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Abstract
Citalopram is commonly prescribed to patients suffering from major depressive disorder. Some of them do not respond
adequately to therapy with citalopram, while many of them experience type A adverse drug reactions. Current research
revealed that CYP2C19 isoenzyme is involved in the biotransformation of citalopram. The objective of our study was to
investigate the impact of 681G>A polymorphism of the CYP2C19 gene on the efficacy, safety and the concentration/dose
indicator of citalopram. Our study enrolled 130 patients with major depressive disorder and comorbid alcohol use disorder
(average age–38.7 ± 14.1 years). Therapy regimen included citalopram in an average daily dose of 31.1 ± 14.4 mg per week.
Therapy efficacy and safety were evaluated using the international psychometric scales. For genotyping, we performed the
real-time polymerase chain reaction. Our findings revealed the statistically significant results in terms of the treatment
efficacy evaluation (HAMD scores at the end of the treatment course): (GG) 8.0 [8.0; 9.0] and (GA) 10.0 [9.0; 11.0], p <
0.001. In the safety profile (the UKU scores), the statistical significance was also obtained: (GG) 3.0 [3.0; 4.0] and (GA) 5.0
[4.0; 5.0], p < 0.001. We revealed a statistical significance for concentration/dose indicator of citalopram in patients with
different genotypes: (GG) 2.543 [1.659; 4.239] and (GA) 4.196 [2.643; 5.753], p < 0.001). The effect of CYP2C19 genetic
polymorphism on the efficacy and safety profiles of citalopram was demonstrated in a group of 130 patients with major
depressive disorder.

Introduction

Depressive disorders are among the most common comor-
bid psychiatric disorders in patients with alcohol use dis-
order [1]. Today antidepressants remain a cornerstone in the
treatment of depression, and citalopram is a selective

serotonin-reuptake inhibitor antidepressant, which is com-
monly used in the treatment of major depressive disorders
[2]. Although clinical practice guidelines on the manage-
ment of depressive disorders recommend antidepressant
treatment, the proportion of resistant patients and those with
dose-dependent adverse drug reactions remains high [3].

Most antidepressants are metabolized by the CYP2C19
isoenzyme [4]. Meanwhile, the CYP2C19 gene is highly
polymorphic, which can affect the CYP2C19 isoenzyme
activity [5]. Such changes may affect the metabolism of
xenobiotic drug substrates of the enzyme, modifying the
drug efficacy and safety profiles [6]. Research has found that
people fall into one of four general metabolizer categories
distinguished by their metabolic rates: extensive meta-
bolizers considered a normal metabolic rate; poor meta-
bolizers carrying mutations in the CYP2C19 gene, which
may lead to a decreased functional metabolic activity
resulting in an increased risk of dose-dependent adverse
drug reactions; intermediate metabolizers having a mutation
in only one of the homologous chromosomes, which reduces
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the CYP2C19 metabolic activity, but to a lesser degree than
in poor metabolizers; and ultra-rapid metabolizers having the
congenital increased CYP2C19 metabolic activity leading to
the accelerated elimination of substrate drugs and the
reduced treatment efficacy [7]. Hence, changes in the effi-
cacy and safety profiles of citalopram may depend on, inter
alia, changes in genes encoding pharmacodynamics and
pharmacokinetics and, in particular, CYP2C19. Currently, a
number of studies demonstrating the effect of CYP2C19 on
the efficacy and safety of citalopram in patients with lucid
depression have been conducted [8].

The objective of our study was to assess the impact of
681G>A polymorphism of the CYP2C19 gene on the effi-
cacy, safety and the concentration/dose indicator of citalo-
pram in patients suffering from major depressive disorder
and comorbid alcohol use disorder.

Material and methods

Clinical characteristics of the study subjects

The study enrolled 130 male patients (average age–38.67 ±
14.08 years). The inclusion criteria were the dual diagnosis
of “Depressive episode (F32.x, according to ICD-10)” and
“Mental and behavioral disorders due to use of alcohol.
Dependence syndrome. Currently abstinent but in a pro-
tected environment (F.10.212)”; signed informed consent,
and 8-weeks citalopram monotherapy. Exclusion criteria
were the diagnosis of any other mental disorder; severe
somatic disorders (except alcoholic hepatitis and toxic
encephalopathy); presence of any other psychotropic med-
ications in treatment regimen; creatinine clearance values
<50 mL/min, creatinine plasma concentration >1.5 mg/dL
(133 mmol/L), bodyweight less than 60 kg or greater than
100 kg, age of 75 years or more and presence of any con-
traindications for citalopram use.

Therapy efficacy and safety evaluation

To evaluate citalopram efficacy, two international psycho-
metric scales were used: Hospital Anxiety and Depression
Scale (HADS) [9] and Hamilton Depression Rating Scale
(HAMD) [10]. The safety profile was evaluated using the
UKU Side-Effect Rating Scale (UKU) [11]. Patients were
examined on weeks 1, 4, and 8 of citalopram therapy.

Genotyping

For genotyping, venous blood samples were collected into
VACUETTE® (Greiner Bio-One, Austria) vacuum tubes on
the 8 week of citalopram therapy. The DNA amplifiers
“Dtlite” by DNA Technology (Moscow, Russia), CFX96

Touch Real-Time System with CFX Manager software by
Bio-Rad Laboratories Inc. (Hercules, CA, USA) and the
“SNP-screen” sets by “Syntol” (Moscow, Russia) were used
to perform the real-time polymerase chain reaction in order
to determine the single-nucleotide polymorphisms (SNPs)
681G>A of the CYP2C19 (rs4244285) gene. We used two
allele-specific hybridizations in every “SNP-screen” set,
which have enabled us to determine separately two alleles
of the studied SNP on two fluorescence channels.

Local ethical committee

The local ethical committee of the Russian Medical Acad-
emy of Continuous Professional Education of the Ministry
of Health of the Russian Federation approved the research
(The protocol No. 6 from 5/16/2017).

Statistical analysis

Statistical analysis of the results was performed with non-
parametric methods using the “Statsoft Statistica v. 10.0”
(Dell Statistica, Tulsa, OK, USA). The normality of sample
distribution was evaluated using the W-Shapiro–Wilk test
and taken into account when choosing a method. The dif-
ferences were considered statistically significant at р < 0.05
(power above 80%). Two samples of continuous indepen-
dent data were compared using the Mann–Whitney U-test,
which takes into account the abnormal nature of data dis-
tribution, with further correction of the obtained p value
using the Benjamin–Hochberg test, due to the multiple
comparison procedure. Several samples of continuous data
were analyzed using the Kruskal–Wallis H-test. Correlation
analysis was performed using the Spearman nonparametric
test, taking into account the abnormal nature of sample
distribution. Pearson’s Chi2 test for evaluation of the sam-
pling distribution of the alleles (Hardy–Weinberg equili-
brium) has been used. Research data are presented in the
form of the median and interquartile range (Me [Q1; Q3]),
or in case of their normal distribution, as the arithmetic
mean and standard deviation (Mean ± SD).

Study results

The CYP2C19 genotyping by polymorphic marker 681G>A
(rs4244285) performed in 130 subjects have revealed the
following:

● The amount of patients with the GG genotype (extensive
metabolizers) was 84 (64.6%);

● The number of patients with the GA genotype (inter-
mediate metabolizers) was 46 (35.4%);

● There were no subjects with the AA genotype (poor
metabolizers).
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Genotype distributions didn’t follow a Hardy–Weinberg
equilibrium (Chi2= 6.01, p value= 0.01).

The results of data analysis performed for psychometric
assessments (HADS, HAMD) and side-effect rating scale
(UKU) on weeks 1, 4, and 8 in patients who received
citalopram can be found in Table 1.

Dynamics of changes in HAMD scale scores among the
patients with different genotypes are demonstrated in Fig. 1.
At the baseline, there were no statistically significant dif-
ferences across patients with different genotypes: (GG) 22.0
[21.0; 23.0], (GA) 22.0 [21.0; 23.0], p= 0.868. By week 4,
statistically significant differences were not revealed,
as well: (GG) 13.5 [11.0; 15.2], (GA) 14.0 [14.0; 15.0],
p= 0.033. On the 8th week of the study, statistically sig-
nificant differences were found: (GG) 8.0 [8.0; 9.0], (GA)

10.0 [9.0; 11.0], p < 0.001. For the HADS scale, the same
dynamics of changes in scores was demonstrated.

Dynamics of changes in the UKU scores among the
patients are presented in Fig. 1. At the baseline, there were
no statistically significant differences: (GG) 0.0 [0.0; 0.0],
(GA) 0.0 [0.0; 0.0], p= 0.673. By week 4, statistically
significant differences were not revealed, as well: (GG) 3.0
[2.0; 3.0], (GA) 3.0 [3.0; 4.0], p= 0.033. A statistically
significant difference was revealed on week 8 of therapy:
(GG) 3.0 [3.0; 4.0], (GA) 5.0 [4.0; 5.0], p < 0.001.

Table 2 summarizes the data on concentration/dose ratio
(C/D) values obtained for citalopram through pharmacoki-
netic studies in terms of quantitative and nominal units. We
revealed a statistical significance for C/D indicator in
patients with different genotypes: (GG) 2.543 [1.659;
4.239], (GA) 4.196 [2.643; 5.753], p < 0.001 (Fig. 2).

Discussion

The findings of this study revealed a statistically significant
difference between the values of citalopram equilibrium
concentration in patients with different CYP2C19 genotypes
by polymorphic marker 681G>A (rs4244285): patients
carrying the A allele have a lower level of drug equilibrium

Table 1 Data from the psychometric assessments and side-effect rating
scale in patients who received citalopram, on weeks 1, 4, and 8 of
the study.

Scale GG GA p value

Week 1

HADS 37.0 [36.0; 38.0] 37.0 [37.0; 38.0] 0.655

HAMD 22.0 [21.0; 23.0] 22.0 [21.0; 23.0] 0.980

UKU 0.0 [0.0; 0.0] 0.0 [0.0; 0.0] 0.673

Week 4

HADS 21.0 [19.0; 24.0] 27.0 [22.0; 29.0] <0.001

HAMD 13.5 [11.0; 15.2] 14.0 [14.0; 15.0] 0.033

UKU 3.0 [2.0; 3.0] 3.0 [3.0; 4.0] <0.001

Week 8

HADS 16.0 [14.0; 18.0] 21.0 [19.0; 22.0] <0.001

HAMD 8.0 [8.0; 9.0] 10.0 [9.0; 11.0] <0.001

UKU 3.0 [3.0; 4.0] 5.0 [4.0; 5.0] <0.001

Data are presented as Me and IQR.

p—p value obtained in Benjamini–Hochberg multiple testing correc-
tion (based on the results of Mann–Whitney U-test).

Fig. 1 Dynamics of changes in
the HAMD and UKU scales
scores across patients with
different genotypes by the
polymorphic marker 681G>A
of the CYP2C19 gene
(rs4244285). Data are presented
as Me and IQR (colored lines
connect the medians on different
week of the study).

Table 2 The values of citalopram equilibrium concentration in patients
with different genotypes by the polymorphic marker 681G>A of the
CYP2C19 gene (rs4244285).

Parameter GG GA p value

Concentration of
citalopram, ng/mL

72.73
[60.11; 85.45]

122.85
[104.91; 139.20]

<0.001

C/D of citalopram, u.e. 2.54 [1.66; 4.24] 4.20 [2.64; 5.75] <0.001

Data are presented as Me and IQR.

p—p value obtained in Benjamini–Hochberg multiple testing correc-
tion (based on the results of Mann–Whitney U-test).
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concentration than those with the G allele (p < 0.001). This
appears to be due to the reduced biotransformation and
elimination rates of citalopram in patients carrying the A
allele, which in turn leads to a cumulation of the drug in
plasma. It may lead to an increased risk of adverse drug
reactions and pharmacoresistance. Our results are consistent
with the results of previous studies, which also demonstrate
a decrease in the metabolic rate of citalopram in the A allele
carriers [8].

Statistical analysis of data on the clinical efficacy profile
of citalopram in patients carrying different genotypes
by the polymorphic marker 681G>A of the CYP2C19
gene (rs4244285) revealed the statistically significant dif-
ferences (p < 0.001). The analysis of citalopram safety data
also demonstrated the statistically significant difference (p
< 0.001). Values of these parameters were significantly
higher in the carriers of the minor allele in comparison with
individuals with the dominant allele. This may indicate that
carriage of the polymorphic marker may lead to an
increased risk of the adverse drug reactions of citalopram,
which is probably due to a reduction of CYP2C19 activity
in these patients, a decrease in its biotransformation and
elimination rates, and accumulation of the drug in plasma.

Discussing the study limitations, it should be noted that all
patients had comorbid alcohol use disorder, but the severity of
liver damage did not differ in patients with different geno-
types. We included only male patients in our study to exclude
the influence of gender on the effectiveness of therapy.

Thus, based on the results showing that the genetic
polymorphism affects the efficacy and safety rates of cita-
lopram in patients with major depressive disorder, we can
assume that it is reasonable to regard the genotyping results
before prescribing citalopram to such cohort of patients.
According to the results of our earlier studies, it was also

shown that polymorphism of the CYP2C19 gene should be
taken into account when administering citalopram, as this
may have an impact on the efficacy and safety profiles of
citalopram [12–14].

Conclusion

The effect of CYP2C19 genetic polymorphism on the effi-
cacy and safety profiles of citalopram was demonstrated in a
group of 130 patients with major depressive disorder.
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