Clinical Epidemiology Dove

ORIGINAL RESEARCH

Trends in Antibiotic Use in Danish, Finnish,
Norwegian and Swedish Children

Nils Skajaa =4 Lise Gehrt 3’4, Heta Nieminen®?>, Ida Laake (%, Héléne Englund 7
Ute Wolff Sbnksens, Berit Feiring 6, Christine Stabell Benn 3‘4'9, Lill Trogstadf’, Arto A Palmu 5,
Signe Serup®'?

'Department of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark; >National Institute of Public Health, University of Southern
Denmark, Copenhagen, Denmark; 3Research Center for Vitamins and Vaccines, Statens Serum Institut, Copenhagen, Denmark; “Bandim Health
Project, Open Patient Data Explorative Network, Odense University Hospital/Department of Clinical Research, University of Southern Denmark,
Odense C, Denmark; 5Department of Public Health and Welfare, Finnish Institute for Health and Welfare, Tampere, Finland; éDivision of Infection
Control and Environmental Health, The Norwegian Institute of Public Health, Oslo, Norway; “Unit for Vaccination Programmes, Public Health Agency
of Sweden, Solna, Sweden; 8Reference Laboratory for Antimicrobial Resistance, Infection Preparedness, Statens Serum Institut, Copenhagen,
Denmark; °Danish Institute for Advanced Study, University of Southern Denmark, Odense C, Denmark

Correspondence: Signe Sgrup, Department of Clinical Epidemiology, Aarhus University Hospital, Olof Palmes Allé 43-45, Aarhus N, 8200, Denmark,
Email SigneSorup@clin.au.dk

Objective: To compare the use of antibiotics in children in four Northern European countries.

Methods: We conducted a register-based study based on individual-level prescription data from national prescription registers. We
identified all redeemed outpatient prescriptions for systemic antibiotics in children aged 0-14 years from July 2006 to June 2017 in
Denmark, Finland, Norway, and Sweden. We computed incidence rates and incidence rate ratios of treatment episodes with any
antibiotic and different antibiotic classes.

Results: In 2016/2017, the rates of antibiotic treatment episodes per 1000 person-years in children aged 0—14 years were 429, 284, 219,
and 184 in Finland, Denmark, Sweden, and Norway, respectively, and the rate ratios (95% confidence intervals) compared with Norway
were 2.33 (2.33-2.34), 1.54 (1.54-1.55), and 1.19 (1.19-1.20) in Finland, Denmark, and Sweden, respectively. The rate of antibiotic
treatment episodes declined over time in all countries. The relative reductions in 2016/2017 compared with 2006/2007 were 36% in
Finland, 40% in Denmark, 49% in Sweden, and 29% in Norway. Treatment episodes peaked between age 12 and 18 months. The most
used antibiotic class was beta-lactamase sensitive penicillins among all children in Norway and Sweden and among children above two
years in Denmark, while penicillins with extended spectrum were most used in Finland and among the youngest children in Denmark.
Conclusion: In all countries, the use of antibiotics in children declined between 2006 and 2017. However, there were still
considerable differences in antibiotic use between otherwise quite similar Nordic countries, with a more than 2-fold difference
between the countries with the lowest and highest rates. Interventions to reduce the number of antibiotic treatment episodes in the
countries with higher rates could reduce the total antibiotic use.
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Introduction

In 2015, the World Health Organization launched a Global Action Plan on Antimicrobial Resistance with the objective to
increase awareness of antibiotic resistance, prevent infections, optimize the use of antibiotics, increase knowledge
through research and surveillance, and foster the development of new antimicrobial drugs.' Children are common
recipients of antibiotics.”? Using between-country comparisons of antibiotic prescription rates may reveal areas for
promoting rational antibiotic prescribing. In a landmark study, Goossens et al showed that outpatient antibiotic use
was markedly lower in Northern than in Southern European countries.” Youngster et al recently observed up to seven-

fold differences in pediatric antibiotic prescription rates in six countries across Europe, Asia, and North America.
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The study by Youngster et al used broad age group definitions and varying types of data sources.* The Northern
European countries Denmark, Finland, Norway, and Sweden have similar tax-funded health care systems and nationwide
prescription registers that include antibiotics.” Differences in pediatric antibiotic utilization in these countries may
therefore help to identify policy differences that could guide interventions to reduce unnecessary antibiotic use.

We undertook a drug-utilization study with the aim to compare the rate of antibiotic treatment episodes among
children aged 0—14 years in Denmark, Finland, Norway, and Sweden over time and by age.

Methods

We conducted an observational study using national registers from Denmark, Finland, Norway, and Sweden including
information on all children aged 0 years to and including 14 years during the study period 1 July 2006 to 30 June 2017.
We selected the study period based on data availability and to describe antibiotic use according to “epidemiological
years” as infectious diseases often have a seasonal pattern. We defined an “epidemiological year” as running from 1 July
to 30 June.

Setting

The number of children aged 0 to 14 years was lowest in Finland (894,178 in 2016) and highest in Sweden (1,760,994 in
2016; Table S1). Population density is markedly higher in Denmark (143 inhabitants per km” in 2016) than in the other
countries (14-24 in 2016; Table S1). All countries have governmentally supported daycare available from 6—12 months
of age and the proportion of smokers is decreasing in all countries (Table S1). In all four countries, antibiotics require
a prescription from a physician and can only be purchased in licensed pharmacies.

Data Sources

We obtained nationwide, individual-level prescription data from the Danish National Prescription Database, the
Norwegian Prescription Database, the Swedish Prescribed Drug Register, and the Prescription Register of Finland as
well as the Finnish Prescription Centre.”® The Danish, Norwegian, and Swedish prescription registers hold information
on all redeemed outpatient prescriptions since 1995, 2004, and 2005, respectively, while the Finnish Prescription Register
holds information only on reimbursable redeemed prescriptions since 1994. In Finland, all systemic antibiotics were
reimbursable 1994 to 2012, when some reimbursements were withdrawn (Table S2). Collection of all redeemed
prescriptions irrespective of reimbursement to the Prescription Centre started gradually in 2010, and in 2017 the register
included the majority of prescriptions.® We combined data from the two Finnish registers to achieve the most reliable
measure of antibiotic use (Figure S1 shows the registrations in each register over the epidemiological years). Antibiotics
given to hospitalized or institutionalized patients are not captured by any of the registers,” but the registries include
information on prescriptions irrespective of provider (private or public).

All the prescription registers include the unique personal identification number, sex, date of redemption, and drug
substance classified according to the Anatomical Therapeutic Chemical (ATC) Classification System.’ Date of birth was
obtained from the prescription registers in Finland and Norway (year and month of birth only), and from the Civil
Registration System in Denmark,’ and Statistics Sweden in Sweden. We obtained information on the underlying
populations at risk comprising all children aged 0-14 years of age from publicly available national population

statistics.> !

Classification of Outcomes

First, we performed analyses for all treatment episodes with antibacterials for systemic use combined (ATC code JO1).
Antibiotic prescriptions redeemed within 14 days of the previous antibiotic prescription were regarded as one treatment
episode. Second, we performed analyses by antibiotic class: tetracyclines (ATC code JO1AA), penicillins with extended
spectrum (JO1CA), beta-lactamase sensitive penicillins (JO1CE), other penicillins (JOICF, JO1CG, JO1CR), other beta-
lactam antibacterials (JO1D), macrolides, lincosamides and streptogramins (JO1F), quinolone antibacterials (JO1M),
sulfonamides and trimethoprim (JO1E), and others (JOIB, JOIG, JOIR, JO1X). If a child received prescriptions of
different antibiotic classes during one treatment episode, the treatment episode was included in both classes.
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Statistical Analysis

We calculated the incidence rates per 1000 person-years of treatment episodes with any antibiotic and different antibiotic
classes for both sexes combined and stratified by sex. For each epidemiological year and age group, the corresponding
population at risk was used to establish the total amount of follow-up time in person-years.

The combined incidence rate for all children aged 0 to 14 years for each epidemiological year and country was age-
standardized with a standard defined by the average number of children in each one-year age group over all countries and
epidemiological years. We did not include confidence intervals around rates as the estimates are based on the entire
population in each country and thereby avoided uncertainty due to sampling.

We calculated the incidence rate according to age in one-month intervals among children aged up to and including
23 months, and in one-year intervals thereafter. To illustrate the total number of antibiotic treatment episodes from
birth to 14 years per child, we estimated the mean number of antibiotic treatment episodes a child would have up to age
15 if it had been subject to the age-specific rates observed in a given epidemiological year (further details in
Methods S1).

To compare the incidence between countries we estimated incidence rate ratios and confidence intervals for each
epidemiological year using the country with the lowest incidence (Norway) as the reference.'?

In sensitivity analyses, we repeated the analyses using all redeemed antibiotic prescriptions as the outcome, ie without
grouping prescriptions redeemed within 14 days into treatment episodes.

We used Stata version 15.0 (StataCorp, College Station, Texas, USA) and R version 4.0.2.

Results

Throughout the study period, the rates of antibiotic treatment episodes for all children aged 0-14 years were highest in
Finland, followed by Denmark, Sweden, and Norway (Figure 1, Table S3). In 2006/2007, the number of antibiotic
treatment episodes per child from birth to and including 14 years of age were 10.0, 7.1, 6.5, and 3.9 in Finland,
Denmark, Sweden, and Norway, respectively (Table S4). In 2016/2017, the corresponding numbers were 6.4, 4.3, 3.3,
and 2.8.

Thus, all countries experienced a decline over the study period although there was a transient increase in 2010/2011 in
Denmark and Finland, in 2011/2012 in Norway, and in 2014/2015 in Finland (Figure 1). The relative reductions in 2016/
2017 compared with 2006/2007 were 36% in Finland, 40% in Denmark, 49% in Sweden, and 29% in Norway (calculated
from Table S3).

Over the years, the relative differences between Norway and the other countries decreased (Figure 2). For Finland the
rate ratio compared with Norway was highest in 2010/2011 (2.84; 95%-CI=2.83-2.84) and lowest in 2016/2017 (2.33;
95%-CI=2.33-2.34; Table S5). For Denmark, it was highest in 2010/2011 (1.94; 95%-CI=1.93—1.94) and lowest in 2014/
2015 (1.46; 95%-CI=1.45—1.46); for Sweden it was highest in 2006/2007 (1.67; 95%-CI=1.66—1.67) and lowest in 2013/
2014 (1.11; 95%-CI=1.10-1.11; Table S5).

Beta-lactamase sensitive penicillins were the most used antibiotics in Denmark, Norway, and Sweden, while
penicillins with extended spectrum were most frequently used in Finland (Figure 3). A transient increase in the rate of
macrolides was observed in 2010-2012 in Denmark and Finland and in 2011/2012 in Norway and Sweden.

Antibiotic Use According to Age

The rate of antibiotic treatment episodes per 1000 person-years peaked at 12 months of age in Denmark (1377) and
Finland (1408), at 15 months in Norway (593), and at 18 months in Sweden (728; Figure 4, Table S6). Thereafter, the
rates gradually declined until 12 years of age in all countries, followed by a slight increase. The rates among children
below 2 years of age were particularly high in Finland and Denmark, and the higher rates persisted in all ages in Finland
in comparison to the other countries (Figure 4). In Denmark, penicillins with extended spectrum were most frequently
used until 3 years of age, after which beta-lactamase sensitive penicillins dominated (Figure 5). In Finland, penicillins
with extended spectrum were consistently the most used antibiotic class across all ages, while beta-lactamase sensitive
penicillins were most frequent in Norway and Sweden across all ages.
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Figure | Age-standardized incidence rates of treatment episodes with systemic antibiotics (ATC J01) among children aged 0—14 years by epidemiological years.

Antibiotic Use According to Sex
The rate of antibiotic treatment episodes was consistently higher for boys than girls in Finland with the reverse seen in
Norway (Figure S2; Table S4). However, the sex differences varied by antibiotic class (Figure S3). Starting from birth,

the rates were higher among boys than girls in all countries and for most subclasses; in Denmark, Norway, and Sweden,
the rate for girls surpassed that of boys after 3—5 years of age, while in Finland, the rates for girls and boys were very
similar after 4 years of age (Figure 4 and Figure S4).

Sensitivity Analyses
Results were similar when all antibiotic prescriptions were considered, although the rates were considerably higher than
for antibiotic treatment episodes (Figure S5 and S6 and Table S7 and S8).

Discussion

Based on nationwide data on redeemed antibiotic prescriptions issued to children aged 0—14 years in outpatient care
during 2006/2007-2016/2017, we found that while the rate decreased in all countries over the study period, there were
considerable differences in the rate of antibiotic treatment episodes, with the highest rates in Finland, followed by
Denmark, Sweden, and Norway. In all countries, the rates were highest in young children, but the peak was higher and

occurred considerably earlier in Denmark and Finland. Penicillins with extended spectrum were the most frequently used
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Figure 2 Rate ratios between countries in the age standardized incidence rates of treatment episodes with systemic antibiotics (ATC J01) among children aged 0-14 years
by epidemiological year.

antibiotics in Finland at all ages and among the youngest children in Denmark, while beta-lactamase sensitive penicillins
were most frequently used in Norway and Sweden.

The present study is based on unique nationwide prescription registers that allowed comparison of antibiotic use
according to age, sex, and different antibiotic classes among children across four similar countries over a ten-year period.
A limitation is that the prescription registers do not capture antibiotics provided at hospitals, although prescriptions
written at hospitals and redeemed at pharmacies are included.>'? It is likely that numbers of antibiotic prescriptions were
underestimated in 2012 to 2016 in Finland, because some antibiotics targeted to the youngest children (mixtures of sulfa-
trimethoprim, cephalexin, and phenoxymethylpenicillin) were no longer reimbursable and thus not included in the
Finnish Prescription Register. However, the Finnish Prescription Centre, which include all prescriptions irrespective of
reimbursement, received partial reporting during 2012 to 2016 and reporting has been mandatory since 2017, giving quite
reliable estimates for the epidemiological year 2016/2017.° In line with our findings, other European countries have also
observed declines in pediatric antibiotic use over recent years.'* !¢

The absolute rates and trends in antibiotic use observed in the current study must be interpreted in light of the
relatively low absolute rates in the Nordic countries compared with other countries. For example, for persons below 20
years in the USA, there were 790 antibiotic prescriptions per 1000 persons in 2016."7 Also, for all age groups, the 2016
European Centre for Disease Prevention and Control data shows that the defined daily doses of antibiotics per 1000
inhabitants were 25 in Spain, 24 in France, and 17 in the United Kingdom compared with 15 in Denmark, Norway, and
Finland and 12 in Sweden.'® The overall declines observed in this study align with findings from older single-country
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Figure 3 Age-standardized incidence rates of treatment episodes with different classes of systemic antibiotics (ATC JOI) among children aged 0-14 years by
epidemiological year in Finland, Denmark, Sweden, and Norway.
Note: The reimbursement change in Finland effect the episodes of sulfonamides and trimethoprim, other beta-lactam antibacterials and beta-lactamase sensitive penicillins.

studies from Denmark,'>!” Finland,?° and Sweden.?!"*> We extend these findings by comparing rates across four similar,
Nordic countries, applying the same methodology, which ensured comparability.

Many factors likely contribute to the between-country differences and the differences over time within each
country in the use of pediatric antibiotics. Below we describe some of the factors that might contribute to the
differences.

The observed transient increase in prescription rates during 2010/2012 is most likely explained by Mycoplasma

pneumoniae epidemics,?®> 2

also indicated by the increased use of macrolides during this period. However, we also
observed an increase in treatment episodes with other antibiotics in Denmark and Finland, while this was not the case in
Norway, indicating more restrictive prescription practices in Norway.

Any policy leading to lower transmission of respiratory infections is likely to reduce antibiotic use, as observed
during the COVID-19 pandemic.’® We have no information indicating changes in behavioral policies to reduce
transmission of infection during the study period. However, the pneumococcal conjugate vaccine (PCV) was introduced
in a three-dose infant schedule in 2006 in Norway, 2007 in Denmark, gradually from 2007 in Sweden, and in 2010 in
Finland (Table S1).This could have contributed to the decline in the rate of antibiotic use, as PCV vaccination programs
have previously been shown to reduce antibiotic use.?” Furthermore, declines in adult smoking over the years (Table S1)
might also explain some of the decline in the antibiotic use, as environmental smoking is associated with higher risk of
respiratory infections.?®

The use of antibiotics was highest during the first two years of life in all Nordic countries, in alignment with previous
reports.'*>** However, our results indicate great variation within these first years of life. In the first months of life, we
found limited use of outpatient antibiotics, which could, in part, be due to protection against infections by maternal
antibodies and breastfeeding.?’ Sweden had the highest peak age in the rate of antibiotic treatment episodes (18 months),
which may be related to longer parental leaves (68 weeks) and potentially older average age when starting daycare (Table
S1). Until 18 months of age, boys had a higher use of antibiotics than girls, which may be related to young boys being
more susceptible to some infectious diseases than girls.>

Increased awareness of antimicrobial resistance and the importance of restrictive antibiotic prescribing policies
have likely contributed to the declining use of antibiotics. However, despite the similar trends, we found consider-
able differences between the countries. The differences may be explained by variations in timing and content of
country-specific initiatives aiming to restrict antibiotic prescribing. The importance of adopting a surveillance
system with an integrated approach, tracking annual antimicrobial usage and resistance, is well-recognized.®'
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Figure 4 Incidence rates of treatment episodes with systemic antibiotics (ATC JO1) by age got boys and girls combined and stratified by sex.
Note: Rates are estimated in one-month intervals among children aged up to and including 23 months and in one-year intervals thereafter.

Such comprehensive surveillance systems have been implemented in Denmark (1995),** Norway (2000),** and
Sweden (2002),>* while Finland has had fragmented reporting in these areas.>>% Explicit targets for reductions in
human antibiotic use were first set in 2009 in Sweden,’’ in 2015 in Norway,3 3 and in 2017 in Denmark® and
Finland.>®* However, other initiatives were taken; for instance, Finland launched the first cross-administrative
recommendation on the control of antimicrobial resistance and the development of antimicrobial policies in 2000.*°

All Nordic countries have tax-supported health care systems, but a survey from 2013/2014 showed that 52% of
Finnish children were also covered by supplemental health insurances, facilitating easier access to private care
providers.*! This may in part explain the high antibiotic use in Finland as private providers may be more willing to

prescribe antibiotics to secure patient satisfaction.*>*?
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Figure 5 Incidence rates of treatment episodes with different classes of systemic antibiotics by age in Finland, Denmark, Sweden, and Norway.
Note: Rates are estimated in one-month intervals among children aged up to and including 23 months and in one-year intervals thereafter.

It has previously been found that antibiotic prescription rates and classes of antibiotics vary between different
settings, which might be attributed to different guidelines and habits of prescriptions.** The high use of penicillins
with extended spectrum in Finland is related to guidelines recommending amoxicillin (a penicillin with extended
spectrum) as the first-line therapy for the treatment of otitis media.*> Conversely, phenoxymethylpenicillin (a beta-
lactamase sensitive penicillin) is recommended as first-line therapy for most respiratory tract infections (including
otitis media) in Denmark, Norway and Sweden.*®*® Thus, the relatively high use of penicillins with extended
spectrum in Denmark is inconsistent with guidelines. This discrepancy has previously been attributed to the
preferred taste of amoxicillin mixture over phenoxymethylpenicillin, particularly among the youngest children.*’
However, in Sweden and Norway beta-lactamase sensitive penicillins are used most frequently also among the
youngest children.

Conclusion
The rate of pediatric antibiotic use from 2006/2007 to 2016/2017 showed a general decline in all countries. Although all
countries had quite low rates in an international perspective, there were still differences in pediatric antibiotic use
between countries. Norway had the lowest antibiotic use during the study period, followed by Sweden, Denmark and
Finland. The present study cannot directly associate the differences in pediatric antibiotic use between the countries and
the differences in each country over time to specific explanatory factors. However, factors contributing to the pediatric
use of antibiotics may include the underlying infectious disease pressure as exemplified by the increased use during
Mycoplasma pneumoniae epidemics, infectious disease preventive measures like introduction of the PCV vaccine,
lifestyle factors like parental smoking, society structures like length of parental leave and use of private health care
providers, the surveillance on antibiotic use and resistance, and overall initiatives to reduce unnecessary antibiotic
prescribing.

In all countries, antibiotic use was highest in the first years of life. Therefore, interventions in this age group could
potentially have a large impact on antibiotic use. Based on the data from Norway, it could be possible to significantly
reduce and even more than half the use of antibiotics in other Nordic countries.
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