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ABSTRACT

Geographic variation in ADHD treatment and diagnosis among children and adolescents is well documented, yet the system-
level factors driving such differences remain poorly understood. We examined nationwide patterns of ADHD medication use and
diagnoses in Denmark in 2024 and assessed whether municipal socioeconomy, regional hospital waiting times or private child
psychiatrist capacity contributed to geographic variation. In this register-based cross-sectional study, we included all Danish res-
idents aged 4-17years using data from national registers. Pharmacological treatment was defined as at least one redeemed pre-
scription for ADHD drugs, and diagnosis was defined as at least one hospital contact with ICD-10 codes F90.x/F98.8. Prevalence
was calculated overall and stratified by sex and age, with associations explored using Spearman’s rank correlations and regression
analyses. ADHD medication prevalence varied sixfold across municipalities (9.6-58 per 1000), with parallel variation in diagno-
ses (15-74 per 1000) and the largest differences observed among adolescents. Municipal socioeconomic status was weakly and
inversely correlated with medication use (p=-0.20, p=0.049), but not diagnoses. Neither waiting times nor specialist capacity
was significantly associated with either outcome. Marked geographic variation in ADHD medication use and diagnoses persists

in Denmark despite a uniform healthcare framework, and appears largely unexplained by the system-level factors examined.

1 | Introduction

The prevalence of attention-deficit/hyperactivity —disorder
(ADHD) diagnoses has increased substantially over recent de-
cades [1]. International studies have documented marked regional
variation in both the diagnosis and treatment of ADHD, includ-
ing evidence from Norway, Sweden and the United States [2-4].
These differences are only partly explained by underlying patient
needs [2] and may also reflect supply- and demand-side factors,
including access to services and local medical practices [5, 6].

Geographic variation in healthcare utilisation has been well doc-
umented for decades, often referred to as ‘small area variation’

[5]. Such differences are typically regarded as unwarranted
when they cannot be attributed to evidence-based guidelines or
population health needs [7]. Similar concerns apply to ADHD,
where local practices and system-level factors may drive differ-
ential access to diagnostic and treatment services.

In Denmark, approximately 9% of children receive an ADHD
diagnosis before age 18 [1]. Earlier Danish research has found
substantial regional variation in incidence, with lower rates in
the Region of Southern Denmark, particularly on Funen, and
higher rates in the Zealand Region [8]. These findings point to
unwarranted variation in care delivery and highlight potential
inequalities in access to diagnosis and treatment.
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Plain Language Summary

We examined how often children and adolescents in
Denmark were diagnosed with ADHD or received ADHD
medication across municipalities in 2024. Despite a tax-
funded healthcare system with equal access, we found
large geographic differences. Some municipalities had
more than six times as many children receiving ADHD
medication as others, with the largest differences seen
among adolescents. Municipal socioeconomic indicators
were only weakly associated with these patterns, and
differences could not be explained by waiting times or
specialist availability. The findings suggest that factors
beyond medical need may influence access to ADHD di-
agnosis and treatment in Denmark.

This study provides updated nationwide estimates of geographic
variation in ADHD treatment in Denmark in 2024. We further
examine system-level factors that may drive these differences, to
assess whether regional variation reflects true population needs
or unwarranted variation in care. By doing so, we aim to gener-
ate evidence that can inform strategies to promote more equita-
ble access to ADHD treatment across the country.

2 | Methods

We conducted a nationwide register-based study to estimate
the prevalence of ADHD diagnosis and medication use among
Danish children and adolescents, and to examine selected re-
gional and municipal indicators potentially associated with
variation. Data were obtained from the Danish National Patient
Register [9], the Danish National Prescription Registry [10],
the Danish Civil Registration System [11], the Ministry of the
Interior and Health [12] and the Danish Health Data Authority
[13-15].

2.1 | Setting

Denmark has a universal, tax-funded healthcare system in
which all residents are entitled to publicly financed healthcare.
Access to diagnostic assessments, consultations and hospital-
based services is provided free of charge, while a fixed percent-
age copayment applies to outpatient prescription drugs [16]. The
system is organised into five regions responsible for managing
hospital services, general practitioners and private specialist
care [17]: The Capital Region of Denmark, Region Zealand, the
Region of Southern Denmark, the Central Denmark Region
and the North Denmark Region [16, 18], which are shown in
Figure S1. These regions are subdivided into 98 municipalities,
most of which have at least 20000 inhabitants [18].

Child and adolescent psychiatry in Denmark is organised as a
specialised regional service [17]. Access requires referral from
a general practitioner, the municipality or another authorised
healthcare professional, after which referrals are assessed by
the regional child and adolescent psychiatry services [19, 20].
Once a referral is accepted, the patient undergoes a standardised
diagnostic assessment, followed by a treatment plan that may

include pharmacological treatment. Depending on symptom
severity, complexity and waiting time, patients may be referred
to private practicing child and adolescent psychiatry clinics
working under agreements with the public health insurance
system [21]. In 2023, approximately 5000 patients were treated
by private child and adolescent psychiatrists working under the
public reimbursement system, compared with about 48700 pa-
tients in hospital-based child and adolescent psychiatry [21]. An
unknown number of private child and adolescent psychiatrists
work outside the public reimbursement system, requiring full
out-of-pocket payment by families [21].

Diagnostic information from private practices is not systemati-
cally reported to the Danish National Patient Register, while all
prescriptions redeemed at pharmacies are mandatorily recorded
in the Danish National Prescription Registry [10], enabling more
complete monitoring of medication use compared with diagnos-
tic data.

2.2 | Study Population

The study population consisted of all individuals aged 4-17years
residing in Denmark between 1 January and 31 December 2024.
The population was obtained from the Danish Civil Registration
System along with key demographic information, including date
of birth, sex and residential region and municipality. The age
range was chosen from 4years, as ADHD symptoms can be dif-
ficult to distinguish from normative behaviour before this age
[22], and diagnosis before age 4 is rare [23].

2.3 | Analyses

Prevalence estimates were calculated overall and stratified by
sex, age groups (4-6, 7-12 and 13-17years), region and mu-
nicipality. Age groups were chosen to align with key stages
in the Danish educational system: kindergarten and pre-
school (4-6years), primary and middle school (7-12years)
and secondary school to early upper secondary education (13-
17years). For analyses stratified by municipality, residence as
of 31 December 2024, was used to assign individuals. The de-
nominator was estimated as the number of individuals within
the age range in each region and municipality alive on 1 July
2024 (Table S1).

Users of ADHD medication were defined as individuals who re-
deemed at least one prescription for methylphenidate (Anatomic
Therapeutic Chemical [ATC] code: NO6BA04, 62% of all defined
daily doses filled in 2024 for age 0-17) [24], lisdexamphetamine
(NO6BA12; 29%), atomoxetine (NO6BA09; 6.7%), dexamphet-
amine (NO6BAO02; 1.4%), or guanfacine (C02AC02; 1.1%) be-
tween 1 January and 31 December 2024, identified using the
Danish National Prescription Registry [10].

The prevalence of ADHD diagnoses was defined as the propor-
tion of individuals in the study population who had received a
diagnosis before 31 December 2024, using all available look-
back. An ADHD diagnosis was defined as at least one hospital
contact, either inpatient or outpatient, recorded in the Danish
National Patient Register with a diagnosis according to the
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International Classification of Diseases, 10th revision (ICD-10),
codes F90.x or F98.8 [9, 25].

To explore potential drivers of geographic variation, we in-
cluded three types of regional and municipality-level indi-
cators, capturing both demand- (1) and supply-side factors
(24 3): (1) The municipal socioeconomic index, obtained from
the Ministry of the Interior and Health, which estimates each
municipality's relative expenditure needs based on a range of
indicators, including the proportion of adults not in employ-
ment and the number of residents with psychiatric conditions
[12]. Values above 1 indicate higher-than-average expenditure
needs, while values below 1 indicate lower-than-average needs
[12]. (2) Waiting time in the hospital sector, obtained from the
Danish Health Data Authority. We examined two waiting time
indicators: (a) the time from referral to completed diagnostic
assessment, defined as the number of calendar days from re-
ferral to completed assessment [15] and (b) the time from the
completed diagnostic assessment to treatment initiation, or,
if workup occurred outside the hospital system, from the re-
ceipt of referral to treatment start [13]. For both indicators,
quarterly regional estimates for the third and fourth quarters
of 2024 were averaged. (3) The number of private practicing
child and adolescent psychiatrists working under the pub-
lic reimbursement system, obtained from the Danish Health
Data Authority and expressed as full-time equivalent capaci-
ties (FTEs) per 100000 inhabitants, where a full-time practice
counted as one FTE and part-time practices typically counted
as one-third FTE [14].

Associations between municipal and regional indicators and
the prevalence of ADHD diagnoses and medication use were
assessed using Spearman's rank correlation coefficients (p).
For the municipal socioeconomic index, we additionally fitted
population-weighted linear regression models with prevalence
proportion as the outcome. For the regional indicators (waiting
time and psychiatrist capacity), associations were further exam-
ined using simple linear regressions based on regional preva-
lence estimates.

All analyses were performed using R version 4.4.3 and validated
internally by a data manager not otherwise involved in the study.

The study was conducted in accordance with the Basic &
Clinical Pharmacology & Toxicology policy for experimental
and clinical studies [26].

3 | Results

In 2024, the prevalence of ADHD medication use among Danish
children aged 4-17years varied substantially across munic-
ipalities, ranging from 9.6 to 17 per 1000 in municipalities on
Funen in the Region of Southern Denmark to 30 to 58 per 1000
in municipalities in the North Denmark Region and the Central
Denmark Region (Figure 1A; Table S2). ADHD diagnoses fol-
lowed a similar pattern, with the lowest prevalence (15-26 per
1000) in municipalities on Funen in the Region of Southern
Denmark and the highest (32-74 per 1000) in municipalities in
the North Denmark Region and the Central Denmark Region
(Figure 1B).

When stratified by age, variation in medication use was lowest
among children aged 4-6years (1.2-4.7 per 1000 across mu-
nicipalities with reportable numbers), higher among children
aged 7-12years (8.9-62 per 1000) and highest among adoles-
cents aged 13-17years (12-94 per 1000) (Figure S2; Table S3).
ADHD diagnoses showed the same age-dependent pattern, with
the widest geographic variation among adolescents (22-113 per
1000), somewhat narrower variation in children aged 7-12years
(15-74 per 1000) and low rates in children aged 4-6years (3.1-10
per 1000) (Figure S3; Table S4).

When stratified by sex, ADHD medication use was consistently
higher among boys than girls. For girls, municipal prevalence
ranged from 7.6 to 46 per 1000, while the range for boys was 10-73
per 1000 (Figure S4; Table S5). Diagnostic prevalence showed a
similar sex difference, ranging from 9.3 to 48 per 1000 among girls
and 21-100 per 1000 among boys (Figure S5; Table S6).

Socioeconomic index values varied across municipalities with
no clear regional pattern (Figure 1C; Table S7). ADHD med-
ication use was slightly higher in municipalities with lower
relative expenditure needs (p=-0.20, p=0.049), whereas
no significant association was found for ADHD diagnoses
(p=-0.042, p=0.68) (Table S3). In sex-stratified analyses, the
inverse correlation between socioeconomic index and ADHD
medication use was numerically stronger in girls (p=-0.29,
p=0.005) than in boys (p=-0.15, p=0.15). Weighted linear
regression yielded similar findings, showing a statistically sig-
nificant inverse association between socioeconomic index and
ADHD medication use ($=-0.013, p=0.027), but no associa-
tion with ADHD diagnoses (§=-0.0041, p=0.52) (Table S9).
However, there was no evidence that the association between
socioeconomic index and either ADHD medication use or
ADHD diagnoses differed by sex (interaction p=0.86 and
p=0.85, respectively) (Table S10).

Regional waiting times varied considerably. The average waiting
time from referral to completed diagnostic assessment ranged
from 108days in the Capital Region of Denmark to 223.5days in
the North Denmark Region, while the average waiting time from
completed diagnostic assessment to treatment initiation ranged
from 27.5 to 54days (Figure 1E, Figure 1F; Table S3). However,
neither waiting time measure was significantly associated with
ADHD medication use or ADHD diagnoses (Table S8; Table S9).

Capacity in private child and adolescent psychiatry working
under the public reimbursement system ranged from 1.9 per
100000 in the Central Denmark Region to 3.5 per 100000 in the
North Denmark Region, but was likewise not significantly asso-
ciated with medication use (p=0.40, p=0.50) or ADHD diagno-
ses (p=0.30, p=0.62) (Figure 1D; Table S8).

4 | Discussion

Our nationwide register-based study found marked geographic
variation in ADHD diagnoses and medication use among Danish
children in 2024, with prevalence proportions differing more
than sixfold across municipalities. Municipal socioeconomic
status, private specialist capacity and public hospital waiting
times explained very little of these differences. Importantly,
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FIGURE1 | Prevalence proportion of ADHD medication use and ADHD diagnoses among children and adolescents aged 4-17 years in Denmark,
2024, as well as municipal and regional indicators. Corresponding numerical values are provided in Tables S2 and S7. Grey areas indicate munici-
palities with non-reportable counts (N < 10). Municipal prevalence of ADHD medication use in 2024 defined as >1 redeemed prescription for meth-
ylphenidate (NO6BA04), atomoxetine (NO6BA09), dexamphetamine (NO6BA02), lisdexamphetamine (NO6BA12) or guanfacine (C02AC02), per 1000
inhabitants aged 4-17years. Municipal prevalence of ADHD diagnoses in 2024 defined as >1 inpatient or outpatient hospital contact with ICD-10
F90.x or F98.8, per 1000 inhabitants aged 4-17years. Municipal socioeconomic index (values >1 indicate higher-than-average needs). Regional
capacity of private practicing psychiatrists working under the public reimbursement system, expressed as full-time equivalents per 100000 inhabi-
tants aged 4-17years. Regional waiting times as the average of mean days from referral to diagnostic assessment in the 3rd and 4th quarter of 2024.
Regional waiting times as the average of mean days from completed diagnostic workup or referral to treatment initiation in the 3rd and 4th quarter
of 2024. (A) Municipal prevalence of ADHD medication use in 2024 defined as >1 redeemed prescription for methylphenidate (NO6BA04), atom-
oxetine (NO6BA09), dexamphetamine (NO6BA02), lisdexamphetamine (NO6BA12) or guanfacine (C02AC02), per 1000 inhabitants aged 4-17years.
(B) Municipal prevalence of ADHD diagnoses in 2024 defined as >1 inpatient or outpatient hospital contact with ICD-10F90.x or F98.8, per 1000
inhabitants aged 4-17years. (C) Municipal socioeconomic index (values >1 indicate higher-than-average needs). (D) Regional capacity of private
practicing psychiatrists working under the public reimbursement system, expressed as full-time equivalents per 100000 inhabitants aged 4-17years.
(E) Regional waiting times as the average of mean days from referral to diagnostic assessment in the 3rd and 4th quarter of 2024. (F) Regional waiting

times as the average of mean days from completed diagnostic workup or referral to treatment initiation in the 3rd and 4th quarter of 2024.

such variation should not be interpreted as low prevalence being
inherently preferable or high prevalence being undesirable.
Rather, the concern is that the observed magnitude of variation
appears too great given the uniform health system and lack of
clear explanatory factors in our data.

Similar variations in ADHD diagnoses have been reported
previously in Denmark, with high diagnostic rates in Region
Zealand and low rates in the Region of Southern Denmark,
especially on Funen [8]. Comparable findings have been ob-
served in Norway, where geographic differences in diagnostic
rates greatly exceeded variation in underlying ADHD symptom
levels, indicating that morbidity alone cannot account for geo-
graphic patterns [3]. Likewise, regional variability in ADHD
within a universal health system has been documented in Spain
[27], suggesting that structural uniformity does not eliminate
local-level differences.

In our study, ADHD diagnoses and medication use showed
broadly similar geographic patterns, even though they reflect
different observation windows: cumulative diagnosed preva-
lence for diagnoses and one-year treatment prevalence for med-
ication use.

Although previous studies have reported higher ADHD preva-
lence in disadvantaged areas [28, 29], and more consistent phar-
macotherapy among children from wealthier families [30], we
observed no clear socioeconomic gradient in ADHD diagnoses.
Medication use, however, showed a weak negative correlation
with the socioeconomic index, suggesting slightly higher use in
municipalities with lower relative expenditure needs. Earlier
Danish studies also point in different directions: one study
found considerable geographic clustering of ADHD incidence
and medication use, but no significant associations with socio-
economic or municipal-level factors [31], while another study
showed that regional prescribing differences were particularly
pronounced among children facing social adversity, reflecting
strong social gradients in some regions but not in others [32].
Norwegian data show that socioeconomic indicators are more
strongly associated with service contact rates than with ADHD
prevalence once children access mental health services [2]. They
suggest that inequalities act mainly at the access stage, not at

the diagnostic stage. Conceptual frameworks of healthcare ac-
cess further highlight that such differences may occur at multi-
ple stages of the care pathway, from the perception of needs to
health care seeking, reaching and engagement, and not only at
the point of diagnosis [33].

Specialist availability and waiting times may also contribute
to geographic variation in access to child and adolescent psy-
chiatry and thereby prevalence of ADHD. However, we found
no statistically significant associations between either special-
ist capacity or regional waiting times and the prevalence of
ADHD medication use or diagnoses. Results from the United
States show that higher numbers of relevant physicians are as-
sociated with greater ADHD diagnosis and medication rates
[34]. This suggests that supply-sensitive care may be a partial
driver: higher availability of specialist services may increase
detection and diagnosis, even when demand is constant [7].
The absence of clear associations in our study may reflect that
these regional indicators do not fully capture local differences
in access to care, or the limited statistical power of analyses
based on five regions. Additional drivers such as parental de-
mand, municipal referral pathways or local diagnostic culture
may play an important role. Research from Norway has shown
inter-clinician variation in diagnostic thresholds [35], and a
similar factor could plausibly influence Danish practice de-
spite uniform national guidelines. Evidence from Denmark
further indicates that specialist physicians differ considerably
in their prescribing behaviour across hospitals, and that such
variation directly affects the probability that children receive
pharmacological treatment [36]. Such preference-sensitive
care, driven by differing professional judgements, remains a
likely contributor [7].

Educational system incentives may also play a role. In some
municipalities, access to special educational support requires
a formal diagnosis, which can create incentives for parents,
schools and professionals to seek diagnostic assessments. A re-
cent qualitative study highlights how ADHD diagnoses are used
institutionally in some Danish primary schools as a prerequisite
for categorising children with emotional and behavioural dif-
ficulties and for allocating support services [37]. Such mecha-
nisms could plausibly contribute to municipal differences if the
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reliance on diagnostic categorisation varies across local school
systems.

Community-level dynamics may further shape ADHD preva-
lence. In autism, proximity to diagnosed children increases the
likelihood of receiving a diagnosis, likely through heightened
awareness and parent-to-parent information exchange [38].
Similar processes may influence ADHD patterns.

4.1 | Future Research

Beyond the factors examined in this study, other demand- and
supply-side mechanisms could also influence regional varia-
tion in ADHD treatment. On the demand side, parental health-
seeking behaviour, school-level incentives and local awareness
networks may shape both referral patterns and treatment up-
take. On the supply side, differences in municipal Educational
Psychological Counselling Services (PPR), which often consti-
tute the first step in the referral pathway to child and adolescent
psychiatry, as well as distance to care, the distribution of private
practising and public hospital-based child and adolescent psy-
chiatrists, regional prioritisation of resources and varying pro-
fessional norms, including potential differences between private
and hospital-based diagnostic practices, could contribute. Future
research should therefore combine register data with qualitative
and survey-based approaches to capture these dimensions and
assess how such mechanisms interact with structural factors to
generate the observed variation.

4.2 | Strengths and Limitations

Key strengths include the use of nationwide registry data, en-
suring complete population coverage and eliminating selection
bias. Prescription data include all community pharmacy dispen-
sations, regardless of prescriber or sector.

Several limitations should be noted. Diagnoses made by private
practising child psychiatrists are not captured in the Danish
National Patient Registry, which leads to underestimation and
potentially biases geographic comparisons. However, in 2024,
91% of capturable ADHD diagnoses made by child and adoles-
cent psychiatrists were recorded in the hospital sector and are
therefore present in our data [39]. Second, prevalence was de-
fined as at least one prescription in 2024, which may overesti-
mate active treatment rates, though relative geographic patterns
are unlikely to change.

Waiting time was available only for hospital-based child and ad-
olescent psychiatry. Current expected waiting times reported by
private practising psychiatrists working under the public reim-
bursement system can be obtained [40], but historical data are
lacking.

Specialist capacity data were available only for private practis-
ing psychiatrists working under the public reimbursement sys-
tem. Information on public hospital-based capacity is available
in the Health Workforce Mobility Register [41], which was not
obtained for this study, and publicly accessible data on hospital
capacity divided by region extend only until 2023 [42].

Statistical associations at the regional level were strongly limited
by the small number of regions (n = 5), which reduced power and
increased uncertainty around effect estimates. Furthermore,
the outcome measures were assessed at municipal level (n=98),
whereas the supply-side indicators (waiting times and psychia-
trist capacity) were only available at regional level (n=5), a res-
olution mismatch that may partly explain the null associations
observed for these factors.

Given the number of correlation and regression analyses per-
formed across municipal, regional and sex-stratified indicators,
the borderline association between socioeconomic index and
medication use (p=-0.20, p=0.049) should be interpreted cau-
tiously, as we did not correct for multiple comparisons.

Additionally, the organisation of child and adolescent mental
health services varies geographically, with some areas served by
multiple units and others by only one. In the latter case, a single
department can account for a large proportion of diagnoses in the
region, potentially amplifying local practice effects. However,
information on hospital catchment areas was not consistently
available across all Danish regions, limiting our ability to exam-
ine whether variation clustered around individual departments.

Geographic attribution was based on municipality of residence
in 2024, although ADHD diagnoses or treatment may have orig-
inated elsewhere following residential migration.

Finally, we lacked data on symptom severity, parental demand,
local clinical practice norms and individual-level socioeconomic
background, all of which may be important explanatory factors.

5 | Conclusion

In conclusion, large geographic differences in ADHD diagno-
ses and medication use persist in Denmark despite a uniform
healthcare framework. These differences appear only weakly
related to specialist capacity, waiting times and socioeconomic
context, suggesting that variation might be driven by other
factors. Reducing inequities will likely require a multifaceted
approach that addresses both resource distribution and local
practice variation, ensuring equitable and consistent pathways
to diagnosis and treatment.
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