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SPECIAL REPORT

Insights gained from drug utilization research to improve safe clinical practice for 
children and adolescents in Denmark
Helene Kildegaarda,b and Anton Pottegårdb

aMary Elizabeth’s Hospital, Copenhagen University Hospital, Copenhagen, Denmark; bClinical Pharmacology, Pharmacy, and Environmental 
Medicine, Department of Public Health, University of Southern Denmark, Odense, Denmark

ABSTRACT
Introduction: Drug utilization studies (DUS) provide important insights on how medications are used in 
routine clinical practice and can identify gaps between real-world use and existing evidence and 
guidance. While DUS are relevant across all therapeutic areas, they are particularly valuable in pediatrics 
as a substantial proportion of prescribing occurs off-label or with limited trial data.
Areas covered: This paper describes five domains where pediatric DUS can contribute to improving 
safe and rational use of medications: (i) setting research priorities, (ii) supporting drug surveillance and 
stewardship, (iii) identifying and reducing unwarranted variation, (iv) assessing prescriber behavior, and 
(v) evaluating the impact of regulatory actions and clinical guidelines. The five domains are illustrated 
using examples of Danish register-based pediatric DUS.
Expert opinion: Despite their value, pediatric DUS remain underused in clinical and regulatory 
decision-making. DUS should be systematically integrated into the development and revision of clinical 
guidelines on medication use and used routinely to evaluate the effects of major regulatory initiatives. 
Establishing near–real-time monitoring systems and extending DUS to inpatient settings would further 
strengthen their ability to impact clinical practice and support safer and more evidence-based pre
scribing for children and adolescents.
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1. Introduction

Drug utilization studies (DUS) can provide important insights 
into how medicines are used outside the strictly controlled 
conditions of randomized trials. By characterizing users, pre
scribing practices, and trends in use, DUS help to monitor use 
of medicines, identify areas of over- or underprescribing and 
evaluate the impact of guidelines or regulatory actions [1].

Children are frequently treated with medications. 
Depending on setting, 50–80% of the children and adoles
cents are prescribed at least one drug each year, most com
monly antibiotics, inhaled adrenergics, and topical steroids, 
but also hormonal contraceptives, psychotropics, and analge
sics [2–4]. Although prescribing in children is common, much 
of it occurs with limited evidence from randomized controlled 
trials to support it. Rather, pediatric use of medicines often 
relies on extrapolation from adult data without pediatric- 
specific trials on indication, dosing, efficacy, or safety [5,6]. 
Less than half of the marketed drugs are formally approved 
for use in children, and many lack labeling for relevant pedia
tric age sub-groups, resulting in substantial off-label use [7,8]. 
Evidence-based support for off-label prescribing is often lim
ited, with many indications relying on consensus or guideline- 
based recommendations rather than randomized trials or 
meta-analyses [9]. More broadly, evidence on drug efficacy 
and safety in pediatric populations is often based on studies 

with short-term follow-up, providing limited data on long- 
term outcomes. Together, this combination of widespread 
use and incomplete evidence creates a clear need for systema
tic monitoring of real-world prescribing practices.

This expert opinion highlights five domains where pediatric 
DUS can contribute to more rational and safer use of medi
cines: (i) setting research priorities, (ii) monitoring drug use to 
inform clinical guidelines, (iii) identifying and reducing unwar
ranted variation in prescribing, (iv) assessing prescriber beha
viors, and (v) evaluating the impact of regulatory actions and 
guidelines on drug prescribing. These domains are illustrated 
using examples from Danish registry-based research and sum
marized in Table 1.

2. Areas where pediatric DUS can inform clinical and 
regulatory practice

2.1. Setting research priorities

Positioned at the interface between pharmacoepidemiology 
and health services research (Figure 1), DUS play a central role 
in detecting emerging trends in medication use and directing 
research attention to therapeutic areas where evidence on 
safety and effectiveness is limited for the pediatric population. 
By providing data from real-world settings, DUS can identify 
drugs and drug classes where clinical use is developing slower 
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or faster than the supporting evidence and reveal unexpected 
or off-label prescribing. In this way, DUS can provide a data- 
driven foundation for prioritizing pediatric clinical research, 
pharmacovigilance, and regulatory efforts.

An illustrative example is the increasing use of medications 
for attention-deficit hyperactivity-disorder (ADHD). In 
Denmark, prescribing of ADHD medications has increased 
steadily since the early 2000’s [10,11]; however, recent studies 
show a marked acceleration in use from the Covid-19 pan
demic onwards [12]. By 2023, nearly 5% of Danish adolescents 
were receiving pharmacological treatment for ADHD [4]. These 
findings have influenced national research agendas aiming 
both to understand changes in diagnostic and prescribing 
practices, structural drivers of increased use, and to strengthen 
evidence on long-term safety and effectiveness.

Another example is a recent nationwide overview of pedia
tric prescribing, describing the 100 most commonly used 
drugs among Danish children and adolescents from 2005 to 
2023 [4]. While overall prescribing declined, largely due to 
reduced antibiotic use, several other therapeutic areas 
increased. Unexpected trends included a substantial and sus
tained increase in melatonin use. Melatonin is now among the 

most frequently prescribed drugs in adolescents, despite 
approval only as a second-line treatment for insomnia in 
children diagnosed with ADHD, autism spectrum disorder, or 
Smith-Magenis syndrome [13]. The study also showed large 
relative increases in local and systemic retinoids for acne, 
although data on their long-term safety in pediatric popula
tions remain limited [14,15]. Furthermore, proton pump inhi
bitors (PPIs) continued to be widely prescribed to infants and 
toddlers, despite guidelines recommending restraint due to 
low-certainty evidence of their efficacy in treating pediatric 
gastro-esophageal reflux disease [16,17] and reported associa
tions with bone fractures and serious infections [18,19].

2.2. Drug surveillance

Pediatric DUS also serve an important role in continuous 
surveillance of medication use on a population level to sup
port rational prescribing. Regular monitoring can enable 
timely identification of inappropriate or excessive prescribing, 
thereby providing an evidence base for stewardship and reg
ulatory action. However, systematic surveillance is only estab
lished for a limited number of drug classes, leaving important 
gaps in up-to-date knowledge on routine medicine use.

Initiatives in antibiotic stewardship illustrate how struc
tured, long-term monitoring can directly inform policy and 
clinical practice. In Denmark, the national DANMAP program 
has monitored antibiotic prescribing and antimicrobial resis
tance since the mid-1990s using aggregated national con
sumption data [20]. Early DANMAP reports documented high 
antibiotic use and frequent reliance on macrolides and broad- 
spectrum penicillin’s [21]. These reports provided the data 
foundation for the 2012–2017 national action plans on anti
biotics, which set explicit goals to reduce prescribing in pri
mary care, particularly in children, and to promote narrow- 
spectrum penicillin’s [22].

Individual-level registry-based DUS have since complemen
ted this surveillance by providing age-specific details. They 
have shown, for example, that although overall antibiotic use 
in Danish children declined by more than 40% during 
2010–2019, prescribing increased after the Covid-19 pan
demic, particularly among toddlers and school-aged children, 
and by 2023 exceeded pre-pandemic levels. Throughout the 

Article highlights

● Pediatric drug utilization studies (DUS) can provide important infor
mation on the real-world utilization of medications in children and 
adolescents.

● By characterizing users, prescribing patterns, and trends over time, 
pediatric DUS can help identify areas with discrepancies between 
actual prescribing and existing evidence or recommendations.

● Pediatric DUS can support more rational and safer use of medications 
in several ways by: (i) setting research priorities, (ii) supporting drug 
surveillance and stewardship, (iii) identifying and reducing unwar
ranted variation, (iv) assessing prescriber behaviors, and (v) evaluat
ing the impact of regulatory initiatives and guideline changes.

● Despite their value, only a few pediatric DUS are performed, and DUS 
remains underutilized in clinical and regulatory decision-making 
processes.

● Key areas for improvement include closer integration of DUS into 
guideline development and regulatory evaluation, development of 
near–real-time monitoring systems, methodological development, 
and expansion to inpatient settings where data sources remain 
limited.

Table 1. Key applications of pediatric drug utilization studies.

Domain Example Key finding What DUS adds Implications for practice

Setting research priorities Nationwide study of 
top 100 drugs in 
Danish children

Rising melatonin and PPI use 
despite limited evidence

Identifies high-use 
areas with evidence 
gaps

Prioritize drugs for interventional and safety 
studies

Drug surveillance National surveillance of 
antibiotic use

Persistent amoxicillin use despite 
guideline preference for 
penicillin V

Tracks adherence to 
guidelines over time

Supports stewardship programs and 
guideline refinement

Unwarranted variation Use of psychotropics in 
Nordic countries

2–6-fold variation across countries; 
5-fold within Denmark

Quantifies variation not 
explained by need

Triggers evaluation of referral pathways 
and diagnostic practices, and supports 
harmonization efforts

Prescriber practices Prescribing of 
melatonin

High off-label use; 
frequent initiation by GPs 
despite guidelines restricting 
initiation to specialists

Identifies deviation 
from regulatory 
recommendations

Informs targeted education and prescribing 
restrictions

Evaluation of regulatory 
actions and guideline 
implementation

Regulatory restrictions 
on codeine use

Rapid decline after safety warnings Measures real-world 
impact of 
interventions

Enables post-regulatory evaluation and 
policy adjustment

Abbreviations: PPI – proton pump inhibitors, GP – general practitioner. 

2 H. KILDEGAARD AND A. POTTEGÅRD



period, amoxicillin remained widely prescribed, despite Danish 
guidelines recommending phenoxymethylpenicillin (penicillin 
V) as a first-line treatment for most respiratory tract infections 
[23,24].

These surveillance efforts have fed directly into national 
clinical guidelines. The Danish College of General 
Practitioners guideline on acute respiratory infections and 
the Danish Pediatric Society’s pneumonia guideline now 
both emphasizes penicillin V as first-line in children and 
restricts amoxicillin to selected indications such as otitis 
media with treatment failure or severe pneumonia [25,26]. 
Thus, pediatric DUS and DANMAP data have provided an 
empirical foundation for national stewardship initiatives, link
ing population-level monitoring to actionable clinical 
recommendations.

2.3. Identifying and reducing unwarranted variation

Variation in pediatric prescribing across regions or countries 
often reflects differences in health-care organizations and 
local-prescribing cultures rather than true differences in dis
ease incidence, severity, or patient preferences. Understanding 
variation is important to ensure equitable access to treatment 
and to identify areas where clinical practice may benefit from 
harmonization or targeted interventions. Pediatric DUS are 
valuable for identifying and quantifying unwarranted varia
tions in prescribing and can provide a data-driven basis for 
professional and policy debate. Rather than defining an opti
mal level of prescribing, DUS can identify where practice 
diverges from what might be expected under comparable 
disease burden and clinical recommendations and thereby 
guide areas for audit and intervention.

The potential of pediatric DUS to uncover unexpected varia
tion is illustrated by studies of psychotropic prescribing. A recent 
systematic review showed two- to six-fold differences in the use 
of antidepressants, ADHD medications, and antipsychotics 
across the Nordic countries [27]. These differences occurred 

despite relatively homogeneous populations and broadly similar 
health-care systems [28]. Such differences are unlikely to reflect 
true variation in psychiatric morbidity. Instead, they may arise 
from structural differences in mental health services. In Sweden 
and Iceland, families can self-refer to child and adolescent psy
chiatry, which may lower thresholds for help-seeking and influ
ence diagnostic practices. Such findings also raise concerns 
about the reliability and comparability of diagnostic evaluations 
across Nordic mental health services.

Within Denmark, nationwide analyses have shown equally 
marked regional variation in ADHD medication use, with 
a five-fold difference between the lowest and highest con
suming municipalities. Variation was most pronounced among 
adolescents 13–17 years where municipal prevalence ranged 
from 12 to 94 per 1,000 [29]. These differences were only 
weakly explained by socioeconomic indicators, specialist avail
ability, and waiting times [29]. Norwegian studies further show 
that the regional variation in diagnostic rates greatly exceeds 
differences in underlying ADHD symptom burden [30]. These 
points to local diagnostic culture, parental demand, and 
school system incentives as likely drivers, and future studies 
should integrate both qualitative and quantitative data on 
these factors to better understand the mechanisms behind 
the observed prescribing variation.

2.4. Prescriber practices

Pediatric DUS can also be used to investigate prescriber beha
viors and identify areas where regulatory actions or educa
tional initiatives may be warranted. Such studies are 
particularly valuable for medications where off-label use is 
common or where prescribing should be restricted to specia
list care. By identifying who initiates treatment, and how pre
scribing aligns with national recommendations, DUS can 
inform evaluation and revision of regulatory measures.

An illustrative example is melatonin. A Danish register- 
based DUS described a tenfold increase in melatonin use 

Figure 1. Drug utilization research is placed at the interface between health services research and pharmacoepidemiology. Health services research focuses on 
health care organization, access, and governance, while pharmacoepidemiology addresses the use and outcomes of drug therapy, including drug safety and 
effectiveness. Drug utilization research bridges these domains by characterizing real-world prescribing, dispensing, and consumption of medicines, thereby 
providing a foundation for both health system evaluation and pharmacoepidemiologic analyses. Figure is modified and adapted from Drug Utilization Research: 
Methods and Applications, Wiley-Blackwell 2016.
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among children and adolescents between 2012 and 2019 [13]. 
For one, the study revealed substantial off-label prescribing. 
However, the study also showed that nearly half of treatments 
were initiated by general practitioners, despite Danish Health 
Authority recommendations stating that initiation should only 
occur in collaboration with child and adolescent psychiatrists 
or pediatricians with expertise in sleep disorders.

A second example is the recent increase in the use of 
glucagon-like peptide-1 receptor agonists (GLP-1RAs). 
Between 2018 and 2024, the initiation of GLP-1RAs among 
Danish adolescents and young adults increased more than 50- 
fold, driven largely by the semaglutide prescribed for weight 
management [31]. However, evidence on long-term safety in 
younger populations remains limited, particularly regarding 
growth and pubertal development, and adult safety studies 
have linked GLP-1RA use to rare but serious adverse events 
[32]. In response to these uncertainties, the Danish Health 
Authority issued recommendations in 2023 restricting GLP- 
1RA prescribing for obesity in 12–17-year-olds to pediatricians 
with documented expertise in obesity management. 
Nevertheless, registry data showed that only one-quarter of 
initiations were issued by pediatricians in 2024, with most 
originating from general practice [31].

2.5. Evaluation of regulatory actions and guideline 
implementation

Finally, pediatric DUS can be used to evaluate the impact of 
regulatory actions, such as safety warnings, label changes or 
prescribing restrictions, and the implementation of clinical 
guidelines. Such questions often lend themselves to inter
rupted time series (ITS) analyses [33,34]. ITS is a quasi- 
experimental design that uses longitudinal data to estimate 
the effect of an intervention introduced at a specific time 
point. By modeling pre-intervention trends and comparing 
them with post-intervention patterns, ITS can estimate the 
real-world impact of policy measures on prescribing [33,34]. 
Monitoring implementation using real-world data allows clin
icians and regulators to assess whether intended changes are 
achieved and to identify where additional efforts may be 
needed to ensure adherence and implementation.

A well-documented example is the regulatory restriction on 
codeine use in children. In 2013, the U.S. Food and Drug 
Administration issued a black box warning contraindicating 
codeine for postoperative pain management in children 
undergoing adenoidectomy or tonsillectomy following case 
reports of fatal respiratory depression [35]. The warning was 
extended in 2017 to all children under 12 years and to ado
lescents aged 12–18 years with obesity or serious respiratory 
conditions [36]. ITS analyses using U.S. data showed an 
immediate and sustained decline in pediatric codeine use 
following both warnings [37,38]. Similar results were reported 
in Europe after corresponding European Medicines Agency 
communications, with codeine use nearing zero prevalence 
in children under 12 years by 2019 [39]. These analyses illus
trate how DUS can quantify the real-world effects of safety 
communications and guide post-regulatory evaluation.

Danish examples remain limited but are emerging. A recent 
DUS among Danish children aged 0–5 years showed large 

geographical variation in the use of ocular antibiotics, with 
a 2.5-fold difference between the lowest and highest prescrib
ing municipalities [40]. Moreover, prescribing levels were 
threefold higher than in neighboring Sweden despite compar
able health-care organization and expected infectious disease 
burdens [28,40,41]. In light of these findings and evidence 
showing modest benefit of ocular antibiotics for uncompli
cated conjunctivitis [42,43], a national Choosing Wisely 
Denmark initiative was launched in 2025 to reduce unneces
sary ocular antibiotic use [44]. Choosing Wisely is an interna
tional initiative promoting clinician–patient dialogue to 
support evidence-based care and reduce unnecessary or 
potentially harmful tests, treatments, and procedures [45]. To 
assess whether the Danish initiative achieves its intended 
impact, ITS analyses are planned to monitor subsequent 
changes in national prescribing trends and regional variation.

2.6. Other areas

Beyond the domains described above, pediatric DUS can con
tribute to improving rational and safe prescribing in several 
additional areas. A key application is the assessment of off- 
label use. By linking prescription data with regulatory informa
tion on approved age ranges, indications, and dosing, DUS can 
identify both age-dependent and indication-related off-label 
prescribing. Pediatric DUS can also contribute to postmarket
ing surveillance by serving as an early warning system for 
unexpected patterns of medication use that may indicate 
emerging safety concerns. While not designed to assess caus
ality, DUS can identify sudden shifts in treatment patterns, 
high discontinuation rates, or product substitution. In addi
tion, pediatric DUS can monitor the uptake of newly marketed 
medications and assess adherence and persistence to chronic 
therapies.

3. Conclusion

Pediatric DUS can provide important data on how medications 
are used in real-world practice. This paper provides examples 
of how DUS can inform research prioritization, support surveil
lance and stewardship, identify unwarranted variation, evalu
ate prescriber behavior, and assess the impact of regulatory 
actions and guideline implementation. Together, these appli
cations illustrate how DUS can provide a data-driven founda
tion for improving rational prescribing in children and 
adolescents.

4. Expert opinion

The Danish examples presented illustrate the potential of 
pediatric DUS to inform policy and practice. Although pedia
tric DUS have in many cases provided data for national action 
plans and clinical guidelines, translation of their findings into 
changes in clinical practice is often slow and incomplete. The 
key challenge is to move pediatric DUS from a primarily 
descriptive discipline toward one that is more systematically 
embedded in health-care decision-making and regulatory 
evaluation.
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One important step toward this goal is closer integration of 
DUS into the development and revision of clinical guidelines. 
By quantifying overuse, therapeutic drift, and off-label pre
scribing, DUS can identify misalignments between recommen
dations and real-world practice and inform targets for 
guideline refinement and educational efforts. However, utiliza
tion patterns alone do not establish clinical appropriateness of 
prescribing. Pairing DUS with transparent grading of the 
underlying evidence base would help differentiate evidence- 
based practices from use despite limited or uncertain evi
dence. This in turn would support the prioritization of effec
tiveness and safety studies and, where relevant, guideline 
revision. Recent work illustrates how such prioritization can 
be operationalized by linking utilization data with external 
knowledge bases and postmarketing safety signals to flag 
pediatric medicines with high exposure but limited safety 
data for further evaluation [46].

Prescribing screening tools, such as POPI (Pediatrics: 
Omission of Prescriptions and Inappropriate Prescriptions) 
and similar instruments, offer an additional approach to oper
ationalizing appropriateness of prescribing by translating 
expert-defined criteria into measurable indicators applicable 
to prescription data [47,48]. When used in DUS, such tools may 
enable more standardized identification of potentially inap
propriate prescribing at the population level. However, most 
tools are largely consensus-based, have undergone limited 
validation, and require national adaptations due to country- 
specific variations in marketed drugs and formulations [48]. 
Furthermore, many tools require information on clinical indi
cation, symptoms, comorbidities, as well as dosage and dura
tion which are not routinely available in many large-scale 
prescription databases, thus limiting their direct implementa
tion without linkage to richer data sources.

A second area for improvement is the development of 
near–real-time monitoring tools. At present, drug utilization 
data are mainly disseminated through reports or academic 
publications, often with delays of several years due to lag in 
data availability, analysis, and publication process. Although 
several countries provide national aggregated prescribing sta
tistics [49–51], such systems are not designed for individual- 
level analyses needed to assess e.g. incidence of use, treat
ment switching, adherence, or indication. Embedding 
a limited set of pediatric drug utilization indicators, such as 
age- and sex-specific prevalence of use, indication-specific, 
and off-label prescribing by age group and regional variation, 
into near–real-time monitoring systems could allow routine 
flagging of prescribing patterns that deviate from expected 
practice and warrant closer review. Presenting such indicators 
through interactive dashboards for regulators, clinicians, and 
health-care institutions could enable earlier detection of emer
ging prescribing trends and support more timely, evidence- 
informed interventions. Development, standardization, and 
validation of implementation frameworks and governance 
workflows for such systems remain important future priorities.

Standardized metrics for pediatric dosing and adherence 
are also needed, as commonly used measures such as the 
defined daily dose (DDD) are based on adult dosing assump
tions and do not capture the large age-, weight- and pharma
cokinetic differences across childhood [52]. Although child- 

defined daily doses have been proposed, there is no globally 
accepted standard, and their applicability is limited by sub
stantial age- and indication-specific dosing heterogeneity, lack 
of routinely available weight data in large prescription data
bases, and limited validation [53]. In the absence of a validated 
pediatric DDD standard, pediatric DUS therefore rely on alter
native measures, such as prevalence and incidence of use, 
treatment episodes, days of therapy, or prescribed daily 
doses, each with inherent limitations. Moreover, most pedia
tric DUS have focused on outpatient prescribing. Extending 
pediatric DUS to inpatient settings, particularly neonatal and 
intensive care units, where polypharmacy and off-label use is 
common, would provide valuable knowledge on current prac
tices, including for the many medications predominantly 
administered in hospital care. However, detailed data on hos
pital-administered medicines are currently only available in 
a few settings, and most allow DUS only at aggregated data 
levels [54].

Finally, DUS should be used more systematically to evaluate 
the effects of regulatory and clinical interventions. At present, 
major interventions are implemented, including changes to 
reimbursement criteria, label revisions, guideline updates, and 
safety warnings, without structured post-implementation eva
luation. This represents a missed opportunity to systematically 
learn which initiatives lead to changes in real-world practice 
and whether effects are sustained over time. Beyond evaluation 
of individual and time-limited interventions, DUS could also 
support assessment of more system-wide approaches to pre
scribing governance, where utilization data is used routinely to 
identify deviations from recommended practice and trigger 
structured folow-up such as audit and feedback, prescribing 
reviews or quality improvement activities [55]. Incorporating 
follow-up DUS, e.g. in combination with quasi-experimental 
methods, would allow more systematic assessment of both 
discrete interventions and ongoing governance efforts and 
could reveal where implementation is incomplete, delayed, or 
counteracted by compensatory prescribing shifts, thereby sup
porting timely corrective action.

With improving data availability, pediatric DUS are likely to 
become an integrated part of regulatory monitoring and clin
ical governance. In the near future, DUS could provide real- 
time evidence to inform guideline development, monitor 
implementation, and strengthen pharmacovigilance. Such 
integration would move DUS beyond retrospective documen
tation of prescribing practices toward an active role in ensur
ing safe and evidence-based prescribing for children and 
adolescents.
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