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Abstract
Introduction Vortioxetine, a multimodal serotonergic drug, is widely used as treatment for major depressive disorder. 
Although on the market since late 2013, the data of the relative safety of vortioxetine, especially compared to selective 
serotonin reuptake inhibitors, are still scarce.
Objective The aim of this study was to explore the adverse event reporting pattern of vortioxetine through a cluster analysis. 
Furthermore, to compare the adverse event reporting pattern for vortioxetine with that of the selective serotonin reuptake 
inhibitors.
Methods Individual case safety reports for vortioxetine in VigiBase up to 1 November, 2019 were subjected to consensus 
clustering, to identify and describe natural groupings of reports based on their reported adverse events. A vigiPoint explora-
tory analysis compared vortioxetine to the selective serotonin reuptake inhibitors in terms of relative frequencies for a wide 
range of covariates, including patient sex and age, reported drugs and adverse events, and reporting country. Important dif-
ferences were identified using odds ratios with adaptive statistical shrinkage.
Results Thirty-six clusters containing at least five reports were identified and analysed. The two largest clusters included 
48% of the vortioxetine reports and appeared to represent gastrointestinal adverse events and hypersensitivity adverse events. 
Other distinct clusters were related to, respectively, fatigue, aggression/suicidality, convulsion, medication errors, arthralgia/
myalgia, increased weight, paraesthesia and anticholinergic effects. Some of these clusters are not labelled for vortioxetine, 
such as arthralgia/myalgia and paraesthesia, but are known adverse events for selective serotonin reuptake inhibitors. A 
vigiPoint analysis revealed a higher proportion of reports from consumers and non-health professionals for vortioxetine as 
well as higher relative reporting rates of gastrointestinal symptoms, pruritus and mood-related symptoms, consistent with 
the cluster analysis.
Conclusions A pattern of co-reported adverse events that is consistent with labelled adverse events for vortioxetine and the 
safety profile for selective serotonin reuptake inhibitors in general was revealed. Clusters of unlabelled adverse events were 
identified that reflect clinical entities that might represent signals of previously unknown adverse events. More extensive 
analyses of spontaneous reports may help to further understand the reporting pattern of adverse events.

The information presented in this paper does not represent the 
opinion of the World Health Organization.
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1 Introduction

Vortioxetine is a novel antidepressant that was approved for 
the US and European markets in late 2013 [1]. It is a multi-
modal serotoninergic drug used to treat major depressive 
disorder. In addition to blockade of the serotonin transporter, 
vortioxetine is a full agonist at the 5-HT1A receptor and a 
partial agonist at the 5-HT1B receptor. It further antagonises 
5-HT1D, 5-HT3 and 5-HT7 receptors (Table 1). In concert, 
these effects enhance levels of serotonin, norepinephrine, 
dopamine, acetylcholine and histamine [2]. Despite similari-
ties with selective serotonin reuptake inhibitors (SSRIs), the 
mechanism of action of vortioxetine might be different from 
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Key Points 

By using a novel analysis method, known adverse events 
(e.g. gastrointestinal and hypersensitivity adverse events) 
as well as unknown adverse events (e.g. arthralgia/myal-
gia and paraesthesia) of vortioxetine have been identi-
fied.

The adverse event reporting profile of vortioxetine is 
generally comparable to that of the selective serotonin 
reuptake inhibitors; however, gastrointestinal symptoms, 
pruritus and mood-related symptoms were more often 
reported for vortioxetine than the selective serotonin 
reuptake inhibitors.

Novel analyses of spontaneous reports such as cluster 
analyses may help to understand the pathogenesis of 
adverse events.
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SSRIs by a larger serotonin release and direct modulation 
of several 5-HT receptors [3] (Table 1). It is suggested that 
these multi-modal activities of vortioxetine have potential 
benefit in its safety profile and in improvement in cognition. 
A favourable tolerability profile for gastrointestinal effects 
such as nausea is expected because of its 5-HT3 antagonism 
[4]. Furthermore, its 5-HT1A agonism is associated with a 
reduced incidence of sexual dysfunction [5]. 5-HT1B ago-
nism is associated with low weight gain [6]. Because of its 
5-HT3 and 5-HT7 antagonism, a positive effect of vortiox-
etine on cognition and sleep is hypothesised [4].

Several studies have evaluated the efficacy and safety pro-
file of vortioxetine; however, there still is a lack of evidence 
for the relative safety and efficacy of vortioxetine, especially 
compared to the SSRIs. Studies with direct comparisons to 
SSRIs are needed to address this gap [7].

The post-marketing experience with vortioxetine is not as 
extensive as for SSRIs, which is reflected in the undesirable 
effects section of the Summary of Product Characteristics 
(SmPC), which is less elaborate (yet) for vortioxetine. Addi-
tionally, the amount of information found in the literature 
on the safety of this relatively new drug is still increasing. 
The most common adverse events (AEs) according to the 
European SmPC and the US Food and Drug Administra-
tion package insert [8, 9] are nausea (≥ 10%), diarrhoea 
(1–10%), constipation (1–10%), vomiting (1–10%), abnor-
mal dreams (1–10%), dizziness (1–10%) and (generalised) 
pruritus (1–10%). Furthermore, dry mouth (1–10%) and 
flatulence (1–10%) are mentioned only in the Food and Drug 
Administration package insert [9]. Flushing and night sweats 
are uncommon (0.1–1%) and mydriasis is rare (0.01–0.1%). 
Anaphylactic reaction, insomnia, serotonin syndrome, 
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aggression/agitation, haemorrhage, hyponatraemia, angi-
oedema, urticaria and rash have an unknown frequency as 
they are based on post-marketing cases [8]. Both also men-
tion sexual dysfunction. Because of the nature of sexual 
dysfunction, incidences are difficult to establish [8, 9]. The 
European SmPC mentions bone fractures as a possible class 
effect of serotonergic antidepressants [8].

Although AEs tend to be reported as distinct entities, 
they may share commonalities that might shed a light on 
the pathogenesis or an unknown underlying factor. Some 
AEs cannot be fully captured by single AE terms and there-
fore effective analyses may require the consideration of co-
reported AE terms. Different reporters might use different 
AE terms to describe similar conditions. However, there 
might be enough overlap between these reports to identify 
subgroups of vortioxetine reports with similar AE profiles 
[10]. We aim to provide insight into these subgroups of vor-
tioxetine reports and identify these commonalities and the 
pathogenesis of reported AEs of vortioxetine. To reveal this 
overlap, a cluster analysis may be applied. This is a collec-
tion of algorithms that attempts to find common structures 
in a dataset and cluster the data points in the set into statisti-
cally related groups [11]. A cluster analysis seeks to identify 
natural subgroups in data with a closer resemblance between 
items within a subgroup than between items in different sub-
groups [12].

The aim of this article is to explore the AE reporting pat-
tern of vortioxetine through a cluster analysis. Furthermore, 
to compare the AE reporting pattern for vortioxetine with 
that of the SSRIs by comparing the relative frequency of 
various covariates and highlighting key differences.

2  Methods

2.1  VigiBase

For this study, the World Health Organization global indi-
vidual case safety report database VigiBase was used, which 
presently contains over 25 million reports of suspected 
adverse effects of medicines (June 2021), submitted since 
1968, by over 130 countries [13]. These reports are submit-
ted by health professionals and patients and collected by 
national pharmacovigilance centres across the world. The 
information in VigiBase originates from multiple sources 
(different type of reporters and different countries) and the 
amount of information given, as well as the likelihood that 
a medicine caused the AE, may vary from case to case. The 
reported AEs are coded with the Medical Dictionary for 
Regulatory Activities  (MedDRA®) and drugs are encoded 
with the WHODrug Global dictionary for medicinal infor-
mation [14]. This database is maintained by the Uppsala 
Monitoring Centre in Sweden.

2.2  AE Co‑reporting Patterns

To identify subgroups of reports with similar AE profiles, 
we used an AE cluster analysis algorithm grouping reports 
based on co-reporting patterns of AEs [12]. A cluster analy-
sis represents a form of unsupervised learning, where the 
classes and their profiles are derived from data without 
additional guidance; in this case, from the co-reporting pat-
terns of AEs on the reports [12]. The algorithm performs a 
repeated mixture-model-based cluster analysis using a latent 
class model for individual case reports with conditionally 
independent binomial distributions for the AEs. In order to 
increase stability, a consensus clustering groups reports that 
are repeatedly placed together in the mixture-model-based 
cluster analyses. Our implementation followed that in [12] 
in almost all respects.1

Our cluster analysis was implemented in Python 3.7.1. 
We performed cross-validation and computed the cross-val-
idated log-likelihood that indicated that the standard hyper-
parameters of the algorithm gave good performance. We also 
computed the Adjusted Rand index to assess the stability of 
the obtained clusters, which was adequate.

All obtained clusters were independently reviewed by 
three different clinicians (CE, FvH and EvP). They deter-
mined whether clusters were probably based on the phar-
macological profile, clinical scenario, or other reasons and 
compared the vortioxetine data with the available knowledge 
in the SmPC of the SSRIs.

For the cluster analysis, we retrospectively examined 
all AEs on vortioxetine submitted to VigiBase until 1 
November, 2019. Adverse event data were analysed at the 
 MedDRA® Preferred Term-level terminology.

2.3  Comparison of General Reporting Patterns 
for Vortioxetine and SSRIs

vigiPoint is a method for data-driven open-ended exploration in 
pharmacovigilance. It compares a report subset to one or more 
reference subsets in terms of the relative frequency of a wide 
range of covariates, such as patient sex and age, reported drugs 
and AEs, and reporting country. Non-categorical covariates, 
such as patient age, are divided into groups before applying the 
method. Each comparison (e.g. the relative frequency of reports 
from Sweden, or that of reports with paracetamol) is essentially 
univariate and independent of the other. The comparisons are 

1 We included reports with two or more AE terms and we performed 
100 repeated mixture-model cluster analyses, each starting with 100 
initial classes and utilizing a strength of shrinkage corresponding to 
50 pseudo reports. However, we required reports to have been placed 
together in 90 of the 100 mixture-model-based cluster analyses to 
be grouped in the consensus clustering (compared with 80 in Noren 
et al. [12]).
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done using shrinkage log-odds ratios with 99% credibility inter-
vals and require that the full credibility intervals be at least 0.5 
above or below 0 in the log2 scale for the feature to be high-
lighted, which is roughly equivalent to a 40% difference in the 
shrunk odds ratio [15]. The distance in the log scale between 0 
and the credibility interval is referred to as the vigiPoint score 
(Fig. 1). The shrinkage together with the high coverage credibil-
ity intervals and the 0.5 threshold ensures that only robust and 
relevant features are highlighted as key differences between the 
data subsets. Because reporting frequencies for all subgroups 
within all covariates are needed to calculate the vigiPoint score, 
these frequencies are available as output for both report subsets 
included in this analysis. See Fig. 1. 

A vigiPoint analysis for vortioxetine vs SSRIs was car-
ried out that investigated reports entered into VigiBase 
up to December 2018. For the case study, we defined the 
subset of interest as reports with vortioxetine as suspected 
or interacting, excluding reports with any of the reference 
drugs as suspected, concomitant or interacting. As reference 
reports, we used all reports with citalopram, escitalopram, 
fluoxetine, fluvoxamine, paroxetine, sertraline or venlafaxine 
as suspected or interacting, excluding reports with vortiox-
etine as suspected, concomitant or interacting. The covari-
ates considered in the analysis were year of report entry 
into VigiBase, country of origin for the report, qualifica-
tion of the reporter, patient age, patient sex, reported AEs 
(as  MedDRA® Preferred Terms) and co-reported drugs (as 
WHODrug active ingredients).

3  Results

3.1  AE Co‑reporting Patterns

On 1 November, 2019, there were 11,490 reports in Vig-
iBase with vortioxetine listed as suspected or interacting. 

There were 5663 vortioxetine reports with a single AE term 
and 5827 vortioxetine reports with multiple AE terms. A 
total of 2519 reports of the 5827 reports with multiple AE 
terms were included in one of the 36 clusters with five or 
more reports in the final consensus clustering. All 36 clus-
ters are included in Table 1 of the Electronic Supplementary 
Material. Patient characteristics of the five largest clusters 
are shown in Table 2.

The two largest clusters comprised 48% (1197) of the 
vortioxetine reports included in the consensus clustering 
and described gastrointestinal AEs and hypersensitivity/skin 
reactions, respectively. These clusters were further charac-
terised by the fact that they contained on average few AEs 
per report (2.7 and 2.4 respectively) (Fig. 2).

Other distinct clusters identified were related to medica-
tion errors (cluster 3), fatigue (clusters 4 and 5), aggression/
suicidality (clusters 6, 7, 10 and 12), convulsion (cluster 13), 
arthralgia/myalgia (cluster 8), weight increased (cluster 9), 
paraesthesia (cluster 14), anticholinergic effects [such as dry 
mouth and blurred vision] (clusters 15 and 16), and night-
mares and abnormal dreams (cluster 25). This last cluster 
is a small cluster with only eight reports. All these eight 
reports contained exactly the terms abnormal dreams and 
nightmare.

Cluster 9 and cluster 22 are both about food craving and 
increased weight, although cluster 9 mentions increased 
weight in 82% of the cases combined with increased appetite 
in 51% of the cases and cluster 22 mentions hunger in 100% 
of the cases while 64% of the patients in this cluster have an 
increased weight. Cluster 27 seems related to angio-oedema, 
although this is not specifically mentioned in the underlying 
 MedDRA® Preferred Terms (e.g. tongue swelling, lip swell-
ing, eye swelling).

Fourteen clusters have fewer than ten reports (clusters 
23–36).

3.2  Comparison of General Reporting Patterns 
for Vortioxetine and SSRIs

On 27 December, 2018 there was a total of 8552 vortiox-
etine reports that were compared with 327,478 reports of 
citalopram, escitalopram, fluoxetine, fluvoxamine, parox-
etine, sertraline or venlafaxine in VigiBase. The first vorti-
oxetine report as a suspect/interacting drug in VigiBase is 
from 2014. The reporting of vortioxetine has increased over 
time. There were reports from all geographical regions, but 
North America (70% for vortioxetine reports, 55% for SSRI 
reports) and Europe (25% for vortioxetine reports, 34% for 
SSRI reports) contributed the most. The sex distribution was 
the same for vortioxetine reports as for the reference reports 
(male = 30%, female = 70%).

As highlighted by the vigiPoint analysis, vortioxetine 
reports were more often from consumers/non-health 

Fig. 1  Graphical explanation of the vigiPoint score
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professionals than for the SSRIs (53% vs 29%) and less often 
by physicians (34% vs 51%) and pharmacists (4% vs 10%). 
Adverse events with higher and lower relative reporting rates 
in the vortioxetine reports compared with the SSRI reports 
are shown in Tables 3 and 4, respectively.

4  Discussion

Our analysis of global reports of suspected AEs following 
administration of vortioxetine revealed a diverse pattern of 
clusters. Some of these clusters are not labelled AEs for 
vortioxetine, but are known AEs for SSRIs. Some clusters 
can be explained by the pharmacology of vortioxetine or the 

pathophysiology of depression. Other clusters seem to be 
driven by variations in coding practice or might be spurious 
because of the small number of reports. For instance, for the 
clusters 9 and 22 about food craving and increased weight, 
it is difficult to entangle if these clusters are indeed about 
separate clinical entities or that they differ in severity or that 
the AEs in the reports ended up in different clusters because 
of differences in coding practice.

The two largest clusters identified, which contained 
gastrointestinal AEs and hypersensitivity AEs, are well 
characterised and are included in the product label [8, 9]. 
Although a favourable profile for gastrointestinal effects 
such as nausea is expected for vortioxetine because of its 
5-HT3 antagonism, it was the largest cluster identified. The 

Table 2  Patient characteristics 
of the five largest clusters

Patient sex Patient age Country

Female Male Unknown Median age 
(years)

Unknown Top reported

Overall (5827 reports) 3855 1518 454 47 2337 USA (3631 reports)
Cluster 1 (819 reports) 591 168 60 47 349 USA (476 reports)
Cluster 2 (378 reports) 298 51 29 48 148 USA (214 reports)
Cluster 3 (251 reports) 117 52 82 35 178 USA (230 reports)
Cluster 4 (235 reports) 142 92 1 32 0 USA (235 reports)
Cluster 5 (155 reports) 91 59 5 39 34 USA (126 reports)

Fig. 2  Graphical presentation of adverse events in cluster 1 and cluster 2
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blockade of the serotonin transporter and 5-HT1A agonism 
of vortioxetine might be responsible for the gastrointestinal 
effects seen [4]. Nausea is a known effect of drugs that block 
the serotonin transporter and of selective 5-HT1A receptor 
agonists [16].

We identified two clusters of fatigue symptoms. This is 
not a labelled AE. Regarding the Preferred Terms seen in 
this cluster, fatigue might be related to two mechanisms: 
psychogenic and physical (the number of co-reported Pre-
ferred Terms such as diarrhoea and hyperhidrosis is high 

Table 3  Adverse events 
identified as key features with 
higher relative reporting rates 
in the vortioxetine reports 
compared to the reference 
reports

MedDRA medical dictionary for regulatory activities, SSRI selective serotonin reuptake inhibitor
a These are regular odds ratios and not the shrinkage log-odds ratio described in Sect. 2

MedDRA® Preferred Terms Vortioxetine 
reports, %
(n = 8552)

SSRI reports, %
(n = 327,478)

Odds  ratioa vigiPoint score

Pruritus 6.7 1.6 4.5 1.5
Nausea 18 6.6 3.2 1.4
Pruritus generalised 2.3 0.069 34 1.4
Apathy 2.7 0.42 6.5 1.2
Anger 3.1 0.66 4.9 1.1
Disturbance in attention 3.5 0.91 4.0 1.1
Hypersomnia 2.0 0.21 9.5 1.1
Hyperphagia 1.5 0.022 68 1.0
Feeling guilty 1.4 0.060 24 0.9
Asthenia 4.4 1.6 2.8 0.9
Irritability 3.2 1.0 3.3 0.9
Vomiting 6.1 2.8 2.3 0.8
Mood swings 1.8 0.41 4.5 0.8
Feeling abnormal 4.5 1.9 2.4 0.8
Fatigue 5.8 2.8 2.2 0.7
Constipation 2.3 0.90 2.6 0.6
Weight increased 4.1 2.2 1.9 0.5
Suicidal ideation 4.4 2.4 1.9 0.5

Table 4  Adverse events 
identified as key features with 
lower relative reporting rates 
in the vortioxetine reports 
compared to the reference 
reports

MedDRA medical dictionary for regulatory affairs, SSRI selective serotonin reuptake inhibitors
a These are regular odds ratios and not the shrinkage log-odds ratio described in Sect. 2

MedDRA® preferred terms Vortioxetine 
reports, %
(n = 8552)

SSRI reports, %
(n = 327,478)

Odds ratio vigiPoint score

Drug withdrawal syndrome 0.11 4.3 0.023 − 1.9
Exposure during pregnancy 0.082 1.6 0.051 − 0.9
Toxicity to various agents 0.14 1.6 0.085 − 0.9
Hyponatraemia 0.53 2.3 0.23 − 0.8
Foetal exposure during pregnancy 0.047 1.3 0.036 − 0.8
Withdrawal syndrome 0.22 1.6 0.14 − 0.7
Tremor 1.5 3.8 0.39 − 0.7
Paraesthesia 0.76 2.4 0.31 − 0.7
Completed suicide 1.0 2.7 0.37 − 0.6
Confusional state 0.74 2.2 0.32 − 0.6
Suicide attempt 0.68 2.1 0.32 − 0.6
Death 0.36 1.5 0.23 − 0.6
Product substitution issue 0.023 0.96 0.024 − 0.6
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[23%]). Fatigue symptoms can also be related to the indi-
cation of vortioxetine. However, in the literature, a role of 
serotonin in the pathogenesis of fatigue has been suggested, 
as an increase in the central ratio of serotonin to dopamine is 
associated with feelings of tiredness and lethargy, accelerat-
ing the onset of fatigue [17].

Furthermore, aggression/suicidality clusters were iden-
tified. Vortioxetine increases serotonergic activity in the 
central nervous system by inhibition of neuronal reuptake 
of serotonin. Serotonin is supposed to have a role in the 
inhibition of impulses, the regulation of emotions and social 
functioning, which are domains linked to aggression [18]. 
Several mechanisms are postulated by which increased sero-
tonergic activity might cause aggression. These include the 
production of feelings that often begins with lesser degrees 
of insomnia, nervousness, anxiety, hyperactivity, and irri-
tability and then progress towards more severe agitation, 
aggression and varying degrees of mania. Another proposed 
mechanism is the production of a combined state of stimu-
lation and depression (an agitated depression) with a high 
risk of suicide and violence. Furthermore, the production 
of obsessive preoccupations with aggression against self 
or others, often accompanied by a worsening of any pre-
existing depression. Finally, the production of akathisia, an 
inner agitation that causes heightened irritability and frustra-
tion with aggression against self or others [19]. The Upp-
sala Monitoring Centre and Lareb reported this association 
of vortioxetine and aggression in May 2019 [20]. In July 
2020, it was concluded by the committee responsible for 
human medicines from the European Medicines Agency that 
a causal relationship between vortioxetine and aggression 
and agitation is at least a reasonable possibility and therefore 
the product information of products containing vortioxetine 
should be amended accordingly [21]. The manufacturer has 
since then updated the product information [8, 9].

Another identified cluster was a cluster of musculoskel-
etal symptoms, such as arthralgia, pain in extremities and 
myalgia. These are no known side effects of vortioxetine 
and the mechanism by which vortioxetine might cause these 
symptoms is unknown. However, arthralgia and myalgia are 
labelled for SSRIs such as (es)citalopram, fluoxetine, fluvox-
amine, paroxetine and sertraline [22].

Sensory disturbances such as hypoaesthesia and paraes-
thesia were also identified in a cluster. Serotonin has been 
associated with sensory disturbances. It is postulated that 
the sensory disturbances associated with both SSRI use 
and withdrawal could be due to the hyperserotonergic state. 
Selective serotonin reuptake inhibitor therapy increases 
serotonin levels in the brain acutely (though the therapeutic 
effect is delayed by several weeks), which could account 
for the early appearance of sensory symptoms, and the dis-
appearance by 2–3 weeks may relate to homeostatic com-
pensation [23]. Sensory disturbances are not mentioned in 

the product information of vortioxetine; however, they are 
mentioned in the product information of the SSRIs as AEs 
and/or withdrawal symptoms [22].

Furthermore, a cluster of anticholinergic effects such 
as dry mouth and blurred vision was identified. Selective 
serotonin reuptake inhibitor-induced dry mouth has been 
reported to result from inhibition of salivary secretion by 
blockade of the mACh receptor [24]. Selective serotonin 
reuptake inhibitors and serotonin and noradrenaline reuptake 
inhibitors may cause mydriasis by noradrenergic effects or 
anticholinergic effects or by 5-HT effects, which can cause 
relaxation of the sphincter muscle of the pupil [25]. For the 
SSRIs, dry mouth and visual disturbance are labelled [22]. 
Mydriasis is labelled for vortioxetine in the European SmPC 
[8].

Despite the fact that 5-HT1B agonism is associated with 
low weight gain [6], we identified two clusters (cluster 9 and 
22) both about food craving and increased weight. Hyper-
phagia and weight increase were also identified as key fea-
tures with higher relative reporting rates in the vortioxetine 
reports compared with the SSRI reports (Table 3). Weight 
gain during antidepressant treatment, however, can be a sign 
of improvement in patients whose weight loss was one of the 
depressive symptoms.

Although there were 16 reports of haemorrhage, it was 
striking to see that no cluster of haemorrhagic events was 
identified. An increased tendency of haemorrhagic events 
is a known serotonergic effect and also mentioned in the 
product label of vortioxetine [8]. This is probably caused 
by the small number of reports, combined with the lack of 
shared co-reported AEs between these reports.

Furthermore, because of the 5-HT1A agonism of vortiox-
etine, a reduced incidence of sexual dysfunction is proposed 
[5]. We did not identify a cluster of sexual dysfunction. 
However, AEs of sexual dysfunction were seen in various 
clusters (libido decreased [clusters 4 and 20], erectile dys-
function [cluster 9], loss of libido [cluster 22] and sexual 
dysfunction [cluster 33]).

In the vigiPoint analysis, we compared reports submitted 
for vortioxetine with the SSRIs. Venlafaxine has potency at 
serotonin transporters, which is about 30-fold greater than 
that at norepinephrine transporters. Thus, at low doses, ven-
lafaxine acts essentially as a SSRI, with significant noradren-
ergic activity only occurring at higher doses [26]. Therefore, 
we chose to add venlafaxine to the SSRI reference group. 
We did not perform a sensitivity analysis to see if the results 
would be different if we removed the drug from the refer-
ence group. This vigiPoint analysis highlighted that vorti-
oxetine reports are more often reported by consumers than 
healthcare professionals. We found it interesting that for a 
relatively new drug, with limited information available in 
the literature and official product label, consumers report 
more often than healthcare professionals and thus could have 
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an important contribution to signal detection for this drug. 
Indeed, other studies have shown that consumers can have an 
important contribution to the detection of safety signals [27, 
28]. Adverse events such as gastrointestinal symptoms, pru-
ritus and mood-related symptoms were more often reported 
for vortioxetine than the SSRIs. These AEs were also most 
prominent in the largest clusters found by the cluster analy-
sis. Drug withdrawal syndrome, hyponatraemia, tremor and 
paraesthesia were less often reported for vortioxetine than 
the SSRIs. These AEs were seen in small clusters with fewer 
than ten reports (tremor [cluster 30], hyponatraemia [clusters 
35 and 36]) or no cluster at all (drug withdrawal syndrome), 
except for paraesthesia (cluster 14).

4.1  Strengths and Limitations

A strength of this study is the use of global data for vor-
tioxetine AEs and that the results of the clustering analy-
sis mostly reflect the known safety profile for vortioxetine 
and SSRIs as a group. Clusters with symptoms relevant for 
current safety concerns could be selected for a case-level 
clinical review. When investigating a signal, other sources 
then spontaneous reports should be taken into account. This 
would indeed mean going back to clinical trial data to see 
if the event of interest was already reported there, possibly 
as separate event terms and not as a syndrome, and in addi-
tion conducting an in-depth literature search. However, fully 
investigating the signal potential of each cluster is beyond 
the scope of this study but could be done in a successive 
research.

The cluster analysis performed for the purpose of this 
study considered only reports with multiple AE terms. 
Reports with single AE terms carry no information on which 
AEs tend to occur in the same patient and there tends to 
exist a large number of reports with single AE terms that are 
identical. If included in the cluster analysis, they may have 
a disproportionate influence on the results. However, for a 
comprehensive overview of reporting patterns, reports with 
single AE terms can be retrospectively assigned to clusters 
obtained as described here.

Traditional methodology for statistical signal detection 
in pharmacovigilance often relies on disproportionality 
using a drug and an individual AE term. Often these meth-
ods investigate the relationship between a drug and separate 
AEs. With a cluster analysis, it is possible to identify natu-
ral groups of reports with similar patterns of AEs. One of 
the other advantages of this method is related to the coding 
of the AEs that takes place at national centre level. There 
are many possible ways to code the same AE with different 
separate coding terms. Seemingly diverse symptoms may 
relate to the same underlying condition or pathophysiol-
ogy, which might be uncovered by a cluster analysis [10]. 

Syndromic surveillance through a cluster analysis for risp-
eridone in VigiBase reliably recalled known disease spectra, 
while uncovering unexpected AE patterns requiring further 
review [29]. The method used in this study is based on the 
common mixture-model approach to a cluster analysis com-
bined with consensus clustering, which was found to lead to 
stabler clusters with better clinical coherence [12].

5  Conclusions

A cluster analysis reveals a pattern of co-reported AEs that is 
consistent with labelled AEs for vortioxetine and the safety 
profile for SSRIs in general. In addition, clusters of unla-
belled AEs were identified that reflect clinical entities and 
that might represent signals of previously unknown AEs. 
The VigiPoint analysis highlighted AEs that were more 
reported for vortioxetine than for SSRIs and these AEs were 
also seen in the main clusters identified in the cluster analy-
sis. Novel analyses of spontaneous reports such as clustering 
may help to further understand the pathogenesis of AEs.
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