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Abstract

Metoprolol is a selective -1 adrenergic receptor blocker that undergoes extensive metabolism by
the polymorphic enzyme, CYP2D6. Our objective was to investigate the influence of CYP2D6
polymorphisms on efficacy and tolerability of metoprolol tartrate. 281 study participants with
uncomplicated hypertension received 50 mg of metoprolol twice daily followed by response
guided titration to 100 mg twice daily. Phenotypes were assigned based on results of CYP2D6
genotyping and copy number variation assays. Clinical response to metoprolol and adverse effect
rates were analyzed in relation to CYP2D6 phenotypes by using appropriate statistical tests. Heart
rate response differed significantly by CYP2D6 phenotype (p-value <0.0001) with poor
metabolizers & intermediate metabolizers showing greater HR reduction. However, blood
pressure response and adverse effect rates were not significantly different by CYP2D6 phenotype.
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Other than a significant difference in heart rate response, CYP2D6 polymorphisms were not a
determinant of the variability in response or tolerability to metoprolol.
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Introduction

Metoprolol is a cardioselective -1 adrenergic receptor blocker that is considered a
cornerstone therapy (1-4) for the treatment of various cardiovascular diseases owing to the
mortality benefits demonstrated in the setting of coronary artery diseases, heart failure, and
hypertension (5, 6). With an estimated 72 million prescriptions filled annually, metoprolol
(as tartrate and succinate) ranks 41 among the top 10 most prescribed medications, making
it the most commonly used -1 blocker in clinical practice (7). However, response to
metoprolol therapy is highly variable particularly in hypertension (HTN) and heart failure
(HF) (8, 9). Despite its wide spread use, much remains to be learned about the determinants
of variability in metroprolol response.

Like other lipophilic -1 blockers, metoprolol undergoes extensive metabolism in the liver
via three distinct oxidative pathways: O-demethylation, N-dealkylation and alpha
hydroxylation (10-12). The first comprises the principle route of metabolism, contributing
to about 65% of the overall metabolism, whereas the other two pathways are considered
minor, each accounting for 10% (13, 14). Although several cytochrome enzymes are
involved in its metabolism, studies have shown that CYP2D6 is responsible for metabolizing
about 60% of the oral metoprolol dose (15).

Understanding the genetics of CYP2D6 is of utmost importance from a clinical standpoint
since the enzyme is responsible for metabolizing more than 30% of drugs belonging to
different therapeutic classes. Unlike other cytochromes, polymorphisms in CYP2D6 result
from not only single nucleotide polymorphism (SNPs), but also from insertion/deletions of
nucleotide bases (indels), as well as whole gene deletions, duplications and multiplications.
As a consequence, more than 100 variant alleles have been identified thus far (http://
www.imm.ki.se/CYPalleles) giving rise to gene products or enzymes with various activities.
The CYP2D6 activity score system (16), a relatively new and simple method, assigns a score
to each variant allele based on its predicted function, and subsequently it allows rapid
classification of an individual’s CYP2D6 metabolizer phenotype into one of the four
predicted phenotypes: poor metabolizers (PMs), intermediate metabolizers (IMs), extensive
metabolizers (EMSs), and ultrarapid metabolizers (UMs). The prevalence of each phenotype
varies among racial groups with the PM phenotype having the highest frequency among
Caucasians (5-10%) compared with the other races (17).

There is ample evidence in the literature suggesting that the CYP2D6 polymorphisms impact
the pharmacokinetics of metoprolol as well as other 8 blockers (18-22). Whether these
differences in metoprolol pharmacokinetics translate into variability in response is a subject
of ongoing debate (23-25). Hence, the main objective of our study was to assess the
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influence of CYP2D6 polymorphisms on the clinical efficacy and tolerability of metoprolol
when used for the treatment of uncomplicated hypertension.

Baseline characteristics for the 218 study participants are summarized in Table 1. Although
not shown here, it is important to note that they were well balanced across the four CYP2D6
phenotypes. All of the observed allele frequencies were in Hardy Weinberg Equilibrium,
and the most prevalent genotypes were *1/*1 and *1/*2 which collectively accounted for
30% of all the genotypes. As for CYP2D6 phenotype distribution, almost 84% (184) of the
study participants were EMs (Table 2). For three samples carrying variations in the CYP2D6
gene copy number, inferring the CYP2D6 metabolizer phenotype was only achievable after
performing the Pyrosequencing-based method for allele quantification (28). Further
information on CYP2D6 phenotype distribution by race is shown in supplement.

There was no statistically significant difference between the four groups in terms of the
mean daily dose of metoprolol, 200 mg in PMs, 193.74 mg (x 12.5) in IMs, 195 mg (+ 10.9)
in EMs & 200 mg in UMs (p-value=0.77). In ten study participants (5%), metoprolol was
not titrated to the maximum recommended dosage, of whom nine were EMs and one was an
IM.

At the end of the study period, reduction in systolic (SBP) and diastolic blood pressure
(DBP) did not vary significantly between the four CYP2D6 phenotypes (Table 3). However,
the decline in heart rate (HR) was significantly greater in PMs & IMs compared with EMs &
UMs (Table 3 and figure 1).

The Analysis of Covariance (ANCOVA) test showed a statistically significant difference in
HR change from baseline by CYP2D6 phenotype, but not in SBP or DBP change. In
addition to age, baseline HR, and race, CYP2D6 phenotype was among the most significant
predictors of the variability in HR response to metoprolol (table 4). The overall incidence of
clinical bradycardia, defined as a resting HR less than 60 beats/minute, was observed in 25%
of the patients (n=55). Stratification of the incidence of clinical bradycardia was not
significantly different by CYP2D6 phenotype: 27% in PMs, 25% in IMs, 25% in EMs and
11% in UMs (p= 0.86). Of the 55 cases of clinical bradycardia, only four patients
experienced symptomatic bradycardia. One of them had a PM phenotype while the others
were EMs.

A total of 67 side effects (30.7%) were reported during the study period (table 5). However
the rates of these side effects did not differ significantly between the CYP2D6 metabolizer
phenotypes. Side effect rates were 36.4% (4), 26.7% (4), 31.0% (57), and 25% (2), in PMs,
IMs, EMs and UMs, respectively (p=0.92). Further grouping of the PMs and IMs into one
category and the EMs and UMs into the other, suggested no significant difference in the
rates of adverse effects. Additionally, almost all of the reported side effects occurred
following dose titration to 100 mg twice daily except for two cases of fatigue/tiredness
which occurred at 50 mg twice daily. However, the genotype derived CYP2D6 phenotypes
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for these two study participants were EMs. This is suggestive that metoprolol was well
tolerated even by study participants with impaired CYP2D6 function.

Discussion

This study was designed to determine whether polymorphisms in CYP2D6 have an impact
on the variability in efficacy and adverse responses observed among individuals treated with
metoprolol. Although our study enrolled patients with uncomplicated hypertension, this
should not preclude the generalizability of our results to other patient populations where
metoprolol is considered the standard of care. After eight weeks of metoprolol therapy, our
findings suggest that there is no relationship between CYP2D6 polymorphism and variability
in the clinical efficacy of metoprolol as it pertains to SBP & DBP responses. Study
participants with the PM and IM phenotype exhibited a greater reduction in HR, but not in
SBP and DBP despite the fact that these phenotypes are linked to impaired metoprolol
metabolism. Furthermore, higher doses of metoprolol were well tolerated by those with the
PM and IM phenotype given the comparable rates of adverse effects that occurred in each
CYP2D6 phenotype group.

Because of the consistent findings from published trials (18-22) demonstrating that the
pharmacokinetic disposition of metoprolol is significantly altered among individuals with
PM or IM phenotype compared with those with the EM or UM phenotype, we opted not to
perform any pharmacokinetic study. The results from these studies were further
substantiated in the recent meta-analysis conducted by Blacke et al (26) which included 13
studies with an overall number of 264 participants. In the meta-analysis, the IM and PM
phenotypes had a 3-5 fold increase in all the pharmacokinetic parameters of metoprolol
(AUC, Cmax, and terminal half-life) compared with the EM and UM phenotypes.

If the response to metoprolol is proportional to its plasma concentration, then the profound
differences in drug exposure should translate into differences in either its clinical efficacy
parameters or adverse effect rates depending on CYP2D6 phenotype. This is the rationale
for the hypothesis that individuals with low or high CYP2D6 activity are predisposed to
either undesired side effects or to therapeutic failure. Several clinical trials sought to further
investigate this concept i.e. whether the interindividual differences in metoprolol plasma
levels, driven primarily by polymorphisms in CYP2D6 gene, translate into a variability in
drug response. However, the reported results were conflicting. While some studies showed
that the variation in metoprolol response could be explained by polymorphisms in the
CYP2D6 gene (23-25), others did not. This might be attributed to the small sample size of
the PM phenotype in the studies that did not find an association for any phenotype (18-20).

Given this controversy, we conducted this clinical trial to determine whether CYP2D6
polymorphisms are responsible for the variation in metoprolol response. Hence, it is
important to highlight the strengths of our study. Its prospective design enabled us to assess
the recorded home and office HR and BP measurements as well as adverse effect rates
throughout the trial period, and most importantly during the metoprolol dose titration phase,
so that we can accurately examine the relationship between CYP2D6 polymorphisms and the
variation in clinical efficacy and adverse effect responses to metoprolol.
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We genotyped the CYP2D6 gene for the most studied variants as recommended by the CPIC
guidelines (28) mainly because of the highly polymorphic nature that the gene exhibits, and
the differences in the frequencies of the alleles among different ethnic groups. Given the
diverse ethnic background of our study participants, it was of paramount importance that our
genotyping methods targeted all the variant alleles. Because CYP2D6 polymorphisms result
from whole gene duplication or deletion in addition to single nucleotide substitution, we
performed Tagman® copy number assay to estimate the number of CYP2D6 gene copies
carried in each sample. We also utilized the novel Pyrosequencing-based assay for allele
quantification, recently described by Langaee et al (28) to define the duplicated/multiplied
allele in samples with problematic genotypes due to copy number variations. As a
consequence, our genotyping approach is very comprehensive compared to some studies in
the literature, which studied only the *4 loss of function allele. Additionally, our study is
unique in terms of utilizing the activity score method endorsed by the CPIC guidelines to
infer CYP2D6 phenotype from the genotype and copy number variation information. Hence
the CYP2D6 phenotypes of our study participants comprised the CYP2D6 activity spectrum,
and not just the PM and EM phenotypes (24, 25). Subsequently, our findings provide more
complete data on the influence of CYP2D6 polymorphisms on response to metoprolol. As
suggested by our results, CYP2D6 polymorphisms impacted HR response, but not DBP or
SBP responses to metoprolol. Of note, our sample size was large enough to detect the
difference in DBP response (-4 mm Hg) between CYP2D6 phenotypes as reported by some
studies (24), indicating clinically meaningful differences in BP response by CYP2D6
genotype do not exist.

It has been suggested that the differences in response to metoprolol between PMs and non
PMs occur during the dose titration phase of the drug only, when the dose-response
relationship is linear, and these differences tend to subside or become insignificant with
higher doses (e.g. 200 mg/day), when the sigmoid portion of the response curve is reached.
This notion could explain the discrepancies between our findings and what was reported in
the literature as it pertains to DBP changes since higher doses of metoprolol were used in the
current study as opposed to 50 mg of metoprolol XL in the study by Rau et al. (25).
Although we do not have data on 50 mg daily, our participants were initiated on 50 mg
twice daily (which is also likely to be on the linear portion of the dose-response curve), and
the data at that dose were in line with our findings at 100 mg twice daily. Thus, it remains
unclear if differences in the doses studied account for the differences in relationship with the
BP response by CYP2D6 phenotype.

The adverse effect rates observed in this study are comparable to those reported in other
trials (30%) despite the stringent inclusion criteria that were put in place in this study. It is
worth noting that only one patient withdrew from the study due to symptomatic bradycardia
(47 beats/min), which occurred following administration of the second dose of metoprolol
50 mg. Contrary to what was anticipated, his genotype-predicted phenotype was EM.

In conclusion, we observed a significant relationship between CYP2D6 genotype-derived
phenotype and HR response to metoprolol, but no relationship with BP or adverse effects.
Metoprolol was well tolerated by all study participants, and having the PM or IM phenotype
did not preclude titrating metoprolol up to the maximum protocol dose of 100 mg twice
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daily. Furthermore, BP response did not differ by CYP2D6 phenotype. The only response
we observed to be influenced by CYP2D6 phenotype was HR, which is readily measured in
the clinical setting. In this well-powered, carefully genotyped study, there is no evidence for
the clinical utility of CYP2D6 genotyping to guide metoprolol therapy.

Patient selection

The Pharmacogenomic Evaluation of Antihypertensive Responses-2 (PEAR-2) study is a
prospective, multicenter, open label, sequential monotherapy clinical trial (clinical trial.gov
identifier: NCT01203852). Participants enrolled in this study were recruited at three sites:
the University of Florida (Gainesville, FL), Emory University (Atlanta, GA), and Mayo
Clinic (Rochester, MN). The study protocol was approved by the Institutional Review Board
of each participating institution, and all study participants provided written informed consent
for screening prior to active enrollment.

The criteria for inclusion into the study were: males or females, 18-65 years of age, of any
race or ethnicity, with mild to moderate newly diagnosed, untreated or known
uncomplicated hypertension. Patients were excluded if they had any of the following
exclusion criteria: secondary forms of hypertension, treated office systolic blood pressure >
170 mm Hg, isolated systolic hypertension, other diseases requiring treatment with blood
pressure lowering medications, known cardiovascular diseases, diabetes mellitus, primary
renal disease, renal insufficiency (serum creatinine > 1.5 in men or 1.4 in women), liver
abnormalities (liver enzymes > 2.5 upper limits of normal), pregnancy or lactation, chronic
use of medications that could potentially affect the blood pressure. Additionally, exclusion
criteria specific for -1 blocker therapy were: HR < 55 beats/min (in the absence of a -1
blocker), presence of a cardiac pacemaker, history of Raynaud’s phenomenon, as well as
asthma or COPD.

BP screening for inclusion

Study participants, not meeting any of the aforementioned exclusion criteria underwent
further screening for inclusion in the study based upon their home blood pressure (HBP) and
office blood pressure (OBP) measurements. Hence, they undertook an extensive training on
how to use the HBP monitors by Microlife, model #s BP3AC1-PC and BP3MC1-PC
(Dunedin, FL), provided to them for use at home with appropriately sized cuffs. Of note, the
accuracy of these monitors was inspected by comparing the BP readings recorded by these
monitors against those performed manually by trained study coordinators prior to the study
participants taking them home for use. Initially, the study participants underwent a 4 week
wash-out period, during which they were instructed to measure their HBP in triplicate twice
daily (in the morning and evening).

Following completion of the washout period, participants returned to the clinic with their
HBP monitors for assessment of the recorded HBP measurements. HBP readings were
accepted if at least 5 morning and 5 evening BP measurements were recorded in the
previous 7 days. Study participants with insufficient data were asked to return to the clinic
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when they had sufficient HBP readings. During the clinic visit, OBP measurements were
also obtained using the same HBP monitor assigned to each subject so as to avoid device
related discrepancies in BP measurements. Participants were deemed eligible to proceed
with the trial if their BP readings met the following criteria: average home (HSBP) and
average office systolic blood pressures (OSBP) less than 180 mm Hg, average home
diastolic blood pressure (HDBP) was greater than 85 mm Hg, but less than 110 mm Hg, and
average office diastolic blood pressure (ODBP) greater than 90 mm Hg, but less than 110
mm Hg. Accordingly, study participants were excluded if, by either BP measurement
method, DBP was greater than 110 mm Hg or SBP greater than 180 mm Hg. For those who
met the BP inclusion criteria, baseline studies (collection of HBP & OBP readings as well as
collection of biological samples for laboratory, DNA and RNA analysis) were initiated.

eligible study participants were started on metoprolol tartrate at an initial dose of 50 mg
twice daily. The drug was provided to all patients in blister packs as means to improve and
assess adherence to therapy. After two weeks of therapy, patients returned to the clinic for
drug response assessment. Those with average HBP or OBP readings > 120/70 mm Hg and
HR > 55 beats per minute (bpm) had their metoprolol dose titrated to 100 mg twice daily for
an additional 6 week period. During the final visit, data collection similar to baseline was
also performed. Afterwards, study participants had their metoprolol dose tapered in
increments of 50 mg every 2 days until it was completely stopped, and they entered the
second washout period of the study with subsequent treatment with chlorthalidone. During
each visit, study participants were asked open ended questions to assess whether they were
any experiencing adverse effect that might have occurred following the initiation of
metoprolol. Side effects of interest that were potentially -1 blocker related included, but
were not limited to fatigue, tiredness, depression, bradycardia, and dizziness.

Genomic DNA was isolated from lymphocytes in whole blood using the FlexiGene DNA kit
(Qiagen, Valencia, CA) according to the manufacturer’s protocol. Genotyping for
CYP2D6*2,*3,*4,*6,*10,*17 and *41 variant alleles was performed by polymerase chain
reaction (PCR) followed by pyrosequencing using a PSQ HS96A SNP reagent kit (Qiagen,
Valencia, CA), (27)and method paper). The variant alleles that were genotyped were those
recommended by the recent Clinical Pharmacogenetics Implementation Consortium (CPIC)
guidelines for codeine therapy, and these include:*2, *3, *4,%6,*10,*17 and*41 (28). If no
sequence variation was detected, then the allele was by default given the wild type name,*1.
Of note, CYP2D6 genotyping was performed after the study participants finished the
metoprolol phase of the trial so as to avoid any potential for bias.

CYP2D6 copy number assay

Copy number variations in the CYP2D6 gene were estimated by TagMan® Copy Number
Assay (Life Technologies, CA) and the novel Pyrosequencing-based method for allele
quantification (methods paper ref). In the TagMan® method RNase P served as the internal
control for copy number analysis. The primers used in this method were selected to target a
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specific sequence on exon 9. All samples were run in quadruplicate along with DNA
samples with known copy number i.e. carrying deletions, or two, three and four gene copies,
used as positive controls. Relative quantification of CYP2D6 gene copy humber was
performed by using CopyCaller Software (Applied Biosystems, Inc).

The newly described Pyrosequencing based approach for allele quantification (28) was
performed only on samples with CYP2D6 copy number variations where inferring the
CYP2D6 metabolizer phenotype from the genotypic information may be problematic i.e.
varies depending on which of the two inherited CYP2D6 alleles is duplicated or multiplied.
Briefly, the software for Pyrosequencing analysis measures at the end of the pyrosequencing
reaction, the percent distribution of each allelic base at the polymorphic region. Any
deviation from a percent distribution of 50% for either allele is suggestive of variations in its
copy number. Accordingly, the allele with a higher percent distribution is the duplicated/
multiplied allele.

Phenotype derivation

The activity score method was used to predict the CYP2D6 metabolizer phenotype from the
genotype data, and is shown in Supplemental table 1(15, 26). Each allele is given a value
ranging from 0 to 1 depending on the functional status of the CYP2D6 enzyme. Alleles
encoding a fully functional enzyme are given a value of 1, whereas those encoding an
enzyme with null or partial function are given a value of either 0 or 0.5. If there are two or
more copies of a particular allele, then the value is multiplied by the copy number of the
allele. The final activity score is the sum of the values assigned to each of the alleles
constituting a genotype. Thus, four genotype derived phenotypes arise: the PM, IM, EM,
and UM phenotypes (Supplemental table 2).

Statistical Analysis

Only study participants who completed the metoprolol portion of the study at the time this
work was done, were included in the final analysis (n=218). All demographic numerical data
were expressed as mean values with standard deviations whereas categorical data were
expressed as percentages. Departure from Hardy Weinberg Equilibrium (HWE) was tested
for each CYP2D6 variant allele by race/ethnic group using chi-squared test with one degree
of freedom. Differences in the mean daily dose of metoprolol between PMs, IMs, EMs, &
UMs were compared by Kruskal Wallis test. The ANOVA test was used to compare the
means of the HR and BP (SBP & DBP) changes from baseline between the four CYP2D6
phenotypes. To control for the effects of baseline characteristics (age, gender, race, baseline
HR and baseline BP) on metoprolol response, the Analysis of Covariance (ANCOVA) test
was also performed to evaluate the differences in BP and HR changes with CYP2D6
phenotype as the explanatory variable. Post-hoc analysis was performed with Tukey’s test to
find the means that were significantly different from the others. P values less than 0.05 were
considered statistically significant. The study had a power of 89% to detect an effect size of
at least 0.6 for HR and BP changes from baseline. To compare the rates of adverse effects
between the four phenotypes, the Fisher’s exact test was used. All statistical analyses were
performed with SAS (version 9.3, SAS Institute Inc., Cary, NC).
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study highlights
What isthe current knowledge on the topic?

The impact of CYP2D6 polymorphisms on response to metoprolol is controversial due to
the conflicting results from various studies with different study designs.

What question this study addr essed?

This study was designed to investigate whether polymorphisms in CYP2D6 gene impact
the clinical efficacy and tolerability of metoprolol in patients with uncomplicated
hypertension.

What this study addsto our knowledge?

This study further substantiates the findings from other clinical trials that functional
polymorphisms in the CYP2D6 gene do not affect BP or adverse responses to metoprolol.
The HR response in affected by CYP2D6 polymorphisms.

How might this change clinical phar macology and ther apeutics?

These data suggest limited clinical utility of CYP2D6 genotypic information to guide use
or dosing of metoprolol.
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Figure 1. Clinical response to metoprolol therapy by CYP2D6 phenotype
Figure 1A. Comparison of the changes in heart rate (HR) from baseline by CYP2D6

phenotype. The bottom and top of the box represent 25™ and 75t percentiles, the band in the
middle represent the median (50" percentile), The lower whisker represent the minimum
value of the data while the upper whisker represents the maximum value of the data
(ANOVA p-value)

Figure 1B. Comparison of the changes in systolic blood pressure (SBP) from baseline by
CYP2D6 phenotype. The bottom and top of the box represent 25t and 75% percentiles, the
band in the middle represent the median (50t percentile), The lower whisker represent the
minimum value of the data while the upper whisker represents the maximum value of the
data (ANOVA p-value)

Figure 1C. Comparison of the changes in diastolic blood pressure (DBP) from baseline by
CYP2D6 phenotype. The bottom and top of the box represent 25t and 75™ percentiles, the
band in the middle represent the median (50t percentile), The lower whisker represent the
minimum value of the data while the upper whisker represents the maximum value of the
data (ANOVA p-value)
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Table 1

Summary statistics of demographic and baseline characteristics of the study population, and breakdown of
demographic and baseline characteristics by race

N=218 Nonblack (n=134) | Black (n=84)
Age (years)

Mean (SD) 50.8 (9.0) 50.7 (9.1) 50.9 (9.0)
Gender

Female, n (%) 52.2 474 65.5
Race, n (%)

Asian 0.5

Black-African American (%) 385

White-European American (%) 57.5

Other (%) 35
Baseline SBP (mm Hg)

Mean (SD) 147.4 (11.1) | 1475 (11.0) 147.3 (11.0)
Baseline DBP (mm Hg)

Mean (SD) 94.5 (5.8) 94.2 (5.5) 95.0 (6.2)
Baseline HR (beats/min)

Mean (SD) 79.0 (9.5) 78.0 (9.4) 80.8 (9.3)
Duration of hypertension (years)

Mean (SD) 7.3(6.6) 7.5(7.3) 7.0 (5.3)

Family history of hypertension, n (%) 76.6 733 81.0
Never taken antihypertensive medication, n (%) 7.0 5.2 8.3
Taking antihypertensive medication at entry, n (%) | 77.2 81.5 70.2
Smoking status, n (%)
- Current smoker 17.6 111 274
- Former smoker 26.0 30.3 17.8
- Ever smoker 43.7 42.4 45.7
BMI (kg/m2)

Mean (SD) 30.6 (5.0) 30.7 (5.0) 30.4 (5.1)
Waist circumference (inches)

Mean (SD) 38.6 (4.8) 39.5 (4.9) 37.3(4.4)
Hip circumference (inches)

Mean (SD) 433 (4.4) 435 (4.3) 43.1(4.7)
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Distribution of the inferred CYP2D6 metabolizer phenotypes in study participants (n= 218):

Table 2

Genotype | n |Activityscore Phenotype | Phenotype frequency

*3/%4 2 0 PM 5.0% (11)
*4/%4 7

*4/*5 1

*4/%6 1

*3/%17 1 05 IM 6.8% (15)
*4/%10 2

*4/%17 1

*4/%41 7

*5/%10 1

*5/%17 3

*1/*1 30 2 EM 84% (184)
*1/%2 41 2

*1/*3 5 1

*1/%4 16 1

*1/%5 7 1

*1/%6 2 1

*1/%10 6 15

*1/*17 6 15

*1/%41 8 15

*1XN/*4 2 2

**10xNT | L 2

*1p17xNT | L 2

*2/%2 11 2

*2/%4 18 1

*2/*4xN 1 1

*2/%5 6 1

*2/%10 4 15

*2/*17 5 15

*2/*41 5 15

*10/*17 2 1

*10xN/*41 | 1 15

*17/%17 3 1

*17/%41 2 1

*41/%41 1 1

*1*1xN 2 3 UM 3.6% (8)
*1XN/*2 2 3

*1*2xN 2 3

Clin Pharmacol Ther. Author manuscript; available in PMC 2015 August 01.
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Genotype | n |Activityscore Phenotype | Phenotype frequency

*oxN107 | 1 25
*2xN/*2 1 3

TPyrosequencing based method was used to identify duplicated allele and predict CYP2D6 metabolizer phenotype

Clin Pharmacol Ther. Author manuscript; available in PMC 2015 August 01.
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