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Background: Schizophrenia is a severe mental disorder that often manifests within the first 
three decades of life. Its prognosis is uncertain and may result in a prolonged treatment that 
could extend throughout the entire lifespan of the patient. Antipsychotic drugs are character-
ized by a high interindividual variability when considering therapeutic effect and emergence 
of adverse effects. Such interindividual variability is thought to be associated primarily with 
pharmacokinetic matters.
Objective: The objective of this study was to evaluate the economic impact of the applica-
tion of the 5-Step Precision Medicine model (5SPM), an approach based on the pharmaco-
genetic analysis of the primary genes involved in the metabolism of the therapy for each 
patient, restructuring treatment as necessary.
Patients and Methods: One hundred eighty-eight psychiatry patients were analysed for 
single nucleotide polymorphisms on genes CYP1A2, CYP2B6, CYP2C9, CYP2C19, 
CYP2D6, CYP3A5 and ABCB1. Information on patients’ diagnosis, pharmacotherapy, and 
hospitalizations was collected.
Results: We achieved a cost–benefit ratio of 3.31–3.59 with a reduction of direct cost 
(hospitalizations plus pharmacotherapy) with a reduction of total cost in 67% of the patients 
who underwent the clinical intervention.
Conclusion: A rational Precision Medicine-based approach to psychiatric patients could 
result in a reduction on number of drugs required to control exacerbations, and the under-
lying pathologies, reducing the risk of adverse effects and improving adherence to treatment, 
leading to a potential decrease in direct costs. This methodology has been shown to be cost- 
dominant and, being based on a pharmacogenetic analysis, it has a lifelong nature, as the data 
obtained can be applied to other medical disciplines.
Keywords: pharmacogenetics, pharmacoeconomics, psychotic disorders, cytochrome P-450, 
antipsychotics

Introduction
Psychotic disorders encompass a number of serious illnesses requiring complex 
interdisciplinary treatment grounded in antipsychotic medication. According to the 
World Health Organization (WHO), schizophrenia affects 20 million people 
throughout the world. In 2017, the prevalence and incidence of schizophrenia 
reached 19.78 million and 1.14 million, respectively.1 One of the biggest problems 
that emerges when facing this type of diagnosis, known to be a long-term, serious 
mental illness, is the fact that the condition often manifests during the first years of 
the patient’s working life. This may significantly impact that person’s productivity, 
even making it impossible to develop a career during what is effectively the most 
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productive years of life, further aggravating both the eco-
nomic burden placed on family members (the impact on 
their professional life, the need to provide dedicated care 
and attention to the patient) as well as the emotional 
burden (involving more social and economic expense dri-
ven by psychological deterioration and leading even to 
abandonment of the patient by the family members).2,3

Antipsychotic treatment is necessary for this type of 
diagnosis, even though not all patients receive the same 
therapeutic benefits. Moreover, these substances are linked 
to a high number of adverse effects, which could lead to 
greater costs as it would become necessary to treat the 
adverse effects and manage cases that resist treatment.4–6 

While attempting to solve the more complex cases, it is 
common for prescribers to opt for polytherapy, which is 
associated with a higher risk of adverse effects and sub-
sequent hospital stays. It has been suggested that the 
schizophrenic patient will generate a high economic cost, 
mainly driven by indirect costs. Given that the criteria with 
which annual costs are calculated are not bound by 
a specific standard, in some cases resulting in the over- 
estimation of direct costs and in a disparity of the outcome 
obtained from different studies of the same population, the 
total costs associated with schizophrenia vary between 
94M (Puerto Rico, 1994, 0.09% of the Gross Domestic 
Product (GDP)) and 102,396M (US, 1991, 0.5% of the 
GDP) in 2013-USD. Estimates of direct and indirect costs 
during the interval vary between 29M (Sweden, 2013, 
0.02% of the GDP) and 29,279M (US, 2002, 0.50% of 
the GDP), and between 63M (Puerto Rico, 1994, 0.09% of 
the GDP) and 70,597M (US, 1991, 0.5% of the Gross 
Domestic Product), respectively. When analyzing these 
figures, it is also important to take into account the differ-
ences among the healthcare systems of different 
countries.6

The last decade has seen a rise in the study of pharma-
cogenetics, a discipline based on the analysis of the rela-
tionship between certain genes and various drugs. 
Pharmacogenetic analysis as a strategic tool focused on 
Precision Medicine is a practice that has expanded into 
specialized fields such as Oncology.7 Knowledge of the 
patient’s pharmacogenotype has proved useful when con-
sidering certain treatments based on the genetic nature of 
certain pathologies and has in some cases been able to 
reduce the costs associated with hospitalizations, adverse 
effects and pharmacotherapies not adjusted to the pharma-
cokinetic and/or pharmacodynamic of the patient.8–18 

There is some evidence to suggest that controlling the 

dose of various drugs guided by the patient’s genotype 
could reduce the costs of morbidity and mortality asso-
ciated with drugs that have, in the United States alone, 
exceeded $177B.19

There have not been many studies to date in the field of 
Psychiatry that analyze the cost-effectiveness of the appli-
cation of a pharmacogenetic analysis.20–27 It should be 
noted that, until 2014, only 27% of pharmacogenetic stu-
dies included an economic analysis of medical 
intervention.28 Despite knowledge of the possible altera-
tion of the plasma levels for the drugs used in psychiatric 
practice (anti depressives, antipsychotics, mood stabilizers, 
etc.), associated with genetic variance among genes form-
ing part of the CYP450 superfamily, or the genes related to 
their transport and distribution (ABCB1), as well as var-
iance in their effectiveness regarding therapeutic targets 
(5HTR, DDR, LAT, etc.), a cost-benefit analysis applied to 
this type of strategy remains debatable and is not yet 
established.20–23,29,30 This approach is thought to require 
a detailed and careful study of the specific circumstances 
of the patient, as well as the cost of the strategies 
employed. However, among those pharmacogenetic stu-
dies accompanying an economic study, more than 50% 
were cost-effective or cost-dominant. Those that were not 
could qualify by merely applying a small reduction in the 
technical costs employed.28

The primary aim of this study is to evaluate the economic 
impact that could occur, whether a reduction in pharmaceu-
tical costs or in hospital stays, by implementing a 5SPM 
precision medicine model based on the pharmacogenetic 
analysis of patients diagnosed with a severe and long-term 
mental illness treated with antipsychotics in polytherapy.

Patients and Methods
For the purposes of the present study, we used a cohort 
of 188 patients from the psychiatric ward of three public 
hospitals belonging to the public healthcare service of 
the Community of Castile and Leon (Castile and Leon 
Health Services, SACYL), the Health Centre Complex of 
Zamora (Zamora, Spain), the University Hospital of 
Salamanca (Salamanca, Spain) and the Rio Hortega 
University Hospital (Valladolid, Spain). The study was 
conducted in accordance with the Declaration of 
Helsinki and was approved by the Ethics Committee of 
the University Hospital of Salamanca (CEIC ref.: 107/ 
12/2016). The patients included in the study provided 
written informed consent to perform a pharmacogenetic 
analysis in compliance with the Ethics Committee of the 
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University Hospital of Salamanca, where the analyses 
were carried out. The inclusion criteria were as follows: 
(1) have a serious, long-term mental illness (2) with poor 
clinical response to the previously applied treatment that 
(3) eventually resulted in polypharmacy. Patients who 
had not received antipsychotic therapy or who were 
younger than 16 years of age were excluded from the 
study. Mental illness is considered to be serious and 
prolonged when its diagnosis involves non-organic psy-
choses, with a length period and duration of treatment 
greater than two years, and a moderate to serious impact 
on work, social and family obligations.

Information was collected on the patients’ diagnosis, 
current psychopharmacotherapy, hospitalizations and total 
days hospitalized, and the dose/day used, in addition to 
their age, gender, and pharmacological history. 
Pharmacological Costs were calculated by using the SRP 
obtained from the AEMPS/Vademecum Spanish databases, 
the dose pricing (IM presentations), or by inferring the 
€/mg ratio (oral presentations) from the standard presenta-
tion. Hospitalization costs were provided by the Regional 
Health Administration (SACYL).

The method used in the study was the 5-Step Precision 
Medicine (5SPM) method as described in Carrascal-Laso 
et al.31 PGx testing was performed using the AmpliChip 
CYP450 Test (Roche Molecular Diagnostics, Pleasanton, 
CA, USA),32 the Autogenomics platform, MassARRAY 
4.2 (Agena) and probe-based assays using the 
LightCycler platform (Roche Diagnostics). PGx testing 
was performed following the directives of the European 
Molecular Genetics Management Network for DNA hand-
ling, with the requisite controls. The application of quality 
norms followed the UNE-EN-ISO 15189:2007 Normative 
in the Accredited Section of Molecular Genetics and 
Pharmacogenetics of the Clinical Biochemistry Service 
of the University Hospital in Salamanca. The genes stu-
died were those encoding enzymes 1A2, 2B6, 2C9, 2C19, 
2D6, 3A4, 3A5 of the CYP450 cytochrome family, and 
ABCB1, which encodes an ATP Binding Cassette 
transporter.

In order to compare direct economic costs associated 
before and after the application of the 5SPM model, hos-
pitalizations and pharmacological information were 
recorded between January 1, 2013 and December 31, 
2019, with June 30, 2016 designated as the cut-off point 
(when the majority of patients were PGx-tested).

Results
Demographic Data
The present study concerns a descriptive retrospective 
study that reports the results for a total of 188 patients 
from whom clinical data were obtained between 2013 and 
2019. The median age of the participants in the study is 
47.21 (± 12.93) years of age, with 59.58% of the partici-
pants being women (n=112). The distribution according to 
diagnosis is presented in Table 1; the most common diag-
nosis is schizophrenia (DSM-V, F20.?), which was present 
in 67.02% of the cases (n=126).

Genotype
Pharmacogenetic analysis was performed on genes 
CYP1A2 (allele *1F), CYP2B6 (allele *6), CYP2C9 
(alleles *2, *3), CYP2C19 (*2, *4, *17), CYP2D6 (alleles 
*2, *3, *4, *5, *6, *7, *8, *9, *10, *12, *14, *17, *29, 
*41, *46), CYP3A4 (allele *1B), CYP3A5 (allele *3C)33 

and ABCB1 (rs10456423435 C>T). The analysis was per-
formed in the Pharmacogenetic and Precision Medicine 
Unit of the University Hospital of Salamanca. Table 2 
indicates the frequency of the appearance of the estimated 
phenotypes based on the detection of the different alleles 
present in the sample. Notable in terms of the primary 
metabolic pathways of the antipsychotics used in the 

Table 1 Demographic Data

Variable Value

PATIENTS

Total number of patients included: 188

- Average age (range; years) 47 (24–84)

- Male: Female (%) 59.58: 37.77

DIAGNOSTIC

DSM-V n (%)

F03 - Dementia 1 (0.53)
F19 – Substance-Related Disorder 12 (6.38)

F20 - Schizophrenia 126 (67.02)

F22 – Persistent Delusional Disorder 2 (1.06)
F23 – Brief and Acute Psychotic Disorder 1 (0.53)

F25 – Schizoaffective Disorder 13 (6.92)

F31 – Bipolar Disorder 25 (13.30)
F33 – Major Depressive Disorder 1 (0.53)

F60 – Specific Personality Disorders 2 (1.06)

F61 – Mixed Personality Disorder 1 (0.53)
F79 – Intellectual Disability 2 (1.06)

Note: All the pathologies are referred to the official standard nomenclature. 
Abbreviation: DSM-V, Diagnostic and Statistical Manual of Mental Disorders 5th- 
edition.
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sample is that the most prevalent genotype associated with 
CYP1A2, which was studied in 179 patients, is HI 
(86.03%, n = 154); while the most prevalent genotype 
associated with CYP2D6 (n = 183) and CYP3A4 (n = 
188) was EM (85.96, n = 159; 91.49%, n = 172).

Pharmacological Costs
Although the decision to perform a pharmacogenetic ana-
lysis was presented to each patient during their psychiatric 
consultation, the cut-off date used to establish comparisons 
with regard to the hospital stays required was 
30 June 2016. The period of time studied was 3 years 
prior and subsequent to that date, since at that moment 
more than 95% of the sample had been pharmacogen-
otyped. Of the 188 included in the study, financial infor-
mation was obtained for the pharmacotherapy and 
hospitalizations of 178. Prior to the application of the 
5SPM model, the average annual pharmaceutical cost 
associated with each patient was 2887€ per year 
(513,805.10€ per year in total). With the application of 
the 5SPM model, a reduction of 9.9% (287€ per patient 
per year, 51,187.02€ per year in total) was achieved, 
resulting in an average of 2598€ per patient per year 
(462,618.92€ per year). Scaled over the three and a half 
years prior and subsequent to the pharmacogenotype 
(PGx), the antipsychotic treatment of the patients in the 
study between 2013 and 2016 involved a cost of 
1,798,320.80€, with an average cost per patient of 
10,102.93€, which was reduced to 1,619,166.20€, or 
9096.44€ per patient, resulting in a cost reduction of 
9.9%, a saving in absolute terms of 179,154.58€ 
(1006.49 € per patient).

Table 3 provides a summary of the costs involved for 
each of the drugs used in the sample. The total cost of the 
majority of the drugs shows a reduction of 20–98%, which 

can be ascribed either to a reduction or discontinuance of 
the prescribed dosage. Among the notable results are: the 
cost of the prescription of Quetiapine, which during the 
period of 2013–2016 amounted to 242,287.37€ per year 
(4946.11€ per year per patient), and was reduced by 
94.10% (14,289.75€ per year, 4104.12€ per year per 
patient). The total cost of prescriptions for Paliperidone 
(113,284.36€ per year, 4714.87€ per year per patient) 
increased by 162% (297,452.8€ per year, 4282.34€ 
per year per patient); and Aripiprazole (62,296.64€ 
per year, 2807.18€ per year per patient) representing an 
increase of 35.6% (84,476.43€ per year, 2362.30€ per year 
per patient). The average cost involved in the pharma-
cotherapy of the patients treated with each of the drugs, 
whether as a monotherapy treatment or in combination 
with other antipsychotic drugs, showed a reduction of 
between 8% and 88%.

Continuing our analysis of the influence on the pharma-
ceutical costs of an approach based on Precision Medicine, 
we will now analyse the costs associated with each of the 
demographic variables gathered in the present study. It is 
worth noting that the pharmaceutical costs of female patients 
(n=69) were 172,496.2€ per year (2574.6€ per year per 
patient), 44.3% less than the costs attributed to the male 
patients (n=102), which reaches 309,775.3€/year (3480.6€ 
per year per patient, a decrease of 26.03%). The pharmaceu-
tical costs associated with the group of women were reduced 
by 4.4% (164,904.1€ per year, 2461.3€ per year per patient), 
while the reduction for men was 26.0% (229,256.9€ 
per year, 2575.9€ per year per patient). With regard to the 
diagnosis, the patients diagnosed with a subtype of schizo-
typal disorder (DSM-V, F25.?; n-107) amassed an average 
cost of 5987.9€ per year per patient (53,890.9€ per year), 
followed by schizophrenic patients (DSM-V, F20.?; n=107) 
at 3202.9€ per year per patient (342,708.9€ per year), while 

Table 2 Phenotype Relative Abundance

n PM IM EM UM

CYP1A2 179 – – 13.97% (n = 25) 86.03% (n = 154)
CYP2B6 166 9.04% (n = 15) 40.96% (n = 68) 50% (n = 83) –

CYP2C9 183 7.10% (n = 13) 35.52% (n = 65) 57.38% (n = 105) –

CYP2C19 186 3.23% (n = 6) 20.43% (n = 38) 47.85% (n = 89) 27.96% (n = 52)
CYP2D6 183 3.78% (n = 7) 5.95% (n = 11) 85.95% (n = 159) 3. 24% (n =6)

CYP3A4 188 1.06% (n = 2) 7.45% (n = 14) 91.49% (n = 172) –

CYP3A5 187 87.85% (n = 159) 13.81% (n = 25) 1.66% (n = 3) –

Note: Allele Frequencies of the sample were similar to the NCBI dbSNP ALFA Project Frequencies. 
Abbreviations: PM, poor metabolizer; IM, intermediate metabolizer; EM, extensive metabolizer; UM, ultrarapid metabolizer.
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for bipolar patients (DSM-V, F31.?; N=23) the figures were 
2490.4€ per year per patient (57,279.4€ per year). 
Throughout the course of the study, the reduction in costs 
amounted to 68.6% (1879.3€ per year per patient, 16,913€ 
per year), 3.2% (3101.1€ per year per patient, 331,813.0€ 
per year) and 52.2% (1189.5€ per year per patient, 27,358.3€ 
per year), respectively. Separating the patients into four age 
brackets (0–20, n=0; 21–40, n=44; 41–60, n=91; and 61+, 
n=21), we were able to confirm that patients aged between 
21 and 40 accounted for pharmaceutical costs of 3431€ 
per year per patient (151,005.3€ per year); the 41–60 
group had associated costs of 3047€ per year per patient 
(277,330.3€ per year); and those over the age of sixty 
accounted for costs of 2573.2€ per year per patient 
(54,037.3€ per year). These costs were reduced by 20.9% 
(2715.1€ per year per patient, 119,462.5€ per year), 18.1% 
(2494.9€ per year per patient, 227,035.8€ per year) and 4.3% 
(2463.5€ per year per patient, 51,734.4€ per year), 
respectively.

Hospitalization Costs
Prior to the application of the 5SPM Precision Medicine 
model (2013–2016), the 172 patients who had met the 
inclusion criteria accounted for 504 hospitalization stays 
(3 hospitalizations per patient) for a total of 4104 days 
hospitalized (24.87 hospitalization days per patient). The 
average duration of each hospital stay was 8.53 days. After 
adjusting the therapy according to the genotype of each 
patient, the total number of hospitalizations decreased by 

56.7% for a total of 218 hospitalizations (1.36 hospitaliza-
tions per patient, −54.6%) accounted for during the period 
of time between 2016 and 2019, for a total of 1561 days 
(14.45 hospitalization days per patient, −41.9%), with 
a reduction of 61.9% in the number of total days hospita-
lized. The average hospital stay was 7.09 days, 16.9% less 
than the period of time between 2013 and 2016 (Figure 1).

Regarding reasons for hospital admission, the most 
common reason accounted for during the time frame 
2013–2016 was discontinuance of treatment (147/504), 
followed by adverse effects (126/504) and clinical decom-
pensation (112/504). Reasons for the other hospitalizations 
were either not specified (35/504) or were not included 
among the three previously mentioned causes (84/504). 
Between 2016 and 2019, the number of hospitalizations 
due to discontinuance of treatment and the appearance of 
adverse effects decreased by 78% (32/218) and 88% (15/ 
218), respectively. Hospitalizations related to the decom-
pensation of the underlying pathology decreased by 37% 
(70/218), and hospitalizations for unspecified reasons 
decreased by 17% (29/218). Hospitalizations not included 
among the three causes mentioned increased by 14% (72/ 
232). The patients required an average of 1.6 hospitaliza-
tions due to a decompensation of the underlying pathol-
ogy, which fell to 1.4 (−8%), 1.7 hospitalizations due to 
discontinuance of treatment, which dropped to 1.4 (−19%), 
and 1.6 hospitalizations related to some type of adverse 
effect 1.3 (−20%). Consequently, a change occurs in the 
profile of hospitalizations among the total population. 

Table 3 Pharmaceutical Costs

Antipsychotic PrePGx (€) PostPGx (€) Variation (%) PrePGx (€/Patient) PostPGx (€/Patient) Variation (%)

Olanzapine 38,754.79 18,438.89 −51.74 717.68 472.79 −34.12

Aripiprazole 62,296.64 84,476.43 +20.16 1271.36 1919.92 +51.01

Risperidone 27,674.40 354.12 −98.70 588.82 177.06 −69.99

Amisulpride 4820.19 1222.15 −74.65 370.78 174.59 −52.91

Clozapine 10,398.30 5178.44 −34.90 273.64 207.14 −24.30

Paliperidone 113,284.51 297,452.8 +162.57 2832.11 3913.85 +38.20

Quetiapine 242,287.37 14,289.75 −94.10 3727.50 752.09 −79.82

Asenapine 14,289.75 9526.50 −33.33 752.09 635.10 −15.56

Anual Total 513,805.94 462,618.92 −9.96 2886.55 2598.98 −9.96

Triennium Total 1,798,320.80 1,619,166.20 −9.96 10,102.93 9096.44 −9.96

Abbreviations: PrePGx, pharmaceutical cost associated with each drug before most of the population was pharmacogenotyped (2013–2016); PostPGx, pharmaceutical 
cost associated with each drug after most of the population was pharmacogenotyped (2016–2019).
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Whereas the primary motive was previously 
a discontinuance of treatment (29.2%), followed by hospi-
talizations due to adverse effects (25.0%) and decompen-
sation of the underlying pathology (22.2%), the latter has 
now become the primary motive (32.1%), followed by 
discontinuance of treatment (14.7%) and adverse effects 
(6.9%) (Figure 2).

A study of the hospital stays (number, days, costs) 
based on different demographic variables (sex, diagnosis, 
age) demonstrates that, prior to the pharmacogenetic study, 
men were hospitalized more times (294 admissions = 
215,502€, 3.3 = 2421.4€ per patient) than women (209 = 
153,197€, 3.1 = 2286.5€ per patient), with a longer dura-
tion (26.93 days versus 25.65 days). On average, the 

Figure 2 Hospitalization reasons. 
Abbreviations: PrePGx, pharmaceutical cost associated with each drug before most of the population was pharmacogenotyped (2013–2016); PostPGx, pharmaceutical 
cost associated with each drug after most of the population was pharmacogenotyped (2016–2019).

Figure 1 Total hospitalizations per patient, total days hospitalized per patient and hospitalization mean duration. 
Abbreviations: PrePGx, pharmaceutical cost associated with each drug before most of the population was pharmacogenotyped (2013–2016); PostPGx, pharmaceutical 
cost associated with each drug after most of the population was pharmacogenotyped (2016–2019).
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frequency of women hospitalized due to discontinuation of 
pharmacotherapy (1.8 versus 1.7) or to adverse effects (1.8 
versus 1.6) was higher than for men, while admissions due 
to decompensation of the underlying pathology were much 
more frequent among men (1.7 versus 1.5) (Figure 3).

With regard to the diagnosis, patients diagnosed with 
a subtype of schizophrenia (F20; n=107) and with 
a subtype of personality disorder (F60; n=2) were hospi-
talized more frequently (3.6 and 4.5 admissions/patient, 
respectively), followed by patients with a schizophrenic 
disorder (F25, n=9; 3.4 admissions/patient) and a bipolar 
disorder (F31, n=23; 2.6 admissions/patient).

With regard to age, patients between 21 and 40 years of 
age (n=44) were the most frequently hospitalized (3.7 
admissions/patient) followed by the 41–60 age bracket 
(3.2 admissions/patient), while the group with the least 
number of admissions was 61 and over (2.9 admissions/ 
patient).

The reduction in the number of admissions, number of 
days in hospital, and the cost associated with the hospita-
lizations mirrors the figures calculated for the entire 

population, regardless of diagnosis, gender or age group 
(50–60%).

Financial Impact-Intervention
Between 01 January 2013 and 30 June 2016, the pharma-
ceutical costs associated with the sample reached 
1,798,320.80€ (10,102.93€ per patient) and the cost of all 
hospital stays (with an average cost of 733€ per admission 
and an average cost of 92.49€ per day of an inpatient 
hospital stay) is estimated between 369,432 and 37,9620 
€ (2238.98–2300.73€ per patient). After applying the 
5SPM methodology, between 01 July, 2016 and 
31 December, 2019, total pharmaceutical costs decreased 
by 179,154.58€ (1006.49€ per patient), to a total of 
1,619,166.20€ (9096.44€ per patient), and total hospital 
costs were calculated to have decreased between 
144,392.5 and 159,794€ (1336.97–1466€ per patient), for 
an estimated reduction in cost of 209,638–235,228€ (-
772.98–963.76€ per patient), representing a total of 388,-
792.58–414,382.58€ (1779.47–1970.25€ per patient). 
Considering the fact that the cost of the pharmacogenetic 

Figure 3 Average hospitalizations, average days hospitalized per patient and hospitalization duration for each demographic variable. 
Abbreviations: PrePGx, pharmaceutical cost associated with each drug before most of the population was pharmacogenotyped (2013–2016); PostPGx, pharmaceutical 
cost associated with each drug after most of the population was pharmacogenotyped (2016–2019); M, male; F, female; F03, dementia; F19, substance-related disorder; F20, 
schizophrenia; F22, persistent delusional disorder; F23, brief and acute psychotic disorder; F25, schizoaffective disorder; F31, bipolar disorder; F33, major depressive 
disorder; F60, specific personality disorders; F61, mixed personality disorder; F79, intellectual disability.
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study is 525€ per patient, the total investment for the 
present study of 172 patients was 90,300€, representing 
a net reduction between 298,492.58 and 324,082.58€ (-
1254.47–1445.25€ per patient). An analysis of these fig-
ures should take the lifelong nature of the 
pharmacogenetic study into account. Therefore, for the 
3-year period studied, the cost–benefit ratio is 3.31–3.59. 
Accounting for the particular situation of each patient, 
a reduction in total costs is noted in 67% of the patients 
(considering the pharmaceutical costs and those associated 
with inpatient hospital stay), which can be broken down to 
51% of patients who saw a reduction in their pharmaceu-
tical costs and 100% whose hospitalization costs decreased 
(Figure 4).

Regarding the influence of the concomitant pharma-
cotherapy, smoking and dietary habits on the metabolism 
of the antipsychotic pharmacotherapy – and therefore quite 
possibly on the therapeutic success and direct costs – no 
significant differences were found among the different 
groups studied, probably due to the very small sample 
size.

Discussion
The approach taken by the present study is to evaluate the 
cost–benefit ratio of the application of a pharmacogenetic 
analysis among long-term psychiatric patients who were 
found to have numerous adverse effects and only slight 
clinical improvement with the previously employed ther-
apy. As a common factor, it should be noted that the 
majority of the patients included in the sample were poly-
medicated; in addition to their non-psychiatric concomi-
tant therapy, different antipsychotics were simultaneously 
administered. To date, studies in this area have usually 
focused on the pharmacogenetic analysis directed at the 
metabolism of a single drug. Following this approach, the 
results have been disparate, although it is known that, 
under certain circumstances, this type of practice can be 
cost-effective and even cost-dominant.28 Our study 
demonstrated a positive cost–benefit ratio among two- 
thirds of the patients, and that the main savings criteria 
were reached due to a decrease in the polytherapy and 
hospital stays. The consideration of polymedication in this 
type of study could be a positive aspect when searching for 

Figure 4 Average pharmaceutical costs and hospitalization costs per patient. 
Abbreviations: PrePGx, pharmaceutical cost associated with each drug before most of the population was pharmacogenotyped (2013–2016); PostPGx, pharmaceutical 
cost associated with each drug after most of the population was pharmacogenotyped (2016–2019); M, male; F, female; F03, dementia; F19, substance-related disorder; F20, 
schizophrenia; F22, persistent delusional disorder; F23, brief and acute psychotic disorder; F25, schizoaffective disorder; F31, bipolar disorder; F33, major depressive 
disorder; F60, specific personality disorders; F61, mixed personality disorder; F79, intellectual disability.
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robust evidence on the cost-effectiveness of this type of 
approach.

Our study corrected the pharmacotherapy in the 188 
patients comprising our cohort, each of whom suffers 
from a serious, long-term mental illness. We applied the 
5SPM Precision Medicine model, conditioned by the 
genotype of the members of the CYP450 system most 
relevantly involved in the metabolism of antipsychotics, 
and achieved a significant decrease in both pharmaceu-
tical and hospitalization costs, which resulted in 
a decrease of total costs associated with oral medica-
tions metabolized by CYP1A2 (HI: 0.86) or 
a combination of these with other medications, as well 
as drugs that act on the most acute positive symptoma-
tology but have a more complex profile of adverse 
effects. When the therapy was adjusted and greater 
effectiveness was achieved, their use was no longer 
required to assist in more complicated cases. Instead, 
the LAI psychotics Aripiprazole and Paliperidone, 
which have greater costs but facilitate adherence to 
treatment, were used and administered primarily in 
monotherapy in our sample. The pharmacogenetic pro-
file of the population does not negatively interact with 
these drugs, resulting in fewer adverse effects and 
a consequent decrease in hospital expenses. 
Conversely, the elevated costs of the LAI antipsychotics, 
which increased in use during the period of time 2016– 
2019, could have partially masked the effect of the 
application of the 5SPM model on the pharmaceutical 
costs. This does not mean that LAI administration could 
be the general solution approach, given that patients 
were evaluated individually in order to avoid negative 
interaction between their therapy and genotype, which in 
turn involves greater pharmaceutical or hospital costs. 
Independently of the drugs used, during the period 
between 2016 and 2019 the average pharmaceutical 
costs were less than those incurred between 2013 and 
2015 when compared to patient groups using the same 
pharmaceutical (whether in monotherapy or in combina-
tion with other drugs). As for the problems arising from 
polytherapy, the use of more than one drug was shown 
to be related to a higher number of hospital stays and 
economic costs. A correlation is also established 
between the number of pharmaceuticals employed and 
the average pharmaceutical cost, the number of hospital 
admissions, and the average number of days in hospital, 
suggesting that the decrease in this application, resulting 

from a personalized approach, can be linked to the 
decrease in pharmaceutical and hospital costs.

On the other hand, it is important to highlight that 
among the demographic groups with the lower pharma-
ceutical costs, the impact of the application of the preci-
sion medicine model was not as noticeable with regard to 
the pharmaceutical costs, possibly suggesting that in the 
specific case of patients in these groups, the original ther-
apy was well established or, due to their clinical situation, 
there was either no need to use a large number of drugs or 
the therapeutic options were limited. This situation was 
not present when evaluating the hospital stays, whose 
variation (50–60%) was not affected by any demographic 
variable, meaning that the hospital stays, and associated 
costs were reduced by a similar proportion among all 
patients.

Overall, the intervention was cost-dominant, and 
a substantial decrease was achieved in the number of 
hospital stays required by the patients for their clinical 
stability. It should be noted that the present study only 
evaluated direct costs and did not include indirect costs, 
which could be more complicated to compute. Moreover, 
given the manner in which clinical data are registered in 
different services, it was not possible to establish 
a comparison between the different states of the patholo-
gies included in the study.

Conclusion
In conclusion, (1) the use of this methodology achieved 
a significant reduction in both pharmaceutical and hos-
pitalization costs during the time frame 2016–2019 with 
respect to the time frame 2013–2015. Although future 
data should not be extrapolated, given that much 
depends on the individual evolution of the sample 
patients and on the appearance of new potentially stron-
ger and cheaper therapeutic drugs and strategies, this 
finding is an especially positive point given the lifelong 
nature of the clinical intervention and the fact that the 
reduction in costs obtained greatly exceeds the invest-
ment required to perform a pharmacogenetic analysis. 
(2) Although depot injections are especially costly, they 
are sufficiently effective for the wide spectrum of symp-
tomatology associated with psychotic disorders so as to 
be administered in monotherapy or accompanied by 
other drugs in lower doses, which, if the drug profile 
of the sample is known, makes it easier to avoid the 
appearance of adverse effects and consequent hospital 
stays, and to improve adherence to treatment. (3) The 
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rational focus has resulted in a reduction in the number 
of drugs required to control the psychotic pathology, 
reducing the risk of adverse effects and improving 
adherence to treatment, leading to a decrease in hospital 
costs for admission due to adverse effects that cannot be 
remedied with outpatient treatment or to discontinuance 
of treatment, as well as a decrease in pharmaceutical 
costs resulting from a lower number of polytherapy 
cases or from a variance in the dosage used by the 
patient.

These conclusions should be considered with an aware-
ness of the limitations of this study, in particular the small 
sample size. The data used to carry out the study were 
taken from the application of these pharmacogenetic tools 
in routine clinical practice and requested in accordance 
with the criteria of the medical prescriber conforming to 
the clinical evaluation of the patient (following strict 
guidelines conveyed to psychiatric specialists during spe-
cial courses organized by the public administration). Each 
decision was made on an individual basis and agreed to by 
a multidisciplinary team (psychiatrists, psychologists, 
nurses, social workers and clinical biochemists), and only 
those patients who were deemed to obtain a clinical advan-
tage were selected for this methodology. On the other 
hand, the decision to introduce this methodology coincided 
with an increase in the use of LAI antipsychotics, which 
facilitated stronger therapeutic adherence, and therefore 
less clinical failure, being this situation a possible 
confounder.
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