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Acute respiratory infection is an infection 
of the upper and lower respiratory system. 
Lower respiratory tract infections including 
pneumonia, affect the airways below the 
epiglottis specifically the lungs and are the 
cause of a high proportion of acute respiratory 
infection burden and are the fourth cause 
of death globally.1 Pneumonia is an acute 
illness of the lung alveolar air spaces that is 

diagnosed using respiratory rate (RR). Among 
patients hospitalized for respiratory system 
infections, children with pneumonia have a 
high proportion. According to 2019 UNICEF 
reports, compared to other infectious diseases, 
pneumonia which claims 2200 lives per day, 
nearly 800,000 per year, is the leading cause of 
mortality among children under five.1,2

Pneumonia, birth asphyxia, preterm birth 
complications and diarrheal diseases are the 
four major causes of mortality for under five 
children globally. Of these, Pneumonia ranked 
first cause of mortality and roughly accounts for 
18% of the deaths among children under five. 
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ABSTRACT

Background. Lower Respiratory Tract Infections including pneumonia are the fourth cause of death globally. In 
Ethiopia, pneumonia is the leading cause of death for children under five. However, so far, only a few studies 
that used longitudinal design and time dependent covariates determined the significant factors of pneumonia. 
This study sought to determine whether respiratory rate changes differed for under five-year-old pneumonia 
patients who had been receiving different treatments over time and whether the change was effected by time 
dependent and independent covariates.

Methods. A longitudinal study design involving marginal Poisson regression models and conditional Poisson 
regression models was used. After comparing the two, the final interpretation was made using a conditional 
Poisson regression model owing to its relative powerfulness.

Results. Four hundred and fifty-three under five pneumonia patients were included, of which 44.37% were 
female. It is found that, compared to rural children, urban children had an estimated mean respiratory rate 
decrease of 3%. It is also found that, compared to children whose mother practiced only exclusive breastfeeding 
in the first six months, children whose mother practiced both breastfed and complementary were more likely to 
be exposed to pneumonia. The estimated mean respiratory rate of children having asthma was 1.073 times that 
of children who had diarrhea.

Conclusions. In northwest Ethiopia, weight, residence, previous disease history, breastfeeding and temperature 
are significant factors of pneumonia among children under five. The effectiveness of treatments was dependent 
on the number of times children visited the hospital. A significant variation of baseline pneumonia status among 
under five pneumonia patient children was noted in the hospital.
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Malnourishment, AIDS, measles, malaria and 
environmental factors, such as crowded living 
conditions and exposure to indoor air pollution 
are more likely to contribute and an increased 
susceptibility to pneumonia in children.3 
While possible causes of pneumonia are many, 
bacteria and viruses are among the more 
common. Though it is commonly diagnosed 
for the elderly (age ≥ 65 years) and the very 
young (age <5 years), it is not potentially life 
threatening for adults.4

In developing countries in particular, of all 
deaths caused by acute respiratory infection 
among children aged under five years, 
pneumonia accounted for about 75% of the 
cases.2 A study conducted in East Africa 
reported that history of acute respiratory tract 
infection, wood as a fuel source, cooking food in 
the living room, being unvaccinated, exclusive 
breastfeeding, and prenatal smoking are 
independent important factors of pneumonia.5,6 
Nevertheless, although several precautions 
have been taken against pneumonia among 
under five children in Ethiopia, it remains 
the leading cause of death.7 A hospital-based 
prospective study found that the cut-off for 
breaths per minute was 50, 40 and 30 for infants 
(aged less than 12 months), children aged 12-
35 months and children aged 36-60 months, 
respectively. The study concluded the presence 
of high RR or fast breathing as an important 
indicator of pneumonia in all three age groups.2 
Moreover, pneumonia of children under five 
was associated with low paternal education, the 
number of persons in the household and young 
maternal age.8

Compared to children who did not have a 
history of diarrhea, the odds of pneumonia 
were higher among children under five who 
had a history of diarrhea during the past fifteen 
days.9 In children with non-severe pneumonia 
in Pakistan, a placebo-controlled trial of 
amoxicillin showed insignificance benefit of 
amoxicillin over placebo. The study also noted 
a variation between children of Africa and Asia 

concerning etiology and the clinical course of 
pneumonia. This study further indicated that 
the body temperature of children at baseline 
was an important factor affecting their RR.10

UNICEF Ethiopia promoted a better and 
higher-quality diagnostic aid for pneumonia 
among young children through a public and 
private partnership.11 While immunization 
and breastfeeding are among the preventive, 
administration of amoxicillin tablets and 
other antibiotics were employed as curative 
methods.7 The study also indicated that female 
rather than male children were more likely to 
acquire pneumonia, indicating that the sex of 
children was an important factor.12 However, in 
a study of children 2 to 59 months old in the Arsi 
zone, Ethiopia, male children were more likely 
to develop pneumonia as compared to female 
children.13 Another study4, which diagnosed 
asthma and pulmonary TB indicated that, 
among adults, these did not have consistent 
significance on the community’s acquisition rate 
of pneumonia. Compared to fully vaccinated 
children, unvaccinated children were more 
likely to develop pneumonia, and children 
whose parents practiced both breastfed and 
complementary fed during the previous six 
months were more likely to develop pneumonia 
as compared to children whose parents 
practiced exclusive breastfeeding.14,15

Several studies have demonstrated different 
factors that are significantly associated with 
pneumonia in children.7,10,12,13 However, to the 
best of our knowledge, none of the studies 
considered time dependent factors but only 
time independent factors. Thus, this research 
paper aimed to build new insight on how to 
estimate the effect of time varying covariate 
including non-time varying covariates using 
an appropriate statistical model. Therefore, the 
objective of this study was to determine whether 
RR changes differently for patients receiving 
different treatment over time and whether the 
change depends on time dependent and time 
independent patient characteristics. 
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Material and Methods

Four hundred and fifty-three under five 
pneumonia patients were selected randomly 
from the Felege Hiwot Referral Hospital 
(FHRH) located in Bahir Dar, Amhara Region, 
Ethiopia, using stratified random sampling by 
considering their residence as strata. The data 
was collected from September 09 to 15, 2019. 
In FHRH as well as in Ethiopia, when a patient 
with pneumonia is hospitalized, registering the 
RR on the patients’ registry card is mandatory. 
RR was measured by counting the respiratory 
chest movements, via inspection, and sometimes 
auscultation. So as to have reliable measured 
value of RR, a period of at least 30 seconds 
was allotted to account for the variability in 
measures of the breathing rate. In cases where 
the RR was difficult to detect within 30 seconds, 
data of RR over a period of 60 seconds or in two 
blocks of 30 seconds was used.2

The sample size was determined using 
single proportion formula with the following 
assumptions: estimated proportion of 
pneumonia patients 60% (= 0.60), 95% CI: (Zα/2 

= 1.96), and a 5% margin of error (d= 0.05).10,14 
Hence, the final sample involved 453 pneumonia 
patients. Based on the recommendation of 
the physician in the hospital, patients under 
five with pneumonia were included. was 
determined as greater than 50 breaths per 
minute for those < 2 months , 40 breaths per 
minute for those between 2-11 months, and 
greater than 30 breaths per minute for those 
between 1-5 years of age.2 The investigation 
didn’t include those patients whose ages were 
greater than five years and children whose ages 
were under five years but had less than six visits 
in the study period.

Variable description

The outcome variable for this study was number 
of RR per minute in pneumonia patients 
under five years of age. The explanatory 
variables were categorized into two as: (i) time 
dependent covariates (TDC) such as treatment 
type (amoxicillin, ampicillin, ceftriaxone, 

gentamicin, penicillin), vomiting status (yes, 
no), temperature and time; (ii) time independent 
covariates (TIDC) such as sex (male, female), 
weight (in kg), previous disease history (asthma, 
tuberculosis, malaria, diarrhea), immunization 
status (yes, no), weather (autumn, spring, 
summer, winter), breastfeeding (exclusive 
(B), complementary (C), and both breastfed 
and complementary fed and residence (urban, 
rural).

Poisson Regression model (GEE approach)

The generalized estimating equations (GEE) 
approach is a widely used estimation method 
for longitudinal marginal models.16,17 The 
within-subject correlations among the repeated 
measures are taken into account by using a 
working correlation structure and employing 
that structure for the parameter estimations. 
The statistical Poisson regression model is 
given by:

log(µij) = β0 + β1Xij1 + β2Xij2... + βpXijp     (1)

where, µij is the expected RR of the ith patient at 
the jth visit; i=1, 2, ..., 453 and j=1, 2, ..., 6; β0 is the 
intercept while β1,β2, ..., βp are the coefficients of 
independent variables X1,X2, ..., Xp respectively.

Conditional Poisson Regression model

GEE approach doesn’t yield reliable results for 
a longitudinal model including random effects

and time-dependent covariates. Thus, 
generalized linear mixed model (GLMM)17,18 
was applied to taking into under-consideration 
the random effects (random intercept and slops) 
and time dependent covariates, as given below 
by:

log(µij) = β0+β1X1ij +β2X2ij +...+βpXpij +β1(tij)X1ij 
+β2(tij)X2ij +....+βp(tij)Xpij +αi+bitij        (2)

where β1, β2, ..., βp are the only unknown 
coefficients of time independent covariates 
(TIDC) assumed to be constant while β1(tij), 
β2(tij), ..., βp(tij) are unknown coefficient function 
of time that indicate coefficients of TDC change 
over time besides the corresponding constant 
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coefficients β1, β2, ..., βp. Whereas, αi and bi are 
random intercept and random slope of the ith 
child assumed to be independent and normally 
distributed with mean zero and constant 
variance.

Permission to undertake the study was obtained 
from both the ethical committees of Bahir Dar 
University and Felege Hiwot Referral Hospital 
(IRB number: 01-018/02.0). The researchers 
committed to the protection of the privacy 
of patients/participants medical information. 
Accordingly, identification of patients/
participants was done only through numerical 
codes and collection of medical information 
was made based on Ethiopian Ministry of 
health legislation to which FHRH is also 
committed. The children’s parent gave written 
informed consent after having been introduced 
to the procedures, benefits and possible risks of 
participation in the study.

Results

Exploratory data analysis

Of the 453 pneumonia patients in the study, 
44.3% were female, 77.26% were immunized/
vaccinated, and 50.55% were from a rural area 
(Table I). The majority of children (70.2%) had 
no previous disease history while 13.91%, 
9.27%, 4.42% and 2.21% of the children had 
diarrhea, asthma, tuberculosis and malaria 
respectively. Most of the children (31.57%) were 
born in the summer season. The mothers of 
270 (59.6%) children practiced both breastfed 
and complementary fedthe first six months of 
life. The proportion of children who received 
ceftriaxone, penicillin, gentamicin, amoxicillin 
and ampicillin treatment were 38.41%, 36.87%, 
10.15%, 7.51% and 7.06% respectively on 
their first visit (day 1). Similarly, 297 (65.56%) 
children had persistent vomiting on their first 
visit (day 1).

For time dependent numerical variables, RR 
and temperature summary statistics were 
done for the first visit (day 1). On average, the 
temperature of under five pneumonia patients 

during their first visit was 37.8 °C (Table II).

The individual profile plot in Figure 1 shows 
the evolution of RR of each child over time 
(six consecutive days), each line representing a 
child. The profile plot suggests that in nearly all 
of the children the RR declined with an increase 
in the time (in days) of a child’s stay in the 
hospital. It also suggests the need for random 
intercepts to correct for the fact that the children 
started with different RR. Whereas, the slope 
for each profile plot of a child looks similar. The 
intermediate red line across the profile plots 
indicates the average estimated RR of a child 
which declined over time. We also indicated in 
Table III the average RR at day 1 was 58.67 and 
declined to 40.87 on day 6.

Table I. Frequency distribution of under-five children 
within levels of categorical covariates.
Variable Level Frequency(%)
Sex Female 201 (44.37)

Male 252(55.63)
Weather Autumn 143 (31.57)

Summer 119 (26.27)
Spring 80 (17.66)
Winter 111 (24.5)

Immunized No 103 (22.74)
Yes 350 (77.26)

Residence Rural 229 (50.55)
Urban 224 (49.45)
Asthma 42 (9.27)
Diarrhea 63 (13.91)

Previous disease Malaria 10 (2.21)
No 318 (70.2)
Tuberculosis 20 (4.42)
Exclusive (E) 159(35.1)

Breast feeding Complementary(C) 24 (5.3)
Both breastfed and 
complementary fed 270 (59.6)

Vomiting status No 156 (34.44)
Yes 297 (65.56)
Amoxicilline 34 (7.51)
Ampicillin 32 (7.06)

Treatment Ceftriaxone 174 (38.41)
Gentamicin 46 (10.15)
Penicillin 167 (36.87)
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In addition to trends of average RR, the 
variability of RR declined over time (9.24 
on day 1 to 6.87 on day 6) indicating that the 
RR of children in the hospital becomes more 
consistent as the number of days of staying in 
the hospital increased.

Figure 2 revealed the progress of the average 
RR of children over six consecutive days per 
treatment type. The average RR of children per 
each treatment type declined (supported from 
Fig. 1) and became close to similar. The average 
RR of children treated with Amoxicillin was the 
lowest throughout all of the days.

Fig. 1. Individual profile plot of respiratory rate of 
children over time (in days).

Table II. Summary statistics of numerical covariates of children under-five who visit FHRH.
Variable N Mean St. Dev Minimum Maximum
Respiratory rate 453 58.67 9.24 32.00 84.00
Temperature 453 37.80 1.02 32.50 40.10
Weight 453 7.83 2.91 2.00 18.00

Table III. Average and standard deviation (St.dev) of respiratory rate per day.

Statistic
Time (in days)

Day1 Day2 Day3 Day4 Day5 Day6
Average 58.67 54.72 50.67 47.19 43.97 40.87
St.dev 9.24 8.97 8.30 7.97 7.39 6.87

Fig. 2. Average respiratory rate of children per each treatment type represented as Amoxicillin, Ampicillin, 
Ceftriaxone, Gentamicin and Penicillin with red, yellow, green, blue and black color line respectively.
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The scatter matrix plot in Figure 3 indicates a 
positive correlation between RR on different 
days as there is a positive slope. The correlation 
was presented in form of a scatter plot (see the 
diagonal matrix in Fig. 3) and corresponding 
numerical expression (see the diagonal matrix 
in Fig. 3). The correlation between RR decreased 
with an increase in time (in days). The decrease 
in correlation overtime has an implication of 
autoregressive working correlation19, decline in 
the correlations with increasing separation in 
time.

Parameter estimates

The parameter estimates for the covariates in the 
study are presented in Table IV and V. Table IV 
presents the Poisson regression model obtained 
using GEE which was compared according 
to different working correlations such as 
independent GEE (IGEE), compound symmetry 
GEE (CSGEE) and autoregressive GEE (ARGEE). 
The comparison was made using QIC, and the 
minimum the QIC, the better the model.16 In 
this regard, a Poisson regression model using 
ARGEE is the best model, with QIC=440. In 
the standard Poisson regression model that 

Fig. 3. Scatter correlation matrix.
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assumes each observation is independent, all the 
variables included in the model had a significant 
association (p-value<0.05) with RR. However, 
when the correlation between measurements 
is considered, the number of variables having 
a significant association with RR decreased. 
This indicates that considering the correlation 
measurement within each child is necessary. 
However, as considering the correlation only 
may not be effective, identifying the working 
correlation is also important.

As we observed from the scatter matrix plot in 
Figure 3 and checked with the minimum QIC, the 
best working correlation of the marginal model 
is ARGEE. Characteristics of children such as 
weight, immunization, residence, previous 
disease history, number of hospital visits, 
breastfeeding, body temperature and vomiting 
status have a significant effect (p-value<0.05) on 
RR. The estimated mean RR count decreased 
by 1% (e−0.0076 = 0.99) for a unit weight increase 
by keeping other characteristics constant. The 
estimated mean RR count of children who 
were living in an urban area decreased by 3% 
(e−0.0271=0.97) meaning that children who were 
born in an urban area were less likely to have 
pneumonia. When the number of visits of 
a child to the hospital increased by one, the 
estimate RR decreased by 7% (e−0.0676 = 0.93).

Moreover, compared to children whose mothers 
practiced both breastfed and complementary 
fed, children whose mothers practiced exclusive 
breastfeeding had greater decrement RR 
(e0.0414=1.042). The estimated mean RR increased 
by 1.4% (e0.0137=1.014) for a unit increase in 
temperature. The estimated mean RR of 
children who were currently vomiting was 
1.021 (e0.0205) times of the children who weren’t 
vomiting. This indicates that the RR of vomiting 
children were greater by 2.1%.

The model includes determining the random 
effects (random intercept and random slope) 
within decomposition (within and between) of 
the time-dependent covariates (Table V). The 
conditional Poisson regression model was fitted 
by including a decomposition into ”within” 

and ”between” components of time-dependent 
covariates in Table V. In each of ”within” 
and ”between” time dependent covariates 
decomposition of the random intercept (RI) 
and random slope (RS) was presented. Once 
the parameters are estimated, the conditional 
Poisson regression model comparison was 
made using generalized χ2/DF as a fit statistic 
that incorporate over dispersion. The model 
with lower generalized χ2/DF and parsimony 
is the better15 and hence, a random intercept 
Poisson regression model (χ2/DF=0.90) that 
considers the dynamic relationship of time 
dependent covariates such as treatment, 
temperature and vomiting status is preferred. 
The model illustrates that the baseline RR of 
children differ (random intercept, σ2 = 0.015) 
while the progress of RR (random slope) of 
children over time didn’t, which matches with 
the profile plot in Figure 1.

Demographic characteristics of the children such 
as weight, residence, previous disease history, 
breastfeeding and temperature have significant 
effects on the RR. Similarly, the dynamic effect 
of treatment over time (treatment*time) also has 
a significant effect (p-value<0.05). The estimated 
mean RR of pneumonia patients decreased by 
1% (e−0.007=0.99) per a unit increase of weight (in 
Kg). Besides, compared to the estimated mean 
RR of children from rural areas, urban children 
have an estimated mean RR decreased by 3% 
(e−0.031 = 0.97). This indicates that children from 
urban areas were more likely to have a lower 
RR, and were less vulnerable to pneumonia.

Compared to the estimated mean RR of both 
breastfed and complementary fed children, 
the estimated mean RR of children receiving 
exclusive breastfeeding, was higher by 5% 
(e0.053 = 1.054). This indicating that compared 
to mothers who practice both breastfed 
and complementary fed during the first six 
months, mothers who practiced only exclusive 
breastfeeding reduced the susceptibility of 
their child from pneumonia. On the other 
hand, for a unit increase of temperature, the 
estimated mean RR increased by 2.7% (e0.027 = 
1.027). There was also a significant estimated 
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mean RR difference between children with 
and without previous diseases history of 
malaria, tuberculosis, asthma, and diarrhea. 
For instance, the estimated mean RR of children 
with asthma was 1.073 (e0.071) times that of the 
estimated mean RR of children with diarrhea.

Discussion

The main aim of this study was to describe the 
evolution of RR of pneumonia in children under 
five and to determine the effect of treatment, and 
time dependent and independent characteristics 
on RR. Two statistical model approaches were 
used: marginal Poisson regression model 
(standard and GEE approach) and conditional 
Poisson regression model (random intercept 
and slope with the decomposition of time 
dependent covariates). Model comparison 
was carried out and parameters estimated 
using the better of the two models. Both 
approaches ended up with similar results 
except that the conditional Poisson regression 
model analysis added up another information 
about the baseline RR difference and dynamic 
relationship of time dependent covariates. This 
indicates that parameter estimates that used the 
conditional Poisson regression model was more 
powerful to meet our objectives.

In general, for the six visits (day 1 to day 6) 
a decrease of RR counts was observed, this 
indicates that an increase in the number of 
days visiting the hospital from (day1 to day 
6) correlated with a decrease in the RR. The 
baseline RR had significant variability which 
is consistent with a previous study10, in which 
both infants and older children showed a 
random variation in RR over relatively short 
periods of time or inaccuracies in measurement. 
The decrease in the RR of each child was nearly 
similar. The average RR of children in each 
treatment type declined and was close to each 
other for each treatment. Ceftriaxone was the 
most commonly prescribed treatment (38.41%) 
while Ampicillin treatment was the least 
prescribed (7.06%). The distribution of urban 
and rural patients was nearly equal (50.55%, 

and 49.45% respectively). It was noted that 
most children (13.91%) had a previous disease 
history of diarrhea. Of the participants 65.56% 
had vomiting.

The place of residence of the children (rural 
or urban) and previous disease history had a 
significant effect on their RR. These findings 
are in line with a study that reported that 
prior disease history such as malaria and 
environmental factors, such as crowded living 
conditions and exposure to indoor air pollution 
may contribute to increase susceptibility to 
pneumonia.3 A study on children between 2 
to 59 months in Arsi zone, Ethiopia, reported 
that among factors associated with pneumonia, 
compared to female children, male children 
were more likely to develop pneumonia.13 
This study, however, didn’t find a significant 
RR difference in male and female children. 
Compared to children who had no previous 
disease history, children with tuberculosis and 
diarrhea had an increased susceptibility to 
pneumonia. However, in another study it was 
reported that among adults with community 
acquired pneumonia the diagnosis of asthma 
and pulmonary TB didn’t have a consistent 
significance.4 Compared to children whose 
mother practiced only exclusive breastfeeding, 
children whose mother practiced both breastfed 
and complementary fed were more likely to 
catch pneumonia especially in children who 
are in the first six months of age.14 Baseline 
body temperature of children during diagnosis 
had a significant effect on the RR of under five 
children, that comply with the finding of a study 
by Muro et al10, which reported the higher the 
temperature of the children, the higher their RR. 
The effect of treatment on RR varied within time 
in the sense that treatment effectiveness differed 
according to the number of times the children 
visited the hospital. Finally, as the weight of 
the children decreased, they were more likely 
to have a higher RR indicating that the weight 
of under five children has a significant effect on 
their RR. Therefore, this study concludes that 
weight, residence, previous disease history, 
breastfeeding and temperature were found 
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to be significant factors of pneumonia among 
children under five in northwest Ethiopia. 
The effectiveness of treatments co-varied with 
the number of times the children visited the 
hospital. A significant variation of baseline 
pneumonia status was also noted among the 
children.
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