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Abstract
Purpose To examine the impact of new controlled drugs legislation introduced in May 2017 on benzodiazepine receptor agonist
(BZRA) prescribing in Ireland.
Methods A repeated cross-sectional analysis was conducted using publically available monthly pharmacy claims data from the
General Medical Services (GMS) database. The study population comprised all GMS-eligible individuals aged ≥ 16 years from
January 2016 to September 2019. Monthly prevalence rates of individuals receiving BZRA prescriptions per 10,000 eligible
population were calculated and trends examined over time. Segmented linear regression of prevalence rates was used to examine
changes before and after introduction of the legislation stratified by gender and age groups. Regression coefficients (β) and 95%
confidence intervals (CIs) for monthly change were calculated.
Results Pre-legislation (January 2016 to April 2017), there was a significant monthly decline in benzodiazepine prevalence rate
(β = − 1.18; 95% CI − 1.84, − 0.51; p < 0.001) but no significant change in Z-drug prescribing. Post-legislation (May 2017 to
September 2019), increases in prevalence rates were observed for benzodiazepines (β = 1.04; 95% CI 0.17, 1.92; p = 0.021) and
Z-drugs (β = 1.04; 95% CI 0.26, 1.83; p = 0.010). Post-legislation trends showed increases in BZRA prevalence rates among the
youngest subgroup (16–44 years), with variable changes in the middle-aged subgroup (45–64 years) and no changes in the oldest
subgroup (≥ 65 years).
Conclusions This study indicates that introduction of new legislation had limited impact on BZRA prescribing on the main public
health scheme in Ireland. Interventions targeting specific population subgroups may be required to achieve sustained reductions
in prescribing.
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Introduction

Benzodiazepines have a range of clinical indications, includ-
ing anxiety and insomnia. However, the associated risks of
dependence and withdrawal symptoms and the potential for
harm (e.g. falls, fractures, cognitive impairment) are well
recognised [1]. Z-drugs are a comparatively newer group of
non-benzodiazepine hypnotics with similar risk profiles to
benzodiazepines [2, 3]. In order to minimise the risk of ad-
verse outcomes (e.g. dependence, withdrawal symptoms),
prescribing guidelines recommend that prescriptions for ben-
zodiazepines and Z-drugs, which are collectively referred to as
benzodiazepine receptor agonists (BZRAs), should be limited
to short-term use (≤ 4 weeks) [4]. Despite the known risks
associated with their use, BZRAs are still commonly pre-
scribed in healthcare settings worldwide, with sizeable

* Cathal A. Cadogan
cathalcadogan@rcsi.ie

Colin P. Bradley
C.Bradley@ucc.ie

Kathleen Bennett
kathleenebennett@rcsi.ie

1 School of Pharmacy and Biomolecular Sciences, Royal College of
Surgeons in Ireland, Dublin, Ireland

2 Department of General Practice, University College Cork,
Cork, Ireland

3 Division of Population Health Sciences, Royal College of Surgeons
in Ireland, Dublin, Ireland

https://doi.org/10.1007/s00228-020-03063-z

/ Published online: 7 January 2021

European Journal of Clinical Pharmacology (2021) 77:903–912

http://crossmark.crossref.org/dialog/?doi=10.1007/s00228-020-03063-z&domain=pdf
http://orcid.org/0000-0002-8778-0112
mailto:cathalcadogan@rcsi.ie


proportions of individuals receiving long-term prescriptions
[5–7]. For example, a recent analysis of prescriptions issued
on the main public health scheme in Ireland found that ap-
proximately one third of patients issued BZRA prescriptions
were receiving them on a long-term basis (> 3 months) [7].

The prescribing and use of these medications in Ireland
have been the focus of national attention at various time points
over the last 20 years. The Benzodiazepine Committee was
established in 2000 due to concerns over long-term prescrib-
ing and use of BZRAs and the associated risks of dependence
and misuse [8]. This national, multidisciplinary committee
was tasked with examining existing prescribing practices
and making recommendations to promote rational prescribing
in Ireland and reduce inappropriate use, thereby maintaining
the clinical value of BZRAs for legitimate needs in practice. In
2002, the Benzodiazepine Committee published a detailed
report with various recommendations relating to the prescrib-
ing and monitoring of BZRA use in Ireland [8], as well as
prescribing guidelines [9]. The Benzodiazepine Committee
recommended that all Z-drugs be included under the national
Misuse of Drugs Regulations and that consideration be given
to extending existing handwriting requirements, then applied
only to temazepam and flunitrazepam, to all BZRA prescrip-
tions (e.g. details of the prescribed medication to be written in
the prescriber’s own handwriting). Prescription handwriting
requirements are intended to enhance prescriber oversight of
prescriptions involving controlled drugs, such as benzodiaze-
pines, and reduce the potential for prescriptions to be altered
or forged.

Due to the lack of complete national dispensing claims data
at the time, the immediate impact of the Benzodiazepine
Committee report and guidelines could not be comprehensive-
ly assessed. A number of small-scale, localised evaluations
indicated that these publications had little, or no, immediate
impact on BZRA prescribing practices [10, 11]. The most
recent study in Ireland indicated that some progress has been
made in reducing benzodiazepine prescribing nationally [7].
However, these reductions have been offset, to an extent, by
increased Z-drug prescribing, despite evidence of potential
harms associated with both drug classes including an in-
creased risk of falls [12].

In May 2017, new controlled drugs legislation was imple-
mented in Ireland [13]. This legislation included specific pro-
visions with direct implications for the prescribing of all con-
trolled drugs including BZRAs, opioids and stimulants (e.g.
lisdexamfetamine), as well as other less commonly used drugs
(e.g. phenobarbitone, selegiline). The legislation addressed
one of the Benzodiazepine Committee’s previous recommen-
dations by extending the scope of the Misuse of Drugs
Regulations to include zopiclone and zolpidem. The 2017
legislation introduced additional requirements for most
BZRAs which were also assigned a new controlled drug
schedule. Prescriptions for these medications must now

specify the total quantity prescribed in words and figures,
although there are no handwriting requirements. The extent
of prescription handwriting requirements was reduced for
temazepam and flunitrazepam to now only require details of
the medication and the total quantity of supply to be written in
the prescriber’s own handwriting. A summary overview of the
prescription requirements under this new legislation is provid-
ed in Supplemental Table 1. Three years following the imple-
mentation of these new regulations, their impact on BZRA
prescribing has yet to be assessed.

The aim of this study was to ascertain the impact of the
Misuse of Drugs Regulations 2017 [13] on BZRA prescribing
in Ireland using national administrative pharmacy claims data.
The objectives were to examine whether changes had oc-
curred in each of the following post-introduction of the regu-
lations in 2017:

I. Prevalence of individuals receiving BZRA prescriptions
across all age/gender groups

II. Quantity of supply on dispensed BZRA prescriptions per
1000 eligible population per day.

Methods

Study design and study population

A repeated cross-sectional analysis was conducted using aggre-
gated level dispensing data obtained directly from the Irish
Health Service Executive (HSE)-Primary Care Reimbursement
Services (PCRS), which is responsible for reimbursing pharma-
cies for eligible claimsmade. The analysis was restricted to those
eligible for the General Medical Services (GMS) scheme, the
largest community drug scheme administered by the HSE-
PCRS. Data were included on all GMS-eligible individuals aged
≥ 16 years in Ireland over the study period 1st January 2016–30th
September 2019.

The GMS scheme provides free health services based on
means testing and age (those > 70 years have higher means
thresholds) [14]. For prescription medications, a monthly co-
payment (€0.50 per item) was introduced in October 2010.
This co-payment increased over time to €2.50 per item (sub-
ject to a limit of €25 per family per month) as of December
2013. As of March 2017, the co-payment was reduced from
€2.50 to €2.00 per item for persons aged ≥ 70 years. This
change was applied to the entire GMS population from
January 2018 and remained in effect for the remainder of the
study period. As of the end of 2018, the scheme covered
32.9% of the general Irish population [15]. However, as the
scheme is means-tested with higher eligibility thresholds for
persons over 70, it over-represents socially deprived and older
members of the population. The pharmacy claims database
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contains basic demographic information and details onmonth-
ly dispensed medications, coded using the World Health
Organization Anatomical Therapeutic Chemical (ATC) clas-
sification system, for each individual within the scheme [16].
As all data were provided by the HSE-PCRS at an aggregated
level, ethical approval was not required.

Data analysis

For this analysis, all BZRA prescriptions were identified using
relevant ATC codes (i.e. antiepileptics (N03AE), anxiolytics
(N05BA), hypnotics/sedatives (N05CD, N05CF)) [16] and sub-
sequently extracted from the database. All BZRAs licensed for
use during the study period were included in the analysis
(Supplemental Table 2). Benzodiazepines were further grouped
according to plasma half-life (t1/2) as either short-acting (t1/2 ≤ 24
hours) or long-acting (t1/2 > 24 hours) [17, 18].

Monthly prevalence rate per 10,000 eligible population
was calculated as the number of people in receipt of at least
one BZRA prescription divided by the GMS-eligible popula-
tion aged ≥ 16 years in the same month and this rate was
multiplied by 10,000. The eligible population was identified
from annual HSE-PCRS reports and the online HSE-PCRS
GMS eligibility reporting tool across all study years (2016–
2019) (available from: https://www.sspcrs.ie).

The total number of defined daily doses (DDDs) per pre-
scription was calculated. DDDs were calculated for oral for-
mulations of all BZRAs that were extracted from the database
using standard reference values [16]. In addition to DDD, the
diazepam milligram equivalent-DDD (DME-DDD) was also
calculated [19]. This is a novel integrated unit of measurement
that accounts for BZRA potency and enables population phar-
macologic exposure to be estimated. In order to determine the
DME-DDD for each drug, derived adjustment factors were
used [19] which have been calculated by dividing the
established DDD for individual drugs by the dose approxi-
mately equivalent to 10 mg of diazepam (Supplemental
Table 2). Both DDDs and DME-DDDs per 1000 eligible pop-
ulation per day in each month were calculated by dividing the
total number of DDDs or DME-DDDs by the number of days
per month and eligible population (× 1000) for all included
drugs. Monthly prevalence and DDDs/DME-DDDs per 1000
eligible population per day of supply were compared across
gender and age groups (i.e. 16–44, 45–64, ≥ 65 years) to
examine differences according to demographics.

Statistical analysis

Segmented linear regression analyses [20] were used to examine
changes in the trends over time (trends before and after introduc-
tion of legislation) for BZRAs following introduction of the
Misuse of Drugs Regulations 2017 [13]. Level changes were
not examined as prescriptions issued before the legislation came

into effect in May 2017 remained valid, and therefore, an imme-
diate, detectable impact on prescribing was not expected. The
following intervals were used as the segments for the analyses:
January 2016–April 2017 (pre-legislation) versus May 2017–
September 2019 (post-legislation).

Segmented linear regression of prevalence rates was used
to examine the monthly pre-slope and post- to pre-slope
change, with regression coefficients (β) and 95% confidence
intervals (CIs) presented. Segmented linear regression of
DDDs/DME-DDDs per eligible population per day, and re-
gression coefficients (95% CIs) for the underlying pre-slope
and change post-slope are presented. Simple autocorrelation
(lag-1) can be detected with the use of the Durbin Watson
statistic. In the presence of significant autocorrelation, adjust-
ment was made to the segmented regression analyses to ac-
count for this first-order serial autocorrelation (using PROC
AUTOREG in SAS) which arises because observations taken
over time are usually correlated.

Sensitivity analyses were performed to account for the po-
tential lag time between introduction of the legislation and
implementation in clinical practice. This involved assigning
one month post the date of introduction to the pre-
implementation period. As above, simple lag-1 autocorrela-
tion was examined and adjusted for accordingly. p values <
0.05 were considered significant. Data analyses were per-
formed using SAS statistical software v.9.4 (SAS Institute,
Inc. Cary, NC, USA).

Results

A total of 9,474,555 prescription claims for benzodiazepines (n =
5,518,691; 58.25%) and Z-drugs (n = 3,955,864; 41.75%) were
processed for the patient cohort over the study period (January
2016 to September 2019). The monthly prevalence of benzodi-
azepine and Z-drug prescriptions dispensed on the GMS in
January 2016 was 8.3% and 6.0%, respectively (Fig. 1).

Trends in prevalence following Misuse of Drugs
Regulations 2017

Prior to the legislation (January 2016 to April 2017), there was
a significant monthly decline in the prevalence rate of benzo-
diazepine prescribing (β = -1.18; 95% CI -1.84, -0.51; p <
0.001) but no significant change in prevalence rate of Z-drug
prescribing (β = 0.07; 95% CI − 0.53, 0.66; p = 0.82) (Fig. 1).
Over the period following introduction of the legislation
(May 2017 to September 2019), increases were observed in
prevalence rates of benzodiazepine (β = 1.04; 95% CI 0.17,
1.92; p = 0.021) and Z-drug prescribing (β = 1.04; 95% CI
0.26, 1.83; p = 0.010) (Fig. 1). There were no differences in
monthly prevalence trends when benzodiazepines were
grouped as short-acting or long-acting (Supplemental Fig. 1).
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Gender and age: benzodiazepines

The pre-intervention slope indicates that prior to introduction
of the new legislation in May 2017, there was an increase in

benzodiazepine prevalence rates from January 2016 to April
2017 in the younger (16–44 years, β = 1.01; 95% CI 0.61,
1.60; p < 0.001) and middle-aged groups (45–64 years, β =
1.00; 95% CI 0.26, 1.75; p = 0.01) and a decline in the older
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age group (≥ 65 years, β = − 7.78; 95% CI − 9.01, − 6.56; p <
0.001) (Fig. 1a). Similar trends were observed when the age
groups were further stratified according to gender.

The change in slope following introduction of the legisla-
tion indicates that an increase in benzodiazepine prescribing
was sustained in the younger age group (β = 2.46; 95% CI
1.81, 3.12; p < 0.001), whereas a decline in the pre-
intervention slope was observed in the middle-aged group
(β = -0.99; 95% CI -1.97, -0.009; p = 0.048) and no change
in slope was observed in the older age-group (β = -0.04; 95%
CI -1.66, 1.57; p = 0.96). Similar trends were observed when
the age groups were further stratified according to gender.

Gender and age: Z-drugs

Prior to introduction of the new legislation in May 2017, there
was an increase in Z-drug prevalence rates from January 2016
to April 2017 (pre-legislation) for the younger (16–44 years,β
= 0.55; 95% CI 0.22, 0.88; p = 0.002) and middle-aged pop-
ulation age groups (45–64 years,β = 1.38; 95%CI 0.68, 2.08;

p < 0.001) and a decline for the older age group (≥ 65 years,β
= − 3.39; 95% CI − 4.71, − 2.07; p < 0.001) (Fig. 1b). Similar
trends were observed when the age groups were further strat-
ified according to gender.

The change in slope following introduction of the legisla-
tion indicates no consistent trends in Z-drug prescribing across
the different age groups; an increase in slope post-legislation
was observed in the younger age group (β = 1.01; 95% CI
0.57, 1.45; p < 0.001) and no change in slope was observed in
the middle-aged (β = − 0.19; 95% CI − 1.11, 0.73; p = 0.68)
and older age groups (β = 0.27; 95% CI − 1.48, 2.01; p =
0.76). Similar trends were observed when the age groups were
further stratified according to gender.

Quantity of supply per 1000 eligible population per
day

Table 1 provides an overview of observed trends in DDDs
issued on BZRA prescriptions for GMS-eligible individuals
aged ≥ 16 years before and after introduction of the new

Table 1 Trends in defined daily doses per benzodiazepine receptor
agonist prescription issued to GMS-eligible individuals aged ≥ 16 years
before and after introduction of the new legislation (regression

coefficients and 95% confidence intervals are presented for pre-
intervention and change in post-intervention vs pre-intervention slopes;
adjusted for first order autocorrelation)

Defined daily doses per benzodiazepine prescription

Pre-intervention Change in post- compared to pre-intervention

Parameter estimate 95% CI Parameter estimate 95% CI

Overall trend − 0.180** − 0.257 − 0.103 0.099 − 0.003 0.201

By gender and age analysis

Male Parameter estimate 95% CI Parameter estimate 95% CI

16–44 years 0.109** 0.046 0.171 0.243*** 0.160 0.325

45–64 years − 0.008 − 0.100 0.083 − 0.063 − 0.184 0.058

≥ 65 years − 0.561*** − 0.637 -0.484 0.069 -0.032 0.170

Female Parameter estimate 95% CI Parameter estimate 95% CI

16–44 years 0.0528** 0.015 0.090 0.129*** 0.080 0.178

45–64 years − 0.039 − 0.122 0.045 − 0.088 − 0.171 0.049

≥ 65 years − 0.883*** − 1.028 − 0.738 − 0.141 − 0.050 0.332

Defined daily doses per Z-drug prescription

Pre-intervention Change in post- compared to pre-intervention

Parameter estimate 95% CI Parameter estimate 95% CI

Overall trend − 0.043 − 0.124 0.038 0.107 0.000 0.214

By gender and age analysis

Male Parameter estimate 95% CI Parameter estimate 95% CI

16–44 years 0.067** 0.032 0.101 0.117*** 0.072 0.163

45–64 years 0.071 − 0.003 0.145 0.003 − 0.094 0.100

≥ 65 years − 0.352*** − 0.466 − 0.237 0.030 − 0.121 0.181

Female Parameter estimate 95% CI Parameter estimate 95% CI

16–44 years 0.073*** 0.043 0.103 0.058** 0.019 0.098

45–64 years 0.078 − 0.029 0.185 − 0.010 − 0.151 0.131

≥ 65 years − 0.509*** − 0.677 − 0.340 0.086 − 0.136 0.307

*p < 0.05;**p < 0.01;***p < 0.001
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legislation. Prior to the legislation (January 2016 to April
2017), there was a significant decline in monthly DDDs per
benzodiazepine prescription but no significant change in
monthly DDDs per Z-drug prescription (Fig. 2). Over the
period following introduction of the legislation (May 2017
to September 2019), no changes in the trends were observed
in monthly DDDs per prescription for benzodiazepines or Z-
drugs.

Significant increases in monthly DDDs per benzodiazepine
prescription were observed post-legislation for the younger
age group across both genders, whereas no change in the trend
was observed in the middle-aged and older age groups (Fig.
2). Similar trends in monthly DDDs per Z-drug prescription
were observed post-legislation when stratified according to
gender and age group (Fig. 2).

The analysis involving DME-DDD showed similar trends
(Supplemental Table 3, Supplemental Fig. 2).

Sensitivity analyses

Sensitivity analyses to account for the potential lag time be-
tween introduction of the legislation (January 2016–May
2017) and uptake into clinical practice (June 2017–
September 2019) showed similar trends to those outlined

above for both prevalence and quantity of supply when strat-
ified according to gender and age groups (Supplemental
Tables 4-5).

Discussion

This study examined the impact of the Misuse of Drugs
Regulations 2017 [13] on BZRA prescribing in Ireland using
national pharmacy claims data for the GMS population aged ≥
16 years. The findings indicate that the new legislation did not
have the anticipated impact on the prescribing of these medi-
cations at a population level whereby overall prescribing of
both benzodiazepines and Z-drugs increased marginally dur-
ing the post-introduction period. Analysis of trends in preva-
lence rates over the period following introduction of the leg-
islation showed increases in BZRA prescribing occurred in
the youngest subgroup (16–44 years), with variable changes
in the middle-aged subgroup (45–64 years; marginal decrease
in benzodiazepine prescriptions; no change in Z-drug pre-
scriptions) and no changes in trends for BZRA prescriptions
issued to the oldest subgroup (≥ 65 years) from the pre-
legislation decline. The lack of impact of the Irish legislation
is in contrast to previous research. For example, an analysis of
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legislative changes in Ontario, Canada, that introduced addi-
tional measures targeting benzodiazepine prescriptions which
included information recording and verification requirements
by the relevant healthcare professionals, identified a small but
statistically significant effect on prescribing rates [21].
However, as Z-drugs are not reimbursed on government-
supported prescriptions in Ontario (with the exception of
zopiclone in exceptional circumstances) and must, therefore,
be paid for out-of-pocket, changes in Z-drug prescribing could
not be assessed.

There are a number of plausible reasons for the regulations’
lack of observable impact on reducing the number of GMS-
issued BZRA prescriptions in Ireland. Firstly, the stipulation
for all BZRA prescriptions other than temazepam and
flunitrazepam to specify the total quantity of supply in words
and figures but without any handwriting requirements appears
to have diminished any potential impact on the number of
prescriptions issued. Secondly, of the two abovementioned
benzodiazepines for which the most stringent prescription
controls apply, only temazepam is currently licensed in
Ireland. Our previous research has shown consistently larger
declines in temazepam prescribing in Ireland over the years
preceding the introduction of the regulations compared to oth-
er individual benzodiazepines for which less stringent pre-
scription controls apply [7]. The rationale for maintaining
tighter controls on temazepam prescriptions over other
BZRAs is unclear as their introduction in the 1990s stemmed
from concerns over the potential for misuse of temazepam
and, in particular, the injection of the drug using liquid and
gel-filled capsule formulations that were widely used at the
time [22, 23]. However, these types of products are no longer
available in Ireland. During the process of drafting the regu-
lations, concerns were raised by professional representative
bodies over the administrative burden of any extension of
prescription handwriting requirements to all BZRA prescrip-
tions. These were seen as outdated, unsafe and inefficient
processes that were less amenable to detecting any unintended
alterations to prescriptions compared to a printed version [24].
Legislation that focuses solely on the administrative aspect of
how an individual prescription is written without adequate
review of the underlying clinical need for the controlled drug
is likely to be insufficient. This is supported by a recent study
in the USA, whereby legislation that introduced mandatory
reviews of patient records by prescribers in one state before
issuing a controlled drug prescription led to a significant re-
duction in the average number of monthly benzodiazepine
prescriptions [25].

Despite the legislation’s lack of observable impact at over-
all population level, stratification according to age-groups pro-
vided further insights into BZRA prescribing trends in Ireland
before and after its introduction. Following introduction of the
legislation, there was no change in the decline in BZRA prev-
alence rates among the older population observed pre-

legislation. Although these findings could be viewed positive-
ly, it is important to note that a recent report highlighted that,
compared to 15 other OECD countries, Ireland had the highest
level of BZRA consumption among those aged ≥ 65 years
[26]. Consequently, long-term use of BZRAs in the older
population has been added to the 2019 list of national
healthcare quality indicators [26]. Reducing long-term use of
these medications in the older population, particularly benzo-
diazepines, has been promoted for many years through vari-
ous prescribing criteria (e.g. Beers criteria [27, 28] and
STOPP/START (Screening Tool of Older Person’s
Prescriptions/Screening Tool to Alert doctors to Right
Treatment) criteria [29, 30]) which may partly account for
the observed trends. However, further targeted efforts are like-
ly to be required to continue to reduce prescribing levels of the
medications among the older population in Ireland.

Previous studies in a number of countries, including
Ireland, have shown how reductions in benzodiazepine pre-
scribing are offset by a shift towards increased Z-drug pre-
scribing [7, 31, 32]. This was not observed in the current
study. However, the study findings highlight an increasing
prevalence of BZRA prescribing among the younger age
groups, particularly those aged 16–44 years. Reported trends
in BZRA prescribing among populations aged < 65 years are
much less consistent, partly due to differences in definitions of
age-groups across individual studies. However, analyses of
BZRA prescribing in Canada [31] and several European coun-
tries [33, 34] have highlighted trends towards increasing
levels of prescribing in younger age cohorts. This is of con-
cern as, if prescribing among these age groups is not carefully
monitored, it could ultimately perpetuate continued cycles of
long-term BZRA use for future generations.

Previous research has highlighted a high prevalence of
mental health disorders among young Irish adults, with anxi-
ety disorders being one of the most common types [35]. An
analysis of general practitioner (GP) records in Ireland identi-
fied that approximately 75% of mental health cases involved
those aged < 65 years [36]. Inmost cases, patients were treated
with medications (81%), including BZRAs, as opposed to
receiving a psychological intervention (34%). It is beyond
the scope of the current study to identify the exact reasons
for the observed trends towards an increasing prevalence of
BZRA prescriptions among the younger population groups.
Adequate resourcing of mental health services has been a
long-standing issue in Ireland which creates difficulties for
those with mental health difficulties accessing relevant sup-
ports [37–39]. Some progress has been made with the intro-
duction of the ‘Counselling in Primary Care’ service in 2013.
This national service provides up to eight free counselling
sessions within the primary care setting to GMS-eligible indi-
viduals aged ≥ 18 years with mild to moderate psychological
difficulties [40]. GPs have reported numerous benefits to pa-
tients arising from this service (e.g. improved access to, and
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awareness, of talk therapy) [41]. However, an initial evalua-
tion found that up to 24% of service users had to wait between
4 and 6 months to access counselling sessions [40]. The cur-
rent study findings suggest a further consequence of these
resourcing issues may involve an over-reliance on BZRA
medications.

The higher level of BZRA consumption in the older aged
population and women, as measured using DDDs, is consis-
tent with previous research [42]. In addition to DDD, the
DME-DDD metric was also used to assess population expo-
sure. Despite having not been widely used in previous epide-
miological studies to date, it has been proposed that it could
make interpretation of population exposure estimates more
meaningful by accounting for both consumption (DDD) and
potency (DME) [19]. The DME-DDD findings showed higher
levels of benzodiazepine exposure compared to DDD alone.
The converse was true with Z-drugs on account of them hav-
ing lower diazepam equivalence values compared to most
benzodiazepines. A notable limitation of this approach is that
the accuracy and precision of the diazepam equivalence values
have not been fully established [19]. As the HSE-PCRS does
not collect information on clinical outcomes, it was not possi-
ble to determine if differences in DME-DDD exposure result-
ed in differences in clinical outcomes or potential harms for
GMS patients receiving BZRA prescriptions in Ireland.

The challenge in achieving sustained reductions in BZRA
prescribing is further highlighted by the fact that, in addition to
the legislative changes, guidelines on appropriate prescribing
of BZRAs were also issued by the national HSE Medicines
Management Programme in Ireland in February 2018 [43].
The analysis did not make specific attempts to examine the
effects of these guidelines as they were non-statutory and,
therefore, any impact on BZRA prescribing would have been
more difficult to detect with the current study design.
However, given the combination of the new legislation and
prescribing guidelines, an overall reduction in BZRA pre-
scribing would have been expected. Decisions regarding ini-
tiation, continuation and withdrawal of BZRA prescribing in
primary care have been described as complex, demanding and
uncomfortable [44]. The lack of impact of these recently in-
troduced measures on BZRA prescribing in Ireland could in-
dicate deficiencies with the legislative requirements in terms
of prompting clinical reviews and relevant changes to BZRA
prescriptions (as previously outlined above), as well a lack of
effective dissemination and implementation and the underly-
ing reasons for this need to be explored further.

Various policies and interventions targeting the prescribing
and use of BZRAs have been examined to date with varying
degrees of effect and often with a focus on the older popula-
tion [45–48]. These include prescription monitoring
programmes, reimbursement restrictions and brief interven-
tions delivered in primary care. It remains to be seen how
applicable and impactful some of these initiatives would be

for the younger age groups in Ireland amongst whom BZRA
consumption appears to be increasing. At present, the optimal
approach to improving prescribing of these medications is
unclear. It has been proposed that in order for sustainable
changes in BZRA prescribing to be achieved, a combination
of patient education and improved access to non-
pharmacological therapies are also needed [45]. Irrespective
of which approaches are used, it is imperative that a balance is
struck between promoting deprescribing of inappropriate or
unnecessary BZRA use and maintaining access to the medi-
cations for patients with legitimate needs. Future research
should look to include perspectives of both patients and
healthcare professionals in developing interventions and pol-
icies to improve BZRA prescribing and use in Ireland.

The study’s main strength is that it provides the first com-
prehensive assessment of any national measures introduced to
target BZRA prescribing in Ireland. The analysis is based on
the single largest and most comprehensive available prescrip-
tion database in Ireland which provided a large population size
and accurate information on dispensed medications over a
wide time interval. The data also represent the majority of
those aged over 70 years [14]. In terms of study limitations,
it must be noted that the GMS pharmacy claims database is
representative of approximately one-third of the Irish popula-
tion and individuals with a lower socioeconomic status, wom-
en and older age are currently over-represented [14]. The data
were provided by the HSE-PCRS at an aggregated level, not
individual level; therefore, it was not possible to analyse
changes in the incidence rates of new or long-term BZRA
prescriptions. There was no electronic prescribing system in
primary care in Ireland at the time of the study and, therefore,
the pharmacy claims data do not contain information on clin-
ical indications or patient outcomes. Finally, we did not ex-
amine whether changes in BZRA prescribing may have been
offset by changes in other psychotropic medications. This is
an area that should be explored in future research.

Conclusions

This study indicates that the introduction of new legislation
had limited impact on BZRA prescriptions issued on the main
community drug scheme in Ireland. Policies and interventions
targeting specific population subgroups may be required if
sustained reductions in prescribing are to be achieved, includ-
ing education around the long-term effects of BZRAs to re-
duce initiation and promote deprescribing. It remains to be
seen to what extent, if any, observed changes are offset by
changes in the prescribing of other psychotropic medication.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00228-020-03063-z.

910 Eur J Clin Pharmacol (2021) 77:903–912

https://doi.org/10.1007/s00228-020-03063-z


Acknowledgements The authors are grateful to the HSE-PCRS for sup-
plying the data on which the study was based. KB is funded by the Health
Research Board (HRB) under award RL-15-1579.

Authors’ contributions Cathal A. Cadogan conceived and designed the
study and led the writing of the paper.

Colin P. Bradley contributed to the interpretation of data and reviewed
and critiqued draft manuscripts of the paper.

Kathleen Bennett conceived and designed the study, requested the data
from the HSE-PCRS, carried out the statistical analysis, and acted as joint
lead for the writing of the paper.

All authors approved the final submission.

Funding This research received no specific grant from any funding agen-
cy in the public, commercial or not-for-profit sectors. KB is funded by the
Health Research Board (HRB) in Ireland (grant codeRL-15-1579) but the
funder has no role in the conduct of the study.

Data Availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Compliance with ethical standards

Conflicts of interest The authors declare that there are no conflicts of
interest.

Ethical approval Not required.

Consent to participate Not applicable.

Consent for publication Not applicable.

Code availability Not applicable.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes weremade. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Soyka M (2017) Treatment of benzodiazepine dependence. N Engl
J Med. 376(12):1147–1157

2. Krystal AD, Prather AA, Ashbrook LH (2019) The assessment and
management of insomnia: an update. World Psychiatry. 18(3):337–
352

3. Schifano F, Chiappini S, Corkery JM, Guirguis A (2019) An insight
into Z-drug abuse and dependence: an examination of reports to the
European Medicines Agency database of suspected adverse drug
reactions. Int J Neuropsychopharmacol. 22(4):270–277

4. Pottie K, Thompson W, Davies S, Grenier J, Sadowski CA, Welch
V, Holbrook A, Boyd C, Swenson R, Ma A, Farrell B (2018)

Deprescribing benzodiazepine receptor agonists: evidence-based
clinical practice guideline. Can Fam Physician. 64(5):339–351

5. Davies J, Rae TC, Montagu L (2017) Long-term benzodiazepine
and Z-drugs use in the UK: a survey of general practice. Br J Gen
Pract 67(662):609–613

6. Olfson M, King M, Schoenbaum M (2015) Benzodiazepine use in
the United States. JAMA Psychiatry. 72(2):136–142

7. Cadogan CA, Ryan C, Cahir C, Bradley CP, Bennett K (2018)
Benzodiazepine and Z-drug prescribing in Ireland: analysis of na-
tional prescribing trends from 2005 to 2015. Br J Clin Pharmacol.
84(6):1354–1363

8. Benzodiazepine Committee (2002) Report of the Benzodiazepine
Committee Dublin. Ireland, Department of Health and Children
Available at http://www.drugsandalcohol.ie/5348/ (last accessed
15 April 2020)

9. Benzodiazepine Committee (2002) Benzodiazepines: good practice
guidelines for clinicians. Dublin, Department of Health and
Children Available at http://www.drugsandalcohol.ie/5349/ (last
accessed 15 April 2020)

10. Flynn K (2009) Minor tranquillisers and sedatives: use and misuse
in the West of Ireland. Galway, Western Region Drugs Task Force
Available at http://www.drugsandalcohol.ie/11506/ (last accessed
15 April 2020)

11. Henman M, Vivero L, Gustafsson A, Mulvenna K (2004)
Benzodiazepine usage in the North Eastern Health Board region
of the Republic of Ireland, Trinity College Dublin Available at
http://www.drugsandalcohol.ie/12669/ (last accessed 15 April
2020)

12. Brandt J, Leong C (2017) Benzodiazepines and Z-Drugs: an up-
dated review of major adverse outcomes reported on in epidemio-
logic research. Drugs R D. 17(4):493–507

13. Government of Ireland. Statutory Instrument No. 173/2017 —
Misuse of Drugs Regulations, 2017. Dublin, Ireland. Available
from: http://www.irishstatutebook.ie/eli/2017/si/173/made/en/print
(last accessed 15 April 2020)

14. Sinnott SJ, Bennett K, Cahir C (2017) Pharmacoepidemiology re-
sources in Ireland-an introduction to pharmacy claims data. Eur J
Clin Pharmacol. 73(11):1449–1455

15. Health Service Executive (2018) Primary Care Reimbursement
Service: statistical analysis of claims and payments 2018. Health
Service Executive, Dublin Available at https://www.hse.ie/eng/
staff/pcrs/pcrs-publications/annual-report-2018.pdf (last accessed
15 April 2020)

16. WHO Collaborating Centre for Drug Statistics Methodology.
Guidelines for ATC classification and DDD assignment Oslo,
Norway; 2012. Available at https://www.drugsandalcohol.ie/
29364/ (last accessed 15 April 2020)

17. Ashton H (2002) Benzodiazepines: how they work and how to
withdraw (also known as The Ashton Manual): University of
Newcastle, England. Available at http://www.benzo.org.uk/
manual/index.htm (last accessed 15 April 2020)

18. Passaro A, Volpato S, Romagnoni F, Manzoli N, Zuliani G, Fellin
R (2000) Benzodiazepines with different half-life and falling in a
hospitalized population: The GIFA study. Gruppo Italiano di
Farmacovigilanza nell'Anziano. J Clin Epidemiol. 53(12):1222–
1229

19. Brandt J, Alkabanni W, Alessi-Severini S, Leong C (2018)
Translating benzodiazepine utilization data into meaningful popu-
lation exposure: integration of two metrics for improved reporting.
Clin Drug Investig. 38(7):565–572

20. Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D (2002)
Segmented regression analysis of interrupted time series studies
in medication use research. J Clin Pharm Ther. 27(4):299–309

21. Davies SJC, Jacob B, Rudoler D, Zaheer J, de Oliveira C, Kurdyak
P (2018) Benzodiazepine prescription in Ontario residents aged 65

911Eur J Clin Pharmacol (2021) 77:903–912

https://doi.org/
http://www.drugsandalcohol.ie/5348/
http://www.drugsandalcohol.ie/5349/
http://www.drugsandalcohol.ie/11506/
http://www.drugsandalcohol.ie/12669/
http://www.irishstatutebook.ie/eli/2017/si/173/made/en/print
https://www.hse.ie/eng/staff/pcrs/pcrs-publications/annual-report-2018.pdf
https://www.hse.ie/eng/staff/pcrs/pcrs-publications/annual-report-2018.pdf
https://www.drugsandalcohol.ie/29364/
https://www.drugsandalcohol.ie/29364/
http://www.benzo.org.uk/manual/index.htm
http://www.benzo.org.uk/manual/index.htm


and over: a population-based study from 1998 to 2013. Ther Adv
Psychopharmacol. 8(3):99–114

22. Fox R, Beeching NJ, Morrison C, Ruben S, Garvey T (1992)
Misuse of temazepam. BMJ. 305(6847):253

23. Strang J, Seivewright N, Farrell M (1992) Intravenous and other
novel abuses of benzodiazepines: the opening of Pandora's box? Br
J Addict. 87(10):1373–1375

24. Irish Medical Organisation (2013) IMO Submission to the
Department of Health on the Draft Misuse of Drugs
(Amendment) Regulations 2013. Available from: https://www.
imoie/policy-international-affair/documents/imo-submissions-to-
external-bodies/draft-misuse-of-drugs-(am/IMO-Sub-on-Draft-
Misuse-of-Drugs-Regulations-FinalpdfPDF. (last accessed 15
April 2020)

25. Manders L, Abd-Elsayed A (2020) Mandatory review of prescrip-
tion drug monitoring program before issuance of a controlled sub-
stance results in overall reduction of prescriptions including opioids
and benzodiazepines. Pain Physician. 23(3):299–304

26. Department of Health (Ireland) (2019) National Healthcare Quality
Reporting System Annual Report. Ireland. Available from: https://
www.gov.ie/en/collection/5fd4f6-national-healthcare-quality-
reporting-system-reports/ (last accessed 15 April 2020)

27. American Geriatrics Society (2015) American Geriatrics Society
2015 Updated Beers Criteria for Potentially Inappropriate
Medication Use in Older Adults. J Am Geriatr Soc. 63(11):2227–
2246

28. By the American Geriatrics Society Beers Criteria Update Expert P
(2019) American Geriatrics Society 2019 Updated AGS Beers
Criteria(R) for Potentially Inappropriate Medication Use in Older
Adults. J Am Geriatr Soc. 67(4):674–694

29. Gallagher P, Ryan C, Byrne S, Kennedy J, O'Mahony D (2008)
STOPP (Screening Tool of Older Person's Prescriptions) and
START (Screening Tool to Alert doctors to Right Treatment).
Consensus validation. Int J Clin Pharmacol Ther. 46(2):72–83

30. O'Mahony D, O'Sullivan D, Byrne S, O'Connor MN, Ryan C,
Gallagher P (2015) STOPP/START criteria for potentially inappro-
priate prescribing in older people: version 2. Age Ageing. 44(2):
213–218

31. Alessi-Severini S, Bolton JM, Enns MW, Dahl M, Collins DM,
Chateau D, Sareen J (2014) Use of benzodiazepines and related
drugs in Manitoba: a population-based study. CMAJ Open. 2(4):
E208–E216

32. Kaufmann CN, Spira AP, Alexander GC, Rutkow L, Mojtabai R
(2016) Trends in prescribing of sedative-hypnotic medications in
the USA: 1993-2010. Pharmacoepidemiol Drug Saf. 25(6):637–
645

33. Sidorchuk A, Isomura K, Molero Y, Hellner C, Lichtenstein P,
Chang Z, Franck J, Fernández de la Cruz L, Mataix-Cols D
(2018) Benzodiazepine prescribing for children, adolescents, and
young adults from 2006 through 2013: a total population register-
linkage study. PLoS Med. 15(8):e1002635

34. Huerta C, Abbing-Karahagopian V, Requena G, Oliva B, Alvarez
Y, Gardarsdottir H,Miret M, Schneider C, Gil M, Souverein PC, de
Bruin ML, Slattery J, de Groot MCH, Hesse U, Rottenkolber M,
Schmiedl S, Montero D, Bate A, Ruigomez A, García-Rodríguez
LA, Johansson S, de Vries F, Schlienger RG, Reynolds RF,
Klungel OH, de Abajo FJ (2016) Exposure to benzodiazepines
(anxiolytics, hypnotics and related drugs) in seven European elec-
tronic healthcare databases: a cross-national descriptive study from
the PROTECT-EU Project. Pharmacoepidemiol Drug Saf. 25(1):
56–65

35. CannonM, Coughlan H, Clarke M, Harley M, Kelleher I The men-
tal health of young people in Ireland: a report of the Psychiatric

Epidemiology Research across the Lifespan (PERL) Group
Dublin. Royal College of Surgeons of Ireland, Dublin Available
from: https://www.drugsandalcohol.ie/20687/ (last accessed 15
April 2020)

36. O'Doherty J, Hannigan A, Hickey L, Meagher D, Cullen W,
O'Connor R et al (2018) The prevalence and treatment of mental
health conditions documented in general practice in Ireland. Ir J
Psychol Med. 37(1):1–8

37. McMahon J, Ryan F, Cannon M, O'Brien G, O'Callaghan M,
Flanagan R et al (2019) Where next for youth mental health ser-
vices in Ireland? Ir J Psychol Med. 36(3):163–167

38. Byers V (2017) Health Care for All in Ireland? The Consequences
of Politics for Health Policy. World Med Health Policy. 9(1):138–
151

39. J P. The Future of Healthcare in Ireland: position paper on the health
crisis and the government’s plans for healthcare. Ireland. Available
from: https://www.semanticscholar.org/paper/The-future-of-
h e a l t h c a r e - i n - I r e l a n d - P o s i t i o n - p a p e r - P i l l i n g e r /
6cea9d4073748ef5d31004e5b9fd37ba384c8ae4#citing-papers
(last accessed 15 April 2020).

40. Health Service Executive - National Counselling Service - CIPC
National Research Group. Counselling in Primary Care Service,
National Evaluation Study, Phase 1. 2018. Dublin: Health Service
Executive: https://www.hse.ie/eng/services/list/4/mental-health-
services/counsellingpc/cipc-national-evaluation/hse-ncs-
counselling-in-primary-care-national-evaluation-study-report-of-
phase-1-april-2018.pdf; (last accessed 15 April 2020)

41. Rafferty M, Bradley C (2019) Counselling in primary care - a gen-
eral practitioner’s perspective. Ir Med J. 112(2):869

42. Donoghue J, Lader M (2010) Usage of benzodiazepines: a review.
Int J Psychiatry Clin Pract. 14(2):78–87

43. Medicines Management Programme. Guidance on appropriate pre-
scribing of benzodiazepines and z-drugs (BZRA) in the treatment of
anxiety and insomnia. 2018. Ireland: Health Services Executive.
Available from: https://www.hse.ie/eng/about/who/cspd/ncps/
med ic ine s -managemen t /bz ra - fo r - anx i e ty - in somnia /
bzraguidancemmpfeb18.pdf (last accessed 15 April 2020).

44. Sirdifield C, Anthierens S, Creupelandt H, Chipchase SY,
Christiaens T, Siriwardena AN (2013) General practitioners' expe-
riences and perceptions of benzodiazepine prescribing: systematic
review and meta-synthesis. BMC Family Pract. 14:191

45. Shaw J, Murphy AL, Turner JP, Gardner DM, Silvius JL, Bouck Z,
Gordon D, Tannenbaum C (2019) Policies for deprescribing: an
international scan of intended and unintended outcomes of limiting
sedative-hypnotic use in community-dwelling older adults. Healthc
Policy. 14(4):39–51

46. Pollmann AS, Murphy AL, Bergman JC, Gardner DM (2015)
Deprescribing benzodiazepines and Z-drugs in community-
dwelling adults: a scoping review. BMC Pharmacol Toxicol. 16:19

47. Lynch T, Ryan C, Hughes CM, Presseau J, van Allen ZM, Bradley
CP et al (2020) Brief interventions targeting long-term benzodiaz-
epine and Z-drug use in primary care: a systematic review and
meta-analysis. Addiction. 115(9):1618–1639

48. Fisher J, Sanyal C, Frail D, Sketris I (2012) The intended and
unintended consequences of benzodiazepine monitoring
programmes: a review of the literature. J Clin Pharm Ther. 37(1):
7–21

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

912 Eur J Clin Pharmacol (2021) 77:903–912

https://www.imoie/policy-international-affair/documents/imo-submissions-to-external-bodies/draft-misuse-of-drugs-(am/IMO-Sub-on-Draft-Misuse-of-Drugs-Regulations-FinalpdfPDF
https://www.imoie/policy-international-affair/documents/imo-submissions-to-external-bodies/draft-misuse-of-drugs-(am/IMO-Sub-on-Draft-Misuse-of-Drugs-Regulations-FinalpdfPDF
https://www.imoie/policy-international-affair/documents/imo-submissions-to-external-bodies/draft-misuse-of-drugs-(am/IMO-Sub-on-Draft-Misuse-of-Drugs-Regulations-FinalpdfPDF
https://www.imoie/policy-international-affair/documents/imo-submissions-to-external-bodies/draft-misuse-of-drugs-(am/IMO-Sub-on-Draft-Misuse-of-Drugs-Regulations-FinalpdfPDF
https://www.gov.ie/en/collection/5fd4f6-national-healthcare-quality-reporting-system-reports/
https://www.gov.ie/en/collection/5fd4f6-national-healthcare-quality-reporting-system-reports/
https://www.gov.ie/en/collection/5fd4f6-national-healthcare-quality-reporting-system-reports/
https://www.drugsandalcohol.ie/20687/
https://www.semanticscholar.org/paper/The-future-of-healthcare-in-Ireland-Position-paper-Pillinger/6cea9d4073748ef5d31004e5b9fd37ba384c8ae4#citing-papers
https://www.semanticscholar.org/paper/The-future-of-healthcare-in-Ireland-Position-paper-Pillinger/6cea9d4073748ef5d31004e5b9fd37ba384c8ae4#citing-papers
https://www.semanticscholar.org/paper/The-future-of-healthcare-in-Ireland-Position-paper-Pillinger/6cea9d4073748ef5d31004e5b9fd37ba384c8ae4#citing-papers
https://www.hse.ie/eng/services/list/4/mental-health-services/counsellingpc/cipc-national-evaluation/hse-ncs-counselling-in-primary-care-national-evaluation-study-report-of-phase-1-april-2018.pdf
https://www.hse.ie/eng/services/list/4/mental-health-services/counsellingpc/cipc-national-evaluation/hse-ncs-counselling-in-primary-care-national-evaluation-study-report-of-phase-1-april-2018.pdf
https://www.hse.ie/eng/services/list/4/mental-health-services/counsellingpc/cipc-national-evaluation/hse-ncs-counselling-in-primary-care-national-evaluation-study-report-of-phase-1-april-2018.pdf
https://www.hse.ie/eng/services/list/4/mental-health-services/counsellingpc/cipc-national-evaluation/hse-ncs-counselling-in-primary-care-national-evaluation-study-report-of-phase-1-april-2018.pdf
https://www.hse.ie/eng/about/who/cspd/ncps/medicines-management/bzra-for-anxiety-insomnia/bzraguidancemmpfeb18.pdf
https://www.hse.ie/eng/about/who/cspd/ncps/medicines-management/bzra-for-anxiety-insomnia/bzraguidancemmpfeb18.pdf
https://www.hse.ie/eng/about/who/cspd/ncps/medicines-management/bzra-for-anxiety-insomnia/bzraguidancemmpfeb18.pdf

	Impact...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study design and study population
	Data analysis
	Statistical analysis

	Results
	Trends in prevalence following Misuse of Drugs Regulations 2017
	Gender and age: benzodiazepines
	Gender and age: Z-drugs

	Quantity of supply per 1000 eligible population per day
	Sensitivity analyses

	Discussion
	Conclusions
	References


