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Abstract
CYP2C8 is a member of Cytochrome P450 enzymes system. It plays an important role in metabolizing a wide range of 
exogenous and endogenous compounds. CYP2C8 is involved in the metabolism of more than 100 drugs, typical substrates 
include: anticancer agents, antidiabetic agents, antimalarial agents, lipid lowering drugs and many others that constitute 
20% of clinically prescribed drugs. Genetic variations of CYP2C8 have been reported with different frequencies in different 
populations. These genetic polymorphisms can lead to differences in the efficacy and safety of different types of medications 
metabolized by CYP2C8. The aim of this study was to investigate the allele frequencies of CYP2C8*3 (rs10509681 and 
rs11572080) and CYP2C8*4 (rs1058930) polymorphisms in three populations living in Jordan; Circassians and Chechens 
and Jordanian-Arabs and compare those frequencies with other populations. A total of 200 healthy Jordanians, 93 Circassians 
and 88 Chechens were included in this study. Genotyping of CYP2C8*3 and CYP2C8*4 polymorphisms was done by using 
polymerase chain reaction (PCR) followed by Restriction Fragment Length Polymorphism (RFLP). Using the Chi-square 
test, we found that the prevalence of CYP2C8*3 and *4 among the three populations were significantly different. Moreover, 
the mutant allele CYP2C8*3 (416A) was only detected in the Jordanian-Arab population with an allele frequency of 0.082, 
while the mutant allele CYP2C8*4 (792G) was detected with frequencies of 0.065, 0.122, 0.017 in Jordanian-Arabs, Circas-
sians and Chechens, respectively. As our results show, CYP2C8*3 was undetectable in our Circassians and Chechens samples, 
on the other hand, Circassians had the highest allele frequency of CYP2C8*4 compared to Chechens and Jordanian-Arabs. 
These genetic variations of the gene encoding the CYP2C8 drug metabolizing enzymes can lead to clinical differences in drug 
metabolism and ultimately variations in drug effectiveness and toxicities. This study provides evidence for the importance 
of personalized medicine in these populations and can be the foundation for future clinical studies.
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Introduction

The CYP2C8 Enzymes

The term pharmacogenetics first appeared in the literature 
in 1961 by Evans and Clarke and it was used to refer to 
“genetically determined variations in animal species that are 
revealed by the effects of drugs”[1]. Pharmacogenetics now 
has a boarder definition, it can be defined as the study of the 
effects of genes on drug disposition: absorption, distribution, 
metabolism, and excretion. The interest in pharmacogenet-
ics stems from the fact that it allows for tailoring the right 
drug and right dose for each individual patient based on 
their genetic makeup, resulting in higher efficacy and lower 
adverse drug reactions. The liver is considered the primary 
organ of detoxification. The majority of hepatically metab-
olized drugs are metabolized by cytochrome P450 (CYP), 
a heme-containing superfamily of enzymes. From a phar-
macogenetics point of view, many changes in individual 
responses to drugs can be attributed to the genetic makeup 
of the CYP genes.

Drug metabolism reactions consist of two phases: phase I 
functionalization reactions and phase II conjugation reac-
tions. Cytochrome P450-2C8 (CYP2C8), a member of the 
CYP family, is involved in the metabolism of at least 5% of 
drugs cleared by phase I metabolism, which accounts for 
about 20% of clinically prescribed drugs [2, 3]. According to 
Daily and Aquilante (2009) in their review article, CYP2C8 
is involved in the metabolism of more than 100 drugs, and 
the typical substrates include: anticancer agents, antidiabetic 
agents, antimalarial agents, lipid lowering drugs and many 
others [4]. The major substrates of CYP2C8 -that account for 
more than 70% of their metabolism- are: amodiaquine [5], 
cerivastatin [6], daprodustat [7], enzalutamide [8], montelu-
kast [9], pioglitazone [9] and repaglinide [9, 10].

The CYP2C8s are found primarily in the liver, but are 
also found in various other tissues, including the kidneys, 
brain, adrenal gland, mammary gland, ovaries and duo-
denum [11]. The variety of organs where the CYPs are 
expressed hints that these enzymes are not only important 
in the metabolism of drugs, but they also have biologically 
important functions. CYP2C8s are important in the epoxida-
tion of arachidonic acid to biologically active epoxy eico-
satrienoic acids [12, 13], the hydroxylation of the active 
metabolite of vitamin A (Retinol) [14], and the metabolism 
of the polyunsaturated essential fatty acid linoleic acid [15] 
as well as eicosapentaenoic acid [16]. Therefore, examining 
the pharmacogenetics of CYP2C8 and investigating CYP2C8 
polymorphism could be a great resource for identifying ways 
to increase the efficacy and reduce the adverse drug events 
in patients using medications metabolized by the CYP2C8 
enzymes.

CYP2C8 Polymorphisms

The CYP2C gene family spans nearly 400 kilo bases located 
on chromosome 10q24 and constitutes a cluster of poly-
morphic genes that share significant sequence homology. 
CYP2C8 is the smallest of the human CYP2C genes as it 
spans a region of 31-kb and contains 9 exons [11]. It shares 
74% sequence homology with CYP2C9 [4], and although 
the main CYP2C enzymes (CYP2C8, 2C9, 2C18, and 2C19) 
share more than 80% amino acid sequence identity, the sub-
strate specificity differs [17].

Several genetic polymorphisms of CYPs have been 
associated with altered metabolic activity, which could 
potentially play a crucial role in determining the efficacy 
and safety of a wide range of drugs metabolized by these 
enzymes [4]. To date nearly 100 nonsynonymous single 
nucleotide variations (SNV) have been identified. The 
majority are rare and occur at minor allele frequencies 
of 0.01 or less [4]. The wild type of the gene is denoted 
with CYP2C8*1 or CYP2C8*1A, and two SNPs have been 
reported in the 5-flanking region of the gene; CYP2C8*1B 
(C271A) and CYP2C8*1C (T370G) with no significant dif-
ferences in the protein levels when compared with the wild 
type [11].

However, the major nonsynonymous variants of CYP2C8 
are the three SNPs: CYP2C8*2, *3, and *4 [4]. The CYP2C8*3 
polymorphism (rs10509681 and rs11572080) constitutes two 
nonsynonymous variants (G416A and A1196G) in exons 3 
and 8 which are in an almost complete linkage disequilibrium, 
and leads to the amino acid substitutions Arg139Lys and Lys-
399Arg [4]3. While CYP2C8*4 polymorphism (rs1058930) 
constitute one change (C792G) in exon 5 and one amino acid 
change Ile264Met [3]. Greater AUC values and a decrease in 
drug clearance were observed in individuals with homozy-
gous genotype (*3/*3) of CYP2C8*3, moreover, even in the 
presence of a drug-drug interaction like gemfibrozil (CYP2C8 
inhibitor) and pioglitazone, the relative change in pioglitazone 
plasma exposure following gemfibrozil administration was 
still influenced by the CYP2C8 genotype [18]. Conversely, 
CYP2C8*3 and CYP2C8*4 genotypes were associated with 
slight decrease in paclitaxel clearance [19] and these genotypes 
were associated with increased risk of toxicities associated 
with paclitaxel treatment in patients with cancer [6]. However, 
one study found that AUC values of repaglinide were lower 
by approximately 40–50% in individuals with CYP2C8*1/*3 
when compared to with individuals with the CYP2C8*1/*1 
genotype, possibly, indicating a dose dependent effect [20]. 
Similarly, the CYP2C8*4 can have reduced clearance (pacli-
taxel 6α-hydroxylation and repaglinide), or increased clearance 
(cerivastatin), or can have no significant effects as shown in 
tanshinol borneol ester metabolism[21–24]. Thus, CYP2C8*3 
and *4 influence on drug metabolism might be both substrate 
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and dose dependent, suggesting that patients carrying the poly-
morphisms might be affected more or less depending on the 
medication and the dose they are using.

In this study, we focused on two polymorphisms (CY2C8*3 
and CY2C8*4) for the following reasons; first, they are two of 
the most common nonsynonymous variables that are respon-
sible for reduced enzyme activity, and second, their allele 
frequencies have been found to be variable between different 
populations.

The Circassian and Chechen Populations in Jordan

Many Circassians (also known as Adyghe or Čerkesy) and 
Chechens (Nokhchiy) migrated in the nineteenth century to 
Jordan. Due to their linguistic and ethnic differences along 
with the tendency of individuals to marry within their com-
munity, they have established independent communities that 
share a Northern Caucasus ancestry, [25–29]. Population 
genetic studies are used to better understand common genetic 
heritage among such populations. Such studies also have sig-
nificant importance in medical applications; as some disease-
causing alleles occur in clusters in specific populations living 
in particular geographic regions [30]. Recently, several studies 
have shown genetic variability between Jordanian-Arabs, Cir-
cassians and Chechens who live in Jordan with a certain focus 
on genetic variances in drug metabolism and pharmacogenes 
as shown in Table 1. These studies confirm the importance of 
studying the Circassian and Chechen population to help guide 
future applications of personalized medicine. As different pop-
ulations have different frequencies of various alleles involved 
in drug metabolism, we aimed to determine the frequencies of 
CYP2C8*3 and CYP2C8*4 in our 3 populations of interest and 
then statistically compare them to each other and to other pop-
ulations using previously reported allele frequencies, to report 
whether any of these populations have significant differences.

Studies identifying the genetic differences between ethnic 
minorities and the general population are crucial to under-
standing the interindividual differences in drug disposi-
tion that might be attributed to race or ethnicity which may 
change the risk–benefit use of certain medications. These 
studies will also set the stage for drug therapy that is tailored 
to each individual patient based on their genes. This is the 
foundation of personalized medicine or precision medicine 
that aims to maximize drug efficacy with minimum side 
effects.

Materials and Methods

Ethics

The IRB committee at the National Center for Diabe-
tes Endocrinology and Genetics of Jordan reviewed 

and approved this study, and all participants were given a 
written informed consent before the collection of the blood 
samples.

Study Design and Samples Selection

The study recruited a total of 93 Circassians, 88 Chechens 
and 200 Jordanian-Arabs. A total of 9 ml of whole blood was 
drawn in EDTA tubes from the subjects by vacutainer sys-
tem and the genomic DNA was isolated from whole blood 
using the phenol–chloroform protocol. Each Circassian and 
Chechen participant in the study completed an assessment 
that included lineage information, which included obtaining 
each participant's former three generations from both mater-
nal and paternal sides. Our cross-sectional study included 
volunteers of random unrelated Circassians, Chechens and 
Jordanian-Arabs living in Jordan, Table 2 shows the demo-
graphics of the three groups.

DNA Quantification and Genotyping

Absorbance was measured at 260 nm wavelength (A 260) 
using Ultraviolet (UV) Nano-Spectrophotometer to meas-
ure DNA concentration (ng/ml). Genotyping was done by 
polymerase chain reactions (PCRs) and by using Restric-
tion Fragment Length Polymorphism (RFLP). The sequence 
of the primers used to study CYP2C8 gene was described 
previously by Nakajima et al. [31]. For CYP2C8*3, the for-
ward primer sequence was (5'-AGG CAA TTC CCC AAT 
ATC TC-3') and the reverse primer was (5'-CAG GAT GCG 
CAA TGA AGA-3') with a produced size of 367BP. For 
CYP2C8*4 the forward primer sequence was (5'-AAA GTA 
AAA GAA CAC CAA GC-3') and the reverse primer was 
(5'-AAA CAT CCT TAG TTA ATT ACA-3') with a product 
size of 167BP. The thermal cycler conditions started with an 
initial denaturation at 94 °C for 3 min followed by denatura-
tion, annealing and extension for 30 s at 94 °C, 55 °C and 
72 °C, respectively. The number of cycles were 30 and a 
final extension for 5 min at 72℃. PCR reactions were run on 
2% agarose gel electrophoresis for 45 min at 150 V and visu-
alized using Red Safe Dye. PCR products with the desired 
length were digested by restriction enzymes; BseR I and 
Taq I for CYP2C8*3 and CYP2C8*4, respectively. Diges-
tive products were mixed with a loading dye and run on 3.5% 
agarose gel electrophoresis and was observed by UV-trans 
illuminator. The digested fragments were read according to 
Table 3 which shows the genotype according to the bands’ 
length observed.

Statistical Analysis

For our main interest in this study, we tested our hypothesis 
that the allele frequencies between the three populations: 
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Jordanian-Arabs, Circassians and Chechens are different 
 (HA:  PJ ≠  PC ≠  PCh,  Ho:  PJ =  PC =  PCh). We used the results 
of the Chi-square test and the p-value (with a significant 
level of α = 0.05) to determine if the evidence is sugges-
tive of whether the allele frequencies are different between 

the three populations or in other words the possibility of 
rejecting the null hypothesis that the three populations 
have similar allele frequencies. We were also interested in 
comparing the allele frequencies from this study with other 
populations  (HA:  Ptested population in this study ≠  POther populations, 

Table 1  Summary of studies conducted in Jordan on the Circassians and Chechen isolated populations

Focus First Author Year Sample size Results Ref

Studies investigating pharmacogenes
Phase two metabolism through UGT1A7 Abudahab S 2019 94 Jordanian-Arabs

56 Circassians
54 Chechen

Circassians and Chechens have higher allele 
frequencies of UGT1A7*2, UGT1A7*3 
and UGT1A7*4 than the Jordanian-Arabs. 
When compared with other populations, 
Circassians, Chechens and Jordanians all 
have high allele frequencies of UGT1A7*4. 
In Jordanian-Arabs a novel SNP (T622A) 
was reported with a frequency of 0.07. In 
Circassians and Chechens a novel SNP was 
reported (T682C) with frequencies of 0.36 
and 0.41, respectively

[40]

Phase two metabolism through UGT1A1 Abudahab S 2019 168 Jordanian-Arabs
56 Circassians
54 Chechens

Circassians and Chechens and Jordanian-
Arabs have similar frequencies of 
UGT1A1*28

[40]

Identification of the polymorphic distribution 
of Very Important Pharmacogenes (VIPs)

Al-Eitan LN 2019 130 Circassians Eleven VIP variants within the thiopurine 
S-methyltransferase, ATP-binding cassette, 
sub-family B, member 1, and vitamin D 
receptor genes were genotyped. The data 
of the investigated VIP variants were 
compared to those of 18 populations, com-
prising 11 HapMap populations, 6 exome 
aggregation consortium populations as well 
as and the Chechen-Jordanian population. 
Circassians were found to resemble African, 
Chechen, European (Finnish), European 
(non-Finnish), and South-Asian populations

[41]

Genetic Polymorphisms of Pharmacogenes in 
Circassians

Al-Eitan LN 2020 128 Circassians Fifty-six SNPs within 28 genes of several 
pharmacogenes including: (MTHFR, DPYD, 
PTGS2, SCN5A, NR1I2, P2RY12, P2RY1, 
ADH1A, ADH1B, ADH1C, HMGCR, 
ADH1C, ADRB2, AHR, KCNH2, KCNJ11, 
SLCO1B1, VKORC1, SLC19A1, CYP2J2, 
CYP3A5, CYP3A4, CYP2C19, CYP2C9, 
CYP2A6, CYP2B6, CYP2D6, UGT1A1, 
COMT and GSTP1) were analyzed and 
compared with other ethnic groups by using 
two databases (Genome 1000 and eXAC). 
Rare variants were detected in Circassians; 
some alleles’ frequencies were different 
when compared to other ethnic groups

[42]

Table 2  Demographics of the 
participants of the study

Jordanian-Arabs Circassians Chechens

Age (years) 20–30 17–73 16–60
Sex (%) 100 (50%) Females 56 (60%) Females 22 (25%) Females

100 (50%) Males 37 (40%) Males 66 (75%) Males
Total number of partici-

pants (n)
200 93 88
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 Ho:  Ptested population in this study =  POther populations). We tested the 
main assumptions needed for the statistical analysis by deter-
mining if the expected frequencies are large enough (which 
represent expected counts if the  H0 is true). We found that 
some expected frequencies were large enough (> 5) and in 
that case we reported the chi-square test  (X2) result, when 
the expected frequencies were not large enough, we reported 
the result of the two-tailed Fisher-Exact test as an alterna-
tive. The JMP Pro 14 software was used for all statistical 
analyses.

Results

A total of 200 healthy Jordanians took part in this study and 
Table 2 shows their demographics. The low alleles frequen-
cies of CYP2C8*3 and *4 found in this study is consistent 
with previous literature showing how rare these polymor-
phisms are, we were able to detect the CYP2C8*3 polymor-
phism only in Jordanian-Arabs with an allele frequency of 
0.082, on the other hand, we were able to detect CYP2C8*4 
in all three populations with allele frequencies of 0.065, 
0.017 and 0.122 for Jordanian Arabs, Chechens and Circas-
sians subpopulations, respectively (Table 4).

Since we were not able to detect the CYP2C8*3 poly-
morphism in the Circassians and Chechan populations, we 
concluded that Circassians and Chechens have significantly 
lower allele frequencies of CYP2C8*3 compared to the 
Jordanian-Arab population. While the CYP2C8*4 allele 

frequency of Circassians is higher compared to Chechens 
and Jordanian-Arabs. Upon comparing the three populations 
using the Fisher-Exact test, the results suggest that these 
three populations are statistically different at the level of 
CYP2C8*3 and *4 (p < 0.0001 and p < 0.05, respectively).

Discussion

Interindividual variability and genetic differences play a 
major role in determining the efficacy and toxicity of many 
prescribed medications. Genetic polymorphisms in genes 
coding drug transporters, drug metabolizing enzymes and 
drug target proteins are the best examples of these variations 
[32]. Polymorphisms of the CYP2C8 gene are present among 
several ethnic populations with different frequencies. Apart 
from the wild-type allele CYP2C8*1, three nonsynonymous 
variant alleles CYP2C8*2, CYP2C8*3 and CYP2C8*4 are 
the most frequently studied polymorphisms [33]. These 
polymorphisms have important clinical and physiological 
implications in individuals who are homozygous for the 
mutant alleles. For example, it has been shown that CYP2C8 
encoded by CYP2C8*3 variant allele is defective in metabo-
lizing two clinically important substrates: arachidonic acid 
and a chemotherapeutic drug, paclitaxel [34]. CYP2C8*3 
allele is also present in an incomplete linkage disequilibrium 
with CYP2C9*2 allele [35]. Yasar et al. (2002) performed a 
study including 1468 subjects and concluded that about 96% 
of the subjects with CYP2C8*3 allele carried CYP2C9*2 
allele and 85% of subjects who had CYP2C9*2 variant also 
carried CYP2C8*3 [5]. Moreover, Jiang and colleagues 
(2011) expressed and purified CYP2C8*4 polymorphic 
enzyme in E. coli and concluded that the enzymes expressed 
from this mutation have only 25% activity compared to the 
wild type [36].

The frequencies of CYP2C8*3 and *4 allele differ among 
different populations. They have been observed with higher 
frequencies primarily in Caucasians, and with lower fre-
quencies in Africans and Asians as shown in Tables 5 and 
6 for CYP2C8*3 and *4, respectively. Upon comparing the 

Table 3  Genotypes of the digested fragments

CYP2C8*3 CYP2C8*4

Wild type GG alleles
310-bp, 157-bp

CC alleles
83-bp, 53-bp, 31-bp

Heterozygous GA alleles
467-bp, 310-bp, 157-bp

CG alleles
136-bp, 83-bp, 53-bp,
31-bp

Homozygous AA alleles
467-bp

GG alleles
136-bp, 31-bp

Table 4  Frequencies of CY2C8 
Alleles in Chechens, Circassians 
and Jordanian Arabs

Sample size (n) Allele
frequency

95% Confidence Interval Statistical comparison 
of the three groups

CYP2C8*3
 Chechens 88 0.000 (0–0.021) X2 = 31.217, p < 0.0001
 Circassians 93 0.000 (0–0.020)
 Jordanian-Arabs 200 0.082 (0.066–0.122)

CYP2C8*4
 Chechens 88 0.017 (0.006–0.049) X2 = 6.239, p < 0.05
 Circassians 93 0.122 (0.084–0.179)
 Jordanian-Arabs 200 0.065 (0.049–0.099)
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allele frequencies of CYP2C8*3 and *4 in Circassians and 
Chechens, we first noticed that they are statistically differ-
ent from each other, indicating that they are two distinct 
populations. We found that both Circassians and Chechens 
were statistically different from Jordanian-Arabs as well. 
The genetic differences between these populations were con-
firmed in a study by AL-Eitan et al. [37]. This study reported 
using mitochondrial DNA (mtDNA) data that Circassian 
and Chechen have several common matrilineal ancestors, 
and that Circassian and Chechen are more closely related to 
each other than to the Jordanian population. Moreover, as 
a general trend for CYP2C8*3, we noticed that Circassians 

and Chechens are more similar to the Asian and African 
populations than they are to the European populations as 
shown in Table 5. On the other hand, CYP2C8*4, showed 
different patterns in Circassians and Chechens, Circassians 
were statistically different from the Asian and African popu-
lations and were only similar to one European population. 
Chechens had more similarities with the Asian and African 
populations. This supports the importance of studying these 
two populations separately and not grouped together as one 
subpopulation. Figure 1 shows a comparison between the 
frequencies of CYP2C8*3 and *4 within different popula-
tions. As for the clinical impact and the availability of our 

Table 5  Comparison of 
CYP2C8*3 allele frequencies 
with other populations

The results in this table represent the p-values and test statistics results, we reposted the Chi-square  (X2) 
test results when the expected frequencies were large enough and reported the result of the two-tailed 
Fisher-Exact test as an alternative when the expected frequencies were not large enough
The p-values are denoted with * for p < 0.5; ** for p < 0.01 and *** for p < 0.001

Circassians
Allele frequency of 
0.00 (N = 93)

Chechens
Allele frequency of 
0.00 (N = 88)

Jordanian Arabs
Allele frequency 
of 0.082 (N = 200)

Reference

Asian populations
 Jordanian-Arabs
0.082 (N = 200)

X2 = 15.889*** X2 = 15.402*** – Current study

 Japanese
0.00 (N = 360)

X2 = 0.000 (df = 0) X2 = 0.000 (df = 0) X2 = 61.203*** [31]

 North Indians
0.04 (N = 254)

X2 = 7.540** X2 = 7.138** X2 = 7.574** [43]

 South Indians
0.029 (N = 245)

* * X2 = 12.804*** [44]

 Malaysian Indians
0.012 (N = 123)

* * X2 = 14.308*** [45]

African populations
 Ghanaians
0.00 (N = 204)

X2 = 0.000 (df = 0) X2 = 0.000 (df = 0) X2 = 35.093*** [46]

 Zanzibaris
0.006 (N = 165)

p-value = 0.538 p-value = 0.545 X2 = 23.146*** [47]

 African Americans (US)
0.018 (N = 82)

* * X2 = 8.024** [34]

European populations
 Circassians
0.00 (N = 93)

– X2 = 0.000 (df = 0) X2 = 15.889*** Current study

 Chechens
0.00 (N = 88)

X2 = 0.000 (df = 0) – X2 = 15.402*** Current study

 British
0.15 (N = 107)

X2 = 30.232*** X2 = 28.670*** X2 = 6.618** [48]

 Czechs
0.006 (N = 161)

p > 0.5 p > 0.5 X2 = 22.509*** [33]

 Spanish
0.15 (N = 130)

X2 = 30.573*** X2 = 28.993*** X2 = 7.387** [35]

 Swedish
0.095 (N = 1468)

X2 = 19.410*** X2 = 18.372*** X2 = 0.652* [49]

 Faroe Islanders
0.069 (N = 311)

X2 = 13.581** X2 = 12.860** X2 = 0.632* [50]

 Portuguese
0.198 (N = 164)

X2 = 42.196*** X2 = 40.042*** X2 = 20.699*** [51]
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results, the effect of CYP2C8*3 on drug metabolism and 
pharmacokinetics has been recognized in many clinical stud-
ies [18, 20, 38] and we believe more clinical studies should 
focus on the use of CYP2C8 as a biomarker in subpopula-
tions for ultimate efficacy and safety of drug use. However, 
as our results have shown, the CYP2C8*4 genotype is rare 
and has a lesser impact on the metabolism of CYP2C8 sub-
strates, but the results are still valuable to add to the lit-
erature, especially for studies comparing SNP variations 
between different populations[38].  

One of the struggles of pharmacotherapy is that the 
patient outcomes can be very variable, whether that is 
because of deviations of optimum efficacy or the occurrence 
of adverse drug reactions. However, one branch within the 
field of pharmacogenetics is using variations in genes to pre-
dict and tackle these variabilities. Therefore, determining the 
allele frequencies of polymorphisms in genes encoding drug 
metabolizing enzymes would enable not only the under-
standing of how the Circassian and Chechen populations 

might respond to certain medications differently than Jorda-
nian-Arabs [2, 39], but also opens the door for future clinical 
studies. Table 1 shows similar studies investigating other 
drug metabolizing enzymes in these populations living in 
Jordan. These studies all highlight the genetic differences 
between these populations and indicate the importance of 
such pharmacogenetics studies when personalized medica-
tion is going to be implemented in the future. Application 
of pharmacogenetics in drug prescription well ensures that 
the right drug is prescribed for the right patient at the right 
dose at the right time.

Limitations

Some rare polymorphisms of CYP2C8 were not detected 
in this study which could be due to the relatively small 
sample size. Sample size was a limitation because the 
Circassian and Chechen populations living in Jordan are 

Table 6  Comparison of 
CYP2C8*4 allele frequencies 
with other populations

The results in this table represent the p-values and test statistics results, we reposted the Chi-square  (X2) 
test results when the expected frequencies were large enough and reported the result of the two-tailed 
Fisher-Exact test as an alternative when the expected frequencies were not large enough. The p-values are 
denoted with * for p < 0.5; ** for p < 0.01 and *** for p < 0.001

Circassians
Allele frequency 
of 0.122 (N = 93)

Chechens
Allele frequency 
of 0.017 (N = 88)

Jordanian Arabs
Allele frequency of 
0.065 (N = 200)

Reference

Asian populations
 Jordanian-Arabs
0.065 (N = 200)

X2 = 5.701* X2 = 5.879* – Current study

 Japanese
0.00 (N = 360)

*** ** X2 = 47.912*** [31]

 North Indians
0.04 (N = 251)

X2 = 16.271*** X2 = 2.066* X2 = 2.912* [43]

 Malaysian Indians
0.00 (N = 123)

X2 = 32.130*** * X2 = 16.661*** [45]

African populations
 Ghanaians
0.00 (N = 204)

X2 = 52.484*** * X2 = 27.402*** [46]

 Zanzibaris
0.006 (N = 165)

X2 = 35.681*** * X2 = 17.030*** [47]

 African Americans (US)
0.00 (N = 82)

X2 = 21.706*** * X2 = 11.175*** [34]

European populations
 Circassians
0.122 (N = 93)

– X2 = 15.418*** X2 = 5.701* Current study

 Chechens
0.017 (N = 88)

X2 = 15.418*** – X2 = 5.879* Current study

 British
0.075 (N = 107)

X2 = 2.703* X2 = 6.943** X2 = 0.209* [48]

 Czechs
0.059 (N = 161)

X2 = 6.497* X2 = 4.745* X2 = 0.110, p > 0.5 [33]

 Portuguese
0.064 (N = 164)

X2 = 5.392, * X2 = 5.574, * X2 = 0.003 p > 0.5 [51]
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rather small, estimates range from 80,000 to 100,000 and 
12,000–30,000, respectively. It was challenging to find 
unrelated individuals, who also do not have any non-Cir-
cassian or non-Chechen ancestry in their pedigree. It is 
also worth mentioning that the pedigree of the participants 
was collected for the previous three generations only. Cir-
cassians and Chechens immigrated to Jordan in the late 
nineteenth century and since then most of them remained 
endogamous. Circassian and Chechen populations are pre-
sent in many countries other than Jordan, including, Tur-
key, Russia, Syria and Iraq, however, due to the founder 
effect, the findings in this study are descriptive only of 

the Circassian and Chechen communities in Jordan, and 
are not generalizable, though similar patterns with other 
Circassian and Chechen communities may exist.

Conclusion

Knowledge of the frequency of these polymorphisms in the 
Jordanian populations is a substantial asset for designing 
future pharmacokinetic and pharmacodynamics studies 
conducted with any of the CYP2C8 substrates. Further-
more, genotyping techniques may be useful tools to predict 

Fig. 1  CYP2C8*3 and CYP2C8*4 frequencies in different populations
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impaired metabolism when using drugs that are substrates of 
CYP2C8 and that have reduced efficacy or increased toxici-
ties. In this study along with the results of previous research 
conducted on Circassians and Chechens we have been able 
to show how genetically different they are from Jordanian-
Arabs and could potentially provide a baseline for future 
genome wide association studies on these populations and 
for the possibility of using them as biomarkers for personal-
ized medicine applications.
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