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ABSTRACT

arfarin is the most common anticoagulant used worldwide for prevention and
treatment of thromboembolic events. Polymorphisms in the CYP2C9 and
VKORC1 -1639 genes have been associated with variability in the response

to warfarin in several populations. The aim of this research is to determine the frequency of
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these polymorphisms in Latin American population. The identification of the presence of
polymorphisms can guarantee the safest and most effective use of warfarin by predicting the

appropriate dose for each patient.

We included eleven studies with frequency data of genetic polymorphisms in 2,830 Latin
American patients. The allelic variants CYP2C9 *1/* 2 and CYP2C9 * 1/ * 3 were more frequent
in the study population, with 13.15% and 6.93% respectively. The allelic variant * 3 / * 3 was
present in 0.17%. As for the polymorphisms of the VKORC1 -1639 gene frequencies of 49.11%,
33% and 17% were reported for the GA, GG and AA variants respectively.

Frequency of the allelic variants in the genes CYPC9 and VKORC1], in the Latin American
population, allows to establish starting points to suggest the genotypes that should be evaluated
before the indication of the warfarin dose. Comparing the frequency of polymorphisms in the
CYP2C9 and VKORC1 -1639 genes in the Latin American population with other populations,

similarities are observed with the populations of origin.

INTRODUCTION

The variability of response to drugs in individuals or populations, from a pharmacogenetic
point of view, depends on variations in the DNA sequence known as polymorphisms (Arribas,
2010). Knowing the effect of a given genetic polymorphism on the pharmacokinetics and
pharmacodynamics of a drug, it is possible to predict the appropriate dose, prevent adverse

reactions and ensure the safest and most effective use of the drug.

Most pharmacogenetic studies have been conducted in Europe, North America, and
Asia. Little is known about pharmacogenetic markers in Latin American populations. These
populations tend to have a wide variety of racial mixtures, of African, Amerindian, and
European origin, so extrapolation of pharmacogenetic results from other populations with Latin
American populations would not be correct. This reality suggests the need for pharmacogenetic

characterization studies in populations of this region (Céspedes, 2016).

Warfarin is an oral anticoagulant widely used for the prevention and treatment of
thromboembolic events (Gaikward , 2013; Kaye, 2017). The use of warfarin reduces cases of
stroke in patients by approximately 60% (Li, 2015; Tsai, 2017; Miklosz, 2018). The management
of anticoagulant therapy with warfarin becomes complex due to the wide variability of inter-
and intra-individual response of patients (Parra, 2015; Al-Eitan, 2018). Inappropriate warfarin
dosing significantly increases the risk of thromboembolism, bleeding, hospitalization, and

death in patients.

Warfarin dose adjustments are usually necessary and are based on measurement of

prothrombin time (PT) in the blood and INR (International Normalized Ratio) calculation.
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A high INR value predisposes to an increased risk of bleeding, while an INR value below the
therapeutic range, between 2 and 3, indicates that the warfarin dose is insufficient to protect the

patient from thromboembolic events (Kaye, 2017).

Many clinical and environmental factors such as age, sex, race, body mass index,
comorbidities (mainly kidney or liver disease), polymedication (Zhang, 2016), tobacco use, diet,
rapid vitamin K metabolism, as well as genetic mutations affect warfarin dose requirements
(Bryk, 2018). Genetic polymorphisms in the genes of the 2C9 subunit of the cytochrome P450
complex (CYP2C9) and the 1 subunit of the vitamin K epoxide reductase complex (VKORC1)
have been associated with 40% to 60% variation in the interindividual response to warfarin
(Flockhart, 2008; Dean, 2012; Tavares, 2018; Liu, 2017; Razavi, 2017; Wattanachai, 2017; Liu,
2017).

Warfarin is a racemic mixture of S-warfarin and R-warfarin. S-warfarin is five times more
potent than R-warfarin and is responsible for the anticoagulant effect in patients (Galvez, 2018).
Two amino acid variants, Arg144Cys, which result from the substitution of C430 by T in exon 3
(CYP2C9*2), and IlezsgLeu, produced by the substitution of A1¢75 by C in exon 7 (CYP2C9*3)
reduce the catalytic activity of the enzyme compared to the normal genetic variant (native gene)
CYP2C9*1. The catalytic activity of the enzyme resulting from the expression of the CYP2C9*3
gene is much lower than in CYP2C9*2 and CYP2C9*1 carriers (Dong, 2018). S-warfarin clearance
in vivo is reduced by 66% and 90% in heterozygous and homozygous subjects for the CYP2C9*3
allele, respectively, compared to homozygous CYP2C9*1 subjects (Yoon, 2001). Patients with
the allelic variants CYP2C9*2 and CYP2C9*3 have been shown to require lower doses of warfarin
(Dilge, 2016; Natarajan, 2013; Benavides, 2015).

The enzyme vitamin K epoxy reductase participates in the reduction of vitamin K
(essential cofactor for the activation of y-glutamyl carboxylase that catalyzes the carboxilation
of glutamic acid residues in many proteins involved in blood coagulation, factor II, VII, IX,
and X) (Moyer, 2009) activating it for incorporation into the coagulation cascade (vitamin K
regeneration, oxidation, and reduction cycle). The gene for the subunit 1 of the vitamin K epoxy
reductase complex, VKORC1, is responsible for the expression of this enzyme. Warfarin exerts
its anticoagulant effect through inhibition of the genetic products of VKORC1 (Cullell, 2018).
Carriers of VKORC1 -1639 GG require higher doses of warfarin compared to carriers of GA and
AA variants (Cavallari, 2011).

Despite several pharmacogenetic studies that explain the variability of response to
warfarin in different races, African and Latin American populations have not been significantly
represented. It has been shown that warfarin dose variation is greater in populations of mixed

descent, so Latinos and African Americans tend to be at greater risk for inadequate response
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to warfarin that could result in cases of intracranial hemorrhage from suboptimal warfarin
management (Golwala,2016; Shen, 2007).

The characterization of these populations in terms of relevant biomarkers, already
identified in pharmacogenetic studies worldwide, will validate the utility of these tests in the

clinical management of the patient, promoting the safest and most effective use of this drug.

The objective of this study is to identify the frequency of CYP2C9 and VKORC1 -1639
genetic polymorphisms in the Latin American population to suggest the genotype that should

be evaluated before the prescription of warfarin.

DEVELOPMENT
Search strategy

The bibliographic search of scientific articles was carried out in the period from December
2017 to October 2018. The databases consulted were PubMed, HINARI and SciELO. The search
was limited to all studies published in English and Spanish, in the period from 2001 to 2018.

The keywords used for the search were: warfarin, pharmacogenetics, genetic
polymorphisms, CYP2C9 gene, VKORC1 gene, Latin America, adverse reactions, intracranial

hemorrhage and thromboembolism.

Study selection criteria

The selection of scientific articles was made based on the following inclusion criteria:
patients who received treatment with warfarin, Latin American patients, patients with CYP2C9
and VKORC1 genetic polymorphisms; and reporting of polymorphism frequencies in CYP2C9
and VKORC1 genes.

Statistical Analysis

The statistical analysis of the data was done with Minitab 17 software. For data analysis
of CYP2C9 gene polymorphisms, Grubbs contrast was applied to identify anomalous data
and Anderson Darling normality test was applied to determine if the data followed a normal

distribution with a 95% confidence level.

For the VKORC1 -1639 gene genetic polymorphism data, only the Grubbs test was
applied. Due to the sample size (seven items) a conclusive application of the normality test is

not possible.

The Hardy-Weinberg balance deviation was evaluated separately for each polymorphism
within each study group using the X? test with a degree of freedom and a significance level of
0.050 (Limdi, 2010; Cabrero).
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Selection of studies

We found 402 scientific articles referred to the pharmacogenetics of warfarin, of these
382 were excluded because they do not include Latin American population. Twenty articles were
identified in Latin American population, of these, only eleven met the criteria for inclusion, the
remaining nine articles (Tavares, 2018; Liu, 2017; Valentin, 2014; Guerrero, 2009; Isaza, 2010;
Raggio, 2005; Claudio-Campos, 2015; Parra, 2015; Villagra, 2010) were excluded (Figure 1). The
Latin American countries with the largest number of publications are Puerto Rico (six articles;
two included) and Brazil (five articles; three included), followed by Mexico (two articles; both
included), Chile (two articles; both included), Colombia and Argentina (one article per country;

both included). Of the selected articles, nine were published in English and two in Spanish.

402 articles identified based
on keywords.

382 excluded items

.- | ® They do not report
patients of Latin
American origin.

20 articles made in

Latin American population.
i 9 articles were excluded:

¢ They do not present
I number of patients.

* They do not report the
Y frequencies of the
polymorphisms studied.

11 articles included
in the analysis of
this study.

Figure 1. Study selection diagram
Characteristics of the study

The 2,830 patients included were of Latin American origin. Indications for warfarin were
reported in only five studies, the most frequent being atrial fibrillation (AF), valve prosthesis
(PV), thromboembolism (TE), deep vein thrombosis (DVT) and stroke (CVA).
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Of the eleven articles, all studied the genetic polymorphisms of CYP2C9 (2,830 patients),
seven (1,236 patients) presented the polymorphisms of the VKORC1 -1639 gene and seven
(1,219 patients) analyzed the two genotypes CYP2C9 and VKORC1 -1639.

Table 1 summarizes the characteristics of the studies. (see table on next page)
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Table 1. Data from the studies analyzed

Genotypic frequency
Number
Warfarin
No. Study Location L. of pa- Age CYP2C9 % (n) VKORC1 -1639 % (n)
indication .
tients
*1/*1 *1/*2 *1/*3 *2/*2 *2/*3 *3/*3 AA GA GG
Perini Brasil, 72.2 14.5 10.9
0.9 % 0.9 % 0.6 %
1 et.al. mixed - 331 - % % % - - -
(3) 3 2
(2009) descent (239) (48) (36)
FA
Botton, Brasil, PV 62.6 65.2 22.9 13.6
9.0 % 1.1 % 1.8% 0 46.2% 40.2%
2 et.al Spanish TE 279 (18- % % %
(25) 3 ) ) (129) (112)
(2011) descent ACV 88) (182) (64) (38)
TE
Miranda 25 79.2 16.7
4.2 %
2 et.al Chile - 24 18- % % 0) @) (0) (0) - - -
(2011) 55) (19) 4)
FA
TVPEP AC-
Puerto
Valentina VRVAAIT- 14.7
Rico, 103 59 % 25 % 5% 3% 6% 0 52 % 33 %
4 | etal wed | LCRVMBL0n) len e | | |© |0 | ° | 6o | e
mixe
(2012) BABF (15)
descent
IM, EVA
EACI
Scibona 35
56 % 23 % 4 % 13 % 1% 0 20 % 60 % 19 %
5 et.al Argentina - 101 (21- 7) (24) 5) (14) @ © 1) 60) 20)
(2012) 67)

S3TDILYV DI4ILN3IDS

S3JIAI3S [RIDOS pue YjjeaHq




Health and Social services
SCIENTIFIC ARTICLES

Revista Torredn Universitario / Year 10 / No. 27 / February - May 2021/ I1SSN: 2410-5708 / e-ISSN 2313-7215

Genotypic frequency
Number
Warfarin
No. Study Location | = = of pa- Age CYP2C9 % (n) VKORC1 -1639 % (n)
indication .
tients
*1/*¥1 | *1/*2 | *1/*3 | *2/*2 | *2/*3 | *3/*3 AA GA GG
Castelan
México, 83 % 8.7% 6.8 % 0.4 % 0.7 % 0.2 %
6 et.al - 947 58 - - -
mestizos (788) (82) (64) (4) 7) 2)
(2013)
Botton Brasil, FA.PV, TE, 60.5 66.7 - i 12.6 50.5 36.9
7 et.al Spanish | ACY, 198 8 | % (Gé) 0 o % % %
(2014) descent TF 97) (132) (25) (100) (73)
Villegas 12.9
Meéxico, 79 % 6.8 % 0.3%
8 et.al - 292 - % 0 0 - - -
mestizos (233) (20) @
(2015) (38)
Benavides 70.6 17.1 7.65 1.17 2.94 0.58 25,8 494 25,8
9 et.al Chile - 170 - % % % % % % % % %
(2015) (120) | (29) 13) ) 6) @ (43) (84) (43)
PV, TVP,
Cifuentes Colom- 66.2 14.7 35.4 43.1 21.5
FA, EP, 77 % 7.7 % 0.8 % 0 0
10 et.al biamixed 130 (28- % % % %
(2016) d ACVEC, 88) (100) 19 a0 @ © © (46) (56) (28)
escent
SAFL, DV
Puerto
Ducongec Rico, 68.1 14.1 48.6 38.4
EA, TVP, 255 70 % 6.7 % 0.8 2.4 % 0 13%
11 et.al Hispanic (31- % % %
EP (240) (179) a7 2) (6) (0) (33)
(2016) Carib- 94) (36) 124) (98)
bean
Total patients 2,830 - 1,978 | 370 195 34 33 5 221 607 408
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Notes to table 1.

AF-Auricular Fibrillation; PV-Valve Prosthesis; TE-Thromboembolism; TE-Thrombophilia; PE-Pulmonary
Embolism; EC-Coronary Disease; SAFL-Anti-Phospholipid Syndrome; DV-Ventricular Dilation; DVT-Depth
Venous Thrombosis; PE-Pulmonary Embolism RVA-Arrotic Valve Replacement; TIA-Temporary Ischemic
Attack; FCC-Congestive Heart Failure; BVMB-Bioprostatic Mitral Valve Replacement; MI-Myocardial Infarc-
tion; ALS-Aortic Valve Disease; CAD-Internal Carotid Arterial Stenosis.

Valentine®- Two patients in this study tested positive for the polymorphisms CYP2C9 *1/*5 and *2/*5 not
taken into account in this study, therefore, the total population for this polymorphism was 101 patients,
indicated in parentheses () in the table.

Botton"- The data of the CYP2C gene polymorphisms reported in this study were not taken into account in
the analysis because they do not specifically present the alleles found.

Duconge“- Fifteen patients in this study presented other polymorphisms in the CYP2C9 gene that were not
taken into account in this study, therefore, the total population for this polymorphism was 240 patients,

indicated in parentheses () in the table.

Polymorphisms in the CYP2C9 gene

The allele frequency of CYP2C9 in the Latin American populations studied is shown in
Table 1. The native allele CYP2C9*1/*1 homozygous presents a frequency between 56-83 %,
being the Mexican mestizo population the one that presented the highest frequency (83%) and
the Argentinean population the lowest (56%).

Thepopulations of mixed origin present different frequenciesinrelation to the populations
of Spanish origin. If the Brazilian population of mixed origin is compared with the population of
Spanish origin, differences can be observed between the values of genotype frequency CYP2C9
up to twice the value, as occurs with the allele *2/*3 which presents a frequency of 0.9% and
1.8% for each population (Table 1).

The CYP2C9*1/*2 and CYP2C9*1/*3 alleles presented frequencies between 12.9 %-25
% and 4 %-10.9 % respectively. Together with the native allele (CYP2C9*1/*1) these frequency

values are the highest compared to the rest of the alleles studied.

The frequency values found in this study for the CYP2C9*2/*2 and CYP2C9*2/*3 alleles
range from 0.3 % to 13 % and 0.7 %-6.0 %, respectively. The homozygous allele CYP2C9*2/*2 was
representative in all the studies analyzed (34 patients). The heterozygous allele CYP2C9*2/*3

was reported in nine studies with a total of 33 patients.

The *2/*2 and *2/*3 polymorphisms of patients from Argentina and Puerto Rico with
mixed descent presented an atypical frequency with respect to the rest of the population studied,
13% and 6% respectively. This means that the distribution of data for these polymorphisms is

not normal when applying the Anderson Darling test (Annex 1).
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As for the *3/*3 polymorphism, a very low frequency was found in the population, five
patients out of a total of 2,813. The frequency of distribution of polymorphic alleles of the
CYP2C9 gene is shown in Graph 1.

2,500

1,978
2,000
1,500

1,000

Number of patients

370
500 .
II O 34 33 5
D — — —_—
#1/*1 *1/*2 *1/%¥3 /%) */¥3 *3/%3

Gene alleles CYP2C9

Graph 1. Frequency of polymorphisms of the CYP2C9 gene in the studied population.

The statistical analysis of the frequency of polymorphisms in the populations studied,
applying Grubbs contrast to identify outliers and the Anderson Darling statistician for the
normality test determined that for the alleles *1/*1, *1/*2 and *1/*3 there are no outliers and

the data follow a normal distribution (Annex 1).

The comparison of the frequency of polymorphisms in the CYP2C9 genes in Latin
American populations with respect to other populations in the world is shown in Graph 2.
The frequency of the CYP2C9 *1/*2 and CYP2C9 *1/*3 alleles (17% and 7.17 %) in the studied
population is similar to the results obtained in populations of Caucasian origin with frequencies
of 19% and 12% respectively (Kliegman; Zhang, 2016).

The *2/*2 and *2/*3 variants in the studied population present a frequency of 2.5% and
2.25%, values that differ from the Asian, African, Caucasian and Indian populations, whose
frequencies are in a range of 0 % to 1.4%. The variant *3/*3 is presented in a frequency similar to

that observed in the Caucasian population, 0.46 % and 0.5 % respectively.
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W*1/*2 0.06 3.97 19 17 6.8
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E*1F1 EEFLF2 O EELE3 *3%3 WELF3 EFIE3

Graph 2. Frequency comparison of CYP2C9 genotypes in different populations.

The frequency values of the Asian, African, Caucasian and Indian populations were
obtained from Zhang’s study, 2016; in the case of the Asian population, the average value of the
Han Chinese, Japanese and Korean populations was calculated. The data for the Latin American

population are the average values of the data reported in the 11 articles under study.

Genetic polymorphisms in the VKORC1 -1639 gene

Graph 3 shows the frequencies of polymorphisms of the VKORC1 -1639 gene found in

the Latin American population. (see graph 3 on next page)
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Graph 3. Frequency of VKORC gene polymorphisms -1639

The most frequent polymorphism of the VKORC1 -1639 gene was the heterozygous GA
allele with 49.11 % (607 patients), followed by the GG allele with 33 % (408 patients) and the AA
allele with 17.88 % (221 patients). No abnormal data were identified in the population studied
when applying the Grubbs statistic (Annex 1).

Graph 4 shows the comparison of the frequency of the GA variant of the VKORC1 -1639
genein the population studied with the frequency observed in the population of Caucasian origin,
which present very close values of 49.97 % and 49 % respectively. In relation to the frequencies
of the native gene GG and the variant AA, the values of both populations are distributed in close
ranges from 30 % to 36 % and 15 % to 19 % for each one. The frequencies of these variants in the

Asian, African and Indian populations do not present similarities with the studied population.

Asians Africans Caucasians Latin Americans Indians
HAL 83.33 2 15 19.23 77.45

HGA 15.64 17.7 49 49.97 37.3
B GG 154 B0.3 36 0.6l 135

a0
BO
70
&0
50
40
30
20
10

=]

BAA EGA BGG
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Graph 4. Frequency comparison of VKORC1-1639 genotypes in various populations.
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One of the limitations when studying the genetic polymorphisms CYP2C9 and VKORC1
-1639 in Latin American population, in the ethnic diversity of this region. The genotypic
frequencies of CYP2C9 and VKORC1 -1639 vary depending on the ethnic origin. Since the Latin
American population is a mixed population that has experienced diverse migratory processes
throughout its history, an increase in heterozygous character within these populations is
expected. The migratory characteristics of each country have influenced the diversity of racial

mixtures throughout the region.

Although articles have been published on the frequency of CYP2C9 and VKORC1 -1639
polymorphisms in Latin America, no comparative analysis of these populations with other
population groups has been carried out. In that sense, this study represents the first effort to
compile existing information allowing to determine the current state and identify knowledge
gaps as the non-existent information on the frequency of these polymorphisms in the Central

American region.

In this study it was found that the frequency of the alleles CYP2C9 *1/*2 and CYP2C9
*1/*3 in the Latin American population is similar to the results obtained in populations of
Caucasian origin (Kliegman; Zhang, 2016). Limdi et al (2008) report a frequency of 19% and
12% in the Caucasian population. In the Latin American population these two variants are
more frequent than the *2/*2, *2/*3 and *3/*3 variants, so they should be taken into account in

pharmacogenetic analyses for the adjustment of warfarin doses.

The frequency of the *2/*2 and *2/*3 variants in the Latin American population differs
from the Asian, African, Caucasian and Indian populations. According to Seng et al. (2003),
Daneshjou (2013) and Gaikward et al. (2013) both the Asian and African populations have
zero frequencies for the *2/*2 allele. A similar phenomenon occurs in the population of Indian
origin, with frequencies of 0.39% reported. The high values of these variants reported in the
Latin American population are due to frequencies of 13% for the *2/*2 allele identified in the
Argentine population, 6.0% and 2.94% for the *2/*3 allele reported in the Puerto Rican (mixed

descent) and Chilean populations respectively.

Since these three populations present particularly different values compared to other
ethnic groups, the *2/*2 and *2/*3 variants should be evaluated in pharmacogenetic studies
of the region since they may represent a specific ethnic characteristic of the Latin American

population.

The homozygous variant *3/*3 has a similar mean frequency to the frequency reported
in the Caucasian population. According to Zhang J., et al. (2016), patients with this rare allelic

variant require much lower doses of warfarin compared to carriers of the native *1/*1 allele; if
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they received the same dose they would be at greater risk of bleeding compared to carriers of the

native allele.

As for the VKORC1 -1639 gene, the frequencies of the GA, AA and GG variants presented
in the population coincide with the Caucasian population, however, when compared with the
results obtained in Asian, African and Indian populations, important differences are observed.
The Asian and Indian populations present the highest frequencies of AA and the lowest
frequencies of GG located in the extremes, while the African population is the only one to

present the highest frequency of GG, 2.6 times more than the Latin American population.

This analysis allows establishing a dose prediction criterion based on the close offspring
of the patients assessed during the consultation. According to Flockhart D. et al (2008) patients
who present phenotypic traits of African or Asian descent can be classified in individuals with
low sensitivity (high frequency of GG) and high sensitivity (high frequency of AA) to warfarin,
this indicates a dose increase of 35% for the first case and a dose decrease of 32% for AA carriers.
This is in line with Hosseinkhani Z., et al (2018), which states that individuals with mutations

(AA or AG) require lower doses of warfarin compared to those without mutations (GG).

In nine of the ten studies analyzed, the genotypic distributions for CYP2C9 and VKORC1
-1639 were in Hardy-Weinberg equilibrium within each group, detecting a significant deviation
in the Argentine population, which presents an outlier value possibly due to the reduced sample

size (Annex 2).

Theimplications of this study are focused on puttinginto perspective the pharmacogenetic
studies carried out in the region and their contributions in reducing the gaps in knowledge
regarding genetic variants to help direct the transfer of pharmacogenetic knowledge to the

Latin American population that has been underestimated in global pharmacogenetic studies.

CONCLUSIONS

The frequency of allelic variants in the genes CYPC9 and VKORC1 in the Latin American
population, allows establishing a starting point to indicate the genotypes that should be
evaluated prior to the prescription of warfarin. Thus, the *1/*1, *1/*2, *1/*3 variants of the
CYP2C9 gene and the GA, GG and AA variants of the VKORC1 -1639 gene must be evaluated
in the Latin American population when presented at high frequencies. As for similarities found
with other populations, the frequency of polymorphisms in the CYP2C9 and VKORC1 -1639
genes in the Latin American population shows a behavior similar to that reported in populations

of Caucasian origin.

A particular characteristic was identified in the Latin American population in relation

to the frequency of the *2/*2 and *2/*3 alleles. These are presented with distant frequencies in
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comparison with other ethnic groups and could be a specific characteristic of this population

that should be studied in greater depth in future research.
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ANNEXES
Annex 1. Grubbs statistic of the frequency of polymorphisms in the CYP2C9 gene
Gene Variable N Mean Stan.da.r d de- Minimum | Maximum G P
viation
1*/1* 10 0.7112 0.0892 0.5600 0.8300 1.69 0.693
1*/2* 10 0.1696 0.0517 0.0870 0.2500 1.60 0.913
1*/3* 10 0.06455 0.02969 0.00000 0.10900 2.17 0.101
CYP2C9
2%/2* 10 0.0257 0.0387 0.0030 0.1300 2.70 0.000
2*/3* 10 0.01574 0.01861 0.00000 0.06000 2.38 0.026
3*/3* 10 0.001380 | 0.002463 0.000000 0.006000 1.88 0.382
AA 7 0.1923 0.0850 0.1260 0.3540 1.90 0.129
Xg;RCl_ GA 7 0.4997 0.0530 0.4310 0.6000 1.89 0.137
GG 7 0.3061 0.0860 0.1900 0.4020 1.35 1.000

*P 5>0.05 the Ho is accepted, there is no abnormal data presence; P<0.05 the Hy is rejected there is an anomalous data presence.

Annex 2. Handy-Weinberg ’s balance X values calculated

XZa
KORC1
CYP2C9 v 1(; 3;
Study Place

*1/*1 *1/*1 AA

*1/*2 *1/*3 GA

*2/*2 *3/*3 GG

Perini _ 0.11707 0.2494
Brasil, descen-
1 et.al PR, <3.84 <3.84 -
encia mixta
(2009) Ho is accepted Ho is accepted

(%]
.g Rodri- Brasil, descen- 1.0137 0.8546 0.0078
§ g 2 gues et.al | dencia espa- <3.84 <3.84 <3.84
® ‘l_: (2011) fiola Hois accepted Hois accepted Hois accepted
1%
o
_"U" S Cifuentes Colombia, 0.0086 0.2494 1.9233
5 E 3 et.al descendencia <3.84 <3.84 <3.84
= = (2016) mixta Hois accepted Hois accepted Hois accepted
c W
Qv
I wn
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XZa
VKORC1
CYP2C9 1639
N Study Place _
*1/*1 *1/*1 AA
*1/%2 *1/*3 GA
*2/*2 *3/*3 GG
Valentin Puerto Rico, 0.01260 0.1023 0.7526
4 et.al descendencia <3.84 <3.84 <3.84
(2012) mixta Hois accepted Hois accepted Hois accepted
Duconge Puerto Rico, 0.0161 0.4029 0.4107
5 et.al hispano cari- <3.84 <3.84 <3.84
(2016) befios Ho is accepted Hois accepted Ho is accepted
Castelan Meéxi 1.3593 0.3348
6 et.al . exico, mes <3.84 <3.84 ;
izos
(2013) Hois accepted Hois accepted
Villegas Meéx 0.1754 0.4286
7 et.al . exico, mes <3.84 <3.84 -
iz
(2015) °s Hois accepted Hois accepted
Benavi-
dena‘” 0.02713 0.8999 0.02353
8 es Chile <3.84 <3.84 <3.84
et.al Hoi ted Hois accepted Hois accepted
is acce
(2015) 0 P 0 P 0 P
Miranda 1.3605
9 et.al Chile <3.84 = -
(2011) Ho is accepted
Scibonab 12.6308 0.1094 3.5790
10 et.al Argentina > 3.84 <3.84 >3.84
(2012) Hois rejected Hois accepted Hois rejected

2 The value of X* was calculated with X* with a degree of freedom and a 0.050 level of significance of (X?

tab=3.84). When comparing the values of X? calculated with X? tabulated the Ho is accepted indicating that

the population is in the balance of Hardy-Weinberg, for one to nine studies.

® The values of X? obtained in this research shows an atypical behavior which is probably due to the size of

the sample.
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