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Diarrhea and pneumonia are leading killers of the world’s youngest children. The toll is highly 
concentrated in the most disadvantaged children from 15 high-burden countries. The present research 
reports the factors associated with the comorbidity of the two killer diseases in the context of the 
Democratic Republic of the Congo (DRC), one of the 15 countries suffering the most from the blights. 
This analysis of data from a cross-sectional household survey found an association between child’s 
comorbid diarrhea and pneumonia and the indicators of child’s age, unimproved sanitation facilities, 
unsafe or indiscriminate disposal of children’s feces, malnutrition and parents’ education. It was 
concluded that improved child’s environment and safe hygiene practice protect against a co-
occurrence of the two conditions in rural DRC. 
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INTRODUCTION 
 
Diarrhea and pneumonia remain the leading infectious 
causes of death in children younger than 5 years. These 
two common, yet largely preventable diseases were 
responsible for nearly one in every four under-5 deaths in 
2016 (WHO and Maternal and Child Epidemiology 
Estimation Group, 2018a, b). Nearly 70% of mortality 
from diarrhea and from pneumonia is concentrated in 15 
high-burden countries-including the Democratic Republic 
of the Congo (DRC), where around 82,000 children died 
of diarrhea or pneumonia in 2016 (IVAC, 2018). Given 
that comorbidity carries more risk on child mortality (Fenn 
et al., 2005), knowledge of the factors associated to the 
co-occurrence  of   the   two  conditions  can  help  in  the 

targeting of programmes designed to reduce mortality. 
This paper reports a number of variables associated with 
the prevalence of comorbid diarrhea and pneumonia 
among children aged 2-59 months in rural DRC.  
 
 
MATERIALS AND METHODS 
 
Data 
 
The data for this research are drawn from the second Demographic 
and Health Survey (DHS), a nationally representative survey which 
took place from November 2013 to February 2014 under the 
acronym of DRC-DHS II. 
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Outcome variable 

 
Children were classified into four mutually exclusive categories as 
having experienced no diarrhea or pneumonia, diarrhea alone, 
pneumonia alone, and both diarrhea and pneumonia during the 14-
day time span preceding the survey. 

 
1. Pneumonia: Mothers reported whether their children had suffered 
from cough during the two weeks preceding the survey, and if so, if 
it had been accompanied by short, rapid breathing. “Pneumonia” 
was generated as a composite variable using the information on 
cough and difficulty in breathing according to the World Health 
Organization (WHO) definition of Pneumonia: Age 2-59 months with 
cough or difficult breathing and fast breathing and/or chest in-
drawing (World Health Organisation, 2014). 
2. Diarrhea: During the survey, mothers were asked if their children 
had diarrhea in the two weeks preceding the survey. 

 
 
Data analysis 

 
Data were analyzed using R (R Core Team, 2018). 

 
A multinomial logistic regression of the four-category outcome 
variable defined above was fitted on the factors of interest taking 
“no diarrhea or pneumonia” as reference category for the 
dependent variable. As several of the factors we studied are related 
to each other at varying levels, we entered all of the independent 
variables into the models in order to identify those that contribute 
independently to the occurrence of diarrhea alone, pneumonia 
alone and their comorbidity. The antilogarithms of the estimates 
from the model were calculated to obtain the respective odds ratios 
(OR) and their 95% confidence intervals (95% CI). We limited the 
analysis to a complete dataset, where only records with valid values 
in all the variables of interest were retained and included in the 
analyses. 

 
 
RESULTS 
 
The dataset used included 12019 children aged 2-59 
months. The characteristics of the household in which the 
children lived are summarized in Table 1 restricted to 
5651 (47%) children with valid data on age, sex and 
weight-for-age anthropometric status. The characteristics 
include child’s gender almost equally distributed (50% of 
boys and 50% of girls), child’s age, mother’s age (56% 
less than 30 years old), the gender of the household 
head (21% of households were female led), and weight-
for-age Z-scores (26% were malnourished children with Z 
< -2SD). Children with and without data on weight-for-age 
Z-scores did not differ either in the household 
characteristics or diarrhea and pneumonia prevalence. 

The outcome variables analyzed are presented in 
Table 2. Diarrhea was present in 16.5% and pneumonia 
in 12.9% of children, but only 12.6% experienced 
diarrhea alone, and 9.0% pneumonia alone. The 14-day 
comorbidity of the two conditions was reported for 3.9% 
of children. This observed proportion of comorbid children 
exceeds 2.1 % that would have been expected by chance 
given the prevalence of the two conditions. The  expected 

 
 
 
 
comorbidity represents the prevalence of both diseases 
co-occurring by chance alone in the absence of any 
association between the two conditions. In other terms, it 
is the probability of the occurrence of two independent 
events obtained by the product of their individual 
probabilities (the prevalence of each of the conditions). 
The prevalence of the two conditions by child’s age, the 
observed comorbidity and the expected comorbidity are 
shown in Table 3. The observed comorbidity was higher 
than the expected comorbidity. Figure 1 shows this 
relationship across the age groups. 
 
 

Model results 
 

The results from the model are shown in Table 4 for the 
diarrhea alone and pneumonia alone as compared to no 
diarrhea/no pneumonia and derived from the multinomial 
logistic regression and in Figure 2 for the comorbidity of 
the two conditions. Mother’s age, categorized as >= 30 
years vs. <30 years, was the only factor statistically 
associated to both diarrhea (OR=0.77; 95% CI: 0.61 to 
0.96) and pneumonia (OR=0.77; 95% CI: 0.60 to 0.99). 
However it did not make it into the list of factors 
statistically associated to the comorbidity of the two 
conditions. 

Child’s age and sex: In terms of the comorbidity, the 
prevalence defined as experience of both conditions 
during the two weeks preceding the interview appeared 
to be impacted by the child’s age but not his/her gender. 
Using the youngest age group (2-5 months) as a 
reference, the risk peaked in children aged 12-23 months 
with nearly 4-fold increase (OR=3.52; 95% CI=1.94 to 
6.38). A slightly lower odds ratio was observed in children 
aged 6-11 months (OR=2.55; 95% CI=1.35 to 4.84).  The 
risk of comorbid diarrhea and pneumonia decreased 
constantly for older children. 

Weight-for-age Z-score: Co-occurrence of the two 
conditions was lower in children with weight-for-age Z-
scores greater or equal to -2 standard deviation (SD) 
compared to the malnourished with scores less than -2 
SD (OR=0.6; 95% CI: 0.44 to 0.82). Improved sanitation 
was defined as toilet facility with one of the following 
characteristics: connection to a public sewer, connection 
to a septic system, pour-flush latrine, simple pit latrine 
with a slab, or ventilated, improved pit or composting 
toilet. This variable was associated to the 14-day 
comorbidity (improved/unimproved OR= 0.63; 95% CI: 
0.45 to 0.90). 

Disposal of child feces: Mothers were asked where 
they disposed of their children’s stools when they do not 
use any toilet facility. Disposal of child’s feces was 
considered as safe if the child used the toilet or latrine or 
if the excreta were put or rinsed into toilet or latrine. Safe 
fecal disposal showed a statistically significant 
association with the 14-day comorbidity (OR: 0.73; 95% 
CI: 0.55 to 0.98). 
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Table 1. Physical and socioeconomic characteristics of the households where the child lives. 
 

Characteristics N  Categories n (%) 

Child sex 5651  Female 2839 (50) 

Child’s Age (months) 5651 

 2 to 5 540 (10) 

 6 to 11 665 (12) 

 12 to 23 1151 (20) 

 24 to 35 1119 (20) 

 36 to 47 1141 (20) 

 48 to 59 1035 (18) 
     

Wealth index Quintile 5651 

 Poorest 1936 (34) 

 Poorer 1690 (30) 

 Middle 1379 (24) 

 Richer/Richest 646 (11) 
     

Household size 5651  7 or more 2659 (47) 
     

Mother’s Education 5651 

 None 1583 (27) 

 Primary 2820 (50) 

 Secondary + 1248 (22) 
     

Father's Education 5443 

 None 632 (12) 

 Primary 1661 (31) 

 Secondary + 3150 (58) 
     

Mother's parity 5651  >=5 2559 (45) 

Mother's age 5651  >= 30 yrs 2508 (44) 

Household head 5651  Female 1185 (21) 

     

No. of Children under 5 5651 

 <2 1073 (19) 

 2 2667 (47) 

 >2 1911 (34) 

     

Main floor 5649  Improved 122 (2) 

Main wall 5651  Improved 471 (8) 

Main roof 5651  Improved 702 (12) 

Water treated 5651  Yes 52 (1) 

Drinking water 5650  Improved 2246 (40) 

Cooking fuel 5650  Improved 0 (0) 

Sanitation 5651  Improved 1762 (31) 

Faecal disposal 5637  Safe 3329 (59) 

Weight-for-age Z-score 5651  >= -2 4170 (74) 

Separate room as kitchen 5651  Yes 954 (17) 

Hand washing water 5645  Yes 123 (2) 
 
 
 

Parents’ education: Comorbidity was associated with 
father’s education but not mother’s. Children of fathers 
with primary education were less exposed to comorbidity 
compared to those from fathers with no education (OR 
=0.64; 95%CI: 0.42 to 1:00). Similarly children of fathers 
educated to secondary level and above experienced less 
comorbidity   of   the  two  conditions  (OR= 0.68;  95%CI: 

0.44 to 1.04). 
Household wealth Index: Children from the wealthiest 

household experienced less comorbidity compared to the 
lowest wealth index quintile (OR=0.45; 95% CI: 0.21 to 
0.95). Type of dwelling:  Of the three indices of housing 
quality examined (main material of wall, floor and roof), 
only the type of roof  suggested  an  association  with  the
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Table 2. Prevalence of diarrhea, pneumonia and their comorbidity. 
 

Characteristics N Category n (%) 

Comorbidity 5631 

None 4193 (74.45) 

Diarrhea alone 712 (12.64) 

Pneumonia alone 508 (  9.02) 

Comorbidity 218 (  3.87) 

    

Diarrhea in last 2 weeks 5636 
No 4706 (83.50) 

Yes 930 (16.50) 

    

Pneumonia in last 2 weeks  5631 
No 4905 (87.11) 

Yes 726 (12.89) 

 
 
 
Table 3. Observed and Expected comorbidity by age (%). 
 

Age (months) Diarrhea Pneumonia Observed comorbidity Expected comorbidity
i
 

6 -11 24.8 10.8 7.7 2.7 

12-23 28.0 12.2 10.1 3.4 

24-35 17.1 11.2 5.5 1.9 

36-47 9.2 8.5 2.0 0.8 

48-59 8.1 7.7 2.0 0.6 

Age adjusted
ii
 16.6 10.6 5.1 1.8 

 
 
 

 
 

Figure 1. Prevalence of diarrhea,  pneumonia and their co-morbidity by age. 
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Table 4. Odds ratios and 95% confidence intervals from the multinomial logistic regression model of diarrhea alone and pneumonia 
compared to no diarrhea and no pneumonia. 

 

Predictors 
Diarrhea alone Pneumonia alone 

Odds ratios CI p Odds ratios CI p 

Child's sex: Female 0.93 0.79 - 1.11 0.434 1.05 0.87 – 1.27 0.613 

Child's age (months)              

6-11 2.46 1.70 - 3.55 <0.001 0.75 0.50 - 1.11 0.152 

12-23 3.07 2.17 - 4.33 <0.001 0.96 0.68 - 1.36 0.836 

24-35 1.51 1.05 - 2.16 0.025 0.86 0.61 - 1.21 0.374 

36-47 0.76 0.52 - 1.11 0.157 0.65 0.46 - 0.92 0.016 

48-59 0.63 0.42 - 0.95 0.027 0.59 0.41 - 0.86 0.006 

Mother's age: ≥ 30 years 0.76 0.61 - 0.95 0.015 0.77 0.60 - 0.99 0.039 

Weight-for-age Z-score : ≥-2 0.72 0.60 - 0.87 0.001 1.12 0.89 - 1.40 0.34 

Household head: Female 0.94 0.76 - 1.17 0.591 0.83 0.64 - 1.08 0.163 

Wealth index quintile: Poorer 0.88 0.71 - 1.09 0.254 0.89 0.70 - 1.14 0.36 

Middle 1.01 0.80 - 1.29 0.906 0.96 0.73 - 1.25 0.757 

Richer/Richest 0.85 0.55 - 1.32 0.467 0.6 0.36 - 1.00 0.05 

Mother's education       

Primary 1.14 0.93 - 1.40 0.209 1.07 0.85 - 1.35 0.578 

Secondary + 0.88 0.67 - 1.16 0.361 0.95 0.70 - 1.28 0.718 

Father's education       

Primary 0.97 0.72 - 1.32 0.859 1.25 0.89 - 1.75 0.196 

Secondary + 1.11 0.83 - 1.48 0.5 1.08 0.77 - 1.51 0.666 

Water source: Improved 1.04 0.87 - 1.24 0.645 1.09 0.89 - 1.32 0.419 

Sanitation: Improved 0.87 0.72 - 1.05 0.144 0.85 0.68 - 1.05 0.135 

Faecal disposal: Safe 0.66 0.56 - 0.79 <0.001 0.91 0.75 - 1.11 0.345 

Household size: >= 7 0.9 0.73 - 1.11 0.33 1.13 0.89 - 1.43 0.329 

Main floor: Improved 1.62 0.89 - 2.98 0.117 0.92 0.37 - 2.30 0.854 

Wall: Improved 0.82 0.58 - 1.17 0.278 0.66 0.42 - 1.04 0.073 

Roof: Improved: 1.13 0.78 - 1.63 0.526 1.34 0.89 - 2.01 0.162 

Mother’s parity: ≥5 1.31 1.04 - 1.66 0.024 1.12 0.86 - 1.47 0.404 

No. of children under 5:        

2 0.91 0.72 - 1.14 0.413 0.85 0.65 - 1.10 0.205 

>2 0.93 0.72 - 1.20 0.567 0.83 0.62 - 1.11 0.209 

Hand washing water: Yes 1.37 0.78 - 2.42 0.271 1.84 1.06 - 3.20 0.032 

Observations 4727 4741 
 
 
 

comorbidity.  
However, this was in a way that seems counterintuitive. 

Improved roofing had more than double comorbidity 
compared to non-improved roofing (OR=2.57; 95% CI: 
1.45 to 4.54). 
 
 
DISCUSSION 
 
Our results from the community survey add significantly 
to works reported on co-morbidity and clinical overlap 
between diarrhea and pneumonia (Fischer-Walker and 
Black, 2009; Mulholland, 2005; Fischer-Walker et al., 
2013; Chisti et al.,  2008,  2011).  Given  that  comorbidity 

carries more risk on child mortality (Fenn et al., 2005; 
Fischer-Walker et al., 2013) our findings could be handy 
in the fight against child mortality. From these analyses 
comorbid diarrhea and pneumonia is more than would 
have been expected by chance. While being age-
dependent, it peaks at ages between 12 and 23 and is 
high but slightly lower for the group of children aged 
between 6 and 11 months. 

Other factors statistically associated to comorbid 
diarrhea and pneumonia included malnutrition, parents’ 
education, unsafe fecal disposal and unimproved 
sanitation. Reduction of the burden of acute and chronic 
malnutrition can have a substantial impact on child 
morbidity and mortality from diarrhea  (Rice  et  al.,  2000;
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Figure 2. Odds ratios and 95% confidence intervals from the multinomial logistic regression model. 

 
 
 

Caulfield et al., 2004) and pneumonia (Fonseca et al., 
1996). Finding an association between this factor and the 
14-day occurrence of the two conditions is particularly 
important. 

We found increased risks of comorbidity for unsafe 
disposal of feces and its associated factor namely the 
quality of the household’s sanitation facility. The safe 
disposal of children’s feces has been identified as critical 
for children’s health, and several studies have reported 
the effects of poor sanitation on childhood diarrhea in 
sub-Saharan Africa and elsewhere (Clasen et al., 2010; 
Bhutta et al., 2013; Cairncross et al., 2010; Jinadu et al., 
2004; Tumwine et al., 2002; Manun'Ebo et al., 1994; 
Bauza et al., 2019; Messou et al., 1995; Oyejide et al., 
1994; Pokhrel and Viraraghavan, 2004; Traoré et al., 
1994; Schmidt et al., 2011; Cronin et al., 2016). 
Sanitation prevents contamination of the environment by 
excreta and therefore imposes a barrier to the 
transmission of pathogens coming from feces of an 
infected person (Brown et al., 2013). On the other hand, if 
feces are not properly disposed, they remain a source of 
contamination in the environment. Due to limited use of 
potties and diapers in most households in rural settings 
where young children are often allowed to defecate in the 
yard or land surrounding the household, a lower risk of 
diarrheal disease has been associated with safe disposal 
(Yeager et al., 1999). But finding this practice as related 
to lower risk of comorbidity could have implications in the 
targeting of policies designed to reduce child’s mortality. 

At the exception of the child’s age, none of the factors 
associated to the comorbidity was identified as risk factor 
shared between the two conditions. This echoes findings 
from elsewhere. In a study of risk factors of diarrhea and 
Acute Respiratory Infection (ARI), Siziya et al. (2009) 
found no shared factors except child’s age. Our findings 
linking malnutrition, unimproved sanitation facility and 
unsafe excreta disposal to the co-occurrence of 
childhood diarrhea and pneumonia seem not to support 
the suggestion that diarrhea and pneumonia occurring in 
the same individual at the same time could be caused by 
risk factors the two conditions share (Kahabuka et al., 
2012). The above associations to comorbidity known for 
diarrhea suggest that the co-occurrence of the two 
conditions is perhaps influenced by the occurrence of 
diarrhea with a particular level of severity. It is unlikely 
that there is any shared risk factor playing a leading role. 
We believe that the co-occurrence of the two conditions 
is mediated through a weakened immune system or a 
loss of protective nutrients; we found malnourished 
children to be at great risk of co-occurring diarrhea and 
pneumonia. 

In addition, the three factors linked strongly to diarrhea 
as documented in the literature and not as much to 
pneumonia would suggest rather that comorbidity could 
be a reflection of diarrhea leading to pneumonia. This 
tends to support findings reported elsewhere among 
young children in low-income settings and in the case of 
concomitant  infection   with   diarrhea   and   pneumonia 



  

 

 

  
 

 

 
 
 
 
(Fischer-Walker et al., 2013; Chisti et al., 2008; Schmidt 
et al., 2009). 

A finding of an improved type of roofing associated to 
higher prevalence of comorbidity is surprising. We would 
not speculate on possible explanations because it could 
be a chance effect. Manun'Ebo et al. (1994) reported 
similar unexpected results with diarrheal incidence and 
duration associated to the walling of the house in the 
wrong direction. 

We carried out a second hand analysis of the data 
previously reported by the national DHS project team; 
this has some limitations as the data wouldn't fit exactly 
what we intended to do. The survey data may not be the 
most appropriate source of data for the study of this 
question, but this representative dataset covering the 
entire country allows comparison to other countries and 
regions of the world. We recognize the inability of a 14-
day recall dataset to ascertain the simultaneous 
occurrence of the two conditions, or the order in which 
they occur in children. A longitudinal study mapping the 
days during which the conditions occur would be 
necessary to answer that question. 
 
 

Conclusion 
 

Child’s age, malnutrition, unsafe disposal of human 
feces, unimproved sanitation facility, father’s lack of 
education (not mother’s) emerged from the present study 
as factors associated to comorbid diarrhea and 
pneumonia in children under 5 years of age in rural DRC. 
The appearance of fecal disposal and related sanitation 
quality as factors associated to comorbid diarrhea and 
pneumonia in rural area is a significant finding. 

Despite the limitation of the cross-sectional data source 
to ascertain whether any of the conditions leads to one 
another, the results presented here do bring some light in 
this area. Further studies using calendar records on the 
occurrence of each of the diseases over a period of 14 to 
28 days would usefully qualify whether diarrhea leads to 
pneumonia in the comorbidity with these two conditions. 
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