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ABSTRACT
Objective To examine sex differences in age- standardised 
rates (ASR) of overall and drug- specific drug poisoning 
deaths in Ireland between 2004 and 2017.
Design Repeated cross- sectional study.
Setting Drug poisoning deaths in Ireland.
Participants National Drug- Related Deaths Index and 
pharmacy claims database (Primary Care Reimbursement 
Service- General Medical Services) data from 2004 to 
2017.
Outcome measures The primary outcome was 
trends in drug poisoning death rates by sex. The 
secondary outcomes were trends in drug poisoning 
death rates involving (1) any CNS (Central Nervous 
System) depressants, (2) ≥2 CNS depressants and (3) 
specific drugs/drug classes (eg, prescription opioids, 
benzodiazepines, antidepressants, alcohol, cocaine and 
heroin) by sex. Joinpoint regression was used to examine 
trends, stratified by sex, in the ASR of drug poisoning 
deaths (2004–2017), change points over time and average 
annual percentage changes (AAPCs) with 95% CI.
Results Increased ASR for all drug poisoning deaths from 
6.86 (95% CI 6.01 to 7.72) per 100 000 in 2004 to 8.08 
(95% CI 7.25 to 8.91) per 100 000 in 2017 was mainly 
driven by increasing deaths among men (AAPC 2.6%, 95% 
CI 0.2 to 5.1), with no significant change observed among 
women. Deaths involving ≥2 CNS depressants increased 
for both men (AAPC 5.6%, 95% CI 2.4 to 8.8) and women 
(AAPC 4.0%, 95% CI 1.1 to 6.9). Drugs with the highest 
significant AAPC increases for men were cocaine (7.7%, 
95% CI 2.2 to 13.6), benzodiazepines (7.2%, 95% CI 2.9 
to 11.6), antidepressants (6.1%, 95% CI 2.4 to 10.0) and 
prescription opioids (3.5%, 95% CI 1.6 to 5.5). For women, 
the highest AAPC was for antidepressants (4.2%, 95% CI 
0.2 to 8.3), benzodiazepines (3.3%, 95% CI 0.1 to 6.5) and 
prescription opioids (3.0%, 95% CI 0.7 to 5.3).
Conclusion Drugs implicated in drug poisoning deaths 
vary by sex. Policy response should include prescription 
monitoring programmes and practical harm reduction 
information on polydrug use, especially CNS depressant 
drugs.

INTRODUCTION
Drug poisonings are a leading cause of avoid-
able death worldwide, with rates increasing 
globally. National trends from the USA show 
that drug poisoning deaths have increased 
rapidly in recent years, with a 15% increase 

per year between 2013 and 2017.1 During this 
period drug poisoning death rates increased 
in most US states, primarily due to synthetic 
opioids.2 Drug poisoning deaths involving 
psychostimulants, especially cocaine, have 
also increased in the USA.3 4 Accidental drug 
poisonings are predicted to be a leading 
cause of premature deaths in the USA over 
the next decade, especially among women.5 
Drug poisoning deaths have also increased in 
Australia since 2006, with opioids being the 
most common drug group involved in these 
deaths.6

Similar patterns have been observed 
across Europe. For example, the number of 
drug poisoning deaths recorded in England 
and Scotland in 2017 was the highest ever 
recorded, with opioid- related deaths repre-
senting the leading cause of these deaths.7 The 
European Monitoring Centre for Drugs and 
Drug Addiction (EMCDDA) also reported an 
increase in drug poisoning deaths between 

Strengths and limitations of this study

 ► The National Drug- Related Deaths Index incor-
porates national data from four different sources, 
providing more robust and complete data on drug 
poisoning deaths.

 ► Use of mortality data in addition to prescription data 
enabled assessment of the relationship between 
trends in prescribing and poisoning deaths involving 
specific drugs.

 ► Limitations of this study include the reliance on 
individual coroners to implicate specific drugs in 
poisoning deaths, which can be challenging when 
multiple drugs are present on a toxicology report.

 ► Information on whether the drugs were prescribed 
for the individual is frequently not available in the 
sources of data, which limits the assessment of illicit 
use of these drugs and the impact of illicit drugs on 
these deaths.

 ► Lack of data on private prescription drugs dis-
pensed, stratified by sex, limits analysis to those 
dispensed through the government- assisted drug 
payment scheme.
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2012 and 2018 in Europe, increasing from an estimated 
17 deaths per million population aged 15–64 years in 
2012,8 to 22.6 deaths per million population aged 15–64 
years in 2018.9 Opioids (both licit and illicit), commonly 
heroin, are involved in approximately 8 out of every 10 
drug poisoning deaths reported in Europe.9 However, 
postmortem toxicology analyses of poisoning deaths 
suggest that multiple drug toxicity is implicated in most 
deaths.9

While sex differences in drug poisoning deaths have 
emerged in recent years,10 most of the available evidence 
fails to account for variation by sex regarding drugs 
involved.11 Consequently, as drug poisoning deaths are 
dominated by men, specific circumstances associated with 
drug poisoning deaths among women may be masked by 
combining trends for men and women. For example, in 
the USA, a higher risk of drug poisoning death among 
young men relative to young women has been reported 
to be attributed to heroin and synthetic drugs.10 In 
contrast, in both the USA and Scotland, the risk of drug 
poisoning deaths among older women was attributed to 
prescription opioids, antidepressants12 13 and unspeci-
fied drugs.10 Many drug poisoning deaths involve a fatal 
cocktail of CNS (Central Nervous System) depressant 
drugs.14 15 Sex- specific differences in pharmacokinetics 
for CNS depressant drugs such as opioids,16 pregabalin 
and benzodiazepines17 suggest that these drugs may be 
impacting more on polydrug poisoning deaths among 
women.

Furthermore, although the absolute number of drug 
poisoning deaths is higher in men, epidemiological 
trends in Europe and the USA suggest the rate of drug 
poisoning deaths among women is increasing at a higher 
rate relative to men,9 18 19 especially in relation to inten-
tional drug poisoning deaths.20

The aim of this study is to examine sex differences in 
age- standardised rates (ASR) of overall drug poisoning 
deaths and drug poisoning deaths involving (1) any CNS 
depressants, (2) ≥2 CNS depressants and (3) specific 
drugs/drug classes (eg, prescription opioids, benzodiaz-
epines, antidepressants, alcohol, cocaine and heroin) in 
Ireland between 2004 and 2017.

This study also examines the association between 
dispensing rates of prescribed medications commonly 
implicated in drug poisoning deaths (specifically benzo-
diazepines and antidepressants) and drug poisoning 
deaths involving these agents.

METHODS
The Strengthening the Reporting of Observational 
Studies in Epidemiology checklist for cross- sectional 
studies21 was used as a guide to structure this repeated 
cross- sectional study.

Patient and public involvement
No patients were involved in the design or conduct of the 
study.

Data sources
Drug poisoning deaths
This repeated cross- sectional study includes anony-
mised individual- level data on all drug poisoning deaths 
in Ireland as recorded by the National Drug- Related 
Deaths Index (NDRDI) for years of death from 2004 to 
2017 inclusive. The NDRDI is an epidemiological data-
base which records all poisoning deaths by drugs and/or 
alcohol.22 It follows the EMCDDA standard protocol to 
collect data on drug- related deaths.23 To ensure complete-
ness, data from several sources are collected and cross- 
checked to avoid duplication. Coronial files are the main 
data source for the NDRDI. Coronial data are collected 
for the purpose of death investigation, not primarily for 
research. However, coronial data have been recognised 
as a rich source of data for monitoring drug poisoning 
deaths.24 Other NDRDI data sources include the general 
mortality register (via the Central Statistics Office), 
acute hospitals data (via the Hospital In- Patient Enquiry 
System) and the national opioid agonist treatment (OAT) 
register (via the Central Treatment List). Further details 
on the NDRDI methodology can be found elsewhere.22 
The methodology for collecting poisoning deaths did not 
change over the study period.

The NDRDI’s definition of a poisoning death is a death 
directly due to the toxic effect of one or more drugs 
(including alcohol) on the body, as recorded by the 
coroner on the certificate of death registration and/or 
the record of verdict. Up to six drugs implicated in drug 
poisoning deaths by the coroner can be included in the 
NDRDI. Data on deaths, which included specific drugs 
and drug groups, including opioids, benzodiazepines, 
antidepressants, Z- drugs (zopiclone and zolpidem), 
pregabalin, alcohol and cocaine, were extracted from the 
NDRDI for this study. These are the main drugs impli-
cated in poisoning deaths in Ireland.15

Pharmacy claims data
Aggregate- level (by age, sex, year and drug class) phar-
macy claims data on prescription drugs, including benzo-
diazepines and antidepressants, were available from the 
Irish Health Service Executive (HSE) Primary Care Reim-
bursement Service (PCRS). This included only those with 
full eligibility for the General Medical Services (GMS) 
scheme at any time during 2004–2017 inclusive. Eligibility 
for the GMS is mainly through means- testing and age; 
therefore, it over- represents the more socially deprived, 
younger and older- aged populations in Ireland.

The HSE Primary Care Reimbursement Service- 
General Medical Services (PCRS- GMS) pharmacy claims 
database funds the majority of pharmaceutical expendi-
ture.25 It contains details of all prescription medications 
dispensed to GMS eligible patients in primary care but 
does not include data on private prescriptions dispensed 
or hospital prescriptions. However, the PCRS- GMS phar-
macy claims database represents the single largest phar-
macy claims data set in Ireland. All claims are coded 
using the WHO’s Anatomical Therapeutic Chemical 
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Classification. The PCRS- GMS database contains basic 
demographic information including age, sex and region 
of residence.25 As of 2015, almost 40% of the Irish popu-
lation were covered by the GMS scheme.25

Data on all eligible individuals ≥16 years of age who 
were prescribed benzodiazepines (N05CD, N05BA or 
N03AE01) and/or antidepressants (N06AA, N06AB, 
N06AF, N06AG or N06AX) were extracted from the 
PCRS- GMS database and included in the study. While the 
PCRS- GMS database records prescription opioids, it does 
not record methadone or buprenorphine prescriptions 
for the treatment of opioid dependency. Therefore, the 
available data on opioids were considered incomplete for 
the purpose of this study.

Study variables
The primary outcome was drug poisoning deaths, 
defined as a death directly due to the toxic effect of one 
or more drugs (including alcohol) on the body, by sex. 
The secondary outcomes of interest were drug poisoning 
deaths involving (1) any CNS depressant drugs, (2) 
≥2 CNS depressants drugs and (3) specific drugs/drug 
classes (prescribed opioids, benzodiazepines, antidepres-
sants, alcohol, cocaine and heroin) by sex. If multiple 
drugs were implicated in an individual death, then this 
death can be included in multiple drug categories.

For poisoning deaths involving CNS depressant drugs, 
any death involving at least one drug from the following 
drug categories were combined into deaths due to ‘any 
CNS depressant drug’: opioids (ICD-10 (International 
Classification of Diseases- 10th revision) codes T40.2, 
T40.3, T40.4 and T40.6), benzodiazepines (ICD-10 code 
T42.4), alcohol (ICD-10 code T51), pregabalin and/
or Z- drugs (ICD-10 code T42.6, with specific individual 
NDRDI drug codes for pregabalin, zolpidem and zopi-
clone identified). Sex, year of death and age groups 
(15–29, 30–44, 45–59 and ≥60 years) were also included.

Statistical analysis
All analyses of trends were examined overall and sepa-
rately for men and women.

Drug poisoning deaths
Irish general population estimates were extracted from 
the Central Statistics Office for calculation of rates of drug 
poisoning deaths per 100 000 population.26 For prescrip-
tion rates the GMS eligible population for those aged 
16 years and older was extracted from the PCRS annual 
reports.27 The European Standard Population (ESP) was 
used to calculate ASR.28

Trends in age- standardised mortality rates (ASMR) for 
all drug poisoning deaths and the specific drug groups 
mentioned above were examined by sex while adjusting 
for age. Mortality rates for each year of the study period 
were calculated per 100 000 of the general population 
based on national census and projected population 
figures,26 standardised to the ESP.28 Rate ratios of ASMR 
for men compared with women were calculated and 

95% CI computed using the delta method for the vari-
ance. Joinpoint Regression Program V.4.8.0.129 was used 
to examine any changes in trends in ASR from 2004 to 
2017, expressed as annual percentage changes (APCs), 
with a summary of the overall trend expressed as an 
average annual percentage change (AAPC). The AAPC 
is a summary measure which describes the average of the 
APCs over time. Joinpoint regression detects if there are 
any statistically significant trend changes in the overall 
drug poisoning death rates over time, drug poisoning 
death rates involving any CNS depressant drugs, ≥2 CNS 
depressants drugs and for each of the drugs/drug 
classes described. Time periods for change in APCs were 
permitted to vary according to whether or not there were 
statistically significant change points. A change point is a 
specific time point where a statistically significant trend 
change occurred (or a change in the APC). The APCs 
and the overall AAPCs are presented in the tables with 
results displayed by sex.

Association with prescribing patterns
Age- standardised prescription rates (ASPR) per 1000 of 
GMS eligible population for each calendar year were stan-
dardised using the relevant age categories from the ESP.

Ecological analysis of the aggregated data, using annual 
ASR for drug poisoning deaths and prescription data, was 
performed using linear regression to examine the rela-
tionship (beta regression coefficient, 95% CI) between 
trends in ASPR for benzodiazepines and antidepressants. 
Analyses were stratified by sex.

Statistical significance at p<0.05 was assumed. Data were 
analysed using Joinpoint Regression Program (V.4.8.0.1; 
National Cancer Institute, USA) and SPSS V.22.

RESULTS
All drug poisoning deaths
For the study period 2004–2017 there were 4993 drug 
poisoning deaths recorded in Ireland. In 2004 there 
were 266 drug poisoning deaths (175 (66%) men; 91 
(34%) women), representing an ASMR of 6.86 deaths 
per 100 000 (8.5 ASMR per 100 000 men and 5.0 ASMR 
per 100 000 women). By 2017 there were 376 drug 
poisoning deaths, an increase of 41.4% (263 (70%) men; 
113 (30%) women), representing an ASMR of 8.08 per 
100 000 (11.5 ASMR per 100 000 men and 4.8 ASMR per 
100 000 women). The rate of all drug poisoning deaths 
among men from 2004 to 2017 increased at an AAPC of 
2.6% (95% CI 0.2 to 5.1) (table 1). However, there was 
no significant change among women for the same period 
(table 2). Joinpoint regression analysis identified an accel-
erated increase in drug poisoning deaths among men in 
earlier years (2004–2007), with no significant change in 
the latter years (2007–2017) (table 1).

The ASMRs for 2004 and 2017 by any CNS depressant 
drugs, ≥2 CNS depressant drugs, specific drug classes 
and specific drugs, stratified by sex, are also presented in 
table 1 (men) and table 2 (women).
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CNS depressant drugs
The rate of drug poisoning deaths involving any CNS 
depressant drugs increased from an ASMR of 5.61 deaths 
per 100 000 in 2004 to an ASMR of 6.38 per 100 000 in 
2017 (table 3). There was an AAPC increase of 2.2% (95% 
CI 0.3 to 4.3) for men, with an accelerated increase noted 
for the period 2004–2008. However, when drug poisoning 
deaths involved ≥2 CNS depressant drugs, men showed a 
higher AAPC at 5.6% (95% CI 2.4 to 8.8) (table 1).

For women who died of drug poisoning involving any 
CNS depressant drugs, no significant AAPC was observed. 
However, when ≥2 CNS depressant drugs were involved in 
the death, there was an AAPC of 4% (95% CI 1.1 to 6.9) 
(table 2).

Benzodiazepines were the main drug group impli-
cated in all (men and women combined) drug poisoning 
deaths involving ≥2 CNS depressant drugs, implicated in 
76% of these deaths.

Prescription opioids
All drug poisoning deaths involving prescription opioids, 
of which 61% consisted of methadone, have increased 
over time (table 3), with similar AAPC for both men 
(3.5%, 95% CI 1.6 to 5.5) and women (3.0%, 95% CI 0.7 

to 5.3) with no change points, indicating no change in 
trend(s) within the reporting period noted (tables 1 and 
2). Overall, 43% (n=477) of deaths involving methadone 
were among people with a history of opioid dependence 
and registered on the national OAT register, increasing 
from 35% (n=14) in 2004 to 52% (n=49) in 2017. 
Although fewer women are in receipt of OAT relative 
to men, almost two in three women (n=185, 63%) who 
had methadone implicated in their death were registered 
on the OAT register. In contrast, just over one in three 
(n=292, 36%) men, where methadone was implicated in 
their poisoning death, were registered on the national 
OAT register. However, it must be noted that clients can 
remain on the OAT register up to 30 days after dropping 
out of treatment. Therefore, it is unclear whether these 
deaths occurred while a person was on or off treatment.

Benzodiazepines
The rate of drug poisoning deaths involving benzodiaze-
pines increased over the observation period at an AAPC 
of 7.2% (95% CI 2.9 to 11.6) among men (table 1) and 
3.3% (95% CI 0.1 to 6.5) among women (table 2) with no 
change points, indicating no change in trend(s) within 
the reporting period, observed for either men or women 

Table 1 ASR (standardised to the European Standard Population) of drug poisoning deaths, per 100 000 of the general 
population, with APC identified for specific change points and overall AAPC, 2004–2017, among men in Ireland

Men

Drug group Period

ASR per 100 000 population at change 
points identified*

APC, % (95% CI) AAPC, % (95% CI)Start End

All drug poisoning deaths 2004–2007 8.51 11.50 13.2 (1.6 to 26.1)***

  2007–2017 11.50 11.19 −0.3 (−1.9 to 1.2)

  2004–2017 8.51 11.19 2.6 (0.2 to 5.1)***

Any CNS depressant drug 2004–2008 6.91 9.75 10.1 (3.3 to 17.3)***

  2008–2017 9.75 8.57 −1.1 (−2.7 to 0.6)

  2004–2017 6.91 8.57 2.2 (0.3 to 4.3)***

Two or more CNS depressant drugs 2004–2011 2.29 5.67 10.8 (5.9 to 16.0)***

  2011–2017 5.67 4.95 −0.2 (−5.4 to 5.3)

  2004–2017 2.29 4.95 5.6 (2.4 to 8.8)***

Prescription opioids 2004–2017 2.76 3.96 3.5 (1.6 to 5.5)***

Benzodiazepines 2004–2017 1.56 3.96 7.2 (2.9 to 11.6)***

Antidepressants 2004–2017 0.70 1.50 6.1 (2.4 to 10.0)***

Alcohol 2004–2017 4.12 3.83 −0.9 (−3.2 to 1.4)

Cocaine 2004–2006 0.64 2.19 107.3 (56 to 175.6)***

  2006–2010 2.19 0.64 −25.0 (−35.1 to −13.3)***

  2010–2017 0.64 1.58 9.9 (5.6 to 14.3)***

  2004–2017 0.64 1.58 7.7 (2.2 to 13.6)***

Heroin 2004–2006 0.61 2.70 83.4 (−33.7 to 407.7)

  2006–2017 2.70 2.64 −1.1 (−4.5 to 2.5)

  2004–2017 0.61 2.64 8.8 (−5.2 to 24.9)

The APC was reported for time periods where a statistically significant trend change occurred.
Change point is a specific time period where a statistically significant trend change occurred.
Variables significant at ***p<0.001.
*ASR per 100 000 population at the start and end of the change points identified and at the start and end of the study period.
AAPC, average annual percentage change; APC, annual percentage change; ASR, age- standardised rate; CNS, Central Nervous System.
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(tables 1 and 2). Diazepam was the main benzodiazepine 
drug involved in these deaths. However, there has been 
a substantial increase in the number of drug poisoning 
deaths involving alprazolam in the latter years (online 
supplemental table 1) for both men and women. In 2004 
alprazolam was involved in less than 5 deaths, rising to 

63 deaths in 2017, with the majority among men (men: 
n=47, 75%; women: n=16, 25%).

For benzodiazepines, a negative relationship was 
observed between prescribing data and drug poisoning 
deaths for both men (β=−0.067, 95% CI −0.116 to –0.018, 
p=0.012) and women (β=−0.016, 95% CI −0.031 to 0.000, 

Table 3 Age- standardised rates (standardised to the European Standard Population) of drug poisoning deaths, per 100 000 of 
the general population, 2004–2017, among all drug poisoning deaths in Ireland and ratio of men to women

Total drug poisoning deaths

Drug group

Age- standardised rates per 100 000 population 
(95% CI) Ratio of men to women (95% CI)

2004 2017 2004 2017

All drug poisoning deaths 6.86 (6.01 to 7.72) 8.08 (7.25 to 8.91) 1.68 (1.65 to 1.72) 2.38 (2.35 to 2.40)

Any CNS depressant drug 5.61 (4.84 to 6.38) 6.38 (5.65 to 7.11) 1.62 (1.58 to 1.66) 2.17 (2.14 to 2.19)

Two or more CNS depressant drugs 2.16 (1.69 to 2.63) 3.56 (3.02 to 4.09) 1.11 (1.01 to 1.20) 2.35 (2.29 to 2.40)

Prescription opioids 2.03 (1.61 to 2.46) 3.01 (2.52 to 3.51) 1.66 (1.56 to 1.76) 1.93 (1.86 to 1.99)

Benzodiazepines 1.59 (1.18 to 1.99) 2.84 (2.36 to 3.32) 0.81 (0.68 to 0.94) 2.34 (2.28 to 2.41)

Antidepressants 1.28 (0.90 to 1.67) 1.47 (1.14 to 1.83) 0.42 (0.22 to 0.62) 1.06 (0.94 to 1.18)

Alcohol 3.50 (2.87 to 4.14) 2.79 (2.29 to 3.28) 1.45 (1.38 to 1.52) 2.30 (2.23 to 2.38)

Cocaine 0.37 (0.21 to 0.54) 1.02 (0.75 to 1.30) 8.36 (7.26 to 9.44) 2.67 (2.49 to 2.86)

Heroin 0.60 (0.37 to 0.82) 1.51 (1.17 to 1.85) 11.72 (10.64 to 12.80) 6.00 (5.83 to 6.23)

CNS, Central Nervous System.

Table 2 ASR (standardised to the European Standard Population) of drug poisoning deaths, per 100 000 of the general 
population, with APC identified for specific change points and overall AAPC, 2004–2017, among women in Ireland

Women

Drug group Period

ASR per 100 000 
population at change 
points identified*

APC, % (95% CI) AAPC, % (95% CI)Start End

All drug poisoning deaths 2004–2017 4.99 4.84 −0.5 (−2.2 to 1.2)

Any CNS depressant drug 2004–2012 4.20 3.21 −0.9 (−5.1 to 3.4)

  2012–2017 3.21 3.98 1.5 (−6.3 to 9.8)

  2004–2017 4.20 3.98 −0.0 (−3.4 to 3.5)

Two or more CNS 
depressant drugs

2004–2017 2.08 2.11 4.0 (1.1 to 6.9)***

  

Prescription opioids 2004–2017 1.54 2.02 3.0 (0.7 to 5.3)***

Benzodiazepines 2004–2017 1.70 1.67 3.3 (0.1 to 6.5)***

Antidepressants 2004–2017 1.71 1.40 4.2 (0.2 to 8.3)***

Alcohol 2004–2017 2.72 1.65 −4.0 (−5.8 to −2.1)***

Cocaine 2004–2008 0.08 0.45 61.1 (14.0 to 127.6)***

  2008–2011 0.45 0.04 −56.6 (−84.1 to 18.6)

  2011–2017 0.04 0.58 53.8 (26.0 to 87.8)***

  2004–2017 0.08 0.58 16.5 (−6.3 to 44.8)

Heroin 2004–2017 0.09 0.47 7.0 (−0.2 to 14.6)

The APC was reported for time periods where a statistically significant trend change occurred.
Change point is a specific time period where a statistically significant trend change occurred.
Variables significant at ***p<0.001.
*ASR per 100 000 population at the start and end of the change points identified and at the start and end of the study period.
AAPC, average annual percentage change; APC, annual percentage change; ASR, age- standardised rate; CNS, Central Nervous System.
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p=0.044) for the period 2004–2017 (figure 1). However, 
this relationship was not statistically significant for women.

Antidepressants
For both men (6.1%, 95% CI 2.4 to 10.0) and women 
(4.2%, 95% CI 0.2 to 8.3), there was a significant increase 
in the AAPC rates for drug poisoning deaths involving 
antidepressants (tables 1 and 2). There were no change 
points, indicating no change in trend(s) within the 
reporting period observed (tables 1 and 2). Although the 
ASMR for women in 2017 (1.40 per 100 000) was lower 
than the rate in 2004 (1.71 per 100 000), the yearly rates 
fluctuated during the reported period with an overall 
upward trend. This did not result in any significant 
change points.

For antidepressants, a positive relationship between 
prescription data and drug poisoning data was observed 
for both men (β=0.013, 95% CI 0.003 to 0.022, p=0.011) 
and women (β=0.006, 95% CI 0.000 to 0.012, p=0.045) 
(figure 2). The ASR of antidepressant items dispensed 
per 1000 of the GMS population increased over the study 
period for both men (from 153.1 per 1000 in 2004 to 
218.6 per 1000 in 2017) and women (from 232.0 per 1000 
in 2004 to 336.3 per 1000 in 2017).

Alcohol
The rate for women who died of drug poisoning involving 
alcohol decreased with an AAPC decrease of 4.0% (95% 
CI −5.8 to −2.1) between 2004 and 2017 (table 2). There 
was no statistically significant AAPC in rates for men in 

the same period (table 1). No significant change points, 
indicating no change in trend(s) within the reporting 
period, were observed for men or women. Over half of all 
drug poisoning deaths involving alcohol were polydrug 
poisoning deaths (n=1889, 52.8%), with similar percent-
ages for men (n=685, 52.1%) and women (n=312, 54.3%) 
(online supplemental table 1). Other CNS depressant 
drugs were implicated in almost a third (n=575, 30.4%) 
of polydrug poisoning deaths involving alcohol. Benzodi-
azepines were the main other CNS depressant drug group 
involved in alcohol polydrug poisoning deaths, impli-
cated in one in three drug poisoning deaths involving 
alcohol (n=563, 29.8%).

Cocaine
Drug poisoning deaths involving cocaine fluctuated over 
the study period. For men, an accelerated increase was 
observed during the periods 2004–2006 and 2010–2017, 
with a significant decrease during the intervening period 
2006–2010, giving an overall AAPC increase of 7.7% 
(95% CI 2.2 to 13.6) (table 1). Accelerated increases 
were also identified among women in the periods 
2004–2008 and 2011–2017, but no significant AAPC 
was observed among women (table 2). Although there 
is a higher incidence of cocaine- related drug poisoning 
deaths among men relative to women, the gap between 
men and women is narrowing, with the ASMR ratio of 
men to women decreasing from 8.36 in 2004 to 2.67 in 
2017 (table 3).

Figure 1 Benzodiazepines: ASR per 100 000 of drug poisoning deaths involving benzodiazepines and ASR per 1000 of 
individuals in receipt of prescribed benzodiazepines through the PCRS- GMR, 2004–2017. ASR, age- standardised rate; PCRS- 
GMR, Primary Care Reimbursement Service- General Medical Services.

Figure 2 Antidepressants: ASR per 100 000 of drug poisoning deaths involving antidepressants and ASR per 1000 of 
individuals in receipt of prescribed antidepressants through the PCRS- GMS, 2004–2017. ASR, age- standardised rate; PCRS- 
GMS, Primary Care Reimbursement Service- General Medical Services.
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Heroin
No trend change, for either sex, was observed for drug 
poisoning deaths involving heroin over the study period 
(tables 1 and 2). While the incidence of heroin drug 
poisoning deaths is low among women relative to men, 
the gap between men and women is decreasing, with the 
ASMR ratio of men to women decreasing from 11.7 in 
2004 to 6.0 in 2017 (table 3).

DISCUSSION
Summary of findings
This repeated cross- sectional study found that there was 
a significant increase in overall drug poisoning deaths in 
Ireland during the period 2004–2017. The ASMR for drug 
poisoning deaths increased among men in the early years 
of the study, with no significant change in the latter stage 
of the study period. The ASMR for overall drug poisoning 
deaths among women remained stable.

A similar pattern was found among men when any CNS 
depressant drug was implicated in poisoning deaths, with 
a significant increase noted only for earlier years (2004–
2008). In contrast, no significant increase was found for 
deaths among women involving any CNS depressant drug.

The increasing trend for two or more CNS depressant 
drugs implicated in drug poisoning deaths, especially 
the more recent significant increase among women, is of 
concern. This finding suggests that combinations of CNS 
depressant drugs may be impacting more on polydrug 
poisoning deaths in more recent years.

Our study findings differ from that reported in the 
USA, where prescription opioids including fentanyl are 
the main drugs driving the increase in drug poisoning 
deaths.2 In Ireland, while drug poisoning deaths involving 
prescription opioids have increased, deaths involving 
fentanyl remain very low.15 Cocaine, antidepressants and 
benzodiazepines, especially when combined with other 
CNS depressant drugs, were observed to have the highest 
increasing trend in drug poisoning deaths in Ireland.

Our previous research has shown a stronger association 
of methadone being present as part of a combination of 
CNS depressant drugs in drug poisoning deaths among 
women relative to men.30 This current study found the 
majority of deaths involving prescription opioids related 
to methadone (both prescribed and illicit), similar to find-
ings in the UK,14 with women disproportionately affected. 
Compared with men, a higher percentage of women who 
died from drug poisoning involving methadone were 
registered for OAT at the time of their death, even though 
fewer women receive OAT in Ireland.31 A growing body of 
evidence suggests that mortality risk during OAT is time- 
varying.32 As a full opioid agonist, methadone can cause 
hazardous respiratory depression and is associated with 
an elevated risk of drug poisoning during the first 4 weeks 
of treatment initiation.32–35 The treatment timeframe for 
individuals included in this study is unknown. The risk 
of drug poisoning mortality immediately following OAT 
dropout, particularly the first 4 weeks, is also high.33–36 

Given that clients’ treatment status on the OAT register 
remains active for up to 4 weeks from their first day of 
non- attendance with their treatment provider, we cannot 
ascertain whether clients had dropped out of treatment. 
It is plausible that many clients who died of a drug 
poisoning death while registered on the OAT register 
had in fact left treatment because global evidence clearly 
demonstrates the protective effects of treatment versus 
leaving treatment.37 Future work is necessary to ascertain 
whether the drugs involved in drug poisoning deaths vary 
depending on where a client is in terms of their OAT 
journey at the time of death.

It is imperative that there is increased awareness among 
prescribers and people who use drugs of the differences 
between men and women in drug metabolism and drug 
action, as well as the risks associated with both prescribing 
and consuming multiple CNS depressant drugs. Benzo-
diazepines were the most common drug group in 
poisoning deaths involving two or more CNS depressant 
drugs; therefore, the combination of benzodiazepines 
with other CNS depressant drugs warrants further inves-
tigation. Polydrug use has been recognised as an area of 
public health concern and has been described as ‘the 
norm’ among people who use drugs.38 Polydrug use, 
especially opioids with sedative drugs, including benzo-
diazepines, has been associated with active post- traumatic 
stress disorder39 and with serious health risks including 
drug poisoning deaths.40

This study found that for women drug poisoning deaths 
involving prescription opioids, benzodiazepines and/or 
antidepressants increased during the study period. This 
result contributes to a growing body of research high-
lighting opioids, benzodiazepines and antidepressants as 
the main drugs involved in drug poisoning deaths among 
women.11

The increased availability of illicit (‘street’) drugs espe-
cially benzodiazepines (including illicit alprazolam and 
diazepam) and illicit prescription opioids (such as meth-
adone) certainly contributes to drug poisoning deaths. 
However, the main drugs involved in drug poisoning 
deaths are prescription drugs which are commonly 
prescribed, and it is not always recorded in data sources 
if these drugs were prescribed to the deceased individual. 
Therefore, increased monitoring of prescribing prac-
tices, in addition to enabling and enforcing use of elec-
tronic prescriptions, is required. Implementation of a 
national prescription monitoring system and linkage of 
NDRDI data to dispensed prescription data would assist 
in confirming whether drugs involved in drug poisoning 
deaths were prescribed to the individual or obtained illic-
itly at the time of death. A national prescription moni-
toring system would provide important insights into 
the supply, availability and appropriate prescribing of 
prescription drugs with potential for misuse in Ireland.

Our study showed a significant association, for both 
sexes (although marginal for women), between the rate 
of antidepressants dispensed and the rate of poisoning 
deaths involving antidepressants. While this does not 
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indicate causality, it does suggest a relationship. However, 
in observational studies of this sort, the possibility of 
residual confounding may remain a problem. Therefore 
associations identified in this study should be viewed prin-
cipally as hypothesis- generating and subject to further 
testing and verification in future national cohort studies. 
Men are known to have higher rates of suicide, substance 
use disorder and neurodevelopment disorders relative to 
women.41 Other mental health issues such as anxiety and 
depression are reported to be higher among women rela-
tive to men; however, this may be as a result of reporting 
bias among men who tend to mask their symptoms more 
than women.41 Taking this into consideration, the higher 
rates of prescribing of antidepressants among men may 
be an indirect indicator of more men seeking medical 
help for mental health issues. This increase in prescribing 
correlates with results from a population prevalence study 
which showed an increasing trend in use of antidepres-
sants among both men and women.42 Further research is 
necessary into the type of antidepressants, both dispensed 
and implicated in drug poisoning deaths, as well as their 
impact on suicide deaths by drug poisoning.

Per capita consumption of alcohol has been shown to 
be an important determinant of alcohol- related deaths, 
which include drug poisoning deaths.43 Per capita 
consumption of alcohol in Ireland decreased during the 
study period.44 Our results are in line with this as they 
show a decrease in drug poisoning deaths involving 
alcohol over the same period, with a significant decrease 
noted for women. This is a welcome finding and may indi-
cate a relationship between decreased consumption and 
decreased alcohol poisoning deaths, thus emphasising 
the need for full implementation of the Public Health 
(Alcohol) Bill 201845 in Ireland. Of note, as alcohol is a 
CNS depressant, and given the high presence of other 
CNS depressants in polydrug poisoning deaths involving 
alcohol, prescribers should assess for and advise on 
alcohol use when prescribing CNS depressant drugs.

Following an increase in the early years of the study 
period, rates of drug poisoning deaths involving cocaine 
decreased for men and women at a time of economic 
recession in Ireland.46 Our findings show that as the 
economy improved postrecession, there was a significant 
increase in cocaine- related drug poisoning deaths for 
both sexes, similar to that seen in other jurisdictions,47 
with the increase more substantial among women. Results 
from a national prevalence study during the study period 
also showed that while there was no significant increase 
in recent (last month) use of cocaine among men, there 
was a significant increase in recent use of cocaine among 
women.42 In addition, in recent years there has been an 
increase in people seeking treatment related to cocaine 
use,9 with an increase in the proportion of women in 
receipt of treatment for cocaine during the latter years 
of the study.48 This trend highlights the impact of market 
forces on drug poisoning deaths and reflects the need to 
extend education and treatment related to cocaine use, 
especially for women.

Clinical and policy implications
The increasing trend of CNS depressant drugs involved 
in drug poisoning deaths may indicate both increased 
use of these drugs to treat or cope with both substance 
use disorder and other mental health issues, in addition 
to inappropriate (including illicit) use of these drugs by 
individuals in the community.

Increasing awareness in both the treatment settings 
and in the community of the synergistic effect of taking 
multiple CNS depressant drugs, including alcohol, is 
warranted. This should include engagement with advo-
cacy groups who work with people who use drugs to 
promote dissemination of harm reduction information to 
harder- to- reach groups, including those who are home-
less. In addition, increased awareness among medical 
practitioners of the physiological sex differences affecting 
drug activity when prescribing CNS depressant drugs is 
important. These differences include slower renal clear-
ance of certain CNS depressant drugs, including prega-
balin; women being more sensitive to and experiencing 
enhanced effectiveness of opioids; and benzodiazepines 
having a longer duration of action in women.16 17 Similar 
to that reported in other European countries,49 Ireland 
does not have a national prescription drugs monitoring 
system. Such a system would assist with pharmacovigi-
lance and with identifying and monitoring trends in the 
misuse of prescription drugs.

The significant increase in deaths involving benzo-
diazepines in both men and women is of concern. The 
decreasing rate of benzodiazepines dispensed through 
the PCRS- GMS system appears to correspond with 
changes in policy, which introduced stricter prescribing 
regulations.50 However, given the increase in illicit benzo-
diazepines in the community, as indicated by the increase 
in seizure data, and reports from experts in the area,51 
tighter controls on prescribing benzodiazepines may have 
partially resulted in an increased use of illicit benzodiaze-
pines. These illicit benzodiazepines have higher potency 
and are available at low cost.52 Due to the shorter half- 
life of illicit benzodiazepines, people who use these drugs 
tend to take repeated dosages, which increases the risk of 
a poisoning death.

In Ireland, there were no national guidelines for benzo-
diazepine maintenance treatment. However, during the 
COVID-19 pandemic, benzodiazepine maintenance 
treatment was offered to homeless clients on OAT with 
established benzodiazepine dependency.53 In 2019, 10% 
of clients in receipt of treatment for drug use in Ireland 
reported benzodiazepines as their primary problem drug, 
while 35% reported benzodiazepines as an additional 
problem drug.48 While it is unknown what proportion 
of drug poisoning deaths since 2017 involved benzo-
diazepines, the United Nations Office on Drugs and 
Crime54 indicated in 2017 that polydrug use, particularly 
with benzodiazepines, may be linked to the increase in 
prescription opioid deaths. Misuse of benzodiazepines is a 
growing public health threat, with benzodiazepines iden-
tified as one of the most commonly misused prescription 
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drugs.55 Given the increasing risk of drug poisoning 
deaths involving benzodiazepines, continuation of and 
improved access to maintenance treatment, along with 
guidelines, and detoxification for people who are known 
to be misusing or dependent on benzodiazepines should 
be considered. Research has shown that brief interven-
tions delivered in the primary care setting are effective in 
both reducing and discontinuing long- term benzodiaze-
pine use.55

While it is disappointing to see no significant decrease 
in deaths involving heroin, the stabilisation of rates for 
drug poisoning deaths involving heroin may be due to 
increased access to treatment, and/or it may reflect drug 
markets or drug use patterns among the population. Of 
note, prevalence data also indicate a stabilisation in the 
use of heroin in the population.42 It is known that between 
2010 and 2011 there was a severe shortage of heroin in 
the European market,56 the reasons for which were multi-
faceted. In Ireland the heroin drought was reflected in 
a decrease in heroin poisoning deaths in 2011, but this 
decrease was counterbalanced by an increase in drug 
poisoning deaths involving benzodiazepines and meth-
adone.15 The heroin drought may be an example of 
how despite the lack of heroin the underlying substance 
use disorder did not dissipate. Drug markets influence 
changing patterns in drug use, so with a decrease in avail-
ability of heroin, people who used heroin may have had 
no alternative but to revert to using other drugs. This 
was observed in Australia, with an increase in cocaine 
and methamphetamine use during a period of reduced 
heroin availability. 57 58

Internationally there has been a decrease in recent 
years in the number of new treatment entries for OAT.9 48 
However, data from 2018 show a significant increase in 
heroin seizures in the European Union.9 This, in combi-
nation with recent evidence from Australia showing an 
increase in deaths involving heroin,59 indicates that 
heroin remains a main contributor to drug- related harm, 
including drug poisoning deaths worldwide.

Although beyond the scope of this study, it would be 
of interest to assess the impact of the codeine dispensing 
guidelines for non- prescription products containing 
codeine (introduced in Ireland in 2010),60 on drug 
poisoning deaths involving opioids.

In an effort to prevent drug poisoning deaths among 
both men and women, a combination of pharmacolog-
ical, psychosocial and harm reduction interventions, 
with increasing access to sex- specific and age- appropriate 
treatment and wider availability of naloxone, should be 
implemented.61 62 Promoting more open communica-
tion between prescribers and clients should enhance 
provision of appropriate treatment and help clients 
make informed decisions about their drug use. Innova-
tive models of virtual healthcare delivery, such as those 
adapted during the COVID-19 pandemic, could also help 
minimise barriers to accessing services. Consideration 
should be given to incorporating this model of care, in 
addition to face- to- face consultations, in future delivery 

of treatment.63 Services tailored to the particular needs of 
women are also required, such as increasing the number 
of residential treatment beds with childcare facilities.

Advocates for people who use drugs should be 
consulted on and contribute to policy decisions around 
harm reduction associated with drug use. Policies to 
reduce drug poisoning deaths should move from a crim-
inal justice focus to a more public health focus.64 65 Harm 
reduction initiatives, along with treatment interventions, 
which include pharmaceutical combined with psychoso-
cial assistance, need to focus on the range of problem-
atic drugs. Furthermore, reducing stigma associated with 
drug use and drug poisoning deaths, aligned with actions 
to target economic deprivation, is required.

Future research in the area of drug poisoning deaths 
should include stratification by sex. Sex- specific evidence 
is required to support appropriate policy actions to 
reduce drug poisoning deaths.

Strengths and limitations
The main strength of this study is the use of national data 
validated from a number of sources, ensuring accuracy and 
completeness of data available to examine trends in drug 
poisoning deaths by sex. Access to prescription data for 
prescribed benzodiazepines and antidepressants enabled 
assessment of the relationship between trends in prescribing 
for and drug poisoning death rates involving these drugs.

The observation period of 2004–2017 is a strength of 
this study due to the many years of data included. Due 
to the nature of the death investigation and data collec-
tion processes, more recent data on drug poisoning 
deaths were not available. Future work will need to assess 
whether there have been any trend changes since 2017.

Limitations of this study include the reliance on indi-
vidual coroners to implicate drugs in poisoning deaths, 
which can be challenging when multiple drugs are present 
on a toxicology report. Information on whether the drugs 
were prescribed to the deceased is frequently not available 
in coronial files, which limits the assessment of illicit use of 
these drugs and the impact of illicit drugs on these deaths.

Lack of data on private prescription drugs dispensed 
limits analysis to those dispensed through the PCRS- GMS 
scheme, which covers approximately 40% of the general 
population. The PCRS- GMS scheme over- represents the 
more socially deprived and older- aged populations and 
therefore does not represent the total population use of 
these drugs. In addition, the lack of data on consumption 
of other drugs (including prescription opioids, alcohol, 
cocaine and heroin), stratified by sex, limited the analysis 
on these drugs.

Clients registered on the national OAT register can 
remain registered up to 30 days after leaving treatment. 
Therefore, data on clients in receipt of prescription 
opioids at the time of their death are incomplete. For this 
reason we were not able to assess the relationship between 
dispensing of prescription opioids and deaths involving 
prescription opioids.
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CONCLUSION
There is a need for an efficient healthcare response to 
polydrug use, which should include pragmatic harm 
reduction information around potentially lethal combi-
nations of drugs, including alcohol, and how to reduce 
consumption of multiple drugs, especially CNS depres-
sant drugs. Increased awareness of physiological sex 
differences affecting drug activity is required among 
both prescribers and people who use drugs. In addition 
to endorsement of a nationwide ePrescription system, 
an active national prescription monitoring system would 
assist in increased pharmacovigilance.
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