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Abstract

Purpose: The aim of this study was to investigate non-genetic and genetic
factors contributing to stable warfarin dose change in the extreme elderly pa-
tients with non-valvular atrial fibrillation. Methods: A total of 40 elderly pa-
tients with stable warfarin doses were included in this study. Clinical basic
data, such as age, sex, body mass index, basic disease like hypertension, di-
abetes and coronary heart disease had been recorded. Two nucleotide poly-
morphisms about VKORCI1-1639GAA and CYP2C9 1075AAC genes were
detected via sequencing by hybridization. Results: The elderly patients with
CYP2C9 1075AAC (CA) genotype needed less warfarin daily doses than those
with CYP2C9 1075AAC (AA) genotype (1.93 £ 0.79 mg/d VS 2.15 + 0.64
mg/d), but there was no significant difference (p = 0.601). While the daily war-
farin dose required for patients with VKORCI-1639GAA (AA) genotype was
significantly lower than that for patients with VKORCI-1639G/*A (GA) geno-
type (2.00 = 0.67 mg/d VS 2.63 + 0.38 mg/d, p = 0.012). VKORC1-1639G A
together with age and diabetes status accounted 41.7% for dose variability.
The new algorithm was developed using multivariate linear regression analy-
sis; the model was developed for: Dose = 7.731 - 0.056 * age + 0.527 * DM —
0.785 * VKORCI. Conclusions: VKORCI1-1639G/A together with age and
diabetes status might predict warfarin doses in age > 80 years patients with
non-valvular atrial fibrillation. In contrast, the polymorphism of CYP2C9
1075ANC was not associated with dose variability.
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1. Introduction

Non-valvular atrial fibrillation (NVAF) is a common arrhythmia and the disease
incidence increases with age. Epidemiological studies have shown that the pre-
valence of NVAF among the elderly in China increases with age from a lower
prevalence rate of 1.3% in the 60 - 69 years age-group to approximately 7.5% for
those who are 80 or 89 years [1]. In addition, stroke risk associated with atrial
fibrillation also increases significantly with age, from only 1.5% in the 50 - 59
years age-group to 23.5% in the 80 - 89 years age-group among patients with
NVAF [2].

For more than 50 years, warfarin has been used to prevent stroke risk among
patients with NVAF, although there are some limitations to its use [3] [4]. The
major problems associated with warfarin are bleeding and thromboembolic
events, both of which depend on the quality of anticoagulation, especially in
older patients [5] [6]. It is difficult to achieve a stable anticoagulation control
because different patients have a great variability of warfarin response [7]. This
variability is mainly because of the vitamin K-epoxide reductase (VKORC1) po-
lymorphisms and the cytochrome P450 enzyme gene (CYP2C9) polymorphisms,
both of which affect warfarin metabolism [8] [9] [10]. Jia L et al. have found that
in Chinese population, VKORC1 and CYP2C9 polymorphisms also play an im-
portant role in warfarin sensitivity [11].

To date, previous studies about the gene polymorphisms focused on the gen-
eral patients or patients age > 65 years; there is little study focusing on the ex-
treme elderly (age = 80 years) patients. Furthermore, elderly patients have more
disease such as hypertension, coronary heart disease, and diabetes. The purpose
of our study was to explore the effects of non-genetic and genetic factors on the

stable warfarin doses variability in extreme elderly NVAF patients.

2. Subjects and Methods
2.1. Study Population and Data

We determined the study sample from all available patients who had NVAF
from March 1, 2016 to March 1, 2018 in Jiangsu Province Hospital. This study
was approved by the Ethics Committee of the First Affiliated Hospital of Nanj-
ing Medical University. The inclusion criteria of study subjects included: 1) The
patients were at least 80 years old; 2) CHADS2 score = 2 and they were eligible
to take warfarin therapy; 3) They were received maintenance warfarin therapy,
the INR ranged from 1.6 to 2.5 for at least 3 months. Exclusion criteria included:
1) Patients who were non-complicance with warfarin therapy and refused INR
monitoring; 2) Patients who had abnormal liver function (AST, ALT = 3 fold the
upper limit of normal); 3) Patients who were taking amiodarone or antiplatelet
drug such as aspirin or clopidogrel. At last, 40 patients with warfarin anticoagu-
lant therapy were included in the study and every patient signed the written in-

formed consent.
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2.2. Study and Genotyping Protocol

Two tubes of blood were taken 12 to 16h after the last dose of warfarin taking.
One Citrate anticoagulant tube of blood sample (3 ml) was collected to record
latest INR. Another EDTA anticoagulant tube of blood sample (3 mL) was col-
lected to detect gene polymorphism. After the plasma was removed by centrifu-
gation, blood cells were stored at —80°C for DNA extraction (Yaojinbao Kit,
China). Add 1.5 ul treated blood cells to the gene sequencing kit (Yaojinfen Kit,
China), close the tube tightly, mix them well and centrifugate them for a short
time. PCR reactions were performed by a fluorescence detector (TianLong, Xian,
China).

2.3. Statistical Analysis

Continuous data was expressed as mean + standard deviation. Statistical analysis
was performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).

3. Results

The clinical characteristics of 40 patients (27 men and 13 women) were shown in
Table 1. The age of these patients varied from 80.0 - 97.0 years and the average
age was 87.68 + 4.91 years. BMI values range from 16.3 to 31.9 kg/m” and the
average BMI was 23.1 kg/m* The average daily doses of warfarin were 2.11 *
0.67 mg. The average INR of all patients was 1.99 + 0.37. Among 40 patients, 28
patients (70.0%) have hypertention, 21 patients (52.5%) have CHD and 11 pa-
tients (27.5%) have diabetes.

Table 1. Patient characteristics.

Parameters Data
Sex (M/F) 27/13
Age 87.68 +4.91
BMI (Kg/m?) 23.07 £3.58
Warfarin daily doses (mg) 2.11 £0.67
Average INR 1.99 £ 0.37
ALT (U/L) 18.96 + 8.15
AST (U/L) 2434 + 831
Cr (umol/L) 91.80 £29.27
Urea (mmol/L) 7.22 +2.82
HbAlc (%) 6.37 £ 1.07
hypertension 28 (70%)
History CHD 21 (52.5%)
DM 11 (27.5%)

Note: Data are presented as either mean + SD or counts. Abbreviations: M/F, male/female; BMI, body mass
index; ALT, Alanine aminotransferase; AST, aspartate aminotransferase; Cr, creatinine; Urea, urea nitro-
gen; HbAlc, glycosylated hemoglobin; CHD, coronary heart disease; DM, diabetes.
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Table 2 summarized the genotype frequencies of VKORC1 and CYP2C9 genes
polymorphisms and the comparisons of warfarin doses in these patients. The daily
warfarin dose required for patients with the AA genotype of VKORC1-1639GNA
was significantly lower than that for the patients with GA genotype (p < 0.05), while
the dosage required for patients with variant genotypes of CYP2C9-1075A>C
showed no difference.

Multivariate linear regression analysis was carried out with the stable daily
doses of warfarin as the dependent variable; the age, sex, history of hypertension,
diabetes or CHD and genotypes of CYP2C9 or VKORCI1 as the independent va-
riable. The results showed that age, diabetes history and VKORCI1 genotype
were independent factors influencing the stable daily dose of warfarin (Table 3).
To derive a patient’s daily warfarin dose, a clinician would use the patients’s spe-
cific clinical and genomic characteristics to complete the following equation:
Dose = 7.731 - 0.056 * age + 0.527 * DM — 0.785 * VKORCI (DM: defined as the
history of diabetes, input 1 if the patient has the history of diabetes; VKORCI:
the presence of VKORC1-1639GAA (AA) is denoted by a “1” and the presence
of VKORCI1-1639GAA (GA) is denoted by a “0”). The stepwise multivariate li-

near regression model for warfarin doses revealed that diabetes history, VKORC1

Table 2. Differences in stable daily doses of warfarin among genotypes.

Numbers of Stable daily doses

Genot 1
enotype patients (%) (Mean % SD) pvatue
VKORCI1-1639G>A

AA 33 (82.5) 2.00 £ 0.67
p =0.012
GA 7 (17.5) 2.63 +£0.38
CYP2C9 1075A>C
AA 33 (82.5) 2.15 + 0.64
p =0.601
CA 7 (17.5) 1.93 £0.79

Abbreviations: VKORCI, vitamin K-epoxide reductase; CYP2C9, cytochrome P450 enzyme gene.

Table 3. Multivariate regression model for predicting warfarin dose.

Predictor Coefficient SE T P
Intercept 7.731 1.709 4.525 0.000
Age -0.056 0.019 -2.971 0.006
Sex -0.195 0.219 -0.892 0.379
Hypertension -0.220 0.213 -1.030 0.311
Diabetes 0.527 0.222 2.371 0.024
CHD 0.162 0.210 0.774 0.444
CYP2C9 -0.361 0.257 -1.405 0.170
VKORC1 -0.785 0.241 -3.258 0.003

Abbreviations: CHD, coronary heart disease; VKORCI, vitamin K-epoxide reductase; CYP2C9, cytochrome
P450 enzyme gene.
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polymorphisms and age could explain 15.0%, 17.5% and 9.2% of interindividual
variance, respectively. Overall, the algorithm could account for 41.7% of the

warfarin dose variability (Table 4).

4. Discussion

The main findings of this study were as follows: 1) The genetic factors
VKORCI1-1639GAA, together with non-genetic factors of age and diabetes his-
tory might predict warfarin doses in extremely elderly patients with NVAF. 2)
The polymorphism of CYP2C9-1075A>C did not contribute to daily warfarin
dose variability in these patients. This is the first attempt to extract the most
commonly used genetic and non-genetic factors influencing warfarin sensitivity
in extreme elderly (age = 80 years) Chinese Patients with NVAF.

Elderly patients with NVAF both have much higher risk of stroke because of
co-morbidities such as hypertension, diabetes and chronic kidney disease [12]
and a higher risk of major bleeding because of decreased organ function, poly-
pharmacy and other bleeding risk factors [12] [13]. At the same time, warfarin
therapeutic index is narrow and individual dosage of patients varies greatly.
Therefore, it is very important to identify the individual differences response to
warfarin in elderly people.

Previous studies have shown that genetic variants in CYP2C9 and VKORCl1
can explain approximately one third of the interpatient warfarin dose variance
and are more strongly associated with a stable warfarin dose than all other
known patient factors [10] [14] [15]. Results from our study revealed that the
patient with the genotype of VKORCI1-1639G/AA (AA) needed lower daily war-
farin doses than VKORCI1-1639GAA (GA), while CYP2C9 1075AAC did not
contribute to dose variability in extremely elderly patients. The difference be-
tween our study and previous studies may be due to the race and age. Compared
with other racial groups, the prevalence of CYP2C9 1075AAC is lower in Asians
and the variation of CYP2C9 1075AAC has less effect on warfarin TTR [16].
Meanwhile, the contribution of VKORCI1-1639GAA was much larger than that
of CYP2C9 1075AAC, which was consistent with previous research results [17]
[18]. In the multivariate regression analysis, only age, diabetes history and
VKORCI1-1639GAA was retained in our final algorithm. Increasing age, variant
genotypes of VKORCI1-1639GAA (AA) were negatively associated with warfarin
dose while diabetes history showed positive correlations. The results of age and
VKORCI1-1639GAA is consistent with almost all previous studies. There are

Table 4. Final model produced by stepwise regression analysis.

Predictor Cumulative Model R2 (%) Contribution (%) P

Diabetes 15.0 15.0 0.001

VKORC1 32.5 17.5 0.002
Age 41.7 9.2 0.022

Abbreviations: VKORC], vitamin K-epoxide reductase.
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also some studies about the diabetes status and warfarin maintenance doses. But
the results were inconsistent. The Hillman groups [19] found that no univariate
correlation between diabetes and warfarin maintenance dose. While Lenzini
groups [20] found a negative correlation between diabetes and warfarin dose,
while the Garcia group [21] and Jinxing Chen group [17] observed a positive
correlation between diabetes and warfarin dose. Our result showed that in ex-
treme elderly Chinese Patients, patients with diabetes got a relatively higher dose
of warfarin (2.52 + 0.69 mg/day vs. 1.95 * 0.59 mg/day, P = 0.014). In the final
regression model, diabetes also showed a significant association (P = 0.024). In
many previous studies, smoking status, amiodarone and antiplated drug use
were included in the final regression models. However, as our patients were ex-
tremely elderly patients, there were no smoking people and patients used ami-
odarone, and antiplatelet drug was excluded before recruit.

Several limitations exist in our study. First, these are results from a single cen-
ter in China. Therefore we can’t extend our findings to other racial groups.
Second, there were only 40 patients in our study, relatively small number were
examined and owing to the small number and we didn’t study vascular events.
Lastly, this is a retrospective study. Further prospective and multi-center studies
are needed to confirm our findings and the ischemic and hemorrhagic events
need to be studied in the further study.

5. Conclusion

In summary, results in our study show that the genetic factors VKORCI1
(-1639GAA) and non-genetic factors such as age and diabetes history are im-
portant in determining the warfarin stable daily doses in Chinese extreme elder-
ly NVAF patients. It may be potentially useful in guiding prescribers to make
decision on warfarin dosing in age > 80 years patients.
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