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Introduction

One of the major causes of mortality in children younger 
than 5 years is the simultaneous occurrence of more than 1 
disease.1 Diarrhea and acute respiratory infection (ARI) are 
the main causes of child mortality and morbidity in low- 
and middle-income countries.1 ARIs are caused by virus or 
bacteria that affect the upper respiratory tract (nose, vocal 
cords, and ears) and lower respiratory tract (trachea, bron-
chi, bronchioles, and alveoli). Diarrhea is caused by para-
sites, bacteria, and viruses that are found in feces and can be 
spread through water, flies, food, and improper washing of 
the hands. Comorbidity is defined as the concurrent occur-
rence of more than 1 disorder in the same child or adoles-
cent either at the same time or in some causal sequence.2

For instance, occurrence of diarrhea leads to susceptibility 
of pneumonia in malnourished children3; and malnourished 
children have a higher susceptibility of developing diarrhea, 
thereby creating a vicious cycle.4 Diarrhea increases the 
chances of ARI by causing significant loss of micronutrient 
and dehydration, it and weakens the immune system there-
fore predisposing the child to a substantial risk of infection. 
Comorbidity of diarrhea and ARI can either be simultaneous 
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(both occurring at the same time) or sequential (where the 
occurrence of one leads to the occurrence of the other).4 
Walker et al5 found out that diarrhea and ARI in children 
<5 years was present as simultaneous comorbidity and the 
relationship became stronger with the severity of the 
disease.

ARI is classified into upper respiratory infection and 
lower respiratory infection. Pneumonia is the most common 
type of lower respiratory infection and the leading infec-
tious cause of mortality in children <5 years. Globally, 
pneumonia (14%) and diarrhea (14%) account for more 
deaths in children under 5 years as compared with HIV/
AIDS (4%), malaria (16%), and measles (1%) combined. A 
systematic analysis conducted by Liu et  al6 revealed that 
approximately 4.4 million children under 5 years of age will 
succumb to infectious diseases such as diarrhea and ARI by 
2030 and 60% of these deaths will occur in sub-Saharan 
Africa.

Kenya is among 15 countries that account for three-quar-
ter of mortality due to pneumonia and diarrhea.7 Pneumonia 
has a mortality rate of 50.3 deaths per 10 000 children under 
5 years of age in Kenya.8 Diarrhea is the second leading 
cause of under-5 mortality.9 According to the Kenya 
Demographic Health Survey (KDHS) 2014 report, 15% of 
the children under the age of 5 years had diarrhea and 9% 
had ARI within 2 weeks preceding the survey.

A study conducted by Walker et al7 revealed that diarrhea 
and ARI have overlapping epidemiology, which is partly due 
to shared risk factors such as inadequate breastfeeding, mal-
nutrition (includes undernutrition, which is categorized as 
underweight, stunting, and wasting) and insufficient zinc. 
Stunting is defined as low height for age—a measure indica-
tive of a chronic restriction of a child’s potential growth. 
Wasting is a measure of acute undernutrition while under-
weight is defined as low weight for age.10 Findings by 
Bbaale11 showed that children who were exclusively breast-
fed for the first 6 months, socioeconomic status, type of 
house the child lived in, maternal occupation, age of child, 
and nutritional status were significant factors associated 
with both pneumonia and diarrhea. In a study carried out by 
Leung et  al12 in under-5 children in Dhaka, Bangladesh 
showed that younger age of child, male gender, undernutri-
tion, lower maternal education, low wealth quintile, and 
poor breastfeeding practices were associated with concur-
rent occurrence of diarrhea and pneumonia.

Most of the risk factors associated with ARI and diarrhea 
are modifiable,13 and because the 2 outcomes also share 
some major risk factors, they can be tackled through inte-
grated interventions. Kenya is a signatory of the Global 
Action Plan for Prevention of Pneumonia and Diarrhoea 
(GAPPD), which is a framework of key interventions that 
aims to end deaths due to diarrhea and pneumonia by 2025.14 
The government has taken up the Kenya Action Plan for 
Prevention of Pneumonia and Diarrhoea (KAPPPD), which 

is an outline on reducing child mortality due to pneumonia 
and diarrhea.15 Despite numerous government efforts to 
reduce under five mortality due to diarrhea and pneumonia, 
the number of diarrhea cases in Kenya reduced by only 2% 
(17% in 2008 to 15% in 2014) and ARI cases increased by 
1% (8% in 2008 to 9% in 2014). Kenya remains at a higher 
prevalence of diarrhea (21%) and pneumonia (16%) than the 
prevalence in Africa (diarrhea 17%, pneumonia 14%).16 
This is a major public health concern that will deter Kenya 
from achieving GAPPD goal of zero deaths due to diarrhea 
and pneumonia by 2025.

Studies carried out in Kenya such as a study by Simiyu17 
and Onyango et al18 have focused on diarrhea and pneumo-
nia independently without considering their occurrence con-
currently. The interventions proposed have in turn focused 
on each outcome separately. This study seeks to assess the 
prevalence of comorbidity of pneumonia and diarrhea in 
children <5 years, and to identify risk factors associated 
with comorbidity of pneumonia and diarrhea in children 
<5 years.

Findings from this study will provide the basis for an 
integrated package of public health interventions that will 
combat combined comorbidity of diarrhea and ARI in 
Kenya’s children <5 years.

Methods

Study Setting

Kenya is located in the eastern part of Africa in latitude 5° 
north and 5° south and between longitude 24° and 31° east. 
The country is divided into 47 counties and has a total area 
of 582 646 km2.

Sample Design, Sample Size, and Sample 
Population

Secondary data from the Kenya Demographic Health Survey 
(KDHS) 2014/201519 was used for analysis. KDHS is a 
national household survey conducted every 5 years that pro-
vides information to monitor population and health situation 
in Kenya. The sample for KDHS 2014 survey was adopted 
from the fifth National Sample Survey and Evaluation 
Programme (NASSEP V) which is a master sampling frame. 
Calculations for sample size depend on the desired relative 
standard error at domain level and the number of domains.20 
The 2014 KDHS was designed to produce representative 
estimates for most of the survey indicators at the national 
level, for urban and rural areas separately, at the regional 
(former provincial) level, and for selected indicators at the 
county level. To meet this requirement, the sample had 40 
300 households from 1612 clusters across the country. In 
rural areas there were 995 clusters and 617 clusters in urban 
areas. A 2-stage sample design was used where samples 
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were selected independently. The first stage involved select-
ing 1612 enumeration areas with equivalent likelihood 
from the NASSEP V sampling frame. In the second stage, 
the households were listed and 25 households selected 
from each cluster. Data collection was done using struc-
tured questionnaires administered by trained enumerators. 
Interviewers visited only preselected households and no 
replacement of the preselected households was allowed. 
The women’s questionnaire and household questionnaire 
was administered in all households. Data entry was done 
using CSPRO software.

A sample size of 20 964 children <5 years old was used 
in the study.

Outcome, Exposure, and Confounding Variable

The dependent (outcome) variable was comorbidity of diar-
rhea and ARI. The outcome variable was generated by com-
bining the variable for if child had diarrhea and if child had 
ARI. Presence of comorbidity was assigned the value 1 and 
0 otherwise. ARI was estimated by asking mothers who have 
children under the age of 5 years whether in the 2 weeks 
preceding the survey, the child had been ill with a cough 
accompanied by short, rapid breaths, and difficulty in breath-
ing as a result of chest problem.19 Diarrhea prevalence was 
estimated by asking mothers of children born 5 years before 
the survey whether their children had experienced episodes 
of diarrhea in 2 weeks preceding the survey. The World 
Health Organization defines diarrhea as passage of 3 or more 
loose or liquid stools per day (or more than frequent passage 
of stool than is normal for an individual).9

The exposure (explanatory variables) consisted of child’s 
age in months, child’s gender, place of residence (rural and 
urban), wealth quintile, caregiver’s age, caregiver’s educa-
tion, exclusive breastfeeding below 6 months, and nutri-
tional status (wasting, stunting, and underweight).

Data Management and Data Analysis

Data management and analysis was done using STATA 14. 
Data management involved merging of the children’s data 
set (KR file) and household dataset (HR file) using a unique 
identifier.

Descriptive weighted analysis was done to show of chil-
dren under 5 years of age who experienced comorbidity. 
Frequencies, row percentages and confidence interval were 
obtained from the tabulation. Missing values were excluded 
in the overall weighted total in order to account for all chil-
dren <5 years.

Weighted descriptive analysis and regression analyses 
were done in order to account for stratification in the data. 
The weights were obtained by dividing the women’s indi-
vidual sample weight (variable v005) by 1 000 000.

Bivariate logistic regression was carried out to assess the 
effect of individual risk factors on comorbidity. Risk factors 
that were significant from bivariate logistic regression were 
incorporated in the multivariate logistic regression. A P value 
<.05 was considered to be statistically significant.

Results

Descriptive Analysis Results

Table 1 shows the proportion of under-5 children with diar-
rhea and ARI. Out of the 18 702 children involved in the 
survey, 411 children (2.2%) had comorbidity from diarrhea 
and ARI within 2 weeks preceding the survey. The highest 
percentage of children with comorbidity of diarrhea and 
ARI were aged 6 to 11 months (4.6%), followed by children 
aged 12 to 23 months (3.6%), and children whose caregiv-
ers were between 15 and 19 years old (3.6%). Families in 
the highest wealth quintile and caregivers aged 40 to 44 
years of age had the least proportion of children with comor-
bidity (1.3% and 1.2%, respectively).

Risk Factors for Comorbidity of Diarrhea and 
ARI

From Table 2, sex, residence, exclusive breastfeeding, 
wasted and underweight children did not have significant 
influence on comorbidity. After 6 months, the risks of com-
bined infections decreased with a child’s aging status, with 
those between 6 and 11 months identified as 4 times more 
likely (odds ratio [OR] = 3.94, 95% CI = 2.29-6.77) to 
contract both infections. Children between 12 and 23 
months were 3 times riskier (OR = 3.08, 95% CI = 1.86-
5.08) and risk doubled for those between 24 and 35 months 
(OR = 1.91, 95% CI = 1.11-3.29) compared with those in 
reference category of 0 to 6 months. Moreover, children 
within the middle quintile were 0.62 times less likely to 
develop cases (OR = 0.62, 95% CI = 0.43-0.89), while 
those in the highest quintile were most protected (OR = 
0.42, 95% CI = 0.26-0.69) compared with children from 
the poorest households in the population. Younger caregiv-
ers had a negative association with a child’s comorbidity. 
Children with older caregivers were less likely to develop to 
cases compared with children with teenage caregivers. 
Specifically, children whose caregivers were 25 to 29 years 
old were 0.61 times less likely to develop comorbidity 
(OR = 0.61, 95% CI = 0.38-0.99) and those whose caregiv-
ers were 30 to 34 years old were 63% protected (OR = 0.37, 
95% CI = 0.23-0.61). Compared with teenage caregivers, 
comorbidity was almost halved for children whose caretakers 
were aged 35 to 39 years (OR = 0.55, 95% CI = 0.33-0.91) 
and even lower for children taken care of by 40- to 44-year-
olds (OR = 0.31, 95% CI = 0.16-0.62).
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Children of caregivers with incomplete primary educa-
tion were 1.49 times more likely to develop both ARI and 
diarrhea infections (OR = 1.49, 95% CI = 1.01-2.19). 
Furthermore, results indicate that stunting and comorbidity 
had a significant association with childhood comorbidity.

Stunted children were 1.42 times (OR = 1.49, 95% CI = 
1.13-1.95) more likely to develop comorbidity cases than 
their counterparts. Table 2 shows the relationship between 
comorbidity and the single risk factors analyzed for diar-
rhea and ARI.

Table 1.  Proportion of Under-5 Children With Comorbidity of Diarrhea and Acute Respiratory Infection in Kenya.

Characteristics Total number of children Percentage with comorbidity 95% CI

Age (months)
  <6 1694 1.2 0.8-1.8
  6-11 1899 4.6 3.7-5.6
  12-23 3678 3.6 3.0-4.2
  24-35 3611 2.3 1.8-2.8
  36-47 3619 1.3 1.0-1.8
  48-59 3393 1.2 0.8-1.6
Sex
  Male 9477 2.4 2.1-2.7
  Female 9225 2.1 1.8-2.4
Residence
  Urban 6677 1.9 1.6-2.3
  Rural 12025 2.4 2.1-2.7
Wealth quintile
  Lowest 4457 3 2.5-3.5
  Second 3803 2.4 2.0-2.9
  Middle 3375 1.9 1.5-2.4
  Fourth 3285 2.5 2.0-3.1
  Highest 3782 1.3 1.0-1.7
Caregiver’s age (years)
  15-19 967 3.6 2.6-5.0
  20-24 4608 2.9 2.5-3.4
  25-29 5695 2.3 1.9-2.7
  30-34 3797 1.4 1.1-1.8
  35-39 2387 2 1.5-2.7
  40-44 987 1.2 0.7-2.1
  45-49 261 1.5 0.6-4.0
Caregiver’s education
  No education 2218 1.8 1.3-2.5
  Primary incomplete 5304 2.7 2.3-3.2
  Primary complete 5164 2.3 1.9-2.8
  Secondary+ 6016 1.9 1.6-2.2
Exclusive breastfeeding (0-6 months)
  No 1494 2.4 1.7-3.3
  Yes 515 0.9 0.3-2.2
Child nutritional status
  Wasted  
    No 16 590 2.2 2.0-2.5
    Yes 701 3.5 2.4-5.2
  Underweight  
    No 15 450 2.3 2.0-2.5
    Yes 1841 2.5 1.9-3.3
  Stunted  
    No 12 826 2.0 1.7-2.3
    Yes 4466 3.0 2.5-3.5
Total 18 702 2.2 2.0-2.5
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Adjusted Relationship Between Comorbidity and 
Risk Factors

Only variables that were significant in the bivariate anal-
ysis were included in the multivariate analysis. Results 

established that the likelihood of combined morbidity was 
highest among the younger children with those <6 months 
old used as a reference category. Probability of infection 
was almost doubled among children aged 24 to 35 months 
(adjusted odds ratio [OR] = 1.88, 95% CI = 1.09-3.26, 

Table 2.  Bivariate Logistic Regression of Model Factors Associated With Comorbidity of Diarrhea and Acute Respiratory Infection 
in children <5 Years, Kenya.

Factors Crude Odds Ratio (95% CI) P

Age (months)
  <6 Reference Reference
  6-11 3.94 (2.29-6.77)a <.0001
  12-23 3.08 (1.86-5.08)a <.0001
  24-35 1.91 (1.11-3.29)a .019
  36-47 1.12 (0.65-1.92) .677
  48-59 0.96 (0.54-1.71) .894
Sex
  Male Reference Reference
  Female 0.87 (0.69-1.10) .255
Residence
  Urban Reference Reference
  Rural 1.24 (0.90-1.71) .182
Wealth quintile
  Lowest Reference Reference
  Second 0.79 (0.58-1.10) .163
  Middle 0.62 (0.43-0.89)a .01
  Fourth 0.82 (0.52-1.30) .406
  Highest 0.42 (0.26-0.69)a .001
Caregiver’s age (years)
  15-19 Reference Reference
  20-24 0.78 (0.49-1.23) .283
  25-29 0.61 (0.38-0.99)a .046
  30-34 0.37 (0.23-0.61)a <.0001
  35-39 0.55 (0.33-0.91)a .02
  40-44 0.31 (0.16-0.62)a .001
  45-49 0.41 (0.13-1.29) .125
Caregiver’s education
  No education Reference Reference
  Primary incomplete 1.49 (1.01-2.19)a .045
  Primary complete 1.26 (0.85-1.89) .251
  Secondary+ 1.02 (0.66-1.58) .94
Exclusive breastfeeding (0-6 months)
  No 2.73 (0.80-9.28) .107
  Yes Reference Reference
Wasted
  No Reference Reference
  Yes 1.60 (0.93-2.75) .092
Underweight
  No Reference Reference
  Yes 1.11 (0.76-1.62) .58
Stunted
  No Reference Reference
  Yes 1.49 (1.13-1.95)a .004

aImplies statistical significance with P < .05.
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P = .023), approximately 3 times higher for those between 
12 and 23 months (aOR = 2.84, 95% CI = 1.71-4.70, 
P < .0001) and highest among children between the ages 
of 6 and 11 months (aOR = 3.48, 95% CI = 2.02-5.99, 
P < .0001).

Wealth quintile was also statistically significant; with 
reference set as the lowest/poorest quintile. It was found 
that the middle quintile were 0.58 times less likely to 
develop comorbidity cases (aOR = 0.58, 95% CI = 0.39-
0.85). Children of caregivers aged 30 to 34 years old were 
50% less likely to develop comorbidity (aOR = 0.49, 95% 
CI = 0.28-0.85) compared with those of teenage caregivers. 
This estimate was slightly lower among caregivers aged 40 
to 44 years (aOR = 0.47, 95% CI = 0.23-0.95). In terms of 
the caregiver’s education, the odds were 1.66 times higher 
for those whose caregivers had incomplete primary educa-
tion (aOR = 1.66, 95% CI = 1.11-2.50) compared with 
those with no education at all (Table 3).

Discussion

Burden of Comorbidity by Age

From KDHS 2014 report, 9% (1582) of children under 5 
years had ARI, 15% (2843) had diarrhea, and our findings 
confirmed that 2.2% (411) had both diarrhea and ARI at 
least 2 weeks preceding the survey. Figure 1 shows the mor-
bidity for diarrhea, ARI and combined morbidity for chil-
dren <5 years decreases with age.

All-cause morbidity peaks between 6 and 11 months, 
with diarrhea morbidity characterized by a rapid decrease 
with age compared with morbidity from ARI or the com-
bined diseases. The burden of diseases is higher in younger 
age groups, 26.6% of children with diarrhea, 11.4% with 
ARI, and 4.6% with combined morbidity occurs in those 
between 6 and 11 months of age. Age 6 to 11 months is 
therefore a critical period for targeting interventions that 
address children vulnerabilities to both diarrhea and ARI.

Table 3.  Multivariate Logistic Regression of Model Factors Associated With Comorbidity of Diarrhea and Acute Respiratory 
Infection in Children <5 Years, Kenya.a

Adjusted Odds Ratio (95% CI) P

Age (months)
  <6 Reference Reference
  6-11 3.48 (2.02-5.99)b <.0001
  12-23 2.84 (1.71-4.70)b <.0001
  24-35 1.88 (1.09-3.26)b .023
  36-47 1.12 (0.64-1.96) .697
  48-59 1.04 (0.58-1.89) .886
Wealth quintile
  Lowest Reference Reference
  Second 0.73 (0.52-1.03) .076
  Middle 0.58 (0.39-0.85)b .006
  Fourth 0.91 (0.55-1.50) .703
  Highest 0.43 (0.24-0.77) .004
Caregiver’s age (years)
  15-19 Reference Reference
  20-24 0.95 (0.59-1.53) .823
  25-29 0.77 (0.46-1.27) .299
  30-34 0.49 (0.28-0.85)b .011
  35-39 0.74 (0.44-1.26) .269
  40-44 0.47 (0.23-0.95)b .036
  45-49 0.65 (0.20-2.13) .48
Caregiver’s education
  No education Reference Reference
  Primary incomplete 1.66 (1.11-2.50)b .014
  Primary complete 1.52 (0.97-2.39) .068
  Secondary+ 1.32 (0.81-2.15) .262
Stunted
  No Reference Reference
  Yes 1.32 (0.99-1.76) .058

aVariables that were significant in the bivariate logistic regression were included in the multivariate regression.
bimplies statistical significance with P < .05.
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Findings from this study are similar to studies conducted 
in India21 and China,22 which also found the prevalence of 
diarrhea to be highest among children aged 6 to 11 months. 
A study conducted in India23 on the incidence, pattern, and 
severity of ARI in under-5 children revealed that the highest 
prevalence of ARI was in children less than 2 months of 
age. Other findings24 revealed that combined morbidity of 
diarrhea and ARI was highest in children aged 12 to 23 
months, which also differs from our findings.

This difference in morbidity patterns observed in differ-
ent age cohorts might also be attributed to differences in 
culture, varied risks exposures and inherent geographical 
differences between the study populations.

Relationship With Malnutrition

This study also found no association between stunting and 
comorbidity from diarrhea and ARI. Other studies confirm 
a relationship between pneumonia, diarrhea, and stunting, 
with children exposed to prolonged acute diarrhea highly 
associated with stunting.3,25

Studies confirm that repeated episodes of diarrhea results 
in loss of nutrients, damage of the mucous membrane and a 
reduction in the absorptive function.26,27

Stunting interferes with lung growth increasing the odds 
of developing respiratory failure and making children less 
likely to tolerate pneumonia.28 For children who had devel-
oped pneumonia, they were associated with incidence of 
stunting.29,30 A study31 found that children who are stunted, 
wasted, or underweight, compared with the well-nourished 
are almost twice as likely to develop the bacteria Shigella 
whose main symptom is diarrhea. Overall, studies confirm 

stunting as a shared risk factor for both diarrhea and pneu-
monia; a contradiction to our research findings.

It is also established that ARI and diarrhea can result in 
stunting, which makes the association a cycle.3 Findings by 
Schmidt et al32 established that continued episodes of diar-
rhea could lead to acute undernutrition, which increases the 
chance of ARI.

Though our results show no significant relationship  
(P >0.05)  between underweight or wasting and comorbid-
ity, a different study found that wasting is significantly asso-
ciated with prolonged diarrhea33 and the risk of pneumonia 
and diarrhea is much more likely among underweight chil-
dren.34 The lack of association between underweight, wast-
ing, stunting, and comorbidity may possibly be explained by 
the low statistical power imposed by the subanalysis of the 
KDHS 2014 survey. Stunting was identified as a significant 
risk (crude OR = 1.49, 95% CI = 1.13-1.95) in the bivariate 
analysis; however, other factors may have compounded the 
association in multivariate analysis. Hence, nutritional status 
remains as an important determinant for comorbidity and 
subsequent studies powered to assess comorbidity in diar-
rhea and ARI should be investigated.

Modeling Shared Risk Factors

Whereas this research focused on modelling a multivariable 
analyses to determine the shared risk factors, analysis of 
individual risk factors to diarrhea and ARI has been done in 
several studies.32,35 Only 4 factors (child age in months, 
wealth quintile, caregiver’s age, and caregiver’s education) 
were identified as shared risks to ARI and diarrhea in this 
study. A child’s age and nutritional status is directly related 

Figure 1.  Distribution of cases of diarrhea, pneumonia, and combined morbidity in children under 5 years of age. Source: KDHS 
2014.
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to the occurrence of ARI and diarrhea; with the youngest 
children(<6 months) identified as the most protected 
cohort probably due to breastfeeding and continuous pres-
ence of their maternal antibodies.36 After 6 months, wean-
ing predisposes changes on a child’s nutritional habits and 
with continual growth; a child’s maternal protection is 
weakened or lost. As the child gets older, he or she acquires 
natural immunity.36

This argument can explain the elevated risks (aOR = 
3.48, 95% CI = 2.02-5.99) observed between 6 and 
11months and declining trend in comorbidity observed in 
higher age cohorts. Surprisingly, breastfeeding was also not 
a significant protective factor in this study. Our result con-
tradicts previous studies,7,37 which confirmed breastfeeding 
as a shared risk factor to both diarrhea and ARI. A high cov-
erage in breastfeeding and undetected small effects posed 
by this study design could be attributed to the lack of asso-
ciation observed in the results.

Children from wealthier families are less likely (aOR = 
0.58, 95% CI = 0.39-0.85) to contract diarrhea and ARI than 
those from the poorest households. This may be explained as 
wealthier households tend to afford better nourishment and 
health care for their children. Wealthier families can also 
minimize their children’s exposure to risk factors like unsan-
itary environments and contaminated water.36 These find-
ings are supported by other studies which found that higher 
poverty level increase risk of ARI and diarrhea.38,39

Disease burden was highest in children of caregivers 
with limited education background, with those from care-
givers with incomplete primary education more likely 
(aOR = 1.66, 95% CI = 1.11-2.50) to suffer infections 
compared to those of caregiver with no education at all. 
This might be attributed to the fact that caregivers with no 
education tend to start child bearing early so have older 
caregivers with more experience in preventing and manag-
ing childhood diseases taking responsibility for their chil-
dren compared to caregivers with incomplete primary 
education who are socially considered mature nurture their 
families. Literacy levels may also affect the level of aware-
ness and access to health information.40 Even though this 
study did not find a significant relationship between higher 
level education and comorbidity, other studies found that 
the higher the parents’ or caregiver’s level of education, the 
lower the risk of getting sick for the children.39

These study findings highlight the paucity of a nationally 
representative prevalence data to infer causality between 
investigated exposures and outcomes. More national sur-
veys and localized prospective cohort studies with stan-
dardized data collection methods are required to allow for 
more effective comparisons.

Limitations

KDHS 2014 survey was carried out during the dry season 
(May to October). The results might have varied in the wet 

season since incidence of diarrhea changes from season to 
season.41 There may have been slight recall bias and mis-
classification of diseases since cases were self-reported by 
the caregivers and not subject to clinical diagnosis. Cross-
sectional study design has inherent time bias as both out-
come and exposure were collected at the same point in 
time thus cannot be used to infer a causal relationship 
between risks and outcome. This study focuses on Kenya 
only, which also limit applicability or generalizability to 
other countries.

Conclusion

From this study, the child’s and caregiver’s age, a house-
hold’s wealth status, and education level of the caregiver 
were associated with comorbidity from diarrhea and ARI. 
We therefore recommend that implementation of programs 
aimed at reducing combined diarrhea and ARI in children 
under 5 years should focus on addressing socioeconomic 
barriers that limit caregivers’ access to wealth and educa-
tion. Children aged between 6 and 11 months present a criti-
cal widow of opportunity to avert comorbidity from diarrhea 
and ARI in children under 5 years. Given that the study 
highlights that these 2 diseases occur together for ages 6 to 
11 months, at a rate that is greater than other ages, further 
studies may aim to understand the immunologic and bio-
chemical mechanisms of this relationship in relation to 
some children being more susceptible to sequential infec-
tions because of compromised immune functions.

Acknowledgments

The researchers thank Ms Alyn Achieng for helping with the data 
analysis and Dr Vincent Were for critically reviewing the research 
paper. Special thanks to the Kenya National Bureau of Statistics 
and ICF International for collecting the data and Measure DHS for 
granting data user rights.

Author Contributions

Ms Diana Mulatya developed the research proposal. She also con-
tributed to data analysis, interpretation and finally to write-up of 
this manuscript. Ms Faith Mutuku was a student at University of 
Nairobi, working with her to review the proposal design, conduct-
ing literature review and further contributing to write-up of the 
manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: The 
authors were solely responsible for funding the data analysis and 
development of the research article. Funding for undertaking 



Mulatya and Mutuku	 9

Kenya Demographic Health Survey, 2014 was provided for by the 
Government of Kenya.

Ethical Approval

Ethical approval was sought from the London School of Tropical 
Medicine and Hygiene (LSHTM) committee. The study did not 
entail field-based methods and relied on secondary data that is 
available in the public domain. As such, local approval was not 
required.

ORCID iD

Diana Mutuku Mulatya  https://orcid.org/0000-0001-8285-0786

Data Availability

All data analyzed in this study was extracted from Measure DHS 
website through a registration process accessed at: https://dhspro-
gram.com/data/new-user-registration.cfm.

References

	 1.	 Black RE, Morris SS, Bryce J. Where and why are 10 million 
children dying every year? Lancet. 2003;361:2226-2234.

	 2.	 Valderas JM, Starfield B, Sibbald B, Salisbury C, Roland M. 
Defining comorbidity: implications for understanding health 
and health services. Ann Fam Med. 2009;7:357-363.

	 3.	 Schlaudecker EP, Steinhoff MC, Moore SR. Interactions of 
diarrhea, pneumonia, and malnutrition in childhood: recent 
evidence from developing countries. Curr Opin Infect Dis. 
2011;24:496.

	 4.	 Fenn B, Morris SS, Black RE. Comorbidity in childhood in 
northern Ghana: magnitude, associated factors, and impact on 
mortality. Int J Epidemiol. 2005;34:368-375.

	 5.	 Walker CLF, Perin J, Liu JL, Katz J, Tielsch JM, Black R. 
Does comorbidity increase the risk of mortality among chil-
dren under 3 years of age? BMJ open. 2013;3:e003457.

	 6.	 Liu L, Oza S, Hogan D, et al. Global, regional, and national 
causes of child mortality in 2000–13, with projections to 
inform post-2015 priorities: an updated systematic analysis. 
Lancet. 2015;385:430-440.

	 7.	 Walker CLF, Rudan I, Liu L, et al. Global burden of child-
hood pneumonia and diarrhoea. Lancet. 2013;381:1405-1416.

	 8.	 Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell 
H. Epidemiology and etiology of childhood pneumonia. Bull 
World Health Organ. 2008;86:408-416.

	 9.	 Organization WH. Diarrhoeal disease: factsheet. 2015. 
Accessed April 27, 2020. https://www.who.int/news-room/
fact-sheets/detail/diarrhoeal-disease

	10.	 US Agency for International Development Washington 
Development. USAID multi-sectoral nutrition strategy 2014-
2025. 2014. Accessed April 27, 2020.https://www.usaid.gov/
nutrition-strategy

	11.	 Bbaale E. Determinants of diarrhoea and acute respiratory 
infection among under-fives in Uganda. Aust Med J. 2011;4: 
400-409.

	12.	 Leung DT, Das SK, Malek M, et al. Concurrent pneumonia 
in children under 5 years of age presenting to a diarrheal hos-
pital in Dhaka, Bangladesh. Am J Trop Med Hyg. 2015;93: 
831-835.

	13.	 Savitha AK, Gopalakrishnan S. Determinants of acute respi-
ratory infections among under five children in a rural area of 
Tamil Nadu, India. J Fam Med Primary Care. 2018;7:1268.

	14.	 World Health Organization; UNICEF. Ending preventable 
child deaths from pneumonia and diarrhoea by 2025: the 
integrated Global Action Plan for Pneumonia and Diarrhoea 
(GAPPD). 2013. Accessed April 27, 2020. https://apps.who.
int/iris/bitstream/handle/10665/79200/9789241505239_eng.
pdf?sequence=1

	15.	 Ministry of Health. Government scales up child health inter-
ventions. 2018. Accessed April 27, 2020. http://www.health.
go.ke/government-scales-up-child-health-interventions-nai-
robi-kenya-14th-november-2018/

	16.	 Miheso A, Wambugu C, Ngugi S, Osman W, Agweyu 
A. New pneumonia case management guidelines 2017. 
Accessed April 27, 2020. http://www.kenyapaediatric.org/
resources/conference17/presentations/Plenary/New%20
Pneumonia%20Case%20Management%20Guidelines%20
-%20Dr.%20Osman%20Warfa.pdf

	17.	 Simiyu S. Water risk factors pre-disposing the under five chil-
dren to diarrhoeal morbidity in Mandera district, Kenya. East 
Afr J Public Health. 2010;7:353-360.

	18.	 Onyango D, Kikuvi G, Amukoye E, Omolo J. Risk factors 
of severe pneumonia among children aged 2-59 months in 
western Kenya: a case control study. Pan Afr Med J. 2012; 
13:45.

	19.	 Kenya National Bureau of Statistics; Ministry of Health 
Kenya; National AIDS Control Council/Kenya; Kenya 
Medical Research Institute; National Council for Population 
and Development Kenya. Kenya Demographic and Health 
Survey 2014. 2015. Accessed April 27, 2020. https://dhspro-
gram.com/pubs/pdf/fr308/fr308.pdf

	20.	 ICF International. Demographic and Health Survey: sampling 
and household listing manual. 2012. Accessed April 27, 2020. 
https://dhsprogram.com/pubs/pdf/DHSM4/DHS6_Sampling_
Manual_Sept2012_DHSM4.pdf. Accessed April 27, 2020.

	21.	 Ahmed SF, Farheen A, Muzaffar A, Mattoo GM. Prevalence 
of diarrhoeal disease, its seasonal and age variation in under-
fives in Kashmir, India. Int J Health Sci (Qassim). 2008;2: 
126-133.

	22.	 Gao W, Liu X, Yan H. Prevalence of diarrhea among children 
less than 36 months of age in rural western China in 2001 and 
2005. Am J Trop Med Hyg. 2014;91:1197-1202.

	23.	 Walke SP, Das R, Acharya AS, Pemde HK. Incidence, pat-
tern, and severity of acute respiratory infections among 
infants and toddlers of a peri-urban area of Delhi: a 12-month 
prospective study. Int Sch Res Notices. 2014;2014:165152.

	24.	 Myint SLT, KhinThet W, Khaymar M, PhyuSin A, Aye Y. 
Estimation of acute diarrhea and acute respiratory infections 
among children under five years who lived in a peri-urban 
environment of Myanmar. OSIR J. 2016;6:13-18.

	25.	 Kinyoki DK, Manda SO, Moloney GM, et al. Modelling the 
ecological comorbidity of acute respiratory infection, diar-
rhoea and stunting among children under the age of 5 years in 
Somalia. Int Stat Rev. 2017;85:164-176.

	26.	 Brown KH. Diarrhea and malnutrition. J Nutr. 2003;133: 
328S-332S.

	27.	 Edward A, Jung Y, Chhorvann C, Ghee A, Chege J. 
Association of mother’s handwashing practices and pediatric 

https://orcid.org/0000-0001-8285-0786
https://dhsprogram.com/data/new-user-registration.cfm
https://dhsprogram.com/data/new-user-registration.cfm
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://www.usaid.gov/nutrition-strategy
https://www.usaid.gov/nutrition-strategy
https://apps.who.int/iris/bitstream/handle/10665/79200/9789241505239_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/79200/9789241505239_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/79200/9789241505239_eng.pdf?sequence=1
http://www.health.go.ke/government-scales-up-child-health-interventions-nairobi-kenya-14th-november-2018/
http://www.health.go.ke/government-scales-up-child-health-interventions-nairobi-kenya-14th-november-2018/
http://www.health.go.ke/government-scales-up-child-health-interventions-nairobi-kenya-14th-november-2018/
http://www.kenyapaediatric.org/resources/conference17/presentations/Plenary/New%20Pneumonia%20Case%20Management%20Guidelines%20-%20Dr.%20Osman%20Warfa.pdf
http://www.kenyapaediatric.org/resources/conference17/presentations/Plenary/New%20Pneumonia%20Case%20Management%20Guidelines%20-%20Dr.%20Osman%20Warfa.pdf
http://www.kenyapaediatric.org/resources/conference17/presentations/Plenary/New%20Pneumonia%20Case%20Management%20Guidelines%20-%20Dr.%20Osman%20Warfa.pdf
http://www.kenyapaediatric.org/resources/conference17/presentations/Plenary/New%20Pneumonia%20Case%20Management%20Guidelines%20-%20Dr.%20Osman%20Warfa.pdf
https://dhsprogram.com/pubs/pdf/fr308/fr308.pdf
https://dhsprogram.com/pubs/pdf/fr308/fr308.pdf
https://dhsprogram.com/pubs/pdf/DHSM4/DHS6_Sampling_Manual_Sept2012_DHSM4.pdf
https://dhsprogram.com/pubs/pdf/DHSM4/DHS6_Sampling_Manual_Sept2012_DHSM4.pdf


10	 Journal of Primary Care & Community Health ﻿

diarrhea: evidence from a multi-country study on community 
oriented interventions. J Prev Med Hyg. 2019;60:E93-E102.

	28.	 Moschovis PP, Addo-Yobo EO, Banajeh S, et al. Stunting is 
associated with poor outcomes in childhood pneumonia. Trop 
Med Int Health. 2015;20:1320-1328.

	29.	 Batiro B, Demissie T, Halala Y, Anjulo AA. Determinants of 
stunting among children aged 6-59 months at Kindo Didaye 
woreda, Wolaita Zone, Southern Ethiopia: unmatched case 
control study. PLoS One. 2017;12:e0189106.

	30.	 Demissie S, Worku A. Magnitude and factors associated with 
malnutrition in children 6-59 months of age in pastoral com-
munity of Dollo Ado district, Somali region, Ethiopia. Sci J 
Public Health. 2013;1:175-183.

	31.	 Ferdous F, Das SK, Ahmed S, et al. Severity of diarrhea and 
malnutrition among under five-year-old children in rural 
Bangladesh. Am J Trop Med Hyg. 2013;89:223-228.

	32.	 Schmidt WP, Cairncross S, Barreto ML, Clasen T, Genser B. 
Recent diarrhoeal illness and risk of lower respiratory infec-
tions in children under the age of 5 years. Int J Epidemiol. 2009; 
38:766-772.

	33.	 Moore SR, Lima NL, Soares AM, et al. Prolonged episodes 
of acute diarrhea reduce growth and increase risk of persistent 
diarrhea in children. Gastroenterology. 2010;139:1156-1164.

	34.	 Caulfield LE, de Onis M, Blössner M, Black RE. Under-
nutrition as an underlying cause of child deaths associated 
with diarrhea, pneumonia, malaria, and measles. Am J Clin 
Nutr. 2004;80:193-198.

	35.	 Tazinya AA, Halle-Ekane GE, Mbuagbaw LT, Abanda M, 
Atashili J, Obama MT. Risk factors for acute respiratory 
infections in children under five years attending the Bamenda 
Regional Hospital in Cameroon. BMC Pulm Med. 2018;18:7.

	36.	 Siziya S, Muula AS, Rudatsikira E. Correlates of diarrhoea 
among children below the age of 5 years in Sudan. Afr Health 
Sci. 2013;13:376-383.

	37.	 Mihrshahi S, Oddy WH, Peat JK, Kabir I. Association between 
infant feeding patterns and diarrhoeal and respiratory illness: 
a cohort study in Chittagong, Bangladesh. Int Breastfeeding J. 
2008;3:28.

	38.	 Adesanya OA, Chiao C. Environmental risks associated with 
symptoms of acute respiratory infection among preschool 
children in North-Western and South-Southern Nigeria 
Communities. Int J Environ Res Public Health. 2017;14:1396.

	39.	 Budhathoki SS, Bhattachan M, Yadav AK, Upadhyaya P, 
Pokharel PK. Eco-social and behavioural determinants of 
diarrhoea in under-five children of Nepal: a framework analy-
sis of the existing literature. Trop Med Health. 2016;44:7.

	40.	 Hashi A, Kumie A, Gasana J. Prevalence of diarrhoea and 
associated factors among under-five children in Jigjiga 
District, Somali Region, Eastern Ethiopia. Open J Prev Med. 
2016;6:233-246.

	41.	 Azage M, Kumie A, Worku A, Bagtzoglou AC, Anagnostou 
E. Effect of climatic variability on childhood diarrhea and its 
high risk periods in northwestern parts of Ethiopia. PLoS One. 
2017;12:e0186933.


