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Effective Vortioxetine Dose  
Varies with Extent of Antidepressant 

Use Across Countries
By Cuneyt Tegin, Gulay Tegin,  

Rif S. El-Mallakh

ABSTRACT ~ Objective: One of the possible explanations for the antidepressant resistance 
is tolerance to the effect of increasing synaptic serotonin. Vortioxetine is thought to work 
through a combination of two pharmacological modes of action: serotonin reuptake 
 inhibition and modification of serotonin receptor activity, in a dose-dependent  manner. 
This mechanism of action allows for examination of the hypothesis that antidepres-
sant non-response may be due to exposure to persistently elevated synaptic amine levels. 
Methods: We hypothesized that lower doses of vortioxetine, which exclusively inhibit sero-
tonin reuptake, would not be effective in the setting of prolonged exposure to antidepres-
sants, but higher doses, which interact in various ways to multiple post-synaptic serotonin 
receptors, would be relatively more effective in the setting of prolonged, prestudy antide-
pressant exposure. We examined the relationship between Defined Daily Dose (DDD), 
which is a measure of the extent of antidepressant use in each country, and the minimal 
effective dose of vortioxetine. Principal Observation: There is a significant relationship 
between the DDD and effective vortioxetine dose (P = 0.035). Conclusion: In countries 
with high antidepressant utilization, higher doses of vortioxetine were required, and 
obverse was true in countries with lower antidepressant utilization. These data support 
the hypothesis that tolerance to serotonin reuptake inhibition drives poor antidepressant 
response. Psychopharmacology Bulletin. 2018;48(1):26–39.

Major depressive disorder (MDD) is one of the most common debilitating 
illnesses.1 Today, depression is the second cause of Disability Adjusted Life 
Years (DALYs) in the age category 15–44  years.1 According to World Health 
Organization (WHO), by the year 2020, depression is projected to reach second 
place in the ranking of DALY calculated for all ages. By 2030, it is expected to 
become the leading cause of disability in industrialized countries.2
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Serotonin reuptake inhibitors (SRIs), initially introduced in 1988, are 
the first choice for the treatment of acute MDD. However, the long-term 
use of these agents may be less than ideal.3 Recurrence will eventually occur 
in approximately 80% of patients with MDD.4–6  This may be related 
to the phenomenon of antidepressant tachyphylaxis.7,8 However, once 
antidepressant response is lost, it rarely is reachieved.6,9,10 Consequently, 
over the last 30  years the rate of treatment-resistant MDD has been 
increasing in the United States.6,11 One of the possible explanations 
for the antidepressant resistance is tolerance to the effect of chronic 
increase of synaptic serotonin. This is similar to the effect observed in 
people who possess the genetic variant of short form of the serotonin 
(5-hydroxytryptamine or 5HT) transporter (SERT).12

Vortioxetine, a bis-arylsulfanyl amine compound (1[2-(2,4-dimethyl-
phenylsulfanyl)-phenyl]-piperazine-hydrobromide, Lu AA21004), is a 
novel multimodal antidepressant.13 It is thought to work through a 
combination of two pharmacological modes of action: inhibition of the 
presynaptic serotonin transporter and direct modulation of postsynaptic 
serotonin receptor activity. Specifically, vortioxetine is a 5HT3, 5HT7, 
and 5HT1D receptor antagonist, 5-HT1B receptor partial agonist, 
5-HT1A receptor agonist, and an inhibitor of 5HT reuptake through 
inhibition of the SERT.14 Importantly, the affinities at these receptors 
is highest for the SERT and lowest for 5HT1D, so that progressively 
higher doses are required to bring about each receptor’s mechanistic 
benefit (Ki for SERT = 1.6 nM; 5HT3 = 3.7 nM; 5HT1A = 15 nM; 
5HT7 = 19 nM; 5HT1B = 33 nM; and 5HT1D = 54 nM).13,14 In-vivo 
nonclinical studies have demonstrated that vortioxetine enhances levels 
of multiple neurotransmitters (5HT, noradrenaline, dopamine, acetyl-
choline and histamine) in specific areas of the brain.15 The efficacy of 
vortioxetine in reducing depressive symptoms has been demonstrated in 
patients with MDD at a range of different doses.16–29

The  defined daily dose  (DDD) is a statistical measure of drug 
consumption defined by the World Health Organization (WHO). It is 
used to standardize the comparison of drug usage between different 
drugs or between different health care environments. It is the assumed 
average maintenance dose per day for a drug, or drug class—such 
as antidepressants—used for its main indication in adults (WHO 
Collaborating Centre for Drug Statistics Methodology).30

In this study, we compared the minimal effective dose of vortiox-
etine dose in different countries and the DDD. We hypothesized that 
if tachyphylaxis, or antidepressant tolerance, occurs, then countries with 
higher antidepressant usage (i.e., higher DDD), would require higher 
vortioxetine dosage to be effective.
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Methods

Sources of Data

PubMed, Medline, Clinical Trials databases were interrogated using 
the key words “vortioxetine”, “LuAA21004”, “major depressive Disorder” 
and “clinical trials.”

Publication Selection

Studies testing the efficacy of vortioxetine for the treatment of MDD 
were eligible for inclusion. Included studies had to be randomized  
clinical trials (RCTs) comparing vortioxetine with placebo and/or  
another antidepressant. Patients needed to meet the criteria for MDD 
according to the Diagnostic and Statistical Manual of Mental Disorders, 
4th edition, text revision (DSM-IV-TR). Trials that recruited patients 
for evaluation of other outcomes were included if they also met the 
aforementioned criteria for MDD and included data for outcomes of 
MDD. Studies were required to have a Montgomery–Asberg Depression 
Rating Scale (MADRS)31  and/or Hamilton Anxiety Rating Scale 
(HAMA)32 to assess depression and improvement of depression after 
treatment. Depressive symptoms had to be statistically significantly 
improved on at least one of these scales to be accepted.

There were no requirements or restrictions regarding the severity of 
MDD, sex, age, number of participants, study location or inpatient ver-
sus outpatient treatment. No restrictions regarding the pharmaceutical 
form or dose regimen (fixed v. flexible) were applied. Studies for which 
no effective dose could be determined were excluded from this study, as 
a determined effective dose was necessary to perform statistical analysis. 
Ten studies met these criteria (Table 1).

Data Extraction

The collected information included the study design, patient selection 
criteria, medication dose, trial duration, type of comparator (active v. 
placebo), study location, publication status, outpatient versus inpatient 
treatment, post-treatment mean change scores from baseline.

Eff icacy Measures

The primary efficacy measures were the mean change from base-
line in total scores on the MADRS and/or HAMA, as defined by the 
 individual study.
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DDD Calculation

DDDs are available for many countries (Australia, Austria, Bulgaria, 
Canada, Croatia, Czech Republic, Estonia, Finland, France, Germany, 
Italy, Japan, Latvia, Lithuania, Norway, Poland, Romania, Slovakia, 
South Korea, Spain, Sweden, United Kingdom,)33 (Table 2a). For the 
countries that there is no available DDD (China, Hong Kong, India, 
Malaysia, Philippines, Russia, Taiwan, Thailand, Turkey, Ukraine, 
United States) (Table 2b) DDDs were estimated by reviewing avail-
able antidepressants, yearly antidepressant usage (used pill amount was 
available for some countries; for instance; 740  million antidepressant 

TABLE 2A

DDD Values in Countries with WHO-Calculated Values

Austria 56.54
Belgium 67.76
Bulgaria 7.61
Canada 86
Chile 13
Croatia 22.9
Czech Republic 44
Denmark 77.6
Estonia 18
Finland 64.21
France 49.26
Germany 20
Greece 49.14
Hungary 27
Iceland 98.3
Ireland 55.51
Italy 42
South Korea 13
Latvia 6.14
Lithuania 15.53
Luxembourg 51
Netherlands 42
Norway 54.19
Poland 16.66
Portugal 78
Romania 6.09
Slovakia 31
Slovenia 43.2
Spain 59.06
Sweden 72.64
Switzerland 49.08
UK 71
Japan 12.3
Australia 51.5
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pills used in Turkey in 2012), per capita income, and cultural and 
geographical similarities with the countries that have DDDs. For exam-
ple, the USA does not have available DDD but Canada (DDD: 86) and 
United Kingdom (DDD: 71) are geographically, culturally, economi-
cally similar to USA. We conservatively estimated DDD for the USA 
conservatively at 75 (though it is the opinion of the researchers that the 
value for the USA is likely closer to that of Canada, above 86).

The average DDDs were calculated for each study based on the 
countries in which the studies were performed. For example, Alverez 
et al16 conducted their study in 11  countries. DDDs are available for 
10  (Australia, Austria, Canada, Czech Republic, Finland, France, Italy, 
Slovakia, Spain, Sweden) of the 11 countries. Malaysia did not have an 
available DDD, but it was estimated at 6.3. Thus, the average DDD for 
the Alverez study16 was 51.2 when Malaysia was included and 55.62 when 
Malaysia was not included. The average DDD for each study is calcu-
lated with and without estimated DDDs (for countries that do not have 
caluculated DDDs). Table 3 presents the average DDDs utilizing only 
established DDD values and by including estimated values. The minimal 
effective vortioxetine dose was utilized for the linear regression analysis.

Results

A total of ten studies met the inclusion criteria. Five of them were con-
ducted in non-USA countries,15,16,18,20,24 three of them were done in the 
USA19,22,25 and two were mixed (US and non-US)17,23  studies (Table 1). 

TABLE 2B

Countries Without a WHO-Calculated DDD, and The DDD Values 
Estimated by The Authors

USA 75.3
Turkey 27.09
Malaysia 6.8
Ukraine 20
Russia 12
India 6.8
Philippines 6.8
Hong Kong 6.8
Taiwan 6.8
China 5
Thailand 6.8
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In one study,24 patients were given vortioxetine 10 mg or 20 mg and 
data was analyzed collectively. We considered mean of these two doses 
(15 mg) as the effective dose for this study.

In studies performed in the USA, depressive symptoms are signifi-
cantly improved only with a 20 mg dose of vortioxetine; studies failed 
to show significant improvement with lesser doses.21,22,29 On the 
other hand, there is significant improvement in depressive symptoms 
with vortioxetine 1 mg in countries in which DDD is low (Table 3). 
Vortioxetine 10–15 mg was found to be very effective in some countries 
with low DDDs that correspond to antidepressant-naïve populations.

Statistical analysis was performed separately on data including or 
excluding estimated DDDs, to control for the potential that the esti-
mated DDD are inaccurate. Results for both groups were found to 
be statistically significant (evaluation including the estimated DDDs: 
P  =  0.035, r2  =  0.448; evaluation excluding the estimated DDDs: 
P = 0.039, r2 = 0.429) (Figure 1a–1b).

discussion

Vortioxetine achieves at least 63% ± 23% 5HT transporter occu-
pancy at 10 mg/day.34 Similar levels of post-synaptic serotonin receptor 

TABLE 3

The Average DDDs for The Studies. Small DDDs Correspond 
to Infrequent Antidepressant Use in The Population Studied, Large 
DDDs Correspond to Frequent Antidepressant Use in The Population 
Studied. The Minimal Effective Vortioxetine Dose Increases Directly in 
Proportion to The DDD

STUDIES
AVERAGE DDDs WITHOUT 

ESTIMATED VALUES
AVERAGE DDDs WITH 
ESTIMATED VALUES

MINIMAL EFFECTIVE 
VORTIOXETINE DOSE

Henigsberd, 2012 24.1 25.3 1
Alvarez, 2012 55.62 51.2 5
Katona, 2012 58.43 55.3 5
Boulenger, 2012 49.9 41 10
Mclntyre, 2014 39.36 37.4 10
Boulenger, 2014 39.8 35.2 15
Montgomery, 2014 38.2 36.3 15
Mahablashwarkar, 2014 75 75 20
Mahableshwarkar, Jan 2015 75 75 20
Jacobsen, 2015 75 75 20

Abbreviation: DDD, Defined daily dose.
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FIGURE 1A

EVD-DDD Correlation*

Notes: *Average DDD for the study without given approximate DDD to countries that do not have 
available DDD.
DDD, Defined Daily Dose; EVD, Effective Vortioxetine Dose, three studies that are conducted with 
20 mg Vortioxetine are superimposed on the graphic.

FIGURE 1B

EVD-DDD Correlation**

Notes: **Average DDD for the study with given approximate DDD to countries that do not have 
available DDD.
DDD, Defined Daily Dose; EVD, Effective Vortioxetine Dose, three studies that are conducted with 
20 mg Vortioxetine are superimposed on the graphic.
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occupancy will occur in a range of 15 to 30 mg daily. The only dosage 
that significantly improves depressive symptoms in the USA is 20 mg 
daily, with the exception of geriatric subjects.21,22,25,26,28,29 Five studies 
were performed in non-USA countries15,16,18,20,24 and 2 studies were 
performed in multiple countries that included the USA.17,23 In those 
studies, the effective dose of vortioxetine was directly related to the aver-
age rate of utilization of antidepressants in the countries where the 
studies were performed as reflected by the DDD. Specifically, in studies 
where the average DDD was lower (reflective of lower antidepressant 
utilization in the populations where the studies were performed), lower 
doses of vortioxetine were effective. As the DDD went up, higher doses 
of vortioxetine were required for depression to improve.

Vortioxetine is a unique molecule that has multiple mechanisms of 
antidepressant action as reflected by interactions with the presynaptic 
5HT reuptake transporter and multiple post-synaptic and presynap-
tic 5HT receptors. The varying affinities at these receptors mean that 
there is a dose-related recruitment of different mechanisms. The high-
est affinity, or the receptor requiring the lowest dosage for efficacy, is 
with the 5HT transporter. Adequate receptor occupancy is achieved 
here at 10 mg/day. As the dosage of vortioxetine increases, there is a 
progressive recruitment of other receptors in a sequence that is deter-
mined by the respective affinities: 5HT3, 5HT1A, 5HT7, 5HT1B, and 
finally 5HT1D.35

 We predicted that vortioxetine would not be effective 
at the minimal effective dose (10 mg) in countries with high antidepres-
sant usage rates. We believe this to be due to presumed higher rates of 
antidepressant tolerance in the potential study population. Specifically, 
it is proposed that exposure to serotonin reuptake inhibition results in 
upregulation of SERT, down-regulation of post synaptic 5HT recep-
tors, and possible elimination of serotoninergic synapses, which makes 
patients resistant to 5HT reuptake inhibition as a method of antide-
pressant action.11 In countries with high antidepressant utilization, such 
as the USA, the majority of study participants have had significant prior 
antidepressant exposure36 and consequently, will have a lower propor-
tion of subjects that will be expected to respond to SERT inhibition. 
However, since few of these individuals have been exposed to the other 
potential mechanisms of vortioxetine (specifically binding to 5HT3, 
5HT1A, 5HT7, 5HT1B, and 5HT1D, which require a higher dosage to 
get adequate receptor binding), they responded to the higher doses of 
this drug. Indeed, in preclinical studies in which vortioxetine is admin-
istered to mice that have been genetically modified to be non-responsive 
to SERT blockade, vortioxetine maintains its antidepressant effect due 
to these alternative mechanisms.37
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Western countries with well-developed health care tend to have 
greater antidepressant utilization as reflected by the DDD. Iceland has 
the biggest DDD (98.3) for antidepressants. Canada, United Kingdom, 
Denmark, Portugal, Sweden also have high DDDs for antidepressants. 
Food and Drug Administration (FDA) has not announced the DDD 
of antidepressants for the USA but it is likely to be among the highest.

The major weakness of this study is the lack of DDDs for every county 
included in the study. While we attempted to address this weakness by 
estimating a conservative values for the DDDs for these countries, and 
analyzing the data with and without the estimated DDDs, the data 
would clearly be more robust with accurate values. Furthermore, many 
studies include both countries with high DDDs, like UK or Canada, 
and countries that have low DDDs like Estonia and Latvia. But the 
data was analyzed collectively because we could not determine the out-
come of specific individuals from specific countries. Utilization of the 
average DDDs for whole studies would be expected to have reduced 
the power of the analysis, and certainly can introduce potential error. 
Finally, the DDD measure itself is a measure of antidepressant exposure 
in the source population, but not necessarily in the study participants, 
but we did not have information specific to the study participants. The 
fact that the regression analysis was highly significant increases the con-
fidence in the finding, but does not eliminate the problem.

conclusion

Despite these limitations, this study shows that while in countries with 
low antidepressant utilization (as reflected by low DDD), lower doses of 
vortioxetine are very effective, in countries with high antidepressant uti-
lization, higher doses (i.e., dosage that recruit additional post-synaptic 
serotonin receptors) are required. We speculate this is due to antide-
pressant tolerance, and in particular tolerance to SRIs. Vortioxetine 
has multiple novel mechanisms of action that are dose-dependent, 
that allows for the visualization of the effects of tolerance due to SRI 
exposure. These findings have important implications for treatment, 
research, and regulation. Simplistically, clinicians should utilize novel 
antidepressant mechanisms in patients with presumed antidepressant 
tolerance. Researchers should stratify subjects based on previous SRI 
exposure. Additionally, performance of studies in low DDD countries 
may yield greater power, particularly for agents that utilize SERT inhi-
bition. Finally, regulators may consider requiring information of efficacy 
of agents as a function of previous antidepressant exposure, or at the 
very least, country-specific data. D
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