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Abstract: Opioids are the strongest analgesics available and are crucial in the treatment of acute and
chronic pain. The line between these critical medications and how they are used beyond standard
therapeutics in cases such as abuse, misuse, and medication errors needs to be understood, as it
affects their safety, efficacy, and manner of use. The aim of this systematic review was to identify
what is known about the adverse events resulting from the abuse, misuse, and medication errors
associated with opioid use. A systematic search was conducted in the PubMed®, Scopus® and,
EBSCO® databases to retrieve studies from the inception to December 2023 reporting abuse, misuse,
and medication errors associated with medicinal opioid use. Two authors independently screened
titles and abstracts and full text according to eligibility using Covidence® software. Full articles were
examined by two independent reviewers, and disagreements were resolved by a third reviewer. The
risk of bias was assessed by the JBI’s critical appraisal tools. A total of 934 articles were screened by
their title and abstract. Then, 151 articles were selected for full text screening. Of these, 34 studies were
eligible for inclusion in this review. The included studies varied significantly in their population sizes,
ranging from 9 individuals to 298,433 patients, and encompassed a diverse demographic, including
all ages and both sexes. The studies consistently reported a range of adverse events associated
with opioid use. Fentanyl, morphine, oxycodone, tramadol, and hydrocodone were frequently
implicated. The data heterogeneity in this field resulted in challenges in drawing conclusions. The
review highlights that some opioids, particularly fentanyl, morphine, and oxycodone, are frequently
associated with preventable adverse drug reactions, abuse, and medication errors, underscoring the
need for robust preventative measures and ongoing research to mitigate opioid-related harm.

Keywords: opioids; adverse drug reactions; medication errors; abuse; misuse

1. Introduction

Every day, millions of people make use of medicines, some only occasionally, others
on a daily basis. While medicines are fundamentally designed to benefit health, their use
also involves risks [1–3]. Despite rigorous assessments of their quality, safety, and efficacy
by regulatory bodies, to ensure a favorable benefit-risk balance at the time of authorization,
adverse drug reactions (ADRs) remain a significant concern [1]. ADRs can range from mild
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to severe, potentially resulting in hospitalization or, tragically, death [4]. A comprehensive
review in Europe highlighted that approximately 3.6% of all hospital admissions are due
to adverse reactions and about 10% of patients experience an ADR during their hospital
stay [5], both children and adults [6,7].

Different definitions of ADR can be found in the literature [8,9]. The WHO defines an
adverse drug reaction as “a response to a drug that is noxious and unintended and occurs
at doses normally used in man for the prophylaxis, diagnosis or therapy of disease, or
for modification of physiological function” [8,10]. Although, in Europe, the definition is
actually broader [11], with the European Medicines Agency (EMA) defining an adverse
drug reaction as “a noxious and unintended response to a medicine”. This definition
was applied in European Union after the change in Pharmacovigilance legislation in 2012
due to the implementation of the Directive 2010/84/EU [11]. The term adverse reaction
started to not only include effects from authorized use of the medicinal product and
recommended doses but also reactions occurring in different patterns of use (e.g., overdose,
abuse, misuse, off-label use, medication errors, or use of falsified products) [11,12]. Abuse
of a medicinal product can be defined as a “persistent or sporadic, intentional excessive
use of medicinal products which is accompanied by harmful physical or psychological
effects”, misuse of a medicinal product is defined as “situations where a medicinal product
is intentionally and inappropriately used not in accordance with the terms of the marketing
authorization”, while medication error can be defined as “an unintended failure in the drug
treatment process that leads to, or has the potential to lead to, harm to the patient” [13].
The relationship between these definitions are represented in a Venn diagram in Figure 1.
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Opioids

Opioids are agents which binds to the opioid receptors in the human body [19]. They
are classified as the strongest painkillers and play an important role in managing short-
and medium-term pain, but their use for long-term pain is debatable [20]. Opioid receptors
are G protein-coupled receptors that mediate the effects of opioids, both endogenous (like
endorphins) and exogenous (such as morphine and fentanyl) [21]. The main types of opioid
receptors are mu (µ), delta (δ), kappa (κ), nociceptin/orphanin (N/OFQ), and zeta (ZOR).
Mu receptors primarily provide pain relief and euphoria; delta receptors are involved in
pain relief and mood regulation; kappa receptors produce pain relief but can also cause
dysphoria; nociceptin receptors modulate pain and influence anxiety and memory [21,22].
The response can be agonistic, partial agonistic, or antagonistic, but the majority of opioids
used in clinical settings elicit an agonistic response, resulting in analgesia [19].

ADRs associated with opioids include respiratory depression, constipation, nausea,
vomiting, abdominal pain, bloating, cramping, sedation, confusion, hallucinations, hyperal-
gesia, central sensitization, pruritus, analgesic tolerance, and addiction liability [19,23–26],
which can affect patients’ quality of life leading to discontinue opioid treatment and, there-
fore, inadequate pain control [27]. The administration route also determines the pattern of
ADRs associated with each opioid. Different administration methods, such as oral, intra-
venous, transdermal, and intrathecal, can significantly influence the onset, intensity, and
type of ADRs experienced by patients [28]. Intravenous administration is more susceptible
to the development of ADRs, unlike intramuscular and subcutaneous routes [29]. However,
the long-term effectiveness of opioids in managing pain is a topic of debate, with concerns
raised about their efficacy over extended periods [20,30].

Long-term use of opioids has been found to cause tolerance that reduces the effective-
ness of such drugs, leading to shorter opioid duration of action with repeat administra-
tions [31–33]. This tolerance, which is characterized by a decrease in the potency of the drug
with repeated administration, is a significant concern with long-term opioid therapy [31],
contributing to challenges in the management of chronic pain. Furthermore, prolonged
use of opioid therapy has shown a connection with increased possibility of later opioid
dependence and overdose without improving functional status [34].

In the past two decades, nearly 600,000 people in the USA and Canada died from
opioid overdose events [35]. The opioid crisis in the U.S. has been one of the biggest public
health threats in recent decades, with more than 500,000 deaths since 2005 [36], significant
reductions in life expectancy, and the development of secondary health conditions including
infection, sleep, and affective disorders [37,38]. This crisis developed over the years from
the overprescribing of pain relievers and progressed through different stages, from heroin to
highly potent synthetic opioid use, such as fentanyl [39]. These substances have exacerbated
the epidemic, highlighting the crisis’s dynamic nature and the necessity of addressing
polysubstance use [40]. As substances like fentanyl become more common, the risk of
overdoses grows, highlighting the urgent need to improve prevention and treatment efforts
that address both opioid use and its overlap with other drug use [40].

The ongoing crisis increases mortality but also inflicts broad medical, social, and
economic hardships. It was estimated that 1.2 million people might die from opioid
overdose by 2029 [35,41]. Recent studies from USA shows that 4.4% of the patients that
were prescribed opioids misused them [42], and that in 2020, approximately 9.5 million
people misused opioids. Similarly, the European continent has also experienced a rise
in opioid use, with misuse and abuse leading to a significant increase in admissions to
substance abuse treatment programs and deaths from overdose [43]. Additionally, research
has emphasized the importance of estimating the healthcare burden of prescription opioid
abuse in European countries in order to develop effective strategies for managing opioid-
related issues [44].

In this sense, the aim of this systematic review was to identify what is known about
the adverse events resulting from the abuse, misuse, and medication errors associated with
opioid use.
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2. Methods

The protocol of this systematic review was registered in the International Prospective
Register of Systematic Reviews (PROSPERO registration number CRD42022358490). The
review was structured followed the Preferred Reporting Items of Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [45]. The complete PRISMA checklist is available in
Table S1.

2.1. Search Strategy

A literature search was conducted from inception to December 2023 in the following
databases: PubMed®, Scopus®, and EBSCO®. The search strategy is presented in Supple-
mentary Materials Tables S2–S4. All studies were extracted and exported to Covidence ®

software (Covidence Systematic review software, Veritas Health Innovation, Melbourne,
Australia. Available at www.covidence.org) for screening, review, and data extraction. To
reduce the risk of overlooking relevant articles, the reference lists of identified relevant
articles were reviewed, and an additional search was conducted using similar search terms.

2.2. Eligibility Criteria

Studies about opioids that involved AEs and either abuse, misuse, or medication
errors were included. There was no restriction on age, sex, or geographic location. Sys-
tematic reviews, preclinical studies, and studies without information of abuse, misuse, or
medication errors related to opioids were excluded. Studies not authored in English or that
were not possible to translate with clarity were also excluded.

2.3. Strategy for Data Synthesis

The Covidence® software (https://www.covidence.org/) was used to screen, select,
and extract data from the articles. Covidence® was chosen because it improves evidence
synthesis by enhancing the efficiency of the systematic review. The software mirrors the
multiphase review process, including data extraction, directly in its design [46]. Imported
duplicates were automatically removed by the software. A title and abstract screening
were performed by two independent reviewers (MG and VS), and disagreements were
resolved between the two parties or by discussion with a third reviewer (CV). The included
articles from the abstract and title screening were subjected to a full text review. Articles
were excluded based on criteria such as incorrect outcome, incorrect study design, incorrect
setting, or because full-text was not possible to obtain. The data extraction was performed
according to the data extraction table (see Supplementary Materials Table S5) by two
authors (MG and VS) and reviewed by a third author (CV). Figure 2 represents the preferred
reporting items for systematic reviews and meta-analysis flow diagram.

2.4. Quality Assessment

The quality of the 34 included studies were assessed by using the JBI’s critical appraisal
tools. JBI is an international research organization which develops and delivers evidence-
based information, software, education, and training designed to improve healthcare
practice and health outcomes, including the critical appraisal tools to assess the method-
ological quality of a study and to determine the extent to which a study has addressed
the possibility of bias in its design, conduct and analysis. The JBI tool for case series was
applied to the 25 case series studies. The JBI tool for cohort studies was applied to the
nine cohort studies. The result of the quality assessment is presented in the Supplementary
Materials—see Tabled S6 and S7. Based on the risk of bias score, no paper was rejected.

www.covidence.org
https://www.covidence.org/
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3. Results

In the 34 included studies, the research population ranged from 9 [47] to
298,433 patients [48]. The studies included different age ranges, including pediatric
population [49–52], elderly [53,54], or all ages [28,35,48,55–62]. Other references used
that did not specify the age of their patients [63–66]. In one publication, abuse was
the only exposure investigated [60]. In the remaining studies, medication errors were
either the only topic of investigation [49,50,52,53,55,58,62–64,66–76] or were combined
with abuse [28,56,57,60,65,77–84] or unintentional misuse [48]. Additional issues such as
addiction, AEs [28,54,65,78,83–85], and overdose were also addressed in different stud-
ies [35,64,65,79] (Table 1).
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Table 1. Summary of the data included in this study.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

Chatterton et al.
(2023) [83] Canada Case Study

To determine the
concentrations of fentanyl

and benzodiazepines in
postmortem blood and their
impact on toxicity and death.

A total of
2812 detected cases of
postmortem fentanyl

concentration.

Adults
≥18 Fentanyl. Not stated Not stated

Abuse;
ADRs;

medication errors;
misuse.

Harris et al.
(2023) [77] USA Cohort

To assess the impact of
federal regulations on the
rates of supratherapeutic

acetaminophen-
opioid ingestions.

A total of 186 (25%)
emergency
department

encounters related to
paracetamol/opioid

products.

Adults
≥18

Hydrocodone/
acetaminophen;

codeine/
acetaminophen.

Not stated Not stated
Abuse;
misuse;
ADRs.

France et al.
(2023) [78]

England and
Wales Case Study

To identify and characterize
medicine-related deaths
from coroners’ reports to

prevent future deaths.

A total of 257 (22%)
preventable deaths

were reported due to
analgesic opioids.

Adults
≥18

Other: not
specified. Yes (63%) Yes (28%)

Abuse;
ADRs;
death;

medication errors;
misuse.

Ni et al.
(2023) [35] USA Case Study

To analyze and evaluate the
scope of drug overdose

reports related to specific
drugs in the FAERS database,
with a focus on identifying
the drugs most frequently

reported in association
with overdose.

A total of 51,715
(30.3%) cases reported

of drug overdose
with opioids.

All ages

Morphine;
oxycodone;

hydrocodone;
buprenorphine;

codeine;
meperidine;
tramadol.

Not stated Not stated Medication errors.

Jobski et al.
(2023) [56] Germany Case study

To analyze the completeness
and characteristics of

spontaneous reports of
opioid-associated abuse,

dependence, or withdrawal
from Germany, focusing on

the reporter.

A total of 1721 cases
included from

Eudravigilance.
All ages

Tilidine;
tramadol;
morphine;
fentanyl;

oxycodone;
oxycodone/

naloxone;
hydromorphone;

tapentadol.

Not stated Not stated
Abuse;

dependence;
withdrawal.
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Table 1. Cont.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

Stephenson et al.
(2023) [81] Australia Case Study

To analyze the relationship
between tapentadol

prescription rates and deaths
and review characteristics of

tapentadol-related deaths.

A total of 12 cases
studied where the
cause of death was

recorded as
“tapentadol toxicity”

or “mixed drug
toxicity”.

≥15

Tapentadol;
oxycodone;

codeine;
tramadol;

hydromorphone;
morphine.

Not stated Not stated

Abuse;
ADR;
death;

misuse;
medication errors.

Gustafsson et al.
(2023) [28] Netherlands Case study

To characterize the safety
profile of opioids by

conducting a descriptive
study based on a

spontaneous reporting
system for ADRs in the

Netherlands,

A total of 8769 ADR
reports, including

112 reports of misuse
and abuse and 21 of
medication errors.

All ages All opioids. Not stated Not stated

Abuse;
ADR;

medication errors;
misuse.

Tardelli et al.
(2023) [82] USA Cohort

To assess the effect of
prescription amphetamines

on retention in
buprenorphine treatment

and the risk of substance use
disorder-related emergency
admissions or drug-related

poisonings.

A total of
90,269 patients with
opioid use disorder,

with 26,322 who had
emergency admission

and 8170 with
drug-related
poisoning.

12–64 Buprenorphine. Yes Not stated
Abuse;

medication errors;
misuse.

Lorenzini et al.
(2022) [65] Switzerland Cohort

To evaluate the frequency of
opioid-associated ADRs in

emergency department
visits.

A total of 64 patients
visited the ED due to

an opioid-related ADR.
Among these,

16 overdoses were
identified and 19 cases
of abuse or misuse of

opioids were
identified.

Adults
≥18

Tramadol;
morphine;

buprenorphine;
combinations of
acetaminophen
and naloxone.

Not stated Not stated

ADRs;
overdose;
misuse;
abuse;

withdrawal.
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Table 1. Cont.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

Chiappini et al.
(2022) [57] Europe, USA Case Study

To analyze ADRs from two
major databases to detect

abuse, misuse, dependence,
and withdrawal issues

related to selected opioids.

A total of 16,506 ADRs
from EudraVigilance

and 130,293 ADRs
from FAERS.

All ages All opioids. Not stated Not stated
Abuse;
misuse;
ADRs.

Schutijser et al.
(2020) [58] Netherlands Cohort

To provide a detailed
description of the underlying
nature of opioid-related AEs.

From 10,917 patient
records, 357 AEs were

identified, of which
28 (8%) involved

opioids.

All ages.

Fentanyl;
tramadol;

oxycodone;
morphine;

methadone.

Yes Not stated Medication errors.

Andreaggi et al.
(2020) [80] USA Case study

To highlight the safety
concerns surrounding

opioids in clinical practice
that were reported to a large
post-marketing surveillance

database, enhancing the
understanding of

opioid-related ADRs.

A total of 300,985 ADR
with opioids were

analyzed, with
22,167 (7.4%) cases of

drug abuse and
11,454 (3.4%) of

medication errors
being identified.

Adults
≥18

Other: not
specified. Yes Not stated Abuse;

medication errors.

Schifano et al.
(2019) [84]

Worldwide:
USA,

Estonia,
UK,

France,
Germany

Case Study

To analyze fentanyl misuse-,
abuse-, dependence-, and
withdrawal-related AEs

identified within the EMA,
YCS, and FAERS databases.

A total of
6151 individual cases

reported to EMA,
1165 reported to YCS,
and 19,145 reported

to FAERS.

Adults
≥18 Fentanyl. Yes Yes

Abuse;
misuse;

dependence;
withdrawal.

Mullan. et al.
(2019) [54] Australia Case study

To compare rates and trends
in hospital admissions due

to medication misadventures
for older adults with and

without dementia.

A total of 131 cases of
opioids and related
analgesics causing
adverse effects in
therapeutic use in
patients without

dementia. A total of
906 opioids and

related analgesics
causing adverse effects
in therapeutic use in

patients with
dementia.

≥65 Other: not
specified. Yes Not stated ADRs;

medication errors.
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Table 1. Cont.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

Gariel et al.
(2018) [49] France Case study

To determine the incidence
of medication errors in

pediatric anesthesia and
identify characteristics and

predictive factors.

A total of 10 cases of
opioids involved in
medication errors.

Pediatric
≤18

Alfentanil;
remifentanil;

sufentanil;
morphine.

Yes Not stated Medication errors.

Eluri et al.
(2018) [59] USA Cohort

To investigate characteristics
and trends of analgesic

medication errors reported
to NPDS from 2000

through 2012.

A total of
123,613 reports, with

4093 health care
facility admissions due

to medication errors
and 4616 serious
outcomes of the

medication error.

All ages

Hydrocodone;
oxycodone;
methadone;
other: not
specified.

Yes No Medication errors;
misuse.

Moulis et al.
(2018) [50] France Case study

To assess adverse ADRs due
to medication errors with
pediatric tramadol oral

solution in France.

A total of 74 reports of
serious ADRs were
identified; among

these, 13 were
medication errors.

Pediatric
≤18 Tramadol. Yes Not stated Medication errors.

Min et al.
(2018) [60] USA Case study

To conduct an exploratory
analysis on the

demographics of those who
reported painkiller-related
AEs, examine the AEs most
commonly associated with

different types of painkillers,
and identify potential

safety signals.

A total of 18,696 AEs
were associated with

the use of opioids,
with 2376 cases

of abuse.

All ages Other: not
specified. Yes Not stated Abuse.

Heneka et al.
(2018) [73] Australia Cohort

To characterize and quantify
opioid errors in palliative

care services.

A total of 55 opioid
errors were identified.

Adults
≥18

Morphine;
hydromorphone;

oxycodone;
fentanyl.

Yes Not stated Medication errors.

Heneka et al.
(2018) [74] Australia Case study

To identify and explore
factors contributing to

opioid medication errors in
palliative care services.

A total of 78 opioid
errors reported.

Adults
≥18

Hydromorphone;
morphine;
fentanyl;

oxycodone;
methadone;

oxycodone/naloxone.

Yes Not stated Medication errors.
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Table 1. Cont.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

Seth et al.
(2018) [79] USA Case study

To analyze drug overdose
deaths, focusing on

opioids, cocaine, and
psychostimulants.

A total of
42,249 opioids

overdose deaths
in 2016.

All ages

Morphine;
codeine;

oxycodone;
hydrocodone;

heroin;
methadone;

fentanyl.

Yes Yes
Abuse;
death;

overdose.

Day et al.
(2016) [48] USA Case study

To compare the
demographics, adverse

events, and medical
outcomes of patients who

had unintentional
hydrocodone or codeine

exposures through the use of
a state’s poison
center database.

A total of 4607 codeine
and 16,239 hydrocodone

cases of unintentional
exposure.

All ages Codeine;
hydrocodone. Yes Not stated

Medication errors;
unintentional

misuse.

Beaudoin et al.
(2015) [75] USA Case study

To describe characteristics of
patients with in-emergency
department opioid-related

adverse drug events, identify
factors contributing to these

events, and propose
prevention strategies.

A total of 43 patients
had a medication error

resulting in harm.
≥40

Hydromorphone;
morphine;
fentanyl;

multiple opioids.

Yes Not stated Medication errors.

Lovegrove et al.
(2015) [69] USA Case study

To assess trends in ED visits
for unsupervised medication

exposures among children
aged < 6 years from 2004

to 2013.

Opioids were the most
commonly implicated
medication class in ED

visits involving
prescription solid

exposures, estimated
at 4661 visits/year.

Pediatric
≤6

Tramadol;
oxycodone;

buprenorphine;
other:

hydrocodone.

Not stated Not stated Medication errors.
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Table 1. Cont.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

Brophy et al.
(2014) [62] USA Case study

To characterize the trends of
medication errors, including
the age-related risks and the

medications involved.

Opioids accounted for
54.9% (n = 4616) of all

injuries due to
analgesics, and of all

opioid medication
error calls, 3.7%

resulted in an injury.
For adults aged

20–49 years, opioids
were the leading class
of analgesics involved
in medication errors
(n = 43,869, 36.7%).

All ages Hydrocodone. Yes Yes Medication errors.

Lövborg et al.
(2014) [63] Sweden Case study

To describe and characterize
medication errors regarding
transdermal opioid patches

containing fentanyl and
buprenorphine submitted to

a regional incident
reporting system.

A total of 151 MEs
were identified as

related to transdermal
patches containing

fentanyl or
buprenorphine.

Common errors were
wrong administration
time, with 67 instances

(44%), wrong dose,
with 34 instances

(23%), and omission of
dose, with 20 instances

(13%). Of all MEs,
118 (78%) occurred in

the administration
stage of the

medication process.
Harm was reported in

26 (17%) of the
included cases, of

which 2 cases caused
serious harm

(nausea/vomiting and
respiratory

depression).

Not specified Fentanyl;
buprenorphine. Yes Not stated Medication errors.
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Table 1. Cont.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

McDonnell et al.
(2011) [51] Canada Case study

To review and characterize
pediatric opioid medication

errors reported at The
Hospital for Sick Children.

A total of
507 medication-related

safety reports
involving opioids.

Pediatric
≤18

Morphine;
fentanyl;

hydromorphone;
codeine;

oxycodone.

Yes Yes Medication errors.

Cassidy et al.
(2011) [55] Ireland Case study

To characterize the
epidemiology and type of
medication errors reported

to the National Poisons
Information Centre

of Ireland.

A total of 52 cases of
opioid analgesics and

17 cases of
paracetamol+codeine

involved in
medication errors.

All ages
Other: not
specified;
codeine.

Yes Not stated Medication errors.

Culleré et al.
(2009) [67] Spain Cohort

To determine the incidence
rate of AEs in hospitalized
patients and evaluate the

event prevention percentage.

A total of 18 cases of
preventable errors

associated
with opiates.

Adults
≥18

Other: not
specified. Yes Not stated Medication errors.

Bailey et al.
(2009) [68] USA Case study

To test the hypothesis that
prescription opioid

poisoning of young children
occurs regularly and is
associated with serious

health events,
including death.

A total of
9179 children under

6 years old were
exposed to opioids. A
total of 51 patients had
a major effect (n = 43)
or death (n = 8) as the
outcome. In addition,
214 moderate effects

were reported.

Pediatric
≤6

Fentanyl;
oxycodone;
morphine;

buprenorphine;
other:

hydrocodone;
hydromorphone;

methadone.

Yes Not stated Death;
medication errors.

Boockvar et al.
(2009) [66] USA Cohort

To quantify the rate of AEs
caused by prescribing
discrepancies and the

discrimination of an index of
high-risk transition
drug prescribing.

A total of 54 patients
had opioid

prescription
discrepancies, and

15 of these caused an
AE, being the drug

class that caused the
most AEs.

Not specified Other: not
specified. Yes No Medication errors.
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Table 1. Cont.

Author, Year Country Study
Design Aim of Study Number of

Reports/Patients Age (Years) Opioid(s) Used
Type of Use:
Prescribed
Medicines

Type of Use:
Recreational/

Diversion

Type of Problems
Reported

Cobaugh et al.
(2006) [53] Not stated Case study

To characterize the severity
of hazards posed by

medications implicated in
the poisoning of older adults.

Hazard factors were
calculated from data derived
from medication-related calls

to poison centers due to
ADRs and therapeutic errors

in patients 60 years of age
or older.

A total of 543 cases
related to exposure to

therapeutic errors
using opioids.

≥60
Morphine;
other: not
specified.

Yes No Medication errors.

Hicks et al.
(2006) [52] USA Case study

To identify recurring
products and therapeutic
classes most commonly

associated with reported
pediatric medication errors.

A total of 96 (11.5%)
reports of harmful
errors involving

opioid analgesics.

Pediatric
≤17

Fentanyl;
morphine. Yes No Medication errors.

Whipple et al.
(1992) [64] USA Cohort

To determine the causes and
frequency of overdoses

associated with the
administration of opioid

analgesics in
hospitalized patients.

A total of 81 overdoses
caused by opioids,

from which 22
were preventable.

Not specified

Morphine,
fentanyl;

meperidine;
levodromoran.

Yes No Medication errors;
overdose.

ADR: adverse drug reaction; AEs: adverse events; ED: emergency department; EMA: European Medicines Agency; FAERS: FDA Adverse Event Reporting System; YCS: Yellow Card
Scheme (a UK system for collecting information on suspected adverse drug reactions); “Diversion or recreational use” refers to the practice of redirecting prescribed opioids from
their intended medical purpose to unauthorized or illicit use; Table 1 summarizes the key findings from the included studies examining opioid-related medication errors, abuse, and
AEs. These studies cover multiple countries and involve different populations characteristics, providing a comprehensive overview of the issues associated with opioid use. The table
shows information on the country of the study, the study design, the purpose of the study, the number of reports or patients involved, the age group, the opioids used, the type of use,
distinguishing the use as prescribed medicines or diversion use, and the type of problems reported such as abuse, misuse, AEs, and medication errors.
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3.1. Prevalence of Opioid Abuse

The prevalence of opioid abuse varies significantly across different regions and health-
care settings, reflecting the complexity and scope of this subject globally [83,84]. Studies
included in the review cover different regions such as the USA [35,48,52,57,59,60,62,64,
66,68,69,75,77,79,80,82,84], Europe [28,49,50,55–58,63,65,67,78], Australia [54,73,74], and
Canada [51,83], while countries from Asia, Africa, and South America were not included.
A study reported a prevalence of opioid prescription in primary care settings from 0.6% to
0.8% [86], as well as a lower rate of abuse compared to other settings, possibly due to more
controlled prescription practices and closer patient monitoring in primary care [86]. Lower
abuse rates in primary care settings were inferred from general patterns of prescription and
abuse [65] when compared with specialized clinics due to opioid-related AEs in emergency
departments [75,76]. In contrast, in clinical settings, the prevalence of opioid abuse is re-
ported as significantly higher, ranging from 8% to 16% [86], with patients often prescribed
opioids for chronic pain management, potentially leading to higher risks of dependency
and misuse [86].

The abuse of opioids goes far beyond their prescription use: the use of opioids with-
out a prescription significantly increases the rate of abuse in the population, as the lack
of adequate medical monitoring can lead to misuse and dependence [77]. Different au-
thors highlight adverse events arising from abuse and diversion [28], including overdose
deaths [48,75,87]. This abuse uses opioids in potentially harmful ways but without the
intention of achieving a euphoric effect (misuse), and those who use opioids intentionally
to achieve such effects (abuse) [28].

The most commonly abused opioids have changed over time and vary depending
on the country [56,77,83]. Tilidine was initially the most commonly abused opioid in
Germany, but over time, tramadol became more predominant [56]. Tilidine has faced
concerns about its potential for abuse from early on [88] and is no longer available in the
market in some EU countries [89]. In different European countries, the potential of abuse
was highlighted [89,90], with Belgium withdrawing it due to issues related to its abuse [90].
In Canada, fentanyl emerged as the principal opioid of abuse, particularly when combined
with benzodiazepines, leading to an increase in fentanyl-related deaths since 2012 [83]. In
the United States, regulatory changes in 2014 resulted in a reduction in supratherapeutic
ingestions of hydrocodone/acetaminophen and an increase in codeine/acetaminophen
ingestions from 2015 onward [77]. In this review, the most frequently mentioned opioid in
the list was morphine (16 mentions), followed by fentanyl (15 mentions) and oxycodone (12
mentions). Other opioids included hydrocodone, tramadol, and codeine (eight times each),
buprenorphine and hydromorphone (seven times), methadone (five times), and tapentadol
(two times).

The heterogeneous effects that different opioids evoke could be one of several con-
tributing factors leading to intentional abuse [91], but it seems that drug availability has the
biggest influence [92]. A survey from the United States revealed that 94% of respondents
claimed they chose heroin over prescription painkillers because it was less expensive and
simpler to obtain [93]. Those results are consistent with the previous research, namely that
abuse behavior is influenced by availability of the substance [92].

3.2. AE Following Medication Errors

Medication errors involving opioids are a significant concern due to their high po-
tential for causing AEs and harm to patients. They were described in 27 studies [28,35,48–
53,55,58,59,62–64,66–69,74,75,78,80–83] and different errors were found: (a) errors during
prescription, including inappropriate or ineffective prescribing practices and both under-
prescribing and overprescribing [51,66,80]. Those errors involve issues such as illegibility
or unclear electronic entries [50,51,66]; (b) dispensing errors, with the wrong drug or formu-
lation, as well as labeling mistakes [49,53,59,73,74]; (c) administration errors which involve
incorrect dosage, route, or timing [55,67,68]; and lastly, (d) monitoring errors with insuffi-
cient treatment monitoring and failure in therapy adjustment based on patient response
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or side effects [67], especially in treatments needing close supervision for efficacy and
safety [67]. Medication errors can be caused by both healthcare professionals and patients.
Healthcare professional errors include prescribing errors due to illegible handwriting or
unclear electronic inputs and administration errors such as incorrect dosage, route, or
timing [50,51,55,66–68]. Healthcare professionals may also be responsible for monitoring
errors when there is insufficient monitoring or failure to adjust therapy based on patient
response [67,74]. However, patients themselves can contribute to medication errors by
misunderstanding prescription instructions, taking incorrect doses, or failing to adhere to
the prescribed use [49,53,58].

The incidence of these errors varies between studies: in a study focused on pediatric
anesthesia, opioids were identified as the drug class most responsible for medication errors,
with 10 (0.7%) cases of errors identified involving opioids [49]. Andreaggi et al. found that
out of 300,985 ADRs analyzed, 3.4% were due to medication errors involving opioids [80].
Cobaugh et al. reported 543 (1.71%) cases of therapeutic errors using opioids among older
adults, of which 305 were from morphine and 238 from other opioids, highlighting the hazard
resulting from these medications [53]. In the general population, Ni et al. reported 30.3%
(n = 51,715) of drug overdose reports as involving opioids out of the total number of drug
overdose reports in the FAERS database, indicating a high incidence of medication errors [35].

Medication errors involving opioids can lead to severe adverse effects on various or-
gan systems, primarily impacting the respiratory and gastrointestinal systems [49,52,63,65].
Common adverse events with opioids include respiratory depression, with occurrence de-
pendent on the dosage [28,49,74] and identified for different opioids such as alfentanil [49],
remifentanil [49], sufentanil [49] tramadol, and morphine [49,65]. Other AEs include
gastrointestinal disorders, constipation, nausea, and vomiting, which were reported by
Cobaugh et al. among older adults due to therapeutic errors [53] or by Lovegrove et al.
among children under the age of six, who found that opioids were the most implicated
medication class in emergency department visits involving prescription solid exposures,
often leading to gastrointestinal symptoms such as nausea and vomiting [69].

Despite the fact that the opioid crisis is still more evident in the USA, opioid-related
problems are perceptible in different countries: the most common substances to cause fatal
medication errors in Ireland are cocaine, antidepressants, and benzodiazepines [94]; in
England and Wales, anticoagulants and opioids were reported as responsible for almost
half of the medication-related deaths (22%) [78].

3.3. AEs Following Abuse and Misuse

AEs following opioid intentional abuse or unintentional misuse were described in seven
studies [56,57,65,77,80,81,83]. The rates of misuse and abuse depends on the opioid substance
observed as well as the setting. Andreaggi et al. reported a total of 22,167 (7.4%) cases of
drug abuse [80]. Harris et al. found that abuse and misuse resulting in overdose were found
in 25% of cases (n = 186) in an emergency department for paracetamol/opioid-containing
products [77]. Lorenzini et al. found that 64 patients visited the emergency department due to
opioid-related ADRs, with 16 overdoses and 19 (29.7%) cases of abuse or misuse identified [65].
Common opioids involved included tramadol, morphine, and buprenorphine [65]. The use
of opioids combined with another medication increases the risk of AE through abuse and
misuse [83], e.g., the coadministration of tapentadol with other medications, including opi-
oids, benzodiazepines, antidepressants, and antihistamines, significantly increased the risk of
AE [81]. This misuse resulted in significantly higher tapentadol concentrations in postmortem
cases than therapeutic levels, indicating potential abuse [81]. Chatterton et al. reviewed
2812 fentanyl-positive cases, with approximately 45% of these cases also involving benzodi-
azepines [83]. The median concentration of fentanyl in cases involving benzodiazepines was
significantly higher than in cases without benzodiazepines, indicating that higher or more
potent doses of fentanyl were being abused [83].

The abuse of hydrocodone and oxycodone are frequently highlighted due to their
potent effects and widespread availability, leading to significant misuse and associated
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medication [56,77]. Similarly, methadone and morphine are also related to misuse and
abuse [56,57]. Their dual role in therapeutic contexts and high potential for abuse make
them a focal point in discussions about opioid misuse [57].

Dependence, withdrawal symptoms, and cognitive impairment are common neu-
rological consequences of long-term opioid misuse [56]. Jobski et al. reported on the
neurological effects of opioid dependence and withdrawal, highlighting the significant
impact on patients’ central nervous systems [56]. Additionally, Chiappini et al. analyzed
AE from major pharmacovigilance databases to detect issues related to abuse, misuse,
dependence, and withdrawal of opioids, providing insights into the long-term neurological
effects of misuse [57].

3.4. Medication Related Deaths

Several studies have documented the occurrence and impact of drug overdoses, focus-
ing on opioids [35,64,65,73,79]. Looking at drug overdose events reported to the U.S. Food
and Drug Administration (FDA), opioid analgesics were found to be the most frequently
implicated drug class. They accounted for approximately 30.3% of all drug overdose
reports from 2017 to 2021, making them the top drug class associated with overdose inci-
dents [35,95]. Heneka et al. documented that opioid toxicity was in 39% (n = 7) of these
overdose patients [74]. Lorenzini et al. provided detailed numbers of opioid overdoses in
their review of emergency division (ED) visits [65]. In a total of 12,470 emergency room
visits, overdose cases were identified in 16 opioid users (1.5% of opioid users; 0.1% of total
ED visits), accidental (n = 8) and deliberated overdoses (n = 8) [65]. Seth et al. documented
a 21.5% increase in overdose deaths from 2015 to 2016, with synthetic opioids contributing
significantly to the rise [79]. In USA, ten states experienced increases of ≥100% in the
number of overdoses, with Columbia (392.3%), Illinois (227.3%), and Maryland (206.9%),
being the states with the greatest increases [79].

Fentanyl has been extensively documented as particularly contributing to the high
number of overdose deaths occurring in non-pharmacological use [68,79]. In 2016, synthetic
opioids, including fentanyl, accounted for 30.5% of all drug overdose deaths in the United
States, with a 100% increase in the rate of these deaths from the previous year, primarily
driven by illicitly manufactured fentanyl [79]. Lorenzini et al. and Gariel et al. have
documented respiratory depression due to overdose [49,65].

Some of the remaining articles investigated whether or not the ADRs had major
consequences or caused death [80,84], as well as whether or not the ADRs could have been
avoided without going into detail about what those serious effects were [78].

Medication-related deaths following AEs were described by different authors [53,68,
78,79,81]. Bailey et al. reported 8 deaths out of 51 cases with major serious events in a
large number of young children exposed to opioids (n = 9179). The study highlighted that
nearly all exposures occurred through ingestion (99%) and in the home (92%) and were
unintentional, involving medications prescribed for adults in the household, primarily the
child’s parents [68]. Opioids accounted for approximately 20% of all medication-related
deaths reported in the USA [96].

Chatterton et al. analyzed postmortem blood concentrations of fentanyl and benzodi-
azepines, linking high concentration levels directly to toxicity and deaths [83].

3.5. Preventability of Adverse Events and Medication Errors

According to Culleré et al., 9.3% of all preventable AEs were triggered by use of
opiates [67]. Based on three studies focused on opioid-related ADRs, 39% [58] to 64% [64]
of them could have been prevented [58,64,73]. Heneka et al. concluded that many errors
could be avoided with adequate training and clinical decision support systems [73].

Different studies have explored strategies and interventions aimed at reducing med-
ication errors associated with opioids, particularly focusing on high-risk medications like
fentanyl [63,72,97]. Adequate storage and child-resistant packaging measures were high-
lighted as significant in preventing AE and medication errors [68]. One study highlighted the
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importance of pictorial prescription in reducing fentanyl drug administration errors, using
visual aids in prescribing practices to minimize medication errors related to opioid administra-
tion [97]. Another study explored Technology-Based Interventions that introduce smart pump
systems to prevent medication administration errors, especially with opioid infusions [65].
The importance of continuous quality improvement and error reporting systems has been
highlighted to identify and address medication errors involving opioids [63].

3.6. Pediatric Population

Pediatric populations were highlighted in different studies [49–52,68]. A study ad-
dressing medication errors in pediatric anesthesia revealed that opioid analgesics, such
as morphine and fentanyl, are frequently implicated in incidents, and are the drug class
involved in the most errors; however, they were also the type of medication that was
most frequently used [49]. In pediatric care, errors commonly occur through dosing errors,
including uncertainty between weight-based calculations and doses actually adminis-
tered [50,52]. Incidents involving incorrect opioid dosages have led to serious adverse
events, including respiratory depression and overdose, which can result in prolonged
hospitalization, serious outcomes, or eventually death [49,52]. In Bailey et al.’s study,
9179 children were identified as having been exposed to prescribed opioids [68]. Of these,
there were 8 deaths and 43 cases classified as major effects. Most exposures occurred
accidentally at home, with nearly all resulting from ingestion of medications prescribed to
adults within the household [68].

Hicks et al. indicated that pediatric opioid use must be handled with extreme caution
to avoid dosing errors that can lead to overdose or inadequate pain control [52]. To im-
prove safety, the use of standardized protocols for opioid administration, double-checking
systems, and advanced training for their professionals in pediatric dosing and opioid
management have been recommended [52].

3.7. Genetic Polymorphisms Associated with Adverse Events

Based on the studies analyzed, genetic polymorphisms, particularly involving the
CYP2D6 enzyme, significantly influence the pharmacokinetics and pharmacodynamics
of certain opioids. Lorenzini et al. (2022) highlighted that genetic variations in CYP2D6
can lead to poor metabolizers producing fewer active metabolites, reducing the analgesic
effects of opioids like tramadol, codeine, and oxycodone [65]. Moulis et al. (2018) also
noted the impact of CYP2D6 polymorphisms, mentioning that ultrarapid metabolizers can
significantly alter drug metabolism [50]. Similarly, Day et al. (2016) discussed how codeine,
a prodrug requiring conversion to morphine via CYP2D6, exhibits considerable metabolic
variability due to these genetic differences, affecting its efficacy as an analgesic [48].

3.8. Quality Assessment

The risk of bias of the articles was evaluated using the JBI bias tool for systematic
reviews, see Supplementary Materials Tables S6 and S7.

4. Discussion

Opioids are considered the strongest analgesics and have an important role in manag-
ing short- and medium-term pain, while their role in managing long-term pain is under
discussion [28]. Their use is not without risks, as there is a growing concern about the
misuse and abuse of opioid analgesics, leading to serious consequences [98].

The pharmacological characteristics of opioids, including their potential to induce
euphoria, can lead to recreational use, misuse, and eventually abuse [35]. Chronic use of
opioids leads to tolerance, whereby larger doses are needed to produce the same level of
effect, and dependence or withdrawal symptoms, which refer to the occurrence of certain
effects when the drug is not administered [65,83].
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Also, chronic and severe pain patients often cannot receive sufficient pain management
treatments and have to depend on opioids: inadequate availability of alternative pain treat-
ments forces patients to depend on opioids, increasing the risk of misuse and dependence [66].

Medication-related problems, such as medication errors, misuse, and abuse involving
opioids, are common across different settings, including hospitals and palliative care, as well
between different population groups, such as elderly people and children. ADRs associated
with opioids include serious outcomes resulting in hospitalizations and deaths, with morphine,
fentanyl, oxycodone, tramadol, and hydromorphone frequently implicated [28,65,83,84].

Economic factors contribute to these opioid-related problems, since the high cost of
prescribed opioids may push individuals to seek cheaper, illicit alternatives like heroin,
further complicating the problem [79]. However, prescribed opioids are readily available
and prescribed in large quantities, making them easily accessible for non-medical use [52].
Studies have highlighted that the excessive prescription of opioids could increase the
potential for abuse [52,56]. Additionally, the recreational use of prescribed opioids for
unauthorized use is a significant issue, leading to widespread community abuse and
increasing the risk of dependence and overdose [68,73].

Inadequate prescription practices lead to errors such as incorrect dosages and insuffi-
cient monitoring of patients can result in medication errors [49,50,56,76], and ultimately
bring patients to misuse or abuse situations. Patients often lack proper guidance on the safe
use of opioids, which contributes to inappropriate use of the drugs [77,80]. Furthermore,
sociocultural and psychological factors, such as self-medication for emotional or psycholog-
ical pain and social influence, exacerbate the issue. Individuals may resort to using opioids
not only for physical pain relief but also to manage emotional distress, while peer pressure
and cultural norms around substance use can drive opioid abuse [49,57].

Dependence and withdrawal problems related to opioids are often described in cases of
abuse or chronic use, with authors studies utilizing post-marketing surveillance databases high-
lighting dependence [28,56,57]. Data from the European Medicines Agency (EMA) EudraVig-
ilance database provide descriptive statistics on opioid dependence and abuse, highlighting
variations in reporting completeness and characteristics by different healthcare professionals
and consumers [56]. The overall incidence rate of AEs in hospitalized patients was 10.3%, with
51.6% of these AEs being preventable [67]. Opioid dependence can develop quickly, particularly
with potent opioids such as fentanyl or oxycodone [56,65]. This dependence is enhanced by the
pharmacological characteristics of opioids [35]. Withdrawal symptoms such discomfort, pain,
nausea, vomiting, and diarrhea present a challenge for individuals dependent on opioids [56,65].
This underscores the necessity for appropriate medical intervention and support to manage
withdrawal and help individuals cease opioid use effectively.

Regarding opioid overdoses, most of the evidence comes from North America, especially
the USA and Canada, where the opioid crisis is most pronounced, with studies focusing on
both adults and children and analyzing a wide range of opioids [51,68,75,79,83,84], fentanyl
being a common cause of overdose [75,84]. Studies from Germany, France, the Netherlands,
and Australia also underscore significant opioid-related problems, recurrently noting de-
pendence, abuse, and medication errors [28,49,50,54,56,73,74,81,84]. Studies use surveillance
databases like the FAERS [35] and EudraVigilance [57], analyzed patterns of abuse, ADRs,
and medication errors, while case reports offer detailed insights into specific opioid-related
issues. Raising awareness and educating healthcare professionals, along with rigorous patient
monitoring, are essential to reduce the risks associated with opioid use [73,74].

The application of different strategies, such as integrating smart pump information and
data quality evaluation to detect and prevent medication administration errors, particularly
in the context of opioid infusions [72], would help healthcare providers to further strengthen
their medication safety practices and minimize the number of these potent opioid-related
medication errors. Effective approaches include thorough education for patients and
healthcare providers, stringent monitoring of opioid prescriptions, and improving access
to alternative pain management options [67,74]. Implementing these strategies can help
mitigate the risks associated with opioid use and improve patient outcomes [48,74].
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The types of drugs most included in medication errors were also studied in the articles
in this systematic review. However, the results are diverse, with results ranging from
concluding that opioids are the drug type that causes the most errors [52] to presenting
opioids as the 9th most error-causing drug type [55]. Deaths following the use of opioids
were reported in four articles without comparisons to other drug classes [47,55,57,65]. This
variation may be due to several factors, including differences in study design, populations
examined, and specific healthcare settings. For example, in general medical settings where
a greater variety of medications are used, opioids may not be the predominant medication
type involved in errors. Understanding the diverse results and contexts presented in studies
is important for developing strategies to minimize opioid-related medication errors and
improve patient safety in different healthcare settings.

Different strategies could be used to prevent adverse events such as misuse, abuse,
and medication errors associated with opioids. For healthcare professionals, education and
training on safe opioid prescription practices [99], on the management of opioid-related
ADRs, and on the use and implementation of clinical decision support systems can aid
in reducing errors and improving prescription and pharmacotherapy for patients using
such drugs. Education on the topic should be addressed in their medical curricula and
through continuous education campaigns [99,100]. Stricter opioid prescription practices
and prescription-monitoring programs have been implemented in order to lower the
population exposure to these drugs [100,101]. Other strategies identified in the literature
include risk assessment plans and interventions to improve the use of opioid analgesics,
education on pain management to reduce opioid prescription, and the implementation of
evidence-based primary prevention programs to reduce the demand for opioids [100,101].
Patients with prescribed opioids should be continuously monitored, including regular
follow-ups that can help identify and mitigate potential misuse or abuse earlier or disclose
an accidental error. The use of pictorial aids for better patient understanding, smart
pump systems for controlled opioid administration, and double-checking protocols for
dosing (e.g., in pediatrics) can significantly reduce the medication errors associated with
opioids. On the other hand, there is major underreporting for medication errors due to
several reasons, including fear of legal action, blaming individuals instead of the system,
ineffective reporting systems, lack of feedback, and insufficient support for those who
commit errors, as well as the absence of a reporting system and lack of awareness about
how to report medication errors [102]. Awareness of reporting systems can help to improve
the information about medication errors. Finally, raising awareness about the risks of
opioid misuse and abuse through public health campaigns can help reduce stigma.

In the USA, the heavy economic burden of opioid abuse, dependency, and overdoses
has led to the emergence of this issue as a major priority. Studies have highlighted the
substantial costs associated with opioid-related issues, including healthcare expenses and
criminal justice costs [103,104].

Regulatory agencies have a responsibility to ensure that drugs on the market have a
positive risk–benefit balance. In the US, authors have voiced concerns [105–107] that the
U.S. FDA was not strict enough in the past in enforcing marketing regulations for opioid
drugs, especially since there has been an incredibly steep increase in the use of opioids in
the U.S. [108,109]. In combatting issues with opioid addiction, regulatory agencies, such
as the FDA, have the authority to approve new and safer formulations of immediate- and
long-acting opioid medications, restrict indications, issue Dear Healthcare Professional
Communications (DHPCs) and risk minimalization materials, regulate industry promotion,
and suspend the marketing approval for products with a negative risk–benefit balance [110].
These are all potential regulatory actions that can be used to make opioid use safer, and the
FDA has issued a timeline of the actions they have taken to address substance abuse and
overdose prevention [95]. However, in order to let these regulatory actions be impactful,
changes in behavior and in the clinical practice of other stakeholders, such as clinicians,
patients, and marketing authorization holders, are also needed [95,111,112].
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The quality of the studies was assessed using the JBI bias tools for systematic reviews,
chosen due to the included articles’ study designs. Five cohort studies received lower
scores (<50%), and all of these studies did not adequately identify or address confounding
factors, which are essential to validating the reliability of study results. Furthermore,
these studies failed to report completeness of follow-up, nor did they employ strategies
to mitigate the impact of incomplete follow-up data. There were inconsistencies in how
exposures were measured between groups, and it was unclear whether study participants
were free of the outcome at the start of the studies. These methodological deficiencies
significantly compromised the overall reliability and validity of their results, explaining
the lower scores, but none of the studies were excluded due to the large number of not-
applicable answers [58,59,64,66,73]. The case series did not report clinical information
of the patients in detail, which might make it difficult to draw conclusions about the
correlation between the opioid and ADRs. Most of the articles provided clear demographic
information, including age range and sex. Ethnicity was reported in some studies, and
it has been reported that this can affect drug metabolism, such as the risk of being an
ultra-rapid metabolizer for codeine through the CYP2D6 enzyme, which can result in
medication errors for this subgroup. However, extensive variability within subpopulations
has also been reported, and relying on reported ethnicity alone without pharmacogenomics
is unadvisable [113]. Socioeconomic status may influence the number of medication errors,
abuse, and misuse, since some studies reported that higher socioeconomic status correlates
with better health [70,114].

Strength and Limitations

The risk of bias of the included studies were generally low (see Supplementary Ma-
terials Tables S6 and S7), demonstrating the good quality of the studies included. The
heterogeneity of the data is one of the limitations of this study. It makes it difficult to compare
results. Additionally, the country information often refers to the database origin, but databases
such as FAERS and EMA receive reports from countries other than those represented, which
can lead to inconsistencies and duplicated data. Furthermore, different studies often report
data from the same databases, resulting in also potential conflicts and duplication of data [115].
These factors can make complex interpretation and reliability of the findings.

The aspects that are investigated in the studies are also limited and some relevant
information is not presented or investigated. Medication errors, abuse, and misuse are
costly [104], but none of the articles investigated the economic burden impact of those
problems. Cost-analysis studies could highlight the importance of prevention and the
potential to significantly reduce the economic burden of the opioid pandemic.

Unintentional misuse was investigated in different studies [56,57,65,77,80,81,83]. How-
ever, the definition of misuse lacks clarity, being “situations where a medicinal product is
intentionally and inappropriately used not in accordance with the terms of the marketing autho-
rization” [13]. An unintentional misuse would therefore more likely be a also a medication
error as long as it is an error caused by a prescribed drug. If a described misuse is an
“excessive use of medicinal products which” or “is accompanied by harmful physical or psychological
effects”, it should be also classified as abuse; however, the definition of abuse is restricted
to intentional use, which is controversial [13]. Given the overlaps and ambiguities in the
current definitions of misuse, abuse, and medication errors, further clarification is needed
to ensure accurate classification and avoid data loss or overlap.

All the studies that made up this systematic review gathered their data from patients
who had interacted with healthcare providers. As a result, there is a significant risk of
underreporting, both from healthcare professionals [116,117] and from patients [118]. Due
to the stigma associated with opioid use, there is also a risk that fewer ADRs will be
reported [119]. Patients may also avoid reporting due to concerns about legal repercussions,
damage to their reputation, or fear of losing access to future prescriptions [35,65]. Some
articles categorized the ADRs that followed opioid use as serious or not without naming
the specific ADRs [51,80]. Further to this, there was no other data only concerned with the
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ADRs brought on by the misuse of opioids. Differences in study designs and countries
included help to illustrate the geographic variations in opioid-related problems. Larger
study populations and more studies investigating the preventability of such problems
would have been required to narrow the spread in this study [57].

This systematic review only focused on published papers regarding opioids in combination
with medication errors and/or abuse and/or misuse. Currently, it was not possible to determine
which opioid causes the greatest incidence of opioid misuse, abuse, or medication errors.

5. Conclusions

In different regions, studies show that opioids are frequently associated with abuse,
misuse, and medication errors, indicating a widespread issue. Certain opioids, such as
fentanyl, morphine, oxycodone, tramadol, and hydrocodone, are recurrently involved in
ADRs, abuse, and medication errors. Fentanyl, in particular, is highlighted for its high
risk of abuse and overdose. Many of the reported ADRs, including serious outcomes like
respiratory depression, constipation, nausea, sedation, and overdose deaths, appear to
be preventable. Overdose deaths are particularly prevalent with opioids like fentanyl,
morphine, and oxycodone. Several studies indicate that a significant portion of opioid-
related ADRs and medication errors are preventable, which underscores the importance of
implementing robust preventative measures and safety protocols. Continued research is
essential to better understand the safety profiles of different opioids and develop effective
strategies for preventing opioid-related harm, including continuous education, stricter
prescribing practices, effective monitoring, and public health campaigns to mitigate the
risks of opioid misuse, abuse, and medication errors.
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