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ABSTRACT: Most studies on determinants of community-acquired pneumonia (CAP) in primary

care have focused primarily on the elderly. Using a case–control study in four Dutch healthcare

centres, determinants of CAP among children and young adults were identified.

Cases included 156 young adults (aged 16–40 yrs) and 107 children (aged 0–15 yrs) diagnosed

with CAP during 1999–2008. For each case, three controls were selected from the same age

group. Separate logistic regression analyses were used to identify determinants in young adults

and children.

Lower age, asthma and previous upper respiratory tract infections (URTIs) were independently

associated with CAP in children. Increasing age, asthma, three or more children at home, current

smoking and three or more previous URTIs were independent determinants of CAP in young adults.

The present study has three remarkable findings: 1) increasing age was an independent

determinant of CAP in young adults; 2) having young children increased the risk of the

development of CAP in young adults; and 3) the number of previous URTIs was independently

associated with CAP in both children and young adults, possibly due to higher infection

susceptibility. Further studies are required in order to better understand the aetiology of CAP and

permit better diagnosis and treatment of this serious condition.
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C
ommunity-acquired pneumonia (CAP) is
a common diagnosis and a leading cause
of mortality in children and young adults.

Its annual incidence is 36 per 1,000 population in
children aged ,5 yrs and 1–8 per 1,000 population
in adults aged 15–44 yrs [1–3]. Pneumonia
accounts for approximately a fifth of deaths that
occur among children aged ,5 yrs [4].

Identifying risk factors is important for improv-
ing insight into the aetiology of pneumonia and
permitting adequate and timely diagnosis. Most
risk factors for CAP have been derived from
studies that included hospitalised patients, repre-
senting only a small proportion of pneumonia
cases [5–7]. The few available studies in primary
care found increasing age, cigarette smoking,
contact with children, chronic bronchitis, asthma,
a history of pneumonia and previous respiratory
infection to be independent risk factors for CAP
[8, 9]. However, all of these studies focused
primarily on elderly patients. In the present
study, a restricted number of potentially relevant
risk factors for CAP were studied in children and
young adults in primary care.

METHODS
Study population
A case–control study was conducted in four
healthcare centres in a new residential area near
the city of Utrecht (the Netherlands). This study
was part of the Utrecht Health Project (UHP),
which is a health monitoring study in which all
new patients that register at one of the four
healthcare centres in the area are invited to
participate. Participants fill in an individual
health profile that includes questionnaires on
socioeconomic status, mental health, cardiovas-
cular risk, dietary intake, lifestyle factors (e.g.
smoking and alcohol) and housing. The ques-
tionnaires are administered by trained research
nurses during dedicated interviews. In addition,
a standard set of biometric data (including
electrocardiogram and lung function) are col-
lected. Disease history and follow-up are regis-
tered, using the International Classification of
Primary Care (ICPC), in the patient’s electronic
medical file by general practitioners (GPs). Of the
inhabitants in the area, .60% are currently
participating. The demographic characteristics
of the young participants (aged ,40 yrs) are
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similar to those of the young Dutch population [10]. All data
are gathered continuously in an anonymous central database.

Case ascertainment was based on electronic search. Cases were
all adults aged 16–40 yrs and children aged ,15 yrs diagnosed
with CAP (ICPC code R81) between April 1999 and December
2008. The criteria for the diagnosis of pneumonia (R81)
according to ICPHHC-2 were either a confirmation by radio-
graphy or the presence of at least three of the following signs/
symptoms: 1) decreased intensity of breath sounds; 2) dullness
on chest percussion; 3) inspiratory crackles; 4) increased vocal
resonance; 5) fever (o38uC); and 6) local chest pain on deep
inhalation [11]. All GPs received training in diagnosing
pneumonia and ICPC coding.

The controls were adults and children in the same age groups
who had not had an episode of CAP during the study period.
From the list of patients assigned to the UHP, three controls
were randomly selected for each case every year during the
study period.

Determinants
Possible determinants of CAP were selected based on the litera-
ture. Data were obtained from the patients’ electronic medical
files and individual health profiles made by dedicated research
nurses during patient registration at the healthcare centres.

Comorbid conditions included asthma (ICPC code R96), upper
respiratory tract infections (URTIs; R74), hay fever (R97),

TABLE 1 Analyses of risk factors for community-acquired pneumonia (CAP) in children

Cases Controls OR (95% CI) p-value#

Univariate Multivariate

Subjects n 107 321

Male sex 46 (43.0) 154 (48.0) 0.82 (0.52–1.27)

Age yrs 5.2¡3.2 7.2¡3.9 0.86 (0.80–0.92) 0.88 (0.82–0.94) ,0.001

Ethnicity

Dutch/other Western countries 70 (82.4) 202 (73.5) 1

Non-Western minorities 15 (17.6) 73 (26.5) 0.59 (0.32–1.10)

Number of siblings

0 31 (29.0) 103 (32.1) 1

1 55 (51.4) 158 (49.2) 1.16 (0.70–1.92)

2 14 (13.1) 53 (16.5) 0.88 (0.43–1.79)

.3 7 (6.5) 7 (2.2) 3.32 (1.08–10.20)

Passive smoking 9 (10.6) 55 (20.6) 0.46 (0.22–0.97)

Dummy use 27 (45.8) 44 (37.3) 1.42 (0.75–2.67)

Breastfeeding 60 (71.4) 187 (73.9) 0.88 (0.51–1.53)

Daycare centre attendance 58 (69.0) 186 (77.5) 0.65 (0.37–1.13)

Body mass index"

Normal 51 (69.9) 168 (63.9) 1

Underweight 14 (19.2) 64 (24.3) 0.72 (0.37–1.39)

Overweight 7 (9.6) 20 (7.6) 1.15 (0.46–2.88)

Obese 1 (1.4) 6 (2.3) 0.55 (0.06–4.67)

Physical activity+

Light 78 (91.8) 232 (84.1) 1

Moderate 3 (3.5) 15 (5.4) 0.59 (0.17–2.11)

Vigorous 4 (4.7) 29 (10.5) 0.41 (0.14–1.20)

Asthma 24 (22.4) 23 (10.0) 3.75 (2.01–6.98) 3.57 (1.86–6.88) ,0.001

Previous URTIs 0.015

0 53 (49.5) 227 (70.7) 1 1

1–2 37 (34.6) 72 (22.4) 2.20 (1.34–3.62) 1.80 (1.07–3.03) 0.027

.3 17 (15.9) 22 (6.9) 3.31 (1.64–6.67) 2.46 (1.18–5.13) 0.017

Hay fever 8 (7.5) 13 (4.0) 1.91 (0.77–4.75)

Visit to dentist in last year1 45 (53.6) 181 (66.5) 0.58 (0.35–0.95)

Influenza vaccination in last year 6 (5.6) 6 (1.9) 3.12 (0.98–9.89)

Data are presented as mean¡SD or n (%), unless otherwise indicated. The multivariate regression model included all factors with a p-value of ,0.10 in univariate

analyses. Results shown in bold type have a p-value of ,0.10 in univariate analyses and a p-value of ,0.05 in multivariate analyses; where the univariate data is shown in

bold type but there is no corresponding multivariate data, the results were nonsignificant on multivariate analysis. OR: odds ratio; CI: confidence interval; URTI: upper

respiratory tract infection. #: for multivariate analysis; ": in children aged 2–15 yrs; +: light 0 to ,4.0 metabolic equivalents of the task (METs), moderate 4.0 to ,6.5 METs,

and vigorous o6.5 METs; 1: one or more.
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TABLE 2 Analyses of risk factors for community-acquired pneumonia (CAP) in young adults

Cases Controls OR (95% CI) p-value#

Univariate Multivariate

Subjects n 156 468

Male sex 61 (39.1) 166 (35.5) 0.86 (0.59–1.24)

Age yrs 34.3¡4.4 32.1¡5.5 1.10 (1.06–1.15) 1.06 (1.01–1.13) 0.030

Living situation

Married/cohabiting 132 (92.3) 337 (92.3) 1

Single/widowed/divorced 11 (7.7) 28 (7.7) 1.00 (0.49–2.07)

Ethnicity

Dutch/other Western countries 125 (84.5) 380 (87.2) 1

Non-Western minorities 23 (15.5) 56 (12.8) 1.25 (0.74–2.11)

Number of children at home 0.008

0 33 (23.1) 121 (33.2) 1 1

1 34 (23.8) 99 (27.1) 1.26 (0.73–2.18) 1.02 (0.54–1.91) 0.954

2 52 (36.4) 118 (32.3) 1.62 (0.98–2.68) 1.38 (0.77–2.46) 0.277

o3 24 (16.8) 27 (7.4) 3.26 (1.67–6.38) 3.41 (1.57–7.41) 0.002

Current smoking 37 (25.0) 75 (17.5) 1.57 (1.00–2.46) 2.00 (1.20–3.36) 0.008

Alcohol intake

0 g?day-1 39 (26.7) 85 (20.3) 1

0.1–20.9 g?day-1 91 (62.3) 289 (69.1) 0.69 (0.44–1.07)

21.0–40.9 g?day-1 8 (5.5) 33 (7.9) 0.53 (0.22–1.25)

.41.0 g?day-1 8 (5.5) 11 (2.6) 1.59 (0.59–4.25)

Body mass index

Normal 85 (55.9) 236 (53.3) 1

Underweight 5 (3.3) 17 (3.8) 0.82 (0.29–2.28)

Overweight 44 (28.9) 142 (32.1) 0.86 (0.57–1.31)

Obese 18 (11.8) 48 (10.8) 1.04 (0.57–1.89)

Physical activity"

Light 95 (63.8) 270 (61.8) 1

Moderate 23 (15.4) 75 (17.2) 0.87 (0.52–1.47)

Vigorous 31 (20.8) 92 (21.1) 0.96 (0.60–1.53)

Education+

Low 33 (22.6) 71 (16.6) 1

Middle 44 (30.1) 136 (31.8) 0.69 (0.41–1.19)

High 69 (47.3) 221 (51.6) 0.67 (0.41–1.10)

Contact with any pets1 55 (36.9) 176 (40.8) 0.85 (0.58–1.24)

Contact with cats 31 (20.8) 102 (23.7) 0.85 (0.54–1.33)

Contact with dogs 14 (9.4) 43 (10.0) 0.94 (0.50–1.76)

Contact with birds 5 (3.4) 23 (5.3) 0.62 (0.23–1.65)

Asthma 19 (12.2) 27 (5.8) 2.27 (1.22–4.20) 2.69 (1.23–5.88) 0.013

Sinusitis 24 (15.4) 42 (9.0) 1.84 (1.08–3.16)

Previous URTIs 0.033

0 117 (75.0) 392 (83.8) 1 1

1–2 33 (21.2) 69 (14.7) 1.60 (1.01–2.55) 1.49 (0.87–2.56) 0.143

.3 6 (3.8) 7 (1.5) 2.87 (0.95–8.71) 4.84 (1.24–18.9) 0.023

Hay fever 18 (11.5) 47 (10.0) 1.17 (0.66–2.08)

Depressive disorder 9 (5.8) 11 (2.4) 2.54 (1.03–6.26)

Gastro-oesophageal reflux 5 (3.2) 5 (1.1) 3.07 (0.88–10.74)

Visit to dentist in last yeare 126 (85.7) 396 (91.0) 0.59 (0.34–1.04)

Influenza vaccination in last year 7 (4.5) 10 (2.1) 1.25 (0.80–5.75)

Data are presented as mean¡SD or n (%) unless otherwise indicated. The multivariate regression model included all factors with a p-value of ,0.10 in univariate analyses.

Results shown in bold type have a p-value of ,0.10 in univariate analyses and a p-value of ,0.05 in multivariate analyses; where the univariate data is shown in bold type

but there is no corresponding multivariate data, the results were nonsignificant on multivariate analysis. OR: odds ratio; CI: confidence interval; URTI: upper respiratory

tract infection. #: for multivariate analysis. ": light 0 to ,4.0 metabolic equivalents of the task (METs), moderate 4.0 to ,6.5 METs, and vigorous o6.5 METs. +: low: lower

vocational and primary, medium: intermediate vocational and secondary, and high: higher vocational and university. 1: not including fish. e: one or more.
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depressive disorder (P76), gastro-oesophageal reflux (D84/
D90) and sinusitis (R75). The time period during which
previous URTIs occurred was 6 yrs for young adults and
7 yrs for children. Information was also extracted on age, sex,
current smoking, contact with pets, dental visits during the last
year, influenza vaccination during the last year, passive
smoking, dummy use and breastfeeding. Passive smoking
was defined as daily exposure to tobacco smoke of children at
home. Current smoking was defined as smoking at least one
cigarette daily. Civil status in young adults was categorised
into two groups: married/cohabiting, and single/widowed/
divorced. Ethnicity, according to the birthplace of the patients
or their parents, was grouped into Western and non-Western.
For children, number of siblings included siblings aged
,10 yrs. Children at home included children aged ,10 yrs.
Alcohol intake was measured as total daily alcohol consump-
tion in grams. For young adults, body mass index was grouped
into four categories: ,18.5 (underweight), 18.5–24.9 (normal
weight), 25.0–29.9 (overweight), and .30.0 (obese) [12–14].
Physical activity information obtained from the Short
QUestionnaire to ASsess Health-enhancing physical activity
(SQUASH) was grouped into three categories: light (0 to
,4.0 metabolic equivalents of the task (METs)), moderate (4.0
to ,6.5 METs), and vigorous (o6.5 METs) [15]. Education
comprised three categories: low (lower vocational and pri-
mary), middle (intermediate vocational and secondary), and
high (higher vocational and university).

Data analysis
Since different determinants of CAP were assumed in children
and young adults, all analyses were performed separately. The
characteristics of cases and controls were compared using
univariate logistic regression to calculate odds ratios (ORs) and
their 95% confidence intervals (CIs). Analyses were performed
by multivariable logistic regression with CAP as a dependent
variable and including factors which had a p-value of ,0.10 on
univariate analysis. Factors were regarded as significant in
multivariate analyses when they had a p-value of ,0.05.
Nonsignificant factors from the multivariate analyses were
deleted from the model stepwise. Possible interactions
between factors found to be significant in the multivariable
analyses were tested and the significance set at a p-value of
,0.01 for interaction terms due to multiple testing. Data were
analysed using SPSS (version 15) for Windows (SPSS, Inc.,
Chicago, IL, USA).

RESULTS
The present study included 107 CAP cases and 321 controls
among children, and 156 cases and 468 controls among young
adults. Demographic data and the results of univariate and
multivariate analyses among children and young adults are
shown in tables 1 and 2, respectively.

Asthma was the strongest independent risk factor for CAP in
children (OR 3.57, 95% CI 1.86–6.88) and young adults (OR
2.69, 95% CI 1.23–5.88). Previous recurrent URTIs were another
independent risk factor for CAP in children and young adults.
For young adults, increasing age was an independent risk
factor for CAP (OR 1.06, 95% CI 1.01–1.13), whereas, for
children, it was a protective factor. Other independent risk
factors in young adults were current smoking (OR 2.00, 95% CI

1.20–3.36) and having three or more children at home (OR 3.41,
95% CI 1.57–7.41). No statistical interaction was found between
the determinants of CAP in the multivariable analyses.

DISCUSSION
To our knowledge, this is the first study exploring the
determinants of CAP in children and young adults in primary
care. For children, a history of asthma, previous URTIs and
lower age were independent determinants. For young adults,
independent determinants were a history of asthma, number
of children at home, previous URTIs, current smoking and
increasing age.

Other studies including older patients also confirmed age as a
risk factor for CAP [5, 9]. Notably, the present results showed
that increasing age is a risk factor even in young adults (aged
16–40 yrs). A possible explanation could be that older adults,
i.e. those closer to the age of 40 yrs, have children living in the
household more frequently and are, therefore, more frequently
exposed to infections of their children. Regular contact with
young children was an independent risk factor for CAP in two
other studies [8, 16]. In the present study, having three or more
children in the household was also significantly associated
with CAP in young adults. However, multivariable analysis
showed that the relationship found between age and CAP was
independent of the number of children in the household.
Waning immunity, even in this age group, could be an
explanation for this finding. The study also showed a clear
relation between the occurrence of CAP and an increasing
number of previous URTIs. Higher infection susceptibility in
these patients could be a possible mechanism causing predis-
position to pneumonia.

Some potential limitations of the present study should be taken
into account. As the sample size was limited, those factors that
have a weak association with CAP might not have been
detected. However, whether such weaker associations are
clinically relevant is uncertain. Another potential limitation is
that the diagnosis of pneumonia was not confirmed by
radiographic findings in all cases. Conversely, this reflects
empirical diagnosis in daily practice in primary care and thus
enhances the generalisability of the results. Finally, informa-
tion on previous CAP was not available and so this could not
be included as a possible determinant.

In conclusion, apart from confirming well-known risk factors,
such as smoking, asthma and contact with young children, the
present study showed that, even in young adults, increasing
age and number of previous URTIs were related to the
occurrence of CAP. Further studies are required in order to
better understand the role of host factors in the aetiology of
CAP and thus permit better diagnosis and treatment of this
important disease in children and young adults.
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