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ORIGINAL REPORT

The validity and reliability of a signal impact assessment tool†
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ABSTRACT
Background The Netherlands Pharmacovigilance Centre Lareb uses an operating Signal Impact Assessment Tool (SIAT) as aid in signal
selection. SIAT prioritized signals into one of four categories: strong/moderate signal strength and similarly health impact. Although the
SIAT has been used for many years, validity and reliability was never explored.
Purpose The aim of this study is to test the validity and reliability of the operating and weight-adjusted SIAT.
Method For validity testing, judgments of a Delphi panel of three pharmacovigilance experts were used as a ‘gold standard’. First, the
panel judged the weighting of the items included in the SIAT. Then, during two phases, the panel rated 40 signals in one of the four cate-
gories. Two researchers scored the signals using the SIAT. Panel judgments were compared with scores for the operating and weight-
adjusted SIAT. Inter- and intra-observer variability was also tested. The Cohen’s Kappa coefficient (k) was calculated. At least substantial
agreement (k> 0.6) was considered to be necessary for an acceptable reliability.
Results Validity did not meet predefined criteria: operating and weight-adjusted tool, respectively, k-phase1 = 0.83 and 0.83, k-
phase2 = 0.18 and 0.36. Differences were found for signal strength and health impact. Inter- and intra-observer variabilities were good, k
of 0.78 and 0.72, respectively.
Conclusions The SIAT was found to have an insufficient validity and proper reliability. Although SIAT scores should not be decisive in
the decision making process, items included can be used as an aid to decide which signals deserve further investigation. Copyright © 2016
John Wiley & Sons, Ltd.
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INTRODUCTION

Spontaneous reporting systems in pharmacovigilance
primary aim at the timely detection of unknown
adverse drug reactions (ADRs) or unknown informa-
tion about known ADRs, also called ‘signal detec-
tion’.1 A signal contains information on a possible
causal relation between an adverse event and a drug,
the relation being previously unknown or incom-
pletely documented. The number of reports that is
required to generate a signal is dependent on the seri-
ousness of the event and the quality of the informa-
tion.2 In practice, a signal is something that would be
considered clinically important and might impact on

patient management or the balance of benefits and
risks.3 Signals should be evaluated as soon as possible,
particularly when they are a potential threat to public
health or require for other reasons prompt regulatory
action.4 Unfortunately, there is limited information
available on the way signals are prioritized for further
action including signal validation. Having a method or
tool in place to prioritize signals is important for a
pharmacovigilance center to ensure that the most
important signals, based on strength and health impact,
get more immediate action and to make the decision
process which signal is most important less based on
personal experience and preferences.
This issue of signal prioritization has also been a point

of the attention in other countries. In the UK, a signal
impact analysis for a regulatory setting was developed
and implemented. This tool has a systematic approach
to drug safety issue prioritization that may help to re-
duce the subjectivity of reliance on individual
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judgments.5–7 At the Netherlands Pharmacovigilance
Centre Lareb, a similar signal impact assessment tool
(SIAT) was developed for the procedures in place of
the Dutch pharmacovigilance centre. This tool has been
used for more than 10years in order to facilitate the pro-
cess of signal selection. The SIAT was drafted accord-
ing to findings from previous research on the
determinants important for signal selection.8 At the
Netherlands Pharmacovigilance Centre Lareb, signal
detection is carried out mainly by means of a case-by-
case analysis. Each incoming ADR report undergoes
an individual systematic review. All ADR reports with
potential signal value are reviewed by trained assessors
during a weekly meeting. Potential signals undergo a
more detailed analysis. The SIAT is used in order to as-
sess the ‘signal strength’ and ‘health impact’ of potential
signals. The inputs and scores of the SIAT are shown in
Table 1 for ‘signal strength’ and Table 2 for ‘health
impact’. By assessing the signal strength and health
impact, SIAT prioritized signals into one of four

categories: strong/moderate signal strength and simi-
larly health impact. ‘Poor’ signals will not make it
through the first selection round. Because of this, signals
that are scored using the SIAT are prioritized as ‘moder-
ate’ of ‘strong’. At Lareb, all ADR reports are assessed
case-by-case, and signals are mainly found in this man-
ner, although a computer-assisted database screening
tool is in place.9 Lareb works in close collaboration with
the Dutch Medicine Evaluation Board (MEB) and until
recently has informed the MEB periodically about the
most relevant drug safety concerns in a so-called
‘quarterly-report’. Since 2015, reports on safety con-
cerns are sent to the MEB on a continuous basis.
The validity (the degree to which the tool measures

the construct it purports to measure) and the reliability
(the degree to which the measurement if free from
measurement error)10 have never been explored
because this is a time-consuming process, and
because the tool served its purpose in everyday
pharmacovigilance work, there has never been a need
to validate it. However, for the purpose of study, the
need to test the validity and reliability of the SIAT
on a dataset of The Netherlands Pharmacovigilance
Centre arose. The aim of this study is to test the valid-
ity and reliability of the operating and weight adjusted
SIAT. This paper will describe the results as well as
the process of testing such a tool.

Table 1. Inputs and scoring for signal strength

Part I scoring for strength of the cases

Score Features of the cases
4 Very well-documented cases. Information about latency time, de-

and rechallenge, and indication and concomitant medication.
Taking into account the confounding.

2,5 Well-documented cases
1 Moderately documented cases

Part II scoring for reported odd ratio Lareb
Score
4 Lower 95%CI> 2
3 Lower 95%CI> 1
2 Less than three reports, no ROR can be calculatedROR> 1, lower

95%CI< 1
1 ROR <1, lower 95%CI< 1

Part III scoring for reported odd ratio WHO*
Score
4 lower 95%CI> 2
3 lower 95%CI> 1
2 Less than three reports, no ROR can be calculatedROR >1, lower

95%CI< 1
1 ROR <1, lower 95%CI< 1

Part IV scoring for literature
Score Literature
4 Clinical or epidemiologic study, described clinical relevant CYP

interaction, plausible mechanism
3 Several case report or case series. Shortly mentioned in case

reports of other SRS. Described not (yet) clinical relevant CYP
interaction. Possible mechanism

2 Briefly described in literature, a few case reports
1 No literature available or contrary ADR described in product

information, information about CYP-interaction that invalidates
causality

The signal strength score is calculated as the sum of the four variables (I
+ II + III + IV).
*The database of the World Health Organization Collaborating Centre for
International Drug Monitoring, the Uppsala Monitoring Centre (WHO-
UMC).

Table 2. Inputs and scoring for health impact

Part V scoring for seriousness of the association

Score Seriousness
4 Lethal, permanent major disability, congenital

abnormality
3 Major transient sequelae
2 Permanent minor disability
1 Minor transient sequelae

Part VI scoring for type of drug
Score Type of drug
4 Drug <2 years on the market, drug registered under

restrictions
2,5 Drug 2–5 years on the market
1 Drug on the market for years

Part VII scoring for users in the population
Score Users
4 Men and women, all ages, all races
3 Vulnerable groups (e.g., children or elderly)Specific race
2 Patients with chronic disease
1 Small number of individuals

Part VIII scoring for nature of indication
Score Indication
4 Vaccines, contraception, travel medication, lifestyle drug,

diagnostic
3 Several mild disorders (e.g., headache, nausea) Primary

prevention
2 Chronic disorders (e.g., rheumatoid arthritis) Secondary

prevention
1 Severe and life-threatening disorders (e.g., malignancies)
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METHOD

Adjustments based on expert evaluation

A panel of three pharmacovigilance experts (two
physicians and one pharmacist) was used in order to
evaluate the SIAT. Twenty drug safety signals dissem-
inated by Lareb between 2006 and 2007 were selected
at random from the Lareb database. Associations de-
scribed in the quarterly reports may present drug safety
concerns, for example, new ADRs, interactions, but
also overviews of ADRs of drugs that were marketed
recently in The Netherlands.8,11 For this study, all
overviews were excluded.
The panel of experts tested the face validity of the

SIAT and the weighting of the several items included
in signal strength and health impact. In the operating
SIAT, all items have the same weighting. It was
explored if this is a proper assumption in order to mea-
sure the signal strength and health impact of a signal.
The panel of experts was asked to divide 100 points
over items I–IV of signal strength and another 100
points over items V–VIII of health impact based on
their importance for each individual signal. Average
weighting was then determent for each individual
input. The SIAT was adjusted based on the
weightings, multiplying the scores with the weighting
of the item.

Validity and reliability testing

Validity. The validity testing took place in two
phases in which the judgments of the panel of
pharmacovigilance experts were used as a ‘gold stan-
dard’. The Delphi method is a systematic, interactive
forecasting method which relies on a panel of indepen-
dent experts by answering questionnaires in two or
more rounds.12 For the first phase of the validity test-
ing, 20 drug safety signals disseminated by Lareb
between 2006 and 2007 were selected at random from
the Lareb database.

During the first Delphi round, the panel of experts
was asked to individually score each signal for signal
strength (strong or moderate) and health impact (major
or minor). After the first round, signals without con-
sensus were summarized and anonymously presented
in a next round. Based on the summary, the panel of
experts could adjust their answer given in the first
round. Signals without consensus in the second round
were discussed by the panel in a face-to-face final
round to reach consensus. The 20 signals were
also scored individually by two pharmacovigilance
assessors using the SIAT. Signals without consensus

were discussed between the assessors until consensus
was researched.
The degree of agreement between the Delphi panel

judgment and the SIAT score was explored by calcu-
lating the Cohen’s Kappa (k) coefficient.13 For the k,
the following standards for strength of agreement can
be used: slight (≤0.20), fair (0.21–0.40), moderate
(0.41–0.60), substantial (0.61–0.80), and almost per-
fect (0.81–1.0).13 At least substantial agreement
(k≥0.61) was thought to be necessary for an accept-
able validity. Agreement with the Delphi panel was
calculated for the operating as well as weight adjusted
SIAT.
In the second phase, the process was repeated with

20 new drug safety signals, disseminated by Lareb in
2006–2007 and 2013 and selected at random.

Reliability. In order to test the inter-observer variabil-
ity, the 20 signals were scored individually by two
pharmacovigilance assessors using the SIAT. To test
the intra-observer variability, the pharmacovigilance
assessors scored the signals again after 1week. Given
the construct of the SIAT, 1week was considered to
be a good time lag. The degree of agreement between
the assessors was explored by calculating the k. At
least substantial agreement (k>0.6) was considered
to be necessary for an acceptable reliability.

RESULTS

Adjustments based on expert evaluation

After face validity of the SIAT by the panel of experts,
only few adjustments were made. The experts believed
that SIAT already included all items relevant for
assessment of signal strength and health impact.
However, some items were merged. The weighting
of the items is shown in Table 3. Cutoff point was
arbitrary set to 250.

Validity and reliability testing

Validity. The first phase of this study showed almost
perfect agreement between the judgments of the
Delphi panel and the SIAT scores (k: 0.83 for operat-
ing as well as weight adjusted SIAT). Agreement
was found for 16 signals. For two signals, the signal
strength differed; the panel judged these signals as
‘moderate’, whereas the SIAT categorized it as
‘strong’. For two signals, the health impact differed;
the panel judged these signals as ‘strong’, whereas
the SIAT categorized it as ‘moderate’.

testing of a signal impact assessment tool 817
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The second phase of this study showed a fair agree-
ment between the panel judgments, and the SIAT
scores were low (k=0.18 for operating SIAT and
k=0.36 for weight adjusted SIAT). Agreement was
found for nine signals. For the 11 signals without
agreement, seven were based on the signal strength,
two on health impact, and two on both signal strength
and health impact.

Reliability. Inter- and intra-observer variabilities were
good, k of 0.78 and 0.72, respectively. Most differ-
ences were related to items included in signal strength.
In-depth evaluation revealed that these differences
were caused by differences in scoring for the input ‘lit-
erature’. For intra-observer variability, differences
were mainly caused by differences in scoring for the
input ‘literature’ and in a lesser extent, for the input
‘strength of the cases’. Overall, the SIAT did not con-
sequently score higher or lower for signal strength or
health impact compared with the panel judgment.

DISCUSSION

In the process of signal selection, many drug-ADR
associations will be identified as possible signals, but
only some of them will turn out to be real and/or
important.3 The SIAT provides a more standardized
insight in the strength of a signal and the impact it
may have on the patient’s health. Both aspects are
considered to be important when it comes to signal
selection. This study explored if the SIAT score pro-
vides a proper reflection of the signal strength and
health impact by using judgments of a panel of
pharmacovigilance experts. The results demonstrated
an insufficient validity. In addition, we also explored

the reliability of the SIAT which was found to
be good.
Discussing the results with the panel of experts

revealed that personal experiences and interpretation
play a great role in their judgment. An example is
the association of salbutamol inhalation and dental
carries. One panel expert found that this signal had a
‘strong’ signal strength mainly based on the plausible
mechanism. Another expert considered the signal
strength ‘moderate’ because despite of the plausible
mechanism, the reports scored relatively low on cau-
sality. Another example is the association of omepra-
zole and erectile dysfunction. One panel expert found
that the proton pump inhibitor omeprazole has a high
number of users in The Netherlands, meaning that
there is a high group ‘at risk’ for this possible ADR,
which can effect patients’ quality of life. However,
because this reaction is not life-threatening and it is
reversible, the expert considered that this signal had
a ‘minor’ health impact. Another expert considered
the health impact ‘major’ because it is used on a large
scale in The Netherlands. For this reason, the experts
believed that this reaction will have significant health
consequences.
These examples demonstrate that the outcome of

validity testing may be dependent on the signals that
are included. Pharmacovigilance assessors all bring
their own expertise based on education, for instance,
whether they are medical doctors or pharmacists, and
previous work experiences. These differences in
expertise and experiences color the way they judge
the importance of a signal.
Discussing signals between pharmacovigilance

experts is very important, and the final decision on
what action to take with a signal should be based on
a mutual decision round with multiple experts with
varying backgrounds. We believe that the SIAT can
be used as an aid in the decision-making process. Its
score should not be decisive, but it can be used to
make sure all important items, considering that the sig-
nals are taken into account.
For this study, we also explored the weighting of the

items included in the SIAT. The expert panel judged
that there should be a difference in weighting between
the items. The panel, for example, judged that
the ‘value of the cases’ should have the highest
contribution to the score for signal strength. The
‘disproportionality of the drug-ADR association in
the database of Lareb, or the WHO on the other hand,
should have the lowest contribution. We believe that
the difference in weighting is an interesting point of
this study, and this could be taken into account when
items included in SIAT are used to prioritize signals.

Table 3. Weighting of the items included in signal strength and health
impact

Signal strength weighting Health impact weighting

I Strength of cases 45 V Seriousness of
the association

30

II Disproportionality
in the database of
Lareb

10 VI Type of drug 20

III Disproportionality
in the database of
WHO

10 VII Users in the
population

25

IV Literature 35 VIII Nature of the
indication

25

The health impact score is calculated as the sum of the four variables (V
+VI + VII + VIII).
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There are, however, some items that are not
included in the SIAT but may also be relevant in signal
selection. One of them is media attention, because
associations discussed by the media are mostly driven
by a public safety concern. In order to respond to these
concerns, these signals should be taken seriously.
Another item that may be important is the impact of

an ADR on the patient’s daily life. The seriousness of
the ADR, according to the CIOM’s definition,14 is
included in the SIAT. The more serious the ADR, for
example, permanent major disability, the higher the
score for health impact. Non-serious ADRs may, how-
ever, have a great impact on the patient’s daily life.
Because information about the impact of ADRs is
not a standard field in the ADR reporting form, it
was not possible to include this item in the SIAT. This
is, however, worth further investigation.
In addition to validity and reliability testing of the

SIAT, we took some efforts for improvement. In the
original tool, all inputs have the same weighting. This
study showed that the several items are found to be of
different important according to the panel of experts.
Despite the fact that this study found an insufficient
validity, the process of validity and reliability testing
provided us new insights. During the process of signal
selection, personal experiences and interpretation play
a great role. Because of this, other items that are
important for signal selection may be overlooked.
The SIAT can be used as a guide in this process. Even
though we included a limited number of 40 signals,
because of the real-life setting with signals from daily
practice and views of professionals with experience in
pharmacovigilance that were leading, this study
provided us a proper reflection of the process of
signal selection.

CONCLUSION

The SIAT was found to have an insufficient validity
and proper reliability. The insufficient validity may
be explained by the fact that personal experiences
and interpretation played a great role in the panel
judgments. We believe that final decision on what
action to take with a signal should be based on a
mutual decision round with multiple experts with
varying backgrounds. Although SIAT scores should
not be decisive in the decision-making process, items

included in the SIAT can be used as an aid to decide
which signals deserve further investigation.
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KEY POINTS

• Both, related to signal strength, and the impact it
may have on the patient’s health are important in
the process of signal selection.

• Items included in the SIAT should not be deci-
sive but can be used as an aid in signal selection.

• The SIAT was found to have a insufficient
validity and proper reliability.
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