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Depression is the single largest contributor to non-fatal health loss and affects 322 million people globally. The clinical
heterogeneity of this disorder shows biological correlates and it makes the personalization of antidepressant prescription
an important pillar of treatment. There is increasing evidence of genetic overlap between depression, other psychiatric
and non-psychiatric disorders, which varies across depression subtypes. Therefore, the first step of clinical evaluation
should include a careful assessment of psychopathology and physical health, not limited to previously diagnosed
disorders. In part of the patients indeed the pathogenesis of depression may be strictly linked to inflammatory and
metabolic abnormalities, and the treatment should target these as much as the depressive symptoms themselves. When
the evaluation of the symptom and drug tolerability profile, the concomitant biochemical abnormalities and physical
conditions is not enough and at least one pharmacotherapy failed, the genotyping of variants in CYP2D6/CYP2C19
(cytochromes responsible for antidepressant metabolism) should be considered. Individuals with altered metabolism
through one of these enzymes may benefit from some antidepressants rather than others or need dose adjustments.
Finally, if available, the polygenic predisposition towards cardio-metabolic disorders can be integrated with non-genetic
risk factors to tune the identification of patients who should avoid medications associated with this type of side effects.
A sufficient knowledge of the polygenic risk of complex medical and psychiatric conditions is becoming relevant as
this information can be obtained through direct-to-consumer genetic tests and in the future it may provided by national
health care systems.
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INTRODUCTION

The total number of people living with depression in
the world is 322 million, and it increased by 18.4% be-
tween 2005 and 2015, partly as a consequence of the in-
crease in the age groups at which depression is more prev-
alent (55-74 years). Globally, depressive disorders are
ranked as the single largest contributor to non-fatal health
loss (7.5% of all years lived with disability [YLD] in 2015,
for a total of over 50 million YLD) [1]. Depression, how-
ever, is also a major contributor to suicide, that is respon-
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sible for the death of a person every 40 seconds in the
world [1].

Antidepressants are considered the first line treatment
for moderate-severe major depressive disorder (MDD)
[2]; however, about one third of patients shows symptom
remission to the first antidepressant treatment and about
one third do not reach remission after multiple anti-
depressant treatments [3]. There is still poor guidance in
prescribing guidelines about the possible strategies to per-
sonalize antidepressant prescription, often resulting in the
flattening of prescription towards a few options. Personalized
prescription could improve remission rates and therefore
recovery, that is the main goal of MDD treatment, as it is
associated with better functioning and reduced risk of de-
pressive relapse [4]. The availability of a large number of
antidepressant medications (around 40 compounds) makes
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difficult to have a complete knowledge of their pharmaco-
logical properties and the scientific literature about them,
therefore an easily accessible and practical guideline to
evaluate at least the main criteria to personalize pre-
scription would be very helpful for clinicians. Previous re-
views provided suggestions about the personalization of
antidepressant choice based on the individual symptom
profile, in addition to drug tolerability profile, personal
and family history, medical and psychiatric comorbid-
ities, and concomitant medications [5]. However, a syn-
thesis of clinical and genetic information to guide anti-
depressant choice at the individual level is lacking in the
literature. The inter-individual variability in treatment re-
sponse and side effects is indeed partly dependent from
genetic variation, as it was demonstrated to be heritable
[6]. Different symptom patterns were reported to have
partially distinct genetic profiles and different overlap
with psychiatric and immune-metabolic traits [7-9], sug-
gesting the hypothesis of a link between the genetic fac-
tors influencing MDD pathogenesis and clinical manifes-
tation and those modulating response to antidepressants.
Therefore, clinical symptoms can be interpreted as signs
of the individual genetic factors involved in disease
pathogenesis and guide the choice of treatment beyond
the approach of just prescribing an antidepressant that
contrasts the individual clinical symptoms. This means
that it is possible to extend the baseline evaluations ap-
plied to choose which antidepressant to prescribe without
performing any genotyping. Despite there is no definitive
evidence, currently genotyping of variants in cytochrome
P450 (CYP450) genes is indeed suggested in patients who
did not respond or tolerate at least one previous pharma-
cotherapy [10]. After the discussion of the interpretation
of the individual symptom profile and the use of CYP450
genotyping to personalize antidepressant prescription,
the present review will address the possible use of in-
formation derived from genome-wide data, a genotyping
technology that has become relatively cheap and spread
not only in research settings, but also as a direct-to-con-
sumer product that provides information on ancestry,
health conditions and genetic-based recommendations
for lifestyles [11]. As of early 2019, more than 26 million
people have taken at-home DNA tests using this type of
product [11], suggesting that it will be more and more im-
portant for clinicians to provide adequate guidance to pa-
tients who want to know about the validity of the possible

implications for their health. The use of clinical and genet-
ic information to personalize treatment in MDD s pre-
sented in a stepped way that reflects their hierarchy and
facilitate their application in clinical practice.

STEPS FOR PRECISION
MEDICINE IN PSYCHIATRY

Step 1: Individual Symptom Profile from the Clinical
and Genetic Perspective

The individual profile of depressive symptoms has been
suggested as an important criterion to guide antidepressant
choice, as the available antidepressants show different
pharmacological properties that make them different in
terms of the most common side effects and targeted
symptoms. This topic was deeply discussed in a previous
review [5]; in this review, we discuss some examples that
show the connection between the clinical-pharmaco-
logical and genetic perspective on depressive symptom
profiles (Fig. 1) and represent cases when selective seroto-
nin reuptake inhibitors (SSRIs), which are considered as
the first choice in MDD [12], may have a lower chance of
success.

MDD with atypical neurovegetative symptoms: the
importance of assessing and treating immune-metabolic
abnormalities

The first example is represented by patients with MDD
who report increased weight/appetite and hypersomnia,
i.e., reversed neurovegetative symptoms. Based on the
pharmacological properties of the available antidepressants,
in order to reduce the risk of weight gain, the clinician
should avoid medications with anti-histaminergic (e.g.,
mirtazapine), anti-5-HT.c (serotonin receptor 2C) (e.g.,
mirtazapine, paroxetine) and anti-alpha-adrenergic ef-
fects (e.g., tricyclic antidepressants or TCAs) [13]. Further,
antidepressants with anti-cholinergic (e.g., TCAs) and an-
ti-histaminergic properties should be avoided in order to
not aggravate hypersomnia [5]. From a biological per-
spective, the results of genetic studies suggest that cases of
MDD with reversed neurovegetative symptoms show
higher genetic overlap with immune-metabolic traits
compared with patients without these symptoms [7-9]. In
detail, patients with these atypical depressive symptoms
were demonstrated to have a higher genetic overlap with
the genetic factors modulating C-reactive protein (CRP),
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Fig. 1. Proposed steps for the personalization of treatment in depression. Step 3 is shadowed as its possible clinical utility has not been investigated

yet in the treatment of patients with depression.

PRS, polygenic risk scores; TDM, therapeutic drug monitoring; SSRIs, selective serotonin reuptake inhibitors; PMs, poor metabolizers; IMs,

intermediate metabolizers; UMs, ultrarapid metabolizers.

body max index (BMI), and triglycerides [7-9]. These ef-
fects seem to be mostly dependent from the presence of
the symptom weight gain during depression [7]. Over-
weight and obesity have been causally associated with
the risk of MDD and implicated in treatment-resistant de-
pression (TRD) [14,15], possibly through the induction of
pro-inflammatory and oxidative changes as well as dysre-
gulations in dopaminergic neurotransmission [16]. There-
fore, patients with reversed neurovegetative symptoms,
particularly weight gain, should be evaluated for the pres-
ence of immune-metabolic alterations (e.g., increased
plasma levels of CRP, cholesterol, triglycerides, glucose)
and other risk factors for cardio-metabolic disorders (e.g.,
hypertension), as these are likely to contribute both to the
pathogenesis of depressive symptoms and medical co-
morbidities in this group. The prevention and treatment of
immune-metabolic abnormalities should be considered
as a fundamental part of treatment, since it is likely re-
quired for a complete remission of depressive symptoms

other than for promoting physical health. Interestingly,
medications approved for the treatment of metabolic ab-
normalities such as proliferator-activated receptor (PPAR)
agonists and statins were shown to have anti-inflammatory,
neurotrophic and antidepressant effects. The PPAR ago-
nists pioglitazone and rosiglitazone were demonstrated to
have antidepressant effects in four open-label studies and
in three out of four randomized controlled trials (RCTs) in
patients with major depression [17]. Statins may have ad-
junctive antidepressant effects when used as add-on treat-
ment to SSRIs according to preliminary RCTs [18]. BMl is
positively correlated with CRP levels that were found to
be higher in TRD compared to treatment-responsive de-
pression [19]. Inflammation is associated with decreased
dopaminergic neurotransmission and dopamine in turn
regulates the immune system [20]; furthermore, in pro-in-
flammatory states, the metabolism of tryptophan is shifted
from the production of serotonin to the neurotoxic metab-
olite kynurenine [19]. Consistently, treatment with bupro-
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pion (dopamine reuptake inhibitor)-SSRI combination
was associated with lower depressive symptoms com-
pared with SSRI monotherapy in patients with high CRP
levels at baseline [20]. Similarly, pramipexole, a dop-
amine agonist with evidence of efficacy in TRD, has been
shown to inhibit the production of interleukin 17 (IL-17)
[21]. Therefore, antidepressants with dopaminergic activ-
ity should be preferred to serotonergic antidepressants in
this group of patients. Another group of drugs under inves-
tigation is represented by compounds directly targeting
inflammatory factors; in particular, a RCT found that the
tumor necrosis factor (TNF) inhibitor infliximab was effec-
tive in reducing depressive symptoms in TRD when base-
line CRP concentration was greater than 5 mg/L [22].
Finally, itis important to remember the anti-inflammatory
effects of physical exercise, that was demonstrated to be
especially beneficial in patients with higher levels of
TNF-a at baseline [21].

MDD with melancholic symptoms: deficits in the
reward system and genetic overlap with schizophrenia
Symptoms of melancholic depression, namely anhedo-
nia, weight/appetite loss, insomnia, and psychomotor dis-
turbances, are also relevant for guiding treatment choice
in MDD. Anhedonia is characterized by non-reactive and
pervasive impairment of the capacity to experience or an-
ticipate pleasure; it was associated with poor antidepressant
response, particularly to SSRIs, and it often persists as re-
sidual symptom. In depressed patients with prominent an-
hedonia, clinicians should consider treatment strategies
such as behavioral activation, physical exercise, and/or
antidepressant combination (consider antidepressants
with dopaminergic or noradrenergic activity) or augmen-
tation strategies [23]. Consistently with the hypothesis of a
central role of dopamine in reward processing, variants in
the gene coding for the dopamine D2 receptor (DRD2)
and that coding for the metabotropic glutamate receptor
GRMS5, implicated in striatal dopamine depletion, were
associated with anhedonia [24]. Anhedonia and the other
cited symptoms of melancholic depression were demon-
strated to share genetic factors with schizophrenia
[9,24,25] and alcohol dependence [7,25]. In another
study, high genetic loading for variants associated with
schizophrenia was associated with both poor anti-
depressant response and a trend of more frequent melan-
cholic MDD [26], suggesting that genetic loci associated

with schizophrenia may mediate both the risk of melan-
cholic symptoms and poor response to treatment, though
the presence and direction of causal relationships cannot
be assumed based on these findings. However, these re-
sults support the appropriateness of considering alter-
native treatment strategies in patients with melancholic
symptoms, as suggested above. Comorbidity of MDD and
alcohol use disorders is also associated with poorer clin-
ical outcomes [27] and previous studies showed that
symptoms of melancholic depression, particularly psy-
chomotor disturbances, are associated with substance use
disorders compared to other depressive subtypes [28,29],
though other factors such as the inclusion of bipolar pa-
tients may affect the direction of this association [30].
Therefore, this represents a relevant variable to assess in
this group, as it influences treatment and prognosis.
Another interesting finding is that the genetic factors mod-
ulating predisposition to alcohol dependence seem to be
largely distinct from those implicated in the frequency of
alcohol consumption. As a matter of fact, alcohol use dis-
orders have a positive genetic correlation with MDD, par-
ticularly with MDD showing typical neurovegetative
symptoms, while the genetics of alcohol consumption is
negatively correlated with atypical neurovegetative symp-
toms and cardio-metabolic disorders [7,31], suggesting
the possibility of broad metabolic abnormalities in pa-
tients with atypical depressive symptoms.

Step 2: Cytochrome P450 Genotyping

If the initial treatment choice, based on the individual
symptom profile, drug tolerability and other clinical fac-
tors, is not effective or tolerated, clinicians should consid-
er the genotyping of variants in CYP2D6 and CYP2C19
genes (Fig. 1). These two CYP450 isoenzymes are largely
responsible for the metabolism of most antidepressants
and the corresponding genes are highly polymorphic, i.e.,
they have a number of known genetic variants, many al-
tering the transcription/function of the coded enzyme
[32]. The type and number of variants in genes coding for
CYP450 enzymes identify four main metabolizing groups,
namely: 1) extensive metabolizers (EMs, no genetic var-
iants altering enzyme function), 2) poor metabolizers
(PMs, carrying two inactive alleles), 3) intermediate me-
tabolizers (IMs, with one inactive or two partially active
alleles), and 4) ultrarapid metabolizers (UMs, usually car-
rying gene duplications) [33]. Based on studies demon-
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strating a relationship between genotype-based metabo-
lizing group and drug/metabolite plasma levels, dose ad-
justments were calculated in PMs and UMs, and over 10
antidepressants have prescribing recommendations in
terms of drug choice and dose, with different level of rec-
ommendation [32]. Overall, guidelines suggest to consid-
er an antidepressant drug not metabolized by a defective
CYP450 enzyme (PMs or IMs) or CYP450 enzyme with in-
creased activity (UMs), in order to avoid severe side ef-
fects or treatment failure, respectively [32]. Alternatively,
the drug dose should be adjusted and increased monitor-
ing applied, using also therapeutic drug monitoring
(TDM) if available. For some TCAs, namely amitriptyline
and nortriptyline, and for the SSRI paroxetine, these rec-
ommendations have a strong level of evidence according
to the guideline curated by the Clinical Pharmacogenetics
Implementation Consortium [32]. In other cases, such as
for citalopram and escitalopram (mostly metabolized by
CYP2C19), the level of recommendation is moderate, in
line with the evidence that the risk of side effects is moder-
ately increased in CYP2C79 PMs treated with standard
doses (particularly, sexual side effects), but also symptom
improvement and symptom remission are better com-
pared to EMs [34]. In the case of antidepressants asso-
ciated with the risk of QTc prolongation such as cit-
alopram and escitalopram [35], the adjustment of the
dose seems a good and prudent practice in PMs, as well as
a baseline ECG and assessment of cardiac comorbidities.
To summarize, if there is no strong evidence against the
selection of a certain antidepressant based on the in-
dividual metabolizing status for CYP2D6/CYP2C19 and
the clinical history/symptom profile supports the choice
of that drug, it seems a reasonable option to go ahead and
adjust the drug dose according to guidelines, inform the
patient about potential risks, increase clinical monitoring
and use TDM if available.

Though the available data suggests that patients who
did not respond or tolerate at least one previous pharma-
cotherapy are the group mostly likely to benefit from
CYP2D6/CYP2C19 genotyping [10,36], there is still no
definitive evidence, and different recommendations can
be found. As a matter of fact, according to the French
National Network of Pharmacogenetics (Réseau national de
pharmacogénétique [RNPGx]), CYP2D6/CYP2C19 geno-
typing is advisable before initiating an antidepressant treat-
ment, especially in patients with a high risk of toxicity [37].

CYP2D6/CYP2C19 genotyping is not available in most
clinical services and it is often not reimbursed by national
health care systems, therefore if a patient is willing to fund
their own genetic testing, commercial pharmacogenetic
tests are an option. These tests have a median cost of CAD
499 (range from CAD 199 to CAD 2,310) according to a
recent review referred to the tests available in Canada
(however, prices may not be the same in other countries)
[38]. When considering this possibility, clinicians should
keep in mind that usually commercial pharmacogenetic
tests include also genetic variants not endorsed by guide-
lines [39], and two main points should be considered to
guide the choice: 1) the test has to include all the genetic
variants endorsed by guidelines (see [32]), pay particular
attention if the patient is of non-European ancestry, as the
frequency of variants in CYP2D6/CYP2C19 genes varies
across ethnicities, sometimes of a great extent [40]; 2) the
report has to be sufficiently detailed and show the results
per each gene and variant tested, therefore the level of
evidence of each of them according to guidelines can be
considered when choosing the antidepressant.

Step 3: Possible Utility of Polygenic Risk Scores

As genome-wide genotyping is becoming cheaper and
cheaper, direct-to-consumer companies offering genetic
testing services is exploding. The price range is GBP 50~
129 (in the United Kingdom, prices may vary in other
countries) and they provide different type of information,
often including health conditions. As of early 2019, more
than 26 million people have taken one of such tests, with
numbers that are increasing exponentially [11]. Genome-
wide arrays provide genotypes of hundreds of thousands
or millions of genetic variants throughout the genome,
and these data can be used to calculate polygenic risk
scores (PRS) for psychiatric and non-psychiatric traits, a
measure reflecting the genetic loading conferred by the
combined set of risk variants associated with a trait (e.g.,
antidepressant non-response, risk of a certain disease)
(Fig. 1). While PRS did not show strong prediction of psy-
chiatric diagnoses or response to antidepressants
[26,41,42], similarly to the PRS of non-psychiatric traits,
they may helpful when used in combination with non-ge-
netic risk factors, though evidence in this regard is still
lacking. However, a proper knowledge about the inter-
pretation and possible clinical implications of PRS is go-
ing to be important in clinical settings, since the ex-
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ponential diffusion of direct-to-consumer products. Currently,
PRS were shown to add information to non-genetic risk
factors for coronary artery disease (CAD), type 2 diabetes
(T2D), breast and prostate cancers, and Alzheimer’s dis-
ease [43], the first two being especially relevant in MDD,
since the high comorbidity rates [44,45]. The PRS of CAD
was shown to add prediction power to the traditional risk
factors such as blood pressure, cholesterol levels and
smoking habits, and to the identification of patients more
likely to benefit from statins (those with the highest CAD
PRS); interestingly, disclosing CAD genetic risk to patients
when deciding whether to initiate statin therapy resulted
in improved benefits [43]. Therefore, the availability of
CAD PRS in a patient with MDD could represent an addi-
tional information to guide treatment choice, as the pre-
scription of medications associated with higher risk of car-
dio-metabolic side effects should be considered carefully
in case of high CAD PRS, and include of course the evalu-
ation of non-genetic risk factors for CAD. The hazard for
incident T2D was found to be 3.45 times higher in the
highest T2D PRS quintile compared with the lowest quin-
tile, after adjusting for body mass index and other known
predictors. Adding PRS to other variables in a prediction
model for 5-year T2D risk resulted in continuous net re-
classification improvement of 0.32 (95% confidence in-
terval: 0.21-0.44) [46]. Therefore, the PRS of T2D has a
potential utility in guiding antidepressant prescription and
clinical monitoring, similarly to what we discussed for
CAD PRS, though there is still no evidence about what
PRS threshold should warn against the prescription of
medications associated with the risk of cardio-metabolic
side effects.

The evidence supporting a possible utility of PRS in pre-
dicting antidepressant response is poor [26,47]. Preliminary
results support the hypothesis that the odds ratio (OR) of
non-response is 2.23 (95% confidence interval: 1.21-
4.10) in the highest quintile of schizophrenia PRS com-
pared to the lowest quintile [26]. A study in a larger sam-
ple reported consistent results [6]. Higher genetic loading
for schizophrenia was shown to predict poorer response
to lithium in bipolar disorder [48], extending the previous
findings that were referred to MDD only. Another prelimi-
nary finding of interest suggests that patients with MDD in
the lowest quintile of schizophrenia PRS may respond
better to antidepressant monotherapy compared to anti-
depressant augmentation with atypical antipsychotics,

while patients in the highest quintile of schizophrenia PRS
responded poorly to both therapeutic strategies [26].

DISCUSSION

The treatment of MDD is still largely based on a trial
and error approach or local/personal practices, with the
risk of suboptimal response and common lack of symp-
tom remission, that results in residual functional impair-
ment and risk of relapse/recurrence. This review proposes
a possible step by step approach to guide clinicians on the
criteria and actions to take into consideration when pre-
scribing treatments to patients with MDD, with particular
attention to cases when SSRI may have a lower chance of
efficacy and general comorbidities are contributing to dis-
ease pathogenesis (Fig. 1). The proposed steps are or-
ganized in a hierarchical order: the first one is the base of
the process, representing the essential evaluation that
should be performed in all patients, and it consists in the
clinical assessment of the individual symptom profile, that
can be matched with the pharmacological properties of
the available medications [5], but also interpreted in the
light of the genetic heterogeneity of depressive symptoms.
This last point is particularly relevant because different
depressive symptom profiles were linked to only partially
overlapping genetic factors, for example the genetic cor-
relation between depression with atypical and typical
neurovegetative symptoms is “only” 0.54 (standard error =
0.14, where a genetic correlation of one indicates com-
plete genetic overlap) [7], and these MDD subtypes show
genetic overlap with distinct traits, with potential implica-
tions on treatment. Genetic studies have indeed demon-
strated that the genetic variants modulating the risk of
MDD are shared to various extent with other psychiatric
and non-psychiatric traits [49], and in this review we dis-
cussed that MDD includes clinically and genetically het-
erogeneous subtypes. When the first step of the proposed
process is not successful, and despite at least one ad-
equate treatment in terms of duration and dose the patient
continues to suffer from depression, or the patient pres-
ents non-tolerated side effects, clinicians should consider
the genotyping of CYP2C19/CYP2D6 variants. This can
provide complementary information to guide the follow-
ing prescription decisions, as individuals with altered
drug metabolism may respond or tolerate better some an-
tidepressants rather than others. If even the addition of
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prescribing recommendations based on CYP2C19/CYP2D6
genotyping does not help the identification of an effective
and tolerated treatment, there are no other criteria with
evidence of benefits in guiding the choice of specific med-
ications in MDD, but a range of possibilities with variable
evidence of efficacy in TRD [12]. However, as step 3, we
suggested the evaluation of the possible clinical im-
plications of PRS, in case they are available (i.e., if the pa-
tient decided to take one of the direct-to-consumer genet-
ic tests and is willing to share the results with the treating
physician). PRS have currently limited clinical applica-
tions and in fields of medicine other than psychiatry,
though they may be helpful to identify patients at risk of
cardio-metabolic disorders and avoid medications with
this type of side effects in this group. Genomic medicine is
in a phase of rapid evolution, therefore the predictive ac-
curacy of PRS and the corresponding clinical applications
may change rapidly in the next future. There are useful
web tools to stay updated with the latest information in
this regard; for example the Polygenic Score (PGS) Catalog
includes information on over 200 PRS for 100 traits, in-
cluding MDD and schizophrenia, and it provides in-
formation on PRS metrics, such as the AUC (area under
the receiver operating characteristic curve [ROC]), an es-
timation of the percentage of individuals that are correctly
classified as cases by the PRS [50]. Despite there is still no
PRS available for antidepressant response, since the in-
sufficient power of the previous samples [47], recent re-
sults on a larger sample size suggest that PRS significantly
predicts symptom improvement and remission to anti-
depressant treatment, thought the variance explained is
still very low [6]. Another interesting web tool to guide in-
dividuals in the interpretation of their genome-wide geno-
typing data is impute.me, a resource that provides up-to-
date information on the effect of single genetic variants
and PRS for a range of traits, currently including psychiatric
disorders and response to clozapine in schizophrenia
[51]. It is also possible for the user to upload their ge-
nome-wide data and know their PRS for each of the avail-
able traits and where their PRS value lies compared to a
reference population. At least a basic knowledge of these
resources and the way to use them will be more and more
relevant in the clinical practice, as the number of individuals
taking at-home-DNA tests is increasing exponentially and
guidance by their treating physicians on the interpretation
of results is advisable in order to avoid unneeded worry-

ing, unnecessary clinical testing or treatments. The rapid
drop of genotyping and DNA sequencing costs is also go-
ing to facilitate their inclusion among services provided
by national health care systems, starting from individuals
with rarer and severe disorders, then possibly extending it
to larger fractions of the population including healthy in-
dividuals, as effective preventive strategies for most dis-
eases may become available.
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