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Abstract

The CYP2D6 genetic variation seems to be important for several clinically used drugs including metoprolol. The frequency of
adverse effects of metoprolol may vary depending upon the genotype of CYP2D6. However, how CYP2D6 genetic variation
affects metoprolol's adverse effects is not well understood in the Pakistani population. In this study, we prospectively included
Pakistani patients who started metoprolol treatment for cardiovascular indications. Decisions on inclusion and exclusion were
made without awareness of the CYP2D6 genotype. Before intake of the first metoprolol dose, detailed medical history, baseline
clinical characteristics, and laboratory indices were obtained. For CYP2D6 polymorphism examination, 5 ml of venous blood
was collected and stored in a -80°C refrigerator until analysis. This study was approved by the Ethics Board of the Kohat
University of Science & Technology and was conducted in line with the ethical guidelines of the 1975 Declaration of Helsinki.
Our results showed that all the patients were wild type for this CYP2D6*6 (rs5030655) and no variant allele was found. For
CYP2D6*4(rs1065852), 60 patients were wild type, 27 were heterozygous and only 3 patients were homozygous mutants for this
single nucleotide polymorphism. Dizziness, bradycardia, and hypotension were more frequently observed adverse effects than
lightheadedness and syncope. The frequency of adverse effects was hypotension (20), bradycardia (21), lightheadedness (16),
dizziness (45), and syncope (13). The distribution of adverse effects in different genotypes of CYP2D6*4(rs1065852) reveals that
this genetic variation is not associated with the adverse effects experienced by metoprolol users in a Pakistani cohort with
cardiovascular indications.
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1. Introduction
The cytochrome P450 2D6 (CYP2D6) is not only

variations may lead to an increased CYP2D6
metabolic activity, thereby affecting drug

responsible for the expression of about 20% of all
hepatic enzymes but also plays a critical role in
the metabolism of a remarkable 25% of drugs
(Zanger and Schwab 2013). Pharmacogenomic
studies found growing evidence establishing
causality between CYP2D6 gene allelic variants
and fluctuating responses to some therapeutic
agents (Whirl-Carrillo et al. 2012). To date, more
than 100 variations, primarily single nucleotide
polymorphisms and copy number variants, have
been reported (Zanger and Schwab 2013). These

metabolism and pharmacokinetic profiles across
multiple drug classes (Swen et al. 2011). To
characterize the CYP2D6 metabolic activity of
individuals, treatment guidelines classify four
phenotypes: ~ poor  metabolizers  (PM),
intermediate metabolizers (IM), extensive
metabolizers (EM), and ultra-rapid metabolizers
(UM) (Swen et al. 2011, Crews et al. 2014, Hicks
et al. 2015, Relling et al. 2011). The prevalence of
CYP2D6 phenotypes is predicted to be 0.4 to
5.4%, 0.4 to 11%, 67 to 90%, and 1 to 21% for PM,
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Table 1: Baseline characteristics of the investigated sample.

Variable Mean/n SD/%
Age 52 12
Male 58 65
Smoking 27 ‘ 30
BMI (kg/m?) 21 2.7
Systolic BP (mm Hg) 138 14
Diastolic BP (mm Hg) 79 10
Heart Rate (bpm) 76 ‘ 11
Creatinine (mmol/L) 85 21.2
Metoprolol Indication
Hypertension 63 70
Ischemic Heart Disease = 32 ‘ 36
Heart Failure 31 35
Other Indications 11 12
Concurrent Drugs
Ca Channel Blockers 47 52
ACEI/ARB 46 51
Diuretics 29 ‘ 32
Other Drugs 5 6
IM, EM, and UM respectively (Gaedigk et al. However, despite compelling evidence, a
2017). significant connection between  directly-

Metoprolol is a cardio-selective {i-blocker. It is
widely regarded by physicians as a gold
standard therapy for a number of cardiovascular
diseases, which includes heart failure, coronary
artery disease, and hypertension (McDonagh et
al. 2021). Notably, CYP2D6 in the liver is
responsible for metabolizing 70%-80% of orally
administered metoprolol (Zisaki, Miskovic, and
Hatzimanikatis 2015). However, the metabolites
of this drug have minimal pharmacological
effects. Strong evidence supports the notion that
the highly polymorphic CYP2D6 gene influences

the therapeutic outcome to metoprolol
(Anstensrud et al. 2020).
Additionally, numerous research papers

reported a link between therapeutic response to
metoprolol and CYP2D6 phenotype. Reduced
CYP2D6 function typically correlates with a
more pronounced effect of metoprolol, such as
lower blood pressure (Batty et al. 2014, Thomas
et al. 2020) and a slowed heart rate (Batty et al.
2014, Thomas et al. 2020, Meloche et al. 2020).

reported symptoms of clinical significance, by
the patients receiving metoprolol, and CYP2D6
phenotype remains obscure. This uncertainty is
due to studies that reported both negative
(Wuttke et al. 2002, Anstensrud et al. 2020, Bijl et
al. 2009, Chen et al. 2022) and positive
(Poulussen et al. 2019, Zineh et al. 2004, Fux et al.
2005, Hamadeh et al. 2014) associations. The
Dutch Pharmacogenomics Working Group
(DPWG) has issued guidelines for prescribing
drugs affected by CYP2Dé6 variations (Whirl-
Carrillo et al. 2012). For PMs, DPWG guidelines
recommend either a gradual increase in the
metoprolol or prescribing less than a quarter of
the usual dose. This indicates that there will be a
75% reduction in the dosage for patients who fall
in the PM category for metoprolol. Therefore, in
the present study, we investigated the influence
of the CYP2D6*4 and CYP2D6*6 polymorphisms
on the adverse effects of metoprolol in
cardiovascular patients in a Pakistani cohort.
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Table 2: Allelic and genotype frequencies of the investigated cohort.

SNP Genotype Frequency
CYP2D6*4(rs1065852)

CC 60

CT 27

TT 3
CYP2D6%6 (rs5030655)

TT 90

T- 0

- 0

2. Materials and Methods

Patients were enrolled in this prospective study
from the Dr. Naeem Ur Rehman Clinic, starting
April 2021 to July 2022, to be given metoprolol
treatment for cardiovascular indications. The
drug regimen was formulated and adjusted
freely by the doctors according to the individual
patient baseline and clinical basis. Furthermore,
inclusion and exclusion criteria were defined
without the CYP2D6 genotype awareness. Prior
to the first metoprolol dose, comprehensive
medical records, clinically relevant baseline
characteristics, and laboratory indices were
taken into For examining
CYP2D6 polymorphism, venous blood (5ml
from each subject) was extracted and stored at
—-80°C. This study was approved by the Ethics
Board of the Kohat University of Science &
Technology. Moreover, the practices in this
study adhered to the 1975 Declaration of
Helsinki ethical guidelines. Each subject of the
study provided informed written consent. The
corresponding author, upon reasonable request,
can provide the datasets utilized and/or
analyzed during this study.

Following metoprolol treatment initiation,
follow-ups were done via interviews through
telephone fortnightly, and for 12 weeks patients’
electronic medical records were reviewed to
assess the metoprolol dose and adverse events
correlation, if any. Instances of polypharmacy,
including treatment with antiarrhythmic drugs,
antihypertensives, and CYP2D6 inhibitors while
treating with metoprolol, were recorded.

account.

Adverse events, cardiovascular and non-
cardiovascular, related to metoprolol were
documented. Cardiovascular events included
bradycardia (heart rate <55bpm), postural
hypotension, and cold extremities were
cardiovascular,
lightheadedness and dizziness were categorized
as non-cardiovascular adverse effects.
Furthermore, a manual method was used to
isolate genomic DNA from lymphocytes in
whole blood. The methods used for the detection
of CYP2D6 alleles 4 and 6 were derived from
(Martin Hersberger 2000)

Variables of categorical nature were presented
as frequencies (%), whereas continuous
variables were presented as the mean standard
deviation. For categorical variables, the group
differences were evaluated by employing a chi-
squared test. Hardy-Weinberg equilibrium
departure = was tested for each of
the CYP2D6 alleles through the chi-squared test.
To perform statistical analyses, SPSS 26.0
software (IBM Corporation, Armonk, NY,
United States) was used. A p-value of <0.05 was
considered significant.

considered as whereas

3. Results

Notably, patients” average age in our study was
52+12 years, 65% were male, and 30% were
active smokers. Their mean BMI was 21+2.7
kg/m?2. Their mean systolic BP was 138+14 and
diastolic BP was 79+10 (mmHg). The average
creatinine levels were 85+21.2 mmol/L (Table 1).
About 70% of patients were prescribed
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Table 3: Adverse effects in metoprolol users observed in the study.

Adverse Effect Frequency CC CT TT p-value
CCvs (CT&TT)
Hypotension 20 14 5 1 0.233
Bradycardia 21 13 7 1 0.170
Lightheadedness 16 11 5 0 0.091
Dizziness 45 33 10 2 0.301
Syncope 13 9 4 0 0.562
metoprolol for hypertension, 36% for ischemic It is well known that mutations in the

heart disease, 35% for heart failure, and 12% for
other indications. Along with metoprolol, 52% of
patients were receiving a calcium channel
blocker, 51% were receiving ACEI/ARB, 32%
were receiving diuretics, and 6% patients were
receiving other drugs (Table 1).

Investigation of CYP2D6%*6 (rs5030655) revealed
that all the patients were wild type for this SNP
and no variant allele was found. For
CYP2D6*4(rs1065852), 60 patients were wild
type, 27 were heterozygous and only 3 patients
were homozygous mutants for this SNP (Table
2). Dizziness, bradycardia, and hypotension
were more frequently observed adverse effects
than lightheadedness The
frequency of adverse effects was hypotension
(20), bradycardia (21), lightheadedness (16),
(45), (13). The
distribution of adverse effects in different
genotypes of CYP2D6*4(rs1065852) is shown in
Table 3. It is evident from Table 3 that this SNP
is not associated with the adverse effects
experienced by metoprolol users.

and syncope.

dizziness and syncope

4. Discussion

The CPIC as well as the Dutch Pharmacogenetics
Working Group guidelines recommend clinical
considerations based on the CYP2D6 phenotype
(Bank et al. 2018) for appropriate drug and dose
selection for different patients, in line with the
purpose of precision medicine, guided by phar-
macogenetics. This underscores the significance
of accurately defining the CYP2D6 phenotype.

CYP2D6 allele vary substantially across ethnici-
ties (Bradford 2002, Zhou, Ingelman-Sundberg,
and Lauschke 2017). Known to produce Ums,
CYP2D6 allele duplication (e.g., *IxN, *2xN),
rarely occurs in East Asians, less than 1% (Zhou,
Ingelman-Sundberg, and Lauschke 2017, Crews
et al. 2021). Compared to other metabolizers, os-
tensibly, UMs have an improved safety profile,
as they possess a considerably higher CYP2D6
enzymatic activity (Blake et al. 2013, Meloche et
al. 2020). Following metoprolol administration,
UMs clear out the drug at a higher rate, leading
to lower plasma concentrations. Although ultra-
rapid metabolizers might experience limited
therapeutic efficacy, they are less prone to
metoprolol-induced adverse effects.

We designed a short-term, prospective clinical
study to probe the association of CYP2D6 geno-
types (CYP2D6*4 and CYP2D6*6) with metopro-
lol adverse events in 90 Pakistani patients suffer-
ing from cardiovascular diseases. During the
course of metoprolol treatment, the most fre-
quently reported incidences were bradycardia,
postural hypotension, syncope, dizziness, as
well as lightheadedness. However, the correla-
tion between the incidence of non-cardiovascu-
lar adverse events and CYP2D6 phenotypes was
not significant.

Numerous studies focusing on the differences
between PMs and non-PMs failed to include
UMs and PMs in the Pakistani population.
(Goryachkina et al. 2008) conducted a study that
revealed that unlike NMs, IMs developed not
only postural hypotension but also severe brad-
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ycardia, when metoprolol was coupled with par-
oxetine. These occurrences demonstrated that
patients who experience reduced CYP2D6 en-
zyme activity following the use of potent
CYP2D6 inhibitors are more prone to phenotyp-
ically become CYP2D6 poor metabolizers com-
pared to those with typical enzyme activity lev-
els.

Overall, incidences of metoprolol-associated ad-
verse effects, reported in this study, are similar
to those reported previously (Zineh et al. 2004,
Fux et al. 2005, Hamadeh et al. 2014). The
metoprolol therapeutic window is narrow in ad-
vanced-age patients with cardiovascular dis-
eases compared to the general population (Fux
et al. 2005, Hamadeh et al. 2014), particularly in
IMs than in NMs. However, due to the absence
of a placebo group, the trends observed in this
study cannot accurately determine the true fre-
quency of adverse events. Additionally, directly
comparing the incidences of adverse events
among these conditions may be inappropriate
since adverse events could be counted multiple
times.

Previous research has found that patients receiv-
ing B-blockers experience a slight drop in heart
rate or blood pressure, which may be a factor be-
hind the significant lowering in the frequency of
cardiovascular events (Cucherat 2007, Fisker,
Grimm, and Wehland 2015, Hardy et al. 2015).
Despite the long-term cardiovascular benefits of
metoprolol treatment, a pronounced drop in
blood pressure and heart rate can lead to dire
outcomes in elderly patients with cardiovascular
diseases. Furthermore, this study revealed that
higher incidences of bradycardia, postural hypo-
tension, and syncope predispose patients to dis-
turbance in hemodynamic parameters, falls, and
hospital readmissions.

However, this study had a few limitations. The
first limitation pertains to the gender imbalance
among the recruited participants, as most were
male. Notably, the studies about baseline differ-
ences in CYP2D6 activity between male and fe-
male patients have conflicting results (Walle et

al. 1989, Tamminga et al. 1999, Hagg, Spigset,
and Dahlqvist 2001). However, (Borobia et al.
2009) dismissed the clinical relevance of these
differences. The findings of this study provide
some representation of patients taking metopro-
lol; nonetheless, additional studies with a
greater number of female participants are re-
quired to validate our results. Another con-
straint of this study was that we considered only
CYP2D6*4 and *6 to determine individ-
ual CYP2D6 phenotypes. Furthermore, no struc-
tural variants were identified in the current
study. Therefore, complete and detailed geno-
typing analyses, including structural variants,
are crucial for improving the accuracy of geno-
type-to-phenotype translation, an important
point to be considered in future studies. Another
significant parameter (metoprolol plasma con-
centration) was not measured; therefore, the ex-
tent of metoprolol accumulation could not be de-
termined when patients presented with adverse
events.

5. Conclusion
This short-term, prospective, clinical trial used
the CYP2D6*4 and *6 in Pakistani patients suffer-
ing from cardiovascular diseases. In conclusion,
the study found that these SNPs are not associ-
ated with metoprolol-induced adverse events.
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