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Abstract: Background: Major Depressive Episodes (MDEs) may characterise many psychiatric di-
sorders. Its pharmacotherapy is laid with unmet needs, rendering the testing of new drugs neces-
sary.

Objective: To compare the effects of vortioxetine with those of other antidepressants (OADs) in a
1-year naturalistic setting.

Methods: We included 126 adult patients with anMDE in the course of major depressive (MDD),
bipolar (BD), or schizophrenia spectrum disorders (SSOPDs), with or without substance use disor-
der (SUD), who received 5-20 mg/day oral vortioxetine, and compared them with 100 patients re-
ceiving OADs at baseline and after 1, 3, 8, and 12 months on their scores on the MADRS, the CGI-
S, the 24-item BPRS, the YMRS, the Hamilton Anxiety Rating Scale, a Visual Analogue Scale for
craving, the Columbia-Suicide Severity Rating Scale, and the WHOQOL-BREF.

Results: Patients on vortioxetine improved similarly to those on OADs on all measures, indepen-
dently from having or not a comorbid SUD. However, they improved with time better than their
OADcounterparts if affected by BD or SSOPDs, but not MDD, on the CGI-S, BPRS depression,
anxiety, and manic symptoms. SUD hampered the response of anxiety to treatment. Men improved
on depression with time better than women.

Conclusion: MDEs responded to vortioxetine similarly to OADs by improving in depression, gen-
eral psychopathology, anxiety, suicidal thinking, and quality-of-life, independently from SUD co-
morbidity. MDEs of patients with BD or SSOPDs on vortioxetine responded better than that of pa-
tients on OADs. Clinical Trial Registration No. 17354N.

Keywords: Vortioxetine, Antidepressants, Major Depressive Disorder, Bipolar Disorder, Schizophrenia Spectrum and Other
Psychotic Disorders, Major Depressive Episode, 1-year outcome.

1. INTRODUCTION

Depression is both a condition and a symptom that is pre-
sent  in  a  variety  of  conditions.  It  is  characterised  bylow
mood and a bleak outlook on life in general, as well as other
symptoms, which often appear to be opposite in nature. For
example, a person with depression may either overeat or be
inappetent, have either hypersomnia or insomnia, have psy-
chomotor retardation or agitation. DSM-IV and DSM-5 crite-
ria need to be considered in diagnosing a major depressive
episode (MDE) [1].

* Address correspondence to this author at the NESMOS Department, Fac-
ulty  of  Medicine  and  Psychology,  Sapienza  University  of  Rome,  Via  di
Grottarossa  1035-1039,  00189  Roma  RM,  Italy;  Tel:  +39-0633775951;
Fax: +39-0633775342; E-mail: giorgio.kotzalidis@uniroma1.it

According to the WHO, major depressive disorder (MD-
D) affects over 350 million people worldwide. Morbidity es-
timates carried out in 2012 anticipated that in 2020, MDD
would be the main cause of absenteeism from work and that
in 2030, it will be the most prevalent illness worldwide. The
MDD population shows increased disability and impairment
in psychosocial and occupational functioning, increased ab-
senteeism  and  reduced  work  productivity  (performance),
compared with the general population; this results in public
health expenditure [2]. These observations support the need
to consider MDD as a major welfare issue.

Despite efforts to identify optimal antidepressant treat-
ments, patient needs are still unmet in terms of improvement
of depressive symptoms, remission, and restoration of func-
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tioning [3]. Other unsolved issues in drug treatment of de-
pression are the time lag to the onset of drug effect and ad-
verse  effects  that  may  occur,  such  as  sexual  dysfunction,
bodyweight increase, and sleep disorder. Furthermore, typi-
cal residual symptoms even after first-line treatment are usu-
ally cognitive symptoms, particularly in the areas of execu-
tive function, memory, attention, and speed of processing,
which  are  associated  withremarkable  impairment  in  pa-
tients’ functioning [4, 5]. A 3-year prospective study of 267
patients in primary care with initial depression evaluated the
presence of individual residual symptoms during depressive
episodes and periods of remission [6]. It has been document-
ed that three individual symptoms (cognitive problems, lack
of energy, and sleeping problems) dominated the course of
depression and were present for 85-94% of the time during
depressive episodes and 39-44% of the time during remis-
sions. Residual symptoms are thought to be a predictor of re-
lapse [7]; in fact, patients with depression who completed a
cognitive-behaviour therapy (CBT) cycle and scored on the
Hamilton Depression Rating Scale (HDRS) 7 or less for 8
weeks  or  more  (full  recovery)  relapsed  significantly  less
than those who recovered partially (9% vs. 52%, respective-
ly)  [8,  9].  Slower  response  to  CBT,  unmarried  status,  and
high  residual  scores  on  the  Dysfunctional  Attitudes  Scale
were independently and additively related to increased risk
of relapse [8, 9].

Since low functioning predicts relapse in MDD [10], and
cognitive impairment, QoL, and functioning are interrelated
[11], there is a need to reduce cognitive impairment in de-
pression so asto enhance the quality of life [6].

Selective Serotonin (5-HT) Reuptake Inhibitors (SSRIs)
and Serotonin and Noradrenaline Reuptake Inhibitors (SN-
RIs) proved to be effective in treating depression, but also
have adverse effects that negatively affect the quality of life
(QoL) and adherence to treatment; these include sexual im-
potence, weight gain, and sleep disorders. Hence, there is a
need for new drugs that maintain the same antidepressant ef-
fectiveness,  but  are  free  from  side  effects  that  lead  to  re-
duced adherence to treatment and/or QoL, especially among
younger people with MDD (<35 years).

Vortioxetine  was  licensed  in  2013  by  European
Medicines  Agency  (EMA)  for  the  treatment  of  MDD  in
adults in the dose range of 5-20 mg/day (the recommended
initial  dose is  10 mg/day if  the patient  is  younger  than 65
years and 5 mg/day if older) [12].

Vortioxetine  (1-[2-(2,4-dimethyl-phenylsul-
fanyl)-phenyl]-piperazine) belongs to a new chemical class
of  psychotropics,  the  bis-aryl-sulfanyl  amines.  The  mech-
anism of action of vortioxetine is claimed to be related to its
multimodal activity, which is a combination of direct modu-
lation of receptor activity and inhibition of the serotonin tran-
sporter. It is a 5-HT3, 5-HT7 and 5-HT1D receptor antagonist,
a 5-HT1B partial agonist, a 5-HT1A agonist and an inhibitor of
the  5-HT  transporter  [13].  Its  inhibitory  actions  on  5-HT3

serotonin receptors placed on GABA interneurons, ultimate-
ly result in the enhancement of glutamatergic and serotonerg-
ic transmission in the rat forebrain, an effect reversed by the

GABAB  agonist  baclofen,  but  not  by  the  GABAA  agonist
muscimol  [14].  Furthermore,  it  counteracts  the  effects  of
tryptophan  depletion  in  rat  models  of  depression  on  NM-
DA-related markers, unlike the SSRI paroxetine [15]. How-
ever,  it  may also act  through alternative  mechanisms,  like
the PI3K/AKT intracellular pathway [16], and by up-regulat-
ing the expression of brain-derived neurotrophic factor (BD-
NF) and tyrosine kinase B (Trk B) in the hippocampus [17].
It is metabolized by multiple CYP450s and does not inhibit
or appreciably induce the CYP system. Hence, its potential
for clinically relevant interactions with other drugs is low.

Vortioxetine has shown efficacy in short-term studies, in
which it reduced depression and anxiety items of scales like
the  Montgomery-Åsberg  Depression  Rating  Scale  (MA-
DRS) and the Hamilton Depression Rating Scale (HAM-D)
in many clinical trials [18]. Long term clinical studies (i.e.,
about one or more years) are fewer.

A peculiar property of vortioxetine is its efficacy on cog-
nitive  symptoms  of  people  with  MDD.  Many  randomized
clinical studies have confirmed that vortioxetine 5 mg/day
enhances performance in cognitive tests more than placebo
and other antidepressants [19, 20]. This pro-cognitive effect
of vortioxetine was found to be independent ofits antidepres-
sant action [21].

Vortioxetine proved to be safe and effective in many clin-
ical  trials  and in meta-analyses,  both short-  and long-term
[22-24]. Some of the typical adverse effects seen with other
antidepressants, including sexual dysfunction [3, 18, 25, 26],
insomnia,  and  weight  gain  [3,  18],  are  observed  less  with
vortioxetine, even after long-term treatment, hence sparing
QoL and adherence to treatment.

MDD  is  often  comorbid  with  substance  use  disorder
(SUD), such as alcohol and illicit drug use disorders. In the
US, about 32% of people with MDD have a comorbid SUD
[27].

A  2013  review  on  the  current  status  of  co-occurring
mood and SUD [28] showsthat estimates of the lifetime pre-
valence of mood and substance use disorders and the comor-
bidity of these disorders in the general population can be de-
rived from two US nationally representative large-scale sur-
veys  using  DSM-IV  diagnostic  criteria:  the  National  Epi-
demiologic Survey on Alcoholism and Related Conditions,
which surveyed 43,093 people in 2001 and 2002 [29, 30];
and the National Comorbidity Survey Replication, which sur-
veyed 9,282 people in 2001 and 2003 [31, 32]. As a result,
comorbid  substance  use  disorder  is  high  in  major  depres-
sion, with lifetime rates of 40.3% for any alcohol use disor-
der and 17.2% for any drug use disorder. For major depres-
sion and alcohol dependence, the lifetime rate is 21%. This
figure refers to the rather obsolete term “dependence” and is
lower than the major depressive disorder-alcohol use disor-
der comorbidity.

Illicit drugs are believed to activate the mesolimbic do-
paminergic system, as most of them were shown to increase
the release of dopamine in the nucleus accumbens [33]. Di-
rect evidence that 5-HT receptor system influences dopamin-
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ergic activity in CNS was first available in the late 1980s,
when it was reported that the 5-HT3 agonist 2-methyl sero-
tonin increased dopamine release from hyperactive dopamin-
ergic neurons in striatal slices; this effect was blocked by the
5-HT3 antagonist tropisetron [34].

Rewarding properties of drugs can be behaviourally as-
sessed  in  rodents  through  place-preference  conditioning
tests; in this paradigm, blockade of 5-HT3 receptors attenu-
ates the rewarding properties of drugs like morphine and ni-
cotine, possibly by decreasing dopamine release. The pres-
ence of the 5-HT3 receptors in the brain and their localiza-
tion in areas such as the entorhinal cortex, amygdala, and nu-
cleus  accumbens,  strongly  suggestthat  they  play  a  role  in
controlling multiple behaviours that may be related topsycho-
sis,  anxiety,  depression,  and  substance  use,  as  shown  by
studies with highly potent and selective 5-HT3 receptor anta-
gonists (e.g., ondansetron, granisetron) [35].

Many studies have confirmed the ability of 5-HT3 agon-
ists to increase the release of dopamine in the nucleus accum-
bens, and the ability of 5-HT3 antagonists to block agonist-in-
duced increases in dopamine levels [36]. Due to its ability to
modulate heightened dopamine activity in mesolimbic areas,
the 5-HT3 receptor has been suggested to be important in the
actions of drugs of abuse.

5-HT1A receptors may be both somatodendritic autorecep-
tors (in the raphé) and postsynaptic receptors (for example,
in the hippocampus). It has been concluded [37] that 5-HT1A

auto-receptors  mainly  facilitate  psychostimulant  addic-
tion-related behaviours through a reduction in 5-HT release
in  terminal  areas.  Post-synaptic  5-HT1A  receptors,  in  con-
trast, predominantly inhibit the expression of various addic-
tion-related behaviours directly. So, 5-HT1A does not appear
to represent the “core” receptor involved in reward and ad-
diction, but rather to contribute to the effects of the entire
brain 5-HT systems in moderating addictive phenomena. On
the other hand, it has been claimed that long-term drug use
and addiction impact the 5-HTergic function, which in turn
affects behaviours related to drug-seeking and craving [38].

Considering the role of the 5-HTergic systems in drug ad-
diction, the action of vortioxetine on 5-HT receptors might
suggest its usefulness in people affected by MDD in comor-
bidity with SUD. As a matter of fact,  vortioxetine has not
been tested to date (September 23, 2019) for its effect on pa-
tients with depression and comorbid substance use disorder.
Hence, we considered itworthy to try vortioxetine in depres-
sion associated with SUD.

2. MATERIALS AND METHODS

2.1. Patients

The study was a  naturalistic,  parallel,  longitudinal  fol-
low-up, conducted between January 2018 and January 2020
at Von Siebenthal neuropsychiatric hospital.

We enrolled male and female inpatients diagnosed with
the Structured Clinical Interview for DSM-5 (SCID-5-CV)

[39] as having a current Major Depressive Episode (MDE)
during the course of one of the following: Major Depressive
Disorder (MDD), Bipolar Disorder (BD), and Schizophrenia
Spectrum and Other Psychotic Disorders (SSOPDs).

Patients were excluded from the study if they had acute
psychosis, acute suicidal ideation, and any acute psychiatric
condition that might require emergency interventions, organ-
ic, neurological, or cardiovascular disease. Other exclusion
criteria were pregnancy or breastfeeding or planning a preg-
nancy during the study period.

Of  the  253 patients  enrolled  in  the  study,  226 patients
wished  to  be  compliant  with  treatment.  Patients  were  ex-
posed to two different treatment conditions. A group of pa-
tients  (n=100)  were  treated  with  various  antidepressants
(ADs) except vortioxetine, and the other group (n=126) was
treated  with  vortioxetine  without  OADs.  Both  the  groups
were evaluated for 12 months from baseline (BL). The as-
signment  to  groups  was  based  on  patient  preference  after
they received full  information about the treatment alterna-
tives and their relative mechanisms of action.

After meeting inclusion criteria, patients were explained
the  study  aims  and  methods  and  provided  free,  informed
consent. The study received approval from the local ethical
committee. It was conducted in accordance with the Princi-
ples of Human Rights, as adopted by the World Medical As-
sociation at the 18th WMA General Assembly, Helsinki, Fin-
land,  June  1964,  and  subsequently  amended  by  the  64th
WMA General Assembly, Fortaleza, Brazil, October 2013.

2.2. Treatments

Vortioxetine  was  administered  orally  in  the  5-20  mg
range; dosing was flexible and could be adjusted according
to manufacturers’ indications and patients’ needs. Vortioxe-
tine was administered as 5, 10, or 20 mg tablets or in drops
(each  drop  corresponding  to  1  mg)  in  the  morning  or  at
meals, with or without food, according to the patient’s taste.
When  the  patient  disliked  the  oral  solution  formulation,
he/she was shifted to the oral tablet formulation. OADs were
trazodone (150-300 mg/day),  duloxetine (60-120 mg/day),
sertraline (50-200 mg/day), paroxetine (10-40 mg/day), esci-
talopram  (10-20  mg/day),  venlafaxine  (75-225  mg/day),
bupropion  (150-300  mg/day),  amitriptyline  (10  mg/day),
clomipramine  (75-150  mg/day),  mianserine  (15  mg),  and
mirtazapine  (15  mg),  all  administered  orally.  Benzodi-
azepines  or  allosteric  benzodiazepine  receptor  modulators
were allowed and as needed, to deal with anxiety bouts or in-
somnia problems. Gabapentin and pregabalin were also al-
lowed. Patients with SSDOPs or BD could also take antipsy-
chotics (risperidone, olanzapine, clozapine, quetiapine, ase-
napine, aripiprazole, lurasidone or paliperidone among atypi-
cals, and haloperidol and amisulpride among classical neuro-
pleptics). Additionally, patients with BD could also take lam-
otrigine,  oxcarbazepine,  valproate  or  lithium.  No
monoamine oxidase inhibitors were allowed throughout the
study.

Kotzalidis et al.
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2.3. Study Assessments

Efficacy was assessed using the mean change from BL
on  Clinical  Global  Impressions  scale-Severity  of  Illness
(CGI-S)  [40]  and  on  the  Montgomery-Åsberg  Depression
Rating  Scale  (MADRS)  [41]  scores.  The  24-item  Brief
Psychiatric Rating Scale (BPRS) [42], i.e., the expanded ver-
sion of a previously developed 16- [43] and 18-item version
[44], the Young Mania Rating Scale (YMRS) [45], and the
Hamilton Anxiety Rating Scale (HAM-A) [46] were admin-
istered for the assessment of general psychopathology, and
manic and anxious symptoms, respectively. Suicidal tenden-
cies were assessed through the Columbia-Suicide Severity
Rating  Scale  (C-SSRS)  [47].  A  Visual  Analogue  Scale
(VAScrav)  [48]  was  used  to  evaluate  craving  in  patients
with Alcohol and/or Substance Use Disorders (AUD/SUD,
respectively). These assessments were conducted at BL, and
then 1, 3, 8, and 12 months after BL. Safety and tolerability
were assessed through clinical interview, vital signs and lab-
oratory values. The World Health Organization Quality of
Life, Brief version (WHOQOL-BREF) [49] was used to eval-
uate the quality of life (QoL) at BL and after 1, 3, 8, and 12
months. BL was set at the initiation of drug treatment. All
rating scales were completed by specifically-trained treating
clinicians.  The  primary  outcomes  were  the  scores  on  the
CGI-S and the MADRS, while all others were secondary.

The effects of gender and age on treatment response in
each group and in the whole group were investigated byus-
ing gender as an independent variable and age as a covariate
and examining them in the determination of  the scores on
the MADRS and CGI-S across the study.

We established as response criteria, a final CGI-S score
of  1  or  2  or  atleast  50% drop from baseline  scores  on the
MADRS with an endpoint score of ≤10. Remission criteria
were a final CGI-S score of 1 or a final MADRS score <7.
We calculated response and remission rates for each treat-
ment group and according to the SUD/nonSUD split and for
the SUD and nonSUD subgroups in the entire sample. The
effect size for each treatment and for the SUD and nonSUD
populations was calculatedwith Cohen’s d [50], adopting Co-
hen’s original cutoffs (small about 0.20, medium about 0.50,
and large about 0.80 or more) and complementing them with
Sawilowsky’s [51] cut-offs, i.e., 0.10 very small, 1.20 very
large, and 2.00 or above huge.

Safety measures included frequency and severity of ad-
verse  events  (AEs),  serious  AEs  (SAEs,  as  reported,  plus
completion of the UKU scale [52]); discontinuation due to
AEs, abnormal laboratory results, physical examination, vi-
tal  signs,  body  mass  index  (BMI),  waist/hip  measurement
and  metabolic  syndrome  parameters.  For  SUD  patients,
urine  testing  for  a  range  of  illicit  drugs  was  arranged  bi-
weekly.

2.4. Statistical Analysis

We analysed the sample as intention-to-treat (ITT), deal-
ing with missing data due to drop-out cases with the conser-
vative last observation carried forward (LOCF) method [53].

Four-way ANOVA for between-subjects factors SUD diag-
nosis (two levels), DSM-5 diagnosis (three levels) and Treat-
ment (two levels),  and five-level  repeated-measures factor
Time (BL and 1, 3, 8, 12 months) were performed for each
considered measure. Mauchly’s Tests of Sphericity were sta-
tistically significant,  hence, Huynh-Feldt and Greenhouse-
-Geisser corrections have been applied. Statistical analyses
were carried out with the SPSS 25 software (IBM Corpora-
tion, Armonk, NY, USA, 2017). The statistical significance
cutoff was set at p < 0.05.

3. RESULTS

3.1. Descriptive Statistics

The final sample consisted of 226 Caucasian inpatients,
104  men  (46%)  and  122  (54%)  women  diagnosed  with
MDD (56.6%), BD (27.4%) and SSOPDs (15.9%). Patients’
age ranged from 20 to 81 years, withmean 48.95, andstan-
dard deviation (SD) 14.07. Patients were assessed for alco-
hol and/or substance-use disorder; 146 (64.6%) reported no
alcohol  or  illicit/recreational  substance  use,  while  80
(35.4%) received a diagnosis of SUD and/or AUD. Regard-
ing  BL  socio-demographic  variables,  women  were  older
than men (t(224)=-2.229; p = 0.27), more men than women re-
ported being single while more women than men reported be-
ingmarried (χ2=22.815; p < 0.001), and SSOPDs diagnosis
wasmore  frequent  in  men  than  in  women  (χ2=12.462;  p  =
0.002). Other BL socio-demographic variables did not differ
between the two genders. Descriptive statistics are shown in
Table 1.

3.2. Effects of Vortioxetine and other AD Treatments on
General Symptomatology and Suicidality

An ITT analysis with LOCF was used with mixed model
ANOVAs involving four independent variables, i.e., SUD (p-
resence/absence), DSM-5 diagnosis (MDD, BD, or SSOPD-
s)  and Treatment  (vortioxetine  or  OADs)  as  between-sub-
jects variables, and Time (BL and 1, 3, 8, and 12 months) as
within-subjects variable, and CGI-S and BPRS scores as de-
pendent variables.

Primary outcomes.  CGI-S scores  indicated a  main ef-
fect of time (F(3.192,683.060) = 607.410, p < 0.001; from 4.72 at
BL to 1.62 after 12 months; Table 2; Supplementary Fig. (5)
in all conditions. Three interaction effects were significant,
i.e.,  a  Time  ×  Treatment  effect  (F(3.192,683.060)  =  2.741,  p  =
0.039),  with  a  greater  improvement  for  the  vortioxetine
group compared to OADs; a Time × DSM-5 diagnosis effect
(F(6.384, 683.060) = 5.396, p = 0.014), with a greater improvement
of  clinical  global  severity  in  BD  (from  4.76  to  1.46)  and
SSOPDs (from 4.68 to 1.40) patients than MDD (from 4.73
to  1.99);  a  Time  ×  DSM-5  diagnosis  ×  Treatment  effect
(F(6.384,  683.060)  =  4.921,  p  <  0.001),  showing  that  BD  and
SSOPDs patients exposed to vortioxetine treatment manifest-
ed a greater improvement of clinical severity compared to pa-
tients treated with OADs. In MDD patients, vortioxetine and
the OADs showed similar efficacy. No other significant in-
teractions were found.
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Table 1. Participants’ characteristics. Data are expressed as percentage or means ± SD, as appropriate.

-
Study Sample

(n=226)

Men

(n=104; 46%)

Women

(n=122; 54%)
P

Age in years (x̄±SD) [Student’s t-test] 48.95 ± 14.07 46.72 ± 13.69 50.86 ± 14.17 p=0.027
AAO of Psychiatric Disorder (x̄±SD) [Student’s t-test] 13.81 ± 11.61 13.04 ± 11.40 14.47 ± 11.80 n.s.

Marital Status, N (%) [χ2 test]

  Single 105 (46.9) 66 (63.5) 39 (32.5) p < 0.001
  Married 73 (32.6) 22 (21.2) 51 (42.5) p < 0.001
  Separated/Divorced 36 (6.1) 14 (13.5) 22 (18.3) n.s.
  Widowed 10 (4.5) 2 (1.9) 8 (6.7) n.s.

Educational level, N (%) [χ2 test]

  Primary School 15 (6.6) 5 (4.8) 10 (8.2) n.s.
  Middle School 109 (48.2) 50 (48.1) 59 (48.4) n.s.
  High School 92 (40.7) 45 (43.3) 47 (38.5) n.s.
  College/University, Master classes, Specialty, Ph.D. 10 (4.4) 4 (3.8) 6 (4.9) n.s.

Diagnosis, N (%) [χ2 test]

  MDD 128 (56.6) 50 (48.1) 78 (63.9) n.s.
  BD 62 (27.4) 28 (26.9) 34 (27.9) n.s.
  SSOPDs 36 (15.9) 26 (25) 10 (8.2) p = 0.002

Presence of Alcohol or Substance Use Disorder, N (%) [χ2 test]

  No AUD or SUD 146 (64.6) 62 (59.6) 84 (68.9) n.s.
  AUD and/or SUD 80 (35.4) 42 (40.4) 38 (31.1) n.s.

Table 2. Within-group main effects of Time.

Assessment F (df) p

CGI 607.410 (3.192,683.060)* <0.001

BPRS 301.521 (2.345,497.091)* <0.001

MADRS 381.106 (2.749,585.544)* <0.001

C-SSRS 23.036 (1.300,278.116)** <0.001

YMRS 47.652 (2.606,555.114)* <0.001

HAM-A 203.090 (2.838,604.559)* <0.001

VAScrav 50.296 (2.512, 185.868)* <0.001

WHOQOL-BREF 46.306 (1.599,342.162)** <0.001
Mauchly's Tests of Sphericity are statistically significant. *=Greenhouse-Geisser cor-
rection; **=Hyun-Feldt correction.

For  depressive  symptomatology,  the  main  effect  of
time indicatedMADRS scores to significantly decrease over
time (F(2.749,585.544) = 381.106, p < 0.001; from 27.31 at BL to
11.02 after 12 months; Table 2; Supplementary Fig. (1) in
all conditions. Four interaction effects were significant, i.e.,
a Time × Treatment effect (F(2.749,585.544) = 19.802, p < 0.001)
indicating a greater decrease of depressive symptoms in pa-
tients treated with vortioxetine (from 28.15 to 7.99); a Time
× SUD effect (F(2.749,585.544) = 5.151, p = 0.002), with a greater
decrease of depressive symptomatology in patients without
SUD,  only  at  1-month  follow-up (from 29.03 to  16.78);  a
Time×DSM-5  diagnosis  effect  (F(5.498,585.544)  =  4.082,  p  =
0.001), with a greater improvement of depressive symptoms
in  BD (from 26.99  to  10.44)  and  SSOPDs (from 27.21  to
9.11) patients than in MDD (from 27.73 to 13.49); a Time ×

DSM-5 diagnosis × Treatment effect (F(5.498,585.544) = 4.261, p
= 0.001), showing treatment with vortioxetine to decrease de-
pressive symptoms more than treatment with OADs in both
BD and SSOPDs patients, while no significant differences
between treatments emerged in MDD patients. No other sig-
nificant interactions were found.

Secondary outcomes. Suicidal ideation and behaviour
significantly decreased over time (F(1.300,278.116) = 23.036, p <
0.001;  from 2.59 at  BL, to 0.04 after  12 months;  Table 2;
Supplementary Fig. (6), in all conditions. A significant Time
× SUD interaction effect (F(1.300,278.116) = 4.243, p = 0.030) was
also found, indicating a greater decrease of suicidal ideation
and behaviour in SUD patients at 1- and 3-month follow-up
(from 1.46 to 0.16).

BPRS scores showed a main effect of time (F(2.345,497.091) =
301.521,  p  <  0.001;  from  51.54  at  BL  to  31.84  after  12
months; Table 2; Supplementary Fig. (4) in all conditions.
Three interaction effects were significant, a Time × SUD ef-
fect (F(2.345,497.091) = 4.917; p = 0.005), with a greater decrease
of psychiatric symptoms in patients without SUD, only at 1
month follow-up (from 54.43 to 38.59); a Time × DSM-5 di-
agnosis effect (F(4.689, 497.091) = 6.282, p < 0.001), with a greater
improvement of psychiatric symptoms in BD (from 53.14 to
31.70) and SSOPDs (from 52.65 to 30.20) patients than in
MDD (from 48.82 to 33.62); a Time × DSM-5 diagnosis ×
Treatment effect (F(4.689,  497.091) = 4.008, p = 0.002), showing
that vortioxetine treatment was associated with greater im-
provement of psychiatric symptoms compared to other AD
treatment for both BD and SSOPDs patients. Instead, MDD
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patients showed no significant differences between the two
treatment conditions. No other significant interactions were
detected.

3.3. Effects of Vortioxetine and other AD Treatments on
Manic and Anxious Symptoms

To  analyse  manic  and  anxious  symptomatology,  ITT
analysis  with  LOCF and  mixed-model  ANOVAs  with  the
aforementioned independent variables were performed, with
MADRS,  YMRS,  HAM-A  scores  as  dependent  variables.
All treatment conditions were associated with a significant
improvement of anxious, depressive and manic symptoms.

Regarding  manic  symptoms,  the  main  effect  of  time
showed  YMRS  scores  to  decrease  significantly  over  time
(F(2.606,555.114) = 47.652, p < 0.001; from 7.85 at BL, to 2.91 af-
ter 12 months; Table 2; Supplementary Fig. (2) in all condi-
tions. Two interaction effects were significant, a Time × DS-
M-5 diagnosis effect (F(5.212, 555.114) = 8.446, p < 0.001), with a
greater improvement of manic symptomatology in BD (from
8.02 to 2.60) and SSOPDs (from 8.75 to 1.47) patients than
in  MDD (from 6.77 to  4.58);  a  Time×DSM-5 diagnosis  ×
Treatment effect (F(2.606,  555.114) = 3.151, p = 0.007), showing
that the vortioxetine groups reported more decrease of man-
ic symptoms compared to OADs in both BD and SSOPDs
patients, but not in MDD patients, who showed no signifi-
cant differences between treatment conditions. No other sig-
nificant interactions were found.

Anxious symptoms analysis revealed the main effect of
time,  indicating  HAM-A  scores  to  significantly  decrease
over time (F(2.838,604.559) = 203.090, p<0.001; from 24.77 at BL
to 9.39 after 12 months; Table 2; Supplementary Fig. (3) in
all conditions. Four interaction effects were significant, i.e.,
a Time × Treatment effect (F(2.838,604.559) = 5.976, p = 0.001),
indicating more anxious symptom decrease in patients treat-
ed with vortioxetine (from 25.05 to 6.94); a Time × SUD ef-
fect (F(2.838,604.559) = 4.348, p = 0.006), with a greater improve-
ment of anxious symptoms in patients without SUD only at
1-month follow-up (from 26.34 to 14.35); a Time×DSM-5
diagnosis  effect  (F(5.677,604.559)  =  6.335,  p  <  0.001),  with  a
greater  improvement  of  anxious  symptoms  in  BD  (from
25.87  to  8.65)  and  SSOPDs  (from 23.23  to  7.00)  patients
than in MDD (from 25.21 to 12.50); and a Time×DSM-5 di-
agnosis × Treatment effect (F(5.677,604.559) = 5.631, p < 0.001),
showing vortioxetine to  reduce anxious symptoms in both
BD and SSOPDs patients more than OADs, while this did
not hold true for MDD patients, who did not show different
effects between the two treatment conditions. No other signi-
ficant interactions were found.

3.4. Effects of Vortioxetine and other AD Treatments on
Craving in SUD Patients

To  evaluate  the  presence  of  craving  in  SUD  patients,
ITT analysis with LOCF and mixed-model ANOVAs with
the  above  independent  variables  was  performed,  with
VAScrav  scores  as  the  dependent  variable.

A main effect of time was shown on craving, that signifi-
cantly decreased (F(3.465, 256.430) = 99.210, p < 0.001, η2

= 0.573; from 6.39 at BL to 0.94 after 12 months; Table 2;
Supplementary Fig. (7). Scores on the VAScrav did not dif-
fer between vortioxetine and OADs. No other significant ef-
fects were found.

3.5. Effects of Vortioxetine and other AD Treatments on
Global Health Perception and Treatment Adherence

For  QoL,  we  performed  ITT  analysis  with  LOCF  and
mixed-model ANOVAs with the above-mentioned indepen-
dent  variables  and  WHOQOL-BREF scores  as  the  depen-
dent variable.

We observed a steady increase in QoL, as shown by the
main effect of WHOQOL-BREF scores (F(1.599,342.162)=46.306,
p<0.001; from 52.09 at BL, to 69.42 after 12 months; Table
2; Supplementary Fig. (8) without significant differences be-
tween conditions. No other significant effects were found.

3.6. Drug Treatment

Vortioxetine doses ranged from 5 to 20 mg (mean 15.46,
SD ± 4.03, median 15 mg). OADs were also used in the ap-
proved  dosage  ranges  that  are  considered  to  be  effective.
The  two  groups  did  not  differ  for  occasional  benzodi-
azepine/zolpidem use, or for additional antipsychotic, lithi-
um,  oxcarbazepine,  lamotrigine,  gabapentin  or  pregabalin
medication.

3.7. Response/Remission Rates and Treatment Impact

Detailed response and remission rates according to the
treatment group and patients’ belonging to the SUD or non-
SUD  subgroups  are  provided  in  Supplementary  Table  1.
About  half  of  the  vortioxetine  sample  was  responsive  to
treatment  (55.56%)  and  had  remitted  (46.82%)  after  one
year according to both CGI-S and MADRS criteria; this was
much less for the OADs treatment group (36% and 12%, re-
spectively).  Generally,  response  and  remission  rates  were
higher for the CGI-S criterion than for the MADRS criteri-
on. We did not observe the expected reduced responsiveness
and remission rates in the two SUD subgroups; numerically,
there was an advantage for both with respect to their respec-
tive nonSUD groups. Treatment with either method, vortiox-
etine or OADs, had a strong positive clinical impact, as as-
sessed with the CGI-S. Effect sizes for all groups were large
according to Cohen [50] and huge according to Sawilowsky
[51], all beingmore than 3 (Supplementary Table 2). For vor-
tioxetine,  effect  sizes  were  generally  larger  numerically;
again, belonging to the SUD subgroups was not associated
with a weaker effect size, and the opposite if anything.

3.8. Effects of Gender and Age

To control  for  age and gender  effects,  we conducted a
mixed-model ANOVAs with Treatment and Gender as be-
tween-subjects variables, Time as within-subjects variable,
age as a covariate, and MADRS and CGI-S scores as depen-
dent  variables.  Here,  there  was  the  main  effect  of  Gender
(F(2,643, 584,087) = 3.719, p < 0.015) on MADRS scores, with wo-
men responding less than men. There was also the main ef-
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fect  of  age  on  MADRS  scores  (F(2,634,  579,378)  =  3.041,  p  =
0.035), but despite this, the main effects and interactions re-
mained significant, and their direction remained unchanged.
No significant effects emerged with CGI-S scores as a depen-
dent variable when adjusting for gender or age.

Safety.  Regarding  treatment  adherence/drop-out  rates,
18 patients in each group dropped out before the 12-month
follow-up. In the vortioxetine group, ten dropped out for nau-
sea, five for safety/inefficacy, and three for personal choice;
in  the  OADs  group,  ten  dropped  out  for  nausea,  one  for
excitement, one for psychomotor agitation, four for ineffica-
cy/poor response, one for tremor, and one for sexual side ef-
fects. Treatment adherence at 12 months was 85.7%for pa-
tients  treated  with  vortioxetine  and  82%for  those  treated
with OADs (Fig. 1).

 

Fig.  (1).  Percentage of patients completing treatment throughout
the  study.  No  significant  differences  between  vortioxetine  and
other antidepressants. Columns indicate the percentage of partici-
pants still in the study.

Side effects.  During the study period, 68 (53.97%) ad-
verse events occurred in 63 patients on vortioxetine (50%)
and 62 (62%) in 55 (55%) patients on OADs. Besides ad-
verse  events  eventually  leading to  drop-out,  other  side  ef-
fects were tolerated and mild to moderate. During treatment
with vortioxetine, 15.08% presented nausea (vs.  12% with
OADs), 9.52% gastrointestinal upset (vs. 9% OADs), 3.99%
vomiting (vs. 10% OADs), 3.17% diarrhoea (vs. 7% OADs),
2.38% constipation (vs. 4% OADs), 2.38% dizziness (vs. 6%
OADs), 2.38% xerostomia (vs. 5% OADs), 0.79% sleep dis-
orders (vs. 2% OADs); no weight gain or sexual side effects
occurred with vortioxetine, while with OADs, figures were
6% and 15%, respectively. Adverse events tended to be tran-
sient and to improve with time. No late adverse events took
place in the vortioxetine group, while there were two cases
of late-onset erectile difficulties (2%) and 1 case pf QTc pro-
longation (1%) in the OADs group.

4. DISCUSSION

In this study, we found comparable effects of both vor-
tioxetine and other antidepressants on primary (CGI-S and
MADRS) and secondary outcomes (BPRS, YMRS, HAM-
A,  C-SSRS,  VAScrav,  and  WHOQOL-BREF).  Both  the
types  of  treatment  were  followed  by  improvements  in  all
scales. However, in patients on vortioxetine, we found a bet-
ter clinical  improvement with time of patients with BD or
SSOPDs than with other antidepressants (on both CGI-S and
BPRS). This is a previously unreported finding, as most vor-
tioxetine studies do not include patients with BD and even
less  are  conducted  on  patients  with  SSOPDs.  We  further
found a greater reduction with time in depression, anxiety,
and manic symptoms in patients who were affected by BD
and SSOPDs and taking vortioxetine, compared to patients
on other antidepressants,  while in patients with MDD, de-
pression  improved  similarly  in  the  two  treatment  groups.
Anxious symptoms of patients with SUD were less likely to
respond favourably than those in nonSUD patients. Suicide
risk, craving in SUD-comorbid patients, and quality-of-life
progressively improved with the two treatment types with-
out intergroup differences.

We followed a  BL and 1,  3,  8,  and  12  months  assess-
ment  schedule;  this  is  different  from  what  has  been  em-
ployed by other vortioxetine studies, both naturalistic [54]
and randomised [55], only partially overlapping with the lat-
ter.

We investigated the effects of vortioxetine vs. OADs in
a naturalistic study on MDE symptomatology in a variety of
patients with or without SUD comorbidity and MDD, BD or
SSOPDs. Although there are no clear indications for the use
of vortioxetine in MD and SSOPDs, it may be justified by
the presence of MDEs. However, there may be an expansion
for its  use in other conditions as well,  as vortioxetine was
found to improve negative symptoms of schizophrenia when
added on risperidone [56] and has been advocated in neuro-
pathic pain [57]. In contrast, it did not show significant im-
provement with respect to placebo in binge-eating disorder
[58], and meta-analyses [59, 60] did not confirm an initial
positive report of the response of generalised anxiety disor-
der to vortioxetine [61], but the question of its possible use
in other anxiety disorders is left open [62]. Vortioxetine acts
through the PI3K/AKT intracellular pathway [16] and could
interact with lithium, which also activates this pathway [63],
in patients with anMDE and BD, or could strengthen the 5-
HT7 antagonism of antipsychotics like risperidone [64] and
lurasidone [65] in patients with anSSOPD and MDE receiv-
ing such treatment. It is interesting that vortioxetine added
on risperidone proved to improve negative symptoms better
than the risperidone-placebo combination in one study [66],
and  the  pro-cognitive  effects  of  5-HT7  antagonism  might
have played a role in this respect.

There have been no studies focusing on depression-SUD
comorbidity  so  far,  except  for  one  study  that  compared
MDD patients with or without comorbid alcohol use disor-
der  [67].  This  study found no  significant  difference  in  re-
sponse or remission rates between patients with or without
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alcohol use disorder, although the latter showed a numerical
advantage  that  was  not  significant.  We  found  similar  re-
sponse rates for the two treatment groups and for SUD non-
SUD subsets, but the absence of SUD in our study wasrelat-
ed toa better response of anxious symptomatology, while in
Di Nicola et al.’s [67] study, itwas not. Differences in metho-
dology, sample size, and the SUD involved might underlie
this  discrepancy.  We  also  did  not  find  differences  in  re-
sponse/remission rates between patients with or without a co-
morbid SUD.

In this naturalistic study, we had a relatively low drop-
out  rate,  i.e.,  15.93%%, which is  markedly lower than the
36.4%  rate  reported  by  a  similar  study,  which  also  had  a
much shorter duration (12 weeks) than ours [54].

We observed a similar adverse event rate with respect to
the figures commonly reported in the literature for both vor-
tioxetine [68-72] and OADs [69], despite the long-term expo-
sure  of  our  patients  to  their  medications.  The  occurrence
was similar to that of side effects in healthy Japanese volun-
teers [73]. It should be noted that there were three adverse
events with a late onset,  arising between the sixth and the
eighthmonths of treatment in three MDD patients. One was
a QTc prolongation, that was promptly managed with short-
-term mexiletine and disappeared, occurring with 15 mg mir-
tazapine, the other two were both erectile dysfunctions, and
occurred  with  paroxetine  20  mg  and  venlafaxine  150  mg.
Our data are in line with a relatively safe cardiological pro-
file [74] and a low incidence of sexual side effects with vor-
tioxetine [75].

Limitations. Our study was sufficiently powered for ob-
taining an alpha of > 0.8; however, by splitting our sample
intopatients with and without SUD, we produced undersized
subsamples. We performed parametric statistics (data not re-
ported)  without  testing  normality  for  SUD  and  nonSUD
groups. Furthermore, our study was observational, with no
fixed vortioxetine or other antidepressant dosages. The fo-
cus ofvortioxetine treatment is currently on cognitive func-
tions, but our study did not assess them. However, we adopt-
ed an adequate schedule to assess the effects of medication
in patients with an MDE who could have not only MDD but
BD or SSOPDs and we analysed data also on the basis  of
the SUD-nonSUD dichotomy. Our population was diagnosti-
cally heterogeneous as for underlying diagnosis, but homoge-
neous  for  episode.  Our  schedule  did  not  foresee  a  7-  day
timepoint from baseline, so we were not able to assess the re-
ported early effects of vortioxetine on depressive symptoms
[76,77], although these studies used the intravenous route,
which is  usually faster  in obtaining clinical  results.  More-
over, although additional medications did not differ between
the groups, we cannot exclude they were involved in the fi-
nal  expression of  the effects  of  treatment.  The splitting of
our  sample  to  various  subsamples  could  have  produced
smaller  groups that  were insufficient  to allow for possible
treatment  differences to  show-off;  furthermore,  the results
obtained  regarding  a  better  efficacy  of  vortioxetine  in  the
BD  and  SSOPPD  subsamples  need  further  replication,  as
they are based on relatively small samples.

However, at odds with the bulk of vortioxetine studies
[78],  we  investigated  the  effects  of  gender  and  age  and
found that women’s depressive episodes respond less than
those  of  men  regardless  ofwhether  they  were  treated  with
vortioxetine  or  OADs  and  that  age  influenced  MADRS
scores without changing the direction of interactions. This
partially matches the finding that vortioxetine and sertraline
did not differ in efficacy or safety measures in a sample of
elderly people with MDD after 6 weeks [79]. Overall, severi-
ty was not significantly affected by gender or age. However,
the factors affecting the effects of drugs in individuals and
populations are multiple and variable [80-82]. Summarising,
we are displeased to conclude with the inevitable, dreaded
sentence, further studies are needed, but it couldn’t be other-
wise.

CONCLUSION

Vortioxetine proved to be as effective in improving a ma-
jor depressive episode during the course of major depressive
disorder,  bipolar  disorder  or  schizophrenia  spectrum,  and
other psychotic disorders in patients with or without subs-
tance  use  disorder  after  a  one-year  treatment,  and showed
few and tolerable side effects.  It  did not differ much from
other antidepressants but had generally a larger effect on pri-
mary outcomes. Having a bipolar or a schizophrenia spec-
trum disorder prompted a better clinical response of the ma-
jor depressive episode in patients taking vortioxetine than in
those  taking  other  antidepressants.  Men  responded  better
than women. Substance use comorbidity did not affect the re-
sponse, save for a reduced response of anxiety.
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