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Abstract
Introduction  The impact of pharmacovigilance activities on public health remains under-investigated, and measuring the 
impact on health of pharmacovigilance activities for a specific safety signal is challenging.
Objective  To gain more insight into the methodological challenges and the data required, we assessed the impact of phar-
macovigilance on public health for four identified product-specific safety signals using publicly available data in the Neth-
erlands. The assessment was on the impact of the intertwined and complementary steps of the pharmacovigilance pathways.
Methods  The impact of pharmacovigilance on public health was assessed using the assessment support tool and ‘open data’ 
from the Netherlands for four different types of pharmacovigilance safety signals: (1) off-label use of cyproterone acetate/
ethinyloestradiol (CPA/EE) and thrombotic risk after pharmacovigilance measures after 2014; (2) pergolide and the risk 
of cardiac valvulopathy after pharmacovigilance activities in 2003; (3) proton pump inhibitors and the risk of hypomagne-
saemia after pharmacovigilance activities in 2011; (4) rosiglitazone withdrawal from the market because of cardiovascular 
effects in 2010.
Results  For the signals on CPA/EE and pergolide, a crude estimation of the impact could be made with varying degrees of 
assumptions based on the risk described in the literature and utilisation data.
Conclusion  This article highlights the methodological challenges and the data required to assess the impact of product-
specific safety signals. A structured assessment support tool can be used as a guide for the necessary data elements and 
steps needed for the measurement or estimation of impact of pharmacovigilance activities on public health, provided that 
the appropriate data are available.

Key Points 

Although the number of studies assessing the impact of 
pharmacovigilance actions on health at the population 
level is increasing, the impact of pharmacovigilance 
activities on public health remains under-investigated.

Measuring the impact on health of pharmacovigilance 
activities for a specific safety signal is challenging but 
important.
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1  Introduction

Pharmacovigilance activities aim to reduce harm by 
improving the use of medicines. If we can measure or esti-
mate the harm reduced by pharmacovigilance activities, 
we generate evidence about the effectiveness and show the 
effect of these activities. Although an increasing number 
of studies are assessing the impact of pharmacovigilance 
actions on health at the population level, assessing the 
impact of pharmacovigilance activities on public health 
remains under-investigated [1–3].

In 2017, the Pharmacovigilance Risk Assessment Com-
mittee (PRAC), the European Medicines Agency (EMA) 
committee responsible for assessing and monitoring the 
safety of human medicines, published a strategy that aimed 
to assess the impact of regulatory actions in order to pro-
vide regulators and other stakeholders with insights into 
which pharmacovigilance activities are the most success-
ful [4]. Knowledge on the impact of pharmacovigilance 
activities can be used to stimulate proactive pharmacovigi-
lance systems across the EU. The PRAC strategy focussed 
on measuring the effectiveness of the pharmacovigilance 
processes and of product-specific risk minimisation. It 
aimed to identify enablers of effective pharmacovigilance 
and promote collaboration on developing methodologies 
for impact research [4]. In addition, in 2018, the European 
Network of Centres for Pharmacoepidemiology and Phar-
macovigilance (ENCePP) published guidance on methods 
for pharmacovigilance impact research [5].

The pharmacovigilance process is complex and encom-
passes different stakeholders and activities [5]. The ENCePP 
guidance on methods for pharmacovigilance impact research 
included a visualisation of the various pathways and effects 
of pharmacovigilance activities [5] (Fig. 1).

Pharmacovigilance activities are, to some extent, inter-
twined and complementary: safety signals can lead to regu-
latory actions. However, healthcare professionals (HCPs) are 
exposed to information on safety issues from both regulators 
and the scientific community (scientific journals, confer-
ences), which could affect their prescribing behaviour even 
before regulatory actions have taken place. Furthermore, the 
knowledge is also shared via the media, which might also 
affect the behaviour of HCPs and/or patients and thus influ-
ence the use of medicines in clinical practice. This could 
result in safer use of medicines but might also cause harm. 
Measuring impact should, therefore, include an assessment 
of not only the intended but also the unintended effects and 
other simultaneous events such as changes in clinical prac-
tice or secular trends in health outcomes. When measuring 
the impact on health outcomes of a specific safety signal, all 
those elements in the pharmacovigilance pathway should 
be accounted for to enable a better estimate of the impact 
of the signal [5].

Measuring the impact on health of pharmacovigilance 
activities of a specific safety signal is challenged by various 
elements, both methodological and in terms of access to 
and the availability of valid and complete data. Although 
it is acknowledged that there is a number of options when 
it concerns electronic health records and other real-world 

Fig. 1   Model of pathways and effects of pharmacovigilance activities [5]. ADR adverse drug reaction, PASS post-authorisation safety study
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data, these are not always easily accessible to the govern-
mental institutions that should play a role in monitoring the 
impact of pharmacovigilance activities on health outcomes. 
To provide insight into the methodological challenges and 
the data required, we conducted assessments of the impact of 
four different product-specific safety signals. We used only 
open-source data in these examples.

1.1 � Safety Signals

Four different types of pharmacovigilance safety signals 
were selected for assessment of their impact. The examples 
were chosen because they are very diverse, highlighting 
different aspects of the assessment. No specific reasons or 
criteria were behind this choice, other than the expectation 
that the assessment would provide insights into the methodo-
logical challenges and the data required. The selected safety 
signals are as follows:

1.	 Off-label use of cyproterone acetate (CPA)/ethiny-
loestradiol (EE) and thrombotic risk after pharmacovigi-
lance measures after 2014.

2.	 Pergolide and the risk of cardiac valvulopathy after 
pharmacovigilance activities in 2003.

3.	 Proton pump inhibitors (PPIs) and the risk of hypomag-
nesaemia after pharmacovigilance activities in 2011.

4.	 Withdrawal of rosiglitazone from the market because of 
cardiovascular effects in 2010.

2 � Approach of the Assessment of Impact

An assessment support tool was used to help determine 
all the information required for the actual assessment in a 
structured manner, based on the Model of Pathways and 
Effects of Pharmacovigilance Activities in the ENCePP 
guidance on methods for pharmacovigilance impact 
research [5]. The assessment scheme is shown in Fig. 2. 
Because the goal of pharmacovigilance is to reduce harm 
by more appropriate use of medicines, a broad definition 
of the impact of pharmacovigilance was used: “the harm 
prevented by implementing pharmacovigilance activities.”

2.1 � Steps of the Assessment Tool

2.1.1 � Formulate a Definition of Impact on Health 
of the Signal

The first step of the assessment is to describe the safety 
signal, the risk involved, and actions that took place after 
the safety signal was found (Fig. 2; shown in yellow). For 
the safety signal, a specific definition of the impact needs 
to be made: which changes in which health outcome dur-
ing which time frame is suitable? (Fig. 2; shown in grey).

Fig. 2   Assessment support tool for measuring or estimating impact
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2.1.2 � Based on this Pre‑defined Definition of Impact, 
Search for Data on Change in Health

If these data on the change in health (Fig. 2; shown in green) 
are available, such as ‘the number of myocardial infarctions 
(MI) in a population of drug users in a specific time frame’, 
these can be used to measure the impact of the pharma-
covigilance activities.

2.1.3 � If Not Available, Search for Data Needed to Estimate 
the Impact on Health

If direct data on change in health are not available, an esti-
mation of the impact can be made (Fig. 2; shown in green). 
This estimation can be based on data on the change in use of 
the medicine and the known risk of the safety issue (Fig. 2; 
shown in dark yellow).

2.1.4 � Take into Account Other Factors that Could have 
Influenced the Health Outcomes

In addition to intended impacts on public health, a pharma-
covigilance action can also have unintended effects that may 
be harmful. To make a correct risk assessment or estimation, 
other factures influencing the change in health outcome need 
to be considered (Fig. 2; shown in blue), for instance, the 
risk of patients using no appropriate medication or switch-
ing to alternatives that might involve the same or other risks 
must be evaluated. When using expenditure data for an esti-
mation, it is also important to note that factors other than the 
safety signal might influence usage (Fig. 2; shown in light 
blue), for instance, emerging therapies that patients might 
be switched to.

Finally, the effects of other simultaneous events, trends, 
and changes in risk factors affecting the health outcome 
being measured must also be taken into account (Fig. 2; 
shown in blue).

2.1.5 � Assess or estimate the impact on health

3 � Assessment per Signal

3.1 � Extensive Off‑Label Use of Cyproterone Acetate/
Ethinyloestradiol and Thrombotic Risk

3.1.1 � Formulate a Definition of Impact on Health 
of the Signal

CPA is a progestogen with a strong anti-androgen function 
that suppresses natural ovulation [6, 7]. Therefore, EE is 
added to the formulation, giving the drug contraceptive 

characteristics [6, 8]. In the Netherlands, CPA/EE was 
authorised for marketing in 1987 for the treatment of acne, 
seborrhoea, or light hirsutism in women of childbearing 
age if hormonal treatment was considered necessary. Con-
versely, market authorisation of CPA/EE products was never 
approved in the USA [6, 9, 10].

The timeline of information on the drug safety signal 
or other relevant clinical decisions for products containing 
CPA/EE is available as electronic supplementary material 
(ESM)-1. Based on the type of signal and pharmacovigi-
lance and clinical activities, the following definition of 
impact for measures taken regarding products containing 
CPA/EE was formulated: the reduced number of venous 
thromboembolism events (VTEs) before and after the phar-
macovigilance activities in 2013 in women of childbearing 
age. As the original signal was dated December 2012, the 
period before pharmacovigilance activities was defined as 
< 2013. The implementation of HCP guidelines would also 
take a few months, so the post-pharmacovigilance activity 
period was defined as > 2014.

3.1.2 � Based on this Pre‑defined Definition of Impact, 
Search for Data on Change in Health

No open-source data on the number of VTEs in the Nether-
lands were available.

3.1.3 � If Not Available, Search for Data Needed to Estimate 
the Impact on Health

Regarding the use of Diane-35, multiple alternative contra-
ceptive methods are available, including hormonal and non-
hormonal treatments. The number of users of combined oral 
contraceptives (COCs) and CPA/EE in the Netherlands was 
based on a publication from 2016 [11]. From the literature, 
a risk estimate for VTE was chosen based on a meta-analysis 
[12] that found a baseline risk of non-users of 1.9/10,000 
women-years. The pooled relative ratio (RR) showed that all 
COCs increase the risk of developing VTEs, but the third- 
and fourth-generation COCs are considered high risk and 
have an RR of 3.8, whereas the second-generation drugs are 
considered low risk, with an RR of 2.8. The pooled RR of 
CPA/EE is 3.9 [12].

3.1.4 � Take into Account Other Factors that Could have 
Influenced the Health Outcomes

Other factors could influence the risk of developing VTEs. 
For instance, previous hormone pill-related scares [13–17] 
could have led women to choose not to use oral contracep-
tion and take the risk of becoming pregnant. Pregnancy itself 
is also related to a higher risk of VTE [18, 19]. However, 
women could also use a non-drug intrauterine device (IUD) 
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as an effective alternative to oral hormonal contraception. 
The lack of data on this latter category meant we were una-
ble to calculate the effect of women switching to this alterna-
tive. Factors such as a change in smoking habits in the user 
group could also influence the risk of VTEs. Data from the 
Statistics Netherlands (CBS) StatLine database [20] indi-
cated no large changes in these factors from 2010 to 2015.

3.1.5 � Assess or Estimate the Impact on Health

The reduced number of VTEs was estimated using data on 
the risk of developing adverse drug reactions (ADRs) and 
user numbers. An estimation was made of the total number 
of prevented VTE cases in the Netherlands (Table 1). The 
number of VTEs among COC users pre- and post-pharma-
covigilance activity was compared. The overall change in 
hormonal contraceptive usage is known, comparing utilisa-
tion before and after 2013. For each hormonal contracep-
tive, including CPA/EE, the number of VTE cases/year was 
calculated based on the RR described by Stegeman et al. 
[12]. Taking all hormonal contraceptive use into account, the 
estimated number of prevented thrombosis cases is approxi-
mately 165/year. However, since the number of IUD users 
is unknown, this is an overestimation of the number of pre-
vented VTE cases. It should be noted that we had no data on 
the number of women who switched from oral contracep-
tives to IUDs.

The assessment scheme for this signal, with all the 
included data, is available as ESM-5.

3.2 � Risk of Developing Valvular Heart Disease 
with Pergolide

Pergolide is a ergot-derived dopamine receptor agonist used 
in the treatment of Parkinson’s disease (PD). Pergolide was 
first authorised for marketing in 1989 in the USA [21] and 
in 1991 in the Netherlands [22].

3.2.1 � Formulate a Definition of Impact on Health 
of the Signal

Relatively soon after marketing authorisation, cases of 
fibrotic reactions (retroperitoneal, pericardial, and pleural) 
were reported. In 2002, the first cases of valvulopathy were 
published [23–25]. Information on the drug safety signal is 
available as ESM-2. Based on the signal and pharmacovigi-
lance activities, the following definition of impact was for-
mulated: reduced number of cardiac valvulopathy in patients 
with PD after pharmacovigilance activities (2003).

3.2.2 � Based on this Pre‑defined Definition of Impact, 
Search for Data on Change in Health

Data on change in health (the number of valvulopathy events 
per year) from electronic health records or clinical data were 
not publicly available, nor was published literature available 
on the change in the number of valvulopathy cases in the 
Netherlands.

3.2.3 � If Not Available, Search for Data Needed to Estimate 
the Impact on Health

The number of pergolide users decreased from 34,048 in 
2003 to 4133 in 2013, a decrease of 87.9%. Considering 
that, during the same period, the total use of anti-Parkinson 
drugs increased, the relative pergolide use has decreased 
even more: from 6.12 to 0.27%. A trend analysis of utilisa-
tion in the Netherlands before and after the pharmacovigi-
lance activities showed that a gradual decline was already 
occurring before the regulatory actions in Europe [26].

Multiple studies examined the risk of developing valvu-
lopathy when using pergolide. Although a causal relation-
ship between pergolide use and valvulopathy was confirmed, 
with an established mechanism, the reported risk varied 
largely between studies (8.7–21.8%) [27–30]. The meta-
analysis by Rasmussen et al. [30] found a relative risk of 
3.05 for developing valvulopathy in pergolide users com-
pared with non-users.

Table 1   Usage of hormonal 
contraceptives and venous 
thromboembolism cases per 
year

The baseline risk of non-users was 1.9/10.000 women years
COC combined oral contraceptive, RR relative risk, VTE venous thromboembolism
a RR based on Stegeman et al. [12]

Hormonal contraceptive Usage pre-2013 RRa VTE cases/year Usage 2015 RR VTE cases/year

Diane-35 180,000 3.9 130 44,000 3.9 32
High-risk COCs 430,200 3.8 310 322,200 3.8 233
Low-risk COCs 1,419,800 2.8 755 1,437,800 2.8 765
Total 2,030,000 1195 1,804,000 1030
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3.2.4 � Take into Account Other Factors that Could have 
Influenced the Health Outcomes

Patients with PD who stop using pergolide are likely to 
switch to other therapies, such as cabergoline and bro-
mocriptine. Cabergoline is not available on the Dutch mar-
ket [22]. A referral procedure where the risk of valvulopa-
thy in bromocriptine users was assessed could not exclude 
increased risk, although a risk estimate was not described in 
the referral [31]. Furthermore, two additional safety issues 
occurred in 2004 and 2005 that could have influenced the 
usage of pergolide [32–35]. This could not be accounted for 
in our impact estimate.

Given the existing evidence, it is difficult to account for 
all possible factors in our impact estimate. First, the ADR is 
likely dose dependent, and a number of studies showed that 
doses above 3 mg/day were associated with an increased 
risk of valvulopathy [36–39]. However, some studies did 
not find this dose relationship of the ADR. Therefore, more 
research is necessary to determine the effect of dose on the 
development of ADRs [27, 36, 39–44]. There is also some 
debate on the correlation between duration of treatment and 
the increased risk of valvulopathy [27, 28, 37, 38, 45–47]. 
Furthermore, regression of valve abnormalities occurs 
when discontinuing the treatment, but this is not the case 
for all fibrotic reactions [27, 36–39, 41, 42, 44, 45, 48–50]. 
These are all factors that we could not account for in our 
risk estimation.

3.2.5 � Assess or Estimate the Impact on Health

For this signal, it was not realistic to define the time period 
before and after the activities. Instead, the total amount of 
pergolide users from 2003 until 2013 per year was estimated. 
The pharmacovigilance activities prevented approximately 
2752 moderate-to-severe valvulopathy cases from 2003 to 
2013, approximately 272 moderate-to-severe valvulopathy 
cases per year.

The assessment scheme for this signal, with all the 
included data, is available as ESM-5.

3.3 � Proton Pump Inhibitors and the Risk 
of Hypomagnesaemia

PPIs are widely used for peptic ulcers, gastroesophageal 
reflux disease, and oesophagitis. They also protect the stom-
ach and oesophagus for patients using medicines such as 
non-steroidal anti-inflammatory drugs. Long-term usage 
has been associated with an increased risk of developing 
hypomagnesaemia [51–61].

3.3.1 � Formulate a Definition of Impact on Health 
of the Signal

Long-term usage of PPIs has been associated with an 
increased risk of developing hypomagnesaemia [51–61]. 
The timeline of information on the drug safety signal or 
other relevant clinical decisions is available as ESM-3. 
Based on the signal and pharmacovigilance activities, the 
following definition of impact was formulated: reducing the 
number of hypomagnesaemia cases after the pharmacovigi-
lance activities of 2011 among PPI users.

3.3.2 � Based on this Pre‑defined Definition of Impact, 
Search for data on Change in Health

Data on change in health (number of hypomagnesaemia 
cases) within the PPI user group were unavailable.

3.3.3 � If Not Available, Search for Data Needed to Estimate 
the Impact on Health

The impact of the pharmacovigilance activities could be 
estimated using a risk assessment and change in utilisation. 
However, since PPIs are also available over the counter, no 
suitable Dutch data were available to provide insight into 
changes in utilisation. When looking at the prescription use 
of PPIs only, through the Drug Information System of the 
National Health Care Institute (GIP-data), a decrease in the 
number of PPI users can be seen from 2011 to 2012 after 
the pharmacovigilance activities took place, although the 
number of PPI users slowly rose again from 2012 (Fig. 3). 
A meta-analysis [59] indicated that the risk of developing 
hypomagnesaemia was 1.63 times higher in PPI users than 
nonusers.
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3.3.4 � Take into Account Other Factors that Could have 
Influenced the Health Outcomes

Many other factors could be attributed to the development of 
hypomagnesaemia, such as low intake of magnesium, vomit-
ing and diarrhoea, alcoholism, and renal losses [62]. In the 
chosen time frame, other signals concerning PPIs also might 
have influenced a change in utilisation. Multiple observa-
tional studies found that PPIs modestly increased the risk of 
hip, spine, and any-site fractures [63, 64].

3.4 � Assess or Estimate the Impact on Health

Without data on changes in use, it is not possible to estimate 
the impact.

The assessment scheme for this signal, with all the 
included data, is available as ESM-5.

3.5 � Rosiglitazone Withdrawal due to Cardiovascular 
Effects

Rosiglitazone (Avandia®) is a thiazolidinedione antidiabetic 
agent that improves glycaemic control by improving insulin 
sensitivity. The drug was approved by the US FDA in May 
1999 for the treatment of type 2 diabetes mellitus (T2DM) 
as first-line monotherapy or in combination with metformin. 
At the time of marketing authorisation in the EU (March 
2000), rosiglitazone usage was restricted to second-line oral 
combination therapy.

3.5.1 � Formulate a Definition of Impact on Health 
of the Signal

In September 2010, the EMA suspended the market authori-
sation of rosiglitazone, while the FDA restricted its use to 
patients without established New York Heart Association 
functional classification class III or IV heart failure (HF). 
Further, rosiglitazone is not recommended in patients with 
symptomatic HF [65]. These actions were taken approxi-
mately 10 years after the introduction of rosiglitazone 
because rosiglitazone might be associated with an increased 
risk of ischaemic heart disease [66]. The timeline of infor-
mation on the drug safety signal or other relevant clinical 
decisions is available as ESM-4. Based on the signal and 
pharmacovigilance activities, the following definition of 
impact was formulated: a reduction in the number of car-
diovascular-related events among patients with T2DM after 
withdrawal of rosiglitazone from the market in 2010. The 
cardiovascular events most often associated with rosiglita-
zone are HF, MI, and cardiovascular-related deaths, so these 
will be the main outcomes.

3.5.2 � Based on this Pre‑defined Definition of Impact Search 
for Data on Change of Health

Data on change in health (the number of cardiovascular 
events among patients with T2DM per year) were not pub-
licly available.

3.5.3 � If Not Available, Search for Data Needed to Estimate 
the Impact on Health

Data on change in use were available from the Drug Infor-
mation System of the National Health Care Institute [26]. 
The number of defined daily doses (DDD)/month shows that 
utilisation of rosiglitazone gradually decreased, starting after 
the first safety signal in 2006 and decreasing further after 
more pharmacovigilance measures took place. Two drops in 
the user numbers were measured: from April 2007 to Janu-
ary 2008, a decrease of 333,331 DDDs/year (− 49.9%) was 
seen. From August 2010 to December 2010, a decline of 
220,709 DDDs/year (− 98.0%) was measured. An autore-
gressive integrated moving average model for trend analysis 
[67] showed two significant changes in trends after the regu-
latory actions. The safety signal of 2006 regarding oedema 
caused a significant decrease in trend directly after the regu-
latory action; second, the safety warning in 2007 stating the 
increased risk of cardiovascular events while using rosigli-
tazone caused a significant decrease in utilisation trend after 
2 months. Conversely, the number of users of pioglitazone 
seemed to steadily increase (Fig. 4).

The available literature gave conflicting results regarding 
the increased risk of cardiovascular events: some showed an 
increased risk of MI, HF, and even cardiovascular-related 
death, whereas others showed a decreased risk [68–73].

3.5.4 � Take into Account Other Factors that Could have 
Influenced the Health Outcomes

Many other factors increase the risk of cardiovascular events, 
such as obesity, smoking, sodium intake, lack of physical 
activity, family history, and diabetes. None of these risk fac-
tors changed significantly from 2006 to 2010 [74]. Some 
other pharmacovigilance activities for rosiglitazone occurred 
in the same period, such as a safety warning on rosiglitazone 
and the development of macular edema in 2006 that could 
have influenced drug utilisation [75, 76].

3.5.5 � Assess or Estimate the Impact on Health

Although we noted a change in the usage of rosiglitazone 
and pioglitazone, we were unable to estimate the impact of 
this change on the health of patients, because no risk estima-
tion from the literature was possible.
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The assessment scheme for this signal, with all the 
included data, is available as ESM-5.

4 � Discussion

With this article, we wanted to highlight the methodologi-
cal challenges and the data required to assess the impact of 
product-specific safety signals using health outcomes from 
electronic health records and estimations based on data on 
risk of the event and change in usage. For this, we took four 
diverse safety signals into account. An assessment support 
tool was used, considering elements from the ENCePP guid-
ance on methods for pharmacovigilance impact research [5]. 
This assessment support tool is meant as a guide for the nec-
essary data elements and steps needed for the measurement 
or estimation of impact of pharmacovigilance activities on 
public health. A specific definition of the impact is essential: 
which changes in which health outcome in which time frame 
are suitable? Importantly, the ENCePP guidance on meth-
ods for pharmacovigilance impact research [5] mentioned 
that “outcomes to be studied in impact research are closely 
tied to the nature and objective of the pharmacovigilance 
activities. Because regulatory actions are mostly tailored to 
individual medicinal products, there is no standard outcome 
that could be measured for each activity.”

4.1 � Insights from Assessments

For impact assessments, often data are needed on health out-
comes within specific population groups, for example, data 
on health outcomes for women of childbearing age or data 
on cardiac valvulopathy in patients with PD. In the signal 

examples we used to assess the impact, only open-access 
data were used to show how the assessment scheme could be 
used. For instance, for health outcomes, we used the open-
source CBS StatLine database [20]. However, this source 
only contains open-source data on an aggregated population 
level per year and for specific population groups. Data on 
changes in use of pergolide, rosiglitazone, and prescription-
based PPIs were more readily available from the Drug Infor-
mation System of the National Health Care Institute. How-
ever, drugs that can be purchased over the counter without 
a medical prescription or that are not reimbursed are rarely 
covered in secondary data sources [5], as was the case with 
our PPI signal.

To a large extent, it was possible to consider the 
risk of patients using no appropriate medication or 
switching to alternatives that might have the same or 
other risks for the signal on CE/EE. However, data on 
switches to (non-hormonal) IUDs were lacking. With-
out correcting for the risks of developing VTEs for the 
alternative hormonal contraceptives, an estimation will 
be incorrect.

When assessing the extent to which patients are 
deprived of the benefit of a drug (compared with the next 
best alternative) after a safety warning, the loss of ben-
efit compared with the remaining best alternative should 
be considered. In our assessments, although highlighted 
as one of the steps to give an assessment of impact, we 
could not perform this counterbalancing calculation of 
loss of benefit for the selected signals. Spillover effects 
are also hard to catch. For instance, an FDA warning in 
2003 of an association between selective serotonin reup-
take inhibitor prescription and suicidality in paediatric 
patients also led to decreased prescriptions in adults and 

Fig. 4   User numbers of 
rosiglitazone and pioglitazone, 
expressed in defined daily dose 
per month, for 2003–2011. The 
four vertical lines are indicators 
of European Medicines Agency 
communication regarding drug 
safety and rosiglitazone
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possibly suboptimal treatment [77]. It is challenging to 
consider all other possible factors that can influence the 
risk of an event or usage of a drug, other than pharma-
covigilance activities, such as the decline in smoking 
for the risk of VTEs or other newly available drugs for 
the treatment of PD in the signal examples. Estimating 
the risk for a signal also gets complicated if results in 
the available literature regarding the increased risk are 
conflicting, which was the case for cardiovascular events 
associated with rosiglitazone. Therefore, although we 
noted a change in the usage of rosiglitazone, we were 
unable to estimate the impact of this change on the health 
of patients.

4.2 � Studies on Impact

When performing research to address comparative safety 
and effectiveness questions, fit-for-purpose data should 
be used to ensure the validity of outcomes. A clinical trial 
or prospective cohort would be ideal in this respect, but 
once a risk has been identified, this could be considered 
no longer ethical. In addition, such research is expensive 
and very time consuming. Gathering appropriate data on 
changes in health outcomes, for example from electronic 
healthcare databases, is an alternative approach to assess 
the impact of pharmacovigilance activities, provided 
the data are representative of the population. If specific 
data are available on changes in health in a specific time 
frame, these can be used to measure the impact of the 
pharmacovigilance activities. However, if these data are 
lacking, an estimation of the impact can be made based 
on data on the risk of the event and changes in usage of 
a drug.

In addition, studies investigating impact should aim 
to include assessment of both the intended and the unin-
tended health outcomes of the pharmacovigilance activi-
ties on which they are focusing. A review of impact studies 
by Goedecke et al. [1] showed that the most often used 
outcome measures in studies were related to drug utilisa-
tion. Health outcomes such as morbidity, mortality, preg-
nancy-related outcomes, or changes in laboratory values 
were measured as surrogate values in only 27% of the stud-
ies [1]. Weatherburn et al. [78] performed a systematic 
review of studies that assessed the impact of medicines 
regulatory risk communications in the UK on prescribing 
and clinical outcomes. In studies examining health out-
comes, they found a mean decrease of 10% in intended 
and a 7% increase in unintended health outcomes. Brie-
sacher et al. [79] performed a critical review of methods to 
evaluate the impact of FDA regulatory actions and found 
that less than one-quarter (22%) included control groups 
in these assessments. Only 56% assessed changes in use 
of substitute products/services, and 11% examined patient 

health outcomes. Interrupted time series (ITS) regression 
is a strong tool to evaluate an intervention’s effect. The 
systematic review of studies on impact also created an 
inventory of the methodological approaches used [1]. The 
methods used were very diverse, but the use of ITS regres-
sion is increasing. An example of ITS is a study on the 
long-term effect of reduced pack sizes of paracetamol on 
poisoning deaths and liver transplant activity in England 
and Wales [80].

Although some of the impact studies may have had 
methodological challenges, it is important that more 
research on impact is performed to provide the necessary 
evidence for the effectiveness of pharmacovigilance activi-
ties [2].

5 � Conclusion

This article highlights the methodological challenges and 
the data required to assess the impact of product-specific 
safety signals. A structured assessment support tool can be 
used as a guide for the necessary data elements and steps 
needed for the measurement or estimation of the impact 
of pharmacovigilance activities on public health, provided 
that the appropriate data are available.
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