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Abstract

Background and Objective Pregabalin is steadily gaining popularity worldwide, with epidemiological studies indicating an
increase in labeled, off-labeled, and recreational uses. In Israel, pregabalin prescriptions are not regulated by the controlled
substances legislations, prompting a need to examine its usage trends for potential policy adjustments. The objective of this
study was to assess trends in pregabalin prescribing during a 10-year period, to characterize demographic and clinical char-
acteristics of individuals prescribed pregabalin, and to identify risk factors associated with high-intensity pregabalin use.
Methods This retrospective, longitudinal study examined trends in pregabalin prescribing from 2010 to 2019 based on
data extracted from the Clalit Health Services (CHS) electronic database. Annual pregabalin prescribing rate was calcu-
lated individually for each reporting year. A univariable analysis was conducted to compare the demographic and clinical
characteristics of pregabalin users in 2019 with those in 2010. Multivariable regression analysis was performed to assess
dose-related patterns by specific demographic and clinical characteristics.

Results Pregabalin prescription rate more than doubled over 10 years [odds ratio (OR) 2.3, p = 0.001], reaching 7.2 [95%
confidence interval (CI) 7.18-7.28] prescriptions per 100 CHS members in 2019. The highest prescription rates were
observed among the elderly population (13.2 and 24.1 prescriptions per 100 CHS members for those aged 55-74 and over 75
years old, respectively). Same-year administration of pregabalin with opioids, benzodiazepines, and Z-drugs was common;
however, the percentage of patients using these drugs together declined in 2019 compared with 2010 (p < 0.001). Males,
patients with low socioeconomic status, patients aged 35-54 years, and those who consumed opioids, benzodiazepines, and
Z-drugs received higher pregabalin doses.

Conclusion Pregabalin use has increased significantly in the Israeli adult-based CHS population, consistent with worldwide
data. A growing use over time may indicate overprescription. More studies are needed on misuse patterns to identify popula-
tions most susceptible to high-dose and high-intensity pregabalin use.

Pregabalin intake increased by two-fold among the
Israeli adult population in the last decade.

Males, younger age, low socioeconomic status, and
opioids/benzodiazepines use are linked to high-dose
pregabalin.
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1 Introduction

Pregabalin is a widely used prescription medication world-
wide, belonging to the gabapentinoids class, alongside
gabapentin [1]. The European Medicines Agency (EMA) has
approved pregabalin for the treatment of epilepsy (as adjunc-
tive therapy), neuropathic pain, and anxiety disorders [2]. The
Israeli Drug Registry also lists pregabalin for the treatment of
fibromyalgia, however, it is not listed for epilepsy [3].

Recent years have seen steep increases in pregabalin use
in the USA, the UK, Europe, and Australia, which raises con-
cerns about overprescription [4—7]. Further, despite pregaba-
lin’s licensed indications, its use has been extended beyond
into other off-label chronic pain conditions, as well as for rec-
reational purposes [1]. This may be because pregabalin has
the potential to improve sociability and induce relaxation, dis-
sociation, and euphoria, while enhancing the effects of opioids
and other central nervous system (CNS) depressants [8].

Since pregabalin was first marketed, it has been classified
in the USA as a Schedule V drug, which controls psychoac-
tive substances with low abuse potential [9, 10]. Despite its
reputation as a drug with minimal abuse potential, pregaba-
lin has been reported to be misused and abused. This trend
was first identified in 2008 with several cases reported to the
European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) [11]. Further worldwide epidemiological stud-
ies have confirmed this signal of abuse and misuse [12, 13].
There are growing concerns about potential harm stemming
from supratherapeutic doses or combined use with opioids,
including respiratory depression and overdose-related mortal-
ity [10, 12, 14]. These concerns have led the UK to reclassify
pregabalin as a class C controlled substance with tighter legal
controls over its prescribing in April 2019 [10, 15]. In contrast,
pregabalin prescriptions are not regulated by the Israeli legisla-
tion of controlled substances.

Worldwide data regarding pregabalin use patterns, misuse,
and abuse are still limited. In recent years, several research
reported pregabalin misuse among Israeli patients addicted to
opioids [1, 16]. However, no updated data on the pregabalin
use patterns among general Israeli adult population is avail-
able. The current study aims to assess temporal patterns of
pregabalin usage in Israel over a decade. An understanding of
pregabalin use trends in the Israeli general population is neces-
sary to consider appropriate drug policy changes.

2 Methods
2.1 Data Source

This is a retrospective analysis of the database of Clalit
Health Services (CHS). CHS is the largest health medical
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organization in Israel and provides medical coverage to
over 52% of the population [17]. CHS’s patient population
closely reflects the Israeli population in terms of demo-
graphics, geography, and ethnicity, as shown in previous
studies [18-20]. The CHS database is highly reliable and
quality-controlled and contains clinical, administrative, and
financial data collected from primary care and specialists’
clinics, hospitals, pharmacies, and laboratories. Among the
data collected are physician visits, patient diagnoses, labora-
tory and imaging test results, and smoking status [17]. The
CHS members’ medication prescriptions and purchases data
are available in the CHS database, classified by Anatomical
Therapeutic Chemical (ATC) codes and defined daily doses
(DDDs) [17, 21]. In addition to prescribed medications, data
on consumption of over-the-counter medications from CHS
pharmacies are available. Clinical and demographic data are
combined with sociodemographic information derived from
Israeli national databases [17].

2.2 Study Design

The study consisted of two stages. First, we performed a
repeated 10-year descriptive cross-sectional study to evalu-
ate annual pregabalin use between 1 January 2010 and 31
December 2019, by assessing annual pregabalin purchase
rate. As a second component of the study, we compared
two pregabalin users’ cohorts (2010 and 2019) to estimate
changes in patients’ characteristics over the decade and fur-
ther to identify characteristics associated with high-intensity
or high-dose pregabalin use.

2.3 Patient Population and Use Patterns

The study population included all subjects aged 18 years and
older who enrolled in CHS and purchased at least one pre-
scription for pregabalin (Anatomical Therapeutic Chemical
5 (ATC5): NO3AX16) each calendar year during the study
period. For the study cohort, additional data were obtained,
including sociodemographic characteristics (age, sex, eth-
nicity, and socioeconomic status), diagnoses associated with
pregabalin indications, and same-year purchases of opioids,
benzodiazepines, and/or hypnotic Z-drugs. We categorized
the patients into four age groups: 18-34, 35-54, 55-74,
and 75 years and older. The diagnoses were coded using
International Classification of Diseases Version 10 (ICD-
10) (Table S1) [22]. The medications were classified using
ATCS codes and extracted as aggregated data on pharma-
cologic group level (Table S2) [23]. The definitions of pre-
gabalin user and the calculation of cumulative pregabalin
dose are based on purchased prescriptions for pregabalin.

This study was conducted according to regulatory
requirements and approved by the institutional review board
of CHS under the number 0153-21-COM2.
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2.4 Statistical Analyses

The crude and age- and sex-standardized annual pregabalin
prescribing rate for 100 CHS members (prescription rate)
with corresponding 95% confidence intervals (CIs) were
calculated by dividing the annual number of pregabalin pre-
scriptions, by the number of total mid-year CHS members.
The p values were adjusted by the Siddk method to counter-
act the multiple comparisons problem [24].

The temporal trends in annual pregabalin usage and abso-
lute changes in pregabalin prescriptions rates from 2010 to
2019 were assessed using the Cochran—Armitage test for
trends. Age-specific and sex-specific analyses were applied.

We used Pearson’s chi-squared test and Welch two-sam-
ple t-test to evaluate the change in sociodemographic and
clinical characteristics of pregabalin users during the study
period including pregabalin dose-dependent usage patterns.
The categorical variables are presented as numbers and per-
centages. Pregabalin cumulative dose is presented as median
defined daily dose (DDD) and first and third quartile range
(QR), where pregabalin DDD is 300 mg/day [23].

We conducted a multivariable linear regression analysis
to assess the difference in annual DDDs between the years
2010 and 2019 while adjusting for covariates, including sex,
age, socioeconomic status, and ethnicity [25, 26]. In addi-
tion, we evaluated if the changed pregabalin dose-dependent
use was associated with same-year use of opioids, benzodi-
azepines, and Z-drugs. Same-year use was defined when the
drug was purchased at least once during the relevant year.

We applied a threshold of p < 0.05 (two-sided) for sta-
tistical significance. All statistical analyses were conducted
using IBM SPSS (IBM Corp., Armonk, NY, USA) Statistics
29.0 and R Studio 2022.02.0.

3 Results

3.1 The 10-Year Trends of Pregabalin Prescription
Rate (2010-2019)

The median pregabalin prescription rate increased over a
10-year period (Table 1). The crude pregabalin prescription
rate increased 2.3-fold [odds ratio (OR) 2.3, p < 0.001] from
2010 (3.1%, [95% C1 3.09-3.13%]) to 2019 (7.2%, [95% CI
7.18-7.28%]) (Table 1).

Figure 1 illustrates trends in sex-standardized, age-
grouped annual pregabalin prescription rate through the
decade.

A consistent increase in the pregabalin prescription rate
was observed among all age groups, with a more pronounced
increase among the youngest age group (18-34 years)
(Fig. 1, Tables S3—-6). However, most of the pregabalin users
are elderly (24.1 purchases per 100 CHS members in 2019

Table 1 Annual pregabalin prescriptions rate during the study period
(2010-2019)

Year  Prescrip- 95% % male  Odds ratio  p value¥
tions rate  confidence
interval

2010 3.10 3.09-3.13 477 Ref.

2011 420 4.18-4.23 47.8 1.34 0.311
2012 520 5.22-7.27 47.8 1.68 0.001
2013 550 5.46-5.51 479 1.76 < 0.001
2014 6.00 6.01-6.07 479 1.93 < 0.001
2015 6.60 6.55-6.61 48.0 2.11 < 0.001
2016 6.90 6.91-6.96 479 222 < 0.001
2017 740 7.36-7.42 48.0 2.36 < 0.001
2018  7.60 7.54-17.60 48.0 2.42 < 0.001
2019 7.20 7.18-7.24 48.1 2.30 < 0.001

Prescriptions rate: pregabalin prescriptions per 100 CHS members
p-value < 0.05 is defined as statistically significant

CHS Clalit Health Services

¥ Adjusted by Sidak method [24]

for those aged over 75 years old). In contrast, the prescrip-
tion rate among young adults (18-34 years) was compara-
tively low (0.8 dispensing per 100 CHS members in 2019)
(Table S3).

The results of the sex-specific analysis indicated higher
pregabalin prescription rate among males than females in
the 18-34 and 35-54 age groups (Fig. 1A, B). However,
the results could not reach statistical significance due to the
limited number of pregabalin users within those age groups.

3.2 Characteristics of Pregabalin Users (2010 Versus
2019)

We analyzed demographic and clinical characteristics of
total 51,675 pregabalin users: 15,088 from 2010 and 36,587
users in 2019.

3.2.1 Change in Pregabalin Dose

During the study period, there was significant 50% increase
in pregabalin dose (adjusted mean difference (MD) 51.9
DDDs, p < 0.001) (Table 3). During 2010, the median
cumulative dose of pregabalin was 49.1 (first and third QR:
14.0-140.0) DDDs compared with 84.0 (first and third QR
24.5-217.0) DDDs in 2019 (Table 2).

3.2.2 Change in Demographic Factors of Pregabalin Users
The median age [standard deviation (SD)] of pregabalin

users was 65.6 (14.0) years in 2010 versus 64.8 (15.6)
years in 2019 (Table 2). There was a significant increase
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Fig.1 Trends in sex- and age-standardized pregabalin annual use between 2010 and 2019. Annual rate of pregabalin purchases in 2010-2019,
divided into four groups: 18-34 years (A), 35-54 years (B), 55-74 years (C), and 75+ years (D). CHS Clalit Health Services

in pregabalin dose in each age group compared with the
youngest one (age group 18-34 years as reference) dur-
ing those years (Table 3). However, the increase in DDDs
MD moderates and becomes smaller with the increase in
the following age groups. Between 2010 and 2019, the
greatest increase in DDDs was observed in the 35-54
age group, followed by those in the 55-74 age group, and
finally in those aged 75 years and over (Table 3).

Overall, most pregabalin recipients were women (55
and 53% in 2010 and 2019, respectively) (Table 2). How-
ever, female sex was associated with lower pregabalin
doses (adjusted MD — 25.09 DDDs, p < 0.001) (Table 3).

There was an increase of pregabalin users as well an
increase in cumulative dose over the decade in all origin
groups with no difference between general (non-religious)
Jewish, religious Jewish, and Arab populations. Decrease
in DDDs MD was observed among Bedouins’ pregabalin
users (MD — 24.84 DDDs, p < 0.001) (Tables 2, 3).

A third of pregabalin users were categorized as
medium socioeconomic status (SES) (Table 2). Multivari-
able regression analysis revealed an inverse association
between SES and change in cumulative pregabalin dose
(Table 3).
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3.2.3 Change in Clinical Factors of Pregabalin Users

There are three pregabalin label indications in Israel, includ-
ing peripheral and central neuropathic pain, generalized anx-
iety disorder, and fibromyalgia [3]. The vast majority of pre-
gabalin users received treatment for one of the labeled drug
indications (98 and 97% in 2010 and 2019, respectively).
The most common diagnosis among pregabalin patients was
peripheral neuropathy (91% on average, 13,721 in 2010 and
33,328 in 2019). An average of 85.5% of all patients [12,377
(82%) in 2010 and 31,825 (87%) in 2019] were diagnosed
with fibromyalgia, and only 0.1% [36 (0.2%) in 2010 and 36
(0.09%) in 2019] were diagnosed with generalized anxiety
disorder. It should be noted that a patient might have more
than one diagnosis that is labeled indication for pregabalin
use. The proportion of each labeled indication remained sta-
ble between 2010 and 2019 (Table 2).

Among pregabalin users, we evaluated purchases of opi-
oids, benzodiazepines, and/or Z-drugs. Same-year purchase
was common, with an overall amount of 61% of pregabalin
users were dispensed at least one prescription of opioid, ben-
zodiazepine, or a Z-drug. However, a significant decrease
in opioid use (24 versus 45%, p < 0.001), benzodiazepine
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Table 2 Clinical and demographic characteristics of pregabalin users
Characteristic 2010, N = 15,088 2019, N = 36,587 p value®
N (%) N (%)
Age (years) 65.6 (14.0) 64.8 (15.6) < 0.001
Age group (years) < 0.001
18-34 462 (3.1%) 1700 (4.6%)
35-54 2726 (18%) 7319 (20%)
55-74 7578 (50%) 17,372 (48%)
75+ 4312 (29%) 10,178 (28%)
Unknown 10 18
Sex < 0.001
Male 6804 (45%) 17,335 (47%)
Female 8284 (55%) 19,252 (53%)
Ethnicity < 0.001
General Jewish 12,078 (80%) 27,503 (75%)
Mixed general-religious Jewish 536 (3.6%) 1150 (3.1%)
Religious Jewish 6 (< 0.1%) 4 (< 0.1%)
Arabs 1942 (13%) 6002 (16%)
Circassians 4 (< 0.1%) 26 (< 0.1%)
Bedouin 166 (1.1%) 943 (2.6%)
Unknown 356 (2.4%) 959 (2.6%)
Socioeconomic score < 0.001
Very high 1444 (9.6%) 2766 (7.6%)
High 3863 (26%) 8303 (23%)
Medium 4983 (33%) 12,055 (33%)
Low 3560 (24%) 9406 (26%)
Very low 501 (3.3%) 1747 (4.8%)
No data 737 (4.9%) 2310 (6.3%)
Cumulative pregabalin dose (DDDs)? 49.10 (14.0,140.0) 84.0 (24.5,217.0) < 0.001
Labeled indication® < 0.001
Yes 14,793 (98%) 35,408 (97%)
No 295 (2.0%) 1179 (3.2%)
Indications
Peripheral neuropathy 13,721 (90.9%) 33,328 (91.1%) < 0.001
Postherpetic neuralgia 18 (0.1%) 24 (0.06%) 0.14
Diabetic neuropathy 9181 (60.8%) 19,380 (53%) < 0.001
Other neuropathic pain 11,531 (76.4%) 29,666 (81%) < 0.001
Fibromyalgia (central neuropathy) 12,377 (82%) 31,825 (87%) < 0.001
Generalized anxiety disorder 36 (0.2%) 36 (0.09%)
Same-year medication use
Opioid use 6844 (45%) 8866 (24%) < 0.001
Benzodiazepine use 8838 (59%) 13,072 (36%) < 0.001
Z-drugs use 4982 (33%) 7030 (19%) < 0.001
Each medication® 11,625 (77%) 19,754 (54%) < 0.001

Data are presented as N (%) except for two variables. Age is presented as median [standard deviation (SD)], cumulative pregabalin dose is pre-

sented as median DDD (IQR)

p-value < 0.05 is defined as statistically significant

DDD defined daily dose, IQR interquartile range, SD standard deviation, SES socioeconomic status

#Pearson’s chi-squared test; Welch two-sample #-test
"Median (first quartile, third quartile)
“Postherpetic neuralgia, diabetic neuropathy, other neuropathic pain, fibromyalgia, generalized anxiety disorder

dUse of opioids, benzodiazepines, or Z-drugs
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use (36 versus 59%, p < 0.001) and Z-drug use (19 versus
33%, p < 0.001) among pregabalin users was observed in
2019 compared with 2010 (Table 2). Same-year purchase of
opioids, benzodiazepines, or Z-drugs was associated with
statistically significant increased cumulative pregabalin dose
based on multivariate analysis (MD of 35.95 DDDs, 23.93
DDDs, and 24.06 DDDs, respectively; p < 0.001) (Table 3).

4 Discussion

To our knowledge, this study presents the most compre-
hensive analysis to date of cross-sectional comparisons and
longitudinal trends in pregabalin use in the Israeli adult
population. Our results showed an increase of 2.3-fold in
pregabalin use among the adult population between 2010
and 2019, which is consistent with other studies [6, 27-30].
Several factors may have contributed to this trend. In part, it
is possible that the perception that pregabalin poses a lower
potential for abuse than opioids has prompted its consid-
eration as an alternative to general pain management. This
includes acute perioperative treatments and chronic pain
management, aiming to reduce opioid consumption due to
the sharp increase observed in the use of opioids, as previ-
ously reported in the USA, UK, and Europe [10, 28, 29,
31-33]. In this regard, between 2008 and 2018, the use of
strong opioids in Israel increased two-fold among elderly
patients without cancer and more than seven-fold among
patients younger than 65 years old [34]. The Israeli health
system is making efforts to control opioid consumption. As
social and medical attitudes shift towards pain-intensive
management, pregabalin has become more widely accepted
and prescribed. The use of pregabalin to enhance analge-
sia has been observed in cases of chronic neuropathic pain
caused by advanced cancer, which is being used alongside
the primary treatment of opioids [35, 36]. Economic factors
also likely contribute to this trend. Since 2012, pregabalin
has become more affordable and economically accessible
for patients due to its inclusion in the discount list of drugs
provided as part of the complementary health insurance
program, Clalit MUSHLAM. Removing the requirement
for individual MUSHLAM approval for a discount has also
enhanced pregabalin’s accessibility, allowing a wider range
of patients to use it.

As observed in other countries, the vast majority of pre-
gabalin prescriptions in our study were for neuropathic pain
and pain indications in general [4, 29]. While pregabalin
is also registered in Israel for the treatment of generalized
anxiety disorder, it is not commonly used for this indica-
tion in practice, as shown by our results (0.2 and 0.09%
prescriptions dispensed in 2010 and 2019, respectively). A
German study also reported an uncommon use for general-
ized anxiety disorder within the corresponding years [29].

Pregabalin’s infrequent prescription for generalized anxiety
disorder in Israel may be related to several factors; however,
it is beyond the scope of the current study.

While pregabalin dispensing was most prevalent among
the elderly population, a noticeable but non-statistically
significant increase in pregabalin prescription rate was
observed among young adults aged 18-34 years. Higher
doses of pregabalin use were observed in males, patients
with low socioeconomic status, patients aged 35-54 years
(followed by those aged 55-74), and patients who used opi-
oids, benzodiazepines, and/or Z-drugs. These trends were
also noted in other studies; however, higher dose consump-
tion was noted in a younger age group (18-29 years) [37,
38]. We did not find the trend of higher pregabalin doses
among youngest group (aged 18-34 years), maybe due to the
relatively small sample size of those ages during the study
period. A higher pregabalin dose use by young adults may
indicate clinical ineffectiveness, no need for dose adjust-
ment in renal failure, which is common in elderly, as well as
drug abuse and misuse among patients seeking psychoactive
effects [37].

The upward trend in pregabalin use and pregabalin’s
DDD was hypothesized to be more dominant among adults
who also use opioids, benzodiazepines, and/or Z-drugs.
This was based on studies suggesting pregabalin is also
being utilized by individuals to enhance the psychoactive
effects of these substances including enhanced sociability,
euphoria, and, at higher doses, dissociation and sedation
[39, 40]. Additionally, other studies have observed a rise in
concurrent prescribing, further indicating coadministration
potential [30, 41, 42]. This group of patients was found to
have higher pregabalin doses, as we had expected. However,
our findings suggest a decrease in same-year administration
between 2010 and 2019. It is possible that this may be attrib-
uted in part to the effectiveness of Israeli policies concern-
ing prescription drug monitoring programs for opioid use.
This includes the use of prescription drug monitoring pro-
grams, limitations on days’ supply, and the need for special
approvals for the long-term use of certain opioids. There-
fore, despite the increase in pregabalin use in the past years,
the number of same-year prescriptions remained steady or
even decreased. In terms of benzodiazepines, the National
Program for Quality Indicators in Community Healthcare
(QICH) has made significant strides in addressing benzo-
diazepine use among individuals over 65 years old. The
QICH data reveals a decrease in long-term benzodiazepine
utilization within this age group, which might be reflected
in our results [43, 44]. It is also imperative to acknowledge
the unique circumstances of Holocaust survivors, who have
been identified as prone to benzodiazepine overuse [45, 46].
Over time, their numbers have naturally decreased, poten-
tially influencing the decline in same-year benzodiazepines
and pregabalin prescriptions.
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Our retrospective study had several limitations to con-
sider. Due to the nature of our study, we were limited to ana-
lyzing prescriptions issued and could not take into account
instances in which patients were not taking their prescribed
medication as directed. Thus, purchased prescriptions may
not always be equivalent to the ones that are actually con-
sumed by patients.

Although several studies in the UK, the USA, and Aus-
tralia have reported widespread off-label prescribing of
pregabalin mostly for treating chronic pain [4, 30, 47], our
findings indicate a minimal increase in off-label use. In most
cases, CHS insurance covers drug therapy for labeled indi-
cations only. Off-label indications treatment is purchased
outside the CHS services and data are not available in the
CHS database. This fact explains the very low off-label pre-
gabalin use in our study. In addition, prescription indications
were derived from the medical history of the patients. It is
therefore possible that some indications may be incorrectly
classified due to inaccurate coding or outdated medical his-
tories. In view of these limitations and assuming that there
are some illegal pregabalin sales for recreational purposes,
our findings may contain some inaccuracies.

Finally, we evaluated the purchase of benzodiazepines,
Z-drugs, and opioids by pregabalin users. Same-year use was
defined when the drug was purchased at least once during
the relevant year. Consequently, our results cannot confirm
coadministration, as it may be concurrent administration,
drug substitution, or unrelated events.

Despite the previously mentioned limitations, this study
is the first to examine pregabalin use trends over a 10-year
period in Israel. It presents the most comprehensive analysis
of cross-sectional comparisons and longitudinal trends in
pregabalin use in the Israeli adult population to date. The
analysis was based on databases maintained by CHS, the
largest healthcare organization in Israel. The large CHS-
insured population and its diversity make our findings gen-
eralizable to Israel’s adult population. The study results can
serve as a foundation for further research in Israel aimed at
providing a clear and precise depiction of pregabalin uti-
lization patterns, particularly regarding high-intensity use,
which may be at increased odds of misuse and abuse.

5 Conclusion

Our study revealed an overall consistent increase in pregaba-
lin use in Israel between 2010 and 2019. The study detected
several changes in drug consumption characteristics over
the 10-year study period. Most of the trends in use correlate
with previous worldwide publications.
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