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Abstract

Background

Adverse drug reactions (ADRs) represent a major cause of iatrogenic morbidity and mortal-

ity in patient care. While a substantial body of work has been undertaken to characterise

ADRs in the hospital setting, the overall burden of ADRs in the primary care remains

unclear.

Objectives

To investigate the prevalence of ADRs in the primary care setting and factors affecting the

heterogeneity of the estimates.

Methods

Studies were identified through searching of Medline, Embase, CINAHL and IPA databases.

We included observational studies that reported information on the prevalence of ADRs in

patients receiving primary care. Disease and treatment specific studies were excluded.

Quality of the included studies were assessed using Smyth ADRs adapted scale. A random-

effects model was used to calculate the pooled estimate. Potential source of heterogeneity,

including age groups, ADRs definitions, ADRs detection methods, study setting, quality of

the studies, and sample size, were investigated using sub-group analysis and meta-

regression.

Results

Thirty-three studies with a total study population of 1,568,164 individuals were included. The

pooled prevalence of ADRs in the primary care setting was 8.32% (95% CI, 7.82, 8.83). The

percentage of preventable ADRs ranged from 12.35–37.96%, with the pooled estimate of

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 1 / 24

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Insani WN, Whittlesea C, Alwafi H, Man

KKC, Chapman S, Wei L (2021) Prevalence of

adverse drug reactions in the primary care setting:

A systematic review and meta-analysis. PLoS ONE

16(5): e0252161. https://doi.org/10.1371/journal.

pone.0252161

Editor: Mojtaba Vaismoradi, Nord University,

NORWAY

Received: January 31, 2021

Accepted: May 11, 2021

Published: May 26, 2021

Copyright: © 2021 Insani et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting information

files.

Funding: WNI is funded by a scholarship from

Indonesia Endowment Fund for Education (LPDP

No. 201908223215121), Ministry of Finance,

Republic of Indonesia. This funding body had no

role in study design, data collection and analysis,

decision to publish, or preparation of the

manuscript.

https://orcid.org/0000-0002-0066-9746
https://doi.org/10.1371/journal.pone.0252161
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0252161&domain=pdf&date_stamp=2021-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0252161&domain=pdf&date_stamp=2021-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0252161&domain=pdf&date_stamp=2021-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0252161&domain=pdf&date_stamp=2021-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0252161&domain=pdf&date_stamp=2021-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0252161&domain=pdf&date_stamp=2021-05-26
https://doi.org/10.1371/journal.pone.0252161
https://doi.org/10.1371/journal.pone.0252161
http://creativecommons.org/licenses/by/4.0/


22.96% (95% CI, 7.82, 38.09). Cardiovascular system drugs were the most commonly impli-

cated medication class. Methods of ADRs detection, age group, setting, and sample size

contributed significantly to the heterogeneity of the estimates.

Conclusion

ADRs constitute a significant health problem in the primary care setting. Further research

should focus on examining whether ADRs affect subsequent clinical outcomes, particularly

in high-risk therapeutic areas. This information may better inform strategies to reduce the

burden of ADRs in the primary care setting.

Introduction

Adverse drug reactions (ADRs) represent a significant clinical problem in healthcare, owing to

the increasing multimorbidity and complexity of medical treatment. ADRs are defined as

"noxious and unintended responses to a medicinal product" [1]. Since 2010, this definition has

included reactions not only from appropriate use of drugs at normal doses, but also those

resulted from errors and the use outside the term of authorization [2]. Lazarou et al estimated

from a meta-analysis, that ADRs represent the fourth leading causes of death in the United

States (US) [3]. In England, Hospital Episode Statistic (HES) data showed that between 2008

and 2015, there were 541,416 hospital admissions caused by ADRs, representing 1.5% of total

hospital episodes; over this period the number of ADRs-related hospital admissions increased

by 53.4% [4, 5].

While a substantial body of work had been undertaken to characterise ADRs that resulted

in hospital admissions and occurred during hospital stay [6–11], much less is known about the

overall burden of ADRs in the primary care setting, where most medications are prescribed

and administered [12]. Identification of ADRs in the primary care setting is inherently chal-

lenging due to the intermittent nature of healthcare contacts and scattered information across

multiple patient care providers [13]. As a gatekeeper, primary care provider has a critical role

in signalling and recognising ADRs to minimise the subsequent impact of the reaction and

ensure optimal individual pharmacotherapy [14].

Previous systematic reviews have been conducted in primary care setting, but these reviews

focused on medication errors [15] and general safety incidents, e.g., diagnostic incidents,

administrative and communication incidents, and medication management incidents [16].

Tache et al examined medication-related adverse events, but the review combined both pri-

mary and secondary care settings and included six ambulatory-based studies only up to 2011

[13]. Another review has been conducted by Khalil et al, however no meta-analysis, evaluation

of study quality, heterogeneity analysis, and preventability assessment were performed [17].

Ascertaining the burden of ADRs in the community has significant public health implication,

as this information may help in prioritising areas of improvement, and thus potentially

decreasing patients’ risk of untoward therapeutic consequences. Therefore, this systematic

review and meta-analysis were performed to investigate the prevalence of ADRs in the primary

care setting, their preventability, and factors affecting the heterogeneity of the estimates.
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Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) state-

ment was used to guide the reporting of the findings. A completed PRISMA checklist is pro-

vided as an additional file (S1 Appendix). The study protocol was registered in the

International Prospective Register of Systematic Reviews database (PROSPERO: CRD

42020191159).

Search strategy

A systematic search was conducted within Medline, Embase, Cumulative Index of Nursing

and Allied Health Literature (CINAHL), and International Pharmaceutical Abstracts (IPA)

databases across all publication dates up to June 2020. The search strategies cover the terms

related to ADRs and setting of interest (S2 Appendix). The reference lists of eligible studies

were reviewed to identify potential relevant studies. The corresponding authors of the eligible

articles were contacted when additional information was needed.

Eligibility criteria

1. Study type: Observational studies that provided information on the prevalence, i.e., the rate

of patients with ADR(s) within the observed period were included. Studies that reported

the occurence of ADRs in relation to total consultations or total course of drug therapies

without reporting the number of patients with ADR(s) and total number of patients

included, were not eligible for inclusion to ensure comparability of outcome measure.

2. Population and setting: Patients from all age groups receiving care from primary care facili-

ties were included. Primary care is defined as the first point of contact with healthcare sys-

tem, providing generalist care delivered outside inpatient setting [16, 18]. This setting

included general/family medicine, general internal medicine, general paediatrics, commu-

nity pharmacy, and community health services such as long-term care facilities [16]. As pri-

mary care practitioners are commonly responsible for the provision of first-line health care

to long-term care facilities residents [19, 20], we included studies investigating ADRs in

long-term care facilities. General internal medicine was included only when the studies

specified that they provided primary care services for the patients, as typically observed in

the context of US primary care health system [21].

3. Types of outcome: The outcome of interest was ADRs, defined as "noxious and unintended

responses to a medicinal product" [1]. For example, muscle symptoms/myopathy associated

with statin, cough associated with angiotensin converting enzyme inhibitor (ACEI), and

ankle oedema associated with calcium channel blocker (CCB). Since 2010, this definition

has included reactions not only from appropriate use of drugs at normal doses, but also

those resulted from errors at any medication process [2], e.g., myopathy in a statin user

who was previously prescribed systemic azole antifungal and rash after admistration of flu-

cloxacillin in a patient with a documented allergy to penicillin [22, 23].

The eligible detection methods were one or a combination of the following [24];

1. Spontaneous/solicited reporting by healthcare professionals, which involves active partici-

pation of clinicians to collect and notify any ADRs observed during primary care consulta-

tions to research investigators within a specified period of time [25, 26].
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2. Medical record/notes/medication review, either using prospective or retrospective review.

This method could be combined with patient survey [23, 27]. We included studies using

medical record review alone or combined record/medication review-patient survey.

3. Trigger-based medical record review, which involves a two-step review process [28, 29].

Firstly, a selection of patient record was screened using a set of pre-defined ADRs triggers,

e.g., specific laboratory values, prescribing of antidote medication, specific phrases, or

drug-event potentially indicative of ADRs. For example, on warfarin treatment and interna-

tional normalised ratio (INR) > 5, on statin treatment and serum aspartate amino transfer-

ase (AST) > 150 U/L; and on diuretics treatment and serum potassium < 3.0 mmol/L [30,

31]. Subsequently, the investigators performed thorough reviews of these flagged charts to

determine whether the use of drug was associated with the event or ADRs had actually

occurred [28, 29, 32, 33].

4. Administrative database screening to identify ADRs recorded by primary care providers

during routine care. These reactions were typically recorded using specific designated

codes for ADRs, e.g., International Classification of Primary Care (ICPC) Code A-85 or

Read Code Chapter TJ [14, 34].

Exclusion criteria

Studies investigating ADRs as causes of emergency department visits and/or hospital admis-

sion were excluded. Studies with combined setting that did not provide separate estimate of

ADRs between primary and secondary/tertiary care setting were excluded. Studies that

assessed ADRs using only public surveys without any further assessment by healthcare profes-

sional/research investigator were excluded to ensure comparability of outcome measure. Stud-

ies that examined ADRs associated with specific drug exposure were excluded as the samples

were not generalizable of primary care population in general. Literature review, cases reports/

series, and conference abstracts were excluded, as were articles written in languages other than

English.

Screening and data extraction

Two investigators (WI and HA) independently screened the titles and abstracts generated

from the databases using the predetermined criteria. Any discrepancies between the two

reviewers were resolved through discussion. Following initial screening, the full-text of poten-

tially relevant papers were further assessed to identify eligible studies. The process of study

selection was presented using an adapted PRISMA diagram [35]. The process of data extrac-

tion was conducted using a standardized data collection form for all included studies. Data

extracted included general characteristics of the studies, ADRs prevalence, and when reported:

drugs implicated in the ADRs, preventability, severity, and risk factors of ADRs.

Appraisal of study quality

The quality of the included studies were examined using Smyth ADRs adapted scale [36]. This

10-item instrument was developed specifically for studies examining ADRs in clinical settings

[37, 38]. The following aspects were evaluated from each study; study design, data source,

methods of ADRs detection, assessment of causality, preventability, and severity [36].
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Data analysis

A random-effects model was used to calculate the pooled prevalence of ADRs and the percent-

age of preventable ADRs. Heterogeneity among the included studies was assessed using I2 sta-

tistics. Sub-group analyses and meta-regression were performed to explore potential source of

heterogeneity, i.e., age groups, ADRs detection methods, ADRs definitions, setting, study qual-

ity, and sample size. All analyses were performed in Stata version 15.

Results

Literature search and selection process

A total of 10,407 citations were retrieved from the electronic databases and other sources.

After removal of duplicates, 5944 records remained for evaluation. Title and abstract screening

yielded 179 records eligible for full-text assessment. Finally, a total of 33 studies were included

in this systematic review (Fig 1) (Table 1).

Characteristics of included studies

Majority of the included studies were cross-sectional in design [14, 25, 26, 30, 31, 39–46, 48–

53, 55–64], with two retrospective cohort [47, 56] and two prospective cohort studies [23, 27].

Fig 1. Flow diagram of the selection of eligible studies.

https://doi.org/10.1371/journal.pone.0252161.g001
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Table 1. General characteristics of included studies.

Reference Country Setting Method for ADRs Detection Mean age ± SD; range Sample

Size

ADRs

Definition

/Causality

Prevalence

(95% CI)

Adults population
Schneider et al,

1992 [39]

United States Primary Care Internal

Medicine

Medical record review 77.2 ± 5.6; elderly, 58–97

years

463 WHOa/Naranjo

algorithm

20.95 (17.24,

24.66)b

Montastruc et al,

1995 [25]

France General Practice Solicited reporting by

physicians

49.2 ± 24.7; 17–85 years 2094 WHO/French

causality

method

1.00 (0.58,

1.41)b

Cooper et al,

1996 [40]

United States Long-term Care

Facilities

Medication review and direct

patient assessment

80.6 ± NA; elderly, range

was not specified

332 WHO/Naranjo

algorithm

65.36 (60.24,

70.47)b

Hanlon et al,

1997 [41]

United States Primary Care Internal

Medicine

Medical record review and

patient survey

69.4 ± 3.5; elderly,� 65

years

167 WHO/NA 34.73 (27.51,

41.95)b

Veehof et al,

1999 [42]

The

Netherlands

General Practice Administrative database

screening

71.6 ± NA; elderly,� 65

years

2185 NA/NA 8.92 (7.73,

10.12)b

Gandhi et al,

2000 [43]

United States Primary Care Internal

Medicine

Medical record reviewc 45.8 ± NA; 20–75 years 2248 Bates et al/

Naranjo

algorithm

2.85 (2.16,

3.53)b

Aspinall et al,

2002 [44]

United States Primary Care Internal

Medicine

Medical record review and

patient survey

68.0 ± 10.5; range was

not specified

198 WHO/Naranjo

algorithm

25.76 (19.67,

31.85)b

Gandhi et al,

2003 [23]

United States Primary Care Internal

Medicine

Medical record review and

patient survey

52.0 ± NA; 19–100 years 661 Bates et al/

Defined by

authors

24.51 (21.23,

27.79)b

Roughead et al,

2004 [45]

Australia Home Setting Domiciliary medication review

and surveyc
men: 74.0, women: 75.5

yearsd ± NA; elderly,

range was not specified

1000 NA/NA 18.60 (16.19,

21.01)b

Sorensen et al,

2005 [46]

Australia Home Setting Domiciliary medication review

and survey

72.4 ± 10.3; 37–99 years 204 NA/NA 25.00 (19.05,

30.94)b

Nguyen et al,

2006 [47]

United States Long-term Care

Facilities

Voluntary reporting by

healthcare professional and

trigger-based medical record

review

72.0 ± NA; elderly, 65–

100 years

335 WHO/Naranjo

algorithm

61.79 (56.58,

66.94)b

Calderon-

Larranaga et al,

2012 [48]

Spain General Practice Administrative database

screening

NA;� 14 years 79,089 NA/NA 0.87 (0.81,

0.94)b

Brenner et al,

2012 [30]

United States Primary Care Internal

Medicine

Trigger-based medical record

review

55.0 ± 14.0; > 18 years 516 Bates et al/NA 17.64 (14.35–

20.92)b

Miller et al, 2013

[49]

Australia General Practice Solicited reporting by

physiciansc
NA;� 45 years 7518 Britt et al/NA 10.79 (10.09,

11.49)b

Sino et al, 2013

[50]

The

Netherlands

Home Setting Medication review and

interview

79.3 ± NA;� 45 years 115 NA/Defined by

authors

40.00 (31.04,

53.91)b

Marcum et al,

2013 [51]

United States Long-term Care

Facilities

Trigger-based medical record

review

70.6 ± 12.2; elderly,

range was not specified

321 Bates et al/NA 20.25 (15.85,

24.64)b

Eguale et al, 2015

[52]

Canada General Practice Administrative database

screening

NA;� 18 years 46,021 NA/NA 7.57 (7.33,

7.81)b

Rhalimi et al,

2017 [53]

France Community Pharmacy Medication review and surveyc,e 80.6 ± 6.6; elderly,� 65

years

892 WHO/NA 3.36 (2.18,

4.55)b

Devik et al, 2018

[54]

Norwegia Long-term Care

Facilities and Home

Care

Medication reviewc 87.0 ± NA; 65–102 years 154 NA/NA 21.43 (14.94,

27.90)b

Benson et al,

2018 [55]

Australia General Practice Medication review and patient

surveyc
67.7 ± 13.6; range was

not specified

493 NA/NA 11.15 (8.37,

13.93)b

Cahir et al, 2019

[56]

Ireland General Practice Medical record review and

patient survey

NA; elderly,� 70 years 859 Parry et al/NA 24.0 (23.0,

25.0)

Sell et al, 2020

[57]

Germany Community Pharmacy Medication review and patient

surveyc
72.0 ± NA; range was

not specified

1090 NA/NA 21.19 (18.77,

23.62)b

(Continued)
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Study periods spanned from 1992 to 2020. Almost half of the included studies were conducted

in Europe (n = 16) [14, 25, 26, 42, 48, 50, 53, 54, 56–58, 60–64], about one-third in North

America (n = 12) [23, 27, 30, 31, 39–41, 43, 44, 47, 51, 52] and five in Australia [45, 46, 49, 55,

59]. Majority of the studies (n = 22) focused on adult, with ten of them were performed among

the elderly [39–42, 46, 47, 51, 53, 54, 56]. Nine studies were conducted among all age groups

[14, 27, 31, 59–64], while the remaining two studies examined ADRs in a paediatric population

[26, 58].

About one-third of the studies were performed in a general practice setting [14, 25, 42, 48,

49, 52, 55, 56, 59, 61], while seven studies were conducted within primary care internal medi-

cine [23, 27, 30, 39, 41, 43, 44]. The remaining studies were performed in the community phar-

macy (n = 5) [53, 57, 60, 62, 63], long-term care facilities (n = 4) [40, 47, 51, 54], paediatric

practice (n = 2) [26, 58], and home setting (n = 4) [45, 46, 50, 64], where healthcare profession-

als performed domiciliary medication review.

Table 1. (Continued)

Reference Country Setting Method for ADRs Detection Mean age ± SD; range Sample

Size

ADRs

Definition

/Causality

Prevalence

(95% CI)

Paediatric population
Horen et al, 2002

[26]

France Paediatric Practice Solicited reporting by

physicians

NA;� 16 years 1419 NA/French

causality

method

1.41 (0.80,

2.02)b

Jonville et al,

2002 [58]

France Paediatric Practice Solicited reporting by

physicians

NA; paediatric, range

was not specified

1192 NA/French

causality

method

0.67 (0.21,

1.13)b

All age groups
Honigman et al,

2001 [31]

United States Multidisciplinary Computerised trigger-rules

record review

47.9 ± NA; all (<31 to

>75 years)

15,665 Bates et al/

Naranjo

algorithm

5.52 5.16,

5.87)b

Miller et al, 2006

[59]

Australia General Practice Solicited reporting by

physiciansc
NA; all (<1 to >75

years)

8215 Britt et al/NA 9.88 (9.24,

10.53)b

Lewinski et al,

2010 [60]

Germany Community Pharmacy Medication review and patient

surveyc
50.4; all (<16 to >64

years)

3040 NA/NA 5.70 (4.88,

6.52)b

Gonzalez-Rubio

et al, 2011 [61]

Spain General Practice Administrative database

screening

NA; all (0 to� 76 years) 126,838 WHO/NA 0.43 (0.39,

0.46)b

Frokjaer et al,

2012 [62]

Denmark Community Pharmacy Medication review and patient

surveyc
NA; all (0 to > 65 years) 3868 NA/NA 2.90 (2.37,

3.43)b

Trinkley et al,

2017 [27]

United States Primary Care Internal

Medicine

Medical record review and

patient survey

52 ± 16; 7–95 years 701 Bates et al/

Naranjo

algorithm

10.84 (8.54,

13.14)b

Iancu et al, 2015

[63]

Romania Community Pharmacy Medication review and patient

surveyc
NA; range was not

specified

3155 NA/NA 3.17 (2.56,

3.78)

Hoon et al, 2017

[14]

The

Netherlands

General Practice Administrative database

screening

40.7 ± NA; all (0 to >85

years)

1,256,024 WHO/NA 0.66 (0.65,

0.68)b

Latif et al, 2018

[64]

United

Kingdom

(UK)

Home Setting Domiciliary medication review

and patient surveyc
NA; all (<24 to >75

years)

1092 NA/NA 16.80 (14.60,

19.00)

aWHO: World Health Organization
bCI was not presented in the article, but calculated from sample size and prevalence estimate.
cOnly data on ADR was included in the analysis. Drug complications, prescribing errors, and other drug-related problems were excluded.
d Median
eAdditional data were obtained through contact with author.

https://doi.org/10.1371/journal.pone.0252161.t001
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Majority of the studies (n = 21) used medical record/notes/medication review to identify

ADRs. Most of these studies combined this method with patient survey or direct patient assess-

ment (n = 16), with two studies used telephone-based survey [23, 27]. Three studies applied

trigger-based medical record review, with one study combined it with spontaneous (voluntary)

reporting by healthcare professionals [30, 31, 47, 51]. Solicited reporting method were used in

five studies, in which healthcare professionals were asked to notify ADRs within a specified

period, ranging from a 1-week to a 3-month period [25, 26, 49, 58, 59]. The remaining five

studies used administrative database screening to identify ADRs data recorded by primary

care providers during routine care [14, 42, 48, 52, 61] (Table 1).

Prevalence of ADRs

The pooled estimate of ADRs among 1,568,164 individuals was 8.32% (95% CI 7.82, 8.83) (I2 =

99.7%) (Fig 2). When only studies with low risk of bias were considered (scored� 7 in the

ADRs risk of bias assessment, n = 12), the estimate increased to 20.37% (95% CI 16.89, 23.85)

but the heterogeneity remains high (I2 = 99.5).

Preventability of ADRs

The percentage of preventable ADRs in the primary care ranged from 12.35–37.96% [23, 27,

31, 43], with the pooled estimate of 22.96% (95% CI, 7.82, 38.09). Three studies defined pre-

ventable ADRs as reactions which due to errors in any medication process [23, 27, 31]. For

example, myopathy was detected in a statin user who was recently prescribed systemic azole

antifungal. Errors in acknowledging this potentially harmful drug-drug interaction during the

prescribing stage led to this reaction. Thus, this myopathy was considered preventable ADR

[23, 65]. One study defined preventable ADRs as reactions that occurred among patients who

previously had a documented allergic reaction to the drug, and reactions which related to inad-

equate monitoring of the causative drug. For example, bleeding in warfarin users is considered

preventable when adequate INR monitoring is not performed for patients starting warfarin

[43, 66] (Fig 3). Examples of preventable and non-preventable ADRs are provided in Table 2.

Severity of ADRs

One-third of the included studies (n = 11) assessed the severity of the ADRs. The criteria used

to classify severity varied between studies. Mild reactions were typically defined as reactions

which did not require; i.) change in drug regimen, and ii.) specific antidote/treatment for the

reactions. Moderate reactions are those requiring change in drug regimen and/or specific anti-

dote/treatment to relieve ADRs; limits daily activities. Severe ADRs were potentially life-

threatening reactions, require hospitalization, and result in significant disability [23, 26, 27, 31,

40, 43, 44, 47, 49, 56, 59]. Based on the included studies, the majority (76.0–96.3%) of ADRs in

primary care were of mild-moderate severity, for example drug rash, easily bruising and bleed-

ing related with aspirin which did not require hospitalization, indigestion/heartburn related

with anti inflammatory and antirheumatic drug, dizziness/lightheadedness related with beta-

blocker, sexual dysfunction related with selective serotonin reuptake inhibitor (SSRI) and

beta-blocker, cough and orthostatic hypotension related with ACEI, muscle symptom related

with statin, ankle swelling related with CCB, and throat pain related with oral bisphosphonate

[23, 26, 27, 31, 40, 43, 44, 47, 49, 56, 59]. Up to 62.8% of the reactions required changes in drug

regimen. About 1.35–9.1% of the reactions required visits to emergency department and/or

hospital admission, for example bradycardia related with beta-blocker and hypoglycemic

event related with sulfonylureas. Half of the patients with ADRs reported interferences with
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work, leisure, or daily activities; and anxiety/discomfort [23, 26, 27, 31, 40, 43, 44, 47, 49,

56, 59].

Subgroup analysis and meta-regression

We performed subgroup analysis to investigate how the prevalence estimate varied across dif-

ferent subgroup of studies and potential source of heterogeneity. The analysis was performed

Fig 2. Prevalence of ADRs in the primary care setting.

https://doi.org/10.1371/journal.pone.0252161.g002
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through stratification by age group, methods to identify ADRs, definition, setting, risk of bias,

and sample size. We found that studies performed among the elderly (� 65 years) showed the

highest prevalence of ADRs, with more than a quarter of these patients potentially having

experienced ADRs (28.43%, 95% CI 18.65, 38.21). There was a significant heterogeneity in

every age group (I2>99.2%), except studies among paediatric populations (I2 = 71.8%) with

moderate heterogeneity. High heterogeneity was still observed among studies that used the

same methods to identify ADRs (I2>97.9%), as were studies using the same ADRs definition

Fig 3. Percentage of preventable ADRs in the primary care setting.

https://doi.org/10.1371/journal.pone.0252161.g003

Table 2. Example of preventable and non-preventable adverse drug reactions.

Preventability Criteria Example

Preventable ADR Non-Preventable ADR

Reaction occurred in a patient who previously had a

documented prior allergic/reaction to the current

causative drug.

Rash developed after administration of flucloxacillin in a patient

with a documented allergy to penicillins [23, 43].

Rash developed after administration of

flucloxacillin in a patient with no

documented allergy to penicillins.

Reaction occurred due to any errors in medication

process, including error during prescribing,

dispensing, and administration.

Myopathy developed in a statin user who was recently prescribed

systemic azole antifungal (Fail to identify drug-drug interaction)

[23, 65].

Reaction developed without indication of

possible drug-drug interaction.

Exacerbations of asthma related with NSAID use

(Contraindication overlooked) [67].

Reaction occurred despite appropriate

selection of medication for patients’

condition.

Rectal haemorrhage in a dabigatran user >75 years old related

with incorrect dosage. Patient was given maximum

recommended dosage (220mg/day), while in the SmPC of

dabigatran, patient� 75 years should receive lower dose (150 mg/

day) [68]

Reaction occurred despite appropriate

selection of dosage for patients’ condition.

Hypoglycemic event due to medication administration error [69]. Reaction occurred despite appropriate

dosing administration.

Required therapeutic drug monitoring or other

necessary laboratory tests were not (adequately)

performed.

Bleeding occurred in warfarin user with inadequate frequency of

INR monitoring (led to elevated INR, e.g., INR > 4.5) [66].

Bleeding occurred despite the target INR had

been achieved.

Symptomatic hyperkalaemia in spironolactone user related with

inadequate potassium monitoring [70]

Reaction occurred despite adequate

laboratory monitoring and regimen

adjustment.

NSAID: non-steroidal antiinflammatory drugs. SmPC: summary of product characteristic.

https://doi.org/10.1371/journal.pone.0252161.t002
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(I2>98.3%). Studies using combined medical record/notes/medication review and patient sur-

vey (n = 16) exhibited the highest prevalence (19.92%, 95% CI 16.11, 23.73). Studies which

applied the WHO definition [1] (n = 9) had lower estimates compared to Bates et al definition

[22, 71] (n = 6) with the prevalence of 13.05% (95% CI, 9.37, 16.73). With regard to the study

setting, the prevalence of ADRs in studies conducted in long-term care facilities were higher

than other units, with 42.22% (95% CI 17.57, 66.88) of the residents potentially experiencing

ADRs. A large difference was observed among studies involving different sample sizes (i.e.,

0–1000, 1001–10,000, and>10,000), with studies having a larger sample size tending to have a

lower prevalence of ADRs. Factors affecting heterogeneity of the prevalence were further

assessed using meta-regression. There were significantly higher estimates of prevalence of

ADRs in studies using different ADRs detection methods, age group, setting, and sample size

(P<0.05) (Table 3).

Drugs associated with ADRs

Table 4 shows information on the most common drugs class implicated in ADRs in the pri-

mary care setting. The most frequent drug class involved in the ADRs among adults were car-

diovascular drugs (median 27.3%; range: 18.1–71.9%), including antihypertensive, lipid-

modifying, antithrombotic drugs; followed by nervous system drugs (median 13.4%; range:

3.5–39.6%), including antidepressants, antipsychotics, analgesics; and musculoskeletal system

drugs (median 8.3%; range 3.8–13.4%), including NSAIDs, antirheumatic drugs, and drugs for

bone structures and mineralisation (e.g., bisphosphonates). For all age groups, the most com-

monly involved drugs were cardiovascular drugs (median 38%; range:23.4–73.5%), nervous

system drugs (median 16.5%; range: 9.9–23.2%), and anti infectives (median 14.5%; range:8.3–

20.6%). The most commonly involved drugs in the ADRs among paediatric patients were anti

infectives. (median 85%; range 70–100%) [23, 26, 31, 39, 40, 42, 45, 47, 49, 51, 58, 61, 63]

(Table 4).

Risk factors of ADRs

Multimorbidity condition was found to be a strong predictor of ADRs in the primary care, as

well as the higher number of referrals to different specialties [48]. Number of medication pre-

scribed was consistently reported as a major determinant of ADRs [23, 48]. Honigman et al

showed that patients with ADRs were reported to take almost three times the number of drugs

compared to those without ADRs [31]. Gandhi et al further demonstrated that the mean num-

ber of ADRs per patient was likely to be increased by 10% for one additional medication pre-

scribed [23]. Other risk factors reported included the number of consultations to family

physician, being female, off-label drug use, and exposure to several medication classes (i.e.,

antiinfectives and systemic hormonal preparation) [23, 26, 31, 39, 48] (Table 5).

Quality assessment

All of the included studies reported study design, methods to identify ADRs, and data sources.

Individuals who identified ADRs, either researchers or clinicians, were described in all studies.

The process of establishing causal relationship was reported in more than a third of the studies

(n = 13) [23, 25–27, 31, 39–41, 43, 44, 47, 50, 58] with the majority having used a validated

tool, i.e., Naranjo algorithm (n = 7) [27, 31, 39, 40, 43, 44, 47] or French causality method

(n = 3) [25, 26, 58]. One study used criteria defined by the authors that considered three

aspects; i) temporal relationship (timing) between the use of drug and the symptom; ii)

whether the patient attributed the symptom to the drug; and iii) the strength of published data

on the relationship between the symptom and the drug [23]. Four studies assessed the
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preventability [23, 27, 31, 43] and a third of the studies (n = 11) assessed the severity of ADRs

[23, 26, 27, 31, 40, 43, 44, 47, 49, 56, 59].

Discussion

To the best of our knowledge, this is the first systematic review to provide comprehensive

information on the overall burden of ADRs focusing on primary care with quantitative assess-

ment and evaluation of the quality of included studies. The pooled prevalence of ADRs in the

primary care setting was 8.32% (95% CI, 7.82, 8.83). The percentage of preventable ADRs in

primary care ranged from 12.35–37.96%, with the pooled estimate of 22.96% (95% CI, 7.82,

Table 3. Subgroup analysis of included studies.

Study Characteristics Subgroup analysis Meta Regression

Studies (n) Pooled estimate (%) (95% CI) I2 (%) Mean Difference P-Value

Age groups

Paediatric 2 1.01 (0.29, 1.73) 71.8 refa ref

Adults (excl. elderly) 12 13.60 (10.79, 16.42) 99.7 14.56 (-6.60, 35.80) 0.170

Elderly 10 28.43 (18.65, 38.21) 99.2 27.71 (5.86, 49.56) 0.015

All age groups 9 4.53 (4.04, 5.03) 99.6 5.16 (-16.63, 26.95) 0.632

Setting

General practice 10 5.57 (4.95, 6.19) 99.8 4.96 (-10.19, 20.11) 0.508

General internal medicine 7 19.33 (10.83, 27.84) 98.6 18.29 (-0.60, 37.18) 0.057

Community pharmacy 5 6.93 (4.10, 9.75) 98.3 6.19 (-13.45, 25.84) 0.523

Home setting 4 23.34 (17.60, 29.08) 89.6 23.55 (3.01, 44.07) 0.026

Long-term care facilitiesb 4 42.22 (17.57, 66.88) 98.9 39.75 (21.94, 57.55) 0.000

Paediatric practice 2 1.01 (0.29, 1.73) 71.8 Ref ref

Multidisciplinary 1 - - - -

Methods

Medical record/notes/medication review and patient survey 16 19.92 (16.11, 23.73) 99.1 23.69 (6.49, 40.88) 0.009

Medical record review 3 14.90 (0.29, 29.50) 98.3 13.81 (0.66, 26.96) 0.040

Trigger-based medical record review 3 14.32 (3.80, 24.84) 97.9 10.69 (-7.94, 29.33) 0.249

Spontaneous/solicited reporting 5 4.74 (0.66, 8.82) 98.3 1.06 (-14.99, 17.11) 0.893

Administrative database screening 5 3.19 (2.53, 3.85) 99.9 Ref ref

Combined 1 - - - -

Definitions

WHO 9 3.38 (2.81, 3.96) 99.5 Ref ref

Bates et al 6 13.05 (9.37, 16.73) 98.3 -9.92 (-26.98, 7.15) 0.245

NA/Otherc 18 11.42 (9.23, 13.60) 99.7 -10.86 (-24.10, 2.37) 0.104

Study Quality

Low risk of bias 12 20.37 (16.89, 23.85) 99.5 9.47 (-2.09, 21.02) 0.105

High risk of bias 21 6.40 (5.89, 6.91) 99.6 Ref ref

Sample Size

�1000 19 22.49 (18.58, 26.39) 99.3 20.57 (6.35, 34.79) 0.006

1001–10,000 9 7.67 (4.85, 10.50) 99.2 5.11 (-10.25, 20.47) 0.502

>10,000 5 2.96 (2.28, 3.64) 99.9 Ref ref

aReference value
bInclude one studies combining nursing home and home nursing care
cInclude three studies that used definition by Parry et al and Britt et al, the remaining studies did not specify the definition used.

https://doi.org/10.1371/journal.pone.0252161.t003
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38.09). The prevalence estimates varied significantly according to age group, method of ADRs

detection, setting, and sample size.

The lack of other reviews investigating ADRs in primary care hinders comparison to previ-

ous evidence. A previous scoping review found that the most common ADRs observed in this

setting were dose-related and allergic reactions, while idiosyncratic reactions were not com-

mon [17]. Our review significantly extends this finding through the use of a thorough search

strategy, evaluation of study quality, preventability and severity; and detailed heterogeneity

Table 4. The most common drug class implicated in the ADRs in the primary care setting.

Reference Cardiovascular

systema
Nervous

systemb
Antiinfectivec Musculo-skeletal

systemd
Alimentary tract and

metabolisme
Respiratoryf Hormonal

systemg

Adults
Schneider et al, 1992 33/107(31.0%) 11/107

(10.2%)

- 11/107 (10.2%) - - -

Cooper et al, 1996h 199/485 (41.0%)i 159/485

(32.8%)

22/485 (4.5%) 42/485 (8.6%) - 25/485

(5.1%)

41/485 (8.4%)

Veehof et al, 1999 39/215 (18.1%) 12/215 (5.6%) 33/215 (15.3%) 17/215 (7.9%) - - -

Gandhi et al, 2003 43/181 (23.7%) 24/181

(13.2%)

7/181 (3.9%) 15/181 (8.3%) - - 7/181 (3.9%)

Roughead et al, 2004 72/186 (38.7%) 49/186

(26.3%)

- 25/186 (13.4%) - - -

Nguyen et al, 2006j 12/53 (22.6%) 21/53 (39.6%) 8/53 (15.1%) 2/53 (3.8%) 1/53 (1.9%) 9/53 (17.0%)

Miller et al, 2013 166/912 (18.2%) 124/912

(13.6%)

44/912 (4.8%) 71/912 (7.8%) 32/912 (3.5%) - -

Marcum et al, 2013 41/57 (71.9%) 2/57 (3.5%) - - - - 14/57 (24.6%)

Median 27.3% 13.4% 4.8% 8.3% 2.7% 5.1% 12.7%

All age group
Honigman et al,

2001k
89/121 (73.5%) 12/121 (9.9%) 10/121 (8.3%) 6/121 (4.9%) 6/121 (4.9%) - -

Gonzalez-Rubio et al,

2011

127/543 (23.4%) 126/543

(23.2%)

112/543

(20.6%)

71/543 (13.0%) 35/543 (6.4%) 22/543

(4.0%)

3/543 (0.2%)

Iancu et al, 2015 38/100 (38.0%) - - - - - -

Median 38.0% 16.5% 14.5% 8.9% 5.6% 4.0% 0.2%

Paediatric
Horen et al, 2002 - 2/20 (10.0%) 14/20 (70.0%) - 2/20 (10.0%) 1/20 (5.0%) 1/20 (5.0%)

Jonville-Bera et al,

2002

- - 8/8 (100%) - - - -

Median 10.0% 85.0% 10.0% 5% 5%

Reported percentages do not always total 100% because several studies reported only the most common drug class associated with ADRs.
aIncludes renin-angiotensin-aldosteron system (RAAS) agents (ACEIs and angiotensin receptor blockers (ARBs)) CCBs, beta-blockers, diuretics, lipid-lowering drugs,

cardiac glycosides, anti-platelet, anti-coagulants.
bIncludes antipsychotics, antidepressants, anticonvulsants/antiepileptics, analgesics, and opioids.
cIncludes antibotics and vaccines.
dIncludes NSAIDs, antirheumatic agents, muscle relaxant, and drugs for bone structures and mineralisation (e.g., bisphosphonates).
eIncludes antihyperglycemic agents, drugs for peptic ulcer and gastro-oesophargeal reflux disease (GORD).
fIncludes bronchodilators, mucolytics.
gIncludes corticosteroids, drugs affecting endocrine system, and sex hormones.
h39 ADRs involves multiple drugs.
iInclude cardiovascular and blood system drugs, including anticoagulants (n = 6) and hematinics (n = 5).
jAuthors only reported medication implicated in the ADRs occurred in patients using� 9 medication (n = 53).
kAuthors reported 121 ADRs with several ADRs associated with more than one medication class category.

https://doi.org/10.1371/journal.pone.0252161.t004
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analysis. Our prevalence estimate was slightly lower than the estimate reported by Tache et al

which included a subset of six ambulatory-based studies performed before 2008 (8.32% vs

12.80%) [13]. The difference might result from different ADRs detection methods as all studies

used combined medical record review and patients survey. In our subgroup analysis, studies

using this method (n = 16) exhibited the highest estimate, with the prevalence of 19.92%, 95

CI, 16.11, 23.72. Compared to the previous systematic reviews of ADRs as causes of hospital

admission, our estimate is higher [72, 73]. It has been estimated that the frequency of ADRs

occurred in the primary care is likely to be higher due to inclusion of mild-moderate symp-

toms compared to the those requiring urgent medical care which possibly represents only the

most severe reactions in the community [6, 30].

Our review suggests that about one fifth of ADRs in primary care were preventable

(22.96%, 95% CI, 7.82, 38.09). This finding was comparable with two earlier ambulatory-based

reviews showing that 16.5–21% of ADRs in this setting were preventable [13, 74]. The most

frequently cited causes of preventable ADRs included failure to recognise previously docu-

mented allergic reaction to the causative drug, drug-drug interactions overlooked, and inap-

propriate selection of medication and/or dosage for patients’ clinical condition (e.g.,

comorbidity, age) [23, 27, 31, 43]. Several initiatives have been performed to potentially reduce

preventable medication harm in the primary care setting, including pharmacists-led medica-

tion review [75–78], clinical decision support (CDS) embedded in information system [79,

80], educational intervention [81, 82], and nurse-led medication monitoring, particularly in

long-term care facilities [83–85].

Inadequate monitoring was also reported as one of the major contributing factors in pre-

ventable ADRs [23, 27, 31, 43]. Nevertheless, such monitoring is often inadequate in the pri-

mary care [86]. A recent study undertaken in the UK primary care on ACEIs and ARBs users

found that only one-tenth of these patients had guideline-recommended creatinine monitor-

ing [87]. Another study involving 27,355 patients with hypertension, further demonstrated

that those who received routine potassium monitoring were less-likely to experience serious

hyperkalemia associated with spironolactone and ACEIs/ARBs [88]. Thus, strengthening drug

monitoring is likely to generate tangible clinical benefits for patients.

Despite considerable variation on how each study defined severity, this review found that

majority (76.0–96.3%) of ADRs occurred in the primary care setting were of moderate-low

Table 5. Risk factors of ADRs in the primary care setting.

Reference Risk Factors Method Parameter P-value

Gandhi et al [23] Number of medications prescribed Poisson regression RR 1.1 (1.06, 1.15) <0.001

Calderon-Larranaga et al

[48]

Level of multimorbidity (moderate; high; very

high)

Multivariable logistic regression OR 4.24 (3.08, 5.85); <0.001

OR 17.58 (12.23,

25.26);

<0.001

OR 45.26 (26.97,

75.95)

<0.001

Number of visits to family physician OR 1.013 (1.00, 1.02) 0.008

Number of referral to different specialties OR 1.19 (1.12, 1.28) <0.001

Polypharmacy (�6 active substances) OR 1.34 (1.11, 1.63) 0.003

Sex: Female OR 1.307 (1.11, 1.538) 0.001

Horen et al [26] Off-label drug use Multivariable logistic backward stepwise

regression

OR 3.44 (1.26, 9.38) NR�

Exposure to antiinfective drugs OR 3.06 (2.32, 8.11) NR�

Exposure to systemic hormonal drugs OR 4.20 (1.08;16.40) NR�

aThe authors stated that these variables are significant without specifying significance level.

https://doi.org/10.1371/journal.pone.0252161.t005
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severity [23, 26, 27, 31, 40, 43, 44, 47, 49, 56, 59]. Nevertheless, it is worth noting that these

reactions might not be minor for patients, as these reactions might affect their quality of life,

medication adherence, and subsequent health service utilization [43, 89, 90]. In addition,

changes in the treatment regimen were required in over half of the ADRs [23, 26, 27, 31, 43,

44, 49, 56, 59]. Patients with ADRs may be at increased risk of suboptimal therapeutic outcome

due to prolonged discontinuation, limited treatment options, and potentially impaired adher-

ence [91, 92], yet there is little clarity on further impact of ADRs on clinical outcomes. Further

studies should investigate the consequences of ADRs on treatment pattern changes and their

outcomes, as this information may help inform clinicians on the most appropriate interven-

tion strategies following the reaction and provide thorough understanding on the burden of

ADRs for patients and the health system.

It is not surprising that in our subgroup analysis, studies focusing on the elderly population

(�65 years) showed a higher prevalence of ADRs compared to other age groups (28.43%, 95%

CI 18.65, 38.21; n = 10). Altered pharmacokinetics due to physiological impairment is largely

unavoidable in this population, putting them at particularly higher risks of developing such

reactions [93]. In addition, up to 44% of the elderly were exposed to polypharmacy (the

use� 5 medications) [94]. Onder et al showed that about a quarter of people living in the nurs-

ing homes (mean age 83,5 ± 9.3) used� 10 medications (i.e., excessive polypharmacy) to man-

age their medical conditions [95]. We found 42.22% (95% CI 17.57, 66.88) of residents

(age� 65 years) in this setting potentially having experienced ADRs. As the world’s popula-

tion is ageing, mitigation of ADRs among the elderly will become increasingly important.

Studies combining medical record/notes/medication review and patient survey resulted in

the highest proportion of ADRs compared to other approaches (19.92%, 95% CI 16.11, 23.73).

Medical record review alone might have limitation, owing to inadequate documentation [43,

44, 96]. Due to intermittent nature of health care contacts in primary care, it is possible that

ADRs were not adequately recognised and/or communicated, thus, additional information

received from patients might identify more ADRs than those captured in the medical record

[41, 43, 49, 56, 59]. Jordan et al showed that nurse-led patient monitoring has been shown to

be effective to improve recognition of ADRs. Timely identification of ADRs is important to

further prevent a deterioration of patients’ condition which may result in unnecessary health-

care utilization [83–85].

Trigger-based record review has been increasingly used in various settings to facilitate

more targeted and efficient identification of ADRs [29, 33, 97]. In this review, it generated

comparable, but slightly lower estimates compared to manual chart review. Nevertheless, our

result was derived from only limited studies (n = 3) that used the former method [30, 31]. In

this approach, only records containing specific trigger indicators were further assessed, possi-

bly limiting the capture of ADRs not associated with the pre-defined triggers. Several ADRs

triggers with high-moderate positive predictive values (PPV) in primary care included INR

>5, creatinine >2.5 mg/dL, thyroid stimulating hormone (TSH) <0.03 mLU/L for thyroxine,

serum theophylline >20 microgram/mL, medication discontinued, and new order for ARBs

[28, 30–32].

We found five studies using general practice database screening to identify readily-available

ADRs data recorded by primary care providers during routine care [14, 42, 48, 61]. This

approach reflects how primary care physicians recognise and document ADRs in a real-world

setting, thus, the Hawthorne effect (i.e., observer effect) was likely to be minimal compared to

a solicited reporting method [26, 58]. Nevertheless, differences in recording practice might

hinder precise estimation [98]. Miguel et al demonstrated that a smaller prevalence of ADRs

identified by administrative databases screening compared to manual chart review (2.4%
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versus 9.0%) was not a limitation, considering high PPV obtained (87.6%) and the reduced

resource utilised (two person-hours versus 35 person-hours) [24].

There was considerable variation with regard to the risk factors of ADRs among the studies.

Multimorbidity and referrals to different specialties were reported as significant predictors of

ADRs [48]. A different result was observed by Tsang et al which showed that having one or

more referrals was protective against adverse events [99]. Lack of coordination at different lev-

els of care might put patients, particularly those with multimorbidity, at a higher risk of ADRs,

due to the increased risk of potentially harmful drug-drug and/or drug-disease interactions,

and non-adherence [100, 101].

Our finding showed that the most commonly implicated drugs in the ADRs in the primary

care setting were cardiovascular drugs [23, 26, 31, 39, 40, 42, 45, 47, 49, 51, 58, 61, 63]. This is

consistent with the existing evidence [13, 72]. Cardiovascular drugs, particularly RAAS agents,

CCBs, lipid-modifying agents, and aspirin were found to be among the most frequently pre-

scribed medications in primary care in the UK, US, and the Netherlands [102–105]. Thus, it is

imperative for primary healthcare professionals to be vigilant in managing ADRs for this par-

ticular medication class [106–108].

Patient-provider awareness of relevant ADRs associated with patients’ medications and

adequate patient-provider communication were important aspects in the management of

ADRs in less-controlled healthcare environment such as primary care [14]. However, only

about one-third of patients in the community had received information on ADRs [109, 110].

Healthcare professionals are often hesitant in giving information about important ADRs due

to potential nocebo effects (i.e., perceived adverse effects as the result of negative expectancies)

[111], nevertheless, a previous study showed the opposite, i.e, not receiving information on

potential side effects from healthcare professional was associated with increased risk of self-

reported ADRs and decreased satisfaction [43]. It is possible that patients who receive such

information will better manage the drug reactions and become less worried [43, 112]. In spe-

cific therapeutic areas such as diabetes management, previous studies found that up to 48%

patients were often uninformed about drug-induced hypoglycemia risk and thus unable to rec-

ognise this reaction [109, 110, 113]. This highlights the need for better education strategies by

their primary care providers as the majority of patients with chronic diseases were routinely

managed in the primary care setting [114].

Implementation for practice and research

ADRs constitute a significant health problem in primary care, with about a fifth of ADRs iden-

tified as preventable. This indicates potential areas for improvement, particularly targeting

errors in prescribing (contraindication, drug interactions, inappropriate selection of dosage/

frequency for patients’ condition, previously documented drug allergy) and inadequate moni-

toring, particularly for patients with multimorbidity, advanced age, and concomitant use of

medications. There is also a need to improve patient-provider communication of ADRs to pre-

vent further iatrogenic complication and unnecessary healthcare utilisation. Weingart et al

showed that an electronic patient-centered portal, enabled patients to ask question and report

problem about their prescribed medication, was effective in improving communication about

medication problems and was able to identify ADRs in the primary care setting [115, 116]. In

addition, further educational support for both patient and provider may be beneficial to

increase general awareness on the safe use of medicines and improve safety culture [23, 117,

118].

Current knowledge of ADRs has focused on the frequency, with only limited studies reflect-

ing how ADRs impact patient’ health status. Although most of the ADRs in the primary care
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setting are not likely to pose life-threatening condition for patients, the consequences on

health-related outcomes might be significant. It could interfere with patient treatments and

result in suboptimal therapeutic outcomes, yet there is little clarity about the impact of ADRs

on treatment pattern changes and its associated outcomes, particularly for high-risk therapeu-

tic area [91, 92]. Such information would allow identification of appropriate strategies follow-

ing the ADRs which best fit patients’ circumstances and provide thorough understanding on

the burden of ADRs for patients and the health system.

Strengths

The main strength of this review is that this is the first systematic review with quantitative

assessment and heterogeneity analysis on the burden of ADRs in the primary care with evalua-

tion of the quality of the studies. We presents detailed information on factors contributing to

heterogeneity, preventability, medication class frequently implicated, severity, and risk factors

of ADRs. In addition, the risk of bias of included studies were assessed using the specific

assessment instrument for ADRs studies.

Limitations

The finding of this review should be interpreted in light of its limitations. Firstly, there was a

substantial heterogeneity in the reported prevalence between studies. Previous systematic

review showed that high statistical heterogeneity is more frequent in meta-analyses of preva-

lence compared to binary outcome [115, 119]. We performed subgroup analysis and meta-

regression to allow better identification of potential source of variability, showing that different

ADRs detection methods, age group, setting, and sample size affected the estimates. Secondly,

there was no uniformity with regard to description of medications associated with ADRs.

Some studies described the medication in Anatomical Therapeutic Chemical (ATC) level and

others in specific drug class/active substances level, making the comparison challenging.

Thirdly, all eligible studies were performed in the context of European, North America, and

Australian healthcare systems, which limit the generalisability of the results. Nevertheless, the

finding of this review might serves as basis estimate for other countries, where the prevalence

of overall ADRs in primary care have yet to be characterised.

Conclusion

ADRs constitute a significant health problem in the primary care setting. Cardiovascular sys-

tem drugs were the most commonly implicated medication class. Further research should

focus on examining whether ADRs affect subsequent clinical outcomes, particularly in high-

risk therapeutic areas. Such understanding might better inform strategies to reduce the burden

of ADRs in the primary care setting.

Supporting information

S1 Appendix. PRISMA 2009 checklist.

(DOC)

S2 Appendix. Search strategy.

(DOCX)

Author Contributions

Conceptualization: Widya N. Insani, Cate Whittlesea, Sarah Chapman, Li Wei.

PLOS ONE Adverse drug reactions in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 17 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252161.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252161.s002
https://doi.org/10.1371/journal.pone.0252161


Data curation: Widya N. Insani, Hassan Alwafi.

Formal analysis: Widya N. Insani, Hassan Alwafi.

Methodology: Widya N. Insani, Cate Whittlesea, Hassan Alwafi, Kenneth K. C. Man, Li Wei.

Project administration: Cate Whittlesea, Li Wei.

Supervision: Cate Whittlesea, Kenneth K. C. Man, Sarah Chapman, Li Wei.

Validation: Hassan Alwafi, Li Wei.

Writing – original draft: Widya N. Insani.

Writing – review & editing: Widya N. Insani, Cate Whittlesea, Hassan Alwafi, Kenneth K. C.

Man, Sarah Chapman, Li Wei.

References
1. World Health Organization. International Drug Monitoring: Technical Report Series No. 425. [Page 6].

Geneva: World Health Organization; 1969.

2. European Union Directive 2010/84/EU on the Community Code relating to Medicinal Products for

Human Use, amending, as regards Pharmacovigilance, Directive 2001/ 83/EC. https://ec.europa.eu/

health//sites/health/files/files/eudralex/vol-1/dir_2010_84/dir_2010_84_en.pdf [Accessed May 2020]

3. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized patients: a

meta-analysis of prospective studies. JAMA. 1998; 279(15):1200–1205. https://doi.org/10.1001/jama.

279.15.1200 PMID: 9555760

4. Jennifer C, Veeren MW. Trends in emergency hospital admissions in England due to adverse drug

reactions: 2008–2015. J Pharm Health Serv Res. 2017; 8(1):5–11.

5. Patel H, Bell D, Molokhia M, Srishanmuganathan J, Patel M, Car J, et al. Trends in hospital admissions

for adverse drug reactions in England: analysis of national hospital episode statistics 1998–2005.

BMC Clin Pharmacol. 2007; 7:9–20. https://doi.org/10.1186/1472-6904-7-9 PMID: 17894876

6. Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, et al. Adverse drug reactions as

cause of admission to hospital: prospective analysis of 18 820 patients. BMJ. 2004; 329(7456):15–19.

https://doi.org/10.1136/bmj.329.7456.15 PMID: 15231615

7. Hakkarainen KM, Hedna K, Petzold M, Hagg S. Percentage of patients with preventable adverse drug

reactions and preventability of adverse drug reactions—a meta-analysis. PLoS One. 2012; 7(3):

e33236. https://doi.org/10.1371/journal.pone.0033236 PMID: 22438900

8. Miguel A, Azevedo LF, Araujo M, Pereira AC. Frequency of adverse drug reactions in hospitalized

patients: a systematic review and meta-analysis. Pharmacoepidemiol Drug Saf. 2012; 21(11):1139–

1154. https://doi.org/10.1002/pds.3309 PMID: 22761169

9. Oscanoa TJ, Lizaraso F, Carvajal A. Hospital admissions due to adverse drug reactions in the elderly.

A meta-analysis. Eur J Clin Pharmacol. 2017; 73(6):759–770. https://doi.org/10.1007/s00228-017-

2225-3 PMID: 28251277

10. Falconer N, Barras M, Cottrell N. Systematic review of predictive risk models for adverse drug events

in hospitalized patients. Br J Clin Pharmacol. 2018; 84(5):846–64. https://doi.org/10.1111/bcp.13514

PMID: 29337387

11. Wolfe D, Yazdi F, Kanji S, Burry L, Beck A, Butler C, et al. Incidence, causes, and consequences of

preventable adverse drug reactions occurring in inpatients: A systematic review of systematic reviews.

PLoS One. 2018; 13(10):e0205426. https://doi.org/10.1371/journal.pone.0205426 PMID: 30308067

12. National Health Service (NHS) England. Prescribing costs in hospitals and the community 2013–

2014. https://digital.nhs.uk/data-and-information/publications/statistical/prescribing-costs-in-

hospitals-and-the-community/2013-14 [Accessed November 2020].

13. Tache SV, Sonnichsen A, Ashcroft DM. Prevalence of adverse drug events in ambulatory care: a sys-

tematic review. Ann Pharmacother. 2011; 45(7–8):977–89. https://doi.org/10.1345/aph.1P627 PMID:

21693697

14. de Hoon SEM, Hek K, van Dijk L, Verheij RA. Adverse events recording in electronic health record sys-

tems in primary care. BMC Med Inform Decis Mak. 2017; 17(1):163. https://doi.org/10.1186/s12911-

017-0565-7 PMID: 29212497

15. Assiri GA, Shebl NA, Mahmoud MA, Aloudah N, Grant E, Aljadhey H, et al. What is the epidemiology

of medication errors, error-related adverse events and risk factors for errors in adults managed in

PLOS ONE Adverse drug reactions in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 18 / 24

https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/dir_2010_84/dir_2010_84_en.pdf
https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/dir_2010_84/dir_2010_84_en.pdf
https://doi.org/10.1001/jama.279.15.1200
https://doi.org/10.1001/jama.279.15.1200
http://www.ncbi.nlm.nih.gov/pubmed/9555760
https://doi.org/10.1186/1472-6904-7-9
http://www.ncbi.nlm.nih.gov/pubmed/17894876
https://doi.org/10.1136/bmj.329.7456.15
http://www.ncbi.nlm.nih.gov/pubmed/15231615
https://doi.org/10.1371/journal.pone.0033236
http://www.ncbi.nlm.nih.gov/pubmed/22438900
https://doi.org/10.1002/pds.3309
http://www.ncbi.nlm.nih.gov/pubmed/22761169
https://doi.org/10.1007/s00228-017-2225-3
https://doi.org/10.1007/s00228-017-2225-3
http://www.ncbi.nlm.nih.gov/pubmed/28251277
https://doi.org/10.1111/bcp.13514
http://www.ncbi.nlm.nih.gov/pubmed/29337387
https://doi.org/10.1371/journal.pone.0205426
http://www.ncbi.nlm.nih.gov/pubmed/30308067
https://digital.nhs.uk/data-and-information/publications/statistical/prescribing-costs-in-hospitals-and-the-community/2013-14
https://digital.nhs.uk/data-and-information/publications/statistical/prescribing-costs-in-hospitals-and-the-community/2013-14
https://doi.org/10.1345/aph.1P627
http://www.ncbi.nlm.nih.gov/pubmed/21693697
https://doi.org/10.1186/s12911-017-0565-7
https://doi.org/10.1186/s12911-017-0565-7
http://www.ncbi.nlm.nih.gov/pubmed/29212497
https://doi.org/10.1371/journal.pone.0252161


community care contexts? A systematic review of the international literature. BMJ Open. 2018; 8(5):

e019101. https://doi.org/10.1136/bmjopen-2017-019101 PMID: 29730617

16. Panesar SS, deSilva D, Carson-Stevens A, Cresswell KM, Salvilla SA, Slight SP, et al. How safe is pri-

mary care? A systematic review. BMJ Qual Saf. 2016; 25(7):544–553. https://doi.org/10.1136/bmjqs-

2015-004178 PMID: 26715764

17. Khalil H, Huang C. Adverse drug reactions in primary care: a scoping review. BMC Health Serv Res.

2020; 20(1):5. https://doi.org/10.1186/s12913-019-4651-7 PMID: 31902367

18. Starfield B. Primary care: Concept, evaluation, and policy. New York: Oxford University Press; 1992.

19. Balogun SA, Evans J. The primary care physician’s role in nursing facility care. Prim Care. 2005; 32

(3):793–810. https://doi.org/10.1016/j.pop.2005.06.010 PMID: 16140128

20. Barker RO, Craig D, Spiers G, Kunonga P, Hanratty B. Who should deliver primary care in long-term

care facilities to optimize resident outcomes? A systematic review. J Am Med Dir Assoc. 2018; 19

(12):1069–1079. https://doi.org/10.1016/j.jamda.2018.07.006 PMID: 30173957

21. Bindman AB, Majeed A. Primary care in the United States: Organisation of primary care in the United

States. BMJ. 2003; 326(7390):631–634. https://doi.org/10.1136/bmj.326.7390.631 PMID: 12649238

22. Bates DW, Boyle DL, Vander Vliet MB, Schneider J, Leape L. Relationship between medication errors

and adverse drug events. J Gen Intern Med. 1995; 10(4):199–205. https://doi.org/10.1007/

BF02600255 PMID: 7790981

23. Gandhi TK, Weingart SN, Borus J, Seger AC, Peterson J, Burdick E, et al. Adverse drug events in

ambulatory care. N Engl J Med. 2003; 348(16):1556–1564. https://doi.org/10.1056/NEJMsa020703

PMID: 12700376

24. Miguel A, Azevedo LF, Lopes F, Freitas A, Pereira AC. Methodologies for the detection of adverse

drug reactions: comparison of hospital databases, chart review and spontaneous reporting. Pharma-

coepidemiol Drug Saf. 2013; 22(1):98–102. https://doi.org/10.1002/pds.3348 PMID: 23027707

25. Montastruc P, Damase-Michel C, Lapeyre-Mestre M, Puget C, Damase L, Hurstel JF, et al. A prospec-

tive intensive study of adverse drug reactions in urban general practice. Clin Drug Investigation. 1995;

10(2):117–122.

26. Horen B, Montastruc JL, Lapeyre-Mestre M. Adverse drug reactions and off-label drug use in paediat-

ric outpatients. Br J Clin Pharmacol. 2002; 54(6):665–670. PMID: 12492616

27. Trinkley KE, Weed HG, Beatty SJ, Porter K, Nahata MC. Identification and characterization of adverse

drug events in primary care. Am J Med Qual. 2017; 32(5):518–525. https://doi.org/10.1177/

1062860616665695 PMID: 27561696

28. Singh R, McLean-Plunckett EA, Kee R, Wisniewski A, Cadzow R, Okazaki S, et al. Experience with a

trigger tool for identifying adverse drug events among older adults in ambulatory primary care. Qual

Saf Health Care. 2009; 18(3):199–204. https://doi.org/10.1136/qshc.2007.024406 PMID: 19468002

29. Karpov A, Parcero C, Mok CP, Panditha C, Yu E, Dempster L, et al. Performance of trigger tools in

identifying adverse drug events in emergency department patients: a validation study. Br J Clin Phar-

macol. 2016; 82(4):1048–1057. https://doi.org/10.1111/bcp.13032 PMID: 27279597

30. Brenner S, Detz A, Lopez A, Horton C, Sarkar U. Signal and noise: applying a laboratory trigger tool to

identify adverse drug events among primary care patients. BMJ Qual Saf. 2012; 21(8):670–675.

https://doi.org/10.1136/bmjqs-2011-000643 PMID: 22626736

31. Honigman B, Lee J, Rothschild J, Light P, Pulling RM, Yu T, et al. Using computerized data to identify

adverse drug events in outpatients. J Am Med Inform Assoc. 2001; 8(3):254–266. https://doi.org/10.

1136/jamia.2001.0080254 PMID: 11320070

32. Cantor MN, Feldman HJ, Triola MM. Using trigger phrases to detect adverse drug reactions in ambula-

tory care notes. Qual Saf Health Care. 2007; 16(2):132–134. https://doi.org/10.1136/qshc.2006.

020073 PMID: 17403760

33. de Almeida SM, Romualdo A, de Abreu Ferraresi A, Zelezoglo GR, Marra AR, Edmond MB. Use of a

trigger tool to detect adverse drug reactions in an emergency department. BMC Pharmacol Toxicol.

2017; 18(1):71. https://doi.org/10.1186/s40360-017-0177-y PMID: 29141696

34. Tsang C, Bottle A, Majeed A, Aylin P. Adverse events recorded in English primary care: observational

study using the General Practice Research Database. Br J Gen Pract. 2013; 63(613):e534–542.

https://doi.org/10.3399/bjgp13X670660 PMID: 23972194

35. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews

and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6(7):e1000097. https://doi.org/10.

1371/journal.pmed.1000097 PMID: 19621072

36. Smyth RM, Gargon E, Kirkham J, Cresswell L, Golder S, Smyth R, et al. Adverse drug reactions in chil-

dren: A systematic review. PLoS One. 2012; 7(3):e24061. https://doi.org/10.1371/journal.pone.

0024061 PMID: 22403604

PLOS ONE Adverse drug reactions in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 19 / 24

https://doi.org/10.1136/bmjopen-2017-019101
http://www.ncbi.nlm.nih.gov/pubmed/29730617
https://doi.org/10.1136/bmjqs-2015-004178
https://doi.org/10.1136/bmjqs-2015-004178
http://www.ncbi.nlm.nih.gov/pubmed/26715764
https://doi.org/10.1186/s12913-019-4651-7
http://www.ncbi.nlm.nih.gov/pubmed/31902367
https://doi.org/10.1016/j.pop.2005.06.010
http://www.ncbi.nlm.nih.gov/pubmed/16140128
https://doi.org/10.1016/j.jamda.2018.07.006
http://www.ncbi.nlm.nih.gov/pubmed/30173957
https://doi.org/10.1136/bmj.326.7390.631
http://www.ncbi.nlm.nih.gov/pubmed/12649238
https://doi.org/10.1007/BF02600255
https://doi.org/10.1007/BF02600255
http://www.ncbi.nlm.nih.gov/pubmed/7790981
https://doi.org/10.1056/NEJMsa020703
http://www.ncbi.nlm.nih.gov/pubmed/12700376
https://doi.org/10.1002/pds.3348
http://www.ncbi.nlm.nih.gov/pubmed/23027707
http://www.ncbi.nlm.nih.gov/pubmed/12492616
https://doi.org/10.1177/1062860616665695
https://doi.org/10.1177/1062860616665695
http://www.ncbi.nlm.nih.gov/pubmed/27561696
https://doi.org/10.1136/qshc.2007.024406
http://www.ncbi.nlm.nih.gov/pubmed/19468002
https://doi.org/10.1111/bcp.13032
http://www.ncbi.nlm.nih.gov/pubmed/27279597
https://doi.org/10.1136/bmjqs-2011-000643
http://www.ncbi.nlm.nih.gov/pubmed/22626736
https://doi.org/10.1136/jamia.2001.0080254
https://doi.org/10.1136/jamia.2001.0080254
http://www.ncbi.nlm.nih.gov/pubmed/11320070
https://doi.org/10.1136/qshc.2006.020073
https://doi.org/10.1136/qshc.2006.020073
http://www.ncbi.nlm.nih.gov/pubmed/17403760
https://doi.org/10.1186/s40360-017-0177-y
http://www.ncbi.nlm.nih.gov/pubmed/29141696
https://doi.org/10.3399/bjgp13X670660
http://www.ncbi.nlm.nih.gov/pubmed/23972194
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1371/journal.pone.0024061
https://doi.org/10.1371/journal.pone.0024061
http://www.ncbi.nlm.nih.gov/pubmed/22403604
https://doi.org/10.1371/journal.pone.0252161


37. Leung JS, Johnson DW, Sperou AJ, Crotts J, Saude E, Hartling L, et al. A systematic review of

adverse drug events associated with administration of common asthma medications in children. PLoS

One. 2017; 12(8):e0182738. https://doi.org/10.1371/journal.pone.0182738 PMID: 28793336

38. Mekonnen AB, Alhawassi TM, McLachlan AJ, Brien JE. Adverse drug events and medication errors in

african hospitals: A systematic review. Drugs Real World Outcomes. 2018; 5(1):1–24. https://doi.org/

10.1007/s40801-017-0125-6 PMID: 29138993

39. Schneider JK, Mion LC, Frengley JD. Adverse drug reactions in an elderly outpatient population. Am J

Hosp Pharm. 1992; 49(1):90–96. PMID: 1570873

40. Cooper JW. Probable adverse drug reactions in a rural geriatric nursing home population: a four-year

study. J Am Geriatr Soc. 1996; 44(2):194–197. https://doi.org/10.1111/j.1532-5415.1996.tb02439.x

PMID: 8576512

41. Hanlon JT, Schmader KE, Koronkowski MJ, Weinberger M, Landsman PB, Samsa GP, et al. Adverse

drug events in high risk older outpatients. J Am Geriatr Soc. 1997; 45(8):945–948. https://doi.org/10.

1111/j.1532-5415.1997.tb02964.x PMID: 9256846

42. Veehof LJ, Stewart RE, Meyboom-de Jong B, Haaijer-Ruskamp FM. Adverse drug reactions and poly-

pharmacy in the elderly in general practice. Eur J Clin Pharmacol. 1999; 55(7):533–536. https://doi.

org/10.1007/s002280050669 PMID: 10501824

43. Gandhi TK, Burstin HR, Cook EF, Puopolo AL, Haas JS, Brennan TA, et al. Drug complications in out-

patients. J Gen Intern Med. 2000; 15(3):149–154. https://doi.org/10.1046/j.1525-1497.2000.04199.x

PMID: 10718894

44. Aspinall MB, Whittle J, Aspinall SL, Maher RL Jr., Good CB. Improving adverse-drug-reaction report-

ing in ambulatory care clinics at a Veterans Affairs hospital. Am J Health Syst Pharm. 2002; 59

(9):841–845. https://doi.org/10.1093/ajhp/59.9.841 PMID: 12004462

45. Roughead EE, Barratt JD, Gilbert AL. Medication-related problems commonly occurring in an Austra-

lian community setting. Pharmacoepidemiol Drug Saf. 2004; 13(2):83–87. https://doi.org/10.1002/pds.

912 PMID: 14998069

46. Sorensen L, Stokes JA, Purdie DM, Woodward M, Roberts MS. Medication management at home:

medication-related risk factors associated with poor health outcomes. Age Ageing. 2005; 34(6):626–

632. https://doi.org/10.1093/ageing/afi202 PMID: 16267190

47. Nguyen JK, Fouts MM, Kotabe SE, Lo E. Polypharmacy as a risk factor for adverse drug reactions in

geriatric nursing home residents. Am J Geriatr Pharmacother. 2006; 4(1):36–41. https://doi.org/10.

1016/j.amjopharm.2006.03.002 PMID: 16730619

48. Calderon-Larranaga A, Poblador-Plou B, Gonzalez-Rubio F, Gimeno-Feliu LA, Abad-Diez JM, Pra-

dos-Torres A. Multimorbidity, polypharmacy, referrals, and adverse drug events: are we doing things

well? Br J Gen Pract. 2012; 62(605):e821–826. https://doi.org/10.3399/bjgp12X659295 PMID:

23211262

49. Miller GC, Valenti L, Britt H, Bayram C. Drugs causing adverse events in patients aged 45 or older: a

randomised survey of Australian general practice patients. BMJ Open. 2013; 3(10):e003701. https://

doi.org/10.1136/bmjopen-2013-003701 PMID: 24114371

50. Sino CG, Bouvy ML, Jansen PA, Schop IM, Egberts TC, Schuurmans MJ. Signs and symptoms indic-

ative of potential adverse drug reactions in homecare patients. J Am Med Dir Assoc. 2013; 14

(12):920–925. https://doi.org/10.1016/j.jamda.2013.09.014 PMID: 24286711

51. Marcum ZA, Arbogast KL, Behrens MC, Logsdon MW, Francis SD, Jeffery SM, et al. Utility of an

adverse drug event trigger tool in Veterans Affairs nursing facilities. Consult Pharm. 2013; 28(2):99–

109. https://doi.org/10.4140/TCP.n.2013.99 PMID: 23395810

52. Eguale T, Buckeridge DL, Verma A, Winslade NE, Benedetti A, Hanley JA, et al. Association of Off-

label drug use and adverse drug events in an adult population. JAMA Intern Med. 2016; 176(1):55–63.

https://doi.org/10.1001/jamainternmed.2015.6058 PMID: 26523731

53. Rhalimi M, Rauss A, Housieaux E. Drug-related problems identified during geriatric medication review

in the community pharmacy. Int J Clin Pharm. 2018; 40(1):109–118. https://doi.org/10.1007/s11096-

017-0571-y PMID: 29188412

54. Devik SA, Olsen RM, Fiskvik IL, Halbostad T, Lassen T, Kuzina N, et al. Variations in drug-related

problems detected by multidisciplinary teams in Norwegian nursing homes and home nursing care.

Scand J Prim Health Care. 2018; 36(3):291–299. https://doi.org/10.1080/02813432.2018.1499581

PMID: 30139278

55. Benson H, Lucas C, Kmet W, Benrimoj SI, Williams K. Pharmacists in general practice: a focus on

drug-related problems. Int J Clin Pharm. 2018; 40(3):566–572. https://doi.org/10.1007/s11096-018-

0617-9 PMID: 29542035

PLOS ONE Adverse drug reactions in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 20 / 24

https://doi.org/10.1371/journal.pone.0182738
http://www.ncbi.nlm.nih.gov/pubmed/28793336
https://doi.org/10.1007/s40801-017-0125-6
https://doi.org/10.1007/s40801-017-0125-6
http://www.ncbi.nlm.nih.gov/pubmed/29138993
http://www.ncbi.nlm.nih.gov/pubmed/1570873
https://doi.org/10.1111/j.1532-5415.1996.tb02439.x
http://www.ncbi.nlm.nih.gov/pubmed/8576512
https://doi.org/10.1111/j.1532-5415.1997.tb02964.x
https://doi.org/10.1111/j.1532-5415.1997.tb02964.x
http://www.ncbi.nlm.nih.gov/pubmed/9256846
https://doi.org/10.1007/s002280050669
https://doi.org/10.1007/s002280050669
http://www.ncbi.nlm.nih.gov/pubmed/10501824
https://doi.org/10.1046/j.1525-1497.2000.04199.x
http://www.ncbi.nlm.nih.gov/pubmed/10718894
https://doi.org/10.1093/ajhp/59.9.841
http://www.ncbi.nlm.nih.gov/pubmed/12004462
https://doi.org/10.1002/pds.912
https://doi.org/10.1002/pds.912
http://www.ncbi.nlm.nih.gov/pubmed/14998069
https://doi.org/10.1093/ageing/afi202
http://www.ncbi.nlm.nih.gov/pubmed/16267190
https://doi.org/10.1016/j.amjopharm.2006.03.002
https://doi.org/10.1016/j.amjopharm.2006.03.002
http://www.ncbi.nlm.nih.gov/pubmed/16730619
https://doi.org/10.3399/bjgp12X659295
http://www.ncbi.nlm.nih.gov/pubmed/23211262
https://doi.org/10.1136/bmjopen-2013-003701
https://doi.org/10.1136/bmjopen-2013-003701
http://www.ncbi.nlm.nih.gov/pubmed/24114371
https://doi.org/10.1016/j.jamda.2013.09.014
http://www.ncbi.nlm.nih.gov/pubmed/24286711
https://doi.org/10.4140/TCP.n.2013.99
http://www.ncbi.nlm.nih.gov/pubmed/23395810
https://doi.org/10.1001/jamainternmed.2015.6058
http://www.ncbi.nlm.nih.gov/pubmed/26523731
https://doi.org/10.1007/s11096-017-0571-y
https://doi.org/10.1007/s11096-017-0571-y
http://www.ncbi.nlm.nih.gov/pubmed/29188412
https://doi.org/10.1080/02813432.2018.1499581
http://www.ncbi.nlm.nih.gov/pubmed/30139278
https://doi.org/10.1007/s11096-018-0617-9
https://doi.org/10.1007/s11096-018-0617-9
http://www.ncbi.nlm.nih.gov/pubmed/29542035
https://doi.org/10.1371/journal.pone.0252161


56. Cahir C, Wallace E, Cummins A, Teljeur C, Byrne C, Bennett K, et al. Identifying adverse drug events

in older community-dwelling patients. Ann Fam Med. 2019; 17(2):133–140. https://doi.org/10.1370/

afm.2359 PMID: 30858256

57. Sell R, Schaefer M. Prevalence and risk factors of drug-related problems identified in pharmacy-based

medication reviews. Int J Clin Pharm. 2020; 42(2):588–597. https://doi.org/10.1007/s11096-020-

00976-8 PMID: 32026355

58. Jonville-Bera AP, Giraudeau B, Blanc P, Beau-Salinas F, Autret-Leca E. Frequency of adverse drug

reactions in children: a prospective study. Br J Clin Pharmacol. 2002; 53(2):207–210. https://doi.org/

10.1046/j.0306-5251.2001.01535.x PMID: 11851647

59. Miller GC, Britth HC, Valenti L. Adverse drug events in general practice patients in Australia. Med J

Aust. 2006; 184(7):321–324. https://doi.org/10.5694/j.1326-5377.2006.tb00263.x PMID: 16584364

60. Lewinski D, Wind S, Belgardt C, Plate V, Behles C, Schweim HG. Prevalence and safety-relevance of

drug-related problems in German community pharmacies. Pharmacoepidemiol Drug Saf. 2010; 19

(2):141–149. https://doi.org/10.1002/pds.1861 PMID: 19777534

61. Gonzalez-Rubio F, Calderon-Larranaga A, Poblador-Plou B, Navarro-Peman C, Lopez-Cabanas A,

Prados-Torres A. Underreporting of recognized adverse drug reactions by primary care physicians: an

exploratory study. Pharmacoepidemiol Drug Saf. 2011; 20(12):1287–94. https://doi.org/10.1002/pds.

2172 PMID: 21702073

62. Frøkjær B, Bolvig T, Griese N, Herborg H, Rossing C. Prevalence of drug-related problems in self-

medication in Danish community pharmacies. Innov Pharm. 2012; 3(4):1–10.

63. Iancu M, Bucsa C, Farcas A, Leucuta D, Dincu A, Mogosan C, et al. Patients counseling and manage-

ment of adverse drug reactions and drug interactions in the community pharmacy. Farmacia. 2015; 63

(1):80–85.

64. Latif A, Mandane B, Anderson E, Barraclough C, Travis S. Optimizing medicine use for people who

are homebound: an evaluation of a pilot domiciliary Medicine Use Review (dMUR) service in England.

Integr Pharm Res Pract. 2018; 7:33–40. https://doi.org/10.2147/IPRP.S160149 PMID: 29765871

65. Dybro AM, Damkier P, Rasmussen TB, Hellfritzsch M. Statin-associated rhabdomyolysis triggered by

drug-drug interaction with itraconazole. BMJ Case Rep. 2016;2016. https://doi.org/10.1136/bcr-2016-

216457 PMID: 27605198

66. Piazza G, Nguyen TN, Cios D, Labreche M, Hohlfelder B, Fanikos J, et al. Anticoagulation-associated

adverse drug events. Am J Med. 2011; 124(12):1136–1142. https://doi.org/10.1016/j.amjmed.2011.

06.009 PMID: 22114827

67. Titchen T, Cranswick N, Beggs S. Adverse drug reactions to nonsteroidal anti-inflammatory drugs,

COX-2 inhibitors and paracetamol in a paediatric hospital. Br J Clin Pharmacol. 2005; 59(6):718–723.

https://doi.org/10.1111/j.1365-2125.2005.02444.x PMID: 15948937

68. Mascolo A, Ruggiero R, Sessa M, Scavone C, Sportiello L, Rafaniello C, et al. Preventable cases of

oral anticoagulant-induced bleeding: data from the spontaneous reporting system. Front Pharmacol.

2019; 10:425. https://doi.org/10.3389/fphar.2019.00425 PMID: 31114497

69. Kale A, Keohane CA, Maviglia S, Gandhi TK, Poon EG. Adverse drug events caused by serious medi-

cation administration errors. BMJ Qual Saf. 2012; 21(11):933–938. https://doi.org/10.1136/bmjqs-

2012-000946 PMID: 22791691

70. Schepkens H, Vanholder R, Billiouw JM, Lameire N. Life-threatening hyperkalemia during combined

therapy with angiotensin-converting enzyme inhibitors and spironolactone: an analysis of 25 cases.

Am J Med. 2001; 110(6):438–41. Epub 2001/05/02. https://doi.org/10.1016/s0002-9343(01)00642-8

PMID: 11331054.

71. Bates DW, Leape LL, Petrycki S. Incidence and preventability of adverse drug events in hospitalized

adults. J Gen Intern Med. 1993; 8(6):289–294. https://doi.org/10.1007/BF02600138 PMID: 8320571

72. Kongkaew C, Noyce PR, Ashcroft DM. Hospital admissions associated with adverse drug reactions: a

systematic review of prospective observational studies. Ann Pharmacother. 2008; 42(7):1017–1025.

https://doi.org/10.1345/aph.1L037 PMID: 18594048

73. Angamo MT, Chalmers L, Curtain CM, Bereznicki LR. Adverse drug reaction-related hospitalisations

in developed and developing countries: A review of prevalence and contributing factors. Drug Saf.

2016; 39(9):847–857. https://doi.org/10.1007/s40264-016-0444-7 PMID: 27449638

74. Thomsen LA, Winterstein AG, Sondergaard B, Haugbolle LS, Melander A. Systematic review of the

incidence and characteristics of preventable adverse drug events in ambulatory care. Ann Pharmac-

other. 2007; 41(9):1411–1426. https://doi.org/10.1345/aph.1H658 PMID: 17666582

75. Kwint HF, Faber A, Gussekloo J, Bouvy ML. Effects of medication review on drug-related problems in

patients using automated drug-dispensing systems: a pragmatic randomized controlled study. Drugs

Aging. 2011; 28(4):305–314. https://doi.org/10.2165/11586850-000000000-00000 PMID: 21428465

PLOS ONE Adverse drug reactions in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 21 / 24

https://doi.org/10.1370/afm.2359
https://doi.org/10.1370/afm.2359
http://www.ncbi.nlm.nih.gov/pubmed/30858256
https://doi.org/10.1007/s11096-020-00976-8
https://doi.org/10.1007/s11096-020-00976-8
http://www.ncbi.nlm.nih.gov/pubmed/32026355
https://doi.org/10.1046/j.0306-5251.2001.01535.x
https://doi.org/10.1046/j.0306-5251.2001.01535.x
http://www.ncbi.nlm.nih.gov/pubmed/11851647
https://doi.org/10.5694/j.1326-5377.2006.tb00263.x
http://www.ncbi.nlm.nih.gov/pubmed/16584364
https://doi.org/10.1002/pds.1861
http://www.ncbi.nlm.nih.gov/pubmed/19777534
https://doi.org/10.1002/pds.2172
https://doi.org/10.1002/pds.2172
http://www.ncbi.nlm.nih.gov/pubmed/21702073
https://doi.org/10.2147/IPRP.S160149
http://www.ncbi.nlm.nih.gov/pubmed/29765871
https://doi.org/10.1136/bcr-2016-216457
https://doi.org/10.1136/bcr-2016-216457
http://www.ncbi.nlm.nih.gov/pubmed/27605198
https://doi.org/10.1016/j.amjmed.2011.06.009
https://doi.org/10.1016/j.amjmed.2011.06.009
http://www.ncbi.nlm.nih.gov/pubmed/22114827
https://doi.org/10.1111/j.1365-2125.2005.02444.x
http://www.ncbi.nlm.nih.gov/pubmed/15948937
https://doi.org/10.3389/fphar.2019.00425
http://www.ncbi.nlm.nih.gov/pubmed/31114497
https://doi.org/10.1136/bmjqs-2012-000946
https://doi.org/10.1136/bmjqs-2012-000946
http://www.ncbi.nlm.nih.gov/pubmed/22791691
https://doi.org/10.1016/s0002-9343%2801%2900642-8
http://www.ncbi.nlm.nih.gov/pubmed/11331054
https://doi.org/10.1007/BF02600138
http://www.ncbi.nlm.nih.gov/pubmed/8320571
https://doi.org/10.1345/aph.1L037
http://www.ncbi.nlm.nih.gov/pubmed/18594048
https://doi.org/10.1007/s40264-016-0444-7
http://www.ncbi.nlm.nih.gov/pubmed/27449638
https://doi.org/10.1345/aph.1H658
http://www.ncbi.nlm.nih.gov/pubmed/17666582
https://doi.org/10.2165/11586850-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21428465
https://doi.org/10.1371/journal.pone.0252161


76. Lenander C, Elfsson B, Danielsson B, Midlov P, Hasselstrom J. Effects of a pharmacist-led structured

medication review in primary care on drug-related problems and hospital admission rates: a random-

ized controlled trial. Scand J Prim Health Care. 2014; 32(4):180–186. https://doi.org/10.3109/

02813432.2014.972062 PMID: 25347723

77. Stewart D, Whittlesea C, Dhital R, Newbould L, McCambridge J. Community pharmacist led medica-

tion reviews in the UK: A scoping review of the medicines use review and the new medicine service lit-

eratures. Res Social Adm Pharm. 2020; 16(2):111–122. https://doi.org/10.1016/j.sapharm.2019.04.

010 PMID: 31085141

78. Touchette DR, Masica AL, Dolor RJ, Schumock GT, Choi YK, Kim Y, et al. Safety-focused medication

therapy management: a randomized controlled trial. J Am Pharm Assoc (2003). 2012; 52(5):603–612.

https://doi.org/10.1331/JAPhA.2012.12036 PMID: 23023840

79. Gurwitz JH, Field TS, Rochon P, Judge J, Harrold LR, Bell CM, et al. Effect of computerized provider

order entry with clinical decision support on adverse drug events in the long-term care setting. J Am

Geriatr Soc. 2008; 56(12):2225–2233. https://doi.org/10.1111/j.1532-5415.2008.02004.x PMID:

19093922

80. Verdoorn S, Kwint HF, Hoogland P, Gussekloo J, Bouvy ML. Drug-related problems identified during

medication review before and after the introduction of a clinical decision support system. J Clin Pharm

Ther. 2018; 43(2):224–231. https://doi.org/10.1111/jcpt.12637 PMID: 28971492

81. Kamarudin G, Penm J, Chaar B, Moles R. Educational interventions to improve prescribing compe-

tency: a systematic review. BMJ Open. 2013; 3(8):e003291. https://doi.org/10.1136/bmjopen-2013-

003291 PMID: 23996821

82. Khoo EM, Sararaks S, Lee WK, Liew SM, Cheong AT, Samad A, et al. Reducing medical errors in pri-

mary care using a pragmatic complex intervention. Asia Pac J Pub Health. 2015; 27(6):670–677.

https://doi.org/10.1177/1010539514564007 PMID: 25563351

83. Jordan S, Banner T, Gabe-Walters M, Mikhail JM, Panes G, Round J, et al. Nurse-led medicines’ mon-

itoring in care homes, implementing the Adverse Drug Reaction (ADRe) Profile improvement initiative

for mental health medicines: An observational and interview study. PLoS One. 2019; 14(9):e0220885.

https://doi.org/10.1371/journal.pone.0220885 PMID: 31509537

84. Jordan S, Gabe-Walters ME, Watkins A, Humphreys I, Newson L, Snelgrove S, et al. Nurse-led medi-

cines’ monitoring for patients with dementia in care homes: a pragmatic cohort stepped wedge cluster

randomised trial. PLoS One. 2015; 10(10):e0140203. https://doi.org/10.1371/journal.pone.0140203

PMID: 26461064

85. ADRE-The Adverse Drug Reaction Profile: Helping to monitor medicines. https://www.swansea.ac.uk/

adre/ [Accessed March 2021].

86. Bundy DG, Marsteller JA, Wu AW, Engineer LD, Berenholtz SM, Caughey AH, et al. Electronic health

record-based monitoring of primary care patients at risk of medication-related toxicity. J Qual Patient

Saf. 2012; 38(5):216–223. https://doi.org/10.1016/s1553-7250(12)38027-6 PMID: 22649861

87. Schmidt M, Mansfield KE, Bhaskaran K, Nitsch D, Sorensen HT, Smeeth L, et al. Adherence to guide-

lines for creatinine and potassium monitoring and discontinuation following renin-angiotensin system

blockade: a UK general practice-based cohort study. BMJ Open. 2017; 7(1):e012818. https://doi.org/

10.1136/bmjopen-2016-012818 PMID: 28069618

88. Raebel MA, Ross C, Xu S, Roblin DW, Cheetham C, Blanchette CM, et al. Diabetes and drug-associ-

ated hyperkalemia: effect of potassium monitoring. J Gen Intern Med. 2010; 25(4):326–333. https://

doi.org/10.1007/s11606-009-1228-x PMID: 20087674

89. Del Pozzo-Magana BR, Rieder MJ, Lazo-Langner A. Quality of life in children with adverse drug reac-

tions: a narrative and systematic review. Br J Clin Pharmacol. 2015; 80(4):827–833. https://doi.org/10.

1111/bcp.12423 PMID: 24833305

90. Rolfes L, van Hunsel F, Taxis K, van Puijenbroek E. The impact of experiencing adverse drug reac-

tions on the patient’s quality of life: a retrospective cross-sectional study in the Netherlands. Drug Saf.

2016; 39(8):769–776. https://doi.org/10.1007/s40264-016-0422-0 PMID: 27145946

91. Serban MC, Colantonio LD, Manthripragada AD, Monda KL, Bittner VA, Banach M, et al. Statin intoler-

ance and risk of coronary heart events and all-cause mortality following myocardial infarction. J Am

Coll Cardiol. 2017; 69(11):1386–1395. https://doi.org/10.1016/j.jacc.2016.12.036 PMID: 28302290

92. Zhang H, Plutzky J, Shubina M, Turchin A. Continued statin prescriptions after adverse reactions and

patient outcomes: a cohort study. Ann Intern Med. 2017; 167(4):221–227. https://doi.org/10.7326/

M16-0838 PMID: 28738423

93. Corsonello A., Pedone C., Incalzi R. Age-related pharmacokinetic and pharmacodynamic changes

and related risk of adverse drug reactions. Curr. Med. Chem. 2010; 17:571–584 https://doi.org/10.

2174/092986710790416326 PMID: 20015034

PLOS ONE Adverse drug reactions in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 22 / 24

https://doi.org/10.3109/02813432.2014.972062
https://doi.org/10.3109/02813432.2014.972062
http://www.ncbi.nlm.nih.gov/pubmed/25347723
https://doi.org/10.1016/j.sapharm.2019.04.010
https://doi.org/10.1016/j.sapharm.2019.04.010
http://www.ncbi.nlm.nih.gov/pubmed/31085141
https://doi.org/10.1331/JAPhA.2012.12036
http://www.ncbi.nlm.nih.gov/pubmed/23023840
https://doi.org/10.1111/j.1532-5415.2008.02004.x
http://www.ncbi.nlm.nih.gov/pubmed/19093922
https://doi.org/10.1111/jcpt.12637
http://www.ncbi.nlm.nih.gov/pubmed/28971492
https://doi.org/10.1136/bmjopen-2013-003291
https://doi.org/10.1136/bmjopen-2013-003291
http://www.ncbi.nlm.nih.gov/pubmed/23996821
https://doi.org/10.1177/1010539514564007
http://www.ncbi.nlm.nih.gov/pubmed/25563351
https://doi.org/10.1371/journal.pone.0220885
http://www.ncbi.nlm.nih.gov/pubmed/31509537
https://doi.org/10.1371/journal.pone.0140203
http://www.ncbi.nlm.nih.gov/pubmed/26461064
https://www.swansea.ac.uk/adre/
https://www.swansea.ac.uk/adre/
https://doi.org/10.1016/s1553-7250%2812%2938027-6
http://www.ncbi.nlm.nih.gov/pubmed/22649861
https://doi.org/10.1136/bmjopen-2016-012818
https://doi.org/10.1136/bmjopen-2016-012818
http://www.ncbi.nlm.nih.gov/pubmed/28069618
https://doi.org/10.1007/s11606-009-1228-x
https://doi.org/10.1007/s11606-009-1228-x
http://www.ncbi.nlm.nih.gov/pubmed/20087674
https://doi.org/10.1111/bcp.12423
https://doi.org/10.1111/bcp.12423
http://www.ncbi.nlm.nih.gov/pubmed/24833305
https://doi.org/10.1007/s40264-016-0422-0
http://www.ncbi.nlm.nih.gov/pubmed/27145946
https://doi.org/10.1016/j.jacc.2016.12.036
http://www.ncbi.nlm.nih.gov/pubmed/28302290
https://doi.org/10.7326/M16-0838
https://doi.org/10.7326/M16-0838
http://www.ncbi.nlm.nih.gov/pubmed/28738423
https://doi.org/10.2174/092986710790416326
https://doi.org/10.2174/092986710790416326
http://www.ncbi.nlm.nih.gov/pubmed/20015034
https://doi.org/10.1371/journal.pone.0252161


94. Morin L, Johnell K, Laroche ML, Fastbom J, Wastesson JW. The epidemiology of polypharmacy in

older adults: register-based prospective cohort study. Clin Epidemiol. 2018; 10:289–298. https://doi.

org/10.2147/CLEP.S153458 PMID: 29559811

95. Onder G, Liperoti R, Fialova D, Topinkova E, Tosato M, Danese P, et al. Polypharmacy in nursing

home in Europe: results from the SHELTER study. J Gerontol A Biol Sci Med Sci. 2012; 67(6):698–

704. https://doi.org/10.1093/gerona/glr233 PMID: 22219520

96. O’Neil AC, Petersen LA, Cook EF, Bates DW, Lee TH, Brennan TA. Physician reporting compared

with medical-record review to identify adverse medical events. Ann Intern Med. 1993; 119(5):370–36.

https://doi.org/10.7326/0003-4819-119-5-199309010-00004 PMID: 8338290

97. Musy SN, Ausserhofer D, Schwendimann R, Rothen HU, Jeitziner MM, Rutjes AW, et al. Trigger tool-

based automated adverse event detection in electronic health records: systematic review. J Med Inter-

net Res. 2018; 20(5):e198. https://doi.org/10.2196/jmir.9901 PMID: 29848467

98. Fernando B, Morrison Z, Kalra D, Cresswell K, Sheikh A. Approaches to recording drug allergies in

electronic health records: qualitative study. PLoS One. 2014; 9(4):e93047. https://doi.org/10.1371/

journal.pone.0093047 PMID: 24740090

99. Tsang C, Majeed A, Banarsee R, Gnani S, Aylin P. Recording of adverse events in English general

practice: analysis of data from electronic patient records. Inform Prim Care. 2010; 18(2):117–24.

https://doi.org/10.14236/jhi.v18i2.761 PMID: 21078234

100. Glintborg B, Andersen SE, Dalhoff K. Insufficient communication about medication use at the interface

between hospital and primary care. Qual Saf Health Care. 2007; 16(1):34–39. https://doi.org/10.1136/

qshc.2006.019828 PMID: 17301202

101. Vermeir P, Vandijck D, Degroote S, Peleman R, Verhaeghe R, Mortier E, et al. Communication in

healthcare: A narrative review of the literature and practical recommendations. Int J Clin Pract. 2015;

69(11):1257–1267. https://doi.org/10.1111/ijcp.12686 PMID: 26147310

102. Baker E, Roberts AP, Wilde K, Walton H, Suri S, Rull G, et al. Development of a core drug list towards

improving prescribing education and reducing errors in the UK. Br J Clin Pharmacol. 2011; 71(2):190–

198. https://doi.org/10.1111/j.1365-2125.2010.03823.x PMID: 21219399

103. Zhang F, Mamtani R, Scott FI, Goldberg DS, Haynes K, Lewis JD. Increasing use of prescription

drugs in the United Kingdom. Pharmacoepidemiol Drug Saf. 2016; 25(6):628–636. https://doi.org/10.

1002/pds.3947 PMID: 26710965

104. Oktora MP, Denig P, Bos JHJ, Schuiling-Veninga CCM, Hak E. Trends in polypharmacy and dis-

pensed drugs among adults in the Netherlands as compared to the United States. PLoS One. 2019;

14(3):e0214240. https://doi.org/10.1371/journal.pone.0214240 PMID: 30901377

105. Che J, Malecki KC, Walsh MC, Bersch AJ, Chan V, McWilliams CA, et al. Overall prescription medica-

tion use among adults: findings from the Survey of the Health of Wisconsin. WMJ. 2014; 113(6):232–

237. PMID: 25745697

106. Kane JA, Kim JK, Haidry SA, Salciccioli L, Lazar J. Discontinuation/dose reduction of angiotensin-con-

verting enzyme inhibitors/angiotensin receptor blockers during acute decompensated heart failure in

african-american patients with reduced left-ventricular ejection fraction. Cardiology. 2017; 137

(2):121–125. https://doi.org/10.1159/000457946 PMID: 28376504

107. Rodriguez LA, Cea-Soriano L, Martin-Merino E, Johansson S. Discontinuation of low dose aspirin and

risk of myocardial infarction: case-control study in UK primary care. BMJ. 2011; 343:d4094. https://doi.

org/10.1136/bmj.d4094 PMID: 21771831

108. Zhang H, Plutzky J, Skentzos S, Morrison F, Mar P, Shubina M, et al. Discontinuation of statins in rou-

tine care settings: a cohort study. Ann Intern Med. 2013; 158(7):526–534. https://doi.org/10.7326/

0003-4819-158-7-201304020-00004 PMID: 23546564

109. Lamounier RN, Geloneze B, Leite SO, Montenegro R Jr., Zajdenverg L, Fernandes M, et al. Hypogly-

cemia incidence and awareness among insulin-treated patients with diabetes: the HAT study in Brazil.

Diabetol Metab Syndr. 2018; 10:83. https://doi.org/10.1186/s13098-018-0379-5 PMID: 30479669

110. Naser AY, Wong ICK, Whittlesea C, Alwafi H, Abuirmeileh A, Alsairafi ZK, et al. Attitudes and percep-

tions towards hypoglycaemia in patients with diabetes mellitus: A multinational cross-sectional study.

PLoS One. 2019; 14(10):e0222275. https://doi.org/10.1371/journal.pone.0222275 PMID: 31647820

111. Colloca L, Miller FG. The nocebo effect and its relevance for clinical practice. Psychosom Med. 2011;

73(7):598–603. https://doi.org/10.1097/PSY.0b013e3182294a50 PMID: 21862825

112. O’Donovan B, Rodgers RM, Cox AR, Krska J. Use of information sources regarding medicine side

effects among the general population: a cross-sectional survey. Prim Health Care Res Dev. 2019; 20:

e153. https://doi.org/10.1017/S1463423619000574 PMID: 31818345

113. Hussein Z, Kamaruddin NA, Chan SP, Jain A, Uppal S, Bebakar WMW, et al. Hypoglycemia aware-

ness among insulin-treated patients with diabetes in Malaysia: A cohort subanalysis of the HAT study.

PLOS ONE Adverse drug reactions in primary care

PLOS ONE | https://doi.org/10.1371/journal.pone.0252161 May 26, 2021 23 / 24

https://doi.org/10.2147/CLEP.S153458
https://doi.org/10.2147/CLEP.S153458
http://www.ncbi.nlm.nih.gov/pubmed/29559811
https://doi.org/10.1093/gerona/glr233
http://www.ncbi.nlm.nih.gov/pubmed/22219520
https://doi.org/10.7326/0003-4819-119-5-199309010-00004
http://www.ncbi.nlm.nih.gov/pubmed/8338290
https://doi.org/10.2196/jmir.9901
http://www.ncbi.nlm.nih.gov/pubmed/29848467
https://doi.org/10.1371/journal.pone.0093047
https://doi.org/10.1371/journal.pone.0093047
http://www.ncbi.nlm.nih.gov/pubmed/24740090
https://doi.org/10.14236/jhi.v18i2.761
http://www.ncbi.nlm.nih.gov/pubmed/21078234
https://doi.org/10.1136/qshc.2006.019828
https://doi.org/10.1136/qshc.2006.019828
http://www.ncbi.nlm.nih.gov/pubmed/17301202
https://doi.org/10.1111/ijcp.12686
http://www.ncbi.nlm.nih.gov/pubmed/26147310
https://doi.org/10.1111/j.1365-2125.2010.03823.x
http://www.ncbi.nlm.nih.gov/pubmed/21219399
https://doi.org/10.1002/pds.3947
https://doi.org/10.1002/pds.3947
http://www.ncbi.nlm.nih.gov/pubmed/26710965
https://doi.org/10.1371/journal.pone.0214240
http://www.ncbi.nlm.nih.gov/pubmed/30901377
http://www.ncbi.nlm.nih.gov/pubmed/25745697
https://doi.org/10.1159/000457946
http://www.ncbi.nlm.nih.gov/pubmed/28376504
https://doi.org/10.1136/bmj.d4094
https://doi.org/10.1136/bmj.d4094
http://www.ncbi.nlm.nih.gov/pubmed/21771831
https://doi.org/10.7326/0003-4819-158-7-201304020-00004
https://doi.org/10.7326/0003-4819-158-7-201304020-00004
http://www.ncbi.nlm.nih.gov/pubmed/23546564
https://doi.org/10.1186/s13098-018-0379-5
http://www.ncbi.nlm.nih.gov/pubmed/30479669
https://doi.org/10.1371/journal.pone.0222275
http://www.ncbi.nlm.nih.gov/pubmed/31647820
https://doi.org/10.1097/PSY.0b013e3182294a50
http://www.ncbi.nlm.nih.gov/pubmed/21862825
https://doi.org/10.1017/S1463423619000574
http://www.ncbi.nlm.nih.gov/pubmed/31818345
https://doi.org/10.1371/journal.pone.0252161


Diabetes Res Clin Pract. 2017; 133:40–49. https://doi.org/10.1016/j.diabres.2017.08.007 PMID:

28888148

114. Salisbury C, Johnson L, Purdy S, Valderas JM, Montgomery AA. Epidemiology and impact of multi-

morbidity in primary care: a retrospective cohort study. Br J Gen Pract. 2011; 61(582):e12–21. https://

doi.org/10.3399/bjgp11X548929 PMID: 21401985

115. Weingart SN, Hamrick HE, Tutkus S, Carbo A, Sands DZ, Tess A, et al. Medication safety messages

for patients via the web portal: The MedCheck Intervention. Int J Med Inform. 2008 Mar 1; 77(3):161–

168. https://doi.org/10.1016/j.ijmedinf.2007.04.007 PMID: 17581772

116. Weingart SN, Carbo A, Tess A, Chiappetta L, Tutkus S, Morway L, et al. Using a patient internet portal

to prevent adverse drug events: a randomized, controlled trial. J Patient Saf. 2013 Sep; 9(3):169–175.

https://doi.org/10.1097/PTS.0b013e31829e4b95 PMID: 23965840

117. Krska J, Morecroft CW. Patients’ use of information about medicine side effects in relation to experi-

ences of suspected adverse drug reactions: a cross-sectional survey in medical in-patients. Drug Saf.

2013; 36(8):673–680. https://doi.org/10.1007/s40264-013-0065-3 PMID: 23700262
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