
Lunenburg CATC et al. Life-time Pharmacogenetic Drug use in the Danish Population …  Pharmacopsychiatry 2022; 55: 95–107 | © 2021. The Author(s)

Original Paper Thieme

Life-time Actionable Pharmacogenetic Drug Use: A Population-
based Cohort Study in 86 040 Young People With and Without 
Mental Disorders in Denmark
  

Authors
Carin A.T.C. Lunenburg*, 1, 2, Kazi Ishtiak-Ahmed*, 1, 2, Thomas Werge3, 4, 5, 6, Christiane Gasse1, 2, 7, 8

Affiliations
1	 Department of Affective Disorders, Aarhus University 

Hospital Psychiatry, Aarhus, Denmark
2	 Department of Clinical Medicine, Aarhus University, 

Aarhus, Denmark
3	 Institute of Biological Psychiatry, Mental Health Services, 

Copenhagen University Hospital, Copenhagen, Denmark
4	 Department of Clinical Medicine, University of Copenha-

gen, Copenhagen, Denmark
5	 Lundbeck Foundation Center for GeoGenetics, GLOBE 

Institute, University of Copenhagen, Copenhagen, 
Denmark

6	 The Lundbeck Foundation Initiative for Integrative 
Psychiatric Research, iPSYCH, Copenhagen, Denmark

7	 Psychosis Research Unit, Aarhus University Hospital 
Psychiatry, Aarhus, Denmark

8	 Centre for Integrated Register-based Research Aarhus 
University (CIRRAU), Aarhus, Denmark

Key words
Pharmacoepidemiology, psychopharmacology, genetics, 
testing

received	 19.04.2021 
revised	 31.08.2021
accepted	 08.09.2021 
online publiziert  09.11.2021

Bibliography
Pharmacopsychiatry 2022; 55: 95–107
DOI  10.1055/a-1655-9500
ISSN  0176-3679
© 2021. The Author(s).
The Author(s). This is an open access article published by Thieme under the 
terms of the Creative Commons Attribution License, permitting unrestricted 
use, distribution, and reproduction so long as the original work is properly 
cited. (https://creativecommons.org/licenses/by/4.0/).

Georg Thieme Verlag KG, Rüdigerstraße 14, 
70469 Stuttgart, Germany

Correspondence
Christiane Gasse
Aarhus University Hospital Psychiatry
Department of Affective Disorders
Palle Juul-Jensens Boulevard 175
DK-8200 Aarhus N
Denmark 
chgass@rm.dk

 �Supplementary Material is available under https://doi.
org/10.1055/a-1655-9500.

Abstr act

Objective  To describe life-time use of current actionable 
pharmacogenetic (PGx) somatic and psychotropic drugs ac-
cording to international PGx consortia in people with and with-
out hospital-diagnosed mental disorders in the Danish popula-
tion.
Methods  Population- and register-based observational drug 
utilization study in 56 065 individuals with mental disorders, 
i. e. attention-deficit/hyperactivity disorder, autism, bipolar 
disorder, depression and schizophrenia, and a random, repre-
sentative sample of 29 975 individuals of the Danish popula-
tion, born between 1981 and 2005. Individuals were followed 
from 1995 or birth until 2016 (for a maximum of 22 years). We 
report prevalence and incidence rates of PGx drug use by age, 
sex and mental disorders based on redeemed prescriptions 
between 1995 and 2016.
Results  Of the 69 PGx drugs, prescriptions of 39 drugs had 
been redeemed by the study population by 35 years of age. The 
use of at least 1 PGx drug varied between 23.1 % in males with-
out mental disorders and 97.2 % in females with schizophrenia. 
Males with ADHD or autism were the youngest first-time PGx 
drug users at a mean of 11.6 years. The mean number of dif-
ferent PGx drugs used was 1.2 in males without mental disor-
ders and 5.6 in individuals with schizophrenia. The prevalence 
of different PGx drugs linked to more than one gene was 25.3 % 
in males without mental disorders to 94.1 % in females with 
schizophrenia.
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Conclusion  PGx drugs are commonly used by younger peo-
ple, more often by individuals with mental disorders and by 

females. Panel-based PGx testing could contribute to treat-
ment decisions at a very young age.

Introduction
Pharmacogenetics (PGx) is the study of the genetic predisposition 
of individuals, which can result in variability in drug metabolism, 
pharmacodynamics, or immunogenicity linked to treatment (non-)
response or adverse events [1]. PGx aims at optimising treatment 
outcomes (i. e. increased efficacy or reduced risk of adverse events) 
by personalising treatment for patients based on their genetic 
makeup. Actionable PGx drugs are those for which drug or dosing 
recommendations have been made available by international PGx 
consortia in evidence-based PGx guidelines [2–4]. PGx guidelines 
have been provided for a proportionally higher number of psycho-
tropic drugs than other drug classes [5]. Consequently, PGx testing 
could be of specific benefit for individuals with mental disorders, 
who often experience adverse events and delayed, insufficient, or 
non-response to psychopharmacological treatment [6, 7]. Never-
theless, the implementation of PGx testing in psychiatry is lagging 
behind other specialities such as oncology [5, 8, 9]. The reasons for 
this have been discussed in recent review articles with a common 
ground of identified numerous barriers including perceived miss-
ing clinical evidence and utility, and knowledge and consensus 
about PGx testing among psychiatrists [5, 9].
Recently, several observational drug utilization studies of both so-
matic and psychotropic drugs with actionable PGx implications 
(PGx drugs) in different populations have contributed to a broader 
understanding of the potential impact of PGx testing based on the 
frequency of PGx drug use in larger populations [10–15]. The find-
ings of these studies indicate, for example, that 50 % of people using 
prescription drugs received one or more actionable PGx drug(s) 
during a 4-year period, 23 % of first-time drug prescriptions includ-
ed actionable drug-gene interactions (DGIs) and in approximately 
25 % of prescriptions, dose adjustments were recommended [11–
14]. A preponderance of actionable psychotropic PGx drug use and 
the involvement of cytochrome-P450 (CYP) enzymes 2C19 and 
2D6 DGIs were commonly observed [10–15]. Although people with 
mental disorders have not been the focus of these studies and thus, 
the incidence and prevalence of PGx drug use in people with men-
tal disorders in comparison with an unselected population have not 
been investigated in detail yet.
One of the reasons for the low implementation of PGx guided dos-
ing in psychiatry is a lack of consensus and specific advice regard-
ing when to test to obtain the optimum and timely benefits. Sev-
eral options regarding the timing of PGx testing are available, e. g. 
i) the currently often used ̒reactive testingʼ when a patient experi-
ences drug toxicity or non-response, ii) ̒reactive prospective 
testingʼ by executing a PGx test at the time of prescribing to know 
the PGx status of the patient prior to the start of treatment, and iii) 
̒pre-emptive testingʼ by executing a panel-based PGx test at a cer-
tain time in a personʼs life, to know his or her PGx status prior to all 
future PGx drug prescriptions [11]. A panel-based PGx test includ-
ing multiple variants in different genes has advantages over single-
gene testing in that PGx guided dosing can be applied to PGx drugs 

with more than one established associated gene (i. e. actionable 
DGI), or when multiple PGx drugs are used subsequently with dif-
ferent DGIs or concomitantly resulting in drug-drug-gene interac-
tions (DDGI). In addition, panel-based testing offers combinatorial 
PGx, in which multiple variants of different genes can be interpret-
ed simultaneously to provide a more accurate personal PGx based 
dosing advice [16, 17]. While panel-based testing has been advo-
cated more recently [5, 9, 13, 18], guidance on whether to test pre-
emptively or at which age first PGx drug use can be expected is still 
missing, which could be supported by observational studies inves-
tigating the exposure of actionable PGx drugs since birth.

Aims of the study
To describe prescription drug use of current actionable somatic 
and psychotropic PGx drugs according to international PGx consor-
tia in people with and without hospital diagnosed mental disorders 
in the Danish population. The specific aims were to investigate (1) 
the (life-time) incidence and prevalence of PGx drug use, (2) age at 
first PGx drug prescription, (3) the mean number of different PGx 
drugs per individual considering panel-based PGx testing (versus 
single-gene) and (4) the frequency of PGx drug use related to dif-
ferent genes regarding combinatorial PGx interpretation.

Materials & Methods

Study design
This was a population- and register-based cohort study of individ-
uals born between 1981 and 2005 investigating prescription drug 
use of PGx drugs in Denmark between 1995 and 2016. The study 
used data of the Integrative Psychiatric Research (iPSYCH) consor-
tium, which has established a large, unique Danish psychiatry-fo-
cused population-based case-cohort study sample (iPSYCH2012), 
hereafter referred to as iPSYCH sample [19].

Details on the iPSYCH sample have been described previously 
[19]. In brief, the iPSYCH sample is nested within the entire Danish 
population of singleton births born to known mothers between 
1981 and 2005 (study base: 1 472 762 individuals), who were alive 
and resided in Denmark on their first birthday [19]. The iPSYCH 
sample contains five cohorts of a combined total of 57 377 individ-
uals with at least one diagnosis of one of five selected mental dis-
orders, further referred to as case cohorts, i. e. affective/mood 
disorder(depression), attention-deficit/hyperactivity disorder 
(ADHD), autism, bipolar affective disorder (BD) and schizophrenia 
(SZ), and a representative, randomly selected cohort of the gener-
al population of 30 000 individuals corresponding to 2.04 % of the 
study base. The members of the population-based cohort are rep-
resentative of the entire Danish population born between 1981 
and 2006, and are at risk of developing the disorder of interest dur-
ing follow-up.
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Data sources
The iPSYCH sample is linked via the anonymized personal identifi-
cation number, since birth or immigration, to drug prescription 
data and clinical and socio-demographic information from several 
Danish national registers, including i) the Danish Civil Registration 
System (CPR) including information since 1968 on e. g. birth reg-
istration, vital status and citizenship [20]; ii) the Danish National 
Prescription Registry including information on all prescription drugs 
dispensed at pharmacies since 1994, including e. g. the anatomi-
cal therapeutic chemical (ATC) classification code, date and quan-
tity of dispensed drugs [21]; iii) the Danish National Patient Regis-
try including inpatient care information in Denmark since 1977 and 
outpatient care information since 1995 [22]; iv) the Danish Psychi-
atric Central Research Register including e. g. diagnosis at and dates 
of admission and discharge of patients treated at psychiatric de-
partments in Denmark since 1969 [23]; and v) the Danish Register 
of Causes of Death including cause-specific mortality statistics, 
with computerized individual records since 1970 [24].

Study population and study period
An overview of the study design and the included individuals with 
mental disorders and the population sample is shown in ▶Fig. 1, 
panel a. The study period was from January 1st, 1995 until Decem-
ber 31st, 2016. As prescription drug information from birth was not 
available for individuals born between 1981 and 1994, and to as-
sess life-time exposure to prescription drugs, we created two birth 
cohorts including birth cohort81 born in 1981–1994 and birth co-
hort95 born in 1995–2005 (with life-time prescription drug expo-
sure). The follow-up time of the individuals started in 1995 (or at 

birth after 1995), and ended at the date of emigration, death, or 
December 31st, 2016, whatever came first (▶Fig. 1, panel b). In-
dividuals of the population cohort developing mental disorders 
during follow-up were censored from the population sample at the 
date of diagnosis. If these individuals had received a diagnosis of 
one of the included mental disorders before December 31, 2012, 
they were, by study design, included in the case cohorts. These in-
dividuals contributed observation time and drug use in both co-
horts prior to their diagnoses but accounted only for a small pro-
portion of the population cohort due to low incidence rates [37]. 
Thus, in this study, the population-based cohort represents the 
part of the Danish population without the selected psychiatric dis-
orders diagnosed at psychiatric hospitals.

Pharmacogenetic drugs of interest
The international Clinical Pharmacogenetics Implementation Con-
sortium (CPIC) and the Dutch Pharmacogenetics Working Group 
(DPWG) execute literature reviews on PGx and provide peer-re-
viewed, evidence-based, updatable and detailed PGx guidelines 
[2–4]. National Danish PGx guidelines do not exist. CPIC and DPWG 
recommendations partially overlap with labelling recommenda-
tions of drugs, such as pimozide and warfarin regarding PGx test-
ing, but PGx testing, in general, is not routinely/widely integrated 
in Danish clinical practice. We combined information from both 
CPIC and DPWG PGx guidelines and identified 69 drugs for which 
actionable PGx recommendations were provided until February 
2020 (i. e. actionable PGx drugs, Supplement Table 1) [25, 26]. 
The list includes drugs from the following drug classes: anaesthet-
ics, antibiotics, analgesics, anti-cancer drugs, anticoagulants, car-
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N = 19
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N = 6
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N = 56,065

Population cohort
N = 29,975
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a b

▶Fig. 1	 An overview of study sample selection, cohorts and follow-up . Panel a shows the selection of the iPSYCH sample in the study and panel b 
shows the overview of the study cohorts, study period and follow-up. The timeline in panel B shows the study cohort (1981-2005), comprising birth 
cohort81 (1981–1994) and birth cohort95 (1995–2005). The study period was from 1995 to 2016. The cohort was divided into two birth cohorts 
because prescription information was only available since 1995 and we did not have complete prescription information for individuals born between 
1981 and 1994. The Danish Psychiatric Central Research Register contains registrations of contact moments until December 31st, 2012, which is the 
latest date of defining individuals as MD cases for the case cohorts.
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diovascular drugs, proton-pump inhibitors (PPIs) and psychotrop-
ic drugs. Of the 69 PGx drugs, 20 drugs (29 %) have more than one 
actionable DGI, and thus have more than one actionable PGx guide-
line. Seven drugs have DGIs related to both CYP2C19 and CYP2D6, 
three drugs to TPMT and NUDT15, seven drugs to RYR1 and CAC-
NA1S, one drug to HLA-A and HLA-B, one drug to CYP2C9 and HLA-
B and one drug to VKORC1, CYP2C9 and CYP4F2 (Supplement Table 
1). We identified the use of actionable PGx using their ATC classifi-
cation codes from the Danish National Prescription Registry (Sup-
plement Table 1). The retrieved data thus describes drug prescrip-
tions redeemed by the patients at community pharmacies, but the 
terms ‘drug use’ and ‘drug users’ are applied as well in this study.

Data accessibility
The iPSYCH study was approved by the Danish Scientific Ethics 
Committee (EC: 1-10-72-287-12), the Danish National Board of 
Health (Sundhedsdatastyrelsen, SDS, FSEID 1999) and the Danish 
Data Protection Agency (Journal number 2015-57-0002, 62908, 
umbrella permission Aarhus University). All data is stored at Statis-
tics Denmark and was available in an anonymous form, by remote 
online access, with special permission in compliance with the Dan-
ish Data Privacy Act.

Statistical analyses
We have presented measures of drug use e. g. incidence rates and 
prevalence, means, standard deviations, separately for two birth 
cohorts, males and females, and mental disorders case cohorts and 
the population cohort. We divided the number of users with at least 
one prescription of a respective PGx drug by the number of total 
underlying person-years (PY) during follow-up (incidence rates) 
and by the number of total underlying individuals at the beginning 
of follow-up (prevalence). The mean age of first-time PGx drug use 
and the mean number of prescribed different PGx drugs were test-
ed with a t-test to examine whether the mean differences between 
males and females were statistically significant. A p-value  < 0.05 
was considered statistically significant. We used SAS  %Lexis macro 
to calculate incidence rates [27]. Individuals with mental disorders 
might have received a first actionable psychotropic PGx drug pre-
scription prior to their diagnosis of mental disorders, hence, we 
have reported descriptive statistics for those individuals who used 
PGx drugs prior to their first psychiatric hospital diagnosis within 
each cohort. The number of different DGIs per individual was cal-
culated as the sum of all unique DGIs during follow-up. Concomi-
tant drug use was considered if two or more different drugs had at 
least one day of overlap of their drug prescriptions. To assess if pan-
el-based testing is more favourable than single-gene testing, we 
identified the number of prescribed PGx drugs which have more 
than one actionable DGI, and the total number of users for those 
drugs.

Due to a restriction from Statistics Denmark and the General 
Data Protection Regulations, data can only be reported if the num-
ber of individuals contributing to aggregated measures exceeds 
four, which can result in the grouping of data. For sub-analyses to 
avoid too few counts in individual categories, we grouped mental 
disorders into mental disorders (A) including predominantly child-
hood onset disorders and (B) including predominantly adult-onset 
disorders. All data were processed and analysed using SAS statisti-

cal software version 9.4 (SAS Institute Inc, Cary, NC USA) and pro-
portions were compared using MedCalc for Windows, version 19.4 
(MedCalc Software, Ostend, Belgium).

Results
▶Table 1 shows the characteristics for both the randomly selected 
population cohort (N = 29 975) and the combined mental disorders 
case cohorts (N = 56 065) born between 1981–2005 in Denmark, 
further divided into the two birth cohorts. Males and females were 
equally distributed in all cohorts, except in the mental disorders 
case birth cohort95, which included more males due to a higher 
prevalence of the young-onset of ADHD and autism in males. Indi-
viduals can have a diagnosis of more than one mental disorder and 
can therefore contribute to several mental disorder case cohorts. 
During the total follow up of 1 664 266 PY (average of 19.3 years), 
115 individuals (0.13 %) died and 3260 individuals (3.8 %) emigrat-
ed (0.19 and 6.1 % in the population cohort, and 0.10 and 2.6 % in 
the mental disorders cohorts, respectively).

Incidence rates of pharmacogenetic drug use
Of the 69 drugs with actionable PGx recommendations, we identi-
fied 45 PGx drugs for which prescriptions were redeemed at com-
munity pharmacies, 10 of which were used by less than five users 
each, but were included in further analyses of cumulative or com-
bined use (▶Table 2). In the population cohort, the highest inci-
dence rates of PGx drug use per 10 000 PY were recorded for oes-
trogens (429 in females), the analgesics codeine (27 in males and 
55 in females) and tramadol (34 in males and 45 in females), fol-
lowed by PPIs (lansoprazole, omeprazole and pantoprazole) and 
the antidepressant citalopram (▶Table 2). In the mental disorders 
case cohorts, the incidence rates of any of the PGx drugs use per 
10 000 PY were higher compared with the population cohort, in 
particular, psychotropic drugs matching their main indications, e. g. 
atomoxetine (160 in males and 188 in females) in ADHD, citalo-
pram (248 in males and 306 in females) in depression, aripiprazole 
(229 in males and 316 in females) in SZ, and lamotrigine (211 in 
males and 330 in females) in BD. Individuals in the mental disor-
ders case cohorts were prescribed at least one psychotropic PGx 
drug before their first mental disorders diagnosis with proportions 
of 50.4 % (ADHD), 38.2 % (autism), 86.9 % (SZ), 86.1 % (BD), and 
83.3 % (depression).

Prevalence of pharmacogenetic drug use
In the population birth cohort81, besides oestrogens used by 
80.7 % of females, tramadol (11.7 %), codeine (11.3 %) and lanso-
prazole (7.7 %) were the most frequently prescribed PGx drugs. In 
the younger population birth cohort95, the most used PGx drugs 
besides oestrogens were omeprazole (3.1 %), codeine (2.7 %) and 
pantoprazole (2.4 %) (Supplement Table 2). In general, the preva-
lence of drug users was higher in both the mental disorders case 
birth cohorts compared with the population cohorts. In the men-
tal disorders case birth cohort81, the most prevalent prescribed 
PGx drugs besides oestrogens were citalopram (39.3 %), sertraline 
(30.7 %) and tramadol (23.5 %). In the mental disorders case birth 
cohort95, the most prevalent prescribed PGx drugs were atomox-
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etine (17 %), oestrogens (12.8 %) and sertraline (10 %) (Supplement 
Table 3).

Age of first-time pharmacogenetic drug use
Age of first-time PGx drug use (life-time use) differed between sex 
in all cohorts born since 1995 (▶Table 3, upper part). The mean 
age of starting a PGx drug for the first-time ranged from 11.6–15.0 
years for males and 13.1–15.2 years for females. The youngest in-
dividuals starting a first-time PGx drug on average were 11.6 years 
old males with ADHD or autism, compared with nearly 13 years of 
age in females with ADHD or autism.

Multiple (different) pharmacogenetic drugs  
per user
Individuals used on average more than one PGx drug over a maxi-
mum follow-up time of 22 years (▶Table 3, lower part) with sex 
and birth cohort differences in both the population and mental dis-
orders case cohorts. Overall, higher means of different PGx drugs 
were seen in the mental disorders case cohorts compared with the 
population cohorts, with maximum means of more than four dif-
ferent PGx drugs in females of the mental disorders birth cohort81.

The prevalence of individuals using different PGx drugs (0 – > 9) 
is mentioned in ▶Table 4. Within the population cohort, 23.1 % of 
males and 65.4 % of females used one or more PGx drugs during 
the follow-up time. Among individuals of the mental disorders case 
birth cohorts combined, 56.2 % of males and 84.9 % of females with 
ADHD, 43.8 % and 72.3 % with autism, 87 % and 96 % with BD, 86.5 % 
and 96.9 % with depression, and 87.3 % and 97.2 % with SZ, respec-
tively, used one or more PGx drugs during the follow-up time. The 
highest prevalence of individuals using more than three different 
PGx drugs exceeded 80 % in females with BD or SZ. The highest 
prevalence of individuals using six or more PGx drugs was approx-
imately 40 % in females with BD or SZ.

Pharmacogenetic drug use relevant to panel-based 
testing and combinatorial PGx
Of the 39 PGx drugs, nine drugs (23 %) with more than one action-
able DGI, including genes coding for CYP2D6, CYP2C19, HLA-A, HLA-B, 
CYP2C9, CYP4F2 or VKORC1 were used by 3.9 % of the PGx drug users 
of the population and 9.7 % of the PGx drug users of the combined 
mental disorders case cohorts.

The prevalence of individuals using different PGx drugs of dif-
ferent DGIs at any time during the follow-up was 43 % in females 
and 25.3 % in males in the population cohort (▶Table 5). In indi-
viduals with mental disorders, these numbers ranged between 
39.6 % in males with autism and 94.1 % in females with SZ. The in-
volved DGIs are listed in the legend of ▶Table 5.

Concerning combinatorial PGx, the prevalence of individuals 
who used concomitantly different PGx drugs affected by different 
DGIs ranged between 24.4 % of the individuals without mental dis-
orders, 41.3 % of individuals with autism or ADHD to 69.2 % of in-
dividuals with BD, SZ or depression (▶Table 6). In over 80 % of these 
users, the PGx drugs were linked to two different DGIs, in 8.1 % to 
three, and in 1.1 % of these users, to four DGIs.
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Discussion
This is the first population-based PGx drug utilization study in 
86 040 young people with and without mental disorders in Den-
mark describing (life-time) incident use of 39 of the 69 actionable 
PGx drugs according to international guidelines. We found that, by 
the age of 35 years, at least one actionable PGx had been used by 
up to 97 % of individuals with mental disorders, i. e. with SZ, and by 
65 % of females and 23 % of males of the population cohort (with-
out mental disorders). In individuals with mental disorders, the 
most frequent actionable PGx drugs corresponded to their psychi-
atric indications, i. e. atomoxetine in ADHD, citalopram in depres-
sion, aripiprazole in SZ, and lamotrigine in BD, related to DGIs in-
volving CYP2D6, CYP2C19, and HLA-B. Moreover, the high use of 
oestrogens in oral contraceptives related to Factor V Leiden (FvL), 
the weak opioid analgesics codeine and tramadol, the PPIs lanso-
prazole, omeprazole, and pantoprazole, and citalopram in both the 
mental disorders and population cohorts also related to the 
CYP2D6, CYP2C19, and HLA-B indicate the broad applicability of PGx 
testing in the general population. The first-time users of PGx drugs 
were as young as (mean age of) 11 years in males with ADHD. Pan-
el-based testing including at least the most commonly identified 
DGIs could be applicable for 95 % of females with SZ down to ap-
proximately 25 % of males in the general population. Combinato-
rial PGx testing, considering several different drugs and different 
DGIs at the same time, could be relevant for up to 70 % of individu-

als with mental disorders and 24 % of the general population with-
out mental disorders.

Life-time incidence and prevalence of 
pharmacogenetic drug use
Recently several studies in different settings have investigated the 
incidence and prevalence of actionable PGx drug use, but they nei-
ther addressed life-time use or age at first PGx drug prescription 
nor were they conducted in unselected case cohorts with mental 
disorders or population-based, thus comparisons are hampered 
[7, 11–15, 28–30]. Still, the pattern of prevalence of PGx drug use 
in our study, e. g., the most frequent use of oestrogens, followed 
by codeine, tramadol, PPIs and citalopram, is similar to the patterns 
reported by a previous study in Denmark based on publically avail-
able prescription sales data of the general population by age 44 
years in 2017 [14]. In comparison with studies in other populations, 
our observations are in line with findings from the US, UK and the 
Netherlands applying similar actionable PGx drug criteria. In the 
US, Samwald et al. found in individuals below 40 years that weak 
opioids, PPIs, SSRIs, atomoxetine and selected antipsychotics were 
among the top 8 of incident PGx drugs [11]. In UK, Youssef et al. 
investigated sales data of overall prescriptions dispensed in 2018, 
where patients by age 39 years most commonly dispensed pre-
scriptions for antidepressants, oral contraceptives, anti-infectives, 
and PPIs [10]. Of note, we found generally frequent use of oestro-
gens, i. e. oral contraceptives related to FvL, which is similar to fre-

▶Table 3	 Age at first-time PGx drug use and mean number of different PGx drugs of the iPSYCH sample, by birth and population and MD cohorts and sex.

Age at first-time PGx drug use

Cohort Birth cohort81 (1981–1994)† Birth cohort95 (1995–2005)†

Females (N = 25 726) Males (N = 16 005) Females (N = 6299) Males (N = 5949)

Mean  ± SD Mean  ± SD Mean  ± SD Mean  ± SD

Population 17.8 3.5 21.6 5.7 15.2 3.3 12.9 5.1

ADHD 16.1 3.0 19.0 4.9 13.2 3.6 11.6 4.1

Autism 16.2 4.0 17.4 5.4 13.1 4.3 11.6 4.4

Bipolar disorder¥ 17.0 2.8 20.0 4.2 15.0 1.8 14.1 3.9

Depression 16.8 2.8 19.9 4.2 14.7 2.6 13.8 3.5

Schizophrenia¥ 16.9 2.9 19.8 4.1 14.3 2.9 15.0 2.8

Mean number of different PGx drugs prescribed

Cohort Birth cohort81 (1981–1994)† Birth cohort95 (1995–2005)†

Females (N = 25 726) Males (N = 16 005) Females (N = 6299) Males (N = 5949)

Mean  ± SD Mean  ± SD Mean  ± SD Mean  ± SD

Population 2.0 1.4 1.6 1.1 1.4 0.8 1.2 0.6

ADHD 4.4 2.5 2.8 2.0 2.1 1.3 1.6 1.0

Autism 3.5 2.3 2.4 1.6 2.0 1.2 1.7 1.0

Bipolar disorder 5.3 2.6 3.6 2.2 3.4 1.8 2.3 1.3

Depression 4.4 2.4 3.1 2.0 2.6 1.5 2.0 1.2

Schizophrenia 5.6 2.9 3.6 2.2 3.5 1.6 2.2 1.1

† Birth cohort81 includes individuals born between 1981 and 1994, birth cohort95 includes individuals born between 1995 and 2005. ¥ The 
differences between males and females in all cohorts are statistically significant, except for the birth cohort95 with bipolar disorder or schizophrenia. 
Mean age of drug users at their first-time PGx drug prescription and the mean of the number of PGx drugs prescribed in the population and for five 
individual MD diagnoses are presented. The table is split based on birth cohorts, as we do not have life-time drug use available for individuals in birth 
cohort81. Individuals who were not prescribed any PGx drug prior to death or data capping are not included in this table. Abbreviations: MD: mental 
disorders; ADHD: attention-deficit/hyperactivity disorder; iPSYCH: Integrative Psychiatric Research (iPSYCH) consortium, SD: standard deviation.
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quencies of prescriptions reported from the UK and the Nether-
lands [10, 13]. Although oestrogen-containing oral contraceptives 
are included in the uPGx panel of PGx drugs, which we applied in 
this study, it should be noted that oral contraceptives containing 
oestrogens are currently only considered actionable in females with 
a previous personal or family history of thrombosis or additional 
risk factors for thrombosis such as smoking, diabetes, and obesity 
according to DWPG [4]. This may lead to the impression that the 
number of women where PGx actions should be considered is in-
flated in our study, with 8647 female users of oestrogens in the 
population cohort, and 18908 female users with psychiatric disor-
ders, and among those, an estimated 6.6 % were heterozygous and 
0.1 % were homozygous carriers of FvL [31, 32]. We did not assess 
additional risk factors, thus the actual number of females where 
PGx would be applicable is unknown. However, among females with 
psychiatric disorders considering oestrogen-containing oral con-
traceptives, PGx guidance could be considered applicable to a larg-
er extent due to common (comorbid) conditions, including diabe-
tes, obesity and smoking [33–35]. Moreover, it has been previous-
ly studied that establishing FvL testing in all women before 
initiating oral contraceptives is unfeasible due to costs and a low 
predictive value of FvL testing [32]. Now, considering the increas-
ing utility of PGx in general and panel-based testing decreasing 
costs, the cost-benefit of FvL testing should be revisited for inclu-
sion in core panels of actionable PGx tests and multifactorial treat-
ment decisions.

While overall patterns of actionable PGx drugs were similar 
across the different cohorts, the prevalence of any of the investi-
gated actionable PGx drugs was higher among people with mental 
disorders than in the population without these conditions. This is 
mainly due to the preponderance of psychotropic drugs among ac-
tionable PGx drugs matching the psychiatric disorders, but the 
more frequent use of PGx drugs such as analgesics and PPIs with 
indications for somatic conditions also indicates a higher burden 
of somatic disorders in younger people with mental disorders com-
pared with their peers.

Age of first pharmacogenetic drug use and timing of 
PGx testing
We found that the mean age of the earliest PGx drug use in the co-
hort born between 1995–2006 was 11 years in males and 13 years 
in females with ADHD or autism, and of 13 years in males and 15 
years in females without mental disorders, suggesting earliest re-
active prospective testing around these ages. We are not aware of 
any other study assessing life-time incident use of PGx drugs.

Considering pre-emptive PGx testing, which is unlike reactive 
prospective testing unrelated to a prescription of a PGx drug in the 
first place, our PGx drug prevalence findings indicate that pre-emp-
tive testing could support pharmacological treatment decisions in 
23 % of males and 65 % of females of the general population (with-
out mental disorders) by the age of 35 years. In individuals with 
mental disorders, pre-emptive PGx could be applicable in, e. g. up 
to 87 % of males and 97 % of females. We further estimate that pre-
emptive testing and test results could be applied for a mean of 3.1 
PGx drugs in young individuals with mental disorders and a mean 
of 1.6 PGx drugs in young individuals without mental disorders by 
age of 35 years. Several other studies have investigated the poten-
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fects the interpretation of the age of first PGx drug use and the 
mean number of PGx drug use. We lack data of the youngest years 
of individuals in birth cohort81, with a maximum of the first 11 
years of an individual born in 1984. This might result in a higher 
mean age for birth cohorts81 due to the left-truncation. We have 
data until a maximum age of 11 years for individuals born in 2005, 
thus individuals starting a first PGx drug at age 12 or older are not 
included in the calculations. This might result in a lower mean age 
for birth cohorts95 due to right-truncation. Yet, since we know the 
average age of onset of disease, we expect that the real answer, 
e. g., ADHD and autism lies close to the mean age identified in birth 
cohorts95, compared to the other disorders with a real age of first 
PGx drug use in between the results for birth cohorts 1 and 2 
[39, 40, 44, 45]. Another limitation is that hospital-based data is 
missing from the drug registries, excluding some actionable PGx 
drugs such as anti-infectives and drugs used in anaesthesia. More-
over, we present a drug utilization study of current actionable PGx 
drugs. The results presented in this study might be affected in the 
future by changing trends in drug use or updated PGx guidelines, 
for example including new PGx drugs. Lastly, the iPSYCH popula-
tion is rather homogeneous with 88 % of Danish or European an-
cestry, 10 % mixed ancestry, and only up to 2 % of Non-European 
ancestry, partially due to the design of the study including individ-
uals born in Denmark since 1981. Among the commonly used PGx 
drugs identified in the current study, this may affect estimates for 
the even greater utility of PGx testing of drugs affected by CYP2C19 
variations or HLA-B variants, both of which are more frequent in in-
dividuals with Asian ancestry; or CYP2C9 variations in individuals 
with African ancestry and should be considered in PGx adjusted 
dosing recommendations of relevant drugs [46, 47].

In conclusion, PGx drugs are commonly used by young individ-
uals, with more frequent PGx drug use among young individuals 
with mental disorders and females. PGx testing could be beneficial 
already at a very young age (adolescent). Panel-based PGx testing 
would be preferable over single-gene testing, based on the num-
ber of individuals using PGx drugs subsequently or concomitantly 
and the number of different drug-gene interactions involved.
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tial of pre-emptive testing, but not based on life-time use, in differ-
ent patient populations across disorders, age ranges, settings and 
study set-ups (e. g. follow-up times) leading to a wider range of 
11.2 % to 97 % of individuals exposed to one or more PGx drugs over 
a 2–20 year follow-up period, thus are not directly comparable with 
our findings [11, 28, 36–38].

Panel-based and combinatorial pharmacogenetic 
testing
Our results indicate, as discussed earlier, the utility of panel-based 
testing due to the frequent use of several PGx drugs related to dif-
ferent DGIs. Panel-based testing in particular, of a core panel in-
cluding variants of CYP2D6 and CYP2C19 has been endorsed by 
many PGx societies and implementation initiatives [14, 15, 30, 39]. 
These efforts are now being further supported by a recent meta-
analysis finding that plasma levels of various antidepressant and 
antipsychotic drugs are associated with CYP2D6/CYP2C19 geno-
type-predicted metabolizer status supporting genotype-based 
dosing recommendations and ultimately PGx testing in people with 
mental disorders initiating psychotropic treatment [40].

An additional benefit of panel-based PGx testing is the oppor-
tunity to execute combinatorial PGx, which considers the effect of 
multiple variants in different genes for PGx-based dose adjust-
ments. This is of importance when a single drug has multiple ac-
tionable DGIs or when multiple PGx drugs are used concomitantly. 
The substantial number (a third) of individuals affected by multiple 
DGIs and 24.4 % (population) to 69.2 % (BD, SZ, depression cohorts) 
using multiple PGx drugs concomitantly in our study indicates the 
potential benefit from combinatorial PGx. Multiple PGx drugs act-
ing on the same enzyme affected by genetic variation leading to 
DDGIs and related PGx guided drug dosage recommendations are 
yet not provided in international public guidelines and rarely trans-
parently in commercial combinatorial PGx tests but are under de-
velopment [41–43]. In addition, the difference between the num-
ber of individuals using a drug and the number of individuals who 
require necessary action vary from < 1 % to 50 % with divergent ge-
no-phenotypes [14], which is largely dependent on the combina-
tion of actionable PGx guidelines for geno- or phenotypes and fre-
quencies of these geno- and phenotypes.

Strengths and limitations
The strengths of the current study are that it presents data of a 
large population-based case-cohort of individuals with mental dis-
orders and a population cohort representative for the entire Dan-
ish population of young age. The study has no bias in the selection 
of individuals, very little missing data and little loss to follow-up 
due to the registry-based study set-up using the Danish Civil Reg-
istration System. All these strengths allow a valid estimation of first-
time as well as life-time PGx drug use in Denmark, and these esti-
mates are likely to extrapolate to countries with similar drug utili-
zation patterns and health care systems. This study has some 
limitations. First, a considerable number of individuals have no drug 
data registered from birth until 1995 solely affecting birth co-
hort81. By dividing the cohort into two birth cohorts, we were able 
to present PGx drug use from birth up to the end of the study for 
the remaining individuals born since 1995 (ages 11–21). This af-
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