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Objective: Evidence supporting the utility of pharmacogenetic (PGX) tests in depression is 
scarce. The main objectives of this study were to summarize, update, and assess the quality 
of the available evidence regarding PGX testing in depression as well as estimating the 
impact of using PGX testing tools in depression outcomes in the Middle East/North Africa 
(MENA) region.
Methodology: Scientific databases were systematically searched from inception to June 30, 
2020 for systematic reviews and randomized controlled trials (RCTs) assessing the clinical 
utility of PGX tests in the treatment of depression. Meta-analyses only and RCTs that were 
included in eligible systematic reviews were excluded. The quality of the eligible studies was 
assessed using the Crowe Critical Appraisal Tool (CCAT).
Results: Six systematic reviews and three RCTs met the inclusion criteria and were included 
in this study. The results of the systematic reviews provided weak evidence on the efficacy of 
PGX testing, especially in patients with moderate–severe depression at 8 weeks. In addition, 
there was a lack of evidence regarding safety outcomes. Newer RCTs with better 
quality showed clinical promise regarding efficacy outcomes, especially in patients with 
gene–drug interactions. No evidence was found regarding PGX testing impact in the MENA 
region.
Conclusion: This systematic review is an update and summary of the available literature on 
the clinical utility of PGX testing in depression. The findings of this study demonstrate that 
PGX testing prior to treatment initiation or during the course of therapy may improve 
efficacy outcomes. Further studies are warranted to assess the impact of PGX testing on 
safety outcomes.
Keywords: pharmacogenetic testing, major depressive disorder, clinical decision support, 
antidepressant treatment response

Introduction
Major depressive disorder (MDD) is one of the most prevalent mood disorders 
worldwide. The World Health Organization (WHO) reports that more than 
300 million people from all age groups are affected by depression worldwide.1 

Globally, depression is considered one of the major causes of disability, leading to 
high societal and economic burden.2,3 Since a variety of pharmacological options 
are available to treat depression, selection of an antidepressant is usually based on 
its safety profile and various individual clinical factors.4,5 Although a multicenter 
naturalistic study reported that up to 62% of patients with depression were able to 
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achieve clinical remission after 1 year of treatment with 
antidepressants,6 evidence from randomized controlled 
studies, such as the landmark STAR*D trial, suggests 
that only up to one-third of patients with depression appear 
to achieve clinical remission over a period of up to 37 
months with multiple treatments.7 The latter finding has 
also been supported in several effectiveness studies.8–10 In 
addition, an increase in the prevalence of treatment- 
resistant depression has been reported, with 20–30% of 
cases failing to demonstrate clinical improvement after the 
use of two medications at adequate dose and treatment 
duration.11,12 These findings represent a major concern 
since those individuals with poor outcomes are at high 
risk of developing complications that may eventually 
lead to declines in productivity and social functioning.13

Previous reports have demonstrated that genetic fac-
tors play an important role in antidepressant treatment 
response in terms of both safety and efficacy.14,15 These 
factors could be represented as genetic variants that can 
affect the pharmacokinetic and pharmacodynamic prop-
erties of antidepressants, related to changes in enzymes 
such as cytochrome P450 2D6 (CYP2D6) and CYP2C19 
or in monoamine receptors such as serotonin (5-HT) and 
norepinephrine receptors. This has shed the light on the 
concept of implementing personalized medicine, which 
includes tailoring treatment and diagnostic approaches to 
individualized clinical factors along with genetic 
profiles.16 A wide variety of commercial pharmacoge-
netic (PGX)-based decision support tools are available 
worldwide. The concept behind these tools is to use 
patients’ biological material, such as saliva or plasma, 
to produce genetic information relevant to the genotype 
of each individual. This information is then integrated 
into algorithms and processed into data on patients’ 
phenotypes, which are finally interpreted to produce 
patient-specific recommendations for drugs, doses, and 
treatment duration.17 These tools have demonstrated pro-
mise in solving issues related to treatment response in 
various psychiatric disorders and related contexts. For 
example, a study by Ielmini et al reported on genetic 
testing-guided treatment versus treatment as usual in 
patients with bipolar disorder. The results showed that 
patients who had genetic testing-guided medication 
changes had a statistically significant improvement in 
their Clinical Global Impression Item Severity (CGI-S) 
score at 3-month follow-up compared to those not hav-
ing changes consistent with the test.18 In another case 
study by Ielmini et al, PGX-guided treatment in two 

patients with bipolar disorder showed improvements in 
both psychopathology and tolerability, over 3 months of 
follow-up.19 In another PGX study involving subjects 
with depression, PGX testing-guided antidepressant 
treatment was associated with statistically significant 
positive changes in all depression outcomes (eg, depres-
sion rating scores, side effects, and response rate).20

Although the concept of genetic testing has been 
shown to be effective in mental health settings, it is not 
yet fully integrated into clinical practice, especially for 
depression. The reason behind this is the lack of robust 
clinical utility studies that confirm whether these tools 
bring real value to clinical practice.21,22 Clinical utility is 
defined as the extent to which a diagnostic tool improves 
health outcomes when compared to the current best 
alternative. Such studies need to involve an adequate 
sample representative of the population in order to exam-
ine the effect of these tools on real patients.23 Many 
systematic reviews of clinical utility studies with similar 
scope have been identified from the literature. However, 
some of the studies included had methodological gaps in 
terms of study design and samples included, and lacked 
an assessment of bias, and the majority were industry 
funded.23–28 In addition, newer randomized controlled 
trials (RCTs) with relevant important findings have 
become available in the literature since these reviews 
were published.29–31 Therefore, this study was conducted 
with the primary objective of updating the current evi-
dence regarding the impact of PGX-based decision sup-
port tools on clinical (efficacy and safety) outcomes of 
depression treatment. Secondary objectives of this study 
included: 1) to compare the efficacy of different genetic 
testing strategies available in improving depression out-
comes; and 2) to identify studies in the Middle East/ 
North Africa (MENA) region which report on PGX- 
based decision support strategies, to guide prescribing 
for depression in countries that belong to this region, 
such as Qatar.

Methods
The protocol of this systematic review is registered with 
the International Prospective Register of Systematic 
Reviews (PROSPERO) database (registration ID: 
CRD42020182936, https://www.crd.york.ac.uk/prospero/ 
#recordDetails),32 and followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) recommendations.33
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Eligibility Criteria
Systematic reviews and meta-analyses that assessed the 
clinical efficacy (remission, response, change in depres-
sion severity, symptoms improvement, time to response, 
and quality of life), and safety (side effects, tolerability, 
suicide rate, and relapse) of using PGX testing tools in 
adult patients with depression of any severity as compared 
to treatment as usual (TAU) were included. In addition, 
recent RCTs with the same scope that were not included in 
previous systematic reviews or meta-analyses were 
included. Meta-analysis only, narrative reviews, observa-
tional, case–control studies, and reviews that assessed the 
predictive or theoretical abilities of PGX testing only with-
out assessment of clinical outcomes were excluded. To 
avoid duplication, RCTs that were involved in the eligible 
systematic reviews were also excluded.

Search Strategy
PubMed, EMBASE, Cochrane Central Register of 
Controlled Trials, ISI Web of Science, Scopus, Database 
of Abstracts of Reviews of Effects (DARE), EBSCO 
(Arab world research source), EBSCO (Academic Search 
Ultimate), PsycINFO, PsyChJournal, Journal of Clinical 
Psychiatry, PROSPERO, and Google Scholar were sys-
tematically searched for relevant articles. Gray literature 
sources such as PharmGKB, ProQuest and conference 
registries were also searched to identify unpublished rele-
vant articles. Reference lists of eligible studies were manu-
ally searched for additional unindexed pertinent 
references. The search was limited to human studies that 
were published from inception until June30, 2020. Various 
combinations of the following keywords were used to 
search databases: major depressive disorder, depression, 
mental illness, mood disorder, antidepressant, response, 
remission, outcome, pharmacogenetic, pharmacoge-
nomics, pharmacodynamics, pharmacokinetic, genetic 
testing, pharmacogenetic testing tools, pharmacogenetic 
testing kits, clinical utility, safety, efficacy, using Medical 
Subject Headings (MESH) terms or an advanced search 
where relevant.

Data Selection and Extraction
All identified records followed two rounds of screening by 
two independent reviewers (HE and SA) after removal of 
duplicates. Round 1 consisted of screening based on titles 
and abstracts to identify potentially eligible articles; and 
round 2 consisted of screening based on full text to 

identify fully eligible articles. Data were extracted using 
a standardized Excel sheet and included the following 
domains: study title, authors, country, study design, aims, 
search strategy, eligibility criteria, population, interven-
tion, comparator, outcomes, number of studies included, 
main findings, and limitations for systematic reviews and 
meta-analysis. For RCTs, the extraction process involved 
all the aforementioned data in addition to sample size, 
duration of study, and baseline characteristics. Conflicts 
between reviewers were resolved by discussion and 
consensus.

Quality Assessment
A quality assessment of systematic reviews and RCTs was 
conducted using the Crowe Critical Appraisal Tool 
(CCAT).34 This tool was developed based on a number 
of previous critical appraisal tools and guidelines to 
account for various study designs. Therefore, it was cho-
sen for this study owing to the heterogeneous nature of the 
included articles. This tool has undergone construct valid-
ity and reliability testing. A correlation coefficient of 0.89 
was reported for consistency and 0.88 for absolute 
agreement.35–37 The CCAT is composed of eight domains; 
namely, preliminary, introduction, design, sampling, data 
collection, ethical matters, results, and discussion. Each 
domain is scored from 0 to 5, with 0 being the lowest 
and 5 the highest rank. As per the CCAT user guide,34 

domain scores for each individual study should be reported 
along with the total score in order to obtain a clear insight 
on the actual quality and avoid making underestimated/ 
overestimated judgments. The average score of the two 
reviewers (HE and SA) was calculated and divided by 40 
to obtain a total score as a percentage. As the CCAT does 
not include an explanation of the percentages obtained, the 
quality of the included studies was classified as poor 
(score: 0–50%), moderate (score: 51–74%), and high 
(score: 75–100%), based on criteria used in previous 
studies.38–40

Results
The systematic search yielded 2530 articles. As illustrated 
in Figure 1, a total of 1419 duplicates were removed, 
leaving 1111 studies. After reviewing titles and abstracts, 
1071 studies were excluded because they assessed differ-
ent outcomes or had different study designs. The remain-
ing 40 potentially eligible studies were screened based on 
full text to assess their final eligibility. Of these, only nine 
articles fitted the full criteria for inclusion, and 31 were 
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excluded. A variety of PGX tests are included in the 
eligible studies and a detailed description of each is pre-
sented in Table 1.

Features of the Systematic Reviews
Of the six reviews included, four were systematic reviews 
and meta-analyses,23,24,26,28 and two were systematic 
reviews only.25,27 All reviews were published between 
2017 and 2020, with the latest published in April 2020. 
All studies had relatively broad inclusion criteria, with no 
or a very vague description for exclusion. Characteristics 
of the systematic reviews are summarized in Table 2.

Features of the Randomized Controlled 
Trials
Three RCTs that were not included in the systematic 
reviews and provided updates on the current knowledge 

were identified from the literature.29–31 The RCT by 
Greden et al30 assessed safety and efficacy outcomes and 
was included in one of the systematic reviews included in 
this study.28 However, the focus was only on efficacy 
outcomes; therefore, safety outcomes of this RCT were 
systematically reviewed and efficacy outcomes were 
briefly summarized. All studies were published between 
2018 and 2019 and assessed the primary outcomes over 
a period of 8 weeks using the Hamilton Depression Rating 
Scale (HAMD). Detailed characteristics of the RCTs are 
summarized in Table 3.

Efficacy Summary
A summary of the results on efficacy as reported in the 
nine included studies is presented in Table 4. The efficacy 
studies reported several types of efficacy outcomes, 
including response, remission, symptom improvement, 
and quality of life. Response was assessed as 

Figure 1 Flow diagram of selection process.
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Table 1 Description of Pharmacogenetic Tests

Test Manufacturer Eligibility Genes Medications

GeneSight 
Psychotropic57

Assurex 
Health, Inc, 

Mason, OH, 

USA

Patients with depression 56 alleles and variants across 
12 genes: 

8 Pharmacokinetic genes: 

CYP2D6, CYP2C19, CYP2C9, 
CYP3A4, CYP2B6, CYP1A2, 

UGT1A4, UGT2B15 
4 Pharmacodynamic genes: 
SLC6A4, HTR2A, HLA-A*3101, 

HLA-B*1502

57 psychotropic medications

Genecept Assay58 Dynacare, Inc, 

Brampton, 

Ontario, 
Canada

Patients with psychiatric and 

medical morbidities, patients 

with suboptimal response, 
patients with polypharmacy, and 

patients with medication 

adherence issues

18 genes: 

6 Pharmacokinetic genes: 

CYP2C19, CYP2C9, CYP2D6, 
CYP2B6, CYP1A2, CYP3A4/5 
12 Pharmacodynamic genes: 

SLC6A4, CACNA1C, ANK3, 
5HT2C, MC4R, DRD2, COMT, 
ADRA2A, MTHFR, BDNF, OPRM1, 
GRIK1

Not specified

CNSDose59 CNSDose, 
Melbourne, 

Victoria, 

Australia

Patients with psychiatric 
disorders, 

patients with general medical 

conditions, patients with 
polypharmacy, and patients with 

depression and co-occurring 

conditions

Liver and brain genes: 
ABCB1, ABCC1, CYP2C19, 

CYP2D6, UGT1A1

Antipsychotics, anxiolytics, mood 
stabilizers, hypnotics, ADHD, 

Alzheimer’s, cardiology, 

endocrinology, pain medicines, 
gastroenterology medicines

Neuropharmagen60 AB-Biotics SA, 

Barcelona, 
Spain

Patients with psychiatric 

disorders

25 genes: 

10 Pharmacokinetic genes: 
CYP2C19, CYP2C9, CYP2D6, 

CYP2B6, CYP1A2, CYP3A4, 

ABCB1, CES1, EPHX1, UGT2B15 
15 Pharmacodynamic genes: 

SLC6A4, COMT, BDNF, OPRM1, 

GRIK2, GRIK4, AKT1, AL157359, 
DDIT4, FCHSD1, HLA-A, HTR2A, 

HTR2C, LPHN3, RPTOR

59 psychotropic medications

Amplichip CYP450 

Test61

Roche 

Molecular 

Systems, Basel, 
Switzerland

Patients receiving CYP2D6 and 

CYP2C19 substrates

2 Pharmacokinetic genes: 

CYP2D6, CYP2C19
CYP2D6 and CYP2C19 

substrates

NeuroIDgenetix62 AltheaDx, Inc, 
San Diego, CA, 

USA

Patients with depression and 
anxiety

10 genes: 
6 Pharmacokinetic genes: 

CYP1A2, CYP2C9, CYP2C19, 

CYP2D6, CYP3A4, CYP3A5  

4 Pharmacodynamic genes: 

SLC6A4, COMT, HTR2A, MTHFR

Approx. 40 psychotropic 
medications

(Continued)

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                       

DovePress                                                                                                                       
2401

Dovepress                                                                                                                                                      Aboelbaha et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


a proportion of response, as change in depression scores, 
or as improved symptoms. The systematic review and 
meta-analysis conducted by the Ontario Health 
Technology team reported a greater proportion of patients 
with a significant response to depression therapy with 
GeneSight®-guided treatment than those who received 
usual care. For change in depression score, it was observed 
that more patients in the intervention group had a greater 
reduction in their scores for all outcome measures than 
those in the comparator group at 8 weeks, but this differ-
ence was not observed at 10 weeks.24 Fabbri et al high-
lighted that patients in the intervention arm had 
a borderline statistically significant improved response 
rate when compared to the comparator arm. These results 
were mainly observed in patients with moderate–severe 
depression in RCT studies.25 It was reported in RCTs 
included in the systematic review by Rosenblat et al in 
2017 that 77% of participants using the Genecept® test 

showed improvement, and 39% demonstrated a treatment 
response as per Quick Inventory of Depressive 
Symptomatology Self-Report (QIDS-SR) scores. 
However, the study lacked a comparator arm, so the clin-
ical efficacy could not be attributed solely to Genecept- 
guided treatment.27 The other meta-analysis study by 
Rosenblat et al, which had clearly defined outcomes, 
showed an overall pooled relative risk (RR) for response 
of 1.36 (95% [CI]: 1.14–1.62, p=0.0006; n=799), number 
needed to treat (NNT)=7, in favor of guided treatment.26 

In the most recent systematic review and meta-analysis in 
the area of PGX testing in depression, conducted by 
Brown et al in April 2020, which focused on GeneSight 
and used HAMD-17 scores to measure outcomes, random 
effect model analysis showed that symptoms improvement 
was significantly better in the genetic-guided treatment 
arm relative to the unguided arm (Δ=10.08%, 95% CI: 
1.67–18.50, p=0.019). For response outcome, the guided 

Table 1 (Continued). 

Test Manufacturer Eligibility Genes Medications

GeneLex63 GeneLex, 

Seattle, WA, 

USA

Patients with depression, 

patients with epilepsy, patients 

with general medical conditions, 
patients with cancer, and 

patients with polypharmacy

25 genes: 

8 Pharmacokinetic genes: 

CYP2C9, CYP2C19, CYP2D6, 
CYP3A4/CYP3A5, CYP1A2, 

CYP2B6, CYP4F2 
17 Pharmacodynamic genes: 
ADRA2A, COMT, DPYD, Factor II– 
Factor V, Leiden, GRIK4, HLA-A or 

HLA-B, HTR2A, HTR2C, IFNL3, 
MTHFR, NAT2, OPRM1, SLCO1B1, 

TPMT, UGT1A1

Not specified

HILOmet64 Rennova 

Health, Inc, 

West Palm 
Beach, FL, USA

Patients with treatment 

resistance or drug intolerance to 

neuropsychiatric or 
cardiometabolic drugs

3 Pharmacokinetic genes: 

CYP2D6, CYP2C9, CYP2C19
Not specified

Pillcheck65 GeneYouIn Inc, 
North York, 

Canada

Patients with psychiatric 
disorders, patients with 

cardiovascular and 

gastroenterology medical 
conditions, patients taking 

analgesics, refractory patients, 

patients undergoing surgery and 
who will be prescribed 

analgesics during recovery, 

patients starting treatment for 
chronic conditions

19 genes: 
8 Pharmacokinetic genes: 

CYP2D6, CYP2C19, CYP2C9, 

CYP3A4/A5, CYP1A2, CYP2C8, 
CYP2B6 
11 Pharmacodynamic genes: 

OPRM1, SLCO1B1, VKORC1, 
DPYD, F2, F5, IFNL3, TPMT, 
UGT1A1, UGT2B15, ADRB2

205 medications

https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2402

Aboelbaha et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
2 

C
ha

ra
ct

er
is

tic
s 

of
 E

lig
ib

le
 S

ys
te

m
at

ic
 R

ev
ie

w
s

St
ud

y
A

im
Se

ar
ch

 S
tr

at
eg

y
Po

pu
la

ti
on

In
te

rv
en

ti
on

C
om

pa
ra

to
r

O
ut

co
m

es
In

cl
ud

ed
 S

tu
di

es

H
ea

lth
 

Q
ua

lit
y 

O
nt

ar
io

24

To
 a

ss
es

s 
th

e 
ef

fe
ct

 o
f G

en
eS

ig
ht

 t
es

t 
co

m
pa

re
d 

to
 T

A
U

T
im

el
in

e:
 U

nt
il 

Fe
br

ua
ry

 2
01

6 
D

at
ab

as
es

: >
2 

Se
ar

ch
 t

er
m

s:
 P

ro
vi

de
d 

Fl
ow

 d
ia

gr
am

: A
va

ila
bl

e 
Li

m
its

: E
ng

lis
h 

on
ly

 
Te

st
: G

en
eS

ig
ht

D
ep

re
ss

io
n,

 G
A

D
, 

ps
yc

hi
at

ri
c 

pa
tie

nt
s 

(n
=1

3,
37

7)

PG
X

-g
ui

de
d 

tr
ea

tm
en

t 
w

ith
 

G
en

eS
ig

ht

U
ng

ui
de

d 
tr

ea
tm

en
t

Pr
im

ar
y 

ou
tc

om
es

: 
Pr

ev
en

tio
n 

of
 s

ui
ci

de
, 

re
m

is
si

on
, r

es
po

ns
e,

 
de

pr
es

si
on

 s
co

re
, q

ua
lit

y 
of

 li
fe

, e
ffi

ca
cy

 
Se

co
nd

ar
y 

ou
tc

om
es

: 
Im

pa
ct

 o
n 

th
er

ap
eu

tic
 

de
ci

si
on

s,
 p

at
ie

nt
 a

nd
 

cl
in

ic
ia

n 
sa

tis
fa

ct
io

n

2 
N

on
-r

an
do

m
iz

ed
 

op
en

-la
be

l s
tu

di
es

 
1 

R
C

T
 

1 
pr

op
en

si
ty

 s
co

re
 

co
ho

rt

Bo
us

m
an

 
et

 a
l23

To
 e

xa
m

in
e 

th
e 

re
m

is
si

on
 r

at
es

 o
f 2

nd
 g

en
er

at
io

n 
PG

X
- 

gu
id

ed
 t

re
at

m
en

t 
in

 M
D

D
 p

at
ie

nt
s

T
im

el
in

e:
 U

nt
il 

M
ay

 2
01

8 
D

at
ab

as
es

: >
2 

Se
ar

ch
 t

er
m

s:
 P

ro
vi

de
d 

Li
m

its
: E

ng
lis

h 
on

ly
 

Fl
ow

 d
ia

gr
am

: A
va

ila
bl

e 
Te

st
: N

ot
 s

pe
ci

fie
d

A
du

lts
 w

ith
 b

ut
 n

ot
 

lim
ite

d 
to

 s
ev

er
e 

or
 

un
co

nt
ro

lle
d 

de
pr

es
si

on
 

(n
=1

73
7)

PG
X

-g
ui

de
d 

tr
ea

tm
en

t
U

ng
ui

de
d 

tr
ea

tm
en

t
R

em
is

si
on

5 
R

C
T

s:
 

2 
G

en
eS

ig
ht

, 1
 

N
eu

ro
ph

ar
m

ag
en

, 
1 

C
N

SD
os

e,
 1

 
N

eu
ro

ID
ge

ne
tix

Fa
bb

ri
 

et
 a

l25
To

 p
ro

vi
de

 a
n 

up
da

te
 o

n 
th

e 
cu

rr
en

tly
 a

va
ila

bl
e 

PG
x 

te
st

s 
fo

r 
pr

ed
ic

tin
g 

tr
ea

tm
en

t 
ou

tc
om

es
 o

f d
ru

gs
 fo

r 
de

pr
es

si
on

 w
ith

 q
ua

lit
y 

ev
al

ua
tio

n 
fo

r 
ea

ch
 a

va
ila

bl
e 

st
ud

y

T
im

el
in

e:
 U

nt
il 

Ja
nu

ar
y 

20
18

 
D

at
ab

as
es

: >
2 

Se
ar

ch
 t

er
m

s:
 P

ro
vi

de
d 

Li
m

its
: E

ng
lis

h 
on

ly
 

Fl
ow

 d
ia

gr
am

: A
va

ila
bl

e 
Te

st
: N

ot
 s

pe
ci

fie
d

N
ot

 c
le

ar
ly

 d
efi

ne
d,

 b
ut

 
pa

tie
nt

s 
w

ith
 d

ep
re

ss
io

n 
(n

=n
ot

 a
va

ila
bl

e)

PG
X

-g
ui

de
d 

tr
ea

tm
en

t
U

ng
ui

de
d 

tr
ea

tm
en

t
Sa

fe
ty

 a
nd

 e
ffi

ca
cy

6 
R

C
T

s:
 

G
en

eS
ig

ht
, C

N
SD

os
e,

 
N

eu
ro

ph
ar

m
ag

en
, 

N
eu

ro
ID

ge
ne

tix
, 

G
en

el
ex

, a
ca

de
m

ic
 

st
ud

y 
ba

se
d 

on
 F

K
BP

5 
SN

Ps
 

6 
ca

se
–c

on
tr

ol
 n

on
- 

R
C

T
s:

 
3 

G
en

eS
ig

ht
, 

G
en

ec
ep

t, 
G

en
eL

ex
, a

ca
de

m
ic

 
st

ud
y 

ba
se

d 
on

 
A

BC
B1

 S
N

Ps
 

9 
ob

se
rv

at
io

na
l 

st
ud

ie
s 

2 
A

m
pl

iC
hi

p,
 

C
N

SD
os

e 
G

en
eS

ig
ht

, G
en

ec
ep

t, 
G

en
el

ex
, H

IL
O

m
et

, 
N

eu
ro

ph
ar

m
ag

en
, 

Pi
llc

he
ck

(C
on

tin
ue

d)

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                       

DovePress                                                                                                                       
2403

Dovepress                                                                                                                                                      Aboelbaha et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
2 

(C
on

tin
ue

d)
. 

St
ud

y
A

im
Se

ar
ch

 S
tr

at
eg

y
Po

pu
la

ti
on

In
te

rv
en

ti
on

C
om

pa
ra

to
r

O
ut

co
m

es
In

cl
ud

ed
 S

tu
di

es

R
os

en
bl

at
 

et
 a

l26
To

 d
et

er
m

in
e 

th
e 

ef
fe

ct
 o

f P
G

X
-g

ui
de

d 
tr

ea
tm

en
t 

on
 

re
sp

on
se

 a
nd

 r
em

is
si

on
 r

at
es

 in
 t

he
 a

cu
te

 t
re

at
m

en
t 

of
 

M
D

D
 a

s 
co

m
pa

re
d 

to
 u

ng
ui

de
d 

tr
ea

tm
en

t

T
im

el
in

e:
 U

nt
il 

D
ec

em
be

r 
20

17
 

D
at

ab
as

es
: 2

 
Se

ar
ch

 t
er

m
s:

 P
ro

vi
de

d 
Li

m
its

: H
um

an
 s

tu
di

es
, E

ng
lis

h 
on

ly
 

Fl
ow

 d
ia

gr
am

: A
va

ila
bl

e 
Te

st
: N

ot
 s

pe
ci

fie
d

Pa
tie

nt
s 

w
ith

 M
D

D
 

(n
=n

ot
 a

va
ila

bl
e)

PG
X

-g
ui

de
d 

tr
ea

tm
en

t
U

ng
ui

de
d 

tr
ea

tm
en

t
R

es
po

ns
e 

an
d 

re
m

is
si

on
4 

R
C

T
s:

 
G

en
eS

ig
ht

, 
C

N
SD

O
se

, 
N

eu
ro

ph
ar

m
ag

en
, 

N
eu

ro
ID

ge
ne

tix
 

2 
U

nb
lin

de
d,

 o
pe

n-
 

la
be

l c
oh

or
t 

st
ud

ie
s 

2 
G

en
eS

ig
ht

R
os

en
bl

at
 

et
 a

l27
To

 d
et

er
m

in
e 

th
e 

ef
fe

ct
 o

f P
G

X
 t

es
tin

g 
on

 c
lin

ic
al

 
ou

tc
om

es
 in

 M
D

D
 a

nd
 a

ss
es

s 
its

 c
os

t-
ef

fe
ct

iv
en

es
s

T
im

el
in

e:
 U

nt
il 

O
ct

ob
er

 2
01

5 
D

at
ab

as
es

: 2
 

Se
ar

ch
 t

er
m

s:
 P

ro
vi

de
d 

Li
m

its
: E

ng
lis

h 
on

ly
 

Fl
ow

 d
ia

gr
am

: A
va

ila
bl

e 
Te

st
: N

ot
 s

pe
ci

fie
d

Pa
tie

nt
s 

w
ith

 M
D

D
 

(n
=n

ot
 a

va
ila

bl
e)

G
ui

de
d 

tr
ea

tm
en

t
U

ng
ui

de
d 

tr
ea

tm
en

t
Ef

fic
ac

y, 
co

st
 e

ffe
ct

iv
en

es
s

2 
ca

se
–c

on
tr

ol
 n

on
- 

R
C

T
s:

 
2 

G
en

eS
ig

ht
 

2 
R

C
T

s:
 

G
en

eS
ig

ht
, C

N
SD

os
e 

1 
O

bs
er

va
tio

na
l: 

G
en

ec
ep

t

Br
ow

n 
et

 a
l28

To
 a

ss
es

s 
th

e 
cl

in
ic

al
 u

til
ity

 o
f t

he
 c

om
bi

na
to

ri
al

 t
es

t 
G

en
eS

ig
ht

 in
 p

at
ie

nt
s 

w
ith

 M
D

D
T

im
el

in
e:

 N
ot

 a
va

ila
bl

e.
 

D
at

ab
as

e:
 1

 
Se

ar
ch

 t
er

m
s:

 P
ro

vi
de

d.
 

Li
m

its
: N

/A
 

Fl
ow

 d
ia

gr
am

: A
va

ila
bl

e 
Te

st
: G

en
eS

ig
ht

Pa
tie

nt
s 

w
ith

 M
D

D
 w

ith
 

pr
io

r 
m

ed
ic

at
io

n 
fa

ilu
re

 
(n

=1
55

6)

G
ui

de
d 

tr
ea

tm
en

t 
w

ith
 

G
en

eS
ig

ht

U
ng

ui
de

d 
tr

ea
tm

en
t

Sy
m

pt
om

s 
im

pr
ov

em
en

t, 
re

sp
on

se
, r

em
is

si
on

2 
R

C
T

s 
2 

O
pe

n-
 

la
be

l t
ri

al
s 

1 
Po

ol
ed

 a
na

ly
si

s

A
bb

re
vi

at
io

ns
: P

G
X

, p
ha

rm
ac

og
en

et
ic

; T
A

U
, t

re
at

m
en

t 
as

 u
su

al
; M

D
D

, m
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
; R

C
T,

 r
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l; 
G

A
D

, g
en

er
al

iz
ed

 a
nx

ie
ty

 d
is

or
de

r.

https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2404

Aboelbaha et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
3 

C
ha

ra
ct

er
is

tic
s 

of
 E

lig
ib

le
 R

an
do

m
iz

ed
 C

on
tr

ol
le

d 
Tr

ia
ls

 (
R

C
T

s)

St
ud

y
A

im
St

ud
y 

D
es

ig
n

Sa
m

pl
e 

Si
ze

E
lig

ib
ili

ty
 C

ri
te

ri
a

Po
pu

la
ti

on

H
an

 

et
 a

l29

To
 e

va
lu

at
e 

th
e 

ef
fe

ct
iv

en
es

s 
an

d 
to

le
ra

bi
lit

y 
of

 

co
m

m
er

ci
al

 P
G

X
 t

es
t 

N
eu

ro
ph

ar
m

ag
en

 v
s 

TA
U

 in
 t

he
 K

or
ea

n 
po

pu
la

tio
n

R
an

do
m

iz
at

io
n:

 S
tr

at
ifi

ed
 b

y 

st
ud

y 
ce

nt
er

 w
ith

 a
 1

:1
 r

at
io

 
B

lin
di

ng
: S

in
gl

e 
bl

in
de

d 

D
ur

at
io

n:
 8

 w
ee

ks
 

To
ol

: N
eu

ro
ph

ar
m

ag
en

 
M

ai
n 

ou
tc

om
es

: 

P
ri

m
ar

y 
ou

tc
om

es
: T

he
 m

ea
n 

ch
an

ge
 o

f s
ca

le
 (

H
A

M
D

-1
7)

 fr
om

 
ba

se
lin

e 
to

 e
nd

 o
f t

re
at

m
en

t. 

T
he

 c
ha

ng
e 

of
 t

ot
al

 s
co

re
 o

f 

FI
BS

ER
 fr

om
 b

as
el

in
e 

to
 e

nd
 o

f 
tr

ea
tm

en
t 

w
as

 t
he

 c
o-

pr
im

ar
y 

en
dp

oi
nt

 
Se

co
nd

ar
y 

ou
tc

om
es

: 

R
es

po
ns

e 
as

 r
ed

uc
tio

n 
in

 H
A

M
D

- 

17
 t

ot
al

 s
co

re
 o

f a
t 

le
as

t 
50

%
 

fr
om

 b
as

el
in

e.
 

R
em

is
si

on
 w

as
 d

efi
ne

d 
as

 a
n 

ab
so

lu
te

 H
A

M
D

-1
7 

to
ta

l s
co

re
 o

f 
≥7

 a
t 

th
e 

en
d 

of
 t

re
at

m
en

t 

O
th

er
 s

ec
on

da
ry

 e
nd

po
in

ts
: 

C
ha

ng
es

 in
 (

PH
Q

-9
/1

5)
, (

C
G

I-S
) 

sc
or

e,
 (

G
A

D
-7

) 
to

ta
l s

co
re

, a
nd

 

SD
S

10
0

In
cl

us
io

n 
cr

it
er

ia
 

1)
 A

t 
le

as
t 

20
 y

ea
rs

 o
ld

 
2)

 D
ia

gn
os

is
 o

f M
D

D
 a

cc
or

di
ng

 t
o 

D
SM

-5
 c

ri
te

ri
a 

3)
 C

G
I-S

 s
co

re
 ≥

3 

4)
 In

to
le

ra
nc

e 
to

 c
ur

re
nt

 a
nt

id
ep

re
ss

an
t 

th
er

ap
y 

E
xc

lu
si

on
 c

ri
te

ri
a 

1)
 N

ot
 c

ur
re

nt
ly

 o
n 

an
tid

ep
re

ss
an

t 
tr

ea
tm

en
t 

2)
 P

re
gn

an
cy

 o
r 

nu
rs

in
g 

3)
 S

ub
st

an
ce

 a
bu

se
 w

ith
in

 t
he

 p
as

t 
12

 m
on

th
s 

4)
 D

ia
gn

os
ed

 w
ith

 u
ns

ta
bl

e 
m

ed
ic

al
 o

r 
ne

ur
ol

og
ic

al
 

di
so

rd
er

s 
8)

 H
ad

 fo
rm

al
 c

og
ni

tiv
e–

be
ha

vi
or

al
 t

he
ra

py
 

9)
 P

ar
tic

ip
at

ed
 in

 a
 c

lin
ic

al
 t

ri
al

 w
ith

in
 t

he
 p

as
t 

m
on

th
 

10
) 

H
os

pi
ta

liz
ed

 o
r 

ha
d 

EC
T

 w
ith

in
 8

 w
ee

ks

G
ro

up
s:

 G
ui

de
d 

(n
=5

2)
, 

TA
U

 (
n=

48
) 

A
ge

: 4
4 

vs
 4

3 
ye

ar
s 

Se
x:

 7
7%

 fe
m

al
e 

E
th

ni
ci

ty
: N

ot
 r

ep
or

te
d 

D
ep

re
ss

io
n 

st
at

us
: 

M
od

er
at

e-
to

-s
ev

er
e 

M
D

D
 

sy
m

pt
om

s 
m

ea
su

re
d 

by
 

H
A

M
D

-1
7 

to
ta

l s
co

re
s 

(2
3.

8 

±4
.8

). 

A
ll 

th
e 

pa
tie

nt
s 

ha
d 

a 
hi

st
or

y 
of

 a
t 

le
as

t 
tw

o 
pr

ev
io

us
 

fa
ile

d 
an

tid
ep

re
ss

an
t 

tr
ea

tm
en

ts
 fo

r 
cu

rr
en

t 

M
D

D

(C
on

tin
ue

d)

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                       

DovePress                                                                                                                       
2405

Dovepress                                                                                                                                                      Aboelbaha et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
3 

(C
on

tin
ue

d)
. 

St
ud

y
A

im
St

ud
y 

D
es

ig
n

Sa
m

pl
e 

Si
ze

E
lig

ib
ili

ty
 C

ri
te

ri
a

Po
pu

la
ti

on

G
re

de
n 

et
 a

l30

To
 e

va
lu

at
e 

th
e 

ut
ili

ty
 o

f P
G

X
 t

es
tin

g 
in

 
pa

tie
nt

s 
w

ith
 M

D
D

 

D
at

a 
ar

e 
pr

es
en

te
d 

fr
om

 t
he

 G
en

om
ic

s 
U

se
d 

to
 Im

pr
ov

e 
D

Ep
re

ss
io

n 
D

ec
is

io
ns

 (
G

U
ID

ED
) 

tr
ia

l

R
an

do
m

iz
at

io
n:

 1
:1

 t
o 

gu
id

ed
 

or
 T

A
U

 

B
lin

di
ng

: P
at

ie
nt

- 
an

d 
ra

te
r-

 

bl
in

de
d 

D
ur

at
io

n:
 S

ym
pt

om
 

im
pr

ov
em

en
t, 

re
sp

on
se

, a
nd

 

re
m

is
si

on
 w

er
e 

m
on

ito
re

d 
ov

er
 

24
 w

ee
ks

 w
ith

 t
he

 p
ri

m
ar

y 

en
dp

oi
nt

 a
t 

w
ee

k 
8 

To
ol

: G
en

eS
ig

ht
 

M
ai

n 
ou

tc
om

es
: A

ss
es

se
d 

at
 

ba
se

lin
e,

 w
ee

k 
4,

 w
ee

k 
8,

 w
ee

k 

12
, a

nd
 w

ee
k 

24
 

P
ri

m
ar

y 
ou

tc
om

e:
 C

ha
ng

e 
in

 

H
A

M
D

-1
7 

Se
co

nd
ar

y 
ou

tc
om

e:
 R

es
po

ns
e 

an
d 

re
m

is
si

on
 a

t 
w

ee
k 

8 

ac
co

rd
in

g 
to

 H
A

M
D

-1
7,

 Q
ID

S-
 

C
16

, a
nd

 P
H

Q
-9

, a
nd

 s
id

e 
ef

fe
ct

s

15
41

 p
at

ie
nt

s 
w

er
e 

in
cl

ud
ed

 

in
 t

he
 fi

na
l 

in
te

nt
-t

o-
tr

ea
t 

co
ho

rt
 

13
98

 p
at

ie
nt

s 

w
er

e 
in

cl
ud

ed
 

in
 p

er
- 

pr
ot

oc
ol

 

co
ho

rt

In
cl

us
io

n 
cr

it
er

ia
 

1)
 O

ve
r 

th
e 

ag
e 

of
 1

8 

2)
 D

ia
gn

os
ed

 w
ith

 M
D

D
 (≥

11
 o

n 
th

e 
Q

ID
S-

C
16

 a
nd

 

se
lf-

ra
te

d 
Q

ID
S-

SR
16

 a
t 

sc
re

en
in

g 
an

d 
ba

se
lin

e)
 

3)
 H

ad
 a

n 
in

ad
eq

ua
te

 r
es

po
ns

e 
to

 a
t 

le
as

t 
on

e 

ps
yc

ho
tr

op
ic

 t
re

at
m

en
t 

E
xc

lu
si

on
 c

ri
te

ri
a 

1)
 H

ad
 s

ig
ni

fic
an

t 
su

ic
id

al
 r

is
k 

2)
 S

ev
er

e 
co

-o
cc

ur
ri

ng
 p

sy
ch

ia
tr

ic
 o

r 
co

gn
iti

ve
 

di
so

rd
er

s,
 c

og
ni

tiv
e 

di
so

rd
er

s 
an

d/
or

 u
ns

ta
bl

e 
or

 
si

gn
ifi

ca
nt

 m
ed

ic
al

 c
on

di
tio

ns

O
ut

pa
tie

nt
s 

fr
om

 6
0 

ac
ad

em
ic

 a
nd

 c
om

m
un

ity
 

si
te

s 
in

 t
he

 U
SA

 

G
ro

up
s:

 In
 th

e 
pe

r-
pr

ot
oc

ol
 

co
ho

rt
, 6

07
 p

at
ie

nt
s 

in
 T

A
U

, 

56
0 

pa
tie

nt
s 

in
 t

he
 g

ui
de

d 

ar
m

 
A

ge
: M

ea
n 

47
.5

 y
ea

rs
 

Se
x:

 7
1%

 fe
m

al
e 

E
th

ni
ci

ty
: 9

2.
1%

 n
on

- 
H

is
pa

ni
c 

no
n-

La
tin

o,
 8

0.
6%

 

w
hi

te
 

D
ep

re
ss

io
n 

st
at

us
: 

M
od

er
at

e 
(3

92
/1

39
8,

 

28
.0

%
), 

se
ve

re
 (

49
3/

13
98

, 

35
.3

%
), 

or
 v

er
y 

se
ve

re
 (

51
3/

 
13

98
, 3

6.
7%

)

https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2406

Aboelbaha et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


T
ha

se
 

et
 a

l31

To
 e

va
lu

at
e 

th
e 

ex
te

nt
 t

o 
w

hi
ch

 P
G

X
 

po
si

tiv
el

y 
in

flu
en

ce
d 

an
tid

ep
re

ss
an

t 
ou

tc
om

es
 

in
 p

at
ie

nt
s 

en
te

ri
ng

 t
he

 G
U

ID
ED

 t
ri

al
 t

ak
in

g 

m
ed

ic
at

io
ns

 s
ub

je
ct

 t
o 

ge
ne

–d
ru

g 
in

te
ra

ct
io

ns

R
an

do
m

iz
at

io
n:

 1
:1

 t
o 

gu
id

ed
 

tr
ea

tm
en

t 
or

 T
A

U
 

B
lin

di
ng

: P
at

ie
nt

- 
an

d 
ra

te
r-

 

bl
in

de
d 

D
ur

at
io

n:
 8

 w
ee

ks
 

To
ol

: G
en

eS
ig

ht
 

M
ai

n 
ou

tc
om

es
: A

ss
es

se
d 

at
 

ba
se

lin
e,

 w
ee

k 
4,

 w
ee

k 
8,

 w
ee

k 
12

, a
nd

 w
ee

k 
24

. 

O
ut

co
m

es
 a

ss
es

se
d 

at
 w

ee
k 

8 

in
cl

ud
ed

 %
 c

ha
ng

e 
in

 H
A

M
D

-1
7 

sc
or

e 
fr

om
 b

as
el

in
e.

 

R
es

po
ns

e 
(≥

50
%

 d
ec

re
as

e 
in

 

H
A

M
D

-1
7 

sc
or

e)
. 

R
em

is
si

on
 (

H
A

M
D

-1
7 

sc
or

e 
≤7

) 

Sa
m

e 
ou

tc
om

es
 w

er
e 

ev
al

ua
te

d 
in

 

pa
tie

nt
s 

w
ho

se
 m

ed
ic

at
io

ns
 w

er
e 

sw
itc

he
d 

fr
om

 b
as

el
in

e 
to

 w
ee

k 
8

91
2 

pa
tie

nt
s,

 

G
ui

de
d 

(n
= 

43
9)

, T
A

U
 

(n
=4

73
)

Sa
m

e 
as

 G
re

de
n 

et
 a

l,30
 bu

t 
in

cl
ud

ed
 m

ai
nl

y 
pa

tie
nt

s 

w
ho

 w
er

e 
ta

ki
ng

 m
ed

ic
at

io
ns

 s
ub

je
ct

 t
o 

ge
ne

–d
ru

g 
in

te
ra

ct
io

ns
 a

t 
ba

se
lin

e 
(“

us
e 

w
ith

 c
au

tio
n”

 a
nd

 “
us

e 

w
ith

 in
cr

ea
se

d 
ca

ut
io

n 
an

d 
w

ith
 m

or
e 

fr
eq

ue
nt

 

m
on

ito
ri

ng
” 

re
po

rt
 c

at
eg

or
ie

s)

Sa
m

e 
as

 G
re

de
n 

et
 a

l30

A
bb

re
vi

at
io

ns
: P

G
X

, p
ha

rm
ac

og
en

et
ic

; T
A

U
, t

re
at

m
en

t 
as

 u
su

al
; M

D
D

, m
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
; D

SM
-5

, D
ia

gn
os

tic
 a

nd
 S

ta
tis

tic
al

 M
an

ua
l o

f M
en

ta
l D

is
or

de
rs

, F
ift

h 
Ed

iti
on

; G
A

D
-7

, G
en

er
al

iz
ed

 A
nx

ie
ty

 D
is

or
de

r 
7-

ite
m

; C
G

I-S
, 

C
lin

ic
al

 G
lo

ba
l I

m
pr

es
si

on
 S

ca
le

; H
A

M
D

-1
7,

 1
7-

ite
m

 H
am

ilt
on

 D
ep

re
ss

io
n 

R
at

in
g 

Sc
al

e;
 P

H
Q

-9
, P

at
ie

nt
 H

ea
lth

 Q
ue

st
io

nn
ai

re
-9

; Q
ID

S-
C

16
, C

lin
ic

ia
n-

ra
te

d 
Q

ui
ck

 In
ve

nt
or

y 
of

 D
ep

re
ss

iv
e 

Sy
m

pt
om

at
ol

og
y;

 Q
ID

S-
SR

16
, S

el
f-R

at
ed

 Q
ui

ck
 

In
ve

nt
or

y 
of

 D
ep

re
ss

iv
e 

Sy
m

pt
om

at
ol

og
y;

 F
IB

SE
R

, F
re

qu
en

cy
, I

nt
en

si
ty

, a
nd

 B
ur

de
n 

of
 S

id
e 

Ef
fe

ct
s 

R
at

in
g;

 S
D

S,
 S

he
eh

an
 D

is
ab

ili
ty

 S
ca

le
; E

C
T,

 e
le

ct
ro

co
nv

ul
si

ve
 t

he
ra

py
.

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                       

DovePress                                                                                                                       
2407

Dovepress                                                                                                                                                      Aboelbaha et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
4 

Sa
fe

ty
 a

nd
 E

ffi
ca

cy
 R

es
ul

ts
 o

f E
lig

ib
le

 S
tu

di
es

St
ud

y
Sa

fe
ty

E
ffi

ca
cy

A
ut

ho
rs

' C
on

cl
us

io
n

Sy
st

em
at

ic
 r

ev
ie

w
s

H
ea

lth
 

Q
ua

lit
y 

O
nt

ar
io

24

N
/A

D
ep

re
ss

io
n 

sc
or

e:
 P

at
ie

nt
s 

w
ho

 r
ec

ei
ve

d 
gu

id
ed

 c
ar

e 
ha

d 
a 

gr
ea

te
r 

re
du

ct
io

n 
in

 d
ep

re
ss

io
n 

at
 8

 w
ee

ks
 b

ut
 n

ot
 1

0 

w
ee

ks
 (

R
C

T
) 

on
 H

A
M

D
, Q

ID
S-

C
16

, a
nd

 P
H

Q
-9

 

R
es

po
ns

e:
 A

 g
re

at
er

 p
ro

po
rt

io
n 

of
 p

at
ie

nt
s 

ha
d 

a 
re

sp
on

se
 

to
 d

ep
re

ss
io

n 
th

er
ap

y 
w

ith
 G

en
eS

ig
ht

-g
ui

de
d 

ca
re

 t
ha

n 

th
os

e 
w

ho
 r

ec
ei

ve
d 

us
ua

l c
ar

e 

R
em

is
si

on
: T

he
re

 w
as

 a
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t 
be

ne
fit

 fo
r 

th
e 

G
en

eS
ig

ht
 g

ui
de

d 
gr

ou
p 

on
 Q

ID
S-

C
16

, b
ut

 n
o 

si
gn

ifi
ca

nt
 

di
ffe

re
nc

e 
on

 H
A

M
D

-1
7 

or
 P

H
Q

-9

Pa
tie

nt
s 

w
ho

 r
ec

ei
ve

d 
G

en
eS

ig
ht

-g
ui

de
d 

m
ed

ic
at

io
n 

ha
d 

im
pr

ov
ed

 r
es

po
ns

e 
an

d 
gr

ea
te

r 
im

pr
ov

em
en

t i
n 

m
ea

su
re

s 
of

 

de
pr

es
sio

n 
bu

t 
no

 o
bs

er
ve

d 
di

ffe
re

nc
es

 in
 r

at
es

 o
f 

re
m

is
si

on
, b

as
ed

 o
n 

lo
w

 t
o 

ve
ry

 lo
w

 c
on

fid
en

ce
 in

 t
he

 
ev

id
en

ce

Bo
us

m
an

 

et
 a

l23

N
/A

R
em

is
si

on
: (

R
R

=1
.7

1,
 9

5%
 C

I: 
1.

17
–2

.4
8,

 p
= 

0.
00

5)
 in

 fa
vo

r 

of
 g

ui
de

d 
gr

ou
p 

Tw
o 

tr
ia

ls
, S

in
gh

 a
nd

 P
er

ez
 e

t a
l, 

w
er

e 
id

en
tifi

ed
 a

s 
in

flu
en

tia
l 

st
ud

ie
s.

 R
em

ov
al

 o
f t

he
 S

in
gh

 t
ri

al
 r

es
ul

te
d 

in
 a

 t
re

nd
-le

ve
l 

po
ol

ed
 R

R
 o

f 1
.4

6 
(9

5%
 C

I: 
0.

99
–2

.1
6,

 p
=0

.0
56

), 
w

he
re

as
 

re
m

ov
al

 o
f t

he
 P

er
ez

 e
t 

al
 t

ri
al

 p
ro

du
ce

d 
an

 in
cr

ea
se

d 
po

ol
ed

 R
R

 o
f 1

.9
8 

(9
5%

 C
I: 

1.
47

–2
.6

6,
 p

<0
.0

01
)

T
hi

s 
ar

tic
le

 s
er

ve
s 

as
 a

 “
tip

pi
ng

 p
oi

nt
” 

of
 e

vi
de

nc
e 

in
 s

up
po

rt
 

of
 P

G
X

-g
ui

de
d 

an
tid

ep
re

ss
an

t 
tr

ea
tm

en
t, 

in
 t

he
 c

on
te

xt
 o

f 

m
od

er
at

e 
to

 s
ev

er
e 

de
pr

es
sio

n

Fa
bb

ri
 

et
 a

l25

Be
tt

er
 t

ol
er

ab
ili

ty
, l

ow
er

 r
eh

os
pi

ta
liz

at
io

n 
an

d 
em

er
ge

nc
y 

ro
om

 v
is

its
 in

 t
he

 g
ui

de
d 

gr
ou

p
R

C
T

 r
es

ul
ts

: H
ig

he
r 

re
sp

on
se

 r
at

es
 a

nd
 r

em
iss

io
n 

in
 t

he
 

gu
id

ed
 g

ro
up

 

C
as

e–
co

nt
ro

l n
on

-R
C

T
s:

 C
om

pa
re

d 
to

 T
A

U
, p

at
ie

nt
s 

ha
d 

hi
gh

er
 r

es
po

ns
e 

an
d 

re
m

is
si

on
 r

at
es

, a
nd

 p
er

ce
nt

 s
ym

pt
om

 
im

pr
ov

em
en

t 

M
et

a-
an

al
ys

is
 o

f 
th

re
e 

G
en

eS
ig

ht
 s

tu
di

es
: N

o 

im
pr

ov
em

en
t 

in
 r

em
is

si
on

 r
at

e 
bu

t 
be

tt
er

 r
es

po
ns

e 
ra

te
 a

nd
 

sy
m

pt
om

 im
pr

ov
em

en
t 

O
bs

er
va

ti
on

al
 s

tu
di

es
: I

n 
on

e 
st

ud
y 

al
l s

ub
je

ct
s 

w
er

e 

ge
no

ty
pe

d 
us

in
g 

N
eu

ro
ph

ar
m

ag
en

, a
nd

 p
at

ie
nt

s 
w

ho
se

 
tr

ea
tm

en
t 

fo
llo

w
ed

 t
he

 P
G

X
 r

ep
or

t 
sh

ow
ed

 a
 h

ig
he

r 
ch

an
ce

 

of
 s

ym
pt

om
 im

pr
ov

em
en

t

R
el

at
iv

el
y 

w
ea

k 
cl

in
ic

al
 b

en
efi

ts
 w

er
e 

re
po

rt
ed

 b
y 

R
C

T
s 

an
d 

hi
gh

er
 c

lin
ic

al
 

be
ne

fit
s 

by
 n

on
-R

C
T

s,
 b

ut
 w

ith
 g

re
at

er
 r

is
k 

of
 b

ia
s

https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2408

Aboelbaha et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


R
os

en
bl

at
 

et
 a

l26

N
/A

R
es

po
ns

e 
ra

te
: S

ub
gr

ou
pi

ng
 b

y 
ge

ne
tic

 t
es

t 
sh

ow
ed

 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
w

ith
 

so
m

e 
ge

ne
tic

 t
es

ts
 (

N
eu

ro
ID

ge
ne

tix
),(

G
en

eS
ig

ht
, 

N
eu

ro
ph

ar
m

ag
en

) 
sh

ow
ed

 n
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 b
et

w
ee

n 

PG
X

-g
ui

de
d 

an
d 

un
gu

id
ed

 tr
ea

tm
en

t, 
an

d 
C

N
SD

os
e 

w
as

 n
ot

 
in

cl
ud

ed
 in

 t
hi

s 
an

al
ys

is
. 

O
ne

 s
tu

dy
 w

as
 in

flu
en

tia
l, 

an
d 

di
d 

no
t 

ap
pe

ar
 t

o 
be

 a
n 

ou
tli

er
: P

er
ez

 e
t 

al
, (

20
17

) 
R

em
is

si
on

 r
at

e:
 S

ub
gr

ou
pi

ng
 b

y 
ge

ne
tic

 t
es

t 
sh

ow
ed

 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
w

ith
 N

eu
ro

ID
ge

ne
tix

 a
nd

 G
en

eS
ig

ht
 

be
tw

ee
n 

PG
X

-g
ui

de
d 

ve
rs

us
 u

ng
ui

de
d 

tr
ea

tm
en

t, 
bu

t 
no

t 
w

ith
 N

eu
ro

ph
ar

m
ag

en
. C

N
SD

os
e 

w
as

 n
ot

 in
cl

ud
ed

 in
 t

hi
s 

an
al

ys
is

.

T
he

 c
ur

re
nt

 a
na

ly
si

s 
pr

ov
id

es
 p

re
lim

in
ar

y 
su

pp
or

t 
fo

r 

im
pr

ov
ed

 r
es

po
ns

e 
an

d 
re

m
is

si
on

 r
at

es
 in

 
M

D
D

 w
he

n 
tr

ea
tm

en
t 

is
 g

ui
de

d 
by

 p
ha

rm
ac

og
en

om
ic

s

R
os

en
bl

at
 

et
 a

l27

N
/A

T
he

re
 w

as
 a

n 
18

.2
%

 r
ed

uc
tio

n 
in

 H
A

M
D

-1
7 

in
 t

he
 u

ng
ui

de
d 

gr
ou

p 
vs

 3
0.

8%
 r

ed
uc

tio
n 

in
 t

he
 g

ui
de

d 
gr

ou
p 

(p
=0

.0
4)

 in
 

a 
no

n-
ra

nd
om

iz
ed

, p
ro

sp
ec

tiv
e 

co
ho

rt
 s

tu
dy

 
77

%
 o

f p
ar

tic
ip

an
ts

 s
ho

w
ed

 im
pr

ov
em

en
t, 

w
ith

 3
9%

 s
ho

w
in

g 

a 
tr

ea
tm

en
t r

es
po

ns
e 

an
d 

38
%

 a
ch

ie
vi

ng
 fu

ll 
re

m
is

si
on

 a
s 

pe
r 

Q
ID

S-
SR

 s
co

re
s,

 r
eg

ar
dl

es
s 

of
 n

um
be

r 
of

 p
re

vi
ou

s 
an

tid
ep

re
ss

an
ts

, i
n 

a 
3-

m
on

th
 n

at
ur

al
is

tic
, G

en
ec

ep
t 

A
ss

ay
 

(G
en

om
in

d,
 K

in
g 

of
 P

ru
ss

ia
, P

en
ns

yl
va

ni
a)

. 

A
t t

he
 e

nd
 o

f t
he

 1
2-

w
ee

k 
tr

ia
l, 

su
bj

ec
ts

 r
ec

ei
vi

ng
 C

N
SD

os
e 

gu
id

ed
 p

re
sc

ri
bi

ng
 (

n=
74

) 
ha

d 
a 

72
%

 r
em

is
si

on
 r

at
e,

 w
hi

le
 

th
e 

un
gu

id
ed

 g
ro

up
 (n

=7
4)

 h
ad

 a
 r

em
is

si
on

 r
at

e 
of

 2
8%

 w
ith

 

a 
2.

52
-fo

ld
 g

re
at

er
 c

ha
nc

e 
of

 r
em

is
si

on
 (

95
%

 C
I: 

1.
71

–3
.7

3,
 

p<
0.

00
01

) 
w

ith
 N

N
T

=3
 (

95
%

 C
I: 

1.
7–

3.
5)

 in
 a

 1
2-

w
ee

k 

pr
os

pe
ct

iv
e 

R
C

T
 w

ith
 C

au
ca

si
an

 a
du

lts
 (

N
=1

48
) 

w
ith

 

m
od

er
at

e 
to

 s
ev

er
e 

M
D

D

A
 li

m
ite

d 
nu

m
be

r 
of

 s
tu

di
es

 h
av

e 
sh

ow
n 

pr
om

is
e 

fo
r 

th
e 

cl
in

ic
al

 u
til

ity
 o

f p
ha

rm
ac

og
en

om
ic

 t
es

tin
g;

 W
el

l-d
es

ig
ne

d 

cl
in

ic
al

 t
ri

al
s 

w
ith

 a
de

qu
at

e 
sa

m
pl

e 
si

ze
s,

 r
an

do
m

iz
at

io
n,

 a
nd

 
bl

in
di

ng
 a

re
 r

eq
ui

re
d

(C
on

tin
ue

d)

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                       

DovePress                                                                                                                       
2409

Dovepress                                                                                                                                                      Aboelbaha et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
4 

(C
on

tin
ue

d)
. 

St
ud

y
Sa

fe
ty

E
ffi

ca
cy

A
ut

ho
rs

' C
on

cl
us

io
n

Br
ow

n 

et
 a

l28

Sy
m

pt
om

s 
im

pr
ov

em
en

t: 
W

he
n 

ei
th

er
 o

f t
he

 o
pe

n-
la

be
l 

tr
ia

ls
 w

er
e 

re
m

ov
ed

, t
he

re
 w

as
 n

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
; 

H
al

l-F
la

vi
n 

et
 a

l, 
20

12
 (

Δ=
9.

54
, 9

5%
 C

I: 
−1

.0
9–

20
.1

7,
 

p=
0.

07
9)

 a
nd

 H
al

l-F
la

vi
n 

et
 a

l, 
20

13
 (Δ

=5
.7

6,
 9

5%
 C

I: 
−0

.1
7–

 

11
.6

9,
 p

=0
.0

57
) 

W
he

n 
th

e 
st

ud
ie

s 
w

er
e 

gr
ou

pe
d 

ba
se

d 
on

 t
ri

al
 d

es
ig

n,
 t

he
re

 

w
as

 a
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t 
di

ffe
re

nc
e 

fo
r 

th
e 

gu
id

ed
 g

ro
up

 

fo
r 

th
e 

R
C

T
s 

an
d 

op
en

-la
be

l s
tu

di
es

, p
<0

.0
04

5 
an

d 
p<

0.
00

1,
 

re
sp

ec
tiv

el
y 

R
es

po
ns

e:
 W

he
n 

ea
ch

 t
ri

al
 w

as
 r

em
ov

ed
, t

he
 a

na
ly

si
s 

sh
ow

ed
 c

on
si

st
en

t 
re

su
lts

; s
ig

ni
fic

an
t 

re
sp

on
se

 r
at

e 
p<

0.
05

 
Fo

r 
an

al
ys

is
 b

as
ed

 o
n 

st
ud

y 
ty

pe
, g

ui
de

d 
gr

ou
p 

ha
s 

sh
ow

n 

st
at

is
tic

al
 s

ig
ni

fic
an

ce
 fo

r 
bo

th
 R

C
T

s 
an

d 
op

en
-la

be
l t

ri
al

s 

(R
R

=1
.3

4,
 9

5%
 C

I: 
1.

10
–1

.6
2,

 p
=0

.0
04

; a
nd

 R
R

=1
.7

2,
 9

5%
 

C
I: 

1.
11

–2
.6

7,
 p

=0
.0

16
), 

re
sp

ec
tiv

el
y 

R
em

is
si

on
: W

he
n 

ea
ch

 t
ri

al
 w

as
 r

em
ov

ed
, t

he
 a

na
ly

si
s 

sh
ow

ed
 n

o 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t 
di

ffe
re

nc
e 

ex
ce

pt
 fo

r 
G

re
de

n 
et

 a
l, 

p=
0.

07
5 

W
he

n 
th

e 
st

ud
ie

s 
w

er
e 

gr
ou

pe
d 

ba
se

d 
on

 t
ri

al
 d

es
ig

n,
 t

he
re

 

w
as

 n
o 

st
at

is
tic

al
ly

 s
ig

ni
fic

an
t 

di
ffe

re
nc

e 
be

tw
ee

n 
gr

ou
ps

 in
 

th
e 

op
en

-la
be

l t
ri

al
, b

ut
 t

he
re

 w
as

 s
ig

ni
fic

an
ce

 in
 R

C
T

s 

(R
R

=1
.4

9,
 9

5%
 C

I: 
1.

14
–1

.9
6,

 p
=0

.0
04

)

T
hi

s 
st

ud
y 

ha
s 

sh
ow

n 
im

pr
ov

ed
 o

ut
co

m
es

 (
re

sp
on

se
, 

re
m

is
si

on
, a

nd
 s

ym
pt

om
s 

im
pr

ov
em

en
t)

 fo
r 

pa
tie

nt
s 

w
ith

 
M

D
D

 a
nd

 p
ri

or
 m

ed
ic

at
io

n 
fa

ilu
re

 w
ho

 r
ec

ei
ve

d 
tr

ea
tm

en
t 

gu
id

ed
 b

y 
G

en
eS

ig
ht

 t
es

t 
as

 c
om

pa
re

d 
to

 t
he

 u
ng

ui
de

d 

gr
ou

p.
 T

hi
s 

w
as

 v
is

ib
le

 a
cr

os
s 

al
l s

tu
di

es
 a

nd
 w

he
n 

an
al

ys
is

 
w

as
 c

on
du

ct
ed

 fo
r 

R
C

T
s 

on
ly

R
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

ls

https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2410

Aboelbaha et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


H
an

 

et
 a

l29

FI
B

SE
R

: f
re

qu
en

cy
 (

p=
0.

03
46

), 
in

te
ns

ity
 (

p=
0.

00
01

), 
an

d 

bu
rd

en
 (

p=
0.

00
01

) 
at

 t
he

 e
nd

 o
f 8

 w
ee

ks
 b

et
w

ee
n 

th
e 

tw
o 

gr
ou

ps
 fa

vo
ri

ng
 P

G
X

-g
ui

de
d 

tr
ea

tm
en

t 
by

 1
8.

1%
, 6

9.
0%

, a
nd

 

69
.7

%
 o

f d
iff

er
en

ce
s

C
ha

ng
e 

in
 H

A
M

D
-1

7 
sc

or
e 

w
as

 s
ig

ni
fic

an
tly

 d
iff

er
en

t 

be
tw

ee
n 

th
e 

tw
o 

gr
ou

ps
, f

av
or

in
g 

gu
id

ed
 g

ro
up

 b
y 

−4
.1

 
po

in
ts

 o
f d

iff
er

en
ce

 (
p=

0.
01

0)
 

R
es

po
ns

e 
ra

te
 b

as
ed

 o
n 

H
A

M
D

 t
ot

al
 s

co
re

 w
as

 a
ls

o 

si
gn

ifi
ca

nt
ly

 h
ig

he
r 

in
 P

G
X

-g
ui

de
d 

ar
m

 v
s 

TA
U

 a
t 

th
e 

en
d 

of
 

tr
ea

tm
en

t 
by

 2
8.

1%
 d

iff
er

en
ce

 (
p=

0.
01

4)
 

R
em

is
si

on
 r

at
e 

w
as

 n
um

er
ic

al
ly

 h
ig

he
r 

(1
9.

9%
 d

iff
er

en
ce

) 

in
 P

G
X

-g
ui

de
d 

ar
m

 t
ha

n 
in

 T
A

U
 g

ro
up

s,
 w

ith
ou

t 
st

at
is

tic
al

 
di

ffe
re

nc
e 

(p
=0

.0
71

) 

T
he

 m
ea

n 
ch

an
ge

s 
fr

om
 b

as
el

in
e 

to
 e

nd
po

in
t 

in
 P

H
Q

-9
 t

ot
al

 

sc
or

es
 in

 t
he

 P
G

X
-g

ui
de

d 
an

d 
TA

U
 g

ro
up

s 
w

er
e 

si
gn

ifi
ca

nt
ly

 
di

ffe
re

nt
 b

et
w

ee
n 

th
e 

tw
o 

gr
ou

ps
, f

av
or

in
g 

PG
X

-g
ui

de
d 

ar
m

 

by
 −

3.
8 

po
in

ts
 o

f d
iff

er
en

ce
 (

p=
0.

01
1)

 

T
he

 m
ea

n 
ch

an
ge

s 
fr

om
 b

as
el

in
e 

to
 e

nd
po

in
t 

in
 P

H
Q

-1
5 

to
ta

l s
co

re
s 

in
 t

he
 P

G
X

-g
ui

de
d 

an
d 

TA
U

 g
ro

up
s 

w
er

e 
no

t 

si
gn

ifi
ca

nt
ly

 d
iff

er
en

t 
be

tw
ee

n 
th

e 
tw

o 
gr

ou
ps

, b
ut

 

nu
m

er
ic

al
ly

 fa
vo

re
d 

PG
X

-g
ui

de
d 

ar
m

 b
y 

−1
.7

 p
oi

nt
s 

of
 

di
ffe

re
nc

e 
(p

=0
.1

55
)

T
he

 p
re

se
nt

 s
tu

dy
 d

em
on

st
ra

te
s 

th
at

 P
G

X
 t

es
tin

g 
m

ay
 b

e 

a 
be

tt
er

 o
pt

io
n 

in
 t

he
 t

re
at

m
en

t 
of

 M
D

D
 in

 t
er

m
s 

of
 

ef
fe

ct
iv

en
es

s 
an

d 
to

le
ra

bi
lit

y;
 h

ow
ev

er
, s

tu
dy

 s
ho

rt
co

m
in

gs
 

m
ay

 li
m

it 
a 

ge
ne

ra
liz

at
io

n.
 A

de
qu

at
el

y 
po

w
er

ed
, w

el
l- 

de
si

gn
ed

 s
tu

di
es

 a
re

 n
ee

de
d

G
re

de
n 

et
 a

l30

Fo
r 

th
e 

m
ea

n 
nu

m
be

r 
of

 s
id

e 
ef

fe
ct

s 
at

 w
ee

k 
8,

 p
=0

.8
55

 
Fo

r 
th

e 
pr

op
or

tio
n 

of
 p

at
ie

nt
s 

w
ho

 e
xp

er
ie

nc
ed

 s
id

e 
ef

fe
ct

s,
 

p=
0.

88
1

T
he

re
 w

as
 3

0%
 im

pr
ov

em
en

t 
in

 r
es

po
ns

e,
 a

nd
 5

0%
 

im
pr

ov
em

en
t 

in
 r

em
is

si
on

 a
m

on
g 

di
ffi

cu
lt-

to
-t

re
at

 p
at

ie
nt

s 

in
 t

he
 g

ui
de

d-
ca

re
 a

rm
 c

om
pa

re
d 

to
 T

A
U

. 

Su
st

ai
ne

d 
im

pr
ov

em
en

t 
w

as
 o

bs
er

ve
d 

at
 2

4 
w

ee
ks

T
he

se
 r

es
ul

ts
 fr

om
 t

he
 G

U
ID

ED
 t

ri
al

 in
di

ca
te

 t
ha

t 
PG

X
 

te
st

in
g 

is
 e

ffe
ct

iv
e 

in
 im

pr
ov

in
g 

re
sp

on
se

 a
nd

 r
em

is
si

on
 r

at
es

 

am
on

g 
th

os
e 

w
ith

 p
ri

or
 t

re
at

m
en

t 
re

si
st

an
ce

, p
ar

tic
ul

ar
ly

 

fo
r 

pa
tie

nt
s 

w
ho

 a
re

 t
re

at
ed

 w
ith

 m
ed

ic
at

io
ns

 t
ha

t 
ar

e 
in

co
ng

ru
en

t 
w

ith
 t

he
ir

 g
en

et
ic

 p
ro

fil
e

(C
on

tin
ue

d)

Neuropsychiatric Disease and Treatment 2021:17                                                                              https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                       

DovePress                                                                                                                       
2411

Dovepress                                                                                                                                                      Aboelbaha et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
4 

(C
on

tin
ue

d)
. 

St
ud

y
Sa

fe
ty

E
ffi

ca
cy

A
ut

ho
rs

' C
on

cl
us

io
n

T
ha

se
 

et
 a

l31

N
/A

R
es

po
ns

e 
ra

te
 (

∆
=8

.0
%

, p
=0

.0
08

) 
at

 w
ee

k 
8 

fa
vo

ri
ng

 t
he

 

gu
id

ed
 a

rm
 

R
em

is
si

on
 r

at
e 

(∆
=7

.5
%

, p
=0

.0
03

) 
at

 w
ee

k 
8 

fa
vo

ri
ng

 t
he

 
gu

id
ed

 a
rm

 

D
ur

ab
ili

ty
 o

f 
gu

id
ed

-c
ar

e 
ou

tc
om

es
 t

hr
ou

gh
 w

ee
k 

24
: 4

2.
2%

 d
ec

re
as

e 
in

 H
D

R
S-

17
 s

co
re

s 
at

 w
ee

k 
24

 
co

m
pa

re
d 

to
 b

as
el

in
e.

 T
hi

s 
de

cr
ea

se
 in

 H
D

R
S-

17
 s

co
re

 

re
pr

es
en

ts
 a

 5
6%

 in
cr

ea
se

 in
 s

ym
pt

om
 im

pr
ov

em
en

t 
fr

om
 

w
ee

k 
8 

A
t 

w
ee

k 
24

, t
he

 r
es

po
ns

e 
ra

te
 w

as
 4

4.
3%

 a
nd

 t
he

 r
em

is
si

on
 

ra
te

 w
as

 3
3.

2%
 

O
ut

co
m

es
 in

 p
at

ie
nt

s 
w

ho
 s

w
it

ch
ed

 m
ed

ic
at

io
ns

: 
H

A
M

D
-1

7 
sc

or
es

 d
ec

re
as

ed
 b

y 
30

.0
%

 fr
om

 b
as

el
in

e 
to

 

w
ee

k 
8 

in
 t

he
 g

ui
de

d-
ca

re
 a

rm
 c

om
pa

re
d 

to
 2

2.
3%

 in
 T

A
U

 

(∆
=7

.6
%

, p
=0

.0
11

) 
T

he
 r

es
po

ns
e 

ra
te

 a
t 

w
ee

k 
8 

am
on

g 
pa

tie
nt

s 
w

ho
 

sw
itc

he
d 

m
ed

ic
at

io
ns

 w
as

 2
9.

8%
 in

 t
he

 g
ui

de
d-

ca
re

 a
rm

 

co
m

pa
re

d 
to

 1
9.

4%
 fo

r 
TA

U
 (

∆
=1

0.
4%

, p
=0

.0
11

) 
T

he
 r

em
is

si
on

 r
at

e 
at

 w
ee

k 
8 

fo
r 

pa
tie

nt
s 

w
ho

 s
w

itc
he

d 

m
ed

ic
at

io
ns

 in
 t

he
 g

ui
de

d-
ca

re
 a

rm
 w

as
 2

0.
3%

 c
om

pa
re

d 
to

 

11
.1

%
 in

 T
A

U
 (

∆
=9

.2
%

, p
=0

.0
08

) 
T

hi
s 

re
pr

es
en

ts
 a

 r
el

at
iv

e 
im

pr
ov

em
en

t 
of

 5
4%

 fo
r 

re
sp

on
se

 

an
d 

83
%

 fo
r 

re
m

is
si

on
 a

m
on

g 
pa

tie
nt

s 
w

ho
se

 m
ed

ic
at

io
n 

sw
itc

he
s 

w
er

e 
in

fo
rm

ed
 b

y 
ph

ar
m

ac
og

en
om

ic
 t

es
tin

g

A
ll 

pa
tie

nt
 o

ut
co

m
es

 r
em

ai
ne

d 
si

gn
ifi

ca
nt

ly
 im

pr
ov

ed
 fo

r 
th

e 

gu
id

ed
-c

ar
e 

ar
m

 v
s 

TA
U

 w
he

n 
th

e 
su

bs
et

 o
f p

at
ie

nt
s 

w
ho

 

sw
itc

he
d 

m
ed

ic
at

io
ns

 w
er

e 
ev

al
ua

te
d 

se
pa

ra
te

ly.
 P

at
ie

nt
s 

w
ith

 t
re

at
m

en
t-

re
si

st
an

t 
de

pr
es

sio
n 

ha
ve

 a
 lo

w
 li

ke
lih

oo
d 

of
 

re
ac

hi
ng

 r
em

iss
io

n 
w

ith
 s

ta
nd

ar
d 

tr
ea

tm
en

t 
ap

pr
oa

ch
es

A
bb

re
vi

at
io

ns
: P

G
X

, p
ha

rm
ac

og
en

et
ic

; T
A

U
, t

re
at

m
en

t 
as

 u
su

al
; M

D
D

, m
aj

or
 d

ep
re

ss
iv

e 
di

so
rd

er
; D

SM
-5

, D
ia

gn
os

tic
 a

nd
 S

ta
tis

tic
al

 M
an

ua
l o

f M
en

ta
l D

is
or

de
rs

, F
ift

h 
Ed

iti
on

; H
A

M
D

-1
7,

 1
7-

ite
m

 H
am

ilt
on

 D
ep

re
ss

io
n 

R
at

in
g 

Sc
al

e;
 

PH
Q

-9
, P

at
ie

nt
 H

ea
lth

 Q
ue

st
io

nn
ai

re
-9

; Q
ID

S-
C

16
, C

lin
ic

ia
n-

ra
te

d 
Q

ui
ck

 In
ve

nt
or

y 
of

 D
ep

re
ss

iv
e 

Sy
m

pt
om

at
ol

og
y;

 Q
ID

S-
SR

16
, S

el
f-R

at
ed

 Q
ui

ck
 In

ve
nt

or
y 

of
 D

ep
re

ss
iv

e 
Sy

m
pt

om
at

ol
og

y;
 F

IB
SE

R
, F

re
qu

en
cy

, I
nt

en
si

ty
, a

nd
 B

ur
de

n 
of

 
Si

de
 E

ffe
ct

s 
R

at
in

g;
 R

C
T,

 r
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l; 
R

R
, r

is
k 

ra
tio

; N
N

T,
 n

um
be

r 
ne

ed
ed

 t
o 

tr
ea

t.

https://doi.org/10.2147/NDT.S312966                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 2412

Aboelbaha et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


care arm had a 40% higher response rate compared with 
the unguided arm (RR=1.40, 95% CI: 1.17–1.67, 
p<0.001).28

Remission rates were assessed in all studies. Bousman 
et al defined remission as a HAMD score ≤7 and showed 
a significant association between PGX-guided care and 
remission (RR=1.71, 95% CI: 1.17–2.48, p=0.005).23 The 
systematic review and meta-analysis conducted by the 
Ontario Health Technology team assessed remission using 
the HAMD-17, Patient Health Questionnaire-9 (PHQ-9), 
and the Clinician-rated 16-item Quick Inventory of 
Depressive Symptomatology (QIDS-C16) and its patient 
self-rated component (QIDS-SR), although no clear defini-
tions for the scores were provided. This study showed that 
there was a statistically significant change favoring patients 
in the GeneSight-guided arm when compared to the tradi-
tional arm in terms of QIDS-C16 scores, but no significant 
difference was observed when using HAMD-17 or PHQ-9. 
However, there was no clear reporting on the effect size of 
each outcome.24 In a meta-analysis of the GeneSight test 
reported in the study by Fabbri et al, no improvement in 
remission rates was found.25 In another RCT included in the 
systematic review by Rosenblat et al in 2017, which inves-
tigated the clinical utility of CNSDose®, subjects receiving 
PGX-guided treatment had a 72% remission rate versus 28% 
in the traditional arm, with a 2.5-fold greater chance of 
remission (95% CI: 1.71–3.73, p<0.0001).27 The other meta- 
analysis study by Rosenblat et al, which had clearly defined 
outcomes, showed an overall pooled RR for remission rates 
of 1.74 (95% CI: 1.09–2.77, p=0.02, n=735) in favor of 
guided treatment (NNT=7).26 In the 2020 study conducted 
by Brown et al, the pooled analysis RR showed that patients 
in the guided group had 49% increase in remission com-
pared to the unguided group (RR=1.49, 95% CI: 1.17–1.89, 
p=0.001).28

Updates on Efficacy
An update of the efficacy data was retrieved from the three 
recent RCTs and is summarized in Table 4. The RCTs 
reported efficacy outcomes in a similar fashion to the sys-
tematic reviews and meta-analyses summarized earlier. For 
response outcomes, the RCT by Han et al in a Korean popu-
lation showed a statistically significant difference in the 
mean change of HAMD-17 at 8 weeks, favoring patients on 
the Neuropharmagen®-guided arm, with a −4.1 point differ-
ence relative to TAU (p=0.010). Similarly, there was 
a statistically significant difference in response rate favoring 
the PGX-guided arm relative to TAU, of 28.1% (p=0.014).29 

The RCT by Greden et al, however, did not show significant 
differences (p=0.107) between the GeneSight-guided arm 
and TAU in patients with inadequate treatment on previous 
antidepressant trials. The response rate among patients in the 
GeneSight arm was 26.0% at week 8, which was significantly 
higher than in TAU, at 19.9% (p=0.013).30 The RCT by 
Thase et al31 involved the same population and followed 
the same methodology as Greden et al;30 however, the ana-
lysis was conducted on a subgroup of patients who were 
resistant to treatment and found to have gene–drug interac-
tion at baseline. The results showed a statistically significant 
decrease in HAMD scores by 27.1% from baseline to week 8 
in the guided-care arm compared to 22.1% in TAU (∆=5.0%, 
p=0.029). Also, at week 8, the response rate was 27.0% in the 
guided-care arm compared to 19.0% in TAU (∆=8.0%, 
p=0.008).31

Remission rates were also assessed in all the RCTs. 
Han et al defined remission as a HAMD-17 total score of 
≤7. At the end of the study period, the rate was higher in 
the PGX-guided group, but the difference did not reach 
statistical significance (p=0.071).29 The results of the RCT 
by Greden et al showed a statistically significant higher 
remission rate in the GeneSight-guided group (15.3%) 
compared to TAU (10.1%) (p=0.007).30 The remission 
rate in the RCT by Thase et al was 18.2% higher in the 
GeneSight-guided arm compared to 10.7% in TAU 
(∆=7.5%, p=0.003) in patients with previous antidepres-
sant failures.31

Safety Summary
There was a general inconsistency and lack of data on 
safety outcomes in the included reviews. The systematic 
review by Fabbri et al showed that patients in the PGX 
group had a weak lower risk of medication tolerability 
problems, lower mean number of rehospitalizations, and 
borderline significant lower number of emergency room 
visits within 2-month follow-up based on RCT results.25 

A summary of these results as reported in the individual 
reviews is presented in Table 4.

Updates on Safety
Similarly to the previous systematic reviews, there was 
a general inconsistency and lack of data on safety out-
comes in the recent RCTs. The study conducted by Han 
et al showed that the proportion of patients with a score of 
two or less on the Frequency, Intensity, and Burden of Side 
Effects Rating (FIBSER) questionnaire at the end of 8 
weeks was significantly different between the two groups, 
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favoring the Neuropharmagen-guided arm: frequency 
(p=0.0346), intensity (p=0.0001), and burden 
(p=0.0001).29

Greden et al assessed patient-reported side effects in 
their study. The mean number of side effects and propor-
tion of patients reporting side effects according to study 
arm were measured. Only side effects with a probability of 
being linked to medications administered (eg categorized 
as likely, probably, possibly, or definitely relating to med-
ication) were included. The results showed that there is no 
statistically significant difference in the mean number of 
side effects at week 8 (0.243 vs 0.237, p=0.855) or the 
proportion of patients who experienced side effects (15.6% 
[88/560] vs 15.3% [93/607], p=0.881).30

Quality Assessment of the Available 
Systematic Reviews
Scores for each domain as well as total scores for indivi-
dual articles are reported and presented in Table 5. The 
overall quality was found to be high (≥75%) for two of the 
included systematic reviews and the remaining four were 
of moderate quality (≥50%). All articles, including the 
high-quality ones, had the lowest scores in design, data 
collection, and discussion domains, as opposed to preli-
minaries and introduction domains. The quality of the 
included RCTs was also assessed, and is demonstrated in 
Table 6.

Other Results
Neither the systematic reviews nor the RCTs included in 
this review compared the efficacy or safety of different 

individual PGX tests; rather, they provided evidence on 
their effectiveness in clinical practice.

No studies were identified from the literature that 
assessed the clinical utility or effect of PGX-based treat-
ment in any of the MENA region countries.

Discussion
This systematic review investigated the impact of PGX- 
guided treatment versus TAU on efficacy and safety out-
comes in patients with depression. It provided 
a comprehensive summary and an update on the available 
literature on this topic. This study has highlighted impor-
tant findings. First, despite the high level of heterogeneity 
and the methodological fallacies of the included studies, it 
showed that PGX-guided treatment had a positive effect 
on symptom remission and response rate. This effect was 
most prominent in patients with treatment-resistant depres-
sion who were found to have gene–drug interactions at 
baseline. Second, this review has demonstrated that there 
is a lack of studies assessing safety outcomes of PGX- 
guided treatment in depressed patients. The landmark RCT 
by Greden et al found significant differences between the 
two groups on the FIBSER scale; however, this finding 
was based on data extracted from a single cohort of 
patients and was specific to one genetic test, 
“GeneSight”.30 Newer RCTs, which assess the impact on 
safety, are underway and may provide a definitive answer 
to this important outcome.41–43

Furthermore, quality assessment conducted by authors 
of this study and the quality reported on the included 
systematic reviews showed that a high portion of the 

Table 5 CCAT Quality Scores of Eligible Systematic Reviews

Study Domain Score Overall 
Score

Preliminaries Introduction Design Sampling Data 
Collection

Ethical 
Matters

Results Discussion

Brown et al28 3 4 1 2 0 4 4 3 51%

Rosenblat et al27 3 5 2 2 0 2 3 3 53%

Health Quality 

Ontario 24

4 5 3 5 0 1 3 1 55%

Fabbri et al25 2 5 2 4 1 5 2 3 60%

Rosenblat et al26 5 5 4 3 5 4 3 4 83%

Bousman et al23 5 5 3 4 5 5 5 3 88%

Notes: Poor quality (0–50%), moderate quality (51–74%), high quality (75–100%).
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available literature on this area is of poor to moderate 
quality. This was found to be mainly due to major gaps 
in study design, including small sample size, inappropriate 
blinding of participants/clinicians, underestimation of con-
founding factors, and neglecting important measures 
needed to reduce the risk of bias in the design. In addition 
to gaps in the methodology, some of the included studies 
were found to be industry funded or their authors had 
financial relationships with the manufacturing companies, 
which may bias their results.23,25,28–31

The secondary objective of this study was make com-
parisons between the available tests in terms of safety and 
efficacy; however, none of the identified studies provided 
any clear comparisons. GeneSight by Assurex Health was 
the most commonly studied test, since it has demonstrated 
good clinical validity in a previous study.44 As a result, it 
is currently being covered by Medicaid and Medicare 
insurance plans in the USA, and is allowed to be ordered 
by psychiatrists only for patients with refractory response 
to antidepressants who continue to show moderate to 
severe symptoms.45

Moreover, this study aimed to identify literature related 
to PGX testing in patients with depression in the MENA 
region. However, no data with this scope were identified. 
This sheds light on a very important gap in the literature 
that should be addressed in future studies, especially con-
sidering that the population in the MENA region accounts 
for 18% of the global incidence of MDD.46–48

In addition to the study objectives, this study has 
allowed for the identification of many important gaps 
related to PGX testing. First, there is a general uncertainty 
regarding whether PGX testing should be recommended to 
patients before or after their initial treatment recommenda-
tion (pre-emptive versus reactive testing). Furthermore, the 
effect of these tests on patient-reported outcomes, such as 
patients’ satisfaction, adherence, quality of life 

improvement, and personal experience, is 
underinvestigated.24 In addition, in the available studies, 
the tests were used only by trained psychiatrists; thus, 
whether average clinicians will be able to incorporate 
testing into their clinical practice (eg primary care) 
remains unclear.24 This will depend on their PGX literacy, 
and since PGX and precision medicine are still emerging 
concepts, they may require extensive support from PGX 
experts and specialists. This is in line with findings from 
a previous survey study conducted on 217 chief psychiatry 
residents in New York City to assess their psychiatry 
training and preparedness to perform genetic testing. The 
results of the study showed that almost half of the respon-
dents received 3 hours or less of training sessions in 
genetics, and only 14% out of 80 respondents indicated 
that they understood the role of genetic factor in mental 
health.49

The findings of this systematic review support the 
notion that the widespread use of PGX tests is still chal-
lenged by many factors; namely, lack of knowledge about 
research requirements to support their utility, heterogene-
ity of populations included in the current studies, and 
reproducibility of available results.50 To answer the ques-
tion about research requirements, conducting pragmatic 
and group randomized trials with large sample 
sizes could be of value to provide relevant rigorous evi-
dence. Moreover, a collaborative effort by many authors 
from various relevant disciplines dedicated to conducting 
a meta-analysis could be a promising strategy to answer 
the remaining questions. This will aid in accurately and 
collectively synthesizing reproducible evidence, avoiding 
duplication of data, and minimizing heterogeneity of 
results. The last of these could be achieved through the 
utilization of subgroup analysis on relevant data.51,52

The positive efficacy results demonstrated in this study 
are supported by results from complex case-reports of 

Table 6 CCAT Quality Scores of Eligible Randomized Controlled Trials (RCTs)

Study Domain Score Overall 
Score

Preliminaries Introduction Design Sampling Data 
Collection

Ethical 
Matters

Results Discussion

Han et al29 3 4 3 2 1 3 3 5 59%

Thase et al31 5 5 4 1 4 4 4 3 75%

Greden et al30 4 4 5 2 5 4 4 5 84%

Notes: Poor quality (0–50%), moderate quality (51–74%), high quality (75–100%).
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patients with psychiatric conditions including depression. 
The results of these cases have shown that genetic testing 
reports obtained from commercial tests not only were 
useful in guiding future medication selection but also 
explained the pattern of patients’ response to previous 
and current medications. Although these data support the 
clinical utility of PGX testing, it is important to consider 
that the majority of the current commercial tests contain 
more information/genes than is/are currently approved by 
the Food and Drug Administration (FDA) or recom-
mended by the Clinical Pharmacogenetics 
Implementation Consortium (CPIC) guidelines. 
Therefore, reports generated by these tools still cannot be 
fully relied upon.53,54

Aside from the technical limitations, clinicians’ per-
spectives, knowledge, and beliefs about routine PGX test-
ing, especially in the psychiatric field, should also be 
considered, given that PGX test results may drive 
a complete change in their prescribing behavior.50 In addi-
tion, previous results have highlighted the presence of 
a gap in general practitioners’ trust in pharmacists’ clinical 
roles. Since clinical pharmacists, by virtue of their educa-
tion and clinical skills, will most likely be responsible for 
interpreting test results and making medication/dosage 
recommendations, resistance in following tests recommen-
dations by practitioners will most likely remain 
an unaddressed challenge in the incorporation of genetic 
tests into clinical practice.55

Strengths
This systematic review summarizes the findings, provides 
an update, and assesses the quality of the available sys-
tematic reviews on the clinical utility of PGX testing in 
depression. Furthermore, since data related to genetic test-
ing in mental health have been accumulating recently, this 
study serves as a systematically synthesized reference for 
decision makers and experts when making clinically 
important decisions. In addition, by providing a summary 
of the gaps in the literature, this study paves the way for 
future, more robust PGX studies. Lastly, unlike the major-
ity of the available systematic reviews, this study has been 
conducted by academic investigators with no financial 
conflicts of interest, which limits any risk of funding bias.

Limitations
This study possesses some limitations. First, the data pre-
sented here were synthesized utilizing a systematic review, 
as a meta-analysis was difficult to conduct considering the 

high heterogeneity of the studies included, the different 
study designs (RCTs, systematic reviews only, and sys-
tematic reviews and meta-analyses), the different safety 
and efficacy outcomes reported, the different sample 
sizes and population characteristics, as well as the different 
interventions reported. In addition, given the small number 
of eligible articles (n=9) and that each of them was found 
to have a risk of bias, conducting a meta-analysis would 
have most likely produced false results.

Second, conducting a systematic review that combines 
RCTs with a systematic review and meta-analysis may be 
regarded as not following best practice for conducting 
a systematic reviews of systematic reviews;56 however, 
this was the most appropriate design to answer the primary 
objectives of our study. Furthermore, the authors could not 
synthesize evidence related to efficacy outcomes since 
studies with this focus were sparse. While this is 
a significant limitation, it is also an important finding 
that needs to be addressed by future clinical trials.

Third, the use of a generic quality assessment tool for the 
eligible studies, instead of specific tools, may have affected 
the robustness of the quality results. Considering the hetero-
geneity of the study designs included in this study, the CCAT 
was a convenient option as it can be used across a broad 
range of quantitative and qualitative study designs, it has in- 
depth questions to fully assess research papers, and its 
validity and reliability have been well documented.

Finally, in order to search for studies reported on PGX- 
based decision support strategies to guide prescribing in 
depression in the MENA region, the names of all countries 
in the MENA region were used as keywords in the search 
strategy; it is acknowledged that countries participating in 
multicenter studies may have been missed using this 
search strategy. It is also acknowledged that the costs of 
PGX testing may limit their wider utilization in clinical 
practice. Because this systematic review only focused on 
the safety and efficacy of PGX testing, conducting future 
systematic reviews with this scope is recommended.

Conclusion
This systematic review has brought together all of the 
evidence related to the impact of PGX testing in depres-
sion in one place. In this review, we have portrayed the 
impact of PGX testing on patients’ clinically important 
outcomes, provided a quality assessment of the available 
literature, and highlighted the methodological limitations 
that need to be addressed in future studies. The findings of 
this study demonstrate that PGX testing could be an 
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effective strategy in patients receiving antidepressants; 
however, owing to concerns over the quality of the avail-
able studies and the lack of safety data, further confirma-
tory studies are needed. This study lays a foundation for 
researchers to further investigate this topic to provide more 
robust evidence that could be incorporated into clinical 
practice, especially in the MENA region.
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