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Aim: To study temporal trends in the incidence of hospitalisations due to infection in children in Denmark.
Methods: A national register based cohort of 1 892 711 Danish children aged 0–5 years were studied
from 1980 to 2001. Child and family characteristics were identified in the Danish Civil Registration
System; hospitalisations were identified in the Danish National Patient Registry. Annual incidence rates
were estimated using log-linear Poisson regression.
Results: During the studied period, the incidence of hospitalisations from infection increased by 62% in
0–5 year old children. The increase was mainly due to a sevenfold increase in the incidence of infections
leading to short term hospitalisation in children aged 0–1 years. Since the increase in incidence was
contrasted with a decrease in duration of hospitalisation, no further strain was put on the health services in
Denmark.
Conclusion: During the last two decades, the incidence of short term hospitalisations due to infections
increased markedly among the youngest children. However, the strain on the health services remained
constant. The observed increase in the incidence of short term hospitalisations among the youngest
children may reflect changes in hospitalisation practices and utilisation, rather than an increase in
incidence of infections.

A
recent study1 showed that 33 boys and 23 girls,
respectively, were admitted to hospital with a respira-
tory infection per 1000 risk years in children aged 0–5

years in Denmark. Other epidemiological studies have shown
an increase in the rates of hospitalised children during the
past decades.2–9 These studies do not agree as to whether the
observed increase is due to an increase in morbidity,2 or
whether it is due to other factors, such as changed
hospitalisation practices and utilisation.3 6 7 To further inves-
tigate this, we studied the incidence of hospitalisations due to
infections in children aged 0–5 years in the period from 1980
to 2001. This was done in a national prospective register
based study, in which annual incidence rates were stratified
on types of infection, age groups, and duration of hospitalisa-
tion.

METHODS
As of 1 January 2001, the population in Denmark was
5 349 212, of which 8% were 0–5 years old.10

Population and hospitalisation data
The present study is based on Danish register data and was
approved by the Danish Data Protection Agency. In the
Danish Civil Registration System (DCRS)11 we identified all
children in Denmark between 0 and 5 years of age in the
period from 1980 to 2001. The DCRS was established on
1 April 1968, and all residents and newborns in Denmark
have since been given a unique 10-digit person identification
number, which is also recorded in other Danish registers.
From the DCRS, information was retrieved regarding date of
birth, sex, county of residence and possible date of immigra-
tion, emigration, and death of the child. Information on birth
order, marital state, and age of the mother at the time of
delivery, as well as ethnicity of the child, was subsequently
obtained by identifying the parents in the DCRS. The
information from the DCRS was linked with information
regarding discharge diagnosis and duration of the hospital
admission from the Danish National Patient Registry
(DNPR).12 Finally, birth weight and gestational age data
was obtained from the Danish Medical Birth Registry13 and

linked with the information from DCRS and DNPR. The
outcome of the study was defined as first inpatient admission
to hospital with an infection (main condition only).
Diagnoses were classified into groups of upper respiratory
infections, lower respiratory infections, gastrointestinal
infections, and other infections (table 1).

Statistical methods
Annual incidence rates were estimated as the annual number
of cases divided by the annual amount of person-years at
risk. Person-years at risk were calculated by assuming that
children were at risk from one week after birth, immigration,
or start of 1980, whichever came first, until the first of the
following events: first inpatient admission to hospital with an
infection, emigration, death, end of 2001, or 6th birthday.
The first week after birth was not included as infections in
this period were considered to be due to perinatal complica-
tions. Data from the DNPR was available from 1977, but we
excluded data before 1980 from our analyses to reduce the
risk of a later hospitalisation being counted as the first.
Estimation of incidence rates according to other covariates
was performed in the same manner within strata of the
covariate. When estimating incidence rates according to
duration of hospital admission, the annual number of cases
was divided according to duration, whereas the annual
person-years at risk were used in all categories. Incidence rate
ratios were estimated by log-linear Poisson regression of the
number of cases with the logarithm of person-years at risk as
offset. Estimation was performed by PROC GENMOD in SAS
with Poisson error distribution and log link.14

RESULTS
The population under study consisted of 1 892 711 children,
of which 51.2% were boys. During follow up, a total of
309 737 first hospital admissions with infections were
recorded. Upper respiratory infections were most frequent
(41%), followed by lower respiratory infections (29%), other

Abbreviations: DCRS, Danish Civil Registration System; DNPR, Danish
National Patient Registry
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infections (18%), and gastrointestinal infections (12%),
respectively. During the period under study 1.4% of the
children emigrated and 0.7% died. Mean follow up time was
4.8 years per child.

Temporal trend by type of infection
We found an increased incidence of hospitalisations from all
types of infections in the studied period. In 1980 the total
infection incidence was 35.5 hospitalisations per 1000 risk
years in 0–5 year old children in Denmark. In 2001, this
figure had increased by 62% to 55.0 hospitalisations per 1000
risk years (data not shown). Figure 1 illustrates the temporal
trend in incidence of hospital admissions from the four types
of infections. Over the entire period, a constant incidence rate
of upper respiratory infections (around 20 hospitalisations
per 1000 risk years) was seen. The incidence of lower
respiratory infections, gastrointestinal infections, and other
infections, respectively, increased steadily; all were approxi-
mately doubled during the studied period. In the beginning
of the period, hospitalisation for upper respiratory infections
was much more frequent than for lower respiratory infec-
tions. At the end of the period, there was no difference in the
incidence of hospitalisation from upper and lower respiratory
infections. The pattern in fig 1 was identical in boys and girls
(data not shown).

Temporal trend by age
Figure 2 shows that the incidence of hospitalisations from all
types of infections increased markedly in children aged 0–1
year. In 1980, 42.8 children aged 0–1 year were admitted to
hospital per every 1000 risk years. In comparison, 97.4
children aged 0–1 year were admitted to hospital per 1000

risk years in 2001. This corresponds to a doubling in
incidence among 0–1 year old children during the period.
Figure 2 also shows a relatively constant incidence in
children aged 2 years or more. The trend was similar for
the different ages within the three age groups. The age
specific temporal trends were identical in boys and girls (data
not shown).

Temporal trend by duration of admission
As seen from fig 3, the increased incidence in 0–1 year old
children was mainly seen among children admitted to
hospital for 1–2 days. In 1980, 7.7 children aged 0–1 year
per 1000 risk years were admitted to hospital for 1–2 days. In
2001 this figure had increased to 54.8 per 1000 risk years,
corresponding to a sevenfold increase in incidence. Figure 3
also shows a moderate increase in the incidence of hospital
admissions lasting 3–4 days in 0–1 year old children. The
incidence of hospital admissions lasting 5–6 days and 7 days
or more was constant in the studied period in children aged
0–1 year. In children aged 2 years or older, only a minor
increase was observed in the incidence of short term
hospitalisations. This minor increase was contrasted with a
minor decrease in long term hospitalisations (data not
shown). Within each of the four groups of duration the
trend was similar, and the pattern was identical in boys and
girls (data not shown). In 0–1 year old children hospitalised
for 1–2 days, the incidence increased primarily during the
winter and spring months (data not shown). Over the
studied period, the median duration of all hospitalisations
from infections decreased from 3.0 days in 1980 to 1.0 day in
2001.

Table 1 ICD-8 and ICD-10 codes according to type of infection

Infection ICD-8 codes ICD-10 codes

Upper respiratory infection 032, 075, 381–383, 460–465, 500–501, 503 A36, B27, H65–H72, J00–J06, J32, J35–J36
Lower respiratory infection 033, 466, 470–491, 493, 510, 513 A37, J10–J22, J45.9, J85–J86
Gastrointestinal infection 000–009, 014, 054.01, 054.08 A00–A09, B00.2, K93.0
Other infection 010–027, 035–036, 038–136, 320, 322–323, 360–364,

381.00, 381.01, 381.09, 381.99, 390–391, 420–422,
540–541, 580, 583, 590.10, 590.11, 590.15, 595, 597,
680–686

A15–A28, A38–A41, A46, A48–A99, B00–B99, G00–G07,
H00–H01, H10, H16, H20, H30, H65.0, H66.0, H66.9,
I00–I01, I30, I33, I38–I40, K35, K37, L00–L08, N00–N01,
N05, N10, N12, N30, N34
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Figure 1 Hospital admissions per 1000 risk years in children aged 0–5
years, divided into types of infection: upper respiratory infection, lower
respiratory infection, gastrointestinal infection, and other infection.
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Figure 2 Hospital admissions due to all types of infections per 1000
risk years in children aged 0–5 years, divided into age groups: 0–1
year, 2–3 years, and 4–5 years.
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Strain on health services
In a separate analysis, we evaluated whether the observed
increase in short term hospitalisations from infections among
the youngest children had led to an increased strain on the
health services in Denmark. Strain was measured as days
admitted to hospital from first admission with an infection,
per days at risk. In the studied period, we found the strain on
health services to be relatively constant, being approximately
50 hospitalisation days per 100 000 risk days.

Confounding
To evaluate the effect of confounding, we estimated incidence
rate ratios according to period. These incidence rate ratios
were not changed by adjustment for the following variables:
age (quarter-year intervals), sex, county of residence (time
dependent variable), birth order (1, 2, or >3), mother’s age at
birth of the child (five-year intervals), ethnicity of the child
(both parents born in Denmark versus at least one parent
born outside of Denmark), and mother not married or
sharing address with the father at the time of birth (yes or
no) (data not shown). Furthermore, excluding children with
birth weight lower than 2500 g and children born before the
37th week of gestation, respectively, did not change the
incidence rates. Thus, crude estimates are presented.

DISCUSSION
The present study points towards a marked increase in the
incidence of short term hospitalisations due to infections in
0–1 year old children in the period from 1980 to 2001 in
Denmark.

The observed increase may reflect an increase in morbidity
from infections in the youngest children, which only require
short term hospitalisation. Alternatively it may reflect a
change in hospitalisation practices and utilisation, or it may
reflect a combination of both. An increase in morbidity could
partly be due to the proportion of children attending child
care away from their home having increased considerably in
the studied period.10 Many epidemiological studies have
shown child care away from home to be associated with an
increased risk of morbidity from various infectious dis-
eases.15–22 Furthermore, our finding of an increase in
incidence primarily during the winter and spring months
could imply that an actual increase in morbidity from
infections has occurred. On the other hand, there have been

major changes in hospitalisation practices and utilisation—
for example, many paediatric wards in Denmark established
emergency paediatric/monitoring departments during the
studied period, mainly in the early and mid 1990s.23 This
was done to handle the many incoming acute, but not
critically ill children. The admission rate may likewise be
influenced by the fact that parents with small children today,
to a higher degree than before, wish their child to be attended
by a specialist rather than a general practitioner.24

Furthermore, part of the observed increase may reflect a
more frequent use of defensive medicine among Danish
paediatricians, but this has not been studied. To study
whether the observed trend was similar throughout Denmark
we stratified analyses on the three major regions of Sealand,
Funen, and Jutland. We found similar trends in these
regions. Taken together, we suggest that the observed trends
may reflect changes in factors not related to morbidity—for
example, changes in hospitalisation practices and utilisation.
However, we cannot exclude the possibility that such changes
have been accompanied by an increase in morbidity in the
youngest children.

In accordance with our results, Wickman and colleagues2

found an increased rate of hospitalisations due to lower
respiratory infections over time in children younger than 2
years. The study was conducted in Stockholm County
(Sweden) in the period from 1973 to 1992. In a study of
Oxford children in the period from 1975 to 1985 by Hill,3 an
increased rate of paediatric hospitalisations was found in all
age groups until 14 years. The studies of Wickman et al and
Hill do not agree on the underlying reasons for the observed
increase in hospitalisation rate. Wickman et al conclude that
the increased rate of hospitalisation may reflect an increase
in morbidity. Hill, on the other hand, argues that the increase
in admission rates was due to lower threshold for admission,
resulting in part from increased availability of beds. Forfar7

further argues that the role of paediatric departments has
changed from admitting children only when they are
seriously ill, to also admitting children in order to obtain
accurate early diagnosis and treatment.

The general increase in incidence was contrasted by a
general decrease in duration of hospitalisations. Therefore
strain on health services, measured as days admitted to
hospital, was constant in the studied period. Strain measured
as workload related to handling the increasing number of
short term hospitalisations, however, may have increased.
The finding of a decrease in the duration of hospitalisations
over time is consistent with previous findings of Pearson and
colleagues6 and MacFaul and Werneke.5

In the DNPR, hospital admissions are classified according
to the International Classification of Diseases.25

Classifications in the DNPR shifted from the 8th revision to
the 10th revision in 1994. This does not seem to have affected
our results, however, since the observed trends before and
after 1994 are very much the same. The validity and coverage
of data regarding infections among children in the DNPR has
not been evaluated. However, a Danish study26 has shown
that 73.7% of all paediatric diagnoses in the NPR are correct,
and furthermore that 13.7% have a reasonable alternative in
spite of a wrong diagnosis. All together, 70.4% of infection
diagnoses (not only in children) in the DNPR were correct. In
another Danish study12 it is concluded that the DNPR is a
valuable tool for monitoring disease in the Danish popula-
tion. Thus, one should expect that our results to a high degree
reflect an actual increase in short term hospitalisations in the
youngest children.

In conclusion, our study showed a general increase in
the incidence of hospitalisations of children aged 0–5 years
in the period from 1980 to 2001 in Denmark. The increase
was mainly due to a marked increase in short term
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Figure 3 Hospital admissions due to all types of infections per 1000
risk years in children aged 0–1 year, divided into duration of hospital
admission: 1–2 days, 3–4 days, 5–6 days, and 7 days or more.
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hospitalisations in 0–1 year old children. Due to a decrease in
duration of hospitalisations, the strain from hospitalisation of
children with infections on the health services in Denmark
was not increased during the period. We suggest that the
observed increase in the incidence of short term hospitalisa-
tions in the youngest children reflects changes in hospitalisa-
tion practices and utilisation rather than an actual increase in
the incidence of infections. Future research within the area
should evaluate the effect of factors such as child care
attendance and hospitalisation practices and utilisation on
hospitalisation incidence.
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What this study adds

N Hospitalisation with infection has increased more than
60% during the last two decades in 0–5 year old
children in Denmark

N The increase is almost exclusively seen in short term
hospitalisations in 0–1 year old children, suggesting
changes in hospitalisation practices and utilisation
rather than increase in childhood morbidity as the
underlying reason

What is already known on this topic

N Hospitalisation of children with infections has increased
over the past decades in several countries

N There is no consensus on the underlying reason for the
increase
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