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Abstract: Background: The Pharmacokinetics of Methotrexate (MTX) has been reported to show significant inter-
subject variability. MTX is metabolized by SHMT1 and transported by OATPIB1 and OATP1B3 both of which
show genetic polymorphisms. The non-genetic and genetic factors may influence the pharmacokinetics of MTX.

Objective: This study aimed to determine the pharmacokinetic parameters of MTX in Chinese patients and to inves-
tigate the effect of various non-genetic factors and genetic variants of OATP1B1, OATP1B3 on MTX’s pharmacoki-
netics.
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Methods: MTX concentration and clinical characteristics data were collected from 71 rheumatoid arthritis patients.
For each patient, SLC19A1, SHMT1, OATP1B1, and OATP1B3 genotyping were tested. Population pharmacoki-
netic analysis was performed by Nonlinear Mixed-Effect Modeling (NONMEM). MTX pharmacokinetic properties
analysis was executed using the one-compartment pharmacokinetic model which incorporated first-order conditional
estimation methods with interaction. Besides, the impact of genetic factors and demographic factors on MTX dispo-
sition were explored.
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Results: All the genotypes of steady-state plasma concentrations and OATP1B1 rs4149056, OATP1BI1 152306283,
and OATPIB3 rs7311358 were determined. The detected blood drug concentration reached the standard. Genotypes
were all measured. At the same time, the population pharmacokinetic model of methotrexate was obtained CL(L-h-1)
=8.25x ¢0.167x SNP (SNP: SLCO1B1 388A/A=3; SLCO1B1 388A/G=2; SLCO1B1 388G/G=1); V(L)=32.8; Ka(h-
1)=1.69.

Conclusion: In our study, it was showed that OATP1B1-388 G>A SNP had a significant effect on CL/F. The factor
should be considered when determining MTX dosing. However, prospective studies with a large number of partici-
pants are needed to validate the results of this study.

Keywords: Rheumatoid arthritis, methotrexate, organic anion-transporting polypeptides (OATPs), nonlinear mixed-effect modeling (NON-
MEM), pharmacogenetics, population pharmacokinetics.

1. INTRODUCTION

Rheumatoid Arthritis (RA) is a long-term, progressive disease
that affects joints. Its mean features are inflammation at the syno-
vial joints, which can cause pain, swelling, and ultimately irreversi-
ble joint destruction. The disease leads to functional joint impair-
ment, decreased quality of life, unemployment, and increased mor-
tality [1]. Timely and effective disease control is expected to pre-

treatment [2]. MTX is used to treat other types of inflammatory
arthritis [3]. According to Quantitative Standard Monitoring of
Patients with Rheumatoid Arthritis (QUEST-RA), which now in-
cludes more than 30 countries, 83% of RA patients choose MTX
therapy, compared to 23% for any biological agent [4]. However,
even in patients with normal liver function and renal function, the
pharmacokinetics model of low-dose MTX 1is highly variable and

vent joint injury, which can greatly change the course of the disease
and improve the outcome of RA.

1.1. Methotrexate

Methotrexate (MTX), a folic acid analog belonging to the dis-
ease-modifying anti-theumatic drug class, is the most common drug
for the control of RA in clinical therapeutic. MTX is the core drug
in the majority combination therapies. Besides, it is the gold stan-
dard for evaluating the therapeutic effect of new anti-rheumatic
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hard to predict. Morgan et al. [5] reported that approximately 10%
of patients are unresponsive to MTX, and a further 20% of patients
discontinue treatment because of adverse effects. Although the
prediction of the pharmacokinetics of MTX is critical to patient
safety and efficacy, we have not yet been able to predict whether a
patient will be a non-responder or develop into adverse effects re-
quiring discontinuation in the early stages of treatment.

Inter-individual differences of MTX pharmacokinetics can be
due to many factors, including the genetic variation of transporters
and metabolic enzymes [6]. Considering the relationship between
drug concentration and drug effect is crucial for the determining of
Pharmacodynamics (PD) [7]. The extent of drug transport through
the cellular membranes is determined by Pharmacokinetics (PK),
and to a certain extent, will also be affected by membrane trans-
porters [8]. Membrane transporters’ functional activity and expres-
sion level to decide the amount of MTX entering or exiting a par-
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ticular organization, is possibly affected by genetic polymorphisms
[7]. Although the bioavailability of MTX is relatively high, changes
in dosing dose and route of administration alter the bioavailability

[8].

1.2. Organic Anion-Transporting Polypeptides

Organic Anion-transporting Polypeptides (OATPs) play an
essential role in the disposition of a vast number of drugs including
MTX. MTX’s liver uptake and plasma clearance depend on some
critical factors: OATP1B1, OATP1B3, and OATP2B1, which are
highly expressed in hepatocytes sinusoidal membrane. As a result,
the alteration of OATP1B functional activity may have a meaning-
ful impact on the PK of drugs transported by them [9].

SLCO/SIco genes encode OATPs, several sequence vibration
and Single-nucleotide Polymorphism (SNP) are found in SLCO1B1
which are responsible for encoding OATP1B1. Besides, some of
them are associated with changing transportation activity in vivo
and in vitro. Studies have shown that ¢.521T>C SNP is related to a
significant decrease in the in vitro uptake activity of the OATP1B1
substrate [10].

According to the global analysis of genetic variation of
SLCO1BI, it is found that the allele frequency of the ¢.521T>C
variant is approximately 14% in the Chinese Han population [10].
Another common functional SLCO1B1 mutant, the allele frequency
of the ¢.388A>G SNP is 73.4% in the Chinese Han population. The
mutation rates of OATP1B1 388A and 521T in white Americans
were 30% and 14%, respectively [10]. Therefore, studies are
needed to elucidate the effects of ¢.388A>G and ¢.521T>C SNP on
drug pharmacokinetics in humans [11].

SLCO1B3, which plays a crucial role in hepatocyte uptake of
MTX from the blood, is a known uptake transporter for MTX and is
located in hepatocytes basolateral (sinusoidal) membrane. Several
SLCO1B3 polymorphisms have been reported previously [12-15].
A previous study reported that SLCO1B3 ¢.334 T > G played no
role in affecting transport activity, but ¢.699 G > A is considered to
be controversial depending on the substrate [15]. Therefore, one
locus that was known to be high in linkage disequilibrium scores
was selected in our study.

1.3. Population Pharmacokinetics

The Population Pharmacokinetic (PPK) study method can quan-
titatively estimate the inter-patient variability of pharmacokinetic
responses, the internal variability of patients, and clarify the impact
of demographic, clinical, and genetic factors on pharmacokinetics.
Meanwhile, PPK is suited for constructing pharmacokinetic models
in a relatively large number of subjects, even if each subject has
only sparse samples. Few studies show that SLCO1B genetic poly-
morphism has an impact on the pharmacokinetics of MTX.

This study aimed to establish a PPK model of MTX in the Chi-
nese population and assess the impact of SLCO1B1 and SLCO1B3
genetic polymorphisms on MTX pharmacokinetics. Our secondary
objective was to evaluate the bioequivalence of MTX formulations
by using the constructed PPK model.

2. METHODS
2.1. Patients and Data

Seventy-one patients with rheumatoid arthritis who were treated
with low-dose MTX therapy were enrolled in this study to clarify the
population pharmacokinetics of MTX. All patients underwent a com-
prehensive medical examination, determined their weight and height,
besides, calculated body surface area. All subjects get blood bio-
chemical examination of Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST), total Bilirubin (BUN), Gamma-glutamyl
Transpeptidase (GGT), C-reactive Protein (CRP), Creatinine Clear-
ance (Ccr), serum creatinine, and Glomerular Filtration Rate (GFR)
was calculated by Cockcroft-Gault formula. They also performed the
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blood routine examination to determine Hemoglobin (HGB), Red
Blood Cell Counts (RBC), red blood cell-specific volume (HCT),
Erythrocyte Sedimentation Rate (ESR), and erythrocyte Mean Cor-
puscular volume (MCY). Above clinical laboratory examinations
were accomplished by the Department of Laboratory Medicine at
Peking University First Hospital. Based on the information recorded
in the electric medical record system, we collected the patients’
demographic basic information and blood sample pathological infor-
mation. Moreover, the combined using drugs (including folic acid
treatment, prednisolone, hydroxychloroquine, calcitriol, leflunomide)
were recorded. This study was ratified by the local ethics committee,
and the physician informed the patients about the research content.

2.2. Determination of MTX Concentration

We used Aminopterin as an internal standard to analyze MTX
concentration by validated Liquid Chromatography-Mass Spec-
trometry detection method. The calibration curve of methotrexate is
linear with 0.5-200 ng/mL linear range, 0.5ng/mL the lower limit of
quantification. The Relative Standard Deviations (RSD) of intra and
inter precisions were less than 15%, and the accuracies were within
+ 15% for methotrexate.

2.3. Genotype Analysis

Extracted DNA from 5 mL blood samples using the TIANamp®
DNA Blood DNA kit (TIANgen, Beijing, China) following the
manufacturer’s instructions. Identification of OATP1B1 rs4149056,
OATPIBI rs2306283, and OATP1B3 rs7311358. We detected the
genotypes of each subject at the OATP1B1 and OATP1B3 alleles
by using the Sanger sequencing method as previously described.
The sequencing profile was 95°C for 15s followed by 35 cycles at
95°C for 15 seconds, 50°C for 5 seconds, and 60°C for 90 seconds.
According to the Hardy-Weinberg Equilibrium (HWE), we used the
Chi-square test to determine the genotype distribution.

2.4. Population Pharmacokinetic Modeling

The pharmacokinetic characteristics of methotrexate are de-
scribed by one-compartment and two-compartment model. We used
the nonlinear mixed effects modeling tool NONMEM (version 7.3,
ICON Development Solutions) to conduct the modeling analysis. It
is assumed that the model parameters follow a lognormal distribu-
tion, and the inter-individual variability of each structural parameter
is modeled in NONMEM as follows (equation 1):

F =P, x Exp(n,) M

Where Pi represents parameters for the ith individual, PTV is
the typical values of the parameters, and ni are random variables
with zero mean and variance of ©2.

The residual variability was modeled using proportional error,
as shown in equation 2.

c =C
ij

ored, x(1+¢

) )

Where Cij is the jth observation for the ith subject, Cpred, ij is
the jth predicted value for the ith subject, eprop,ij is the propor-
tional portions of intra-individual variability with means of zero and
variances of oprop2.

prop,ij

The model was established based on the First-order Conditional
Estimation (FOCE) method with m-¢ interaction, and likelihood
ratio tests, parameter rationalities and residual analysis were used as
the basis to select models. A decrease in Objective Function Value
(OFV) >6.63 (p=0.01, ¥’ distribution with degree of freedom=1)
was considered statistically significant.

The covariate analysis was performed after the base model was
determined. Drew scatter plots with parameters to explore the rela-
tionship between covariates and parameters which reckoned from the
determined base model and potential covariates (including sex, age,
weight, height, BSA, BUN, MCV, CR, eGFR, HGB, HCT, RBC,
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ALT, AST, GGT, Ccr, CRP, ESR, folic acid, lef, hcq, Caltrate, pred,
Rocaltrol, and genotype). We applied the Stepwise Covariate Model
(SCM) module in Perl-speaks-NONMEM software (version 3.4.2,
Uppsala University, Sweden) to screen and identify covariate.

Covariate relationships as a linear function, exponential func-
tion, and power function were assessed for continuous covariates,
and a stepwise approach was used to evaluate covariate effects. On
the basis of the statistical criteria, the covariate is considered to be
applicable to the model when the reduction of OFV (p=0.05, x2
distribution with one degree of freedom) is more than 3.84 in the
forward step and the rise of OFV (p=0.01, y2 distribution with one
degree of freedom) is less than 6.63 in the backward step.

We used bootstrap resampling technique when validating mod-
els. The advantage is that the calculation of certain statistics with a
nonparametric bootstrap method does not depend on the assumption
of the sample distribution. The basic idea is to use the Monte Carlo
method repeated sampling with replacement in the sample, thus
forming a self-sampling. Once the self-sampling reaches a certain
frequency, it forms a statistical distribution, and the original sample
statistics can then be estimated with a semi-empirical method.
Typical parameters of the final models simulated the concentration
profiles and evaluated the model’s predictive performance by com-
paring with observed data.

3. RESULTS
3.1. Patient Characteristics

The patients provided 85 MTX blood concentration points
which were available for analysis. Table 1 and Table 2 depict the
main characteristic and genotype of the patients, respectively. In the
71 subjects analyzed, the minor allele frequencies of OATP1B1
152306283 A>G was 23.94%, OATPIB1 rs4149056 T>C was
7.74%, and OATP1B3 rs7311358 A > G was 21.83%. Genotype
frequencies were in HWE.

3.2. Population Pharmacokinetics

Fig.A-DVIPRED and Fig.A-DVPRED depict the base model
and shows that the mean population of apparent Clearance(CL/F) was
5.98L/h and V/F was 32.8L. It was found that RBC, OATP1BI1
154149056 T>C, OATPIB1 152306283 A>G, and SLCI9A1
151051266 G>A have an impact on CL/F in the forward inclusion.
Therefore, these covariates were included in the full model.

Wang et al.
Table 1. Characteristics of the included patients.
Characteristic Number of Patients/Mean (SD)
Number of patients 71
Number of concentrations 85
GEND(Male/Female) 60/11
WT(kg) 59.37(10.74)
AGE(y) 48.01(15.24)
HT(m) 1.61(0.06)
BSA(m2) 1.6(0.16)
LEF(0/1) 54/17
FOLIC(0/1) 25/46
HCQ(0/1) 48/23
CAL(0/1) 48/23
PRE(0/1) 60/11
BUN(mmol/L) 4.9(1.28)
RBC(109) 4.11(0.75)
GGT(U/L) 21.66(15.8)
ESR(mm/h) 21.52(19.09)
RS2306283(1/2/3) 42/23/6
RS4149056(2/3) 11/60
RS7311358(1/2/3) 2/26/43

3.3. Population Pharmacokinetic Modeling

The backward deletion results showed that RBC, OATP1BI1
rs4149056 T>C, and SLC19A1 rs1051266 G>A did not reach a
significance level; Consequently, OATPIB1 rs2306283 A>G re-

Table2. Gene frequency.
Gene SNP Allele Genotype Genotype Frequency n (%) MAF/% HWE
GG 43 (59.72%)
23.94
OATPIBI 1s2306283 G/A AG 22 (30.99%) ( 0.209
A)
AA 6 (8.45%)
TC 11 (15.49%) 7.74
OATPIBI 154149056 T/C 0.479
TT 60 (84.51%) ©
AA 42(59.15%)
21.83
OATPIB3 rs7311358 G/A AG 27(38.02%) ( 0.336
G)
GG 2(2.82%)
AG 14(19.72%) 9.86
SHMT1 rs1979277 G/A 0.357
GG 57(80.28%) (A)
AA 17(23.94%)
48.59
SLC19A1 rs1051266 G/A AG 35(49.30%) ( 0911
A)
GG 19(26.76%)
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Table 3.
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The final parameter estimates and 95 % confidence interval from the bootstrap analysis.

Trying Times:500, Success Times:499, Fail Times:1, Success rate:99.8%

Parameter NONMEM Parameter Bootstrap Median Bootstrap 95% CI
61 CL/F (L/h) 7.75 8.04 (6.02,32.19)
02 V/F (L) 32.8 FIX 32.8 FIX -
03 Ka (h/L) 1.69 FIX 1.69 FIX -
04 F 0.704 FIX 0.704 FIX -
65 RS2306283 on CL 0.805 0.760 (0.188,1.051)
66 RS2306283 on CL 0.647 0.589 (0.147,0.915)
oCL 0.167 FIX 0.167 FIX -
v 0 FIX 0 FIX -
wKa 0 FIX 0 FIX -
oF 0 FIX 0 FIX -
ol (pro) 0.713 0.693 (0.412, 0.888)
02 (add) 2.83 2.65 (1.52,3.98)

NONMEM Parameter: parameter estimated by NONMEM; Bootstrap Median: median estimated by Bootstrap; Bootstrap 95% CI: 95% confidence of median in Bootstrap.

CL/F, apparent clearance; V/F: apparent volume of distribution; Ka: absorption rate constant;
F: bioavailability; RS2306283: gene of RS2306283; oCL: inter-individual variability of CL;

®V: inter-individual variability of V; 61 (pro): proportional error; 62 (add): additive error.
a From 499 runs with a successful minimization and successful covariance.
b 2.5th and 97.5th percentiles of the bootstrap parameter estimates.

mained as a significant covariate in the final model. Table 3 sum-
marizes the backward detection results. The final model was de-
scribed by equation followed:

RS230=1:CL =7.75x¢e"'* x0.805
RS230=2:CL =7.75xe""" x0.647
RS230=3:CL =7.75x¢"'" x1
V=328 KA=1.69 F=0.704

These covariates failed to found to have an impact on V/F. Pa-
rameters reckoned from the final model are described in Table 3,
and the goodness-of-fit plots are shown in Figs. (1, 2, 3 and 4).
There was no significant deviation showed between the observed
concentration and predicted concentration, and the final model was
considered to be able to describe the data adequately.

3.4. Model Evaluation

The relationship between the observed concentration and the
population-model-predicted concentration / the individual-model-
predicted concentration was demonstrated in the final model diag-
nostic plots, which indicated model and data fits well (Figs. 1 and
2). The plots of conditional weighted residuals versus population
model-predicted concentration and conditional-weighted residuals
versus time were symmetrically distributed and were mostly within
three units of the null ordinate, indicating a good fit of the model to
the data (Figs. 3 and 4).

From 500 keeps running of the bootstrap, 499 runs were mini-
mal effectively with a fruitful covariance step and were fused in the
analysis. The outcomes of the bootstrap analysis are displayed in
Table 3. The 95% CI of all parameters from NONMEM was like
the range acquired from the bootstrap approach, aside from V/F.
Consequently, the estimated parameters and their 95 % CI acquired
by using NONMEM can be regarded reliable.

4. DISCUSSION

This study is the first to investigate the effects of OATP1B1 on
MTX pharmacokinetics in Chinese adult patients with rheumatoid
arthritis using population pharmacokinetics analysis. The impact of
OATP1B1 and OATP1B3 polymorphisms on MTX pharmacokinet-
ics was also investigated.

Fitting of the methotrexate compartment model is often based
on a one-compartment or two-chamber model [16-18]. Although
the one-compartment model may underestimate the peak concentra-
tion, the data points in this study are sparse. In this case, using a
two-compartment model for fitting will result in model instability
and large deviations in pharmacokinetic parameters. Moreover,
according to our research results, a more complex model does not
optimize the results. Therefore, according to the literature [18] and
the situation that the concentration of blood drug concentration is
less, the preliminary selection of the one-compartment model is the
basic model for the pharmacokinetic study of the test population.
The one-compartment model explained MTX pharmacokinetics.

The estimated CL/F we acquired is coherent with the value
gotten from former MTX PPK study (6.53-7.0 L/h) [17, 18]. For
instance, Bannwarth er a/. mentioned in a review that the body
clearance of MTX is 4.8-7.8 L/h [19]. Consequently, the data were
fitted to the one-compartment model with first-order absorption and
elimination rules. The CL/F estimated parameters are similar to the
previous MTX PPK parameters.

Because of the final regression model, MTX CL/F diminished
by 32.3% in patients carrying the OATP1B1-388AG and 17.8% in
patients carrying the OATP1B1 -388GG genotypes paralleled with
those carrying the OATP1B1-388 AA gene, suggesting the
OATPI1BI transporters’ activity is relatively low in these groups of
patients. The results obtained in this study are consistent with a
previous study which reported that patients carried the OATP1B1-
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Fig. (1). Individual predicted concentrations versus observed concentrations (Final Model).
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Fig. (2). Population predicted concentrations versus observed concentrations. (Final Model).
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Fig. (3). Conditional weighted residuals versus population predicted concentrations. (Final Model).
CWRES Conditional weighted residuals.
PRED Population predicted concentrations.

Wang et al.



Influence of the OATP Polymorphism on the Population Pharmacokinetics Current Drug Metabolism, 2019, Vol. 20, No. 7 597

o
1 0
°o°o C,oo . °
° o
o
g %ﬂ%goo R ° o © o °
0 L)
=4 o
: ¥ .
o o
o® ° °
-2
500 1000
TIME

Fig. (4). Conditional weighted residuals versus time. (Final Model).
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DV Observed methotrexate concentrations.

IPRED Individual predicted concentrations.
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388AG or GG genotype showed a lower CL/F than those carrying
the AA genotype. At the same time, in patients with the SLCO1B1-
388AG and AA genotypes, MTX dose-corrected trough concentra-
tions were significantly lower than those of the GG genotype.
Therefore, it is speculated that the rs2306283 A will increase the
OATPI1BI activity. The increase of the liver uptake thus promotes
its clearance and lowers the plasma concentration.

At present, studies on this site are more common in statins [20].
Changes in the AUC of several statins vary from 1.2- to 3.2-fold are
highly dependent on the impact of SLCO1BI1 genotype [21, 22]. In
vivo studies reported that the rs2306283 polymorphism is related to
the enhanced transport activity of pravastatin by OATP1B1 [23],
which is consistent with the results presented in this paper. Nakai et
al. reported in the article that several polymorphisms of this gene
alter the transportation activity [24]. The OATP1BI1 transport activ-
ity of several statins, including pravastatin, can be reduced by more
than 50% by the 388A>G polymorphism [21]. Nevertheless, the
influence of the polymorphisms on the pharmacokinetics of MTX
used in RA in these studies was not investigated. However, the
relevant mechanisms still need to be further studied.

Membrane transporters are now considered to be essential de-
terminants of drug transmembrane convey. Organic anion transport-
ing polypeptides constituent a family of influx transporters ex-
pressed in different tissues significant for pharmacokinetics.

OATP1BI1 and OATP1B3, which are highly expressed in hepa-
tocytes sinusoidal membrane, can advance MTX’s liver uptake.

All OATP proteins have twelve trans-membrane domains, and
388 A>G polymorphism is present in one of the extracellular loops
[25]. This polymorphism changes the amino acid asparagine to
aspartic acid, which in turn increases the overall negative charge of
the protein. Substrate recognition or binding is the first step in the
transportation of any molecule through a membrane. Specific sub-
strate recognition by all OATPs is usually high molecular weight
molecules with steroid nucleus [26].

Non-alcoholic fatty liver disease refers to extensive accumula-
tion of fat in the liver, excluding alcohol and other definite liver
damage factors. The morbidity of non-alcoholic fatty liver disease
ranges from 15% to 40%, which is widely variable in different parts
of the world [27]. Non-alcoholic fatty liver disease can change the
expression of multiple OATP subfamily, including OATP 1A4,
1B1, 1B2, 2B1 [28, 29]. Besides, non-alcoholic steatohepatitis is
associated with increased the expression level of OATPI1BI,
OATP1B3 [30]. Hence, patients with non-alcoholic fatty disease or
non-alcoholic steatohepatitis should be treated more carefully when
they are taking MTX to avoid liver damage or renal damage. In
future research, we also need to explore the MTX PPK in patients
with non-alcoholic fatty liver disease or non-alcoholic steatohepati-
tis.
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This study has some limitation. First, methotrexate is mainly
excreted by the kidneys. After 24 hours of taking methotrexate,
80% of methotrexate is eliminated from the body through urine as it
is. Animal experiments [31] and clinical observations [32] showed
that the elimination half-life of methotrexate was significantly pro-
longed even if the reduction of renal function was not apparent.
Moreover, Ran Guoxia [17] and C. Godfrey [16] thought that
creatinine clearance, which represents the renal function, has a sig-
nificant effect on overall clearance. However, this study did not
show that clearance significantly (P<0.05) affected the overall
clearance of MTX. The reason may be that 71 patients were col-
lected in this study. All of them were regularly reviewed during
medication, and creatinine clearance was well controlled. The col-
lected data showed that their creatinine clearance values were
closer. Moreover, the influence of SLCO1B1 *5 and SLCO1B1 *15
haplotypes (521T—C) could not be identified, which may be due to
the small-scale subjects enrolled in this study and low allele fre-
quencies in the study data. Finally, most of the blood samples were
collected on trough concentration; accordingly, the remaining
pharmacokinetic parameters (including Ka and the IIV of V/F and
Ka) could not be estimated.

Despite these limitations, this study provides evidence for the
impact of SLCO1B1-388 A>G polymorphisms on MTX pharma-
cokinetics. Patients carrying SLCO1B1 AG or GG have lower CL/F
of MTX. Hence, patients carrying SLCO1B1 AG or GG should be
treated a lower dose of MTX therapy. The formula derived from
this study may be instructive for the use of initial MTX dose in
those patients.

CONCLUSION

In this study, it was observed that OATP1B1-388 G>A SNP
had a significant impact on CL/F. The factor should be considered
when determining MTX dosing. However, prospective studies with
a large sample size subjects are needed to validate the results of this
study.
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