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Abstract
The aim of this study is to examine trends from 2016 to 2019 in the incidence of hospitalizations and in-hospital mortal-
ity (IHM) of subjects < 18 years with community-acquired pneumonia (CAP), assessing possible sex differences. We used 
Spanish national hospital discharge data to select all patients < 18 years with CAP. We identified 43,511 children (53% boys) 
hospitalized with CAP. The incidence of CAP was significantly higher in boys than in girls, with an age-adjusted incidence 
rate ratio of 1.05 (95%CI 1.03–1.07) for boys compared to girls, and rose from 126 per 100,000 children in 2016 to 131 
in 2019 (p < 0.0001). There were no sex differences in isolated pathogens, comorbidities, length of hospital stay, or IHM. 
Variables independently associated with IHM were age 10 to 17 years, congenital heart disease, neurological diseases, and 
use of invasive mechanical ventilation. Asthma was a protective factor for IHM among girls.

Conclusion: The incidence of hospital admissions for CAP was higher among boys than among girls and rose significantly 
from 2016 to 2019. There were no sex differences in hospital outcomes. Age 10 to 17 years, congenital heart disease, neu-
rological diseases, and use of mechanical ventilation were risk factors for IHM in both sexes, while asthma was a protective 
factor among girls. No differences were found in IHM over time.

What is Known:
• Community-acquired pneumonia is one of the most common reasons for hospitalizations among children.
• There are few studies that allow to know the evolution of community-acquired pneumonia in children.
What is New:
• Incidence of hospital admissions for community-acquired pneumonia was higher in boys than girls and it rose significantly from 2016 to 

2019.
• Age 10 to 17 years, congenital heart disease, neurological diseases and use of mechanical ventilation were risk factors for in-hospital  

mortality in both sexes.

Keywords  Community-acquired pneumonia · Children · Hospital admissions · Incidence · In-hospital mortality · Sex 
differences

Abbreviations
95% CI	� 95% Confidence intervals
CAP	� Community-acquired pneumonia
ICD-10	� International Classification of Diseases 10th 

edition

IHM	� In-hospital mortality
IQR	� Inter-quartile range
IRR	� Incidence rate ratios
LOHS	� Length of hospital stay
OR	� Odds Ratios
PCV	� Pneumococcal conjugate vaccines
POA	� Present on Admission
SD	� Standard deviations
SNHDD	� Spanish National Hospital Database

Communicated by Gregorio Paolo Milani

 *	 Ana López‑de‑Andrés 
	 anailo04@ucm.es

Extended author information available on the last page of the article

http://orcid.org/0000-0001-5551-5181
http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-022-04478-9&domain=pdf


	 European Journal of Pediatrics

1 3

Introduction

Community-acquired pneumonia (CAP) has long been rec-
ognized as one of the most common causes of hospitaliza-
tion and a worldwide leading cause of morbidity and mortal-
ity among children [1–4].

Many pathogens are responsible for CAP in children, 
including Streptococcus pneumonia and Haemophilus influ-
enzae. Several viral pathogens have also been acknowledged 
as important pathogens for CAP, including influenza virus, 
respiratory syncytial virus, and adenoviruses [5]. In any 
case, it must be considered that conventional microbiologi-
cal studies can identify the etiology in only a limited number 
of patients [6, 7].

In recent years, pneumonia-associated mortality has 
decreased in both developing and developed countries as 
a consequence of improvements in medical care, antivi-
ral and antibacterial treatments, and the effect of vaccines 
as a preventive tool [8, 9]. In this way, the introduction of 
pneumococcal conjugate vaccines (PCV) has had a great 
impact on hospital admissions and mortality from CAP in 
both low- and high-income countries [10–13]. It is important 
to remember that pneumococcal vaccination was started in 
Spain in 2002, with PCV7 that was used until 2010. PCV10 
was introduced in 2009 and used until 2014, and PCV13 
was introduced in 2010 and is the only vaccine currently 
used [14].

Epidemiological data on children with CAP in Spain are 
scarce. Jiménez-Trujillo et al. [14] examined the Spanish 
National Hospital Database (SNHDD) from 2001 to 2014 
and showed that CAP incidence rates decreased signifi-
cantly among children < 2 years of age. At the same time, 
in-hospital mortality (IHM) fell significantly in children and 
adolescents. However, there are few studies that allow us to 
know the temporal evolution after this period [7].

In this study, we used national discharge data to (a) exam-
ine trends from 2016 to 2019 in incidence and in-hospital 
mortality of CAP subjects aged under 18 years, assessing 
possible sex differences; (b) describe and compare patient 
comorbidities, therapeutic and diagnostic procedures, and 
pathogen isolations between boys and girls; (c) identify fac-
tors independently associated with IHM after CAP for both 
sexes; and (d) compare the results for the period 2016–2019 
with those for the period 2001–2014.

Materials and methods

Study design and data source

We designed an observational, retrospective epidemio-
logical study. The data source is the SNHDD. Using the 

International Classification of Diseases 10th edition (ICD-
10), up to a maximum of 20 discharge diagnoses and 20 
diagnostic or therapeutic procedures performed during the 
hospital stay can be codified for each hospitalization [15].

Study population and study variables

We analyzed data collected by the SNHDD from January 1, 
2016, to December 31, 2019, for subjects aged ≤ 17 years.

We included those children who had a code for CAP as 
detailed in Supplementary Table 1. The codes for pneu-
monia in the ICD-10 are “J12” to “J18”. Additionally, 
the SNHDD has a present on admission (POA) indicator 
assigned for each diagnosis code. Only those pneumonia 
codes in any diagnosis position with a POA indicator of 
“Yes” were included. Those records with a POA code 
“No” or “Clinically Undetermined” or “Unknown” were 
excluded. Additionally, those children with missing data 
on age sex or length of hospital stay were not included in 
the study population. The initial number of children iden-
tified with CAP was 43,774. Those records with missing 
data for age (n = 11; < 0.1%), sex (n = 7; < 0.1%), or dura-
tion of the hospitalization (n = 245; 0.6%) were excluded 
with no imputation of missing data.

The study population was stratified by sex and age 
groups (< 2 years, 2–4 years, 5–9 years, and 10–17 years) 
as in the previous work by Jimenez Trujillo et al. [14].

The main study variables were the incidence of CAP, 
the IHM, and the length of hospital stay (LOHS). Inci-
dences were estimated using data obtained by the Spanish 
National Statistics Institute that provided the population 
samples by sex and age groups for each of the study years 
[16]. IHM is defined by the proportion of children who 
died during hospital admission in each year of study.

Study covariates included the presence of the following 
diseases and conditions, irrespective of their position on 
the diagnosis coding list: asthma, congenital heart dis-
ease, Down syndrome and other chromosome anomalies, 
neurological disease, and diabetes. Finally, we identified 
procedures (invasive mechanical ventilation, noninvasive 
mechanical ventilation, and thoracocentesis) and lab-
confirmed pathogens documented during hospitalizations 
for CAP (Streptococcus pneumoniae, influenza virus, and 
“other virus”). The ICD10 codes used for variable defini-
tions are shown in Supplementary Table 1.

Statistical analysis

To assess time trends, the incidence rates of CAP were cal-
culated per 100,000 boys and girls and according to age. A 
time trend analysis was performed using Poisson regression, 
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adjusted by age and sex when needed. Incidence rate ratios 
(IRR), with 95% confidence intervals (95% CI), were the 
measures of association calculated.

We provided a descriptive statistical analysis with total 
frequencies and proportions for qualitative variables and 
means with standard deviations (SD) or medians with inter-
quartile ranges (IQR) for quantitative variables.

The changes in proportions from 2016 to 2019 were 
analyzed with the χ2 test for linear trends, means with 
ANOVA, and medians with the Kruskal–Wallis test, as 
appropriate.

Finally, to identify variables independently associated 
with IHM, we performed three logistic regression analyses 
for boys, girls and both sexes, following the recommenda-
tions of Hosmer et al. [17]. The variables included in the 
models were those with a significant association in the uni-
variate analysis. Estimates were odds ratios (OR) with their 
95% CI.

Statistical analyses were performed using Stata version 14 
(Stata, College Station, Texas, USA). Statistical significance 
was set at p < 0.05 (2-tailed).

Ethical aspects

Since SNHDD data have no personal identifiers, this study 
was considered exempt from review by an Ethics Committee 
according to Spanish legislation.

Results

From 2016 to 2019, a total of 43,511 patients aged under 
18 years were discharged from Spanish hospitals with CAP. 
The proportion of boys was 53% (22,942). By age group, 
the youngest children (< 2 years) represented 37% of hospi-
talizations (39% for boys vs. 35% for girls). The numbers of 
boys and girls decreased with age, with the lowest figures 
for those aged 10 to 17 years.

Trends from 2016 to 2019 in the incidence of CAP

The overall incidence of CAP increased from 126 per 
100,000 children in 2016 to 131 cases per 100,000 children 

Table 1   Distribution and 
in-hospital mortality according 
to demographic characteristics, 
comorbidities, diagnostic 
and therapeutic procedures, 
isolated pathogens, and length 
of hospital stay among children 
(< 18 years) discharged with 
community-acquired pneumonia 
in Spain from 2016 to 2019

IHM in-hospital mortality, SD standard deviation, IQR inter quartile range

Distribution IHM

Sex Boys 22,942 (53) 73 (0.3)
Girls 20,569 (47) 75 (0.4)

Age groups < 2 years, n (%) 48 (0.3) 48 (0.3)
2–4 years, n (%) 22 (0.2) 22 (0.2)
5–9 years, n (%) 22 (0.3) 22 (0.28)
10–17 years, n (%) 56 (1.2) 56 (1.2)

Age, mean(SD) 3.75 (3) 7.01 (6)
Asthma, n (%) 2463 (5.7) 3 (0.1)
Congenital heart disease, n (%) 780 (1.8) 11 (1.4)
Down syndrome and other chromosome anomalies, n (%) 914 (2.1) 5 (0.6)
Neurological disease, n (%) 1454 (3.3) 61 (4.2)
Diabetes, n (%) 66 (0.2) 1 (1.5)
Invasive mechanical ventilation, n (%) 648 (1.5) 59 (9.1)
Non-invasive mechanical ventilation, n (%) 1410 (3.2) 37 (2.6)
Thoracocentesis, n (%) 946 (2.2) 9 (1)
S. pneumoniae, n (%) 1537 (3.5) 6 (0.4)
Influenza virus, n (%) 2098 (4.8) 9 (0.4)
Other virus, n (%) 5223 (12) 20 (0.4)
Length of hospital stay, median (IQR) 4 (3) 4 (10.5)
2016, n (%) 10,427 (24) 44 (0.4)
2017, n (%) 9991 (23) 35 (0.4)
2018, n (%) 11,735 (27) 31 (0.3)
2019, n (%) 11,358 (26.1) 38 (0.3)
Total, n (%) 43,511 (100) 148 (0.3)
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in 2019 (p < 0.001). Over the entire period, the incidence 
was highest among children < 2 years of age (508 cases per 
100,000 children), decreasing with increasing age to only 31 
cases per 100,000 children among those aged 10–17 years. 
In all the years analyzed and for all age groups, incidences 
were significantly higher in boys than in girls and rose signif-
icantly from 2016 to 2019 (Fig. 1). Overall, the age-adjusted 

incidence rate ratio was 1.05 (95% CI 1.03–1.07) for boys 
compared to girls.

Sex differences in hospital discharges with CAP

Table  1 shows the characteristics, comorbidities, diag-
nostic and therapeutic procedures, isolated pathogens, 
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Fig. 1   Incidence of hospital discharges among children with community-acquired pneumonia in Spain from 2016 to 2019 according to sex and 
age group. a Children under 2 years. b Children aged 2 to 4 years. c Children aged 5 to 9 years. d Children aged 10 to 17 years
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and in-hospital outcomes among children (< 18 years). 
Boys were slightly but not significantly younger than girls 
(3.7 years vs. 3.8 years; p = 0.084) as can be seen in Sup-
plementary Table 1.

The most prevalent chronic condition was asthma, followed 
by neurological disease, Down syndrome, and other chromo-
some anomalies and congenital heart disease, with no differ-
ences by sex. Diabetes appeared in under 0.4% of children.

Non-invasive mechanical ventilation was used twice 
as frequently (3.2%) than invasive mechanical ventilation 
(1.5%), without any sex differences.

Thoracocentesis was conducted in 2.2% of children.
Of the pathogens analyzed, the most isolated were other 

viruses (≈ 12%), followed by influenza virus (≈ 4.8%) and 
S. pneumoniae (≈ 3.5%), and no sex differences were found.

Regarding hospital outcomes, the median LOHS was the 
same (4 days) for both sexes, and the IHM rates were similar 
(p = 0.406) for boys, 0.3%, and girls, 0.4% (Supplementary 
Table 2).

Factors associated with in‑hospital mortality 
among children with CAP

The IHM rates among children with CAP in Spain from 
2016 to 2019 according to sociodemographic and clinical 
characteristics and year are shown in Table 1. The children 
aged < 2 years showed an IHM of 0.3%, decreasing in the 
2–4 years (0.2%) and 5–9 years age groups and increasing 
up to 1.2% in those aged 10 to 17 years.

Children with neurological diseases had the highest IHM 
rates (4.2%), followed by children with congenital heart dis-
ease (1.4%). However, children with asthma had low IHM 
rates (0.1%).

Among the procedures studied, receiving invasive 
mechanical ventilation was associated with very high IHM 
rates of 9.1%.

Receiving non-invasive mechanical ventilation and thora-
cocentesis also increased the IHM.

The IHM among those with S. pneumoniae (0.4%), influ-
enza virus (0.4%), and “other virus” (0.4%) isolations did 
not differ according to sex.

From 2016 (0.4%) to 2019 (0.3%), the IHM decreased 
slightly but not significantly (p = 0.23). As can be seen in 
Supplementary Table 3, no significant differences were 
found in the IHM according to sex for any of the study 
variables.

The results of the multivariable analysis to identify 
study variables independently associated with IHM are 
shown in Table 2. Boys (OR 2.76; 95% CI 1.45–5.27) and 
girls (OR 1.66; 95% CI 1.07–3.65) aged 10 to 17 years had 
a significantly higher probability of dying in the hospital 
when compared with the under 2 years’ age group.

After logistic regression, suffering asthma showed a 
protective effect for IHM only among girls, while suffer-
ing congenital heart disease or neurological diseases mul-
tiplied the risk of dying in the hospital by 3 to 4 times and 
by over 8 times, respectively, in both sexes.

The need for invasive mechanical ventilation was 
associated with a high risk of IHM among boys (OR 
14.43; 95% CI 8.43–24.69) and girls (OR 18.89; 95% CI 
10.99–32.49).

Comparison of the results from 2016 to 2019 
with those obtained from 2001 to 2014

In the period 2012–2014, a total of 16,895 boys and 
14,847 girls were discharged with a primary diagnosis 
of CAP [14]; the equivalent figures for the 3-year period 
2017–2019 were 13,630 boys and 12,283 girls.

When incidences were compared from 2014 to 2019, 
significant decreases were found for boys (140 per 100.000 
boys to 111 per 100.000 boys; p < 0.001) and for girls (129 

Table 2   Multivariable analysis of the factors associated with in hospital mortality among boys and girls hospitalized with community-acquired 
pneumonia in Spain from 2016 to 2019

Calculated using multivariable logistic regression models to identify those variables independently associated to IHM
IHM In-hospital mortality, OR odds ratio, CI confidence interval, NS not significant

Boys Girls Both sexes
OR CI 95% OR CI 95% OR CI 95%

Age groups  < 2 years Reference Reference Reference
2–4 years 0.4 (0.17–0.9) 0.49(0.25–0.95) 0.46(0.28–0.77)
5–9 years 0.9(0.43–1.89) 0.52 (0.24–1.13) 0.71 (0.41–1.2)
10–17 years 2.76 (1.45–5.27) 166 (1.07–3.65) 1.99 (1.25–3.15)

Asthma NS 0.28 (0.04–0.94) 0.35 (0.11–0.96)
Congenital heart disease 4.27 (1.11–8.99) 3.12 (1.72–7.23) 3.78 (2.07–7.75)
Neurological diseases 8.32 (3.46–13.8) 8.57 (3.13–12.43) 8.93 (4.4–11.17)
Invasive mechanical ventilation 14.43 (8.43–24.69) 18.89 (10.99–32.49) 16.22 (11.09–23.73)
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per 100.000 girls to 103 per 100.000 girls; p < 0.001). The 
incidences obtained in 2019 were lower than those reported 
for 2014 for all age groups and both sexes [14].

A diagnosis of S. pneumoniae was codified in 5.8% of 
children in the year 2012–2014, decreasing significantly to 
3.8% for the period 2017–2019 (p < 0.001) [14].

The IHM for the period 2012–2014 was 0.3%, similar to 
the IHM of 0.3% for the period 2017–2019 (p = 0.176) [14].

Discussion

Our study demonstrated that the incidence of hospital 
admissions for CAP was higher in boys than in girls and 
rose significantly from 2016 to 2019. Despite the fact that 
knowledge of sex differences in the incidence of pneumonia 
is important to establish preventive strategies, few studies 
have examined this relationship [18]. Similarly, Wiese et al. 
[19] reported that the rates of pneumonia hospitalizations for 
boys were consistently higher than those for girls, but only 
for those < 2 years. In contrast, Naheed et al. [20] demon-
strated that girls have more severe pneumonia at the time of 
admission, and the risk of a fatal outcome is higher in them. 
Possible mechanisms that may explain these findings, among 
older children, include hormonal effects [21, 22]. However, 
the increase in the incidence of pediatric CAP hospitaliza-
tions contrasts with the decline reported by other authors in 
preceding years after the introduction of the PCV vaccine 
[3, 14, 23, 24] and could reflect changes in the ICD coding 
system over time or simply the use of less restrictive admis-
sion criteria for CAP in the most recent period.

Pneumonia in children with comorbidities is common 
[25]. Many investigators have described an association 
between asthma and an increased incidence of invasive 
pneumococcal disease, but the underlying mechanisms are 
uncertain [26–29].

Children with neurological diseases often have an 
increased risk of pneumonia due to respiratory muscle weak-
ness, lack of central drive, or impaired swallowing [30].

Our study revealed that factors associated with IHM in 
both sexes were age 10 to 17 years, congenital heart disease, 
neurological diseases, and use of invasive mechanical ven-
tilation. The reason for a greater IHM in older children may 
be associated with the evolution of concomitant diseases, 
as previously suggested by other groups [14]. In addition, 
patients with congenital heart disease are at elevated risk 
of pneumonia hospitalizations and pneumonia-associated 
mortality, with the risk further elevated in those with severe 
affectation and extra-cardiac defects [31]. The presence of 
neurological diseases is also a risk factor for death during 
admission for CAP. Millman et al. recently reported that 
children with neurologic disorders hospitalized with CAP 

were more likely to be admitted to the intensive care units 
than those without neurological diseases [32]. Finally, it is 
likely that the need for assisted ventilation indicates sever-
ity, having previously been identified as an independent risk 
factor for mortality in children admitted with pneumonia 
[33, 34].

Interestingly, asthma was a protective factor for IHM 
among girls, in line with previous studies in patients with 
other respiratory infections [35]. However, it cannot be ruled 
out that asthmatic children are admitted to the hospital with 
less severe infections, resulting in an apparent protective 
effect [14].

The analysis of the temporal trends of the incidence of 
hospitalizations between 2014 and 2019, using only CAP 
as the primary diagnosis, suggests that it is decreasing in 
both sexes and in all age groups, although the IHM does not 
change. The reduction in incidence may be related to the 
decrease observed in the isolation of S. pneumoniae over 
time, which may in part be due to the increase in pneumo-
coccal vaccination coverage as described in other countries 
[36–38]. Regarding IHM, one possible reason why reduc-
tions were not found is because childhood pneumonia mor-
tality had already been steadily decreasing in children and 
adolescents in Spain after PCV introduction until 2014 [14]. 
Another possibility is that it is being encoded differently 
following the move from ICD9 to ICD10, which occurred 
in Spain in January 2016. However, Smithee et al. [39] have 
recently shown that the ICD-10-CM algorithm derived from 
a validated ICD-9-CM algorithm should not introduce sub-
stantial bias for evaluating pneumonia trends in children.

The most frequent primary diagnosis when CAP appeared 
as a secondary diagnosis was influenza followed by acute 
bronchiolitis. These findings were consistent with those pre-
viously reported in the literature [40, 41].

There are several limitations that should be consid-
ered. The most important limitation is the use of ICD-10 
codes to retrospectively identify patients with pneumonia, 
which could be subject to misclassification. In fact, there 
is a large overlap in the clinical characteristics of CAP, 
bronchiolitis, and sometimes even asthma. This was also 
found in our study, as shown in Supplementary Table 4. 
When CAP was a secondary diagnosis, the second most 
common primary diagnosis was bronchiolitis. However, 
previous investigations have found that the ICD coding of 
CAP has a specificity higher than 80% and a sensitivity 
below 70% when medical records are used as a reference 
[42–46]. The lack of sensitivity means that CAP diagnosis 
using ICD-based administrative data may underestimate 
the incidence. However, the very high specificity indicates 
very few false-positives; thus, most children with a code 
for CAP truly have this disease [42–46]. Second, as we 
used an administrative database, we did not have enough 
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clinical data to adequately assess the severity of pneumo-
nia, nor did we have information on the pharmacological 
treatment received. Third, we did not evaluate changes in 
medical practice, access to health care or, more impor-
tantly, changes in the use of diagnosis codes.

Finally, in the SNHDD, it is not possible to identify those 
children according to the migrant status. Therefore, we can-
not assess if this variable affects the trend of pneumonia 
severity. However, according to the Spanish National Sta-
tistics Institute, the proportion of migrants among children 
aged 0 to 17 years in Spain has remained stable from 2016 
to 2019 (9.76% in 2016, 9.58% in 2017, 9.84% in 2018 and 
10.39% in 2019) [16]. So, in our opinion, the possible effect 
of the migrant status on the severity of pneumonia, if it 
exists, would be of small magnitude.

Despite these limitations, the strengths of our study lie 
in its large nationally representative population and the use 
of a standardized methodology, which reduces the chance 
of selection bias.

In conclusion, we observed that the incidence of hospital 
admissions for CAP was higher in boys than in girls and rose 
significantly from 2016 to 2019. There were no sex differ-
ences in hospital outcomes. Age 10 to 17 years, congenital 
heart disease, neurological diseases, and use of mechanical 
ventilation were risk factors for IHM in both sexes, while 
asthma was a protective factor among girls.
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