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Abstract 

Background

Identification of real-time adverse drug reactions [ADRs] (as opposed to the risk of ADRs) 

in older poly-medicated people in primary care is a challenging task, often undertaken 

without an explicit strategy. This systematic review aims to evaluate replicable instruments 

and methods for identifying and addressing ADRs.

Methods

A systematic search was conducted in Medline, CINAHL, Scopus, Web of Science and 

Cochrane library, using controlled vocabulary (MeSH) and free-text terms. Randomised 

controlled trials (RCTs) implementing strategies to identify or resolve ADRs experienced 

by patients in primary care were included. Two reviewers independently screened studies, 

extracted data, and assessed the risk of bias using the Cochrane Risk of Bias tool. Dis-

crepancies were resolved by discussion.

Results

From 2,182 unique records, 49 studies were identified for full review. Eight papers report-

ing results from 6 RCTs were included. All six trials utilised a list of medicine-related 

unwanted symptoms to identify ADRs. Two of three studies using adverse drug reaction 

questionnaires reported statistically significant increased rates of ADR reporting. Two 

of three studies that combined symptom questionnaires with prescriber consultations 

reported reductions in the number of health problems. Overall, results suggest that the 

three studies that described multidisciplinary collaborations using lists of ADRs plus pre-

scriber reviews enhanced patient safety. However, the RCTs were unblinded and reported 

suboptimal retention. When considered as a whole, findings are equivocal and the data 

are too heterogenous to warrant any firm conclusions, beyond the need for more research 

to optimise strategies to safeguard patient wellbeing.
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Implications

Adaptable and scalable instruments with decision support are needed in primary care to 

identify and mitigate medicine-related harm in older poly-medicated people. The effec-

tiveness of adverse drug reaction identification instruments, the value of comprehensive 

instruments, and the optimum method of delivery should be explored in multicentre trials.

Introduction
Adverse drug reactions (ADRs) are persistent, leading causes of iatrogenic injury, avoidable 
harm and financial costs to healthcare providers and society [1]. ADRs are defined as ‘appre-
ciably harmful or unpleasant reactions, resulting from an intervention related to the use of a 
medicinal product, which predict hazard from future administration and warrant prevention 
or specific treatment, or alteration of the dosage regimen, or withdrawal of the product’ [2], p. 
9237]. Adverse drug events (ADEs) are a portmanteau term encompassing ADRs, subthera-
peutic effects of therapy, drug dependence, intoxications and untreated indications [3]. ADRs 
affect one in six hospitalised patients globally [4], and 85% of older patients with dementia 
[5]. One in 12 unplanned hospital admissions are related to ADRs [6]. The NHS costs of 
ADRs attributable to error are estimated at £98.5 million per year [7], and non-indicated and 
unnecessary prescribing of dependency-forming medicines costs England’s NHS ~ £500,000 
each year [8].

In the context of rising workload pressures in primary care, decreasing continuity of care, 
and the increasingly transactional nature of general medical practitioner (GP)/service user 
interactions [9,10], the questions of how primary care prescribers ascertain whether their 
prescribing leads to ADRs, and with what effect, are well-founded. Voluntary reporting and 
structured medication reviews are the main sponsored strategies to identify ADRs; however, 
they have their limitations, namely under-reporting [11], and considerable variation in imple-
mentation, detracting from their effectiveness [12].

The formulaic prediction of ADRs in older people may be problematic. Such patients are 
often frail, poly-medicated, with multiple co-morbidities and may receive long-term, repeat 
prescriptions for potent, high-risk medicines without individualised dose titration. Poly-
pharmacy or poly-medication, in the sense of individuals being prescribed 5 or more regular 
medicines [13,14], increases the potential for drug-drug interactions and ADRs [15], medi-
cation errors [16], drug-related hospital admissions [17,18]. Poly-medication disproportion-
ately affects the old and the poor [19,20]. Medicine-related harm is viewed as a wider term 
encompassing ADRs but also including errors in prescribing, dispensing and administering 
medicines [1]; errors are associated with polypharmacy and patient harm [16], and amenable 
to ADR monitoring interventions [21].

Detection of ADRs may be complex and highly individualised. Adverse reactions and 
medicine-related harm, such as dizziness, emesis, or cardiac arrhythmias, could be prevented 
with improved real-time monitoring for ADRs [22], in addition to ADR risk detection and 
rationalisation of prescribing [23]. A scripted, replicable trigger instrument that could be used 
with minimal training by a range of health professionals could contribute to medication safety 
[24,25]. However, there is a gap in the current literature regarding the impact of ADR moni-
toring approaches on identification and reduction of ADRs in all patients.

Three recent systematic reviews on ADR identification illustrate the importance of the 
topic, yet none assessed the effects of real-time ADR identification instruments, rather than 
identification of potential ADRs from retrospective reviews of patients’ notes. One review [26] 
identified such instruments, whilst the other two [12,27] focussed on prescribing, see Table 1.
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To fill the knowledge gap, this systematic review aims to:

1)	 Provide a comprehensive overview of (recognised) current methods of real-time ADR 
identification, suitable for use by a variety of health professionals with minimal training in 
medicines management in community care.

2)	 Establish their effects in identifying and ameliorating ADRs.

This review is reported in accordance with the Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) 2020 schema [28].

The protocol for this search is registered in the international prospective register of sys-
tematic reviews (Prospero) [29]: https://www.crd.york.ac.uk/PROSPERO/display_record.
php?RecordID=322374 and the initial search strategy is available: https://www.crd.york.ac.uk/
PROSPEROFILES/322374_STRATEGY_20220331.pdf [30].

Methods

Search strategy
Four bibliographic databases (Medline, CINAHL, Scopus, Web of Science) and the Cochrane 
Library were searched up until August 2024. Additional manual backward and forward 
reference searches were conducted to retrieve pertinent key publications by cross-referencing 
bibliographies. We searched for systematic reviews to check reference lists for any papers not 
identified by our search strategy.

The three foci of the search were: ADRs, detection instruments and primary care. A pre-
liminary PubMed/Medline test of the search terms was undertaken to identify the major terms 
and provide a rationale for adjusting the search strategy. Primary care setting terms were 
checked against the WHO glossary of terms [31]. The final search strategy was constructed 
using keywords, MeSH terms, and truncations. The search was confined to papers published 
in English. There were no temporal restrictions, other than the search end date (see S1 File for 
a full search strategy and results).

In line with the review aims, the eligibility criteria were as described in Table 2.

Table 1.  Conclusions from other systematic reviews.

Review first author 
and year

Review aims Review results and conclusions

Lim, 2022 [26] To identify published patient-reported ADR 
questionnaires and to summarise the psycho-
metric properties of the questionnaires.

19 patient-reported ADR questionnaires were identified. Around 58% of the questionnaires 
(11 studies) assessed content validity, 80% had patient input during development, 42% (8 
studies) were tested for internal consistency, and 37% (7 studies) for test-retest reliability. 
More robust validity and reliability testing is needed when developing patient-reported ADR 
questionnaires.

Atmaja, 2022 [27] To identify and evaluate reports on tools that 
predict and detect ADR in elderly patients 
( ≥60 years).

ADR prediction tools (such as the STOPP/START version 1 and 2) did not reduce the number 
of drug interactions within 2 months (OR 0.84 [0.70–1.02], P 0.08, two studies) and mortality 
(OR 0.92 [0.76–1.12], p = 0.41, three studies). No definitive and validated assessment tool for 
detecting a predicting ADR in elderly patients was found.

Gray, 2023 [12] To update a previous systematic review report-
ing the impact of interventions to optimize 
medication use on ADRs in older adults.

6 new studies were added to a previous review by the same group, resulting in a total of 19 
studies. Interventions were mostly pharmacist-led medicine reviews including implicit methods 
of ADR identification (10 studies). The intervention group participants were 19% less likely 
to experience an ADR (OR 0.81, 95%CI 0.48–0.96) and 32% less likely to experience a serious 
ADR (OR 0.68, 95%CI 0.48–0.96). Pharmacist-led interventions appeared more effective at 
reducing the risk of any ADR, compared with other types of intervention (other healthcare 
professional-led, technology-based or educational), but this was only marginally statistically sig-
nificant. Interventions, particularly when involving pharmacists, significantly and substantially 
reduced the risk of ADRs and serious ADRs in older adults, but stronger evidence is needed.

https://doi.org/10.1371/journal.pone.0317660.t001

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=322374
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=322374
https://www.crd.york.ac.uk/PROSPEROFILES/322374_STRATEGY_20220331.pdf
https://www.crd.york.ac.uk/PROSPEROFILES/322374_STRATEGY_20220331.pdf
https://doi.org/10.1371/journal.pone.0317660.t001
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Study selection
A three-stage screening process was used to identify studies meeting the inclusion criteria. At 
stage one, one author (VL) screened titles of studies and excluded work that clearly did not fit 
the inclusion criteria, based on the title. Where the first reviewer was not certain about study 
eligibility, the study was kept for further assessment at stage two. A random sample of fifty 
titles was independently screened by a second reviewer (SJ).

Stage two included independent title and abstract screening by two reviewers (VL and 
SJ or VL and AT). The decision-making criteria are described in S1 Fig. Any disagreements 
between two reviewers were resolved by a third reviewer. At stage three, full texts of the 
shortlisted papers were thoroughly checked to ensure they met the requirements in terms of 
relevance and quality by the author and independently by a second reviewer (SJ).

Data extraction
Data extraction was informed by PRISMA guidelines [28] (S2 Fig). The ad hoc data collection 
form elements included: reference, country, dates of study, aims, design, sample and setting, 
ADR identification intervention, outcome measures, results, and conclusions. Data were com-
piled for the following outcomes and data variables: range of intervention-relevant medicines, 
type of population the intervention targeted, effects of the instrument in identifying ADRs 
(number and nature of ADRs), intervention nature and complexity, clinical outcomes, and 
implementation evaluation.

Assessment of study quality
Two authors (SJ, VL) independently assessed the methodological quality of the extracted 
studies, utilising the Cochrane Risk of Bias tool (RoB2) [32], or Cochrane Risk of Bias for 

Table 2.  Selection criteria.

Inclusion Exclusion
Study design •	 Randomised controlled trials of all types •	 Phase IV post-marketing surveillance studies
Setting •	 Primary care

•	 Service users living in their own homes, with or without support 
of family or services

•	 Institutions delivering long-term care (including nursing homes)
•	 Specialist services (for example, substance misuse services, 

mental health, cancer or end of life care)
Participants/population •	 Adults (aged over 18) who take prescribed medicines in primary 

care
Intervention Studies describing the use of a method of identifying or identifying 

and resolving potential or actual ADRs in individual patients. The 
interventions could form part of wider, complex interventions. 
Interventions which:
•	 Were described in enough detail to be reproducible
•	 Could be administered to service users by a range of health 

professionals without specialist pharmacist training or self-
administered by service users.

Pharmacovigilance systems contributing to pharmacoepidemi-
ology and regulatory/drug safety authority decisions and therapy 
guidelines.
Studies focusing on:
•	 Treatment adherence
•	 Blood/plasma/serum concentrations of specific medicines
•	 Pharmacokinetic studies
•	 Effects of off-label and unlicenced prescribing
•	 Substance misuse diagnostic instruments

Medicines •	 General medicines, typically prescribed in primary care for 
long-term conditions

•	 A range of medicines
•	 A broad group of medicines, for example, mental health 

medicines.

•	 Single specific medicines (for example, warfarin)
•	 Single narrow specialist medicine group (for example, antico-

agulants or opioids)
•	 Medicines for a single condition that is relatively uncommon in 

the UK (for example, tuberculosis)
•	 Medicines not related to chronic conditions treatment (for 

example, antibiotics)
•	 Safety profiles of specific medicines
•	 Effectiveness of specific medicines

https://doi.org/10.1371/journal.pone.0317660.t002

https://doi.org/10.1371/journal.pone.0317660.t002
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cluster-randomised trials (RoB2CRT) [33]. Disagreements over the risk of bias in given stud-
ies were resolved by discussion and arbitration by a third reviewer (AT). Certainty in the body 
of evidence was assessed using the Grading of Recommendations, Assessment, Development 
and Evaluation (GRADE) approach [34,35].

Outcomes
We sought to identify the number and types of ADRs identified, changes in processes and 
outcomes of care, and benefits and disbenefits associated with each intervention, as reported 
by trialists.

Analysis
The study intervention characteristics were extracted and tabulated to describe and com-
pare the findings. A form was created for each included study, in a brief, logical and 
descriptive format where information was organised under pre-specified headings. The 
forms were subsequently analysed and compared, and the tabulated findings formed the 
baseline for summarising and integrating the findings. Due to the variety of study designs, 
measured outcomes, and the small number of trials, studies’ findings were narrated without 
statistical synthesis and meta-analysis, as these were too heterogeneous to yield meaningful 
results [36].

Results
The searches yielded 2,182 titles, comprising 381 from Medline, 185 from CINAHL, 820 
from Scopus and 796 from Web of Science. 497 duplicates were removed, and 1264 articles 
were excluded based on the title not fitting inclusion criteria, leaving 421 studies for further 
evaluation. No disagreements were identified in the random sample check: of the 50 double-
reviewed titles, both reviewers (VL/SJ) selected the same 6 for inclusion, and 44 for exclusion. 
Details of studies retained at stage 1 can be found in S2 and S3 Files.

372 studies were removed at stage 2 screening: 174 did not identify ADRs in the study (‘no 
ADR identification’); 91 studies considered only one or two specific ADRs or abnormalities in 
laboratory tests results (‘no general applicability’); 61 studies examined only a single medicine 
or a narrow medicine range (‘single medicine studies’); 46 were excluded for ‘other’ reasons, 
such as ineligible setting or design of study (Fig 1). Details of studies excluded at stage 2 are 
reported in S1 Fig and S1 Table. Study exclusion was reported based on the first reason that 
became obvious, even though in some cases studies could have been excluded for multiple 
reasons.

41 further records were excluded after reading full texts at stage 3, which involved assess-
ment of compatibility of ADR identification instruments with the inclusion criteria (Table 
2). Most ineligible interventions lacked a replicable ADR identification instrument described 
in sufficient detail (n = 16), full details of excluded categories and studies are included in S2 
Table. At stage 3, there was a high level of agreement between the two raters (95%), and only 
two articles were escalated for a third opinion. Removal of duplicates, combined with the 
3-stage study screening selection process (Fig 1) led to identification of 8 relevant papers, 
relating to 6 RCTs (presented in this review as 6 studies).

Characteristics of included studies
The eight papers extracted had publication dates between 2001 and 2021. Four of the iden-
tified papers [37–40] reported results from two trials, and for the purposes of this review 
were analysed as two studies (1 per trial). All six studies reported in the eight papers 
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were randomised controlled trials. Two RCTs were cluster-randomised: one was cluster-
randomised, with primary care clinics treated as the clusters [41]; and the other was a 
cluster-randomised, controlled cross-sectional stepped wedge open trial, where primary care 
medical (GP) practices represented the clusters [42]. Three RCTs randomised individual 
patients [39,43,44] and one study was block-randomised per pharmacy [37]. Three of the 
studies were conducted in the USA, and one each in Australia, France and the Netherlands. 
Key study information is included in Tables 3 and 4, and the interventions are described in 
detail in S4 File. Two trials monitored ADRs as components of complex interventions [37,43], 
and are tabulated separately (Table 4).

The total aggregated sample in the six trials was 4,605 consenting participants. 178 partici-
pants (3.87%) were lost to follow-up or excluded due to protocol violation, resulting in a final 

Iden�fica�on of studies via databases and manual searching

noitacifitnedI
gnineercS

noisulcnI

Records iden�fied through 
database searches (n=2,182)
Medline (n=381)
CINAHL (n=185)
Scopus (n=820)
Web of Science (n=796)
Addi�onal methods (n=0)

Duplicates removed
before screening 

(n=497 )

Stage 1 screening 
(�tles only)
Records screened (n=1,685)

Stage 2 screening
(�tle and abstract)
Reports sought for retrieval 
(n=421)

Stage 3 screening
(full text)
Reports assessed for 
eligibility (n=49)

Records excluded (n=1,264)

Records excluded (n=372)
1. No ADR iden�fica�on (n=174)
2. No general applicability (n=91)
3. Single medicine studies (n=61)
4. Other reason, e.g., no 

empirical data or no 
instrument (n=46)

Records excluded (n=41)
1. No acceptable ADR 
iden�fica�on instrument present 
(n=16)
2. Not accepted methodology 
(n=10)
3. Not general, interven�on 
specific to a narrow range of 
medicines or measures (n=9)
4. Oncology medicines focus only 
(n=4)
5. Ineligible se�ng (n=2)

Included publica�ons 
[studies] (n=8 [6 studies])

Fig 1.  PRISMA flow diagram.

https://doi.org/10.1371/journal.pone.0317660.g001

https://doi.org/10.1371/journal.pone.0317660.g001
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sample of 4,427. Three studies [41,42,44] included adult participants (≥18 years of age) who 
had recently received a new prescription. One of them [42] also included participants whose 
prescriptions had been modified or renewed. The other three studies targeted poly-medicated 
patients, with two focusing on older patients. One study [39] recruited participants ≥65 
years of age, while the second study [37] applied an inclusion threshold of ≥70 years of age. 
The third polypharmacy trial [43] set its inclusion criterion as age 6 and above, although the 
youngest participant recruited was over 40 years of age.

Four of the six studies did not specify the types of medicines that could be included. Three 
of the four [37,39,43] stipulated that medicines must be used long-term or for chronic condi-
tions, while one [44] did not set any criteria. One study [41] targeted medicines for hyperten-
sion, diabetes, insomnia and depression, and one trial [42] included participants prescribed 
any antihypertensive medicines.

The statistical constructs used to compare outcome data between two groups varied 
between studies. Most studies used binary outcomes, with the exception of one [43], which 
used ordinal outcomes. Significant clinical, methodological, and statistical heterogeneity was 
observed between the studies (Table 5). The studies offered insufficient detail to describe clini-
cal benefits and long-term sequelae.

Table 4.  Table of included studies – ADR identification is part of a wider intervention.

First 
author 
and year, 
country

Aims of study Study design, sample size, 
setting

ADRa,b identifica-
tion intervention

Out-
come 
measures

Results Authors’ conclusions

Jameson 
2001, 
USA [43]

To investigate cost 
and adverse effect out-
comes associated with 
a pharmacotherapy 
consultation.

RCT
340 – 72 lost to follow-up or 
protocol violations.
268 analysed (144 control, 124 
instrument arm) participants 
with 5 or more prescriptions.
Ambulatory care (4 large 
physician practice groups, 133 
physicians consented).

Consultation – 
45- to −60-minute 
interview (face to 
face).
18-item ADRc ques-
tionnaire to assess 
ADRsc,d.

Changes 
in drug 
costs, 
medical 
costs, 
drug-
related 
symp-
toms.

Intervention arm: 67 (54%) 
reduced symptoms of ADRs, 27 
(22%) worsened ADRc symptoms.
Control arm: 58 (40%) reduced, 46 
(32%) worsened. Only 27% of the 
actions needed were identified by 
chart review alone. The remaining 
73% required an interview for the 
problem to be recognised.

73% of the original prob-
lems were recognized only 
through a patient interview.
An interpersonal relation-
ship remains critical to the 
provision of pharmaceuti-
cal care.
Broad-based interventions 
in complicated patients 
are too difficult to evaluate 
accurately.

Ver-
doorn 
2019 a 
and b 
[37,38] 
Nether-
lands

To investigate whether 
goal attainment scaling 
(GAS) is a useful tool 
for determining goals 
and monitoring their 
attainment during 
clinical medication 
review.

A - Pragmatic RCT.
B - Subset analysis of the inter-
vention group of the larger 
pragmatic RCT.
2290 invited, 707 consented, 
629 randomised participants 
(315 intervention participants, 
314 control). 41 left trial early, 
588 completed (294 interven-
tion, 294 control).

Person-centred 
clinical medication 
review, focused 
on personal goals, 
health-related qual-
ity of life and the 
number of health 
problems. Goal 
attainment scales 
used.

Goal 
attain-
ment 
(e.g., to 
reduce 
pain or 
dizzi-
ness).

406 health-related goals were set 
for 283 of 315 included persons 
(90%).
Implementation rate of GAS-
related DRPse,f was 81%, compared 
with 62% for non-GAS-related 
DRPsf.

Including the patient’s per-
sonal goals and preferences 
in a medication review may 
help to establish the effects 
of increasing quality of life 
measured with EQ-VASg 
and decreasing the number 
of health problems, which 
are outcomes that are rele-
vant to older patients’ lives.

Studies ordered chronologically.
aADE – Adverse drug event.
bADR – Adverse drug reaction.
cGP-MedCheck – An automated electronic message generated in a patient Internet portal.
dPROMISE – Patient-Reported Outcome Measure, Inquiry into Side Effects.
eSPC – Summary of Product Characteristics.
fDRP – Drug-Related Problems.
gEQ-VAS – European Quality of Life Visual Analoque Score.

https://doi.org/10.1371/journal.pone.0317660.t004

https://doi.org/10.1371/journal.pone.0317660.t004
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Methodological quality of studies
Cochrane Risk of Bias summary of the assessments is presented using the ‘robvis’ [45] visu-
alisation tool (Fig 2a and 2b). All identified studies had a high overall risk of bias, reflecting 
issues within different aspects of trial design, conduct and reporting. All studies had a risk of 
bias due to the impossibility of blinding, where the participants and people delivering inter-
ventions were aware or likely aware of the intervention groups. This might have affected data 
assessment, to an unknown extent. Some studies were at risk of bias due to missing outcome 
data, where participants were lost to follow-up [37,43] or violated the protocol [43], did not 
complete the study, possibly due to sickness [39,41] or due to lack of relevant symptoms [44]. 
The true effect of the interventions may, therefore, be systematically underestimated or over-
estimated, with unpredictable overall direction.

Results of individual studies
Differences in ADR identification methods.  At the core of each of the six methods of 

ADR identification in the studies reviewed was a list of medicine-related unwanted symptoms. 
The lists varied widely in the level of comprehensiveness, content, and function within the 
intervention and method of delivery. ADRs were assessed using between 12 and 25 items, with 
dizziness, rash, diarrhoea and fatigue represented in all lists, see Table 6.

Service users self-completed the symptom lists in three studies [37,39,44]. Two studies 
used automated approaches: electronic messaging [44] and automated telephone calls [41], 
and one study used their ADR checklist as an information providing/educational tool, rather 
than a data collection tool, reversing the flow of information from the clinicians to the par-
ticipants [42]. Five studies utilised the list as an intervention, whereas one study [43] used 
the list as an evaluative element that formed part of a different intervention (clinical medica-
tion review).

Instrument effects.  Outcome-related data from the identified studies are shown in Tables 
7 and 8. Outcomes in all reported studies were assessed by members of the study teams. Three 
studies reported changes in clinical outcomes following the intervention as change in the 
number of ADR symptoms at follow-up [37,39,43]. The remaining three studies [41,42,44] 
only reported ADE identification/documentation rates, with no measurement of change in a 
condition over time. There were too few data to detect any differences between stand-alone 
instruments (Table 7) and instruments used as components of interventions (Table 8).

Instrument effects in identifying ADRs
One study’s [44] automated electronic message system, which used a generic list of ADRs 
resulted in a small, statistically insignificant, increase in rate of ADR reporting, compared 
with a telephone call asking patients about ADRs but not using a list (98 ADEs per 100 

Table 5.  Heterogeneity in the included studies.

Study Type of outcome Effect measure
Jameson and van Noord, 2001 [43] Ordinal Number of patients with improving, same or worsening ADE symptoms.
Weingard et al., 2013 [44] Binary Number of ADEs, preventable ADEs and ameliorable ADEs.
Schiff et al., 2018 [41] Binary Physician documentation of any adverse effects.
Schoenmakers et al., 2017 [39,40] Binary Mean number of drug-associated symptoms at follow-up.
Verdoorn et al., 2019 [37,38] Binary Number of health problems after 3 and 6 months.
Buchet-Poyau et al., 2021 [42] Binary Reporting at least one ADE by patient to GP in 3 months post enrollment.

https://doi.org/10.1371/journal.pone.0317660.t005

https://doi.org/10.1371/journal.pone.0317660.t005
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patients [26.1%] vs. 93 ADEs per 100 patients [25.6%], p =  0.89, sample size =  738). Use of 
an interactive voice response automated calling system with live transfer to a pharmacist in 
another study [41] resulted in a statistically significantly higher number of identified ADRs 
in the intervention group, compared with propensity-matched controls receiving usual care, 
as measured by detailed manual chart review (36 symptoms per 100 patients vs. 21 symp-
toms per 100 patients, p < 0.01, sample size =  1552). In the third study [42], an educational 
booklet that included a list of ADRs was significantly associated with an increase in the 
proportion of patients who reported at least one ADR to their general practitioner, when 
adjusted for the period, age, sex, educational level, morbidity, situations with a risk of ADRs 
and antihypertensive prescription (aOR =  3.5, 95%CI = 1.2 to 10.1, sample size =  1102). 
One study (Jameson) calculated costs and found no differences between arms at six months. 
No studies specified information on the resources and training required to implement the 
interventions.

Domains:

D1: Bias arising from the randomisation process.

D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Domains:

D1: Bias arising from the randomisation process.

D1b: Bias arising from the timing of identification and recruitment of individual participants in relation to timing of randomisation.

D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

A

B

Fig 2.  Risk of bias summary. (a) Individually randomised studies. (b) Cluster-randomised studies.

https://doi.org/10.1371/journal.pone.0317660.g002

https://doi.org/10.1371/journal.pone.0317660.g002
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Table 6.  ADR symptom lists in the identified studies.

Symptom captured in ADRe Jameson  
et al., 2001

Weingard  
et al., 2013

Schoenmakers  
et al., 2017

Schiff  
et al., 2019

Verdoorn 
et al., 2019

Constipation ✓ ✓ ✓ ✓ ✓
Dizziness/light-headedness ✓ ✓ ✓ ✓ ✓
Rash, skin problems, itching ✓ ✓ ✓ ✓ ✓
Diarrhoea ✓ ✓ ✓ ✓ ✓
Mood changes, low mood ✓ ✓ ✓ ✓
Nausea/vomiting ✓ ✓ ✓
Headache ✓ ✓ ✓ ✓
Fatigue, weakness ✓ ✓ ✓ ✓
Sexual function problems ✓ ✓ ✓ ✓
Stomach problems ✓ ✓ ✓
Dry mouth ✓ ✓ ✓
Bladder problems ✓ ✓
Sleep problems ✓ ✓
Pain ✓ ✓ ✓
Shortness of breath, wheezing ✓ ✓
Dyspepsia ✓ ✓
Vision problems ✓ ✓
Abdominal pain ✓ ✓
Muscle/joint pain ✓ ✓
Confusion ✓ ✓
Chest pain ✓
Swelling ✓
Cold hands/feet ✓
Change of appetite ✓
Mouth complaints ✓
Dyspepsia ✓
Flatulence ✓
Palpitations ✓
Shivering/trembling ✓
Muscular weakness ✓
Drowsiness ✓
Bruising/bleeding ✓
Sweating ✓
Nightmares/bad dreams ✓
Memory problems ✓
Weight problems (lost or gained) ✓
If diabetes, have you had a value <60 since starting medication ✓
New cough ✓
Swelling of face/lips/tongue ✓
Sleeping too much ✓
Little pleasure in doing things ✓
Depression ✓
Mobility problems ✓
Sedation ✓
Cognition ✓
Other (not specified) ✓ ✓
Total 18 12 25 21 13

NB: study 32 list is not available.

https://doi.org/10.1371/journal.pone.0317660.t006

https://doi.org/10.1371/journal.pone.0317660.t006
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Table 7.  Study results – ADR identification is the main outcome of the study.

Study first 
author (date)

Outcome(s) of interest Measure Instrument arm Control arm Test values, df and P value 
or 95% confidence interval

Weingard 
(2013) [44]

Rate of ADEs (primary outcome) Number of events 98/375 (26.1%) 93/363 (25.6%) P =  0.89, test values and df 
not reported.
No adjusted analyses reported.

Preventable 6/375 (1.6%) 2/363 (0.6%) P =  0.22, test values and df 
not reported.
No adjusted analyses reported.

Ameliorable 24/375 (6.4%) 19/363 (5.2%) P =  0.43, test values and df 
not reported.
No adjusted analyses reported.

Schoenmakers 
(2017) [39,40]

Drug associated symptoms (primary 
outcome).

Mean, adjusted for baseline. Baseline: 5.1
Follow-up: 4.0
Standard devi-
ation (SD) not 
reported.

Baseline: 4.8
Follow-up: 5.0
SD not 
reported.

Bivariate comparisons not 
reported.

Difference between allocation arms at 
follow-up (primary outcome).

Unadjusted incident rate ratio between 
instrument and control arms.

IRR 0.90, 95% confidence 
interval (95%CI) =  0.62 to 
1.33.

Persisting drug-associated symptoms 
(reported at baseline and again at 
follow-up) (secondary outcome).

Mean (percentage of persisting 
symptoms)

2.1 (43)
SD not reported.

2.6 (54)
SD not 
reported.

Bivariate comparisons not 
reported.

Persisting symptom difference 
between allocation arms at follow-up 
(secondary outcome).

Incident rate ratio IRR 0.85, 95%CI =  0.43 to 
1.42

Total number of patients reporting ≥1 
drug-associated symptom at follow-up 
(primary outcome).

Number (percentage) 56/78 (72) 51/67 (76)

Difference between allocation arms 
(primary outcome).

Odds ratio ([OR], adjusted for differences 
at baseline).

aOR 0.85, 95%CI =  0.38 to 
1.88

Schiff (2018) 
[41]

ADE documentation (primary 
outcome).

Total participants 776 776
Total symptoms documented in medical 
notes.

277 164 P < 0.01 test values and df 
not reported

Symptoms per 100 patients. 36 21 P < 0.01 test values and df 
not reported

Total unique symptoms documented in 
interactive voice response calling system 
and medical notes.

1303 164 P < 0.01 test values and df 
not reported

Medicine discontinuation for ADEs 
(secondary outcome).

Number (percentage) 254 (15) 217 (11) P = 0.01 test values and df 
not reported.

EQ-5D-5L mean (SD) at 6 months 0.73 (0.20) 0.74 (0.18)
Buchet-Poyau 
(2021) [42]

Reporting of ADEs (secondary 
outcome)

Number of ADEs reported (percentage) 69/83 (83.1) 52/65 (80.0) Not reported

Patient-reported ADEs (primary 
outcome)

Number of patients reporting at least one 
ADE (percentage)

31/546 (5.7) 13/549 (2.4)

Impact of intervention on patient 
self-reporting (n =  908) (primary 
outcome).

OR (adjusted for the period, age, sex, 
educational level, morbidity, situations with 
high risk of ADEs and antihypertensive 
prescription).

aOR 3.5
95%CI =  1.2 to 10.1

Association of medicine changes with 
ADE reporting (secondary outcome).

Adjusted OR (aOR) Modification aOR 4.4, 95%CI =  1.9 to 10.0
Initiation aOR 11.0, 95%CI =  4.6 to 26.4

Studies are arranged in chronological order.

https://doi.org/10.1371/journal.pone.0317660.t007

https://doi.org/10.1371/journal.pone.0317660.t007
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Instrument effects in reducing ADRs
A medicine review or consultation was instrumental (alongside the ADR questionnaire) in 
the studies that investigated change in the number of ADRs. In one study [43], a medication 
consultation that included a doctor-pharmacist collaboration resulted in a larger proportion 
of patients improving and fewer worsening in the instrument arm, compared with the usual 
care control arm, as measured with an 18-item ADR questionnaire (67 patients [54%] vs. 58 
patients [40%], and 27 patients [21.8%] vs. 46 patients [31.9%], p =  0.02, no other test results 
relating to ADRs are available in the paper, sample size =  340). In another study [39], a phar-
macist medicines review (proceeding from a patient-completed ADR questionnaire) reduced 
the mean number of drug-associated symptoms at follow-up in the instrument arm (by 4.0) 
compared with the usual care control arm (5.0), but this did not reach statistical significance 
(incident rate ratio between groups 0.90, 95%CI 0.43 to 1.42, sample size =  228). The third 
study [37] reported a 12% decrease in the number of problems with impact on daily life in the 

Table 8.  Study results – ADR identification is part of a wider intervention.

Study first 
author 
(date)

Outcome(s) of interest Measure Instrument 
arm

Control arm Test values, df and P value or 95% confidence interval

Jameson 
(2001) [43]

Change in ADE scores at the end of study 
(6 months), each ADE symptom was rated 
on a scale from 0 (no trouble) to 3 (a lot of 
trouble). (primary/secondary outcomes not 
distinguished by authors).

Improved (≥2 
points)

67/124 (54.0%) 58/144 (40.2%) χ2 overall comparison of groups, P =  0.02, test values 
and df not reported.
No adjusted analyses reported.Unchanged (−1 

to +1 points)
30/124 (24.2%) 50/144 (34.7%)

Worsened (≥2 
points)

27/124 (21.8%) 46/144 (31.9%)

Verdoorn 
(2019) 
[37,38]

Total participants 315 314
Difference in the number of health prob-
lems at 6 months (primary outcome).

Mean (SD) 
at baseline 
(unadjusted).

5.9 (3.0) 5.5 (2.9) Effect of intervention at 6 months =  −0.30, 95% 
CI = −0.64 to 0.05.
P =  0.1 (linear mixed model, accounting for time, inter-
vention and their interaction, age, sex and pharmacy).

Mean (SD) 
at 6 months 
(unadjusted)

5.5 (3.0) 5.3 (2.9)

Difference in the number of health prob-
lems with impact on daily life at 6 months 
(primary outcome).

Mean (SD) 
at baseline 
(unadjusted).

2.8 (2.4) 2.6 (2.4) Effect of intervention at 6 months =  −0.34, 95%CI 
= −0.62 to −0.04.
P =  0.02 (linear mixed model, accounting for time, inter-
vention and their interaction, age, sex and pharmacy).

Mean (SD) 
at 6 months 
(unadjusted).

2.4 (2.4) 2.5 (2.4)

Difference in impact on daily life at 6 
months (primary outcome).

EQ-VAS mean 
score (SD) at 
baseline.

68 (16) 70 (16) Effect for intervention at 6 months compared to control 
=  + 3.4 points in quality of life, 95%CI =  0.94 to 5.8.
P =  0.01 (linear mixed model, accounting for time, inter-
vention and their interaction, age, sex and pharmacy).

EQ-VAS mean 
score (SD) at 6 
months.

70 (16) 69 (15)

EQ-5D-5L mean 
(SD) at baseline.

0.73 (0.18) 0.74 (0.18) Effect for intervention at 6 months compared to con-
trol =  0.00, 95%CI =  −0.02 to 0.02.
P =  0.85 (linear mixed model, accounting for time, inter-
vention and their interaction, age, sex and pharmacy).

EQ-5D-5L mean 
(SD) at 6 months.

0.73 (0.20) 0.74 (0.18)

https://doi.org/10.1371/journal.pone.0317660.t008

https://doi.org/10.1371/journal.pone.0317660.t008
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instrument arm (difference at 6 months −0.34, 95%CI −0.62 to −0.044, sample size =  629), 
while health-related quality of life increased by 3.4 points (95%CI 0.94 to 5.8) when measured 
with Euro Quality of Life Visual Analogue Scale. However, no significant difference was 
detected with the Euro Quality of Life 5D-5L instrument (difference at 6 months =  −0.0022, 
95%CI −0.64 to 0.054).

The quality of the evidence and certainty of assessment were facilitated by the Grading of 
Recommendations, Assessment, Development and Evaluation (GRADE) approach [34,35]. 
The key assessment components of the approach (see Fig 3) indicated very low certainty of 
evidence. Included studies had a high risk of bias and the quality of evidence was further 
downgraded by indirectness [34] stemming from: the heterogeneity of the studied populations 
(for example in age, number of prescribed medicines, setting); differences in interventions (for 
example, clinical consultations, patient-reported questionnaires, educational booklet, delivery 
in person or online or over the telephone, written or spoken communication); and outcome 
measurement (or example, predefined clinical problems or physician documented problems 
[Table 6]). Most of the results had wide confidence intervals and moderate sample sizes, con-
tributing to difficulties in drawing reliable conclusions about effects of the intervention due 
to imprecision and heterogeneity in outcomes. We reviewed the potential for confounding in 
the trials identified, given the vulnerability of RCTs, particularly small RCTs, to confounding 
[46].Due to concerns related to the risk of bias, imprecision, and indirectness or variability of 
outcome measures, the overall certainty and confidence in the evidence is very low.

Question: ADR questionnaires compared to usual care for ADR identification

Setting: primary care

Certainty assessment № of patients Effect

Certainty Importance
№ of 

studies
Study 
design

Risk of 
bias Inconsistency Indirectness Imprecision Other 

considerations
ADR 

questionnaires
usual 
care

Relative
(95% CI)

Absolute
(95% CI)

New outcome (assessed with: Number of health and well-being problems identified)

6 randomised 
trials

very 
seriousa

not serious seriousb seriousc all plausible 
residual 

confounding 
would reduce 

the 
demonstrated 

effect

2214 2213 - 0 
(0 to 0 ) Very lowa,b,c

IMPORTANT

CI: confidence interval

Explanations

a. Risk of bias: Included studies had a high risk of bias. This stemmed mostly from bias in the measurement of the data, bias due to missing outcome data, and bias due to 
deviations from intended intervention.

b. Indirectness: Included studies were not sufficiently homogenous in terms of included population, differences in interventions, as well as outcome measurement.

c. imprecision: mostly medium-sized studies, some wide confidence intervals

Fig 3.  GRADE assessment.

https://doi.org/10.1371/journal.pone.0317660.g003

https://doi.org/10.1371/journal.pone.0317660.g003
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Discussion
Although the certainty of evidence for benefit is very low, there is no evidence that the 
interventions caused harm. All six studies included in this systematic review indicated that 
ADR detection instruments were safe, and no harms were reported. Of three studies exam-
ining effectiveness in ADR identification in adult or older service users, two reported posi-
tive results: a booklet, designed to improve patient–GP communication was associated with 
significant increases of ADR reporting [42], and an automated telephone system implementa-
tion resulted in a 50% increase in ADR or ADE symptoms documented in the instrument arm 
[41]. One study [44], did not find significant impact of the web-based messaging system on 
the rate of ADEs identified, or healthcare utilisation.

Effects of an instrument at identifying ADRs may be associated with the level of compre-
hensiveness of the ADR symptom list [47]. While one study [41], demonstrating a positive 
effect, included 21 items, another study [44], which had no impact, included only 12 ADR 
symptoms, and it is, therefore, possible that more participants experienced symptoms that 
were not included in the questionnaire. Increased comprehensiveness of the ADR question-
naire is likely to result in increased effectiveness of the instrument. However, a longer instru-
ment may make more demands on professionals’ time.

Additionally, the lack of statistically significant changes between rates of ADR identifica-
tion when using a list or not using a list in Weingart’s study [44] may be explained by partic-
ipant selection bias. Research participation required active use of an electronic health portal, 
and by extension a presumed relatively high level of IT literacy, which is associated with a high 
level of health literacy and self-efficacy [48]. Health-literate populations may be expected to 
be familiar with the most commonly known ADRs (for example by reading online or packet-
inserts/patient information leaflets); therefore, utilising instruments listing just a few common 
symptoms is unlikely to affect this population. The effect of utilising a comprehensive list in 
populations with high health literacy is unknown. None of the instruments contained com-
prehensive ADR lists; they included a mean of only 17.8 (SD =  4.87) of the most commonly 
known ADRs (note: the number of items in Buchet-Poyau’s study [41] is not available). This 
may suggest that lists, particularly shorter lists, may be most useful with patient populations 
with low health literacy.

Printed symptom questionnaires followed by medication review with prescribers resulted 
in no statistically significant reduction in the numbers of drug-associated problems at 
follow-up [39]. In contrast, symptom questionnaires administered by telephone, followed by 
a consultation resulted in an ADR score improvement of 2 or more points in the instrument 
arm, albeit the benefit was smaller than expected [43]. Clinical medication review focusing on 
personal goals [37] reduced the number of health problems with a moderate or severe impact 
on daily life at follow-up. Improvement in the quality of life was considerable when mea-
sured with a Visual Analogue Scale, but there was no change in health-related quality of life 
measured with the European Quality of life (EQ-5D-5L) score. It is possible that the improve-
ments experienced were outside the 5 problems (Mobility, Self-care, Usual activities, Pain & 
discomfort, Anxiety & depression) assessed on the EQ-5D-5L instruments.

Despite variation in primary outcomes, all included studies reported other benefits of their 
respective interventions. These included: increase in self-efficacy in using medications [39], 
discontinuations of unnecessary medicines [37,41], participant perception of benefit [43], 
facilitation of prompt medication-related communication [44] and patient satisfaction with 
physician and communication [42]. These findings demonstrate the limitations of narrowly 
defined research or practice outcomes in fully capturing the impact and health and social 
implications of complex interventions on human subjects [22].
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There are few well-designed, low-bias studies evaluating the effectiveness of ADR-
identification instruments. The GRADE evaluation therefore indicated limited confidence in 
any synthesised results. The instruments identified in this review may potentially contribute 
to solving the problem of how primary care physicians (GPs) find out if their prescribing led 
to ADRs and how effective it was. ADR lists are convenient, accessible, adaptable and deliv-
erable in different formats. The responses are individualised and reflect the current situation. 
The comprehensiveness of the lists and the form of delivery affected the number of ADRs 
identified and the number of people who responded (for example, automated telephone calls 
had a very poor response rate). Any amelioration of the identified problems involved a pre-
scriber review of the completed ADR list and medicines taken.

Overall, findings of the trials identified reveal the difficulties in detecting effects of complex 
interventions on patients with complex medication needs in different contexts [49]. Some 
ADR symptoms may resolve as part of usual care, and some may be transient in nature and 
resolve without intervention. Some participants may be unwilling to consider changes to their 
medication regimen, whilst others’ health problems may worsen due to causes unrelated to 
the intervention. These difficulties were acknowledged in most studies but not resolved.

Examination of interventions that enable effective identification and/or amelioration of 
ADRs could facilitate prioritisation of primary care processes in medication safety interven-
tions. This is particularly pertinent in the context where common primary care interventions 
targeting medicine safety and appropriate use of polypharmacy have had limited effects 
[50–52]. However, current evidence relating to the methods of ADR identification and ame-
lioration is patchy and inconclusive.

Patient – healthcare professional communication appears to be at the core of reducing the 
burden of ADRs in primary care [26]. It is important to understand the patient perspective, 
as the type and severity of ADRs can be considered more important than the benefit from 
the medicine [53]. Individualised approaches reducing inappropriate treatment burden and 
uncoordinated care are needed to improve treatment outcomes and reduce ADRs [54,55]. 
Assessment of individual differences among service users and their individual responses to 
medicines, alongside the complexity and appropriateness of entire medication regimens is 
crucial [56].

As over a third of older Europeans take 5 or more medications per day [57] and co-morbid 
complexity and increased number of daily medicines are significant risk factors for ADRs 
[4,58], people at high risk should receive systematic, proactive and timely surveillance of 
ADRs to minimise treatment burden [25]. The instruments included in this review could 
be adapted, integrated and streamlined. However, they lack decision support and required 
engagement of the highest-paid health care professionals, doctors and pharmacists. Identi-
fying and involving lower-paid healthcare professionals in implementing ADR surveillance 
strategies within multidisciplinary cooperation, with relevant training, guidance on practical 
implementation and management support would enable wider use of such ADR identification 
strategies in clinical practice [59].

Strengths and limitations of the review
To the authors’ knowledge, this is the first systematic review focussing on identifying and 
evaluating effects of real-time ADR identification instruments. A combination of MESH terms 
and commonly used terms was used to search for studies. The reviewers were blinded to one 
another’s decisions during the study selection process, ensuring rigour.

This systematic review has several possible limitations. The first relates to the strict inclu-
sion criteria, considering only studies published in English and only strategies that have been 
clinically evaluated in RCTs. The reasons for these restrictions were lack of a translator and the 
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intention to use only the highest level of evidence available [34]. It was not possible to conduct 
a meta-analysis, due to the heterogeneity of the studies. Additionally, we cannot discount the 
likely publication bias caused by non-publication of small studies not showing any effect.

The review was limited by suboptimal agreement in terminology relating to polypharmacy, 
methodology and outcomes in studies evaluating validated ADR identification tools. Unifor-
mity would facilitate future research into identification and appraisal of instruments enabling 
ADR recognition and amelioration.

Limitations of the data include discordant findings across the different contexts, settings, 
participants, interventions and outcomes, and paucity of data on clinical or long-term out-
comes. It is possible that some of the studies (for example, Weingard et al., [44]) were under-
powered to detect a smaller than expected treatment effect. Accordingly, the evidence was 
downgraded due to high or unclear risk of bias across multiple domains.

Further research is required to establish a robust evidence base for the best methods of 
identification and amelioration of ADRs in primary care.

Conclusion
These results suggest that ADR lists probably contribute to ADR identification and using a 
comprehensive ADR list may well result in more problems being resolved. This systematic 
review collated empirical evidence of current methods of real-time ADR identification. 
Currently, it is uncertain whether the findings from this review might support the use of 
any of the instruments discussed to identify and resolve ADRs. Strategies to detect and/or 
ameliorate ADRs usually benefit patients and have never been reported as causing harm: 
accordingly, they warrant further research investment. Comparing participants’ symptoms 
to a pre-specified list of potential ADRs was a crucial component of all ADR-identification 
approaches, and combining the ADR lists with prescriber consultation provided the means 
to mitigate the problems. The methods of delivery of the lists to participants varied, as did 
processes to manage the identified problems. Some approaches had statistically significant 
benefits, and all demonstrated participant benefits beyond simple symptom scores. All strat-
egies were reported as safe. Application of comprehensive lists and targeting populations 
with low health literacy might increase efficiency of the instrument at problem identifica-
tion, and hence ameliorate the burden of ADRs on patients, hospitals [1,6], and healthcare 
finances [7,8].
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