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Abstract. Although the association between low
socioeconomic status and illness in childhood is well
known, the impact of socioeconomic factors on risk
and frequency of hospitalizations for infectious
diseases, the most frequent disease category, during
the first 2 years of life has scarcely been studied.
Through linkage of records drawn from public ad-
ministrative and health registries, we conducted a
population-based cohort study of 5024 Danish
children born in 1997 to examine the frequency of
hospitalization for infectious diseases in very young
children. The main exposure variables, adjusted for
potential confounding factors, were mother’s edu-
cation level, household income, and cohabitation
status. The outcome was number of hospital ad-
missions (0, 1–2, or 3+) for infectious diseases. A

total of 737 children (14.7%) were admitted to
hospital 1–2 times, and 83 (1.6%) were admitted 3–
10 times. The risk of hospitalization was increased
in children of mothers with a low level of education
compared with vocational education (1–2 admis-
sions: adjusted odds ratio (OR) 1.3 (95% confidence
interval [CI]: 1.1–1.6). Children from low-income
families had an increased risk of 3 or more admis-
sions (low cf middle income: adjusted OR 2.0 [95%
CI: 0.6–6.0]). Children of single mothers had an
increased risk of hospitalization (1–2 admissions:
adjusted OR 1.7 [95% CI: 1.1–2.6]. We found the
highest risk of hospitalization for infectious diseases
in children of mothers with only basic schooling,
and particularly among those coming from single
parent homes with a low income.

Abbreviations: CI ¼ confidence interval; ICD ¼ international classification of diseases; OR ¼ odds ratio

Introduction

Infections are the most frequent diseases in children
and account for the largest number of hospital
admissions [1, 2]. During the past decades, hospital
admission rates of children have increased in several
countries [1–4].

In Denmark, 21.7% and 28.9% of children were
admitted to hospital during their first year of life
during 1978 and 1995, respectively. However, the
data included all admissions, including diseases in the
perinatal period (prematurity, hypoglycaemia, etc.)
[1].

Children from families with a lower socioeconomic
status are known to be at higher risk of a wide range
of communicable diseases. Respiratory tract infec-
tion, for example, has been associated with a low level
of education and unemployment [5–8]. However, the
impact of socioeconomic factors on the frequency of
admissions during childhood is complex and scarcely
examined [9]. Several other risk factors are associated

with infectious morbidity, e.g., day care attendance,
siblings, breast-feeding, and mother’s smoking during
pregnancy, which may interact with the social envi-
ronment [6, 10–12].

In this population-based cohort study on admis-
sions to hospital with infectious disease during the
first 2 years of life, we examined (1) the frequency of
hospital admissions, and (2) the impact of mother’s
education level, household income, and parental
cohabitation status, taking into account potential
confounders of the association.

Methods

Study population

The study population included all children born
during 1997 in the North Jutland County, Denmark,
who lived in the county during the entire study period
January 1 1997 through December 1999 (n ¼ 5641).
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Data were extracted from the North Jutland Birth
Registry, which provides complete information on all
pregnancies and births in the county since 1973. The
data are recorded by the midwives during pregnancy
and delivery.

Excluded from the cohort were 10 children who did
not have a personal registration number (refugee
status) assigned to all Danish citizens since 1968 by
the Central Office of Civil Registration. Also ex-
cluded were children who died during the study per-
iod (n ¼ 40), of whom 32 died before they reached the
age of 4 months.

We did not have access to data on day care from 5
(10.9%) of North Jutland County’s 27 municipalities
due to refusal to participate in the study or lack of
usable registries. Thus, the 567 children in those 5
municipalities were excluded, leaving 5024 children
for the final analyses.

Social factors

We extracted data from the National Statistical Office
of Denmark [13–14] (registered November 1996)
concerning the mother’s highest educational level
(completed or ongoing): basic schooling <10 years,
advanced schooling equivalent to 11 or 12 years,
vocational education and training for 1–3 years, higher
education for 1–4 years, and higher education for
>4 years. To attend higher education, a minimum of
12 years of schooling is required. Data on the educa-
tion of the mothers of 33 children (0.7%) were missing
and excluded from the analyses.

When analyses were performed with the highest
parental education level as the exposure variable, no
difference was found in the results.

We categorized household income as follows:
<135,000 DKK (�5% of the population); 135,000–
307,000 DKK (�20% of the population);
308,000–459,000 DKK (�50% of the population);
460,000–620,000 DKK (�20% of the population); and
>620,000 DKK (�5% of the population). In strati-
fied analyses (investigating effect modification),
income was divided into three categories: low:

<135,000 DKK; middle: 135,000–620,000 DKK; and
high: >620,000 DKK. Information on income of the
mothers of 186 children (3.7%) was missing and ex-
cluded from the analyses.

Data from the North Jutland Birth Registry in-
cluded parental cohabitation status, i.e., the mother
living alone or cohabiting with the father during early
pregnancy (yes/no).

Hospitalization

In Denmark, hospital care is free of charge and
available to all. Before admission, the vast majority
of children are examined by a general practitioner.
We identified the diagnoses for the study population
on all hospital admissions from January 1, 1997, to
December 31, 1999, from the County Hospital Dis-
charge Registry covering all hospitals in the county.
The discharge diagnoses originated from the sum-
mary abstract performed by a physician at the time of
discharge of the patient. These were classified
according to International Classification of Diseases,
10th Revision (ICD-10).

We excluded admissions during the first week of
life, since these were mainly due to perinatal com-
plications. The children were followed up to their
second birthday. The diagnoses were classified into
types of infection: unspecified viral infections; otitis
media; upper respiratory tract infections; lower
respiratory tract infections; infections with asthmatic
component; febrile convulsions; gastroenteritis; and
miscellaneous (Table 1). For each patient, several
infectious co-diagnoses may be present at each
admission. Non-infectious diagnoses were not in-
cluded (n ¼ 1505). For each child, the number of
admissions with at least one infectious diagnosis was
calculated and grouped: no admission, 1–2, and 3+
admissions.

Confounding factors

Information on potential confounders of the associ-
ation between socioeconomic factors on hospitaliza-

Table 1. Discharge diagnoses. Codes in ICD-10 for infectious diseases included in the study

Infectious diseases Codes in ICD-10 Number of
admissionsa

Number of
childrenb

Unspecified viral infection B34, R50 167 161

Otitis media H65-66 162 136
Upper respiratory tract infections J00-11, R05 176 161
Lower respiratory tract infections J12-22, J40 338 263

Infections with asthmatic component J44, J45 283 199
Febrile convulsions R560 167 129
Gastroenteritis A08-9 102 94

Miscellaneous A37-41, A87, G00-04
H10-13, L00-04

41 36

a Does not equal number of children because of multiple diagnoses per hospitalization.
b Does not sum up to the number of children in the study because of multiple diagnoses per child.
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tion was considered. Data from the North Jutland
Birth Registry included gender, birth weight (<2500,
2500–4500, and >4500 g), gestational age (<37, 37–
41, and >41 weeks), the mother’s age at time of
delivery, her smoking habits in early pregnancy (yes/
no), and older siblings in the home (0/1+).

We used the County Discharge Hospital Registry
to collect data on other diseases that may have
influenced the risk of hospitalization with infectious
disease, i.e., respiratory distress in the perinatal per-
iod and heart disease.

In Denmark, public day care is administered by the
municipalities and organized as day care homes with
a single child-minder who takes care of 1–4 children
in the private home, or day care centers where 20–80
children are cared for in a facility established for that
purpose. Information on day care settings for the
5024 children was obtained for January 1, 1997,
through June 30, 1999, from municipality registries.

Record linkage

The study database was established by record linkage
of information from the registries using the unique
personal identification number, given to each Danish
citizen at birth [15].

Statistical methods

We constructed Kaplan–Meier survival curves to
show the cumulative incidence of admission to hos-
pital according to age and used Cox regression
models to estimate the cumulative incidence rate ratio
for boys compared with girls. Adjustment for po-
tential confounders did not change the risk estimate.
The proportional hazard assumption was checked by
a plot of residuals.

Using contingency tables, we examined the crude
association between socioeconomic factors (mother’s
education, household income, cohabitation status)
and frequency of hospital admissions. The Cox
regression model is based on time to event, e.g., first
hospitalization. However, one of our main purposes
was to examine the frequency of admissions during a
period of time in relation to socioeconomic factors.
Therefore, the associations were presented as odds
ratios (ORs) with 95% confidence intervals (CI) using
multinomial logistic regression [16].

For each of the exposure variables, we adjusted the
influence of potential confounding factors and the
two other socioeconomic variables. Finally, we fitted
a logistic regression model, which included only
variables such as exposure and confounders that
changed the crude ORs by more than 10% [17].
Thus, none of the following factors – birth weight,
gestational age, gender, day care, or other diseases –
confounded the risk estimates. For each of the
socioeconomic exposure variables, we combined
stratified analysis with logistic regression analysis to

examine variation in risk estimates across strata
(effect modification). The stratification was done
subsequently for all of the potential confounding
factors and for the two other socioeconomic vari-
ables. The Hosmer Lemeshow’s goodness-of-fit test
was used to assess the fit of the model using the
individual logistic regressions approach [16]. Data
analyses were performed in SPSS, version 10.0
(SPSS, Chicago, IL).

Results

Characteristics of cohort and hospital admissions

We recorded 1195 admissions with 1452 diagnoses
due to infectious diseases (Table 1). The cumulative
incidence was 10.1% during the first year and 16.3%
during the first 2 years of life. The cumulative inci-
dence rate ratio was 1.5 (95% CI: 1.3-1.7) for boys
compared with girls (Figure 1).

A total of 737 out of 5024 children (14.7%) were
admitted 1–2 times, and 83 (1.6%) were admitted
3–10 times. The children with 3 or more hospital-
izations, which constituted 10% of children with
hospitalizations, accounted for 27% of number of
admissions. Table 2 shows the characteristics of the
children in the cohort.

Social factors and risk of hospital admissions

The risk of hospitalization was increased in children
from families where the mother had a basic level of
schooling compared with vocational education (1–2
admissions: adjusted OR 1.3 [95% CI: 1.1–1.6]
(Table 3). The associations persisted after adjusting
for household income, cohabitation status, maternal
age, and smoking during pregnancy, all of which
indicate an independent effect of education level.

Figure 1. Kaplan–Meier survival curve (1-S). Cumulative
incidence proportion of children admitted to hospital with
infectious disease according to age and gender.
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Table 2. Characteristics of children in the cohort (N = 5024), percentages within number of admissions to hospital with
infectious disease during the first two years of life

Overall number No admission
n = 4204 (83.7%)

1–2 admissions
n = 737 (14.7%)

‡ 3 admissions
n = 83 (1.6%)

Mother’s education
Basic schooling £10 years 1447 79.7 17.8 2.5

Schooling 11–12 years 163 84.1 14.7 1.2
Vocational education 2107 85.4 13.2 1.4
Higher education 1–4 years 1035 84.5 14.3 1.2

Higher education >4 years 239 88.7 10.5 0.8
Unknown 33 84.9 12.1 3.0
Household income (DKKa)

<135,000 237 76.4 19.0 4.6
135,000–307,000 977 81.8 16.3 1.9
308,000–459,000 2415 84.7 13.9 1.4
460,000–620,000 963 84.7 14.2 1.1

>620,000 246 86.3 12.5 1.2
Unknown 186 80.6 17.2 2.2
Cohabitation status of the mother

Single 231 73.2 22.5 4.3
Cohabiting 4793 84.2 14.3 1.5
Gender

Girl 2462 86.6 12.2 1.2
Boy 2562 80.9 17.0 2.1
Birthweight (g)
<2500 236 77.1 18.7 4.2

2500–4500 4590 84.1 14.4 1.5
>4500 198 82.3 15.7 2.0
Gestational age (week)

<37 300 75.3 20.4 4.3
37–41 4280 84.1 14.4 1.5
>41 444 85.1 13.3 1.6

Siblings
0 2043 85.7 13.1 1.2
‡1 2981 82.2 15.8 2.0

Mother smoking during pregnancy
No 3629 85.2 13.5 1.3
Yes 1395 79.7 17.7 2.6
Mother’s age at time of birth (years)

<20 85 78.9 17.6 3.5
20–25 1134 83.0 14.5 2.5
26–34 3199 84.0 14.7 1.3

>34 606 84.0 14.5 1.5
Type of day care
Day care home 3601 84.0 14.4 1.6

Day care center 244 79.5 18.9 1.6
Mixedb 94 73.4 22.3 4.3
No day care 1085 84.4 14.1 1.5

Age at enrollment in day care (months)
0–4 135 74.1 21.5 4.4
5–7 1596 83.2 14.3 2.5
8–12 1290 83.3 15.6 1.1

13–17 637 86.8 12.3 0.9
18–23 281 82.6 16.7 0.7
Other disease

Heart disease 24 45.8 33.4 20.8
Perinatal respiratory distress 82 51.2 41.5 7.3
Both 6 50.0 50.0 –

aDanish kroner.
bChildren who changed type of day care during the study period.
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The crude analyses showed that children from
families with a low income had a higher risk of hos-
pitalization compared with a middle level of income
(Table 3). However, after adjusting for confounding
from education, cohabitation status, maternal age,
smoking, and siblings, we found no association of
income on the risk of 1–2 admissions and a sub-
stantial change in risk of 3+ admissions (crude
OR ¼ 3.6 [95% CI: 1.8–7.1] and adjusted
OR ¼ 2.0 [95%CI: 0.6–6.0]).

In the crude analyses, children from families where
the mother was a single parent had two- to three-fold
higher risk of hospitalization compared with children
from families where the mother was cohabiting with
the father (Table 4). However, adjustment showed
that some of the effect was due to a higher proportion
of smokers and a low household income among single
mothers. Stratified analyses showed a trend toward a

stronger effect of cohabitation status on the risk of
hospitalization in families with low income (Table 4).

We found no substantial sign of effect modification
between socioeconomic factors and other risk factors
for hospitalization, i.e., gender, day care, siblings,
and smoking during pregnancy.

For each infectious disease category, we analyzed the
impact of education level, household income, and
cohabitation status on the risk of at least one hospi-
talization. The trend was homogeneous throughout the
disease categories, although minor differences existed.

Discussion

The association between low socioeconomic status
and illness in childhood is well known. The contribution
of this study is the focus on hospitalization in early
childhood due to infections, which is the most

Table 3. Association between mother’s education level and household income and admission to hospital during the first two
years of life

1–2 admissions ‡ 3 admissions

N n
Crude OR
[95% CI]

Adjusted OR
[95% CI] n

Crude OR
[95% CI]

Adjusted OR
[95% CI]

Mother’s education
Basic schooling = 10 years 1447 257 1.4 [1.2–1.7] 1.3 [1.1–1.6]a 36 1.9 [1.2–3.1] 1.3 [0.8–2.3]a

Schooling 11,12 years 163 24 1.1 [0.7–1.7] 1.1 [0.7—1.8]a 2 0.9 [0.2–3.7] 0.8 [0.2–3.1]a

Vocational education 2107 279 reference reference 30 reference referencea

Higher education 1,4 years 1035 148 1.1 [0.9–1.3] 1.1 [0.9–1.4]a 12 0.8 [0.4–1.6] 0.9 [0.5–1.8]a

Higher education >4 years 239 25 0.8 [0.5–1.2] 0.8 [0.5–1.2]a 2 0.5 [0.1–2.4] 0.6 [0.1–2.5]a

Household income, DKK

<135,000 237 45 1.5 [1.1–2.1] 1.0 [0.6–1.6]b 11 3.6 [1.8–7.1] 2.0 [0.6–6.0]b

136,000–307,000 977 159 1.2 [1.0–1.5] 1.1 [0.9–1.4]b 19 1.4 [0.8–2.4] 1.1 [0.6–2.1]b

308,000–459,000 2415 334 reference reference 35 reference reference
460,000–620,000 963 136 1.0 [0.8–1.3] 1.1 [0.9–1.3]b 11 0.8 [0.4–1.6] 1.1 [0.5–1.9]b

>620,000 246 31 0.9 [0.6–1.3] 1.0 [0.6–1.5]b 3 0.8 [0.3–2.7] 1.0 [0.3–3.6]b

a The multinomial logistic regression model included mother’s education, household income, marital status, maternal age,

and smoking during pregnancy.
b The multinomial logistic regression model included household income, mother’s education, marital status, maternal age,
smoking during pregnancy, and siblings.

Table 4. Association between cohabitation status of the mother and admission to hospital during the first two years of life

1–2 admissions ‡3 admissions

Cohabitation status N n
crude OR
[95% CI]

adjusted OR
[95% CI] n

crude OR
[95% CI]

adjusted OR
[95% CI]

Overall
Single 231 52 1.8 [1.3–2.5] 1.7 [1.1–2.6]a 10 3.3 [1.7–6.4] 1.5 [0.5–4.3]a

Cohabiting 4793 685 reference reference 73 reference reference
Stratum, household income
Low incomeb 237 45 11
Single vs cohabiting 3.5 [1.5–7.9] 2.7 [1.1–6.6]a 3.4 [0.7–16.2] 3.2 [0.6–16.9]a

Middle incomeb 4355 629 65
Single vs. cohabiting 1.4 [0.8–2.4] 1.3 [0.8–2.4]a 0.9 [0.1–6.4] 0.8 [0.1–6.9]a

a The multinomial logistic regression model included household income, mother’s education, marital status, maternal age,
smoking during pregnancy, and siblings.
b Low income: <135,000 DKK, middle income: 136,000–620,000 DKK.
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frequent disease group, and the ability to study the
frequency of admissions. The impact of education
was present only in the outer ranges of the educa-
tional spectrum, and it was equal in children both
with few and many admissions. Children from fami-
lies with single mothers had an increased risk of
hospitalization, particularly those coming from low-
income families.

Strengths and limitations

The population-based design with prospective de-
tailed data collection on an administrative basis en-
sured that selection bias due to loss of follow-up did
not occur. The exclusion of five of 27 municipalities
was independent of the outcome measure (hospital-
izations), and this non-differential selection presum-
ably does not affect the results. The validity of the
data from the National Statistical Office of Denmark
and the North Jutland Birth Registry is high [14–15,
18]. The information on exposure (education, in-
come, and cohabitation status) was obtained at a
fixed time and some of the mothers may have altered
their status during the first years of the child’s life.
This will most likely bias the association towards the
null-hypothesis.

Previous studies have shown high validity in the
discharge registry regarding the diagnosis of severe
infections [19]. The information on hospitalizations
was independent of registration of exposures. Thus,
any misclassification of discharge diagnoses is non-
differential and bias the risk estimate towards one
[20]. Some children may have been admitted to hos-
pitals outside the North Jutland County (<2%) and
this lack of information would also bias the associa-
tion towards unity.

We had data on major confounding factors, e.g.,
smoking during pregnancy, day care attendance,
siblings, and other diseases. However, the study lacks
information on the duration of breast-feeding, which
is associated with both socioeconomic factors and the
risk of infectious disease.

Frequency of admissions

Our findings regarding proportion of children
admitted to hospital and numbers of admissions are
similar to a study from the United Kingdom con-
ducted in 1985 [3]. Children with multiple admissions
use a disproportionately high share of hospital
healthcare services since the small number of children
with more than 3 admissions accounted for 25–30%
of total admissions.

Association between socioeconomic factors
and admission

Our ability to link information on antenatal, peri-
natal, and socioeconomic factors to subsequent hos-

pital admissions for a large group of infants has
rarely been achieved for other populations [11]. Thus,
few published data are available for direct compari-
son. Further, different measurements of socioeco-
nomic position and/or categorizing of variables are
used, and, therefore, comparisons rely on trends in
associations rather than exact measures of risk esti-
mates.

Several ecological studies are consistent in showing
that children who live in deprived areas have a higher
risk of at least one hospitalization owing to infectious
disease [21–23]. In addition, Spencer reported the risk
of multiple admissions to be 1.5 times higher in
children from deprived areas [9]. However, ecological
studies are not able to examine confounding factors
and the aggregation process may produce errors of
inference [20].

In accordance with our findings, studies from the
United States and Sweden showed an association
between a low level of education and hospitalization
due to infectious disease [11, 24]. A Danish study
from 1977, on the contrary, found hospitalizations
because of infections to be most frequent among
children from highly educated families [25]. However,
this study was small, included children of all ages,
excluded a large proportion of children for various
reasons, and the level of education was divided at
9 years of schooling only. A recent study from the
United Kingdom found no evidence of differences in
social class and hospital admission in the recent year
for 0- to19-year-old children, but the methods and
conclusions were questioned by other researchers
[26].

Several studies report that children of single
mothers had a higher risk of hospitalization [24, 27].
Hjern et al. found the risk to be decreased by 0.9 in
children of single mothers [11]. However, 30% were
categorized as single, suggesting that information
on marriage may have been used instead of cohabi-
tation.

Interpretation

The influence of socioeconomic factors on health in-
volves environmental factors and psychological fac-
tors [28]. A greater risk of infectious disease among
people with lower socioeconomic position is thought
to be attributable to increased exposure to infectious
agents (e.g., due to crowding or poorer hygiene
practices) and decreased host resistance to infection
(e.g., due to nutrition, smoking, or stress) [5]. In our
study, smoking and crowding (siblings, day care)
were risk factors which could not explain the socio-
economic associations and we had no information
regarding nutrition or stress.

About 20% of admissions of children are catego-
rized as ‘inappropriate’ or ‘ambulatory care sensitive
(ACS)’, i.e., conditions which according to either the
receiving physician or a classification system do not
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require hospitalization [29–30]. The admitting physi-
cian’s judgment of the capability of the parents to
take care of their sick child at home may influence the
decision of admission. This statement may be sup-
ported by the excess risk of hospitalization seen
among children of single mothers in our study.

Our study showed that socioeconomic factors have
small impact on the risk of hospitalization in Danish
children. The highest risk is seen in children of
mothers with only basic schooling, which in the
present study accounted for 28% of the population,
and especially those coming from single parent homes
with a low income.
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