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Abstract: Background: Clopidogrel and proton pump inhibitors (PPIs) are among the most used
drugs in Denmark for which there exists pharmacogenomics (PGx)-based dosing guidelines and FDA
annotations. In this study, we further scrutinized the use of clopidogrel and PPIs when prescriptions
were redeemed from Danish Pharmacies alone or in combination in the Danish population and
among persons with diabetes in Denmark. The focus deals with the potential of applying PGx-
guided antiplatelet therapy taking both drug–drug interactions (DDI) and drug–gene interactions
(DGI) into account. Methods: The Danish Register of Medicinal Product Statistics was the source to
retrieve consumption data. Results: The consumption of PPIs and clopidogrel in terms of prevalence
(users/1000 inhabitants) increased over a five-year period by 6.3% to 103.1 (PPIs) and by 41.7% to
22.1 (clopidogrel), respectively. The prevalence of the use of clopidogrel and PPIs in persons with
diabetes are 3.8 and 2.1–2.8 times higher compared to the general population. When redeemed
in combination, the prevalence increased to 4.7. The most used combination was clopidogrel and
pantoprazole. Conclusions: The use of clopidogrel and PPIs either alone or in combination is quite
widespread, in particular among the elderly and persons with diabetes. This further supports the
emerging need of accessing and accounting for not only DDI but also for applying PGx-guided drug
therapy in clinical decision making for antiplatelet therapy with clopidogrel having a particular focus
on persons with diabetes and the elderly.

Keywords: clopidogrel; proton pump inhibitors (PPIs); drug use; pharmacogenomics; polypharmacy;
drug–drug interactions; drug–gene interactions; drug–drug–gene interactions; diabetics; elderly;
cardiovascular disease

1. Introduction

The use of drugs in Denmark having pharmacogenomics (PGx)-based actionable
dosing guidelines (AG) from either CPIC and/or DPWG for CYP2D6 and CYP2C19 drug–
gene pairs were measured in two recent studies [1,2]. It was shown that a large fraction
of the Danish population, especially the elderly living in nursing homes, are exposed
to drugs or drug combinations for which AG exists. Interestingly, clopidogrel as well
as proton pump inhibitors (PPIs) turned out to be among the most used drugs having
AG both in the general population and among nursing home residents. In this study,
we will further scrutinize the use of clopidogrel and PPIs when prescriptions of these
drugs were redeemed from Danish pharmacies alone or in combination in the general
population and among persons with diabetes in Denmark. The study focuses on drug–drug
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interactions (DDI), drug–gene interactions (DGI) and the potential of applying PGx-guided
antiplatelet therapy.

Clopidogrel, prasugrel and ticagrelor, all P2Y12 platelet inhibitors [3,4], are the
standard-of-care oral drugs used in thrombosis prophylaxis. This treatment is widely
used among the elderly and in persons with diabetes having a well-known high risk for
cardiovascular diseases and increased platelet reactivity, i.e., secondary prophylaxis in
cerebral infarction and acute coronary syndrome, respectively [3,5–7]. The treatments
have been shown to inhibit blood clots in coronary artery disease, peripheral vascular
disease and cerebrovascular disease, and to prevent myocardial infarction [3,8,9]. Although
clinical practice guidelines now recommend prasugrel and ticagrelor over clopidogrel, in
acute coronary syndrome patients undergoing percutaneous coronary interventions (PCI),
clopidogrel remains the most widely used P2Y12 inhibitor [3,9]. Clopidogrel is a prodrug
that requires cytochrome P450 biotransformation, primarily by CYP2C19, to form an active
metabolite that selectively and irreversibly inhibits the purinergic P2Y12 receptor and, thus,
platelet aggregation for the life span of the platelet [3,9].

In this study, we focus on clopidogrel as the object drug, i.e., changes in pharma-
cokinetic and/or pharmacodynamic properties of clopidogrel caused by either genetic
features impacting CYP2C19 metabolic activity and/or by concomitant intake of precipitant
drugs, in this case PPIs [10–12]. Genetic polymorphisms of CYP2C19 are associated with
impaired metabolism of clopidogrel [8,10], referred to as DGI, leading to higher cardiovas-
cular event rates compared to normal function [8,13,14]. PGx-based AG have been issued
from CPIC [10], DPWG [15] and RNPGx [16] all dealing with the CYP2C19 phenotypes
(genotypes); intermediate—(IM) and poor metabolizers (PM) (see also www.pharmgkb.org
(accessed on 10 February 2021)). In addition, the FDA-approved drug label for clopidogrel
includes PGx annotations for PM obviating consideration for alternative drugs [8,17] inde-
pendently of diagnosis. The American Stroke Association secondary stroke guideline [18],
and the Report of the American College of Cardiology Foundation Task Force on Clinical
Expert Consensus Documents, and the American Heart Association [19] note that PM
can have reduced platelet inhibition. PGx testing for CYP2C19 may be considered before
starting clopidogrel therapy in PCI patients believed to be at moderate or high risk for
poor outcomes.

Clopidogrel is associated with increasing risks of gastrointestinal (GI) bleeding both
when given alone or in combination with aspirin [4,20]. Consequently, clopidogrel is
commonly prescribed in combinations with PPIs to prevent GI bleeding [4,7,20,21]. Ac-
cording to Flockhart and others, the PPIs are inhibitors of CYP2C19 with esomeprazole
reported as a strong inhibitor and pantoprazole, lansoprazole and omeprazole as weaker
inhibitors [12,21,22]. Besides being inhibitors of CYP2C19, PPIs are also primarily me-
tabolized by CYP2C19 and PGx-based AG dealing with rapid metabolizers (RM) for
pantoprazole, lansoprazole and omeprazole but not for esomeprazole [11,23]. The FDA
and the EMA published safety concerns of concomitant use of clopidogrel and PPIs in 2009
and 2010 (see [24–26]). Inconsistent effects on cardiovascular outcomes of concomitant use
of clopidogrel and PPIs have been reported [27,28]. However, clinically important interac-
tions cannot be excluded as substantiated in several literature studies and meta-analysis
showing that the combined use of clopidogrel and PPIs are associated with increased
adverse cardiovascular events, such as major adverse cardiac events (MACE), stent throm-
bosis (ST) and myocardial infarction (MI) following PCI [20,24,29,30]. The concomitant use
of clopidogrel and PPIs exhibit the Achilles’ heel of personalized medicine, referred to as
phenoconversion, which describes the overlapping of DDI and DGI [31,32], also denoted to
as drug–drug–gene interaction (DDGI). In spite of a strong association between CYP2C19
gene variants and outcomes related to antiplatelet therapy [9,33], only a few studies have
actually dealt with DDGI in relation to concomitant use of PPIs [34,35]. Altogether, this
warrants the need for special caution when it comes to the use of clopidogrel alone or in
combination with PPIs to balance overall risk and benefits. The purpose of this study is
to underpin the potential of applying PGx tests enlightened by user data, with particular
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focus on persons with diabetes, as a supportive tool prior to initiating treatment with
clopidogrel alone or in combination with PPIs.

2. Results

Table 1 shows the consumption of PPIs and platelet aggregation inhibitors from 2014
to 2018 in Denmark. As can be seen, the use of PPIs both in terms of number of users and
prevalence increased over time with a total increase of 9.2% in terms of users and 6.3%
in terms of prevalence. The consumption of PPIs includes esomeprazole, lansoprazole,
omeprazole and pantoprazole and rabeprazole; however, the use of rabeprazole was less
than 255 users per year. The same pattern was seen for clopidogrel. The use increased
yearly with a total increase of 45.6% in terms of users and 41.7% in terms of prevalence.
The use of prasugrel and ticagrelor was very low compared to clopidogrel, and no increase
in use was seen.

Table 1. Consumption of proton pump inhibitors (PPIs) and platelet aggregation inhibitors in the
Danish population during 2014–2018.

2014 2015 2016 2017 2018

PPIs
A02BC

545,990
(97.0)

570,745
(100.8)

583,345
(102.4)

591,195
(102.8)

596,035
(103.1)

Clopidogrel
B01AC04

87,770
(15.6)

100,835
(17.8)

111,315
(19.5)

119,735
(20.8)

127,755
(22.1)

Prasugrel
B01AC22

1460
(0.3)

1035
(0.2)

575
(0.1)

360
(<0.1)

325
(<0.1)

Ticagrelor
B01AC24

9345
(1.7)

9605
(1.7)

9790
(1.7)

9465
(1.7)

9500
(1.7)

Data are presented as total number of users who redeemed prescriptions of PPIs and platelet aggregation inhibitors
during the period of 2014–2018. Numbers in brackets are prevalence (number of users/1000 inhabitants). PPIs
constituted of esomeprazole, lansoprazole, omeprazole, pantoprazole and rabeprazole.

Figure 1 shows the age-distribution expressed as prevalence (users /1000 inhabitants)
(A) and total number of users (B) who redeemed prescriptions of clopidogrel and proton
pump inhibitors during 2018. As can be seen, the prevalence of use increased with age,
in particular for clopidogrel and pantoprazole. The total number of users for each drug
are given in Table 2, showing that pantoprazole is the most widely used PPI followed by
lansoprazole, omeprazole and esomeprazole.

Table 2. Consumption in terms of number of users who redeemed prescriptions of clopidogrel and
proton pump inhibitors among the general population and in persons with diabetes in Denmark
in 2018.

Esomeprazole
A02BC05

Lansoprazole
A02BC03

Omeprazole
A02BC01

Pantoprazole
A02BC02

Users: 32,295 135,980 119,274 329,222

Clopidogrel 127,480 2388
[1217]

9570
[5213]

7188
[3900]

25,641
[13,850]

Users with diabetes: 3054 17,246 14,286 39,287

Clopidogrel 21,746 484
[250]

1952
[1081]

1459
[813]

5285
[2876]

Data are presented as number of users and number of users with diabetes who redeemed clopidogrel (B01AC04)
and proton pump inhibitors either alone (in bold) or in combination during 2018 or on the same day during 2018
(numbers in square brackets). The ATC codes for the different drugs are given.
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Figure 1. Prevalence (A) and total number of users (B) of clopidogrel and proton pump inhibitors 
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Figure 1. Prevalence (A) and total number of users (B) of clopidogrel and proton pump inhibitors in
2018 as a function of age groups. For legends see (A).

Table 2 shows the consumption in terms of number of users among the general
population and persons with diabetes who redeemed prescriptions of clopidogrel and PPIs
either alone or in combination. The table also shows the number of users who redeemed
clopidogrel and PPIs on the same day or during 2018, respectively. The term “used or
redeemed alone” does not exclude that the users could have redeemed prescriptions of
other drug combinations. From the table it can be seen that, e.g., 127,480 persons redeemed
prescriptions of clopidogrel, 329,222 pantoprazole, 25,641 the combination of clopidogrel
and pantoprazole during 2018, and 13,850 redeemed the combination on the same day. For
persons with diabetes the same numbers were 21,746, 39,287 and 5285, and on the same day
2876. The use of PPIs among persons with diabetes followed the same pattern as the general
population, i.e., pantoprazole is the most used PPI followed by lansoprazole, omeprazole
and esomeprazole both when redeemed alone or in combination with clopidogrel. It
should be noted that the number of users who redeemed prescriptions of the combinations
of clopidogrel and PPIs on the same day is a subset of the number for the whole year.
Moreover, the number of users for the different PPIs are not additive, since dispensing to
the same user can occur for the different PPIs. The number of users who redeemed the
combinations of clopidogrel and PPIs on the same day as percentage of the whole year
ranged from 51 to 54%.

On the basis of the data in Table 2 and the sizes of the total Danish and diabetic
populations (see Materials and Methods), the prevalences of use of clopidogrel and PPIs
redeemed either alone or in combination were calculated and are presented in Table 3. The
fraction of users who redeemed prescriptions of the combination of clopidogrel and PPIs
relative to clopidogrel was significantly higher among persons with diabetes, both when
measured on the same day and during 2018, suggesting that persons with diabetes are
more exposed to the combination of clopidogrel and PPIs than the general population. In
addition, the prevalence ratios, i.e., prevalence diabetics/ prevalence general population,
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are shown in Table 4. The prevalence of use of clopidogrel alone, among persons with
diabetes, was almost four times higher compared to the general population, whereas
the same numbers for PPIs ranged from 2.1 to 2.8. However, when clopidogrel and
PPIs are redemed in combination, either on the same day or during 2018, the prevalence
ratios increased to around 4.7, which is significantly higher as compared to that found for
clopidogrel and the PPIs when redeemed alone.

Table 3. Consumption of clopidogrel and proton pump inhibitors among the general population and
in persons with diabetes in Denmark in terms of prevalence.

Esomeprazole
A02BC05

Lansoprazole
A02BC03

Omeprazole
A02BC01

Pantoprazole
A02BC02

Prevalence: 5.6 23.5 20.6 56.9

Clopidogrel 22.1 0.4 (1.8%)
[0.2 (0.9%)]

1.7 (7.7%)
[0.9 (4.1%)]

1.2 (5.4%)
[0.7 (3.2%)]

4.4 (20.0%)
[2.4 (10.9%)]

Prevalence diabetics: 11.8 66.7 55.3 152.0

Clopidogrel 84.1 1.9 (2.3%) *
[1.0 (1.2%)] *

7.6 (9.0%) *
[4.2 (5.0%)] *

5.6 (6.7%) *
[3.1 (3.7%)] *

20.4 (24.3%) *
[11.1 (13.2%)] *

Data are presented as prevalence general population (number of users/1000 inhabitants) and prevalence diabetics
(number of diabetic/1000 diabetics) who redeemed prescriptions of clopidogrel and PPIs either alone (in bold) or
in combination during 2018 or on the same day during 2018 (numbers in square brackets). Numbers in brackets
express the percentage of users who redeemed the combinations of clopidogrel and PPIs relative to clopidogrel.
* p ≤ 0.05 or less compared to the corresponding values for prevalence in the general population (chi-squared test).

Table 4. Consumption of clopidogrel in combination with proton pump inhibitors in terms of prevalence ratios.

Prevalence Ratio:
(Prevalence Diabetes/Prevalence General

Population)
Esomeprazole Lansoprazole Omeprazole Pantoprazole

2.1 2.8 2.7 2.7
Clopidogrel 3.8 During 2018 4.8 4.5 4.7 4.6

Same Day 2018 5.0 4.6 4.4 4.6

Data are presented as prevalence ratio (prevalence diabetes/prevalence general population) based on the prevalence shown in Table 3.

Table 5 shows warnings related to potential DDIs for the combinations of clopidogrel
and PPIs obtained from different providers of open access drug interaction trackers. The
aim is to visualize the differences in warnings among the different trackers as well as give
numbers of how many individuals, both in the general population and among persons
with diabetes, potentially could be affected by co-administration of clopidogrel and PPIs.
None of the trackers scored the combination of clopidogrel and pantoprazole as a “serious
use alternate”. This combination was the most frequent combination observed both in the
general population (25,641) and among persons with diabetes (5285). However, for the
other combinations of clopidogrel and PPIs, discordance between the different trackers
was seen for “serious use alternate” and “monitor closely”.
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Table 5. Drug–drug interaction tracker scores for the combination of clopidogrel and PPIs.

Esomeprazole Lansoprazole Omeprazole Pantoprazole

clopidogrel

(1)
(2)
(3)
(4)

Total number of users *
Total number of diabetic users *

2388 9570 7188 25,641
484 1952 1459 5285

Drug–drug interactions were scored by using four different open access databases (1) Interaktionsdatabasen
[36] (2) Felleskatalogen [37] (3) Medscape [38] and (4) Drugs.com (accessed on 28 December 2020). [39]. Yellow:
“monitor closely” and red “serious use alternate”. Warnings are related to CYP2C19 activity. * Total number
of users in the general population and among diabetics who redeemed prescriptions of the combination of
clopidogrel and PPIs during 2018 (data from Table 2).

3. Discussion

The Danish Register of Medicinal Product Statistics [40], which comprises records of
drug prescriptions redeemed to individuals, offers unique opportunities to study drug use,
including combinations thereof as previously shown [1,2] without compromising users’
identity. This has made it possible to map the consumption of drugs having PGx-based AG
as well as to measure the occurrence of inappropriate drug combinations at ATC level 7
(drug name level). On the basis of previous findings of the wide use of clopidogrel and
PPIs [1,2], this study further scrutinized the use of these drugs in the general population
and among persons with diabetes, who in particular have a high risk for cardiovascular
events [5,6], in order to underpin the potential of applying PGx test in clinical decision
making. It should be emphasized that this register study does not provide any information
about diagnosis, dose, compliance, clinical effects or duration of treatments.

The finding that the consumption of clopidogrel has increased quite significantly
(45.6%) over a five-year period is in alignment with a shift in Danish recommendations for
cerebral infarction prophylaxis, from a combination treatment consisting of acetyl salicylic
acid and dipyridamole to clopidogrel as the first choice treatment [41].

The use of PPIs increases to a lesser extent over the same period. There is a general
suspicion of a large over-consumption of inappropriately prescribed PPIs, which is why
de-prescribing guidelines have been developed [42]. However, PPIs may be indicated
when treated with drugs associated with ulcerogenic and gastrointestinal side effects such
as clopidogrel and metformin. However, still, approximately 10% of the Danish population
redeems PPIs every year, and importantly, the prevalence of the use of both clopidogrel
and PPIs increased, as a function of age, to as high as 122 and 174 users/1000 inhabitants,
respectively. Recent data from 2019 showed that the use of clopidogrel and PPIs continued
to increase both in terms of users (133,430 and 610,755) and prevalence (23 and 105) [40].

Nationwide cohorts to determine drug consumption not only for single drug use, as
discussed above, but also for use of drug combinations in patient subgroups have not, to
our knowledge, been determined before at a level this detailed. In this study, we further
scrutinized the use of clopidogrel and PPIs when prescriptions were redeemed alone or in
combination on the same day or during 2018 in the general population and in persons with
diabetes. Out of a population of 5.8 million inhabitants, 258,494 redeemed prescriptions of
ATC code A10 (drugs used in diabetes) corresponding to 4.5% of the Danish population.
This finding is compatible with a recent study exploring the prevalence of diabetes in the
Danish population [43].

Persons with diabetes are more prone to cardiovascular diseases and increased platelet
reactivity [3,5,6], which is reflected in the high prevalence of use of clopidogrel; this is
almost four times higher compared to the general population. The prevalence of PPIs in
persons with diabetes follows the same pattern, i.e., 2.1–2.8 times higher. Interestingly,
when clopidogrel and PPIs were redeemed in combination either on the same day or
during 2018, the prevalence ratios increased to around 4.6, which is significantly higher
compared to that found for clopidogrel and the PPIs when redeemed alone. This could

Drugs.com
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suggest that persons with diabetes using clopidogrel per default are being prescribed more
PPIs than the general population. One possible explanation could also be the frequent
treatment of type 2 diabetes with metformin, which has well-known gastrointestinal side
effects and was reedemed by 181,485 users in 2018 [40]. In addition, it has been found that
persons with type 2 diabetes have a significantly higher risk of developing peptic ulcers
after adjustment for possible confounding factors [44].

Comparative studies have suggested to what extent PPIs reduce the conversion of
clopidogrel to the active metabolite and thereby attenuating the antithrombotic effect
of clopidogrel [22]. The strongest inhibitor was omeprazole, followed by esomeprazole,
then lansoprazole, and no effect was reported for pantoprazole [12,21,22]. In this study,
we used four open access “drug interaction checkers” to score for severity of DDI of the
combinations of PPIs and clopidogrel. Three of four checkers scored the combinations of
clopidogrel and omeprazole or esomeprazole as a “serious use alternate”, which is also
in alignment with the FDA and EMA recommendations [21,24–26]. The most frequent
combinations of clopidogrel and PPIs were for clopidogrel and pantoprazole followed by
lansoprazole, omeprazole and esomeprazole. Direct comparison of prevalence data in this
study for combination of clopidogrel and PPIs to other studies is not possible due to lack
of similar cohort studies; however, data supporting the widespread use of combinations of
clopidogrel and PPIs can be found [45,46]. In this context, it should be pointed out that
persons with diabetes have a higher prevalence of concomitant use of clopidogrel and
PPIs. One should bear in mind that the number of users co-administrating clopidogrel
and PPIs refers to the Danish situation. In this situation actions should be taken, cf. the
Danish interaction checker, which scores the co-administration of clopidogrel and PPIs
as “monitor closely” for all PPIs, while the other checkers consider the combinations of
clopidogrel and the various PPIs to be “serious use alternate”—particularly with regard
to esomeprazole and omeprazole. The authors’ experience with this warning is that it is
rarely taken into consideration due to its vague formulation, unless the user(s) undergo a
thorough medication review.

In spite of supporting evidence and advances in PGx implementation in clinical
practice over the last decade, significant barriers still exist. Mainly concerning physicians’
and pharmacists´ awareness and education, but also evidence level, significance and
cost-effectiveness are questioned [47]. In Denmark the situation does not look much
different, and the use of PGx tests have not gained foothold in daily clinical practice [1,2,48].
Taking the average Caucasian frequencies of DGI recently reported [49] for CYP2C19 (IM
26.9% and PM 2.6%) into consideration further suggests that a significant proportion of
the Danish population, and persons with diabetes using clopidogrel, will have DGI for
which actions in principle should be taken regarding dose adjustments corresponding
to 37,600 and 6415, respectively (calculation based on data from Table 2). If the impact
of the phenotypes PM and IM are taken into consideration as well by “drug interaction
checkers”, the balance between “monitor closely” and “serious use alternate” might change
significantly towards the latter for combinations of PPIs, especially for omeprazole and
esomeprazole, which have been corroborated recently [34,35]. This further substantiates
that DGI and DDGI are unrecognized in clinical practice in general and in the elderly [1,2]
and in persons with diabetes in particular, who are more exposed to polypharmacy [50].
These added risks are likely to result in increased health care costs [51]. Supportive evidence
on cost-effectiveness of applying CYP450 PGx-guided antiplatelet therapy preemptively in
cardiovascular diseases [52] and in polypharmacy have emerged [53]; however, still more
studies are needed. In addition, a newly published study has shown that regular use of
PPIs has been associated with a higher risk of type 2 diabetes, and the risk increased with
longer duration of use. These findings add another dimension to exercise caution when
prescribing PPIs, particularly for long-term use [54].

In conclusion, we have demonstrated that the use of clopidogrel and PPIs, both
having PGx-based actionable dosing guidelines and FDA annotations, either given alone
or in combination, is quite widespread, in particular among persons with diabetes and
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the elderly in Denmark. This further supports the emerging results of acccessing and
accounting for not only DDI but also for DGI and DDGI as supportive tools in clinical
decision making for antiplatelet therapy, which is, in addition, likely to be cost-effective.

4. Materials and Methods

The Danish Register of Medicinal Product Statistics [40] that comprises records of all
prescriptions redeemed since 1 January, 1996, was used to retrieve drug consumption by
using Medstat.dk [40] and by support of Statistics Denmark [55]. The personal identification
number [56] (the CPR number) is a unique identifier to all Danish inhabitants that makes
it possible to measure a person’s drug consumption. Consumption is expressed as the
number of users who redeemed prescriptions of clopidogrel and/or PPIs alone or in
combination either on the same day or during 2018 by applying their ATC codes [57]. The
number of persons with diabetes is identified by measuring inhabitants who redeemed
prescriptions of the ATC code A10 (level 2), which solely includes “drugs used in diabetes”,
i.e., A10A (insulins and analogues) and A10B (blood glucose lowering drugs excl. insulins)
during 2018. By combining A10 to the ATC codes for clopidogrel and the PPIs, the number
of persons with diabetes who redeemed prescriptions of clopidogrel and PPIs alone or
in combination either on the same day or during 2018 was identified. Over the counter
(OTC) consumption is not identifiable with a person and therefore is not part of this study;
however, it should be noted that PPIs in low strengths and small package sizes are available
as OTC products, and this accounts for around 3% of the total consumption.

To convert number of users to prevalence (users/1000 inhabitants), the total Danish
population in 2018 was 5,781,190, and the age group distribution was as follows: 0–17 years
1,165,000; 18–24 years 532,622; 25–44 years 1,441,697; 45–64 1,525,308; 65–79 years 859,369
and 80+ 256,694. The total number of persons who redeemed prescriptions of ATC-code
A10 (persons with diabetes) was 258,494, and the age group distribution was as follows:
0–17 years 3107; 18–24 years 3695; 25–44 years 23,685; 45–64 94,880; 65–79 years 103,926
and 80+ 29,201.

Drug–drug interactions were scored in severity by using “interaktionsdatabasen” man-
aged by the Danish Medicine Agency [36]; Felleskatalogen [37] (Norway), Medscape® drug
interaction checker [38] and Drugs.com (accessed on 28 December 2020). [39]. Warnings
related to CYP2C19 are displayed as “monitor closely” or “serious use alternate”. The dos-
ing information, length of treatment and indication for prescribing were not recorded, and
ethics approval was not applicable according to Danish law, since the use of anonymized
healthcare data for pharmacoepidemiological research does not require subject consent or
approval from the Ethics Committee.

Author Contributions: Conceptualization, N.W., L.T. and C.V.; Methodology, N.W., L.T. and C.V.;
Software, N.W.; Validation, N.W., L.T., and C.V.; Formal Analysis, N.W.; Investigation, N.W., L.T. and
C.V.; Resources, N.W., L.T., and C.V.; Data Curation, N.W., L.T. and C.V.; Writing—Original Draft
Preparation, N.W.; Writing—Review & Editing, N.W., L.T. and C.V.; Visualization, N.W.; Supervision,
N.W., L.T. and C.V.; Project Administration, N.W.; Funding Acquisition, none. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable and see Materials and Methods.

Data Availability Statement: The data presented in this study are available within the article.

Conflicts of Interest: The authors declare no conflict of interest.

Drugs.com


Metabolites 2021, 11, 96 9 of 11

References
1. Westergaard, N.; Nielsen, R.S.; Jørgensen, S.; Vermehren, C. Drug Use in Denmark for Drugs Having Pharmacogenomics (PGx)

Based Dosing Guidelines from CPIC or DPWG for CYP2D6 and CYP2C19 Drug–Gene Pairs: Perspectives for Introducing PGx
Test to Polypharmacy Patients. J. Pers. Med. 2020, 10, 3. [CrossRef]

2. Vermehren, C.; Søgaard Nielsen, R.; Jørgensen, S.; Drastrup, A.M.; Westergaard, N. Drug Use among Nursing Home Residents
in Denmark for Drugs Having Pharmacogenomics Based (PGx) Dosing Guidelines: Potential for Preemptive PGx Testing.
J. Pers. Med. 2020, 10, 78. [CrossRef]

3. Schilling, U.; Dingemanse, J.; Ufer, M. Pharmacokinetics and Pharmacodynamics of Approved and Investigational P2Y12 Receptor
Antagonists. Clin. Pharmacokinet. 2020, 59, 545–566. [CrossRef] [PubMed]

4. Abraham, N.S.; Hlatky, M.A.; Antman, E.M.; Bhatt, D.L.; Bjorkman, D.J.; Clark, C.B.; Furberg, C.D.; Johnson, D.A.; Kahi, C.J.;
Laine, L.; et al. ACCF/ACG/AHA 2010 expert consensus document on the concomitant use of proton pump inhibitors and
thienopyridines: A focused update of the ACCF/ACG/AHA 2008 expert consensus document on reducing the gastrointestinal
risks of antiplatelet therapy and NSAID. J. Am. Coll. Cardiol. 2010, 56, 2051–2066. [CrossRef] [PubMed]

5. Rivas Rios, J.R.; Franchi, F.; Rollini, F.; Angiolillo, D.J. Diabetes and antiplatelet therapy: From bench to bedside. Cardiovasc.
Diagn. Ther. 2018, 8, 594–609. [CrossRef] [PubMed]

6. Carreras, E.T.; Hochholzer, W.; Frelinger, A.L.; Nordio, F.; O’Donoghue, M.L.; Wiviott, S.D.; Angiolillo, D.J.; Michelson, A.D.;
Sabatine, M.S.; Mega, J.L. Diabetes mellitus, CYP2C19 genotype, and response to escalating doses of clopidogrel: Insights from
the ELEVATE-TIMI 56 trial. Thromb. Haemost. 2016, 116, 69–77. [CrossRef]

7. Bøtker, H.E.; Gustafsson, I.; Egstrup, K.; Jensen, M.T.; Krarup, N.T.; Rosing, P.; Knudsen, S.T. Diabetes og Hjertesygdom. Available
online: https://nbv.cardio.dk/diabetes#264-behandling--modifikation-af-risikofaktorer (accessed on 28 December 2020).

8. Plavix. Product Monograph. Available online: http://products.sanofi.ca/en/plavix.pdf (accessed on 28 December 2020).
9. Gower, M.N.; Ratner, L.R.; Williams, A.K.; Rossi, J.S.; Stouffer, G.A.; Lee, C.R. Clinical utility of cyp2c19 genotype-guided

antiplatelet therapy in patients at risk of adverse cardiovascular and cerebrovascular events: A review of emerging evidence.
Pharmgenomics. Pers. Med. 2020, 13, 239–252. [CrossRef] [PubMed]

10. Scott, S.A.; Sangkuhl, K.; Stein, C.M.; Hulot, J.S.; Mega, J.L.; Roden, D.M.; Klein, T.E.; Sabatine, M.S.; Johnson, J.A.; Shuldiner, A.R.
Clinical pharmacogenetics implementation consortium guidelines for CYP2C19 genotype and clopidogrel therapy: 2013 update.
Clin. Pharmacol. Ther. 2013, 94, 317–323. [CrossRef]

11. Barbarino, J.M.; Whirl-Carrillo, M.; Altman, R.B.; Klein, T.E. PharmGKB: A worldwide resource for pharmacogenomic information.
Wiley Interdiscip. Rev. Syst. Biol. Med. 2018, 10, e1417. [CrossRef]

12. Flockhart, D.A. Drug Interactions: Cytochrome P450 Drug Interaction Table; Indiana University School of Medicine: Indianapolis, IN,
USA, 2007. Available online: https://drug-interactions.medicine.iu.edu/home.aspx. (accessed on 28 December 2020).

13. Simon, T.; Verstuyft, C.; Mary-Krause, M.; Quteineh, L.; Drouet, E.; Méneveau, N.; Steg, P.G.; Ferrières, J.; Danchin, N.;
Becquemont, L. Genetic determinants of response to clopidogrel and cardiovascular events. N. Engl. J. Med. 2009, 360, 363–375.
[CrossRef]

14. Mega, J.L.; Close, S.L.; Wiviott, S.D.; Shen, L.; Hockett, R.D.; Brandt, J.T.; Walker, J.R.; Antman, E.M.; Macias, W.;
Braunwald, E.; et al. Cytochrome P-450 polymorphisms and response to clopidogrel. N. Engl. J. Med. 2009, 360, 354–362.
[CrossRef] [PubMed]

15. Swen, J.J.; Nijenhuis, M.; de Boer, A.; Grandia, L.; Maitland-van der Zee, A.H.; Mulder, H.; Rongen, G.A.P.J.M.; van Schaik, R.H.N.;
Schalekamp, T.; Touw, D.J.; et al. Pharmacogenetics: From Bench to Byte—An Update of Guidelines. Clin. Pharmacol. Ther. 2011,
89, 662–673. [CrossRef]

16. Lamoureux, F.; Duflot, T. Pharmacogenetics in cardiovascular diseases: State of the art and implementation-recommendations of
the French National Network of Pharmacogenetics (RNPGx). Therapie 2017, 72, 257–267. [CrossRef]

17. FDA. Table of Pharmacogenomic Biomarkers in Drug Labels. Available online: https://www.fda.gov/drugs/science-research-
drugs/table-pharmacogenomic-biomarkers-drug-labeling (accessed on 28 December 2020).

18. Kernan, W.N.; Ovbiagele, B.; Black, H.R.; Bravata, D.M.; Chimowitz, M.I.; Ezekowitz, M.D.; Fang, M.C.; Fisher, M.; Furie, K.L.;
Heck, D.V.; et al. Guidelines for the prevention of stroke in patients with stroke and transient ischemic attack: A guideline
for healthcare professionals from the American Heart Association/American Stroke Association. Stroke 2014, 45, 2160–2236.
[CrossRef] [PubMed]

19. Holmes, D.R.; Dehmer, G.J.; Kaul, S.; Leifer, D.; O’Gara, P.T.; Stein, C.M. ACCF/AHA clopidogrel clinical alert: Approaches to
the FDA “boxed warning”: A report of the American college of cardiology foundation task force on clinical expert consensus
documents and the American heart association. J. Am. Coll. Cardiol. 2010, 56, 321–341. [CrossRef] [PubMed]

20. Pang, J.; Wu, Q.; Zhang, Z.; Zheng, T.; Xiang, Q.; Zhang, P.; Liu, X.; Zhang, C.; Tan, H.; Huang, J.; et al. Efficacy and safety
of clopidogrel only vs. clopidogrel added proton pump inhibitors in the treatment of patients with coronary heart disease
after percutaneous coronary intervention: A systematic review and meta-analysis. IJC Hear. Vasc. 2019, 23, 100317. [CrossRef]
[PubMed]

21. Farhat, N.; Haddad, N.; Crispo, J.; Birkett, N.; McNair, D.; Momoli, F.; Wen, S.W.; Mattison, D.R.; Krewski, D. Trends in
concomitant clopidogrel and proton pump inhibitor treatment among ACS inpatients, 2000–2016. Eur. J. Clin. Pharmacol. 2019,
75, 227–235. [CrossRef]

http://doi.org/10.3390/jpm10010003
http://doi.org/10.3390/jpm10030078
http://doi.org/10.1007/s40262-020-00864-4
http://www.ncbi.nlm.nih.gov/pubmed/32056160
http://doi.org/10.1016/j.jacc.2010.09.010
http://www.ncbi.nlm.nih.gov/pubmed/21126648
http://doi.org/10.21037/cdt.2018.05.09
http://www.ncbi.nlm.nih.gov/pubmed/30498684
http://doi.org/10.1160/TH15-12-0981
https://nbv.cardio.dk/diabetes#264-behandling--modifikation-af-risikofaktorer
http://products.sanofi.ca/en/plavix.pdf
http://doi.org/10.2147/PGPM.S231475
http://www.ncbi.nlm.nih.gov/pubmed/32821149
http://doi.org/10.1038/clpt.2013.105
http://doi.org/10.1002/wsbm.1417
https://drug-interactions.medicine.iu.edu/home.aspx.
http://doi.org/10.1056/NEJMoa0808227
http://doi.org/10.1056/NEJMoa0809171
http://www.ncbi.nlm.nih.gov/pubmed/19106084
http://doi.org/10.1038/clpt.2011.34
http://doi.org/10.1016/j.therap.2016.09.017
https://www.fda.gov/drugs/science-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://www.fda.gov/drugs/science-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
http://doi.org/10.1161/STR.0000000000000024
http://www.ncbi.nlm.nih.gov/pubmed/24788967
http://doi.org/10.1016/j.jacc.2010.05.013
http://www.ncbi.nlm.nih.gov/pubmed/20633831
http://doi.org/10.1016/j.ijcha.2018.12.016
http://www.ncbi.nlm.nih.gov/pubmed/31321282
http://doi.org/10.1007/s00228-018-2564-8


Metabolites 2021, 11, 96 10 of 11

22. Wang, Z.Y.; Chen, M.; Zhu, L.L.; Yu, L.S.; Zeng, S.; Xiang, M.X.; Zhou, Q. Pharmacokinetic drug interactions with clopidogrel:
Updated review and risk management in combination therapy. Ther. Clin. Risk Manag. 2015, 11, 449–467.

23. Lima, J.J.; Thomas, C.D.; Barbarino, J.; Desta, Z.; Van Driest, S.L.; El Rouby, N.; Johnson, J.A.; Cavallari, L.H.; Shakhnovich, V.;
Thacker, D.L.; et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2C19 and Proton Pump
Inhibitor Dosing. Clin. Pharmacol. Ther. 2020. [CrossRef]

24. Würtz, M.; Grove, E.L. Proton pump inhibitors in cardiovascular disease: Drug interactions with antiplatelet drugs. Adv. Exp.
Med. Biol. 2017, 906, 325–350. [CrossRef] [PubMed]

25. Guerin, A.; Mody, R.; Carter, V.; Ayas, C.; Patel, H.; Lasch, K.; Wu, E. Changes in practice patterns of clopidogrel in combination
with proton pump inhibitors after an fda safety communication. PLoS ONE 2016, 11, e0145504. [CrossRef] [PubMed]

26. Kruik-Kollöffel, W.J.; van der Palen, J.; Kruik, H.J.; van Herk-Sukel, M.P.P.; Movig, K.L.L. Prescription behavior for gas-
troprotective drugs in new users as a result of communications regarding clopidogrel—Proton pump inhibitor interaction.
Pharmacol. Res. Perspect. 2016, 4. [CrossRef]

27. Berger, P.B. Should proton pump inhibitors be withheld from patients taking clopidogrel? The issue that has been giving me
heartburn! Circ. Cardiovasc. Qual. Outcomes 2015, 8, 6–7. [CrossRef] [PubMed]

28. Melloni, C.; Washam, J.B.; Jones, W.S.; Halim, S.A.; Hasselblad, V.; Mayer, S.B.; Heidenfelder, B.L.; Dolor, R.J. Conflicting results
between randomized trials and observational studies on the impact of proton pump inhibitors on cardiovascular events when
coadministered with dual antiplatelet therapy: Systematic review. Circ. Cardiovasc. Qual. Outcomes 2015, 8, 47–55. [CrossRef]
[PubMed]

29. Serbin, M.A.; Guzauskas, G.F.; Veenstra, D.L. Clopidogrel-proton pump inhibitor drug-drug interaction and risk of adverse
clinical outcomes among PCI-treated ACS patients: A meta-analysis. J. Manag. Care Spec. Pharm. 2016, 22, 939–947. [CrossRef]

30. Bundhun, P.K.; Teeluck, A.R.; Bhurtu, A.; Huang, W.Q. Is the concomitant use of clopidogrel and Proton Pump Inhibitors
still associated with increased adverse cardiovascular outcomes following coronary angioplasty?: A systematic review and
meta-analysis of recently published studies (2012—2016). BMC Cardiovasc. Disord. 2017, 17. [CrossRef]

31. Shah, R.R.; Smith, R.L. Addressing phenoconversion: The Achilles’ heel of personalized medicine. Br. J. Clin. Pharmacol. 2015,
79, 222–240. [CrossRef] [PubMed]

32. Bahar, M.A.; Setiawan, D.; Hak, E.; Wilffert, B. Pharmacogenetics of drug–drug interaction and drug–drug–gene interaction:
A systematic review on CYP2C9, CYP2C19 and CYP2D6. Pharmacogenomics 2017, 18, 701–739. [CrossRef] [PubMed]

33. Ellithi, M.; Baye, J.; Wilke, R.A. CYP2C19 genotype-guided antiplatelet therapy: Promises and pitfalls. Pharmacogenomics 2020,
21, 889–897. [CrossRef]

34. Depta, J.P.; Lenzini, P.A.; Lanfear, D.E.; Wang, T.Y.; Spertus, J.A.; Bach, R.G.; Cresci, S. Clinical outcomes associated with proton
pump inhibitor use among clopidogrel-treated patients within CYP2C19 genotype groups following acute myocardial infarction.
Pharm. J. 2015, 15, 20–25. [CrossRef]

35. Furuta, T.; Iwaki, T.; Umemura, K. Influences of different proton pump inhibitors on the anti-platelet function of clopidogrel in
relation to CYP2C19 genotypes. Br. J. Clin. Pharmacol. 2010, 70, 383–392. [CrossRef]

36. Danish Medicines Agency. Interaktionsdatabasen. Available online: http://www.interaktionsdatabasen.dk/Default.aspx
(accessed on 30 April 2020).

37. Felleskatalogen Interaksjonsanalyse. Felleskatalogen. Available online: https://www.felleskatalogen.no/medisin/interaksjon/
(accessed on 8 October 2020).

38. Medscape Drug Interactions Checker. Medscape Drug Reference Database. Available online: https://reference.medscape.com/
drug-interactionchecker (accessed on 7 October 2020).

39. Drug Interactions Drug Interactions Checker. For Drugs, Food & Alcohol. Available online: https://www.drugs.com/drug_
interactions.html (accessed on 8 October 2020).

40. Schmidt, M.; Hallas, J.; Laursen, M.; Friis, S. Data Resource Profile: Danish online drug use statistics (MEDSTAT). Int. J. Epidemiol.
2016, 45, 1401–1402. [CrossRef] [PubMed]

41. Sundhed. Cerebralt infarkt og TCI. Available online: https://www.sundhed.dk/sundhedsfaglig/information-til-praksis/
hovedstaden/almen-praksis/laegemidler/basislisten-hovedstaden/cerebralt-infarkt-og-tci/ (accessed on 28 December 2020).

42. Farrell, B.; Pottie, K.; Thompson, W.; Boghossian, T.; Pizzola, L.; Rojas-Fernandez, R.J.; Walsh, K.; Welch, V.; Moayyedi,
P. Proton Pump Inhibitor (PPI) Deprescribing Algorithm. Can. Fam. Physician 2017, 63, 354–364. Available online: https:
//deprescribing.org/resources/deprescribing-guidelines-algorithms/ (accessed on 15 December 2020). [PubMed]

43. Carstensen, B.; Rønn, P.F.; Jørgensen, M.E. Prevalence, incidence and mortality of type 1 and type 2 diabetes in Denmark
1996–2016. BMJ Open Diabetes Res. Care 2020, 8. [CrossRef]

44. Peng, Y.L.; Leu, H.B.; Luo, J.C.; Huang, C.C.; Hou, M.C.; Lin, H.C.; Lee, F.Y. Diabetes is an independent risk factor for peptic ulcer
bleeding: A nationwide population-based cohort study. J. Gastroenterol. Hepatol. 2013, 28, 1295–1299. [CrossRef]

45. Christensen, L.D.; Reilev, M.; Juul-Larsen, H.G.; Jørgensen, L.M.; Kaae, S.; Andersen, O.; Pottegård, A.; Petersen, J. Use of
prescription drugs in the older adult population-a nationwide pharmacoepidemiological study. Eur. J. Clin. Pharmacol. 2019,
75, 1125–1133. [CrossRef] [PubMed]

46. Prami, T.; Khanfir, H.; Hasvold, P.; Reissell, E.; Airaksinen, J.; Kytö, V. Concomitant use of drugs known to cause interactions with
oral antiplatelets—polypharmacy in acute coronary syndrome outpatients in Finland. Eur. J. Clin. Pharmacol. 2020, 76, 257–265.
[CrossRef]

http://doi.org/10.1002/cpt.2015
http://doi.org/10.1007/5584_2016_124
http://www.ncbi.nlm.nih.gov/pubmed/27628008
http://doi.org/10.1371/journal.pone.0145504
http://www.ncbi.nlm.nih.gov/pubmed/26727382
http://doi.org/10.1002/prp2.242
http://doi.org/10.1161/CIRCOUTCOMES.114.001586
http://www.ncbi.nlm.nih.gov/pubmed/25587089
http://doi.org/10.1161/CIRCOUTCOMES.114.001177
http://www.ncbi.nlm.nih.gov/pubmed/25587094
http://doi.org/10.18553/jmcp.2016.22.8.939
http://doi.org/10.1186/s12872-016-0453-6
http://doi.org/10.1111/bcp.12441
http://www.ncbi.nlm.nih.gov/pubmed/24913012
http://doi.org/10.2217/pgs-2017-0194
http://www.ncbi.nlm.nih.gov/pubmed/28480783
http://doi.org/10.2217/pgs-2020-0046
http://doi.org/10.1038/tpj.2014.28
http://doi.org/10.1111/j.1365-2125.2010.03717.x
http://www.interaktionsdatabasen.dk/Default.aspx
https://www.felleskatalogen.no/medisin/interaksjon/
https://reference.medscape.com/drug-interactionchecker
https://reference.medscape.com/drug-interactionchecker
https://www.drugs.com/drug_interactions.html
https://www.drugs.com/drug_interactions.html
http://doi.org/10.1093/ije/dyw116
http://www.ncbi.nlm.nih.gov/pubmed/27892409
https://www.sundhed.dk/sundhedsfaglig/information-til-praksis/hovedstaden/almen-praksis/laegemidler/basislisten-hovedstaden/cerebralt-infarkt-og-tci/
https://www.sundhed.dk/sundhedsfaglig/information-til-praksis/hovedstaden/almen-praksis/laegemidler/basislisten-hovedstaden/cerebralt-infarkt-og-tci/
https://deprescribing.org/resources/deprescribing-guidelines-algorithms/
https://deprescribing.org/resources/deprescribing-guidelines-algorithms/
http://www.ncbi.nlm.nih.gov/pubmed/28500192
http://doi.org/10.1136/bmjdrc-2019-001071
http://doi.org/10.1111/jgh.12190
http://doi.org/10.1007/s00228-019-02669-2
http://www.ncbi.nlm.nih.gov/pubmed/30949726
http://doi.org/10.1007/s00228-019-02777-z


Metabolites 2021, 11, 96 11 of 11

47. Klein, M.E.; Parvez, M.M.; Shin, J.G. Clinical Implementation of Pharmacogenomics for Personalized Precision Medicine: Barriers
and Solutions. J. Pharm. Sci. 2017, 106, 2368–2379. [CrossRef]

48. Jürgens, G.; Jacobsen, C.B.; Rasmussen, H.B.; Werge, T.; Nordentoft, M.; Andersen, S.E. Utility and adoption of CYP2D6 and
CYP2C19 genotyping and its translation into psychiatric clinical practice. Acta Psychiatr. Scand. 2012, 125, 228–237. [CrossRef]

49. Samwald, M.; Xu, H.; Blagec, K.; Empey, P.E.; Malone, D.C.; Ahmed, S.M.; Ryan, P.; Hofer, S.; Boyce, R.D. Incidence of Exposure
of Patients in the United States to Multiple Drugs for Which Pharmacogenomic Guidelines Are Available. PLoS ONE 2016,
11, e0164972. [CrossRef]

50. Alwhaibi, M.; Balkhi, B.; Alhawassi, T.M.; Alkofide, H.; Alduhaim, N.; Alabdulali, R.; Drweesh, H.; Sambamoorthi, U. Polyphar-
macy among patients with diabetes: A cross-sectional retrospective study in a tertiary hospital in Saudi Arabia. BMJ Open 2018,
8, e020852. [CrossRef] [PubMed]

51. Kim, K.; Magness, J.W.; Nelson, R.; Baron, V.; Brixner, D.I. Clinical utility of pharmacogenetic testing and a clinical decision
support tool to enhance the identification of drug therapy problems through medication therapy management in polypharmacy
patients. J. Manag. Care Spec. Pharm. 2018. [CrossRef] [PubMed]

52. Zhu, Y.; Swanson, K.M.; Rojas, R.L.; Wang, Z.; Sauver, J.L.S.; Visscher, S.L.; Prokop, L.J.; Bielinski, S.J.; Wang, L.; Weinshilboum, R.;
et al. Systematic review of the evidence on the cost-effectiveness of pharmacogenomics-guided treatment for cardiovascular
diseases. Genet. Med. 2019. [CrossRef] [PubMed]

53. Brixner, D.; Biltaji, E.; Bress, A.; Unni, S.; Ye, X.; Mamiya, T.; Ashcraft, K.; Biskupiak, J. The effect of pharmacogenetic profiling
with a clinical decision support tool on healthcare resource utilization and estimated costs in the elderly exposed to polypharmacy.
J. Med. Econ. 2016, 19, 213–228. [CrossRef]

54. Yuan, J.; He, Q.; Nguyen, L.H.; Wong, M.C.S.; Huang, J.; Yu, Y.; Xia, B.; Tang, Y.; He, Y.; Zhang, C. Regular use of proton pump
inhibitors and risk of type 2 diabetes: Results from three prospective cohort studies. Gut 2020. [CrossRef] [PubMed]

55. Statistics Denmark. Statistics Denmark. Available online: https://www.dst.dk/en# (accessed on 28 December 2020).
56. Schmidt, M.; Pedersen, L.; Sørensen, H.T. The Danish Civil Registration System as a tool in epidemiology. Eur. J. Epidemiol. 2014,

29, 541–549. [CrossRef]
57. World Health Organization. Collaborating Centre for Drug Statistics Methodology. WHOCC—ATC/DDD Index. Available

online: https://www.whocc.no/atc_ddd_index/ (accessed on 7 October 2020).

http://doi.org/10.1016/j.xphs.2017.04.051
http://doi.org/10.1111/j.1600-0447.2011.01802.x
http://doi.org/10.1371/journal.pone.0164972
http://doi.org/10.1136/bmjopen-2017-020852
http://www.ncbi.nlm.nih.gov/pubmed/29794097
http://doi.org/10.18553/jmcp.2018.24.12.1250
http://www.ncbi.nlm.nih.gov/pubmed/30479202
http://doi.org/10.1038/s41436-019-0667-y
http://www.ncbi.nlm.nih.gov/pubmed/31591509
http://doi.org/10.3111/13696998.2015.1110160
http://doi.org/10.1136/gutjnl-2020-322557
http://www.ncbi.nlm.nih.gov/pubmed/32989021
https://www.dst.dk/en#
http://doi.org/10.1007/s10654-014-9930-3
https://www.whocc.no/atc_ddd_index/

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	References

