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The serotonin transporter (SLC6A4) and the serotonin autoreceptor (HTR1A) are two of the most extensively studied genes in the
field of psychiatry, and their variants have been implicated in antidepressant response, specifically with selective serotonin reuptake
inhibitors (SSRIs) which are widely regarded as the first-line medications for depression and anxiety. Variants of SLC6A4 and HTR1A
have also been studied as risk factors for depression. In this retrospective study, we aim to investigate the relationship between all
possible serotonin transporter (SLC6A4) and autoreceptor (HTR1A) variant expression combinations that may have contributed to
the therapeutic failure of an SSRI and subsequent disability. In this study, we utilize data from a cohort of 302 European patients
diagnosed with depression and/or anxiety who were referred to Personalized Prescribing Inc. (PPI) in 2022 as result of a mental
health disability claim to determine whether statistical differences are present in this cohort as compared to general European
population allele frequencies. Our data reveals the presence and relevance of significant differences in the presentation of SLC6A4
and HTR1A, specifically in a disability cohort, relative to the average European population. The SLC6A4 gene codes for the serotonin
transporter; the SSRI drug target that aims to be blocked to prevent the recycling of serotonin, whereas the HTR1A plays an indirect
role as an autoreceptor allowing serotonin levels to be maintained by the SSRI, as well as a direct role in modulating mood through
post-synaptic serotonin interaction. This study has revealed statistically significant differences in the expression of these two genes
together in increasing the likelihood of drug failure, specifically the presence of one or more G alleles at HTR1A rs6295 in
combination with the SLC6A4 SS variant. The most significantly overrepresented combination in this cohort of patients suffering
from depression and anxiety that have failed to achieve adequate symptom remission on previous SSRI trials is HTR1A rs6295 GG-
SLC6A4 SS which is overrepresented in this study by over 74% at a p-value well below 0.01. Genotyping anti-depressant drug
targets may play an important role in optimizing anti-depressant drug response and research developments for future therapies.
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INTRODUCTION
Selective serotonin reuptake inhibitors (SSRIs) are among the first-
line antidepressant medications for the treatment of depression
and/or anxiety [1]. This class of medications work by binding to
the serotonin transporter (SLC6A4) to block serotonin from being
transported back to the pre-synaptic neuron for repacking [1].
Theoretically, the less serotonin returning to the pre-synaptic
neuron, the more serotonin available in the synaptic cleft to
interact with post-synaptic serotonin receptors and modulate
mood [2].
The most widely studied genetic variation in the SLC6A4

involves a variation in the length of the promoter region of the
serotonin transporter protein (5-HTTLPR) [2]. The short (S) variant
is known to have 50% less protein expression of the serotonin
transporter, compared to the long (L) allele [2]. Studies indicate
that patients with the long/long (LL) or long/short (LS) genotypes
experience superior therapeutic response to SSRIs relative to
short/short (SS) genotype carriers [2]. However, studies related to
this variant have revealed conflicting results. Some studies
indicate that those with the SS or SL variants have improved
therapeutic outcomes relative to individuals with the LL variant
[3], while other studies have reported no association between this

gene’s variants and response to SSRIs [4], despite this transporter
being the main target of SSRI anti-depressant medications.
These conflicting results can partially be explained by another

single nucleotide polymorphism (SNP) within the promoter region
of SLC6A4; the rs25531A>G, which has been found to convert an L
allele in the presence of its G variant to an S like expression, as
stated in a meta- analysis by Kiera Stein et al. [3].
It is postulated that the delay in SSRI therapeutic response

(8–12 weeks) is related to the desensitization of the serotonin
autoreceptor (HTR1A) [5]. This pre-synaptic receptor is sensitive to
changes in serotonin transmission and becomes initially sensitized
in response to the increase in serotonin levels in the cleft due to
serotonin transporter blockade, through a negative feedback
mechanism, and thus allows less serotonin to leave the neuron [6].
In a few weeks time (~3–6 weeks), the autoreceptor is eventually
desensitized due to consistent pressure, allowing serotonin to
leave the pre-synaptic neuron unchallenged [6].
The HTR1A autoreceptor has also been the target of much

debate within the psychopharmacology community, particularly
the HTR1A rs6295 single nucleotide polymorphism (SNP) located
in the 3-UTR part of the gene determining the transcription of
repressing factors such as deaf-1 [7]. The variant possibilities for
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this SNP are CC, CG, or GG [7]. The G variant is missing the
NUDR/deaf-1 repressor in the pre-synapse which results in
heightened expression of the autoreceptor in the pre-synapse
[7]. This repressor functions as an enhancer in the post-synapse,
and its absence leads to decreased expression of the post-
synaptic 5-HT1A receptor [7]. Thus, the 5-HT1A autoreceptor
involving the G allele of the rs6295 SNP is hypothesized not to
desensitize with ease in response to SSRI administration, limiting
treatment success, especially with homozygous expression of
the G allele [7].
We therefore propose that the two genes (SLC6A4 and HTR1A)

ought to be studied together to determine SSRI efficacy. We
hypothesize that the patients who have claimed disability because
of failed treatment of depressive or anxious disorders and who
were referred to PPI for a pharmacogenomic test have genetic
profiles that predispose them to therapeutic failure of first-line
antidepressant medications (SSRIs). In keeping with our observa-
tions and research, we expected that the statistical analysis reveal
that the S allele of SLC6A4 and G allele of HTR1A are over-
represented in this patient cohort, while accounting for pharma-
cokinetic variants of the CYP2D6 and CYP2C19 that may also lead
to antidepressant medication failure.

MATERIALS AND METHODS
Study design and setting
The study began with a cohort of 492 patients that underwent
pharmacogenomic testing (Rx Report-Psychiatry & Pain) in 2022 due to a
mental health related condition. We excluded non-European patients,
patients below 18 years of age or above 65 years of age, and patients
suffering from bipolar disorder and/or ADHD. Only patients who were
diagnosed by their physicians as meeting the criteria for a DSM-IV
diagnosis of an anxious or depressive disorder not including bipolar
disorder were considered in this study. Non-Europeans were excluded, as
our cohort does not accurately reflect the ethnic diversity of all-ethnicity
allele frequency statistics. To obtain accurate statistics pertaining to the
difference in variation of antidepressant drug target (SLC6A4 and HTR1A
rs6295) genetic expression in a disabled population as against the general
population, this study will compare the allele frequency of genetic drug
target variants in European patients who have claimed disability as against
the allele frequencies of these variants in the general European world
population. A cohort of 492 European patients diagnosed with a
depressive or anxious subtype were initially considered for this analysis.
Of these 492 individuals, 17 patients had both ultra-rapid function for

the CYP2C19 liver enzyme and ultra-rapid or poor function for the CYP2D6
liver enzyme, respectively. These 17 patients were excluded as their
medication failure could likely be explained by the genetic variations in
their liver enzymes resulting in blunted response and/or an inability to
tolerate the antidepressant due to adverse effects. The study sample was
thus reduced to 475 patients.
Of the remaining 475 patients, 173 were excluded as they were not

referred to us by an insurer or disability management company. The
selection of the disability cohort (as referred by disability case managers
from reputable Canadian insurance and disability management compa-
nies) limited eligibility to those who have confirmation of depressive or
anxious subtype diagnosis and one or more drug failure based not only
patient reports but on physician notes requested by insurance
companies, furthering the veracity of diagnosis and history. The
remaining cohort studied was 302 European disability patients referred
by disability case managers. This study focuses on these 302 disability
patients that failed to achieve therapeutic success during an 8–12-week
trial of one or more standard maintenance doses of SSRIs as per these
patients’ self-reported specifications on the signed consent form and
medication questionnaire. This sample size includes an adequate number
of samples to result in a minimal margin of error (~3.3%) at a confidence
interval of 95% based on European world population prevalence.

Therapeutic failure in this study was defined as failure to achieve a
50% reduction in depressive or anxious symptoms as per the PHQ-9
depression related questionnaire and the GAD-7 anxiety related
questionnaire as compared to initial diagnostic scores, whereas success
was defined as a 50% reduction in PHQ-9 depression or GAD-7 anxiety
questionnaire scores as compared to previous scores. The cohort consists
of 217 females and 85 males. It is important to note that upon referral,
each patient is assigned a case pharmacist who determines the patient’s
eligibility for testing based on medication history and adherence
questionnaires. Thus, patients who likely failed medications due to
complex medication regimens consisting of drug-drug interactions, drug-
lifestyle interactions, duplicate therapies and phenoconversions related
to liver enzyme inhibition or induction are largely eliminated prior to the
testing as the pharmacist can identify another reason for drug failure.
Thus, the tested cohort was limited to true mechanistic drug failure. All
patients signed a consent form to allow their genetic data to be
evaluated by PPI. As per the article 2.5 of the Tri-Council Policy Statement
2 of the Canadian human research ethics guidelines, the present analysis
qualifies as a research study not requiring informed consent, due to the
secondary use of non-identifiable human data otherwise collected for
commercial purposes. The protocol was reviewed by the Research Ethics
Board of Veritas IRB. Veritas IRB is a Canadian owned and accredited
independent research ethics review board, located in Montreal, Québec.
The REB determined that an Informed Consent Form (ICF) is not required
for this study, although a consent form was previously signed by patients
due to their participation in the commercial pharmacogenomic test, this
consent form had specified that data may be used in an aggregated form
for research purposes.

Patient and public involvement statement
Due to the retrospective nature of the analysis of secondary information,
patients and the public were not involved in the design, conduct,
reporting, or dissemination plans of our research.

Procedure
The patients were tested using the Rx Report-Psychiatry & Pain panel by
PPI. The panel tests for 54 genes (104 SNPs) [8] including liver enzymes
(e.g., CYP2C19 and CYP2D6), P-glycoprotein (P-gp) (e.g., ABCB1) present at
the blood brain barrier, serotonin transporter (SLC6A4) L>S, rs25531A>G
alleles, and serotonin autoreceptor HTR1A (rs6295 C>G).
All patients were contacted by Canadian Part A pharmacists registered

and licensed by the Ontario College of Pharmacists, to complete a
questionnaire on relevant diagnostic, medical, and lifestyle factors as well
as depression and anxiety related health questionnaires including PHQ-9
and GAD-7. A saliva test kit was sent to patients for sample collection and
patients then subsequently returned their saliva sample to the PPI
laboratory. DNA was extracted from the saliva samples and amplified using
polymerase chain reaction (PCR). The genetic variations (SNPs) were
detected using MassArray technology by Agena Bioscience. All reagents
and primers were provided by Agena Bioscience, USA.
The genetic variations (SNPs) identified were analyzed by PPI’s

proprietary software and interpreted by registered pharmacists. A result
summary was provided to patients as well as their treating physicians,
privy to patient consent. Disability case managers received a copy of the
medication compatibility summary from the pharmacist without any
genetic information.

Statistical analysis
We compared the difference in genetic variant frequency between the
disability cohort of 302 European patients and the European world
population prevalence of variant combinations of the SLC6A4 and HTR1A
rs6295, respectively. The statistical difference in allele frequencies between
the European disability cohort and the European world population was
calculated for all 3 variant possibilities for each gene, as well as for all 9
combination possibilities of the two genes in interplay with one another,
using the following formula:

Observed disability alelle frequency proportion %ð Þ � Expected European allele frequency proportionð%Þ
Expected European Allele Frequency Proportionð%Þ
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Statistical significance
We calculated the degree of statistical significance of the difference in
SLC6A4-HTR1A variant presentations between the disability cohort and the
general European population using the one proportion z-test formula to
determine standard deviation and subsequent p-value. We used a two-
tailed hypothesis and the conventional p-value of 0.05 as the threshold for
statistical significance. The one sample z-test formula where p is the
expected proportion, po is the observed proportion and n is the 302
European disability cohort, is:

z ¼ p� po
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

poð1� PoÞ=np

RESULTS
The genetic allele frequency of the SLC6A4 gene for Europeans
was obtained by genotyping serotonin transporter polymorph-
isms 5-HTTLPR [9]. The L allele is 50% and the S allele is 50%. The
calculated genotype percentage of LL is 25%, SS is 25%, and SL is
50% [9].
The genetic allele frequency of the HTR1A rs6295 gene for

Europeans was obtained from The National Library of Medicine,
dbSNP [10]. The C allele is 50% and the G allele is 49%. The CC
allele is 26%, the GG allele is 24%, and the CG allele is 50% [10].
The results confirm that the SLC6A4 SS (Table 1) and HTR1A GG

(Table 2) alleles are overrepresented in the disability population
compared to the general European population.
Our hypothesis, however, pertains to the cross talk between the

serotonin transporter and autoreceptor. Thus, to assess the effect
of these two genes on SSRI therapeutic efficacy, the data was
filtered to determine the number of patients in each group of 9
possible combinations of SLC6A4-HTR1A variations. (Table 3).
To determine the percentage for each of the 9 SLC6A4-HTR1A

combinations in an average European population, we multiplied
individual allele frequencies of all SLC6A4 (LL, LS, SS) and HTR1A
(CC, CG, GG) genotypes by one another. For example, to calculate
the percentage of the population in the combination group LL–CC
for the general European population, we multiplied LL (0.25) with
CC (0.26) to obtain 0.0643 (6.43%).
Likewise, we filtered our disability cohort for the above

combinations to determine the number of individuals and

percentages that fall within each SLC6A4-HTR1A combination.
(Table 4).
The results affirm that the combination of SLC6A4 SS and HTR1A

GG is significantly overrepresented in the disability cohort
compared to the general European population (Table 5).
The results reveal that the combination of SLC6A4 SS - HTR1A

rs6295 GG is highly overrepresented (+74.61%, p= 0.003) in the
disability cohort compared to European allele frequency pre-
sentation of this combination. The combination of SS-CG
(+40.68%, p= 0.007) is also significantly overrepresented.
While LL-GG (+30.96%, p= 0.171), SL-GG (+3.68%, p= 0.813) and

LL-CG (0.86%, p= 0.956) are overrepresented compared to European
world population presentations, these are statistically insignificant.
SS-CC (+2.95, p= 0.893) is slightly and insignificantly overrepre-
sented compared to expected European population statistics.
In contrast, LL-CC is underrepresented (−17.64%, p= 0.421),

and SL-CG (−37.62%, p= 0.000) significantly underrepresented to
a high degree in the disability cohort. SL-CC (−12.49%, p= 0.404)
is also slightly underrepresented.
There was no significant difference in the frequency of these

combinations between males and females (see Supplementary
Table 1). The larger proportion of females in the disability cohort
can be attributed to a higher incidence of anxious and depressive
disorders in females and/or a higher number of disability claims
among females.

DISCUSSION
The statistical analysis validates our hypothesis that patients with
the SLC6A4 SS and HTR1A rs6295 GG (SS-GG) are overrepresented
(+74.61%) to a statistically significant degree (p= 0.003) in our
disability cohort and may be more likely to fail treatment with a
first-line medication for anxiety and depression (i.e., SSRIs). Results
additionally revealed that those with allelic combinations of SS-
CG, SS-CC, SL-GG, LL-CG, and LL-GG were also overrepresented
(+40.68, +2.95 +3.68, +0.86, and +30.96%, respectively) in the
studied disability cohort.
The presence of a homozygous C variant at HTR1A rs6295 is

consistently underrepresented in the disability cohort except for in
the presence of the homozygous S variant, while the same is not
true of the L allele of SLC6A4. Additionally, the individual presence
of one G allele at rs6295 is more overrepresented than the
presence of just one S allele at SLC6A4, indicating that the G allele
is likely to be more harmful than S allele in impeding SSRI
therapeutic effect. This is further highlighted in the comparison of
LL-GG being markedly more overrepresented than SS-CC indicat-
ing that the G allele is more impactful in negatively affecting
therapeutic response to SSRIs, or that those with SS-CC variants
are less likely to experience anxiety and/or depression.

Table 1. Comparison of SLC6A4 genetic variation frequencies between disability cohort and European population.

Alleles Number of Patients
(n= 302)

Observed Disability
Cohort (%)

Expected European
population (%)

Difference in Disability Cohort vs.
Europeans (%)

LL 78 25.83% 25.00% + 3.31%

LS 119 39.40% 50.00% −21.19%

SS 105 34.77% 25.00% +39.07%

Table 2. Comparison of HTR1A genetic variation frequencies between disability cohort and European population.

Alleles Number of Patients
(n= 302)

Observed Disability
Cohort (%)

Expected European
Population (%)

Difference in Disability Cohort vs.
Europeans (%)

CC 70 23.18% 25.73% −9.92%

CG 138 45.70% 49.90% −8.42%

GG 94 31.13% 24.27% + 28.23%

Table 3. 9 possible combinations of SLC6A4-HTR1A genetic variations.

HTR1A CC CG GG

SLC6A4 LL LL-CC LL-CG LL-GG

LS LS-CC LS-CG LS-GG

SS SS-CC SS-CG SS-GG

S. Hanna et al.
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LL-CC, SL-CC, and SL-CG are underrepresented. This is in line with
previous studies indicating that the C allele of HTR1A rs6295 may
improve response, whereas the G allele may harm response [7].
The presence of one L variant of the SLC6A4 in a patient

with one C variant at HTR1A (SL-CG) is a significantly under-
represented (−37.62%, p= 0.000) combination in the disability
cohort, despite being the most common and statistically likely
combination within the European population. This indicates
that the presence of just one L allele of SLC6A4 with the
presence of one C allele is sufficiently redeeming to potentiate
drug response.
Where the results diverge is pertaining to LL-CG; this combina-

tion is overrepresented very minimally and insignificantly by
0.86% in the disability cohort. This may not be a failure of the
homozygous L combination’s ability to compensate for the
presence of a G allele at rs6295, but perhaps due the limitation
of comparing results as against the general European population,
which may encompass drug-resistant individuals, as opposed to
a cohort of drug responders, which are difficult to access.
Alternatively, it is possible that those with LL serotonin
transporters in combination with one or more G alleles at HTR1A
rs6295 may require higher doses for sufficient (80–90%) SLC6A4
occupancy due to the high SLC6A4 expression of LL, such that
serotonin levels are maximally increased and able to apply
desensitization pressure to regulate the highly expressed auto-
receptor. This would also justify LL-GG being more overrepre-
sented in this study than LS-GG.
A meta-analytic study from Kiera Stein et. al. indicates that those

with SS variant serotonin transporters experience a higher side-
effect incidence and decreased response to SSRIs [3]. This may be
due to the lower availability of serotonin transporters for blockade.

Some of these studies reveal that increased dosing results in the
same therapeutic effect as those expressing the LL variant [11, 12].
At higher SSRI doses, the maximal number of serotonin
transporters are occupied, and thus therapeutic success is
achieved, albeit at the expense of increasing the likelihood of
adverse events, which would account for the moderately weaker
effect of one S variant at SLC6A4, relative to one G variant at
rs6295.
Currently, CPIC (The Clinical Pharmacogenetics Implementa-

tion Consortium) does not provide any actionable recommenda-
tions pertaining to SLC6A4 and SSRI therapeutics, though SLC6A4
has shown positive association results in meta-analytic studies as
well as in this study, warranting continued research to solidify
findings and determine evidence-based implications for clinical
use [13].
Various studies have implicated the 5-HT1A autoreceptor in the

response to SSRIs [14, 15]. As per Richardson- Jones et. Al 2010,
mice modified to express lower levels of 5-HT1A autoreceptors
show a significantly superior response to Fluoxetine (SSRI)
treatment as well as individuals with a C allele at rs6295 [16].
Extracellular 5HT levels were markedly increased in these mice
compared with high expression 5-HT1A mice, as is observable in
Fig. 1A [16].
The heightened HTR1A autoreceptor expression of G allele

carriers impede an SSRI’s ability to desensitize this receptor
through consistent reuptake inhibition and increased cleft
serotonin levels, as is observable in Fig. 1B [14].
SSRIs primarily modulate mood through 5-HT1A heteroreceptors

[17]. 5HT interaction with HTR1A heteroreceptors in the post-synapse
modulates mood and has a negative control on NMDA activation in
the dentate gyrus and on mature granule cells, also activating ERK,
suppressing GSK3B, and ultimately playing an important role in
neurogenesis [18]. G allele carriers have fewer post-synaptic 5-HT1A
receptors [5]. This dual effect of 5-HT1A receptors contributes to the
scope of its individual effect, which as per our data analysis is more
significant than that of one S allele of SLC6A4.
Thus we postulate that the L allele of SLC6A4 is possibly less

protective than the C allele of 5-HT1A, or rather the S allele of
SLC6A4 is less harmful than the G allele of 5-HT1A. Patients with
either a homozygous SLC6A4 SS or HTR1A rs6295 GG and more
specifically the combination of both these gene variants are less
likely to respond to SSRI monotherapy as first-line treatment for
depression and/or anxiety at standard doses.

LIMITATIONS
There are many limitations worth noting when considering these
results. Though the results are statistically significant, the cohort of
patients who have claimed mental health related disability due to
drug failure are best compared to a population of drug responders
rather than general European Caucasian population allele
frequencies, to determine a more accurate difference in allele
frequency presentations. However, drug responders are difficult
to incentivize, and this would requisite a future study using
primary data, as first-time drug responders seldom seek

Table 4. Percentage of population in each SLC6A4-HTR1A combination group.

Number of
Patients(n= 302)

Observed
Disability
Cohort
(%)

Expected
European
Population
(%)

Number
of
patients
(n= 302)

Observed
Disability
Cohort
(%)

Expected
European
Population
(%)

Number
of
Patients
(n= 302)

Observed
Disability
Cohort
(%)

Expected
European
Population
(%)

HTR1A CC CG GG

SLC6A4 LL 16 5.30% 6.43% 38 12.58% 12.48% 24 7.95% 6.07%

SL 34 11.26% 12.87% 47 15.56% 24.95% 38 12.58% 12.14%

SS 20 6.62% 6.43% 53 17.55% 12.48% 32 10.60% 6.07%

Table 5. Statistical difference in SCL6A4- HTR1A allelic
combination (Disability vs European population) and subsequent
z-scores and p-values from which statistical significance was
determined.

SCL6A4-
HTR1A Allelic
Possibilities

Statistical Difference
in Allelic Combination
- Disability cohort as
against European
Population

Z- score p- value

LL-CC −17.64% −0.804 0.421

LL-CG +0.86% 0.054 0.956

LL-GG +30.96% 1.367 0.171

SL-CC −12.49% −0.834 0.404

SL-CG −37.62% −3.770 0.000

SL-GG +3.68% 0.237 0.813

SS-CC +2.95% 0.134 0.893

SS-CG +40.68% 2.665 0.007

SS-GG +74.61% 2.951 0.003

Bold numbers have p-values < 0.01.
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pharmacogenomic testing. Additionally, the subjective nature of
endpoints for depressive and anxious disorders complicates the
measurement of failure and success. Symptoms for psychiatric
disorders are largely subjective and answers given are dependent
on many consistently fluctuating factors. The cohort was limited to
those who have claimed mental health related short- or long-term
disability with an insurance company in attempt to curb the
inclusion of those who have not yet likely tried several
medications. Furthermore, the secondary collection of medical
history from patients may have led to the elimination of some
relevant information.

CLINICAL IMPLICATIONS
Multiple strategies exist to improve SSRI response. Strategies
include the addition of 5-HT1A antagonists such as Pindolol.
However, there has been mixed success with Pindolol due to its
lack of selectivity for the pre-synaptic or post-synaptic 5-HT1A
receptor [17]. Buspirone is a 5-HT1A partial agonist, though use of
this medication is limited by its multiple daily dosing requirements
[17]. Perhaps the most superior adjunct in those with homozygous
or heterozygous G allele at the presence of 5-HT1A rs6295 is low
dose Aripiprazole, a common adjunct to SSRIs as it is a 5-HT1A
partial agonist that is dosed once daily.
Other options include first time treatment with serotonin partial

agonist reuptake inhibitors (SPARIs) such as Vilazodone or
Vortioxetine. Much like SSRIs, SPARIs inhibit the serotonin transpor-
ter but also have 5-HT1A partial agonist properties. For those who
have poor function of the CYP2D6 liver enzyme, Vilazodone may be
the better alternative as it is unaffected by CYP2D6 activity, though it
does need to be taken with food for optimal bioavailability [17]. In
contrast, Vortioxetine does not need to be taken with food and has
some mild stimulant properties due to 5-HT3 blockade, additionally
disinhibiting neurotransmitters such as adrenaline, glutamate, and
acetylcholine in those who may require regulation of these systems
in addition to serotonin [19].
PPI reached out to the 32 patients to whom were suggested

SPARIs (i.e., Vortioxetine, Vilazodone with/without Bupropion),
based on the PPI test results that displayed a SLC6A4 SS-HTR1A
rs6295 GG combination, and who may have been subsequently
prescribed one of these medications by their treating physicians.
Only 8 patients were willing to provide input, while the others did
not respond to follow-up emails.
Of these 8 disability patients, 7 self- reported positive effect and

medication tolerance, as per the pharmacogenomic test results
and pharmacist written report, though, feedback and statistics on
physician adoption of test results in this specific study are lacking.
Vortioxetine as well as Bupropion fall within first-line medications
as per CANMAT guidelines (Canadian Network for Mood and
Anxiety Treatments) and Vilazodone is classified as a second-line
medication [20].
Though the evidence is weak due to a very limited feedback

cohort, the success rate of medication recommendations for this
HTR1A rs6295 GG and SLC6A4 SS cohort is ~87.5%.

CONCLUSION
This data analysis supports findings related to the G allele of HTR1A
rs6295 and SSRI failure. Specifically, homozygous GG carriers are
consistently overrepresented in our disability cohort data due to
treatment failure, as are heterozygous G carriers in the presence of
an SLC6A4 SS variant or an SLC6A4 LL variant. A homozygous S at
SLC6A4 also can impede response, however, the individual presence
of one S allele has a much weaker total overrepresentation and
effect than an individual G allele at rs6295. Many studies have
yielded conflicting results on the role of these two genes in SSRI
medication response. This is the first data analysis of its kind to
justify the long hypothesized cross talk between these two genes
and antidepressant medication success or failure.
Future studies should include determining SSRI medication

candidacy for those who are SS carriers, as they already have lower
expression of the drug target aiming to be blocked. Perhaps MAO-A,
MAO-B, and COMT activity in the pre-synapse and cleft should be
considered to identify which SS carriers are more predisposed to a
serotonin deficiency due to high MAO-A activity, or who may be a
possible candidate for a stimulating medication such as Bupropion
(Wellbutrin XL) based on COMT and MAO-B activity. Investigating
such possibilities will be the direction of future PPI disability cohort
studies, to better shed light on discrepant results.
This analysis provides evidence that pharmacodynamic genetic

variations may play a significant role in SSRI anti-depressant failure,
and possibly subsequent disability. Thus, individuals most likely to
experience treatment failure on SSRIs can be identified prior to
therapy and prescribed an optimal regimen. Pharmacogenomics,
the study of how variations in genes affect an individual’s response
to medication [21], has the potential to revolutionize the treatment
of mental illness by facilitating the selection of medications that are
best suited to an individual’s unique genetic profile. Pharmacoge-
nomics can also help to prevent drug failure that may lead to
financial loss due to mental health disability.
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