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ABSTRACT
Objective: To investigate the distribution of antibiotic prescriptions in primary health care among
children aged 0–6 years and its association with socioeconomic factors.
Design: A cross-sectional study describing antibiotic prescriptions and socioeconomic factors,
using different population-based registers from Statistics Denmark.
Setting: Antibiotic prescriptions in 2012 from primary health care in the Capital Region of
Denmark.
Subjects: The population of children aged 0–6 years (n¼ 139,398) in the Capital Region of
Denmark.
Main outcome measures: High use of antibiotics identified by number of antibiotic prescriptions
(� 3 prescriptions per year) and defined daily doses (DDD). A multinomial logistic regression ana-
lysis estimating the association between high antibiotic use and parents’ education, employment
status, income, child’s sex, and ethnic background.
Results: Ten percent of children accounted for 25% of the total use DDD. There was a clear ten-
dency that the risk for high antibiotic use increased as parental educational level decreased. The
risk for high use was the highest among children of mothers and fathers with basic schooling
�10 years (OR 1.60, 95% CI 1.29–1.98, and OR 1.60, 95% CI 1.34–1.91, respectively). Low income
and unemployment were not associated with high antibiotic use.
Conclusion: Socioeconomic factors can only partially explain differences in antibiotic use. Further
research is needed to clarify the unequal distribution of antibiotic prescribing and the association
between high antibiotic use and low educational level. This would provide valuable information
in the planning of strategies to promote rational use of antibiotics among children.

KEY POINTS
� The Capital Region of Denmark has the highest rate of antibiotic prescribing in Denmark.
� Preschool children are among the age groups with the highest use.
� Ten percent of the children accounted for 25% of the total antibiotic use.
� Low parental educational level was associated with increased antibiotic use.
� Parents’ income or employment status was not found to be associated with high

antibiotic use.
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Introduction

According to WHO, one of the most serious public
health problems is the rapidly increasing occurrence of
resistant bacteria worldwide.[1] Antimicrobial resistance
is directly related to the use of antibiotics.[2] Most anti-
biotics are prescribed for respiratory tract infections,[3]
but the majority of respiratory infections are caused by
virus. Accordingly, antibiotics have no beneficial effect

and may lead to harmful adverse reactions [4] and
therefore, a more appropriate level of antibiotic pre-
scribing is needed.[5] In Denmark, 90% of all antibiotics
are prescribed in primary care,[6] and the highest rate
of antibiotic prescribing is observed in the Capital
Region.[7]

In Denmark and in most countries infants and pre-
school children are among the age group with highest
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use.[7–9] The majority (about 70%) of antibiotics pre-
scribed to preschool children are for respiratory tract
infections.[10]

Socioeconomic factors have been shown to have an
impact on antibiotic prescribing patterns among chil-
dren.[11–15] However, the literature is scarce and lacks
large studies based on data at an individual level.
Moreover, the results are inconclusive, as employment
status, income, and educational level have been found
to be related to both high and low antibiotic use
among children.[11–18]

To reduce inappropriate antibiotic prescribing
among preschool children, it is important to get more
knowledge about the distribution of antibiotics and
the socioeconomic mechanisms that could influence
the antibiotic prescribing pattern. Therefore, this study
aims to investigate whether there is an equal distribu-
tion of antibiotic use among children aged 0–6 years
and to what extent parents’ socioeconomic factors are
associated with high use of antibiotics in the Capital
Region of Denmark.

Material and methods

Setting

The study was a population-based retrospective regis-
ter-based study combining data from Statistics Denmark
and the Danish National Prescription Database.

The study population was children aged 0–6 years
old living in the Capital Region in 2012. The Capital
Region is one of five regions in Denmark and consists
of 29 municipalities with 1 749,405 inhabitants (1
January 2014) corresponding to 31% of the entire
Danish population. All children born between 2006
and 2012 were included in the study (n¼ 139,398).
Children aged 0 years were born during the study
period year 2012.

Data and variables

Population and socioeconomic statistics were obtained
from Statistics Denmark. Information on antibiotic pre-
scriptions in 2012 was extracted from the Danish
National Prescription Database, which contains com-
plete information on prescriptions according to the
Anatomical Therapeutic Chemical Classification System
(ATC).[19]

From Statistics Denmark’s register on population
and education, information on socioeconomic factors
of the parents was obtained regarding income, educa-
tion, and employment status; and information regard-
ing the ethnic background of the children. The rate of

antibiotic prescribing for children aged 0–6 years was
extracted from the Danish National Prescription
Database. This register contains complete information
on all prescriptions redeemed in Denmark at out-
patient pharmacies and has a high validity.[20]

Variables

Outcome variable: The study applied two measures of
antibiotic use: number of prescriptions issued per year
and defined daily doses (DDD). Antibiotic use by num-
ber of prescriptions was divided into three groups
depending on the number of prescriptions: 0 prescrip-
tion (low use), 1–2 prescriptions (median use) or �3
prescriptions (high use). All prescriptions were identi-
fied through the National Health Service and linked to
the child population. In Denmark, antibiotics are pur-
chased on prescription only and only sold through
pharmacies, which have the exclusive rights to sell pre-
scription-only medicine to consumers.

Covariates: Education: mothers’ and fathers’ highest
completed educational level was obtained and divided
into eight groups in ascending order in relation to
number of years of education: basic schooling, second-
ary education, vocational education, short higher edu-
cation, medium higher education, graduate, longer
higher education, and researcher (reference group). In
Denmark, it is mandatory to receive education corre-
sponding to the basic school curriculum until the 10th
year of school education. Secondary education or voca-
tional education is normally after basic schooling and
may be followed by further or higher education.
Employment status was obtained for the mother and
father and divided into four groups: self-employed (ref-
erence group), employee, unemployed, and others. The
group ‘‘others’’ consists of parents assisting spouses,
students, or those on leave.

Income was defined by the total household income
in Danish kroner (DKK) and divided into five groups:
� 299,999; 300,000–499,999; 500,000–799,999;
800,000–999,999; and �1,000,000–(reference group).
Here, one Euro corresponds to DKK 7.44.

Ethnic background was divided into three groups
and defined as children with a Danish background
(Danish), and Danish-born children with one or both
parents born in a country other than Denmark
(descendants), and children born in a country other
than Denmark (immigrants) (reference group).

Statistics

Statistical analyses were done using SAS 9.3. A Lorenz
curve was used to describe the unequal distribution of
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antibiotic use among children. The Lorenz curve has
been applied to the use of medicines to highlight the
unequal distribution of drugs in the population,[21]
and recently also in a study of antibiotic consump-
tion.[22] In the Lorenz curve, the x-axis represents the
accumulated percentage of drug users and the y-axis
the accumulated percentage of the total consumption
DDD per year. In this study, we included the number
of prescriptions in the Lorenz curve as a proxy for the
number of treatment episodes per year. This modifica-
tion was proposed as a supplement by Malo et al.[22]
The selected socioeconomic variables (independent
variables) were categorized and examined for their
associations with antibiotic use. A multinomial logistic
regression analysis was conducted to estimate the
association between socioeconomic factors and num-
ber of antibiotic prescriptions in 2012.

Firstly, each independent variable was analyzed sep-
arately in univariate analyses, and we analyzed poten-
tial associations with antibiotic exposure. Secondly, an
analysis including all the independent variables was
done in a multivariate analysis in order to estimate the
adjusted odds ratios.

Results

The average number of prescriptions per 1000 children
aged 0–6 years was 739 per year. Of all children aged
0–6 years in the Capital Region, 34.4% had received at
least one antibiotic prescription in 2012. Among the
children exposed to antibiotics, 56% had received one
prescription, 24% two, and 10% three or more (results
not shown). The highest rate of antibiotic use was
found in one-year-olds, of whom 54% were prescribed
at least one antibiotic in 2012. The prescription rate
declined with increasing age and among children aged
6 years, the prescription rate was 26.1% (Figure 1).

Figure 2 shows the distribution of antibiotic use in
the different age groups by the two measures applied
among children with �3 prescriptions. The prescription
rate declined with increasing age – from 4.1
prescriptions on average among 1-year-olds to 3.7 pre-
scriptions on average among 6-year-olds. DDD
increased – as expected – with increasing age – from
children aged 1 year (16.3 DDD) to children aged 6
years (17.5 DDD). Results on high antibiotic use among
children may depend on if the outcome measure is
prescriptions or DDD.

The results in this study demonstrate an unequal
use of antibiotics. Approximately 10% of the children
accounted for about 25% of the total antibiotic use.
High antibiotic use, defined as having �3 prescriptions
per year, corresponding to 20% of the children,

accounted for 41% of the total antibiotic use
(Figure 3).

Table 1 shows the distribution of socioeconomic fac-
tors according to antibiotic use in 2012. High use of
antibiotics (� 3 prescriptions per year) varied signifi-
cantly in each socioeconomic category (all p val-
ues<0.01). The results were verified when multinomial
regression analyses were later done.

The crude odds ratios for high antibiotic use in the
univariate analysis are shown in Table 2 (results for
medium use are not shown). Results from the adjusted
model show that high use was more pronounced
among boys than among girls (20%, 95% CI 1.15–1.25).
Children with unemployed mothers and employed
mothers, respectively, had the highest risk for high
antibiotic use (41%, 95% CI 1.21–1.64 and 33%, 95% CI
1.16–1.54) compared with children with self-employed
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mothers. The employment status of the father did not
follow the same pattern as that of the mother.
Children of unemployed fathers did not have a signifi-
cantly higher risk for high antibiotic use compared
with children with self-employed fathers.

The different categories of household income
showed no significant association with high antibiotic
use. Children who were descendants or with Danish
background showed higher antibiotic use compared
with immigrant children. .

The odds of high antibiotic use increased as moth-
ers’ educational level decreased: there was a signifi-
cantly higher risk for high use among children with
mothers of all educational levels compared with chil-
dren of mothers with researcher education, apart from
graduate and longer higher education. The risk for
high use was the highest for children of mothers with
basic schooling only (60%, 95% CI 1.29–1.98) compared
with children of mothers with researcher education.
The odds of high antibiotic use also increased as
father’s educational level decreased apart from gradu-
ate education. The risk was the highest among chil-
dren of fathers with basic schooling only (60%, 95% CI
1.34–1.91). The pattern was almost the same for the
mothers’ and the fathers’ education.

The results did not change when it was tested for
the robustness of the categories (0, 1–2,� 3 prescrip-
tions) in a couple of sensitivity analyses. The first ana-
lysis (0, 1–2, 3–4,�5 prescriptions) showed a minimal
increase in OR but with larger confidence intervals. The
second analysis (0, 1, 2,�3 prescriptions) barely
changed the OR.

Discussion

Statement of principal findings

Our findings showed that approximately one third of
all preschool children in the Capital Region of

Denmark received at least one antibiotic prescription
in one year (2012). There was a considerable differ-
ence in the use of antibiotics as 10% used 25% of the
total consumption. The average prescribing rate was
739 prescriptions per 1000 children per year. There
was no association between household income and
antibiotic prescribing. The odds ratios were signifi-
cantly increased by having parents with low educa-
tional level.

Strengths and weaknesses of the study

The strength of this study is the full coverage of the
entire population of children aged 0–6 years in the
Capital Region of Denmark. Individual information
about socioeconomic factors and antibiotic prescribing
covering about one third of all preschool children in a
country has only rarely been achieved by other studies,
as most countries do not have access to link prescrip-
tion data with other public registers. Antibiotics are
available only on prescription in Denmark; accordingly,
we could account for all users, apart from the small
proportion of patients admitted to hospital.

To evaluate antibiotic prescribing, we calculated the
number of prescriptions per year because we believe it
reflects the number of episodes of infections. According
to the European Centre for Disease Prevention, this is a
more realistic way to evaluate antibiotic prescribing
than the traditional measure calculated as number of
DDD per 1000 inhabitants per day since dosing depends
on a patient’s body weight.[23] The results of this study
confirm that using DDD instead of number of prescrip-
tions may underestimate antibiotic consumption among
children aged 1–4 years. Overall, there were barely any
differences in the Lorenz curve regarding whether num-
ber of prescriptions or DDD was used. Using DDD in the
Lorenz curve showed that 27.1% of children accounted
for 53.5% of the antibiotic use. When using prescrip-
tions, the Lorenz curve showed 28.4% of children
accounted for 53.6% of the antibiotic use. Both meas-
ures seem to be suitable for this age group. For study
populations including both children and adults, Malo
et al., 2014 recommend number of prescriptions to cal-
culate the distribution in a Lorenz curve.[22]

The study is cross-sectional, which cannot lead to
any conclusion on causality of high antibiotic use.
Nevertheless, most socioeconomic factors have prob-
ably been established before the children’s antibiotic
use. Due to the unique possibility of linking individual
socioeconomic data to antibiotic prescriptions for a
large group of children, only very, few international
studies, mostly from Sweden, were available for
comparison.
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It is unknown whether high antibiotic use among
children with lower educated parents is simply a pic-
ture of unequal distribution of infections in society.
Studies about socioeconomic factors and infections are
dominated by studies from developing countries.
However, a few studies among British and US children
have found that children from lower social classes are
more at risk of infection,[24] but this has not been
investigated in a Danish setting.

It was not possible to obtain data on indications for
antibiotic prescribing. Knowing the reasons why antibi-
otics were prescribed to the child would allow a more
valid evaluation of the appropriateness of the treat-
ment. Another limitation of the present analysis is the
absence of morbidity data and, hence, our inability to

adjust for possible differences in morbidity in relation
to antibiotic use. Finally, prescriptions may be affected
by general practitioners’ prescription behavior, but the
study lacks data on which children are seen by which
general practitioners.

Findings in relation to other studies and
interpretation

Compared with equivalent children in Sweden in 2012,
there is a substantially higher prescription rate in
Denmark – 57%. The average prescription rate in
Sweden in 2012 was about 470 prescriptions per 1000
children, and the Swedish region Skaane, bordering
the Capital Region of Denmark, had an antibiotic

Table 1. Socioeconomic factors by number of antibiotic prescriptions among children aged 0–6 years old in the
Capital Region 2012.

Overall number
(n¼ 139,398)

Low use (no prescriptions)
n¼ 90,046

High use (� 3 prescription)
n¼ 107,43

Gender
Girl 71,590 63.8 8.3
Boy 67,808 65.5 7.1

Mother’s employment status
Independent 4030 68.9 6.1
Employee 102,009 64.7 7.7
Unemployed 18,086 61.5 9.2
Others 15,273 66.8 6.5

Father’s employment status
Independent 9885 65.5 6.9
Employee 105,053 64.6 7.8
Unemployed 9497 62.3 8.6
Others 14,934 65.6 7.3
Missing 29 – –

Household income
<299,999 9932 66.8 6.8
300,000–499,999 24,150 62.8 8.6
500,000–799,999 52,326 63.0 8.2
800,000–999,999 25,418 65.7 7.3
>1,000,000 27,572 67.3 6.6

Mother’s highest completed education
Basic schooling (� 10 years) 16,474 60.1 9.9
Secondary education (11–13 years) 7948 64.5 7.3
Vocational education (10.5–15.5 years) 27,872 61.1 9.1
Short higher education (13–16 years) 6987 64.0 8.1
Medium higher education (14–17.5 years) 29,183 64.3 7.7
Graduate (14–17 years) 5681 67.6 6.4
Long higher education (16–19 years) 32,390 68.6 6.0
Researcher education (18.5–22 years) 1905 69.5 6.0
Others 2111 66.0 7.0
Missing 8847 – –

Father’s highest completed education
Basic schooling (� 10 years) 19,117 60.6 9.3
Secondary education (11–13 years) 8382 64.8 7.3
Vocational education (10.5–15.5 years) 35,700 61.6 8.9
Short higher education (13–16 years) 9200 64.1 7.5
Medium higher education (14–17.5 years) 17,198 65.9 6.9
Graduate (14–17 years) 31,131 68.9 6.5
Long higher education (16–19 years) 4405 67.8 5.8
Researcher education (18.5–22 years) 3086 71.5 5.2
Others 2986 64.1 8.8
Missing 8193 – –

Ethical background
Danish 121,163 65,0 7.6
Immigrant 2278 73.2 3.9
Descendant 15,957 61.1 9.0
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prescribing rate of about 550 prescriptions per 1000
children per year.[25] Despite the higher antibiotic use
in Denmark among children compared with that in
Sweden, prescription rates in Denmark are still among
the lowest in Europe.[26]

Antibiotic prescribing was more frequent among
boys than among girls, which is in accordance with
a newly published Danish study on drug utiliza-
tion.[7] This may partly be explained by the fact
that acute otitis media is more frequent among
young boys.[27]

A study by Hjern et al. (2000) showed no association
between children who had consumed antibiotics at
least once during the previous 12 months and
unemployed parents.[15] Compared to the employ-
ment status independent, our study found that chil-
dren with employed and unemployed mothers had a
higher risk for increased antibiotic use, whereas

children with unemployed fathers did not have an
increased risk. It can be concluded that associations
between employment status and antibiotic use is
unclear and needs further research. This study found
no association between household income and anti-
biotic prescribing, whereas other studies have found a
significant association between antibiotic use and
household income.[12,13,15,18]

The longer the education, the lower the odds ratios
for high antibiotic use. That is more or less the picture
of the results in this study. These results are in line
with a Danish study from 2003 finding that children
aged 0–2 years of mothers with low educational level
had a slightly higher risk of high antibiotic use (> 4
antibiotic courses) during the first 2 years of life. Two
Swedish studies did not find similar associations: Hjern
et al. (2000) found that children aged 6–15 years con-
sumed fewer antibiotics during the previous

Table 2. Associations between high antibiotic use (� 3 prescriptions) and socioeconomic factors.
Unadjusted high use

(�3 prescriptions) OR (95% CI)
Adjusteda high use

(�3 prescriptions) OR (95% CI)

Gender
Girl – –
Boy 1.21 (1.16–1.26) 1.20 (1.15–1.25)

Mother’s employment status
Independent – –
Employee 1.34 (1.16–1.53) 1.33 (1.16–1.54)
Unemployed 1.70 (1.48–1.95) 1.41 (1.21–1.64)
Others 1.10 (0.95–1.27) 1.18 (1.01–1.38)

Father’s employment status
Independent – –
Employee 1.14 (1.05–1.24) 1.18 (1.08–1.28)
Unemployed 1.32 (1.18–1.47) 1.05 (0.93–1.19)
Others 1.05 (0.95–1.16) 1.11 (1.00–1.24)

Household income
<299.999 1.04 (0.95–1.14) 0.91 (0.80–1.04)
300,000–499,999 1.40 (1.31–1.50) 1.02 (0.93–1.12)
500,000–799,999 1.32 (1.25–1.40) 1.04 (0.98–1.11)
800,000–999,999 1.13 (1.06–1.21) 1.02 (0.95–1.10)
>1,000,000 – –

Mother’s highest completed education
Basic schooling (� 10 years) 1.92 (1.57–2.34) 1.60 (1.29–1.98)
Secondary education (11–13 years) 1.30 (1.06–2.34) 1.41 (1.10–1.83)
Vocational education (10.5–15.5 years) 1.64 (1.28–2.10) 1.46 (1.18–1.79)
Short higher education (13–16 years) 1.47 (1.19–1.81) 1.33 (1.06–1.65)
Medium higher education (14–17.5 years) 1.39 (1.14–1.69) 1.28 (1.04–1.57)
Graduate (14–17 years) 1.10 (0.88–1.37) 1.10 (0.87–1.38)
Long higher education (16–19 years) 1.02 (0.84–1.24) 1.01 (0.82–1.24)
Researcher education (18.5–22 years) – –

Father’s highest completed education
Basic schooling (� 10 years) 2.11 (1.79–2.50) 1.60 (1.34–1.91)
Secondary education (11–13 years) 1.56 (1.30–1.87) 1.58 (1.28–1.96)
Vocational education (10.5–15.5 years) 1.89 (1.53–2.32) 1.56 (1.31–1.86)
Short higher education (13–16 years) 1.61 (1.35–1.93) 1.37 (1.13–1.64)
Medium higher education (14–17.5 years) 1.43 (1.21–1.70) 1.25 (1.05–1.50)
Graduate (14–17 years) 1.16 (0.94–1.42) 1.08 (0.87–1.34)
Long higher education (16–19 years) 1.32 (1.12–1.56) 1.28 (1.08–1.52)
Researcher education (18.5–22 years) – –

Ethical background
Danish 2.19 (1.77–2.72) 2.91 (1.07–7.90)
Immigrant – –
Descendant 2.77 (2.23–3.45) 3.40 (1.25–9.25)

aAdjusted for gender, mothers’, and fathers’ employment and highest completed education, household income, eth-
ical background.
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12 months if their parents had low levels of education
(less than 10 years);[15] Hedin et al. (2006) found no
association between antibiotic treatment for 18-month-
old children and parents’ education.[16] Although
Denmark and Sweden are neighboring countries, there
seems to be differences in antibiotic prescribing
behavior.

This study found a higher risk of high antibiotic use
among children who were descendants or with a
Danish background compared with immigrant children.
Immigrant children as well as their parents are not
born in Denmark nor do they have Danish citizenship.
It could therefore be hypothesized that immigrant chil-
dren have parents who lack Danish language skills as
well as knowledge about the Danish healthcare sys-
tem. This might reduce contact to a general practi-
tioner and thereby also reduce the risk of being
exposed to antibiotics. Children who were descendants
of immigrants had a higher odds ratio of high anti-
biotic use compared with children with a Danish back-
ground, but large confidence intervals influence the
accuracy of the estimates. Other studies have found no
such associations between ethnic background and
antibiotic use.[15,16]

Meaning of the study: implications

We found that high antibiotic use is present to a
greater degree among children with parents with low
education. It could be hypothesized that parents with
low educational level lack knowledge about the poten-
tially harmful effects of antibiotics and this could inter-
act with a higher risk for infections among children
from lower social classes.[28] Future studies should
investigate this. This background knowledge would
help general practitioners cope with children at risk of
high use.

Conclusion

Socioeconomic factors can only partially explain the
differences in high use of antibiotics. Employment sta-
tus and income were not associated with a high pre-
scription rate. A positive relationship was found
between parents’ educational level and prescription
rate: the lower the number of years of education, the
higher the prescription rate. Further research should
clarify the unequal distribution of antibiotic prescribing
and explain the association between high antibiotic
use and low educational level. This would provide valu-
able information in the planning of strategies to pro-
mote rational use of antibiotics among children.
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