20. The details of each independent variable are available in supplementary Table 1.

Data management and model selection
After being extracted from the DHS portal, Stata version 17 was used to enter, code, clean, record, and analyze 
the data. DHS data are hierarchically structured from household to country level, by which children are nested 
within households, households are nested within communities, and communities are nested within countries. 
This clustering introduces within-cluster association that violates assumptions of independent observation 
by the ordinary logistic regression model. To account for this structure, a three-level multilevel multivariable 
logistic regression model was employed, comprising individual, community, and country-level factors. Random 
intercepts were included at each level to capture unobserved heterogeneity and adjust for the non-independence 
of observations within clusters. This approach provides more reliable estimates of associations between 
independent variables and the comorbidity of diarrhea and acute respiratory tract infection (ARI) among under-
five children.

Model building and comparison
In the analysis, four models were fitted. The first model, known as the null model, contains only the outcome 
variables to test random variability and estimate the intra-cluster correlation coefficient (ICC). The second 
model included the individual-level variables. The third model contains only community-level variables. Finally, 
the fourth model combines both individual-level and community-level variables, combining the predictors from 
both the individual-level and community-level models to assess the combined influence of these variables on 
the outcome21. Due to the hierarchical nature of the model, models were compared based on deviance, Akaike 
Information Criteria (AIC), and Bayesian Information Criteria (BIC). A model with the lowest AIC, BIC, and 
deviance were selected as the best-fit model, which was model IV. In our multilevel logistic regression analysis, 
we addressed multicollinearity by calculating the variance inflation factor (VIF) for each predictor variable. The 
final model’s VIF has a mean value of 2.07. As a result, there was no multicollinearity issue in our analysis.

Both fixed-effect and random-effect analyses were done to see the effect of common predictors and variation 
across different hierarchies on the outcome.

Fixed effects, a measure of association that is utilized to estimate the association between the co-occurrence 
of diarrhea and ARI and each explanatory variable at both individual and community levels. The relationship 
between the dependent and independent variables was examined using multivariable analysis, with effect sizes 
presented as adjusted odds ratios (AORs) and 95% confidence intervals. To account for the hierarchical structure 
of the data, the log-odds of comorbidity of diarrhea and acute respiratory tract infection were estimated using a 
three-level multilevel logistic regression model using the Stata syntax xtmelogit.

logit (πij) = log [πij/ (1 − πij)] = β0 + β1xij + β2xij …. +u0j + e0ij,
Where “πij” is the probability of comorbidity of diarrhea & ARI; (1-πij) is the probability of no comorbidity; 

βo is the log odds of the intercept; β1 and βn are the effect sizes of individual and community-level factors; and 
x1ij… xnij are independent variables of individuals and communities. The quantities uoj and eij are random 
errors at cluster levels and individual levels, respectively.
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Random effects (a measure of variation)
Variation of the outcome variable or random effects was assessed using the proportional change in variance 
(PCV), intra-class correlation coefficient (ICC), and median odds ratio (MOR)22,23.

The ICC shows the variation in the comorbidity of diarrhea and ARI due to community characteristics, 
which was calculated as ICC = σ2/(σ2 + π2/3), where σ2 is the variance of the cluster24. The higher the ICC, 
the more relevant the community characteristics are for understanding individual variation in comorbidity of 
diarrhea and ARI.

MOR is the median value of the odds ratio between the areas with the highest comorbidity and the area with 
the lowest comorbidity when randomly picking out under-five children from two clusters, which was calculated 
as MOR = 0.95√σ², where σ² is the variance of the cluster. In this study, MOR shows the extent to which the 
individual probability of comorbidity is determined by the residential area25.

Furthermore, the PCV illustrates how different factors account for variations in the prevalence of comorbidity 
of diarrhea and ARI, which is computed as PCV = (Vnull - Vc)/Vnull, where Vc is the cluster-level variance and 
Vnull is the variance of the null model26.

Result
Socio-demographic, child, and environment-related factors of comorbidity of diarrhea and 
acute respiratory infection in low- and middle-income countries
Our analysis included a total of 669,138 weighted under-five children. More than half (51.51%) of under-five 
children were males. More than half (58.96%) of children under five were below the average weight. One-fourth 
(25.21%) of mothers had no formal education. More than three-fourths (75.95%) of mothers were aged 30–34 
years. More than half (56.75%) of children were aged 24–59 months. More than two-thirds (70.29%) of the 
households had media exposure. More than three-fourths (76.82%) of children were vaccinated. More than 
half (60.17%) of households had improved toilet facilities. More than two-thirds (69.71%) of households had 
no improved water source. More than one-third (41.47%) of households had basic access to a water source, and 
nearly one-third (31.04%) of households had a clean fuel source. One-third (33.57%) of households had difficulty 
in accessing health facilities. One-fourth of (26.59%) households had health insurance coverage. According 
to the World Bank, one-third (66.36%) of the 45 countries are classified as lower-middle-income economies. 
Among 45 low- and middle-income countries, more than half (55.29%) were sub-Saharan African countries. 
Comorbidity (3.49% vs. 1.95%), diarrhea (7.63% vs. 4.95%), and ARI (13.47% vs. 8.76%) were decreasing from 
2015 to 2019 to 2020–2024, respectively. Table 1.

Prevalence of comorbidity of diarrhea and respiratory tract infection in low-and-middle 
income countries
According to this study finding, 5.44% (95% CI: 5.38–5.49), 12.57% (95% CI: 12.49–12.65), and 22.25% (95% 
CI: 22.15–22.35) of under-five children in low-and-middle-income countries had comorbidity, diarrhea, and 
acute respiratory tract infection. Afghanistan exhibited the highest prevalence of comorbidity of diarrhea 
and acute respiratory tract infection (47.46%) as well as sole diarrhea (25.81%), while Armenia reported the 
lowest prevalence for both conditions, at 1.41% and 3.81%, respectively. Similarly, Burundi reported the highest 
prevalence of acute respiratory tract infection at 41.74%, whereas Tajikistan recorded the lowest rate at 6.53%. 
Table 2.

Random effect analysis and model comparison
In the first model (null model), the ICC indicates that 18.16% of the total variability for comorbidity of diarrhea 
and ARI in under-five children was due to differences between clusters in enumeration areas, with the remaining 
81.84% attributable to individual differences. In addition, the median odds ratio also revealed that comorbidity 
was heterogeneous among clusters. According to the final model, if children were chosen at random from two 
clusters in the enumeration areas, children in the higher cluster would have a 1.43 times higher chance of being 
comorbid for diarrhea and ARI as compared to children within lower clusters. Regarding PCV, about 80.82% of 
the variability in comorbidity of diarrhea and ARI was explained by the final model (model IV). Model IV was 
selected as the best-fitting model because it had the lowest deviance (30,051.41). Table 3.

Factors associated with comorbidity of diarrhea and lower respiratory tract infection
A multilevel, multivariable logistic regression analysis was done to identify factors significantly associated with 
comorbidity of diarrhea and ARI in 45 low- and middle-income countries. Accordingly, maternal age, child age, 
wealth index, child sex, birth size, media exposure, water source, vaccination status, health insurance, survey 
year, residence, country income level, and regional location of countries were significantly associated with 
comorbidity of diarrhea and ARI.

Children born to mothers aged less than 20 years had a 21% higher chance (AOR = 1.21, 95% CI (1.06–
1.39)) of comorbidity of diarrhea and ARI as compared to children born to mothers aged 20–34 years. Similarly, 
children from mothers aged above 35 years had a 23% lower chance (AOR = 0.77, 95% CI (0.70–0.84)) of 
comorbidity of diarrhea and ARI. Children from the poor wealth quintile household had a 38% higher chance 
of comorbidity of diarrhea and ARI (AOR = 1.38, 95% CI (1.25–1.53)) as compared to children from rich wealth 
quintile households. Male children had a 12% higher chance of comorbidity of diarrhea and ARI (AOR = 1.12, 
95% CI (1.05–1.20)) as compared to female children. Large- and small-birth-size-born children had a 38% 
(AOR = 1.38, 95% CI (1.27–1.49)) and 30% (AOR = 1.30, 95% CI (1.20–1.40)) higher chance of developing 
comorbidity of diarrhea and ARI, respectively, as compared to normal-weight-born children. Children from 
households with no media exposure had a 23% (AOR = 1.23, 95% CI (1.14–1.33)) lower chance of comorbidity 
of diarrhea and ARI as compared to children from media-exposed households. Children who had no access to 
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Variable Category

Comorbidity Diarrhea ARI Total

[No, %] [Yes, %] [No, %] [Yes, %] [No, %] [Yes, %] [N, %]

Household head sex
Female 123,782 (18.5) 7,211 (1.08) 114,432 (17.10) 16,561 (24.75) 101,053 (15.1) 29,940 (4.47) 130,993 (19.57%)

Male 508, 945 (79.04) 29,200 (4.36) 470, 568 (70.32) 67, 576 (10.01) 419,181 (62.64) 118,964 (17.78) 538,145 (80.43%)

Maternal education

No 158,120 (23.63) 10,593 (1.58) 144,959 (21.66) 23,754 (3.5) 134,542 (20.1) 34,171 (5.1) 168,713 (25.21)

Primary 173,379 (25.91) 11,684 (1.75) 23,754 (3.55) 26,249 (3.92) 140,126 (20.94) 44,937 (6.72) 185,064 (27.65)

Secondary & 301,228 (45.02) 14,133 (2.11) 281,228 (42.03) 34,133 (5.1) 245,566 (36.70) 69,795 (10.43) 315,361 (47.13)

Husband education

No 115,895 (25.04) 7,775 (1.68) 105,335 (22.76) 18,335 (3.96) 98,563 (21.29) 25,107 (5.4) 123,670 (26.72)

Primary 122,840 (26.54) 8,701 (1.88) 112,936 (24.40) 18,605 (4.02) 97,267 (21.01) 34,274 (7.4) 131,541 (28.42)

Secondary & 196,091 (42.37) 11,488 (2.48) 181,449 (39.2) 26,130 (5.65) 156,259 (33.76) 51,320 (11.1) 207,579 (44.85)

Marital status
Other 122,202 (18.26) 8,551 (12.78) 111,290 (17.8) 19,463 (2.9) 98,808 (14.76) 31,945 (4.77) 130,754 (19.54)

Married 510,525 (76.29) 27,859 (4.16) 473,710 (70.79) 64,674 (9.66) 421,426 (62.98) 116,958 (17.48) 538,384 (80.5)

Maternal age

15–19 28,520 (4.26) 2,460 (0.36) 25,250 (3.77) 5,730 (0.85) 23,356 (3.49) 7,624 (1.14) 30,980 (4.63)

20–34 480,554 (71.82) 27,699 (4.14) 444,584 (66.44) 63,669 (9.5) 395,634 (59.12) 112,618 (16.83) 508,253 (75.95)

≥ 35 123,653 (18.5) 6,252 (0.9) 115,166 (17.21) 14,738 (2.2) 101,243 (15.13) 28,661 (4.28) 129,905 (19.41)

Child sex
Female 307,608 (45.97) 16,850 (2.52) 284,966 (42.58) 39,492 (5.9) 253,240 (37.84) 71,218 (10.64) 324,458 (48.49)

Male 325,120 (48.58) 19,560 (2.9) 300,035 (44.84) 44,645 (6.67) 266,994 (39.90) 77,686 (11.61) 344,680 (51.51)

Birth size

Small 83,169 (14.33) 6,896 (1.19) 75,335 (1298) 14,730 (2.54) 80,058 (13.8) 10,007 (1.72) 90,065 (15.52)

Average 324,752 (55.96) 17,409 (3.0) 301,466 (51.95) 40,695 (7.01) 315,645 (54.39) 26,516 (4.7) 342,161 (58.96)

Large 138,751 (20.74) 9,289 (1.6) 126,838 (21.86) 21,202 (3.65) 135,151 (23.29) 12,889 (2.22) 148,040 (25.51)

Birth order

First 177,115 (26.47) 9,973 (1.49) 163,704 (24.46) 23,385 (3.49) 144,568 (21.6) 42,521 (6.35) 187,089 (27.96)

Second 165,916 (24.79) 8,438 (1.26) 154,468 (23.08) 19,886 (2.97) 136,699 (20.43) 37,655 (5.6) 174,355 (26.06)

Third 106,135 (15.86) 6,307 (0.9) 98,544 (14.73) 13,899 (2.07) 87,266 (13.04) 25,176 (3.76) 112,443 (16.80)

Fourth & 183,560 (27.43) 11,690 (1.7) 168,283 (25.15) 26,967 (4.03) 151,700 (22.67) 43,550 (6.5) 195,251 (29.18)

Child age

0–11 137,440 (20.8) 9,202 (1.39) 124,964 (18.91) 21,678 (3.28) 115,100 (17.42) 31,542 (4.77) 146,643 (22.19)

12–23 128,553 (19.45) 10,558 (1.6) 113,369 (17.16) 25,742 (3.89) 105,386 (15.95) 33,725 (5.1) 139,111 (21.05)

24–59 361,974 (54.78) 13,012 (1.97) 341, 097 (51.62) 33,080 (5.00) 299,747 (45.36) 75,240 (11.38) 374,987 (56.75)

vaccination
Vaccinated 28,366 (24.18) 80,763 (68.86) 26,141 (22.29) 72,935 (62.21) 24,644 (21.01) 65,455 (55.80) 90,100 (76.82)

Unvaccinated 1,602 (1.37) 6,553 (5.58) 3,827 (3.26) 14,381 (1.23) 5,324 (4.64) 5,324 (44.2) 27,185 (23.18)

Number of under-five

< 1 284,560 (42.53) 15,378 (2.30) 264,370 (39.51) 35,568 (5.31) 229,721 (34.33) 70,217 (10.49) 299,938 (44.82)

2–4 331,949 (49.60) 19,918 (2.97) 305,998 (45.73) 45,869 (6.85) 276,596 (41.33) 75,271 (11.25) 351,867 (52.58)

≥ 5 16,218 (2.4) 1,114 (0.16) 14,631 (2.18) 2,700 (0.4) 13,916 (2.08) 3,416 (0.5) 17,333 (26)

Media exposure
No 134,997 (28.18) 7,313 (1.52) 123,482 (25.78) 18,828 (3.93) 115,868 (24.19) 26,442 (5.5) 142,310 (29.71 )

Yes 316,791 (66.14) 19,899 (4.15) 289,641 (60.47) 47,049 (9.8) 253,762 (52.97) 82,928 (17.31) 336,690 (70.29)

Toilet facility
Unimproved 246,510 (36.84) 16,438 (2.45) 226,638 (33.87) 36,310 (5.42) 47,822 (7.15) 59,402 (8.87) 262,948 (39.3)

Improved 386,194 (57.71) 19,970 (2.98) 358,343 (53.55) 47,821 (7.14) 316,670 (47.32) 89,494 (13.37) 406,164 (60.17)

Water source
Improved 191,588 (28.63) 11,136 (1.66) 177,178 (26.48) 25,546 (3.8) 157,190 (23.49) 45,534 (6.80) 202,724 (30.29)

Unimproved 441,123 (65.92) 25,274 (3.77) 407,808 (69.95) 58,589 (8.76) 363,030 (54.25) 103,367 (15.45) 466,397 (69.71)

Access to water
Not basic 269,622 (54.9) 17,763 (3.61) 247,770 (59.46) 39,615 (8.06) 217,168 (44.22) 70,217 (14.29) 287,386 (58.52)

Basic 190,497 (38.79) 13.165 (2.68) 173,559 (35.34) 30,103 (6.11) 155,370 (31.64) 48,291 (9.83) 203,662 (41.47)

Cooking fuel
Solid 434,246 (64.90) 27,161 (4.06) 44,264 (6.61) 62,602 (0.93 ) 356,777 (53.32) 104,630 (15.63) 461,407 (68.96)

Clean 198,460 (29.66) 9,244 (1.38) 186,176 (27.82) 21,528 (3.22) 163,440 (24.42) 44,264 (6.6) 207,705 (31.04)

Distance difficulty
No problem 404,173 (63.25) 20,343 (3.18) 375,367 (58.74) 49,150 (7.69) 335,333 (52.48) 89,183 (14.0) 424,516 (66.43)

Big problem 200,296 (31.34) 14,165 (2.2) 183,929 (28.78) 30,532 (4.78) 163,362 (25.56) 51,099 (7.99) 214,461 (33.57)

Place of residence
Urban 16,728 (2.5) 238,826 (33.45) 30,512 (4.56) 179,931 (26.89) 153,433 (22.93) 30,379 (4.54) 238,213 (35.6)

Rural 33,457 (5.0) 395,126 (59.05) 69,992 (10.46) 387,497 (57.91) 337,580 (50.45) 147,746 (22.08) 430,925 (64.4)

Health insurance
No |461,894 (79.87) 27,561 (4.76) 426,267 (73.71) 63,189 (10.92) 382,161 (66.08) 107,294 (18.55) 489,456 (73.4)

Yes 84,473 (14.61) 4,382 (0.7) 79,644 (13.77) 9,211 (1.59) 66,748 (11.54) 22,107 (3.82) 88,855 (26.59)

Country income level

Low income 177,466 (26.52) 15,033 (2.25) 161,019 (24.06) 31,480 (4.7) 140,590 (21.01) 51,909 (7,75) 192,499 (28.77)

Lower middle 424,344 (63.42) 19,677 (2.94) 394,963 (59.02) 49,080 (7.33) 355,143 (53.07) 88,878 (13.28) 444,022 ( 66.36)

Upper middle 30,916 (4.6) 1,701 (0.5) 29,018 (4.33) 3,599 (0.5) 24,500 (3.66) 8,117 (1.21) 32,617 (4.87)

Region

Europe & Latin 9,130 (1.36) 949 (0.1) 8,616 (1.28) 1,463 (0.2) 6,171 (0.9) 3,908 (5.65) 10,080 (1.5)

South Asia 250,831 (37.48) 10,022 (1.49) 238,095 (35.58) 22,758 (3.4) 207,830 (31.06) 53,023 (7.92) 260,853 (38.98)

Central Asia 23,991 (3.58) 4,248 (0.6) 21,957 (3.28) 6,283 (0.9) 17,855 (2.67) 10,384 (1.55) 28,241 (4.22)

Africa 348,774 (52.12) 21,190 (3.17) 316,332 (47.27) 53,631 (8.01) 288,377 (35.62) 81,587 (12.19) 369,964 (55.29)
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Country DHS year

Comorbidity Diarrhea ARI Sample size

[Yes, %] [No, %] [Yes, %] [No, %] [Yes, %] [No, %] Total

Afghanistan 2015 3,313 (47.46) 3,668 (52.54) 1,802 (25.81 ) 5,180 (74.19) 2,034 (29.1) 4948 (70.87) 6,982 (1.04)

Albania 2017/18 57.63 (2.26) 2,493 (97.74) 155 (6.07) 2,395 ( 93.92) 363 (14.24 ) 2.187 (85.76) 2,550 (0.38)

Armenia 2015/16 164 (1.41 ) 1,639 (98.59) 63 (3.81) 1,599 (96.19) 230 (13.83) 1,432 (86.17) 1,662 (0.25)

Angola 2015/16 592 (4.67) 12,077 (95.33) 1, 922 (15.57) 10,747 (84.43) 1719 (13.57) 10,950 (86.43) 12,669 (1.89)

Bangladesh 2022 225 (2.68) 8190 (97.33) 395 (4.70) 8,020 (95.3) 3,133 (37.10) 5,301 (62.9) 8,415 (1.26)

Burkina Faso 2021 402 (3.39) 11,453 (96.61) 1,830 (15.44) 10,025 (84.56) 1449 (12.22) 10,406 (87.78) 11,855 (1.77)

Benin 2017/18 477 (3.68 ) 12,209 (96.24) 1,319 (10.40) 11,367 (89.60) 2,333 (18.39) 10,353 (81.61) 12,686 (1.89)

Burundi 2016/17 1652 (12.89) 11,161 (87.11) 2,877 (22.45) 9,936 (77.55) 5348 (41.74) 7,465 (58.26) 12,813 (1.91)

Cote de vore 2021 297 (3.24) 8,859 (96.76 ) 1,044 (11.40) 8,112 (88.6) 1,146 (12.52) 8,010 (87.48) 9,156 (1.37)

Cameroon 2018/19 396 (4.19) 9,046 (95.81) 1,126 (11.93) 8,316 (88.07) 1,792 (18.98) 7,650 (81.02) 9,442 (1.41)

Gabon 2021 1,015 (8.64) 10,731 (91.36) 1,950 (16.59) 11,551 (98.34 3,493 (29.74) 8,253 (70.26) 11,746 (1.75)

Ghana 2022 101 (13.38) 651 (86.57) 100 (13.32) 652 (86.7) 215 (20.86) 537 (71.41) 752 (0.11)

Gambia 2019/20 475 (6.51) 6,822 (93.49) 1,042 (19.22) 6,255 (85.72) 1,490 (20.42) 5,807 (79.58) 7,297 (1.09)

Guinea 2018 248 (3.44) 6,954 (96.56) 1, 043 (14.48) 6,159 (85.52) 928 (12.89) 6274 (87.11) 7,202 (1.07)

Haiti 2016/17 868 (14.79) 4999 (85.2) 1,245 (21.22) 4,622 (78.78) 3,315 (56.51) 2,552 (43.49) 5,867 (0.88)

India 2019–2021 5,254 (3.08 ) 165,340 (96.92) 14,040 (8.23) 156,554 (91.77) 27,585 (16.17) 143,009 (83.83) 170,594 (25.49)

Indonesia 2017 1,239 (19.94) 5,012 (80.64) 878 (14.13) 5,337 (85.87) 1,666 (26.81) 4,549 (73.19) 6,215 (0.93)

Jordan 2023 365 (3.86) 9,089 (96.14) 9,095 (9.62) 359 (3.8) 1,662 (17.58) 7,792 (82.42) 9,454 (1.4)

Kenya 2022 28,617 (5.65) 22,033 (43.50) 7,248 (14.31) 43,402 (85.69) 13,544 (26.74) 37,106 (73.26) 50,650 (7.57)

Cambodia 2021 44 (1.89) 23,334 (99.81) 14,431 (6.13) 8,947 (38.27) 2,955 (12.64) 20,423 (87.36) 23,378 (3.49)

Liberia 219/20 352 (7.24) 4,514 (92.76) 763 (15.69) 4,103 (84.32) 1,198 (24.63) 3,668 (75.38) 4,866 (0.7)

Lesotho 2023/24 138 (6.01) 2,120 (93.9) 408 (18.07) 1,850 (81.93) 617 (27.31) 1,641 (72.69) 2,258 (0.33)

Madagascar 2021 411 (3.53) 11,221 (96.47) 1, 070 (9.20) 10,562 (90.8) 2,361 (20.03) 9,271 (79.7) 11,632 (1.74)

Mali 2018 406 (4.24) 9,160 (22.56) 1,631 (17.05) 7,935 (7,935) 1,196 (12.50) 8370 (87.5) 9,566 (1.43)

Myanmar 2015/16 207 (21.69) 748 (78.24) 114 (11.97) 842 (88.03) 372 (38.91) 584 (61.09) 956 (0.14)

Mauritania 2021 424 (3.76) 10,842 (96.27) 1,414 (12.55) 9,852 (87.45) 1,514 (13.44) 9752 (86.56) 11,266 (1.68)

Maldives 2016/17 116 (2.14) 5,310 (97.92) 230 (4.24) 5,193 (95.76) 1,718 (31.69) 3,704 (68.31) 5,423 (0.8)

Malawi 2015/16 1,430 (8.64) 15,118 (91.36) 3,583 (21.65) 12,965 (78.35) 4,433 (26.79) 12,115 (73.21) 16,548 (2.47)

Mozambique 2022/23 180 (1.92) 9,216 (98.08) 817 (8.70) 8,578 (91.3) 9,283 (9.88) 113 (1.2) 9,396 (1.4)

Nigeria 2018 1,260 (4.08) 29,621 (95.92) 3,950 (12.79) 26,931 (87.21) 4,830 (15.64) 26,051 (84.36) 30,881 (4.6)

Nepal 2022 261 (5.18) 4,778 (94.82) 524 (10.4) 4,516 (89.6) 1,665 (33.04) 3,375 (66.96) 5,040 (0.75)

Papua new Guinea 2016–2018 708 (8.19) 7,956 (91.81) 1,304 (15.05) 7362 (84.95) 358 (29.78) 8,408 (97.02) 8,666 (1.29)

Philippines 2022 142 (1.84) 7,603 (98.46) 455 (5.88) 7,290 (94.12) 1,190 (15.36) 6,656 (84.63) 7,746 (1.16)

Pakistan 2017/18 1,064 (10.87) 8,732 (89.14) 1,874 (19.13) 7,922 (80.87) 3,998 (40.81) 5,798 (59.18) 9,796 (1.46)

Rwanda 2019/20 1,171 (7.30) 14,868 (92.7) 2,281 (14.23) 13,757 (85.77) 4,796 (29.90) 11,243 (70.1) 16,039 (2.4)

Sire Leone 2019 219 (2.46) 8,674 (97.54) 630 (7.08) 8,263 (92.92) 1,242 (13.97) 7,651 (86.03) 8,893 (1.33)

Senegal 2023 748 (7.87) 8,756 (92.13) 2,105 (22.15) 7,399 (77.85) 1,928 (20.29) 7,576 (79.71) 9,504 (1.42)

Tajikistan 2017 225 (1.79) 12,368 (98.21) 1,666 (13.23) 10,927 (86.77) 822 (6.53) 11,770 (93.46) 12,593 (1.88)

Timor-Leste 2016 7,61 (5.39) 13,367 (94.61) 1,512 (10.70) 12,617 (89.3) 2,243 (15.87) 13,886 (98.28) 14,129 (2.11)

Tanzania 2022 594 (2.83) 20,339 (96.88) 1,847 (8.88) 19,145 (01.2) 2,775 (13.22) 18,127 (86.38) 20,993 (3.14)

South Africa 2016 147 (4.28) 3,297 (95.73) 356 (10.35) 3,087 (89.65) 880 (25.56) 2,564 (74.45) 3,444 (0.5)

Zambia 2018 2,314 (6.18) 35,130 (93.82) 5,688 (15.19) 31,756 (84.81) 8,092 (21.61) 29,352 (78.4) 37,444 (5.59)

Zimbabwe 2015 518 (8.56) 5,537 (91.44) 1,014 (16.74) 5,041 (83.26) 2,383 (39.35) 3,672 (60.65) 6,055 (0.9)

Table 2.  The prevalence of comorbidity, diarrhea and acute respiratory infection in 45 low and middle income 
countries.

 

Variable Category

Comorbidity Diarrhea ARI Total

[No, %] [Yes, %] [No, %] [Yes, %] [No, %] [Yes, %] [N, %]

Survey year
2015–2019 350,905 (52.44) 23,377 (3.49) 323,248 (48.3) 51,034 (7.63) 283,967 (42.44) 90,135 (13.47) 374,282 (55.93)

2020–2024 281,823
(42.12) 13,033 (1.95) 261,753 (39.12) 33,103 (4.95) 236,266 (35.31) 58,589 (8.76) 294,856 (44.06)

Total 45 LMICs 632,737 (94.56) 36,401 (5.44) 585,027 (87.43) 84,111 (12.57) 520,255 (77.75) 148,883 (22.25) 669,138 (100)

Table 1.  Socio-demographic, child, and environment-related factors of comorbidity of diarrhea and acute 
respiratory infection in low- and middle-income countries.
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improved water sources had a 9% (AOR = 1.09, 95% CI (1.02–1.17)) higher chance of developing comorbidity of 
diarrhea and ARI as compared to children who had improved water access. Children aged less than 12 months 
and 12–23 months had a 25% (AOR = 1.25, 95% CI (1.14–1.36)) and 61% higher chance (AOR = 1.61, 95% CI 
(1.49–1.73)) of developing comorbidity of diarrhea and ARI as compared to children aged 24–59 months old. 
Children from households without health insurance coverage had a 60% (AOR = 1.60, 95% CI (1.42–1.80)) 
higher chance of developing a comorbidity of diarrhea and ARI as compared to children from health insurance-
covered households. Children from low- and lower-middle-income countries had 2.24 times (AOR = 2.24, 
95% CI 1.81–2.76) and 1.97 times (AOR = 1.97, 95% CI 1.61–2.40) higher chance of developing comorbidity 
of diarrhea and ARI, respectively, as compared to children from upper-middle-income countries. Children 
residing in South and Southeast Asia, Central Asia, and Sub-Saharan Africa had 1.60 times (AOR = 1.60, 95% 
CI (1.49–1.72)), 1.63 times (AOR = 1.63, 95% CI (1.49–1.81)), and 1.35 times (AOR = 1.35, 95% CI (1.29–1.41)) 
higher chance of comorbidity of diarrhea and ARI, respectively, as compared to children residing in Europe, 
Latin America, and the Caribbean. Countries that conducted DHS surveys from 2015 to 2019 had a 32% higher 
chance (AOR = 1.32, 95% CI 1.22–1.42) of developing comorbidity as compared to countries that conducted 
them from 2020 to 2024. Table 4.

Discussion
This study was done in 45 low- and middle-income countries that had the most recent DHS data from 2015 
to 2024, aiming to assess the pooled prevalence of comorbidity in diarrhea and ARI. Accordingly, the study 
revealed that the pooled prevalence of comorbidity, diarrhea, and ARI in low- and middle-income countries was 
5.44%, 12.57%, and 22.25%, respectively. The co-occurrence of diarrhea and ARI poses amplified public health 
challenges, increasing morbidity rates and complicating treatment efficacy. This comorbidity also heightens 
clinical risks, such as dehydration, impaired respiratory function, and an increased likelihood of mortality due 
to compromised immune responses. This study highlights the need for integrated healthcare strategies. As a 
result, public health programmers could prioritize inter-sectorial and multi-country interventions like improved 
hygienic practices and quality air. Furthermore, resource allocation should be prioritized by policymakers 
toward regions exhibiting the highest burden of comorbidity of diarrhea and ARI.

According to the multi-level, multi-variable analysis, male children had a higher chance of comorbidity of 
diarrhea and ARI. This finding is supported by other studies done across the globe27–30. A plausible explanation 
could be the mother’s preference for revealing a compliant of male child31. As a result, they are able to notice 
changes in the health status of male children early and report to the healthcare provider accordingly. In addition, 
boys had a higher chance of exploratory behavior32, such as taking risks like playing in unsanitary environments, 
which increased their exposure to pathogens causing diarrhea and ARI.

Our finding confirmed that comorbidity of diarrhea and ARI is more common in children less than 2 
years. This is in line with many prior studies33,34. This is due to the fact that younger children’s immunity is less 
developed, making them at increasing risk of infection35. In addition, children in this age depend on mothers; as 
a result, any unhygienic feeding exposes children to infection.

We found a significant association between the wealth status of the household and the comorbidity of diarrhea 
and ARI. This is in line with the study done in Bangladesh and Nepal36,37. The possible justification could be 
poor households have unmet nutritional needs and adopt inappropriate feeding practices that exacerbate the 
risk of infection37. In addition, poorer households had limited access to health care services due to out-of-pocket 
money that led them to delayed and inadequate care during their illness.

This study found that children born to mothers aged over 35 years exhibited a lower likelihood of developing 
comorbidity of diarrhea and acute respiratory tract infection, while those born to mothers younger than 20 
years were at a higher chance of comorbidity, relative to the reference group of mothers aged 20–34 years. These 
findings are consistent with evidence reported in previous studies8,9,38. This might be due to older mothers 
having better experience in accessing healthcare, more stable socio-economic conditions, and greater awareness 
of child health needs; as a result, the child will have a lower risk for diarrhea and ARI. On the other hand, 
teenage mothers might have limited skill and knowledge in child care, poor access to health care due to financial 
constraints, and low-level education, which contributes to the comorbidity of diarrhea and ARI.

Parameter Null model (model I) Model II Model III Model IV

Variance 0.73 0.15 0.5 0.14

ICC 18.16 4.36 13.19 4.08

MOR 2.25 1.44 1.95 1.43

PCV Reference 79.45 31.51 80.82

Model comparison

 AIC 274,422.9 30,422.21 256,531.6 30,117.41

 BIC 274,445.7 30,667.35 256,622.7 30,417.02

 LLR -137,209.44 -15,184.107 -128,257.79 -15,025.705

 Deviance 274,418.88 30,368.21 256,515.58 30,051.41

Table 3.  Random effect analysis and model comparison. ICC Intra Cluster Correlation Coefficient, MOR 
Median odds ratio,  PCV Proportional Change in Variance, LLR Log-likely hood ratio.
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This study found a significant association between household access to mass media and lower odds 
of comorbidity of diarrhea and ARI. This is supported by other studies39,40. This is due to the fact that mass 
media, especially radio and television broadcasts, help to spread awareness and reach distant places40. Through 
these channels, health information can be disseminated in the local language, and that larger population and 
community will acquire health information. Having access to this kind of information will enable parents of 
under-five children to seek the right medical attention, which will ultimately encourage health-seeking habits.

Variable Response
Model II
AOR (95%, CI)

Model III
AOR (95%CI)

Model IV
AOR (95%CI)

Socio-demographic and child related factors

 Mothers education
No education
Primary
Secondary

1
1.14 (1.02–1.27)
1.22 (1.11–1.34)

1
1.04 (0.93–1.16)
1.07 (0.97–1.29)

 Fathers education
No education
Primary
Secondary

1
0.75 (0.68–0.82)
1.03 (0.94–1.12)

1
0.93 (0.96–1.16)
1.17 (0.93–1.14)

 Maternal age
< 20
20–34
≥ 35

1.11 (0.98–1.27)
1
0.80 (0.73–0.87)

1.20 (1.06–1.38)*
1
0.77 (0.70–0.84)*

 Wealth index
Poor
Middle
Rich

1.45 (1.32–1.58)
1.07 (0.97–1.19)
1

1.37 (1.24–1.5)*
1.05 (0.95–1.17)
1

 Child sex Male
Female

1.12 (1.06–1.20)
1

1.11 (1.05–1.19)*
1

 Birth size
Small
Average
Large

1.39 (1.28–1.51
1
1.27 (1.18–1.37)

1.34 (1.24–1.46)*
1
1.30 (1.20–1.40)*

 Media exposure Yes
No

1
1.27 (1.18–1.36)

1
1.22 (1.13–1.31)*

 Toilet facility Improved
Unimproved

1.02 (0.95–1.10)
1

0.95 (0.88–1.02)
1

 Water source Improved
Unimproved

1
1.04 (0.97–1.12)

1
1.06 (1.01–1.14)*

 No of under-five
< 1
2–4
≥ 5

1.16 (0.97–1.39)
0.99 (0.84–1.18)
1

1.1 (0.96–1.16)
0.98 (0.93–1.12)
1

 Child age
0–11 months
12–23 months
24–59 months

1.25 (1.15–1.36)
1.59 (1.48–1.71)
1

1.23 (1.12–1.34)*
1.60 (1.47–1.72)*
1

 Birth order
First
Second
Third
Fourth & above

0.99 (0.89–1.10)
1.05 (0.93–1.17)
1.05 (0.94–1.17)
1

1.00 (0.90–1.12)
1.11 (0.99–1.24)
1.12 (1.00-1.36)
1

 Health insurance Yes
No

1
1.46 (1.31–1.63)

1
1.60 (1.42–1.80)*

 Vaccination status Vaccinated
Unvaccinated

1
1.45 (1.34–1.58)

1
1.45 (1.33–1.57)*

 Cocking fuel Clean
Solid

0.89 (0.80–0.98)
1

0.86 (0.77–0.96)*
1

 Access to water Basic access
Not basic access

0.97 (0.91–1.04)
1

1.02 (0.95–1.09)
1

Community level factors

 Residence Urban
Rural

1
1.28 (1.25–1.31)

1
1.53 (1.51–1.75)*

 Distance to health facility Big problem
Not big problem

1.04 (0.98–1.12)
1

1.06 (0.99–1.14)
1

 Countries income level
Low income
Lower middle
Upper middle

1.46 (1.42–1.5)
1.92 (1.89–2.01)
1

2.23 (1.80–2.73)*
1.96 (1.58–2.3)*
1

 Survey year 2015–2019
2020–2024

0.92 (0.89–0.95)
1

1.32 (1.22–1.42)*
1

 Region
Europe & American & Caribbean
South & south east Asian
Central Asia & the Oceania
Sub-Saharan Africa

1
1.55 (1.51–1.60)
1.44 (1.34–1.56)
1.6 (1.56–1.64)

1
1.60 (1.49–1.72)*
1.63 (1.49–1.81)*
1.35 (1.29–1.41)*

Table 4.  Multi-variable multilevel logistic regression analysis results of both individual-level and community-
level factors associated with comorbidity of diarrhea and acute respiratory tract infection in low-and-middle 
income countries. *, statistically significant (p-value < 0.05), AOR: Adjusted Odds Ratio, CI: Confidence 
interval.
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According to this study finding, children who have not received a vaccination had a higher chance of 
being exposed to comorbidity than children who have received a vaccination. This is congruent with other 
studies41,42. This is due to the fact that vaccination helps children develop immunity against infection, such as the 
pneumococcal vaccine, which lowers the risk of respiratory infection, and the rotavirus infection, which protects 
children from diarrheal disease. Therefore, strengthening vaccination programs is crucial to lessen diarrhea and 
ARI.

According to this study finding, children from households without health insurance had a higher chance of 
comorbidity as compared to children from non-insured households. This is congruent with other studies43,44. 
This is due to the fact that children from uninsured households had many barriers, including delayed care, 
timely medical management, unmet medical needs, and higher out-of-pocket costs. On the other hand, insured 
children often had better access to preventative care, timely medical management, and health education. As a 
result, the governments in the respective countries should take all responsibilities to strengthen health insurance 
coverage for the people.

Children residing in rural areas demonstrated a higher chance of experiencing comorbidity of diarrhea and 
acute respiratory tract infection compared to their urban counterparts. This is in line with other studies45. This 
discrepancy could be due to contextual factors between urban and rural areas. For instance, in rural areas, there 
is a lack of access to clean water and sanitary facilities, and the use of solid fuel might be increased46. In addition, 
rural communities lack sufficient health facilities with lesser quality that result in incomplete infectious disease 
control.

Both small-weight- and large-weight-born children had higher chance of comorbidity of diarrhea and ARI 
as compared to children born with average weight. This is supported by a study in Brazil and Mozambique47,48. 
This is due to the fact that low-birth-weight children have lower immunity levels and underdeveloped organs, 
predisposing them to infection49. Conversely, a high birth weight may be associated with increased risk of 
delivery complications and potential metabolic disorders.

Countries that reported the DHS survey between 2020 and 2024 exhibited lower chance of comorbidity 
of diarrhea and acute respiratory tract infection among children compared to those that reported DHS data 
between 2015 and 2020. This observation is consistent with findings from previous research50. This might be 
due to improved public health intervention in many countries through WASH (Water, sanitation and hygiene) 
program, expanded vaccination program and integrated management of childhood illness46,51.

Children who had clean cooking source had lower chance of comorbidity of diarrhea and ARI as compared to 
children with solid cooking source. Children living in households that use clean cooking fuels (such as electricity, 
LPG, or biogas) had significantly lower levels of indoor air pollution compared to those using solid fuels (like 
wood, charcoal, or dung). Solid fuel combustion releases harmful pollutants such as particulate matter (PM₂.₅), 
carbon monoxide, and volatile organic compounds, which impair respiratory health and increase susceptibility 
to infections52,53. Moreover, indoor air pollution weakens mucosal immunity, making children more vulnerable 
to both acute respiratory infections (ARI) and diarrheal diseases, especially in poorly ventilated homes. Clean 
cooking reduces this exposure, thereby lowering the odds of comorbidity.

Children residing in South and Southeast Asia, Central Asia, Oceania, and sub-Saharan Africa had higher 
odds of comorbidity of diarrhea and ARI as compared to children residing in Europe, Latin America, and the 
Caribbean54. This could be due to higher burden regions like Asia and Africa, limited access to health care, poor 
sanitation, inadequate nutrition, and higher prevalence of infectious disease. In contrast, Europe, Latin America, 
and the Caribbean have a better health infrastructure, a higher standard of living, and more effective public 
health interventions, which reduce the risk of such morbidity.

As compared to children residing in upper middle-income countries, children residing in lower and lower 
middle-income countries had a higher odd of comorbidity of diarrhea and ARI. This is supported by other 
studies. This might be due to limited access to health care, poor sanitation, and malnutrition that leads to high 
exposure to infectious disease.

Strength and limitation
The strength of this study stemmed from its focus on several nations with varying geographic and economic 
backgrounds that may help programmers and policymakers to create effective multi-country initiatives. The 
cross-sectional study design made it impossible for the study’s findings to establish a causal link between the 
independent variables and the outcome. In addition, due to the DHS nature of the data, important proximal 
predictors like recent infection in the household, immune status of the child, and crowding may result in under/
overestimation of the comorbidity of diarrhea and ARI. Therefore, we recommend future researchers conduct 
studies by incorporating proximal factors associated with ARI and diarrhea.

Conclusion
This study revealed that a sizable number of under-five children developed a comorbidity of diarrhea and ARI in 
low- and middle-income countries. Maternal age, child age, wealth index, child sex, birth size, media exposure, 
water source, vaccination status, health insurance, survey year, country income level, and regional location of 
countries were significantly associated with comorbidity of diarrhea and ARI. Therefore, the World Health 
Organization, with its partners, should inform respective countries executives and policymakers to focus on 
younger children, teenage mothers, media coverage, clean water provision, childhood vaccination, and extreme 
birth-weight babies. In addition, LMIC countries should work on health insurance coverage, building health 
facilities, standing to bring economic improvement in the long term, and working in collaboration with each 
other to reduce comorbidity of diarrhea and ARI.
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Data availability
The most recent data from the Demographic and Health Survey were used in this study, and it is publically 
available online at (http://www.dhsprogram.com). The datasets used and/ or analyzed during the current study 
available from the corresponding author on reasonable request.
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