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Aims: Studies assessing the impact of pharmacovigilance regulatory interventions

often focus on the expected (or intended) outcomes, while any possible unintended

impact may be overlooked. The update of the Good Pharmacovigilance Practice

guideline in 2017 elaborated on impact assessment, emphasizing the need also to

assess possible unintended impact. This systematic literature review investigated how

often the unintended impact of regulatory interventions was considered in publica-

tions of studies investigating pharmacovigilance regulatory interventions in Europe.

Methods: We conducted a systematic review of the literature on MEDLINE and

EMBASE from 1 January 2012 to 28 February 2022 to identify publications that

investigated the impact of regulatory interventions in Europe. The primary outcome

of the study was the number of publications reporting assessments of unintended

impact. In addition, we studied the characteristics of these publications, including the

type of outcomes assessed, the analytical methods applied and the type of data used.

Results: In total, 96 publications were included in the analysis. The unintended

impact of pharmacovigilance regulatory interventions was investigated in 23 of

96 publications (24%). The drug classes most frequently studied in the publications

assessing unintended impact of regulatory interventions were oral glucose-lowering

drugs (n = 6, 26%), opioids (n = 4, 17%), antidepressants (n = 4, 17%) and antipsy-

chotics (n = 3, 13%). The reported methods to assess the unintended impact were

interrupted time series (n = 10, 43%) and descriptive statistics with or without signif-

icance testing (n = 2 [9%] and n = 9 [39%], respectively). The outcomes selected for

unintended impact assessments included the use of other drugs (n = 16, 70%), health

outcomes (n = 8, 35%) and behavioural changes (n = 4, 17%). Most of the publica-

tions reported on the use of electronic health record databases (n = 13, 57%) or

claims databases (n = 13, 57%), while registries were used in 4 publications (17%).

Conclusion: The unintended impact of pharmacovigilance regulatory interventions

was reported in only a quarter of identified publications. There was no apparent

increase in attention to unintended impact assessments after the update of the Good

Pharmacovigilance Practice guidelines.

Received: 13 March 2023 Revised: 17 July 2023 Accepted: 26 July 2023

DOI: 10.1111/bcp.15874

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. British Journal of Clinical Pharmacology published by John Wiley & Sons Ltd on behalf of British Pharmacological Society.

Br J Clin Pharmacol. 2023;89:3491–3502. wileyonlinelibrary.com/journal/bcp 3491

https://orcid.org/0000-0002-8892-9820
https://orcid.org/0000-0003-3086-446X
https://orcid.org/0000-0003-3095-9530
https://orcid.org/0000-0001-9238-6999
https://orcid.org/0000-0001-5623-9684
mailto:h.gardarsdottir@uu.nl
https://doi.org/10.1111/bcp.15874
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/bcp


K E YWORD S

impact evaluation, pharmacovigilance, postauthorization studies, real-world evidence, regulatory
intervention, systematic literature review, unintended impact

1 | INTRODUCTION

In Europe, medicinal products undergo a rigorous assessment process

before market authorization. Still, the medicinal product assessment

does not end with the authorization approval. Each authorized

medicine continues to be assessed via various postauthorization activ-

ities to ensure that its benefit–risk balance remains positive.1,2 These

processes are essential to guarantee that patients receive the best

care based on the most recent information. Due to the importance of

this postapproval process, in 2012, the EU-wide Pharmacovigilance

legislation was implemented, and a set of supporting guidelines called

Good Pharmacovigilance Practices (GVP) was developed. GVP

includes guidance on implementing pharmacovigilance regulatory

interventions called risk minimization measures (RMMs) that are

meant to support risk minimization when prescribing, dispensing

and/or using a medicinal product, including considerations on how to

assess the impact of these pharmacovigilance regulatory interven-

tions.1,2 Examples of such pharmacovigilance regulatory interventions

include Direct Healthcare Professional Communications (DHPCs),

national drug safety alerts and safety warnings.

Studies that assess the impact of pharmacovigilance regulatory

interventions often focus on the expected (or intended) outcome.

Nevertheless, even when pharmacovigilance regulatory interventions

seem effective, they might also have unintended effects.3–6 For exam-

ple, the withdrawal of oral fusafungine from the market in Germany

led to an increase in prescribing nasal or throat preparations of fusa-

fungine.7 Similarly, pharmacovigilance regulatory interventions regard-

ing atypical antipsychotics for treating behavioural and psychological

symptoms of dementia were issued due to the increased risk of stroke

and all-cause mortality. However, these interventions were followed

by increased use of conventional antipsychotics (although none of the

conventional antipsychotics has this indication on its label).8

Previously conducted systematic reviews of the impact of phar-

macovigilance regulatory interventions showed that unintended

impact is rarely assessed. A review by Goedecke et al. mentioned that

unintended impact is assessed in only a small number of studies.4

Georgi et al. showed that unintended impact was assessed in only

6 out of 72 identified studies (8%).3 While the review by DeFrank

et al. examined types of unintended impact, their review did not focus

on the methods used for conducting such studies.5 In 2017, GVP

was updated with an expanded discussion on the impact assessments

of RMMs, which emphasized the need to assess their possible

unintended impact.9 Likewise, the European Network of Centres for

Pharmacoepidemiology and Pharmacovigilance (ENCePP) Guide on

Methodological Standards in Pharmacoepidemiology, since the 2018

revision, includes a chapter on measuring the impact of RMMs and,

specifically, the unintended impact of RMMs.10 Even with the

increasing attention to the possible unintended impact of regulatory

interventions, it is unknown to what extent studies measuring the

impact of pharmacovigilance regulatory interventions include an

analysis of the potential unintended impact. In addition, it is unclear

whether the updated European guidelines have led to an increased

attention to the unintended impact of pharmacovigilance regulatory

interventions in scientific research. We conducted a systematic litera-

ture review of studies investigating the impact of regulatory pharma-

covigilance regulatory interventions in Europe, focusing on the

methods and data used to assess the unintended impact.

2 | METHODS

2.1 | A systematic review of the literature

A systematic review of the literature was conducted in MEDLINE and

EMBASE to identify publications that investigated the impact of regu-

latory interventions in the European Economic Area (EEA), focusing

on identifying unintended impact of pharmacovigilance regulatory

interventions and highlighting the methodology and data used. We

focused on studies conducted in the EU Member States and EEA

countries because we expected them to be directly influenced by the

new guidelines and legislations published by the European Medicines

Agency (EMA) since 2012.

The search strategy was developed a priori and described in the

protocol available in the European Union Electronic Register of

Post-Authorization Studies (EU PAS Register) under study number

EUPAS47825.11 The complete list of keywords for both databases is

presented in the supplementary material. The literature search was

supplemented by references from relevant systematic reviews identi-

fied by our search and by using the online tool connectedpapers.com

that identifies related publications based on a given reference.12

Two reviewers independently screened all the identified publica-

tions by title and abstract. In case of conflicting opinions, the publica-

tion was reviewed by a third reviewer, and the final decision was

made by a majority vote. After the initial screening, 2 reviewers

individually assessed the eligibility of publications based on a full-text

assessment. In the event of conflicting opinions, the same procedure

as in the first stage was followed: the publication was reviewed by a

third reviewer, and the final decision was made by a majority vote.

2.2 | Inclusion and exclusion criteria

We included English language publications published in PubMed and

EMBASE from 1 January 2012 to 28 February 2022 that assessed the

impact of regulatory interventions in the EEA for medicines for human

use. Since the UK was part of the EU for most of the study period, we
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included publications studying the UK population if the study period

covered the time before 1 February 2020 (the date of official with-

drawal from the EU). We included original research publications,

excluding duplicates, conference abstracts, case series, case reports,

letters to editors, commentaries, editorials, lecture notes, guidelines

and systematic reviews. We included studies using quantitative

methods, except for publications based on data from surveys and

questionnaires. We also excluded publications from which the rele-

vant information could not be retrieved for the descriptive analysis,

publications assessing interventions that were not implemented at

least on a national level (e.g., hospital centres, regional guidelines), and

publications assessing other than pharmacovigilance regulatory inter-

ventions (e.g., reimbursement policy changes). Studies assessing regu-

latory interventions on vaccines and interventions due to quality

issues of generic medicines or biologicals were also excluded to avoid

heterogeneity in methods used in impact studies.

2.3 | Data extraction

We extracted data using a standardized data extraction form created

a priori using the following process: the data extraction form used by

Goedecke et al. was updated by adding questions about the unin-

tended impact of regulatory interventions.4 The focus of our study is

pharmacovigilance regulatory interventions in the EEA, so the catego-

rization of interventions was adjusted to the definitions of RMMs as

defined in GVP.9

To assess the quality of our data extraction form, we tested it

before the formal review process. Four publications found by a

manual search that met the inclusion and exclusion criteria were inde-

pendently reviewed by 2 reviewers each (in total, 4 reviewers partici-

pated in the process) who filled out the data extraction forms and

discussed the results afterwards. Based on this discussion, new ques-

tions were added. The final set of items to be included was selected

by consensus of all 4 reviewers.

The extracted information included the outcome of interest as

well as basic information on the identified publications, including the

article title, publication year, main studied drugs, study period, data

source characteristics, type of regulatory intervention, outcomes of

interest, a summary of key findings and disclosed limitations. The

complete list of items is presented in the final extraction form (see

supplementary material). One reviewer performed the data extraction,

and a second reviewer extracted the data for a random 10% of the

publications for quality assurance purposes.

2.4 | Outcome

The study's primary outcome was the frequency of unintended

impact assessments included among all publications assessing impact

of pharmacovigilance regulatory interventions. We assessed the

methodology of these studies based on study design (before and after

cross-sectional, before and after time series, cohort study, other), used

analytical methods (descriptive statistics with or without significance

testing, Poisson regression, logistic regression, interrupted time series

regression, joinpoint regression, other), outcome measures as classified

in GVP (behavioural change, drug use, health outcomes, other) and

types of databases used (electronic healthcare records database, admin-

istrative database, spontaneous reporting database, registry, other).

2.5 | Definition and classification of regulatory
intervention

The focus of our study was on pharmacovigilance regulatory interven-

tions in Europe. Therefore, the categorization of interventions fol-

lowed the definitions of RMMs defined in GVP. A pharmacovigilance

regulatory intervention was defined as any routine or additional risk

minimization measure described in the GVP modules V and XVI.9,13

Furthermore, we included any withdrawal or suspension of marketing

authorization or any other pharmacovigilance regulatory intervention

implemented at least at the national level by the competent authority

of an EU or an EEA Member State to safeguard public health.

Regulatory interventions were defined as routine RMMs or addi-

tional RMMs. The routine RMMs are: (i) updates to the summary of

product characteristics; (ii) updates to the package leaflet; (iii) changes

to the pack size; and (iv) changes to the legal status. The additional

RMMs are: (i) educational programmes; (ii) controlled access pro-

grammes; (iii) controlled distribution systems; (iv) pregnancy preven-

tion programmes; and (v) DHPCs.9,13

2.6 | Definition of unintended impact study
publications

We defined publications regarding unintended impact as any impact

publications that aimed to assess outcomes that were not the primary

goal of the regulatory intervention, regardless of whether they could

be considered positive or negative. We classified decreased use of the

medicine targeted by the regulatory intervention as an intended impact

unless the publication explicitly stated that decreased use is an

unintended impact or decreased use is detected in a subpopulation of

medicine users that was not targeted by the intervention. Also, publica-

tions assessing overall medicine use, even if the regulatory intervention

targeted a subgroup of the overall users, were considered as intended

impact analyses if no data confirming unintended impact were pro-

vided. Furthermore, we did not consider paradoxical effects (increased

use of the medicine after the implementation of pharmacovigilance

regulatory intervention) as an unintended impact since the observed

effect may be due to factors other than the regulatory intervention.

Market access withdrawals may cause shifts to other available

treatments, but the treatment selection guidelines are usually not part

of pharmacovigilance regulatory interventions. Therefore, we consid-

ered studies assessing treatment switches aftermarket withdrawals

intended impact studies unless the study explicitly describes medicine

switching as an unintended impact.

LASYS ET AL. 3493
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We used the categorization of unintended impact proposed by

DeFrank et al. These include decreased use or discontinuation, use of

drug substitutes, changes in knowledge, attitudes or beliefs, spill-over

effects, shifts in diagnoses, changes in clinical practice, changes in

health behaviour or health outcomes.5

2.7 | Data analysis

Data were analysed using descriptive analysis methods, presenting

totals and percentages for the extracted variables.

3 | RESULTS

3.1 | Overview of all impact publications identified

Our search identified 3232 unique publications, of which 131 were

included for full-text review, and 92 met our in- and exclusion criteria.

Four related publications were identified using the tool Connected

Papers12; these publications were also included in the analysis. The

complete selection process is presented in Figure 1.

Out of the 96 included publications, 2 used the EudraVigilance

database covering all the EEA countries (including the UK). The rest of

F IGURE 1 Systematic literature review process flowchart.
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the publications studied the impact in 15 out of 31 EEA countries,

of which 24 publications (25%) used data from at least 2 countries.

Most included publications analysed data from the UK (n = 42, 44%),

Germany (n = 18, 19%) and France (n = 16, 17%). More detailed

information about countries is presented in Figure 2.

The most frequently assessed pharmacovigilance regulatory inter-

ventions were DHPCs (n = 31, 32%) and other communications

regarding the safety of medicines (national or EU-wide drug safety

communications, drug safety alerts and safety warnings, n = 37, 39%).

The most frequently assessed drug classes were antipsychotics

(n = 13, 14%), oral glucose-lowering drugs (n = 12, 13%) and antide-

pressants (n = 12, 13%). Six publications (6%) included impact assess-

ments for multiple drug classes. More information on included studies

is presented in Table 1.

3.2 | Overview of publications that report on the
assessment of the unintended impact of regulatory
interventions

Of the 96 publications, 23 (24%) included an assessment of the unin-

tended impact of regulatory interventions. The proportion of publica-

tions reporting unintended impact ranged from 0 to 50% during the

study period, and the number of publications ranged from 0 to 5 per

year. Over time, there was no substantial increase in the proportion or

number of publications addressing unintended impact during our

study period. Furthermore, no clear change was detected after the

2017 GVP updates. Detailed information is presented in Figure 3.

Publications on unintended impact (n = 23) most often assessed

oral glucose-lowering drugs (n = 6, 26%), opioids (n = 4, 17%), antide-

pressants (n = 4, 17%) and antipsychotics (n = 3, 13%). One publica-

tion described separate assessments of medicines of 3 different

classes, and 3 publications reported 2 outcomes in their assessments.

These publications were counted for each relevant category in the

analysis. The characteristics of the publications that report on unin-

tended impact are presented in Tables 2 and 3.

The outcome most frequently reported in the unintended impact

assessment was the use of other drugs, that is, substitutes (n = 16,

52%). This outcome was used to assess the use of drug substitutes

(n = 14, 61%) and spill-over effects (n = 3, 13%). Two of the publica-

tions that assessed the use of substitutes interpreted the patterns of

drug substitute use as undesirable.14,20 Other publications describing

the use of substitutes described changes after interventions without

commenting on whether the results were desirable or not. The publi-

cations suggesting spill-over effects reported on the use of drugs of

the same class as those targeted by the regulatory interventions. Two

out of 3 of these publications detected decreased use of those drugs

suggesting spill-over effects: regulatory interventions targeting rosigli-

tazone were associated with a decreased use of pioglitazone, and

interventions targeting rofecoxib were associated with a decreased

use of other coxibs.21,22 One publication explicitly mentioned the

intention to assess a spill-over effect of intervention in its methods

section.23

Health outcomes were assessed in 8 (35%) publications. The

changes in the glycaemic control indicators after rosiglitazone with-

drawal were assessed in 2 publications.15,32 Two studies investigated

F IGURE 2 Number of publications assessing pharmacovigilance regulatory interventions by studied country.
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TABLE 1 Characteristics of publications assessing the impact of pharmacovigilance regulatory interventions.

Regulatory intervention assesseda
All publications

(N = 96), n (%)

Publications that address

unintended impact (N = 23), n (%)

Routine risk minimisation measures

Provision of information and recommendations in the summary of product

characteristics and the package leaflet

29 (30%) 5 (22%)

The labelling on the immediate or outer packaging of the medicine 5 (5%) 3 (13%)

Changes to pack size 0 (0%) 0 (0%)

Changes to legal status 15 (16%) 9 (39%)

Additional risk minimisation measures

Educational material 11 (11%) 2 (9%)

Controlled access programme 5 (5%) 2 (9%)

Pregnancy prevention programme 4 (4%) 0 (0%)

Direct healthcare professional communication 31 (32%) 3 (13%)

Other communications about medicine's safety 37 (39%) 7 (30%)

Multiple interventions throughout the study perioda 34 (35%) 9 (39%)

Most frequently studied medicines (ATC classification)a: The complete list is available in the supplementary material

Antipsychotics (N05A) 13 (14%) 3 (13%)

Blood glucose lowering drugs, excl. insulins (A10B)b 12 (13%) 6 (26%)

Antidepressants (N06A) 12 (13%) 4 (17%)

Antiepileptics (N03A) 11 (11%) 0 (0%)

Opioids (N02A) 8 (8%) 4 (17%)

Anti-inflammatory and antirheumatic products, nonsteroids (M01A) 8 (8%) 2 (9%)

Propulsives (A03F) 6 (6%) 0 (0%)

Antithrombotic agents (B01A) 6 (6%) 0 (0%)

Hypnotics and sedatives (N05C) 5 (5%) 2 (9%)

Hormonal contraceptives for systemic use (G03A) 4 (4%) 0 (0%)

Immunosuppressants (L04A) 4 (4%) 0 (0%)

Drugs affecting bone structure and mineralisation (M05B) 4 (4%) 0 (0%)

Multiple drug classes assessed in a single publicationa 6 (6%) 1 (4%)

Number of countries studied in the publication

1 72 (75%) 17 (74%)

2 6 (6%) 2 (9%)

3 6 (6%) 3 (13%)

4 5 (5%) 0 (0%)

5 5 (5%) 1 (4%)

All the EEA countries (including the UK) 2 (2%) 0 (0%)

Data source typea

Claims database 49 (51%) 13 (57%)

Electronic health records database 45 (47%) 13 (57%)

Registry database 9 (9%) 4 (17%)

Other 14 (15%) 4 (17%)

Multiple types of data sourcesa 18 (19%) 8 (35%)

Abbreviations: ATC, Anatomical Therapeutic Chemical; EEA, European Economic Area.
aIf publications included assessments of multiple drug classes, were conducted in multiple countries or used several data sources, they were counted for

each relevant category.
bAll the studies assessing blood glucose-lowering drugs assessed thiazolidinediones (ATC code: A10BG).
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changes in hospitalization rates due to psychosis after the withdrawal

of thioridazine and pipotiazine palmitate.33,34 One study used 3 health

outcomes to assess the impact of aprotinin withdrawal. Selected out-

comes were the rate of blood transfusions during surgery, the volume

of blood lost during surgery and postoperative morbidity.35 One publi-

cation simultaneously assessed the impact of market withdrawals of

dextropropoxyphene, pioglitazone and tetrazepam by assessing the

number of spontaneous adverse event reports for alternative treat-

ment options considering the change of reimbursements of other

medicines.16 The publication assessing the impact of the guidance on

codeine use used case reports of poisonings related to codeine substi-

tutes considering the change in prescriptions following the regulatory

intervention.24

Behavioural change was reported as an outcome in 4 publications.

A publication by Valkhoff et al. assessed the impact of rofecoxib with-

drawal on the use of other coxibs or nonsteroidal anti-inflammatory

drugs and concomitant gastroprotective agents.21 Wijlaars et al.

focused on physician prescription and diagnosis protocol following

DHPCs regarding the use of selective serotonin reuptake inhibitors

(SSRIs) in children and adolescents.25 A previously mentioned publica-

tion by Sheldon et al. assessed the discontinuation of replacement

treatment after pipotiazine palmitate market withdrawal alongside

hospitalization rates.34 One publication described a discrete choice

model for assessing the impact of regulatory interventions on SSRIs

use in children and adolescents. The behavioural change outcome was

defined as the probability of being prescribed antidepressant medica-

tions based on the patient's and physician's characteristics. The

authors concluded that there is a lower probability for adults to be

prescribed SSRIs medications after the intervention, thus indicating a

spill-over effect.36

Most of the publications used a before–after time series design

(n = 13, 57%), followed by a before-after cross-sectional study

design (n = 5, 22%) and cohort study design (n = 3, 13%). The most

common analytic method applied to assess the unintended impact of

pharmacovigilance regulatory interventions was interrupted time

series (n = 10, 43%), followed by descriptive statistics with or without

significance testing (n = 2 [9%] and n = 9 [39%], respectively). Other

analytical approaches identified were Poisson regression and the dis-

crete choice model (for both n = 1, 4%).

Six publications (26%) assessed the unintended impact of regula-

tions in at least 2 different countries. Data were analysed separately for

each database. Most of the publications used electronic health records

databases (n = 13, 57%) or claims databases (n = 13, 57%), while regis-

tries were used in 4 publications (17%). In 4 publications (17%), the data

were collected only in a limited part of the country, including hospital

centres or databases from separate regions.14,15,26,34 Also, 3 publica-

tions used spontaneous reporting databases.16,24,27

4 | DISCUSSION

This systematic literature review provides a comprehensive assess-

ment of the publications on the unintended impact of pharmacovigi-

lance regulatory interventions in Europe. Our results show that,

despite the increasing attention to the unintended impact of these

interventions, only a quarter of the publications assessing the impact

of regulatory interventions reported on the unintended impact. Fur-

thermore, there was no marked change in the number of publications

that addressed the unintended impact of pharmacovigilance regula-

tory interventions after the 2017 updates of the GVP guidelines.

36%
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F IGURE 3 Number of publications assessing pharmacovigilance regulatory interventions conducted in the European Economic Area and
published between 2012 and 2021.
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Our study extends previous work regarding the unintended impact

of pharmacovigilance regulatory interventions. We focused specifically

on publications aiming to assess the unintended impact of regulatory

interventions in the EEA countries, while previous reviews applied no

geographical restrictions.3–5 Furthermore, we used a longer study

period after the 2017 GVP changes: Georgi et al. review included

interventions up to 12 January 2019, while our period extended to 28

February 2022.3 Our assumption is that a longer follow-up period is

TABLE 2 Characteristics of publications addressing unintended impact assessments of pharmacovigilance regulatory interventions.

Publications included N = 23, n (%) References of the studies

Study design

Before and after cross-sectional study 5 (22%) 15–19

Before and after time series study 13 (57%) 14,20–31

Cohort study 3 (13%) 32–34

Case–control study 1 (4%) 35

Discrete choice model 1 (4%) 36

Analytical method

Descriptive statistics 9 (39%) 15,17–19,25,30,32–34

Descriptive statistics with significance testing 2 (9%) 16,35

Interrupted Time Series regression analysis 10 (43%) 14,20–24,26,28,29,31

Poisson R 1 (4%) 27

Discrete choice model 1 (4%) 36

Outcomes used for assessing impact a

Behavioural change 4 (17%) 21,25,34,36

Health outcomes 8 (35%) 15,16,24,27,32–35

Use of other drugs 16 (70%) 14,15,17–26,28–31

Multiple outcomesa 5 (22%) 15,21,24,25,34

Type of anticipated or reported unintended impacta

Changes in health behaviour/outcomes 9 (39%) 15,16,21,24,27,32–35

Spill-over effects 4 (17%) 21–23,36

Use of drug substitutes 14 (61%) 14,15,17–20,22,24–26,28–31

Shifts in diagnoses 1 (4%) 25

Multiple typesa 5 (22%) 15,21,22,24,25

aStudies that used multiple outcomes or assessed multiple types of unintended impact were counted more than once for each applicable category.

TABLE 3 Characteristics of publications addressing unintended impact assessments of pharmacovigilance regulatory interventions.

Outcome measure (n of unintended impact publications, %) Unintended impact assessed (n of unintended impact publications, %)

Use of other drugs, 16 (70%) Use of drug substitutes (n = 14)

Spill-over effects (n = 3)

Health outcomes, 8 (35%) Glycaemic control indicators (n = 2)

The proportion of hospitalized patients (n = 2)

Blood transfusions during surgery, the volume of blood lost during

surgery and postoperative morbidity (n = 1)

Adverse events reports (n = 1)

Suicide rates (n = 1)

Case reports on poisonings (n = 1)

Behavioural change, 4 (17%) Concomitant use of drugs (n = 1)

Shifts in diagnoses (n = 1)

Discontinuation of replacement therapy (n = 1)

Spill-over effects (n = 1)
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needed to cover the lags in implementing the guidelines. However, as

mentioned previously, we did not find a marked change in the number

of publications assessing unintended impact.

We classified publications as unintended impact publications if,

based on the information provided in the methods section, the

selected outcomes were outside the scope of the described pharma-

covigilance regulatory intervention. This approach differed from the

review done by DeFrank et al., where the studies were selected if

the authors conveyed that their study findings could be the unin-

tended impact of regulatory actions.5 The difference was based on

our aim to assess the methodology of studies that aim to assess unin-

tended impact, and DeFrank's approach would exclude all the studies

that assessed but did not find unintended impact. Since the same out-

come can be used to assess both intended and unintended impact,

relying only on study findings might also include unintended impact

that was anticipated when planning the study. For example, in 2 publi-

cations that assessed interventions targeting only females, male sub-

jects were also included in the analysis, and the results were stratified

by sex.37,38 Since the authors did not clarify why male subjects were

included in the study, it is unclear whether this subgroup was selected

as a control group assuming only secular change or as a group to

check possible spill-over effects. Based on this lack of clarity about

methodological considerations, we classified these studies as asses-

sing only the intended impact.

We considered the inclusion of other medicines not targeted by

the intervention as a method to assess unintended impact. Of note,

only in 1 study was the choice to include additional medicines to

check for spill-over effects explicitly mentioned.23 Nevertheless, we

did not consider publications that assessed only drug switches after a

market withdrawal as unintended impact publications because they

did not specify whether the included drugs in the study were desirable

alternatives after the withdrawal or not. If market withdrawals of

medicines are implemented as a regulatory intervention due to an

unfavourable benefit–risk ratio, the need to treat the condition

remains. Therefore, the withdrawal of a drug might lead to the use of

other therapies. If publications do not state which drug switches are

preferred, it is unclear if other drugs are used to assess unintended

impact or only to describe the clinical decision-making after the mar-

ket withdrawal.

Most publications assessed the impact of DHPCs or other com-

munication strategies to disseminate information about drug safety

(n = 67, 70%) that are meant to remind or update healthcare provider

knowledge about the safe use of medicines. These results concur with

previous reviews assessing the effectiveness of various pharmacovigi-

lance regulatory interventions.39–42 However, in many cases, the pur-

pose of DHPC was to inform healthcare professionals about new

restrictions, contraindications or other routine measures to minimize

risk. In fact, 26 publications (27%) assessed the impact of several phar-

macovigilance regulatory interventions implemented simultaneously

or following each other in quick succession. Furthermore, while

36 publications mentioned that the study aimed to assess pharmacov-

igilance regulatory interventions of national authorities, some men-

tioned EMA referral procedures and other actions in the introduction,

indicating that EU-wide and national interventions might overlap.

Besides pharmacovigilance regulatory interventions, other factors

could also contribute to drug use. For example, 5 studies mentioned

increased media attention to the drug's safety, of which 3 studies con-

sidered this in the analysis.25,43,44 Although the dates of the communi-

cations issued offer certainty about the start of the intervention,

these overlapping decisions and additional factors surrounding the

implementation of pharmacovigilance regulatory interventions can

lead to biased estimates of the impact of pharmacovigilance regulatory

interventions, including their unintended impact. A possible solution

to this could be a more thorough communication about all pharmacov-

igilance regulatory interventions and additional actions related to the

safety of the medicines, as presented by Pinto et al., who assessed the

impact of pharmacovigilance regulatory interventions targeting nime-

sulide.45 This study included the description of a search strategy to

identify regulatory interventions targeting nimesulide, including media

attention and Google search patterns, and based on search results,

constructed and visually depicted periods of regulatory actions instead

of focusing on the specific date of the intervention.45

While regulatory interventions issued by EMA are mandatory for

all Member States, most regulatory interventions are implemented by

national authorities, which can lead to differences in outcomes

between the Member States. Different impact assessments between

countries might affect the generalizability of results which could be

even more aggravated because some studies only use data from a

single country or even from parts of countries. Among included

publications, multinational studies examining the impact of pharma-

covigilance regulatory interventions for diclofenac and hydroxyzine

initiation and discontinuation reported that the possible impact of

interventions differed between countries based on trend and step

changes.28,29 This could be due to different implementation strategies

used by competent authorities and different levels of drug use in the

preintervention periods.

In addition to the possible differences between national imple-

mentation of pharmacovigilance regulatory interventions, not all

countries are equally involved in conducting impact assessments.

Even though the regulatory interventions are mandatory for all EU

Member states and usually implemented by all EEA countries, we did

not identify a single impact study for 16 out of the current 30 EEA

countries. Although the discrepancies might be explained by different

infrastructures for pharmacoepidemiological research, the same could

apply to the frameworks of information dissemination to healthcare

providers and their involvement. Thus, the current coverage raises

generalizability issues and suggests a need for a broader selection of

countries for future impact studies.

Most of the publications reported drug use as the primary out-

come. While aggregated dispensing or prescribing data of a specific

medicine can be used as a proxy for drug use, it does not provide

information on the impact on individual medicine users. The change in

medication use in the general population may overlook the unin-

tended impact that the spill-over effect could cause a decrease in use

in other populations, as demonstrated by Dubois et al. The authors

reported a change in the use of SSRIs in the general population
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following a regulatory intervention targeting only children and adoles-

cents.36 In addition to the outcome selection, the data source is also

important. Three studies assessing possible health outcomes of unin-

tended impact used spontaneous reporting registries.16,24,27 While

health outcomes seem more direct to check the impact on a patient,

they might lack the sensitivity to detect possible impact, as discussed

by Dal Pan.39

Our study has some limitations. First, not all the research on

impact assessments may have been published in scientific journals.

Since most impact assessments are communicated within regulatory

procedure reports, our systematic review might not have captured all

relevant studies. Second, publications might also be missed with the

search strategy due to a lack of standardized reporting of study

designs, analytical methods and outcomes. To minimize the impact of

this heterogeneity of the reporting, we supplemented the search

strategy with references identified in reviews and publications found

by applying snowballing technique via an online tool connected

papers.12 Also, the assessment of publications was challenged by the

heterogeneity of methods and data sources and the lack of standard-

ized reporting. These issues could be improved by adding a compre-

hensive framework of methodological suggestions for these studies in

guidelines for pharmacoepidemiological studies.46 Current guidelines

only offer examples of previously conducted impact studies as possi-

ble considerations.9,10 In addition, tools that aim for more transparent

and clear reporting of postauthorization safety publications could be

applied in the context of impact publications. These include the struc-

ture of the postauthorization safety publication study protocol tem-

plate suggested in GVP, the ENCePP checklist for protocol guidelines

and making the protocols publicly available by registering them at the

ENCePP register.10,47 Of all included unintended impact publications,

only 2 had their study protocols registered in the EU PAS register, and

1 was registered at ClinicalTrials.gov website.28–30

Our study highlights that assessments of the unintended impact

of risk minimization measures are still lacking. Different terms used to

describe outcomes when addressing unintended impact suggest the

need to clarify the definitions used to describe unintended impact.

Additionally, the high variability of the methods and their description

used in unintended impact assessments makes it difficult to set an

example of how these assessments should be performed. Harmoniz-

ing the tools used for impact assessments is necessary to help

researchers standardize impact assessments of risk minimization mea-

sures. Lastly, there is a need for continuous attention to unintended

impact when conducting pharmacovigilance regulatory intervention

assessments. Possible solutions include more elaborate guidelines

supporting impact assessments and more transparent reporting of the

methodology used in these assessments, for example, by publishing

the study protocols in open-access registries.

5 | CONCLUSION

Our systematic review shows that despite growing attention to unin-

tended impact assessments of pharmacovigilance regulatory

interventions in related guidelines and recommendations, unintended

impact is assessed in only a minority of such studies. These results

underline the need for further incentives for conducting unintended

impact assessments of pharmacovigilance regulatory interventions and

a more standardized way of performing and reporting these studies.
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