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1 | INTRODUCTION

Gabapentinoids, including pregabalin and gabapentin, are structural
analogues for the neurotransmitter y-aminobutyric acid.® Initially
developed as anticonvulsants, gabapentinoids are also used for

Blanaid Hicks*

Aims: Pregabalin and gabapentin are increasingly used for pain and other conditions.
Concerns exist about overuse as well as potential misuse and abuse. To guide rational
prescribing practices, we provide detailed nationwide data on the use of gabapenti-
noids in Denmark.

Methods: We conducted a nationwide descriptive drug utilization study using the
Danish healthcare registries to describe the use of gabapentinoids among Danish
adults 2010-2023. We described overall use patterns, temporal trends, user charac-
teristics, skewness of use, treatment duration and concomitant medication use.
Results: The prevalence of gabapentinoid use increased almost four-fold from 11 per
1000 adults in 2010 to 41 in 2023 with the highest use among individuals aged 80+
years (96 per 1000 in 2023). Gabapentin and pregabalin were used equally. The
median age of users increased from 58 years in 2010 to 63 years in 2023, while a
decline was observed in the proportion with concomitant use of other drug classes,
including benzodiazepines or opioids. Only 7% of patients were continuously treated
for 3 years following initiation, while 22% were currently treated after 3 years (allow-
ing treatment breaks). The use of gabapentinoids were somewhat skewed with 1% of
users accounting for 7.3% of use in 2023.

Conclusion: The use of gabapentinoids has increased dramatically in recent years, in
particular, among the elderly, and adherence was low. Increased attention to the
increasing use of gabapentinoids is warranted to ensure rational use of this drug

class.
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peripheral neuropathic pain, focal seizures and generalized anxiety
disorder.

Recent years have seen a continued increase in use of
gabapentinoids.2™> This has been attributed in part to concerns over

opioid dependence and mortality,? resulting in a hypothesized shift
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towards prescription of nonopiate analgesic agents. Increased pre-
scribing has been further supported by widely adopted clinical guide-
lines (such as the UK National Institute for Health and Care
Excellence guidelines), as well as off-label use in a range of conditions
such as alcohol addiction and bipolar disorder.®” However, while
modestly effective for neuropathic pain, in particular diabetic neurop-
athy and herpetic neuralgia for some patients,® the evidence for gaba-
pentinoids for a range of non-neuropathic pain conditions and in
acute pain management is limited.?1©

Increasing use of gabapentinoids for off-label indications, that
may have limited clinical benefit, may expose patients to potential
adverse events as well as the potential for misuse and abuse.''*?
There have been increases in gabapentinoid dependence reported
to the European Medicine Agency and gabapentinoid-linked
deaths.2®* Certain populations appear at higher risk of misuse,
including those with a history of substance abuse, opioid users and
users of antipsychotics or benzodiazepines.>*> However, the con-
comitant use of gabapentinoids with opioids and/or benzodiazepines
appears common, raising concerns about the potential for adverse
outcomes.

Thus, in this study, we used nationwide Danish register-based
data to describe use of gabapentinoids over time, including the con-
comitant use of opioids and benzodiazepines, and the changing char-
acteristics of users over time.

2 | METHODS

In this nationwide descriptive drug utilization study, we used the Dan-
ish healthcare registries to describe the use of gabapentinoids in
adults from 2010 to 2023.

2.1 | Datasources

We used data from 3 nationwide registry sources. The National Pre-
scription Registry contains individual level data on all prescription
drugs filled by Danish residents since 1995.17 Data contain informa-
tion on e.g. drug name, date of dispensing and quantity. The dosing
information is not available, and the registry does not include infor-
mation on drugs dispensed at hospitals. Drugs are categorized
according to the Anatomic Therapeutic Chemical (ATC) index, a
hierarchical classification system developed by the World Health
Organization, and the quantity dispensed for each prescription is
described by the number and strength of the pharmaceutical entities
(e.g., tablets), as well as defined daily doses (DDD).*® Information on
hospital diagnoses was obtained from the Danish National Patient
Register’? and data on date of birth, death and immigration were
obtained via the Danish Civil Registration System.!??° Linkage of
the data sources was facilitated via a unique personal identification
number (the CPR-number), assigned to all Danish residents since
1968. All drug codes (ATC) and diagnoses codes (ICD-10) are listed
in Table S1.

What is already known about this subject

o The use of gabapentinoids continues to rise, partly attrib-
uted to shifts to nonopiate analgesics as well as increas-
ing use for off-label indications.

o Increasing use of gabapentinoids for off-label indications
with potentially limited clinical benefit may expose
patients to potential adverse events, and the potential for
misuse and abuse.

e Understanding current gabapentinoid prescribing prac-
tices is needed to help guide rational prescribing

practices.

What this study adds

o Our study suggests an almost 4-fold increase in gabapen-
tinoid use in the Danish population from 2010 to 2023,
most notably for the elderly, with almost 10% of those
aged 280 years filling a gabapentinoid in 2023.

e Treatment durations were generally short, with about 1/
5 continuing to receive gabapentinoid treatment 3 years
after treatment initiation.

o Findings suggests that it is likely that pain conditions are
a major factor explaining the increased use, most notably

for gabapentin.

2.2 | Study population and study drugs

The study cohort included all individuals aged 218 years living in
Denmark who were dispensed at least 1 prescription for a gabapenti-
noid, including pregabalin and gabapentin, between 1 January 2010
and 31 December 2023. Dispensed prescriptions for opioids and ben-
zodiazepines were also identified to evaluate concomitant use pat-
terns with gabapentinoids. Drugs were identified and categorized
according to the ATC index and drug volume was expressed in DDDs,
defined by the WHO as the assumed average maintenance dose per
day for a drug used for its main indication in adults.*® One DDD cor-
respond to 1800 mg of gabapentin or 300 mg of pregabalin. New
users were defined as individuals with a gabapentinoid prescription

with no prior prescription for gabapentinoids within the last 5 years.

2.3 | Statistical analyses

2.3.1 | User characteristics

We described gabapentinoid users according to sex, age, comedica-
tions and morbidities in 2010, 2017 and 2023. Morbidities were
assessed as hospital diagnoses recorded in the Patient Registry at any
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time prior to January 1 of the year being analysed, and comedications
were those prescribed in the year prior to that being analysed. In addi-
tion, we described gabapentinoid users by indication and prescribers;
categorized as general practice prescribers, hospital prescribers and
others. Characteristics were described overall and for pregabalin
and gabapentin users separately.

2.3.2 | Temporal trends

Several analyses were conducted to describe changes in gabapenti-
noid use over time. First, annual prevalence proportions of use of all
gabapentinoids were calculated with all adults living in Denmark on
1 January each year included in the denominator. Second, annual inci-
dence rates were calculated by dividing the annual number of new
users by the follow-up time in the total adult population of Denmark
on the first day in each year. Third, the total drug use per year was
displayed as the annual number of dispensed DDDs each year. Ana-
lyses were also conducted by sex and age categories (18-39, 40-59,
60-79 and 280 years) and for pregabalin and gabapentin separately.

2.3.3 | Inverse Lorenz curves and Gini coefficient

To assess whether there is a skewed use pattern among users of
gabapentinoids, potentially indicating misuse, we generated inverse
Lorenz curves on the total use of pregabalin and gabapentin for the
years 2010, 2017 and 2023.2?2 The Gini coefficient was calculated
as a single measure with a value ranging from O to 1, with O denoting
total equality and 1 denoting total inequality of use.?! The 1st, 10th,
50th and 90th percentiles were calculated for each curve. A high
1-percentile would indicate that few users account for a high propor-

tion of the total drug volume.

2.34 | Treatment duration and persistence

To evaluate duration of treatment, we used the proportion of patients
covered method.?® For this, incident users were followed from the
date of filling their first gabapentinoid prescription. On each day over
the subsequent 3 years, we estimated the proportion of all gabapenti-
noid users still alive and not migrated that were covered by a gaba-
pentinoid prescription on that day. An individual was considered to be
covered by a prescription (current user) using a fixed prescription dura-
tion of 90 days.2% As such, an individual could be regarded as dropped
out of treatment at 1 point in time and later be reclassified as current
user upon filling a new prescription. Subgroup analyses were carried
out according to age, sex and calendar year of first prescription. Sec-
ond, treatment persistence was evaluated as a time-to-event variable
using Kaplan-Meier survival curves where the first break in treatment
(i.e. no new fill for 90 days) marked the event. As such, an individual
was considered persistent until the first treatment break regardless of
whether that individual reinitiated treatment later. In both
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approaches, users were censored at death, emigration and end of
follow-up (31 December 2023). The time between dispensings was
also evaluated and the fixed period varied in a sensitivity analysis
(from 90 to 180 days).

2.3.5 | Concomitant medication use

To evaluate concomitant use of opioids and benzodiazepines with
gabapentinoids, we calculated the percentage of gabapentinoid users
in each study year (at least 1 prescription fill in the given year), who
used concurrent opioids and/or benzodiazepines. Concurrent use was
defined as the dispensing of an opioid or a benzodiazepine within
90 days of (either before or after) a dispensed pregabalin or gabapen-

tin prescription.

2.3.6 | Other

Stata Version 18 (StataCorp, College Station, TX, USA) was used for
all analyses. The study was approved by the Danish Data Protection
Agency. According to Danish law, studies based solely on register data

do not require approval from an ethics review board.

24 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to corre-
sponding entries in http://www.guidetopharmacology.org, and are
permanently archived in the Concise Guide to PHARMACOLOGY
2021/22 (Alexander et al., 2021).

3 | RESULTS

Overall, we identified a total of 596 691 individuals filling at least 1 pre-
scription for pregabalin or gabapentin within the study period (2010-
2023), of whom 229 210 and 471 743 filled 1 or more prescriptions for
pregabalin and gabapentin. Among gabapentin initiators, 4.2% had filled
pregabalin within the last 5 years, while 30% of pregabalin initiators had
filled gabapentin within the last 5 years. Throughout the study period,
31% filled only 1 prescription, 21% filled 2 or 3 prescriptions, while 48%
filled > 3 prescriptions. As presented in Table 1, the median age of users
in 2023 was 62 years (interquartile range 49-74), a slight increase from
2010 (58; interquartile range 45-70). Median age of gabapentin users
was slightly higher than that for pregabalin (63 vs. 59 years in 2023;
Table S2). Users of gabapentinoids were most often women (59 vs.
41%). Over the study period, the proportion of users with a history of
certain comorbidities including essential hypertension, osteoarthritis
and chronic pain increased. Pregabalin users were more likely to have
certain comorbidities such as affective disorders (including depression)
and chronic pain (Table S2). From 2010 there has been a decrease in

the proportion of gabapentinoid users with coprescriptions for
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TABLE 1  Characteristics of all gabapentinoid users in 2010, 2017 and 2023, defined as those filling a prescription during the respective year.
2010 2017 2023
(n =47 361) (n = 103 486) (n =194 278)
Male % 19 190 (41%) 41 887 (40%) 78 951 (41%)
Age (median, IQR) 58 (45-70) 59 (47-72) 62 (49-74)
Comorbidities
Essential hypertension 9346 (20%) 27 120 (26%) 50 453 (26%)
Ischaemic heart disease 6063 (13%) 14 660 (14%) 25 923 (13%)
CKD 690 (1.5%) 2228 (2.2%) 4062 (2.1%)
Osteoarthritis 7324 (15%) 24 308 (23%) 52 653 (27%)
Diabetes 6784 (14%) 16 037 (15%) 35048 (18%)
Affective disorders including depression 6483 (14%) 16 288 (16%) 27 597 (14%)
Depression 5951 (13%) 15 139 (15%) 25 545 (13%)
Migraine 852 (1.8%) 2827 (2.7%) 6681 (3.4%)
Cancer 5728 (12%) 14 524 (14%) 29 127 (15%)
COPD 3366 (7.1%) 8875 (8.6%) 14 621 (7.5%)
Chronic pain 4738 (10%) 16 823 (16%) 30 213 (16%)
Acute pain 267 (0.56%) 1631 (1.6%) 2680 (1.4%)
Fibromyalgia 184 (0.39%) 1217 (1.2%) 2768 (1.4%)
Rheumatoid arthritis 469 (0.99%) 1368 (1.3%) 2484 (1.3%)
Comedications
Antipsychotics 6011 (13%) 11 083 (11%) 18 016 (9.3%)
Antidepressants 21 624 (46%) 37 948 (37%) 60 598 (31%)
Antiepileptic 3368 (7.1%) 5729 (5.5%) 9388 (4.8%)
Antidementia 294 (0.62%) 806 (0.78%) 1975 (1.0%)
Psychostimulants 716 (1.5%) 1951 (1.9%) 5062 (2.6%)
Anticholinergic 422 (0.89%) 595 (0.57%) 675 (0.35%)
Benzodiazepines 17 228 (36%) 24 795 (24%) 28 648 (15%)
Opioids 24 016 (51%) 50 511 (49%) 66 758 (34%)
Morphine 3123 (6.6%) 13 633 (13%) 26 899 (14%)
Oxycodone 7200 (15%) 9830 (9.5%) 17 403 (9.0%)
Tramadol 13 935 (29%) 30 834 (30%) 24 419 (13%)
Transdermal opioids 3615 (7.6%) 5491 (5.3%) 4761 (2.5%)
Codeine 5980 (13%) 8877 (8.6%) 11 090 (5.7%)
Concomitant use with opioids or benzodiazepines
Any gabapentinoid 33 246 (70%) 66 616 (64%) 91 767 (47%)
Gabapentin 19 754 (42%) 46 549 (45%) 60 929 (31%)
Pregabalin 15 303 (32%) 23 679 (23%) 35 515 (18%)

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IQR, interquartile range.

medication classes including antidepressants, benzodiazepines and opi-
oids, most notably tramadol (Table 1). However, small increases in pre-
scriptions for morphine were observed. Reductions in concomitant use
of benzodiazepines or opioids were overall more notable for pregabalin
than for gabapentin (Table S2).

Of the 8 873 567 gabapentinoid prescriptions identified, an indi-
cation was available for 7 189 257 prescriptions (81.02%). The pro-
portion of available indication codes increased over time from 78.33
in 2015 to 86.12 in 2018 (electronic prescribing became mandatory in

2017) and 82.61% in 2023. We translated into English and grouped
all indications with a frequency of >1000 prescriptions, corresponding
to 12 unique indications covering 99.5% of prescriptions with a
recorded indication. Translations and groupings are presented in
Table S3. Trends in prescribing by indication are presented in
Figure S1. Overall, the most common indication for gabapentinoid
prescriptions was for pain, particularly for gabapentin for which by
2023 84% of prescriptions indicated for pain. For pregabalin, 30.5%
of prescriptions in 2023 were indicated for anxiety.
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3.1 | Temporal trends

Over the study period, the total use of all gabapentinoids increased
gradually to a total of 29 million DDDs dispensed in 2023 (Figure S2).
Total use of pregabalin was slightly higher than for gabapentin until
2017 (Figure 1). Thereafter, both drugs were used to a similar extent.
We observed an increase in the annual prevalence of gabapentinoid
use from 11 per 1000 adult individuals in 2010 to 41 per 1000 in
2023 (Figure S3). This was driven by an increase in new users
(incidence rate) of all gabapentinoids from 5.0 incident users per
1000 person-years in 2010 to 15 per 1000 person-years in 2023
(Figure S4). Similar trends were observed for gabapentin (Figure S5),
while incidence rates for new pregabalin use remained relatively
stable throughout the study period (Figure S6).

The prevalence increased in both sexes over the study period
and was higher among women than men (Figure S7; 48/1000
women vs 34/1000 men in 2023). The prevalence of use increased
with age throughout the study period (Figure 2A) and in 2023
(Figure 2B), women showed a peak prevalence of 106/1000 at age
85 years, compared to a peak prevalence of 77/1000 for men aged
85 years. These age and sex differences have increased over time,
as illustrated by the corresponding figures for 2010 (Figure S8) and
2017 (Figure S9).

3.2 | Prescriber responsibility

Overall, the majority of gabapentinoid prescriptions are initiated in
general practice with 75% initiated in general practice in 2023
(Figure 3). This proportion has increased over time while the propor-
tion of prescriptions initiated in secondary care has decreased. This
shift was more pronounced for gabapentin, whereas pregabalin was
more often initiated by hospital prescribers and with less variation
over time (25% in 2023; Figure S10). The proportion of prescriptions
issued by general practitioners were slightly higher among older com-
pared to younger patients (data not shown).

154
14- === Gabapentin
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@
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=]
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FIGURE 1 Total annual amount of _g
pregabalin and gabapentin used among =
Danish adults 2010 to 2023, expressed as 2
the total amount of dispensed defined
daily doses (DDDs) at community 2+
pharmacies. One DDD corresponds to 1
1800 mg of gabapentin or 300 mg of 04

Pregabalin
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3.3 | Treatment duration

As illustrated in Figure 4, 3 years after gabapentinoid initiation, 7%
were still in continuous treatment, i.e. had not had a treatment break
(Kaplan-Meier survival), while 22% of patients still alive were cur-
rently being treated (proportion of patients covered). This was some-
what dependent on age, with a slightly greater proportion of those
aged 280 years remaining alive and on current treatment after 3 years
(27%; Figure S11). No differences were observed by sex, nor were
there major differences when assuming a 180-day prescription dura-
tion instead of 90 days (data not shown).

3.4 | Skewness in use

The inverse Lorenz curve for all gabapentinoids in 2023 is shown in
Figure 5. The curve was moderately skewed, with 1% of the highest
users representing 7.3% of the total amount used and 50% of users
representing 91% of the total amount of gabapentinoids filled. No dif-
ferences over time nor by individual gabapentinoid were observed

(data not shown).

4 | DISCUSSION

We provide detailed analyses on the use of gabapentinoids in
Denmark, documenting an almost 4-fold increase from 2010 to 2023,
with 4.1% of the entire adult Danish population filling a prescription
for gabapentinoids in 2023. Of note, these increases were most pro-
nounced among the older population with almost 10% of those aged
280 years filling a gabapentinoid in 2023. Treatment durations were
generally short, with about 1/5 continuing to receive gabapentinoid
treatment 3 years after treatment initiation and use was moderately
skewed with 1% of users filling 7.3% of all gabapentinoids.

The main strength of the present study is the nationwide data
capture, allowing assessment of the entire population's use of

pregabalin.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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FIGURE 2 Trends in gabapentinoid prescribing by age category. (A) The annual prevalence proportion of gabapentinoid users per 1000
individuals from 2010 to 2023, by age group. (B) Prevalence proportion per 1000 persons of all gabapentinoids by age and sex in 2023.
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FIGURE 3 Proportion of all gabapentinoid prescriptions initiated and maintained by speciality of prescribers (hospital prescribers, general

practitioners and other) from 2010 to 2023.
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FIGURE 4 Duration of gabapentinoid therapy calculated as the
proportion of patients in current treatment (proportion of patients
covered; PPC) and in continuous treatment (Kaplan-Meier; KM).

gabapentinoids, eliminating selection or sampling bias. Several weak-
nesses also need to be acknowledged. Importantly, while comprehen-
sive, with the ability to evaluate indication for gabapentinoid use, this
was missing for almost 20% of prescriptions, which therefore limited
the evaluation of how findings reflected rational use and how treat-
ment patterns adhered to guidelines. Similarly, our findings of high
levels of short-term use and poor adherence could not be further
scrutinized as we were unable to determine if treatment was intended
to be short term or stopped due to lack of efficacy, side effects or
improvement of the underlying condition. Finally, our data covered
community pharmacy fills and thus could not account for in-hospital
use of gabapentinoids; however, this only corresponded to 1.5% of
the total Danish use of gabapentinoids in 2023.24

The almost 4-fold increase in the use of gabapentinoid use from
2010 to 2023 constitutes the main finding of the present study. The
indication data available suggest that it is likely that pain conditions
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FIGURE 5 Inverse Lorenz curve of gabapentinoid use. The curve

denotes the proportion of the total filled amount of gabapentinoids
(measured in defined daily doses [DDDs]) in 2023 that is accounted
for by which proportion of all users ranked from the highest to the
lowest users.

are a major factor explaining the increased use,'°2°

most notably for
gabapentin. Over the same period, a key focus from health organiza-
tions globally, including in Denmark, has seen the reduction of opioid
use. Indeed, the use of opioids, most notably tramadol, has been
reduced particularly since Danish legislative changes in 2018,2¢ which
coincides with a seemingly accelerated growth in the use of gabapen-
tinoids. While further elucidation of the current results is needed, it
may be that initiatives to reduce opioids might inadvertently increase

the use of gabapentinoids. Considering the somewhat limited

85UB01 7 SUOLUIOD 9A1IE81D) 9|qedljdde ayy Aq peueob aJe seoiLe O '8sn Jo S9Nl Joj Ak TauluQ AB]1/W UO (SUONIPU0D-PUe-SWIRILI0D" A8 | IMAlelq 1 joul jUo//Sdny) SuonIpuoD pue swie | 8y} 8es *[6z02/S0/ET] Uo Ariqiauliuo Ae|im ‘Ariqi usiueq eAod Ad 09002 dod/Z00T OT/I0p/woo" A8 1w Aelq 1 jpuljuo'sgndsda//:sdny Wwoly pepeojumod ‘0 ‘GZTZS9ET



POTTEGARD ET AL.

8 BRITISH
PHARMACOLOGICAL.
] SOCIETY
24

evidence for use of gabapentinoids for pain,”° this might not reflect
rational use and therefore the risk of channelling patients from opioid
to gabapentinoid use may need to be considered in initiatives aimed
at reduced prescribing of opioids.

Given the documented tolerability of these medications, the very
low adherence to gabapentinoid treatment reported in this study con-
stitutes an area where additional investigations are needed, in particu-
lar of the high proportion of users only filling a single prescription
(i.e., early discontinuation). While the present study does not provide
data as to the reasons for this finding, there are several potential
explanations. It is possible that this may reflect an increase in gaba-
pentinoids for postoperative pain management, as a switch from opi-
oid use, for which single prescriptions are indicated,’® Additionally,
the large proportion ceasing treatment early raises the hypothesis that
gabapentinoids are used outside robust indications. In such settings,
patients are less likely to tolerate side effects, and their resulting
restrictions such as on the ability to drive under the influence of gaba-
pentinoids, which is illegal in Denmark,?® and thus resulting in reduced
compliance. Of note, one important finding of this study was the
increase and particularly high use of gabapentinoids among the
elderly. While also probably reflecting pain management, gabapentin
is also used to treat behavioural and psychological symptoms of
dementia. Given this finding, the lower adherence to gabapentinoids
in this study may not be surprising, as older patients who have more
polypharmacy, greater comorbidities and decreased renal function,
are at increased risk for adverse events.

The potential for abuse and misuse of gabapentinoids has been
heavily debated.!>?” In the present study, we observe a moderately
skewed use with 1% of users filling 7.3% of all gabapentinoids, which
is lower than for e.g. opioids (1% of users account for 18% of total
use?®) and sumatriptan (1% of users account for 20% of total use®’).
Of note, in situations of various indications with variable dosages and
importantly, with a large proportion of gabapentinoid users that stop
treatment early, measures of skewness will be inflated. Those filling
1 prescription will fill less drug than those continuously treated, irre-
spective of those continuously treated receiving normal doses of
gabapentinoids. As such, we do not find evidence of major skewness
in the overall use of gabapentinoids and thus do not observe signs of
abuse of this drug class. However, considering the high-level nation-
wide approach to our data analysis, our data should not be interpreted
as proving that no such abuse or misuse can exist on the level of the
single patient.

In summary, we have documented a marked increase in the use
of gabapentinoids in Denmark over the last decade. This increase is
particularly pronounced among the elderly. Further, the overall adher-
ence to gabapentinoid treatment appears limited, and use is moder-
ately skewed. Therefore, moving forward, prioritizing the rationale
use of gabapentinoids is crucial for advancing rational pharmacother-
apy efforts.
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