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ABSTRACT

Introduction: Medication errors are common events that compromise patient safety and are prevalent
in all health-care settings. This umbrella review aims to systematically evaluate the evidence on
contributory factors to medication errors in health-care settings in terms of the nature of these factors,
methodologies and theories used to identify and classify them, and the terminologies and definitions
used to describe them.

Areas covered: Medline, Cumulative Index to Nursing and Allied Health Literature, Embase, and Google
Scholar were searched from inception to March 2022. The data extraction form was derived from the
Joanna Briggs Institute (JBI) Reviewers’ Manual, and critical appraisal was conducted using the JBI
quality assessment tool. A narrative approach to data synthesis was adopted.

Expert opinion: Twenty-seven systematic reviews were included, most of which focused on a specific
health-care setting or clinical area. Decision-making mistakes such as non-consideration of patient risk
factors most commonly led to error, followed by organizational and environmental factors (e.g. under-
staffing and distractions). Only 10 studies had a pre-specified methodology to classify contributory
factors, among which the use of theory, specifically Reason’s theory was commonly used. None of the
reviews evaluated the effectiveness of interventions in preventing errors. The collated contributory
factors identified in this umbrella review can inform holistic theory-based intervention development.
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1. Introduction

Medication errors are prevalent events that take place across
the entire spectrum of the medication use process [1,2]. The
National Coordinating Council for Medication Error Reporting
and Prevention (NCCMERP) in the United States (U.S.) defines
a medication error as "any preventable event that may cause
or lead to inappropriate medication use or patient harm while
the medication is in the control of the health care professional,
patient, or consumer” [3].

Consequences of medication errors can range from no or mild
harm to severe harm and death [4,5]. For instance, in UK,
237.3 million medication errors occur every year, with
66 million considered potentially harmful [5]. The same report
noted that medication errors caused 712 deaths and contributed
to more than 1700 deaths in 1 year [5]. The World Health
Organization (WHO) estimated the global impact of medication
errors to be approximately $42 billion annually [6]. Additionally,
medication errors can have a deleterious psychological impact
on patients, families, and health practitioners [7,8].

Evidence suggests that up to 60% of medication errors are
under-reported [9,10]. The practice of detecting and reporting
medication errors by health-care providers, as well as investi-
gating and analyzing such errors through rigorous research, is
imperative to promote patient safety [11].

A myriad of potential strategies have been proposed to
decrease medication errors and improve patient outcomes,
including pharmacist-led interventions, educational interven-
tions, technology-driven interventions, and multidisciplinary
team implementation. While a number of studies have
demonstrated a reduction in the incidence of errors due to
intervention, negative or no effects have also been reported
[12-17]. In addition, there is a dearth of the literature that
describes the rationale and theoretical basis for intervention
development targeting relevant contributory factors [18,19].

Several primary studies and systematic reviews have
explored factors contributing to medication errors. Given
the plethora of systematic reviews investigating contributory
factors to medication errors, there is a need to identify,
critically appraise, and synthesize these factors via an
umbrella review. This will enhance access to high-quality
evidence, provide recommendations to improve the robust-
ness of future work, increase the understanding of contribu-
tory factors, and inform decision-making regarding the
development of evidence-based and holistic interventions
to reduce medication errors.

This study aimed to undertake an umbrella review of sys-
tematic reviews on contributory factors to medication errors in
diverse health-care settings in terms of the nature of these
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Article highlights

o The dominant contributory factors were decision-making mistakes,
which include failure to consider risk factors (e.g. chronic kidney
disease and pediatrics), and system failures, such as inadequate
opportunities for training, work overload, inadequate staffing levels,
and suboptimal work environment.

e Among studies that had a prespecified methodology to identify and
classify contributory factors, the use of theory, specifically Reason’s
Accident Causation Model, was predominant.

e Methodological limitations were mainly related to search strategy,
quality assessment, and data extraction processes. The lack of
a predetermined methodology to classify contributory factors was
also noted.

e "Contributory factors” and “causes” were the most frequently used
terms to refer to contributory factors.

o Multiple definitions for contributory factors have emerged in the
included reviews; however, the summary presented in our review
does not reflect all proposed definitions in the literature.

e The findings of this review will inform the development of holistic
theory-based interventions that target different levels of the health-
care system. Such theory-based interventions have the potential to
reduce the occurrence of medication errors and promote patient
safety.

o Our findings emphasize the need for consistent use of terminology,
definitions, and methodology used in research aiming to identify and
quantify contributory factors to medication errors.

This box summarizes key points contained in the article.

factors, methodologies and theories used to identify and clas-
sify these factors, and the terminologies and definitions used
to describe them.

2. Methods
2.1. Methodology reporting and registration

This umbrella review followed the recommendations provided
by the Joanna Briggs Institute (JBI) reporting methodology
manual and the Preferred Reporting Items for Overviews of
Reviews (PRIOR) reporting guidelines-preprint (Supplementary
material, Tables 1) [20-22]. The review protocol was registered
in PROSPERO (CRD42022321425) [23].

2.2, Data sources and search strategy

Searches were undertaken using four electronic databases and
search engines from their inception to 29 March 2022: Ovid
Medline, Embase, Cumulative Index to Nursing and Allied
Health Literature (CINAHL), and Google Scholar (first 500
records). The process also included cross-referencing of
included papers.

Search terms related to categories A (related to medica-
tion errors) and B (related to systematic reviews) were
combined with Boolean operators (AND/OR). The search
was limited to “English language,” “Human species,”
“Systematic reviews,” and “Meta-analysis” as applicable to

Table 1. Search terms.

each database (Table 1). The detailed search strategy,
MeSH, and other search terms were modified to suit each
information source.

2.3. Eligibility criteria

Reviews were considered eligible if they met the following
criteria: (1) reported factors contributing to medication errors,
(2) systematic review with or without meta-analysis, (3) pub-
lished in English language. For the purpose of this umbrella
review, we included studies using different causation terms
(e.g. contributory factors, causes, and risks). Systematic reviews
focusing on adverse drug events (ADEs, i.e. harm experienced
by a patient as a result of exposure to a medication. ADEs
encompassing a wide range of incidents, such as adverse drug
reactions and medication errors) with lack of clear relevance to
medication errors were excluded [24]. Narrative reviews, scop-
ing reviews, or any other types of reviews were also excluded.
No restriction on age, gender, or clinical specialty reported in
the reviews was imposed.

2.4. Study selection

All retrieved articles were exported to EndNote 20® (2021
Clarivate), duplicates removed, and the remaining papers
imported to Rayyan Qatar Computing Research Institute
(QCRI) software for the titles and abstracts screening. This
was followed by a full-text screening via Microsoft Excel. The
two-phase screening process was conducted by two indepen-
dent reviewers (L.N., R.A.A), and discrepancies were resolved
through a consensus discussion with a third reviewer (V.P.).

2.5. Data extraction

Data were extracted by one reviewer (L.N.) and verified
by second reviewer (V.P.) using a Joanna Briggs Institute (JBI)
Reviewers’ Manual informed data extraction form [22]. Data on
terminology, definitions, classifications, nature of contributory
factors, methodologies, theories, models, and frameworks
used to identify and classify these factors were extracted. In
addition, information related to recommended interventions,
characteristics of the interventions, and associated methods
and outcomes was also extracted.

2.6. Quality assessment

The methodological robustness of the included systematic
reviews was assessed by one reviewer (L.N.) and verified by
a second reviewer (V.P.). The JBI 11-item critical appraisal tool
for systematic reviews was utilized for the quality assess-
ment [22].

Category

Search terms

Medication errors

Systematic review  Systematic review* OR Meta-analysis

Medication error [MeSH] OR ((medication* OR transcrib* OR prescrib* OR dispens* OR administ*) adj3 (incident* OR mistake* OR error¥))




2.7. Data synthesis

Given that the outcomes of interest were qualitative, statistical
pooling in meta-analysis was not appropriate. Synthesis of the
findings was undertaken using a narrative approach. Narrative
synthesis can be defined as “an approach to the systematic
review and synthesis of findings from multiple studies that
relies primarily on the use of words and texts to summarize
and explain the findings of the synthesis” [25]. Findings are
presented in textual form and summary tables. Overlap
between included systematic reviews was not assessed, as
the primary aim was to assess the methodological quality of
existing systematic reviews.

3. Results
3.1. Study selection

A total of 1252 citations were identified from the database
searching and reference screening. Following duplicate
removal, the remaining 853 articles were screened according
to title and abstract. Twenty-seven systematic reviews were
included in the final synthesis (Figure 1). The most frequent
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reason for exclusion at the full-text screening stage was the
lack of investigation into contributory factors to medication
errors.

3.2. Characteristics of the included systematic reviews

Table 2 summarizes the characteristics of the included reviews.
The majority were published in the last 10 years, except for
one each in 2007 [26], 2009 [27], and 2010 [28]. It is note-
worthy that the context of included reviews was not always
the study setting. For example, in some cases, it was a certain
geographical location or route of administration. Descriptions
of the studied contexts are reported in Table 2 and further
described in this section. Of the 27 reviews, 16 focused on
specific populations/settings including community-dwelling
adults [18,29-31], home care setting [32,33], neonatal inten-
sive care setting [26,34], inpatient setting [27,35], pediatrics
[36], elderly [37], hematopoietic stem cell transplantation
patients [38], mental health patients [39], perioperative setting
[40], and acute care setting [28].

Six reviews focused on the geographical location of the
Middle East [41,42], Iran [43,44], Africa [45], or Southeast Asia

Figure 1. PRISMA flow diagram of the study selection process.
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[46] and systematically reviewed contributory factors in
a variety of settings. Two reviews encompassed a specific
pharmacological class or dosage form of direct oral anticoa-
gulants [47] and transdermal patches [48]. One review
included intern doctors only [49], while another one examined
a single prespecified contributory factor (shift work) in inpa-
tient nurses [50]. Schroers et al. (2020) were the only review
that did not specify a population or a setting of interest [51].

3.3. Search details

The number of databases reported in the systematic reviews
ranged from 2 [40,48] to 21 [28]. The most commonly recur-
ring databases were Medline/PubMed, CINAHL, Embase,
Cochrane, and British National Index (Supplementary material,
Table 2). Most reviews applied language as a filter, largely
limiting their results to English language. Few reviews (n = 7)
included studies of a number of languages, mainly those
spoken by the research team.

Most reviews, except for four [27,35,50,51], did not inte-
grate keywords specific to contributory factors in their search
strategy. The keywords used were as follows: cause(s); caus-
ality; causalities; reason(s); etiology; etiology; factor(s); risk
factor(s); contributing factor(s); determining factor(s);
predictor(s); association(s); and determinants.

3.4. Quality assessment

All but six [26,27,30,34,43,48] of the reviews reported quality
assessments of the included articles. The two most common
quality assessment tools were the Allan and Barker instrument
(with or without modifications) and the Critical Appraisal Skills
Program checklist. As reported by the authors, the overall
quality of primary studies included in the systematic reviews
was variable (Supplementary material, Table 3); with
a considerable number reporting moderate overall quality.
According to the appraisal of the included systematic
reviews using the JBI tool, the overall quality varied, with
common areas of bias noted across reviews (Supplementary
material, Table 3). Most reviews described their aim (n = 19;
68%) and future research directions (n = 20; 74%), while 16
(59%) and 14 (52%) reviews lacked information about eligibil-
ity criteria and data extraction, respectively. Some reviews did
not incorporate sufficient description of their search strategy
(52%; n = 14) and resources (e.g. databases, gray literature, or
reference lists) used to search for studies (41%; n = 11).

3.5. Medication errors: terminology, definitions, and
classifications

Most reviews investigated medication errors without associat-
ing them with the stages of the medication use process
(n= 17), of which one review used the terms "medication
errors” and "adverse drug events” (ADEs) interchangeably
[50]. The remainder of the reviews focused on a single stage
in the medication use process, specifically administration
errors (n = 4), administration errors by patient or caregiver
(n = 4), and prescribing errors (n= 2).
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Of those reporting medication errors, four stated that they
adopted the NCCMERP definition [37,39,44,46] and four
adopted the definitions provided in the primary studies
[18,26,31,47]. Two reviews on administration errors by patients
or caregivers provided definitions in their methods section, of
which one was suggested by the authors themselves [29,38].
Two different definitions were reported for administration
errors [33,35]. Both were adopted from previous studies and
entailed deviation between prescribed and administered med-
ication. As for prescribing errors, one of the reviews reported
that they adopted the working definitions in the original
studies [27].

Medication errors were classified in eleven of the included
reviews (Table 3), of which 10 reported errors according to the
medication use process stages (e.g. prescribing errors). The
remainder investigated self-administration errors and reported
according to the incident type (e.g. wrong dose) [29]. Among
the 10 reviews, six further classified medication errors accord-
ing to the incident type [36,39,41,45-471.

3.6. Contributory factors to medication errors:
terminologies, definitions, methodologies, and
classifications

The terms used to describe the contributory factor are pre-
sented in Table 4. The most common term was ‘contributory
factor,” with some reviews using ‘factor’ alone or proceeded
with another terms such as “risk,” “associated,” “related,” “influ-
encing,” “causal,” “causative,” or “etiological.” The other com-
monly reported term was “cause” and its derivatives including
“root cause,” “causation,” and “causality.” Other less commonly
used terms were “reason,” “etiology,” “predictor,” and “source.”

Two included reviews defined risks/contributory factors
[27,36], while another adopted the definition of hazard/con-
tributory factors suggested by the WHO [31]. Tully et al. (2009)
differentiated between the terms "causes” and "contributory
factors”, in which the latter was suggested to refer to those
assessed by the researcher, while the former referred to those
identified by practitioners [27].

All but three [37,39,46] of the included reviews specifically
aimed to explore contributory factors (Table 2). Ten systematic
reviews had a prespecified methodology to identify and clas-
sify contributory factors, namely the use of theories/frame-
works/models and thematic analysis. Four adopted Reason’s
Accident Causation Model [27,35,42,47], of which three classi-
fied contributory factors into categories of active failures,
error-producing conditions, and latent conditions. In their
review of administration errors, Keers et al. (2013) adopted
a version of the theory that had been modified for adminis-
tration errors [35]. Among the included reviews that used the
Reason’s model, active failures, and decision-making mistakes
were the most prevalent categories of contributory factors
(Table 5).

The Framework for Analyzing Risk and Safety in Clinical
Medicine was used by one review [42]. This framework cate-
gorizes factors into six groups: individual, work environment,
organization and management, team, tasks, and medications
[43,52]. Another review utilized the Conceptual Framework for
the International Classification for Patient Safety proposed by

"o
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Table 3. (Continued).

Classification of ME

Prescribing, administration dispensing errors

Not done

Methodology for classifying ME

Definition

Terminology

Author, Year

Medication use process

Not done

Not reported

Medication errors

Thomas B, 2019 [42]
Tully M, 2009 [28]

Worked with the definitions provided by original

Prescribing errors

studies
Not reported

Not done

Not done

Administration errors

Wimpenny A, 2010

[28]
ME: medication errors
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the WHO [31]. This framework comprises 10 high-level classes
and the contributing factors segment consists of a maximum
of five levels (Table 5) [53].

Qualitative synthesis was used in four of the included
reviews to categorize contributory factors. Of these, thematic
analysis was applied in two, detailing the generation of codes
and themes [49,51]. Other methods reported were meta-
regression [28] and inductive analysis [33] but with little detail
provided. The review of Assiri et al. (2018) had three prespe-
cified categories [18], while four reviews classified factors
according to emerging themes [30,32,40,45].

Among those reviews that did not apply Reason’s theory,
the most recurring themes were practitioner-related (n = 8),
work environment-related (n = 7), patient-related (n = 5), and
medication-related factors (n = 4) [Table 5].

Table 5 gives the most commonly reported contributory
factors. Decision-making mistakes (classified as active failure
by Reason’s theory) such as failure to consider risk factors (e.g.
chronic kidney disease and pediatrics) were reported in multi-
ple systematic reviews. Other recurring factors were related to
the organization or environment, including lack of knowledge,
insufficient training, work overload, inadequate staffing levels,
illegible prescriptions, distractions and interruptions, and poor
communication. Polypharmacy, extreme age (elderly or pedia-
trics), and limited health literacy of patients were also com-
mon across reviews.

3.7. Interventions proposed to mitigate factors
contributing to medication errors

None of the reviews aimed to evaluate interventions designed
to mitigate contributory factors. Nevertheless, 21 included
reviews discussed interventions without specifying the char-
acteristics, method of development, and outcomes of these
interventions. Multiple reviews emphasized the need for multi-
factorial interventions to holistically address contributory fac-
tors [18,27-29,31-33,38,40,44,47]. Only one review suggested
the use of theory to develop these interventions [47].

Pharmacist-delivered  [18,29,32,40,45-47],  educational
[18,31,33,38,41,44,45,47,48,51] and technology-enabled inter-
ventions [18,30,32,33,38,40,44,45,47] were most frequently
suggested in the included reviews. Only two included reviews
incorporated organization-level interventions (e.g. increase
staffing) [44,51].

Among studies that recommended pharmacist-delivered
interventions, four suggested full integration of the pharma-
cist in the health-care team [18,40,45,46] while three recom-
mended initiating a pharmacist-led service (e.g.
anticoagulation stewardship program) [29,32,47]. Most reviews
that suggested technology-enabled interventions highlighted
the need for decision support systems to reduce prescribing
errors [44,45]. Three studies proposed the development of
innovative technological tools (e.g. mobile applications) that
could be accessed by patients and tailored to their needs
[18,30,33].

Proposed educational interventions varied significantly
among the included studies based on the context. For
instance, studies that focused on administration errors,
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Table 4. Data pertaining to contributory factors to medication errors.

How many studies reported

Terminology used to describe

Author, Year

on contributory factors

contributory factors

Definition of contributory factors

Al Rowily A, 2022 [47]
Aldila F, 2021 [29]
Alshehri G, 2017 [39]

Alsulami Z, 2013 [41]
Assiri G, 2018 [18]
Boytim J, 2018 [40]

Di Muzio M, 2019 [50]
Dionisi S, 2021 [32]
Hansen C, 2016 [49]

Keers R, 2013 [35]

Lampert A, 2014 [48]

Lermontov S, 2018 [38]

Lopez-Pineda A, 2022
[36]

Mansouri A, 2014 [43]

Marznaki Z, 2020 [44]

Mekonnen A, 2018 [45]
Mira J, 2015 [30]
Parand A, 2016 [33]
Salmasi S, 2015 [46]
Salmasi S, 2017 [37]

Santesteban E, 2015 [34]

Schroers G, 2020 [51]

Sears K, 2012 [31]

Snijders C, 2007 [26]

Thomas B, 2019 [42]

Tully M, 2009 [28]

Wimpenny A, 2010 [28]

27 out of 32 (84.4%)
7 out of 11 (63.6%)
5 out of 20 (25%)

12 out of 45 (26.7%)
36 out of 60 (60%)
All studies (part of the

inclusion criteria)
All studies (part of the
inclusion criteria)
All studies (part of the
inclusion criteria)
All studies (part of the
inclusion criteria)
All studies (part of the
inclusion criteria)

8 out of 42 (19%)

8 out of 11 (72.7%)
14 out of 19 (73.7%)

12 out of 25 (48%)
All studies

15 out of 41 (36.6%)
36 out of 69 (52.2%)
25 out of 36 (69.4%)
15 out of 17 (88.2%)
13 out of 18 (72.2%)

5 out of 13 (38.5%)
All studies (part of the

inclusion criteria)
10 out of 21 (47.6%)

All studies
24 out of 50 (48%)

All studies (part of the
inclusion criteria)

11 out of 19 (57.9%)

Contributory factors, causation

Contributory factors

Factors that increase the
risk/rate of error

Contributory factors, causes

Risk factors

Contributory factors

Factors, reasons
Risk factors, causes

Factors influencing/ affecting
prescribing behavior
Causes

Contributing factors, causes, root
cause, etiology

Related factors

Associated/influencing/risk factors

Contributory factors, sources

Contributory factors, factors
affecting ME

Contributory factors, causality

Causal factors, causes

Contributory factors, causes

Contributory factors, root causes

Contributory factors, risk
factors, reasons

Causes

Contributory factors, causes

Contributory factors, causal factors,
causative factors, predictors

Contributory factors, etiology, factors,

etiological factors

Contributory factors, causative factors,

causes
Factors associated, causes

Causes, reasons

Not reported
Not reported
Not reported

Not reported
Not reported
Not reported

Not reported
Not reported
Not reported

Reasons reported to the researcher by the person directly
involved with a specific administration error or near
miss as being wholly or partly responsible for said
error (developed by authors)

Not reported

Not reported

Any factor that increased the chance of parents or
caregivers made a ME at home (developed by authors)

Not reported

Not reported

Not reported
Not reported
Not reported
Not reported
Not reported

Not reported
Not reported

The circumstances, actions or influences which are
thought to have played a part in the origin or
development of an incident or to increase the risk of
an incident (adopted from WHO)

Not reported

Not reported

-Factors associated: variables that were linked with the
prevalence of specific prescribing errors by the
researchers

-Causes: reasons reported to the researchers by the
prescriber, in structured or unstructured interviews
(developed by authors)

Not reported

recommended distribution of educational material alongside
the educational sessions for the nurses to refer to it when
needed [30,51]. Nevertheless, a commonly suggested topic
was the communication and interprofessional collaboration
between different health-care providers [27,32,33,47,51]. Few
reviews reported that educational sessions should be con-
ducted periodically [38,44].

4. Discussion
4.1. Statement of key findings

This umbrella review shows that decision-making mistakes,
which include non-consideration of risk factors (e.g. chronic

kidney disease and pediatrics), were the most common con-
tributory factor, followed by factors related to the organization
and environment such as the lack of knowledge/training,
understaffing, and distractions. Most reviews did not pre-
specify a methodology in relation to classification of contrib-
utory factors. Among the reviews that followed a structured
method to classify contributory factors, the use of the theory
and Reason’s model was most commonly used. The included
reviews were of variable quality due to issues primarily related
to search strategy, quality assessment, and data extraction
processes. A range of terminologies and definitions were
used to refer to contributory factors. To target the contribu-
tory factors and subsequently reduce the errors, several inter-
ventions were suggested in the included reviews. These
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included pharmacist-provided, educational, and technology-
based interventions. The discussion of interventions lacked
details on the development, evaluation, and implementation.

4.2. Interpretation of findings

Decision-making mistakes (also known as errors of judgment),
which include failure to consider risk factors (e.g. chronic
kidney disease and pediatrics), were the predominant contrib-
utory factor to medication errors across diverse health-care
settings. Decision-making mistakes and other types of
human errors are foreseeable in the context of the complex
and often challenging clinical practices [54]. Additionally,
healthcare is dynamic in nature, with a great deal of uncer-
tainty and potential subjectivity surrounding clinical decisions
[54,55]. Therefore, although it is imperative to attempt at
mitigating these mistakes, it is unrealistic to expect an error-
free system. However, innovative theory-based interventions
that promote multidisciplinary team working, blame-free cul-
ture, use of technology, and expertise of pharmacists can
minimize errors.

Another common contributory factor identified in our
umbrella review is related to organizational and environmen-
tal factors. These factors have been poorly reported in the
previous literature as less attention has been given to error-
prone systems [56].

Although the use of the theoretical framework has been
strongly recommended to undertak exploratory and interven-
tional research to identify and target different behaviors
[57,58], most of the reviews did not report a prespecified
method to synthesize contributory factors, with only six
using a theory-based approach. One recurring model to clas-
sify contributory factors was Reason’s model. This model shifts
the focus of human error investigation from person-centered
to system approach considering errors occurring at both the
sharp (active failures) and blunt (latent conditions) ends of the
system [59,60]. The model also moves away from blame cul-
ture while still being easy-to-use; thus, it has been extensively
utilized in the safety field [60,61]. Nonetheless, Reason’s model
has limitations that should be considered by researchers who
use it as well as practitioners who interpret findings from
studies that have used it. The model is considered a complex
linear model, which assumes that accidents are the result of
a series of events that interact sequentially in a linear fashion
[62]. This approach may overlook the complexity of the system
and the interrelations between its components, particularly
when the contributory factors are far from the incident in
terms of time or location [62,63]. Furthermore, some research-
ers argue that Reason’s theory may not account sufficiently for
the interactions between defense layers and the errors pro-
duced by the defense mechanisms [59].

Seventeen different terms and five definitions were used by
the reviews to describe contributory factors. Variations in the
definition of medication error (and subclasses) were also
noted among the reviews. This reinforces findings from pre-
vious arguments suggesting multiplicity in the use of patient
safety practice-related terminologies [31,47,64,65]. It is likely
that an array of definitions for both medication errors and
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contributing factors used in other literature may not be cap-
tured by reviews included in our study.

It is worth noting that the primary studies that focused on
interventions to mitigate errors were prospective/retrospec-
tive cohort studies or cross-sectional studies [66-73].
A definitive evaluation utilizing randomized controlled trials
was missing. Additionally, the majority of studies had a short
follow-up duration, a small sample size, and were conducted
in a single center [66-73]. The primary outcome measure
evaluated in these studies mainly related to the number of
interventions offered, such as changing one of the compo-
nents of a medication regimen (e.g. dose and duration) or
highlighting the interaction between prescribed drugs.
Another outcome measure was the total number of errors
that were assessed to be potentially preventable upon imple-
menting the interventions [66-73].

4.3. Strengths and limitations

To our knowledge, this is the first attempt to systematically
report the terminology, methodology, and classes of contrib-
utory factors to medication errors via an umbrella review.
A comprehensive search of several databases followed by
citation checking allowed retrieval of all relevant systematic
reviews.

This review was limited by the lack of assessment for the
potential overlap of individual studies within the included
reviews. In addition, our summary of terms and definitions of
contributory factors and medication errors relied on what has
been reported by the included reviews. Lastly, only publica-
tions in the English language were included.

4.4. Implication for practice and research

Although the context of existing systematic reviews varied,
several contributory factors were common across the reviews.
A comprehensive synthesis of these factors could enable the
development of holistic theory-informed interventions to tar-
get the identified factors. The contributory factors identified
included decision-making mistakes and organizational factors.
Accordingly, multifaceted theory-based interventions are
required to prevent medication errors. These interventions
should target contributory factors from the organizational
level to specific tasks at the individual level.

Failure to account for risk factors was a common example
of decision-making mistakes. Previous studies have shown
that pharmacist-led and technology-enabled interventions
minimize medication errors, including those occurring in high-
risk cohorts [74-76]. Although the role of pharmacists and
technology has expanded in recent years [74-76], their exper-
tise remain underutilized [77-80].

System failures due to top-level management decisions
were also identified among the most recurring contributory
factors. Inadequate training and knowledge was the predomi-
nant latent condition. This indicates that limited continuing
professional development activities alone might be insuffi-
cient in terms of quantity or quality. A previous systematic
review showed that pharmacist-conducted educational inter-
ventions led to a significant reduction in medication error
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rates [12]. Accordingly, implementation of educational ses-
sions that are based on a structured need assessment to
address the exact gaps in knowledge are likely to impact
positive changes [81].

Despite the continuous growth of health-care costs, issues
related to understaffing and poor work environment were still
prominent in our review. Hence, strategic allocation of avail-
able resources and implementation of cost-effective mitiga-
tion mechanisms are recommended. Moreover, organizational
and environmental factors that lead to breakdowns in com-
munication and collaboration between health-care providers
have been repeatedly reported across the included reviews.
Thus, interdisciplinary collaborations could be considered in
future interventions as they represent an important facet of
facilitating communication [82]. This is particularly important
as medication errors are a complex problem affecting diverse
health-care disciplines and contexts.

It is evident from the findings of this review that there are
certain populations/settings for which contributory factors to
medication errors have not been systematically synthesized
yet. Thus, future systematic reviews should focus on these
clinical areas, such as oncology patients or outpatient and
ambulatory settings.

This study has also identified a dearth of reviews incorpor-
ating theories in classifying contributory factors and develop-
ing interventions. This issue has been discussed before in the
literature after some interventions that were implemented on
a wide-scale have been proven ineffective or sometimes even
had negative effect [83]. The first crucial step to prevent an
undesirable event is to explore and diagnose the behaviors
and mediating pathways leading to it, which in our case
would be contributory factors. This could be achieved through
the explicit use of behavioral theories [84,85]. Accordingly, we
strongly encourage future researchers to utilize behavior the-
oretical frameworks, such as the Theoretical Domain
Framework (TDF) for both understanding contributory factors
and developing interventions that address these factors [86].

Given the range of terminologies used to refer to contributory
factors to medication errors, future research should utilize con-
sistent terminology. Based on our findings, the consistent use of
‘contributory factors’ is recommended. Although the term
“causes” and “reasons” might be acceptable, we advise against
their use. This is important to avoid confusion as these two terms
have been used in different contexts in the literature. For exam-
ple, some reviews represented fundamentally different concepts
between ‘contributory factors’ and ‘causes’ [27,87]. Others used
the terms "reasons” and “causes” interchangeably with “type” or
“nature” of medication errors [13,88].

It is pivotal to remove ambiguity and reach international
consensus on all patient safety terminology, including contribu-
tory factors and their subclasses. This will enable the accurate
quantification of the burden of each factor, analysis of data, and
comparison of research outcomes [1,64,89,90]. We also suggest
maintaining consistency in the terms used across each study and
to provide definitions for each term. This is of particular impor-
tance, as variation might lead to the inclusion of papers that may
not actually be studying the phenomenon of interest. This could
enhance the reliability of the outcomes and subsequently facil-
itate the development of possibly effective interventions.

Similarly, multiple definitions for contributory factors have
emerged in the included reviews; however, our summary does
not reflect all proposed definitions in the literature. Therefore,
future research should focus on developing and validating defi-
nitions of key terminologies used in research related to patient
safety such as medication errors and contributory factors.

5. Conclusion

This umbrella review highlights a significant variation in termi-
nology and definitions used to describe contributory factors in
the published literature. Decision-making mistakes, which
included failure to consider risk factors (e.g. chronic kidney
disease and pediatrics) were the most common contributory
factors, followed by factors related to the organization and
environment such as understaffing and distractions. However,
a lack of prespecified methodology to identify and classify con-
tributory factors was noted. Additionally, none of the reviews
evaluated the effectiveness of interventions to prevent errors.
The recommendations offered in this review have the poten-
tial to enhance consistency in the use of terminology, definitions,
and methodology used in contributory factors to medication
error research. This will subsequently enable practitioners, policy-
makers, and other stakeholders to develop theory-informed
interventions to promote patient safety. In addition, the compre-
hensive network of contributory factors synthesized in this
review will inform future evaluations and classification of con-
tributory factors and assist in the development of holistic inter-
ventions that target different levels of the healthcare system.

6. Expert opinion

Our umbrella review provides a comprehensive synthesis of
the network of contributory factors to medication errors
across diverse health-care settings. Decision-making mistakes,
which included failure to consider risk factors (e.g. chronic
kidney disease and pediatrics), particularly in cohorts requiring
dose adjustments, were the most common contributors to
medication error. This was followed by organizational and
environmental factors, including insufficient knowledge/train-
ing, work overload, inadequate staffing levels, and suboptimal
work environment. There is a need for theory-driven holistic
interventions that incorporate pharmacist services, effective
use of technology, multidisciplinary teamwork, educational
sessions, and organizational-level strategies (such as effective
allocation of resources and promoting blame-free culture).
Medication errors pose a substantial threat to patient safety,
creating a serious public health problem, yet they are a common
occurrence. Several interventions have been implemented to
reduce medication errors previously, however some of these inter-
ventions have been proven ineffective. The development of these
interventions was based mainly on a pragmatic approach or
ISLAGIATT (It Seemed Like A Good Idea At The Time) principle,
which lack the theoretical basis at the design stage [83,85,91-94].
Our findings suggest a paucity of research that used theory to
diagnose and classify contributory factors and to develop inter-
ventions. Thus, future research needs to be undertaken through
the explicit use of theoretical frameworks. Undertaking research
utilizing frameworks for complex interventions can be



a substantial undertaking. However, in the long run, such inter-
ventions have the potential to deliver important influence on
medication errors.

Additionally, it is pivotal that health-care systems move to
a blame-free and non-punitive culture. It is also important that
subject matter and safety experts provide timely and system-
oriented solutions and feedback to the reported errors in
a confidential manner [95]. This will encourage health-care pro-
viders to report and disclose medication errors, which will allow
policymakers to accurately estimate the extent of the problem
and understand the exact contributory factors and offer support.

Several terms have been utilized to refer to the factors
contributing to medication errors in the included systematic
reviews. Additionally, some reviews have used multiple terms
(e.g. contributory factors, reasons, and causes) interchange-
ably. This practice creates confusion about the phenomenon
of interest and subsequently could lead to the development of
ineffective interventions. Based on the findings from this
review, the consistent use of the term ‘contributory factors’
is encouraged. Future research should attempt to define the
term ‘contributory factors’ as well as other terms reported in
the included reviews through consensus methodology.
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