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Abstract
Background—Dialysis grafts fail due to recurrent stenosis and thrombosis. Vasoactive and pro-
thrombotic substances affecting intimal hyperplasia or thrombosis may modify graft outcomes.

Study design—Genetic polymorphisms association study of patients enrolled in a multi-center,
randomized clinical trial.

Setting and participants—354 Dialysis Access Consortium (DAC) Study patients receiving a
new graft with DNA samples obtained. Subjects were randomized to treatment with aspirin
+dipyridamole vs placebo.

Predictor—DNA sequence polymorphisms for the following candidate genes and their
interaction with the study intervention: methylenetetrahydrofolate reductase (MTHFR), heme
oxygenase 1 (HO-1), Factor V (F5), transforming growth factor β1 (TGF-β1), Klotho, nitric oxide
synthase (NOS), and angiotensin converting enzyme (ACE).

Outcome—Graft failure (>50% stenosis, angioplasty, thrombosis, surgical intervention or
permanent loss of function).

Results—During a median patient follow-up of 34.3 months, 304 grafts failed. After adjusting
for clinical factors (patient age, gender, access location, diabetes, cardiovascular disease, baseline
aspirin use, body mass index, timing of graft placement, and study treatment) and genetic ancestral
background, SNP rs6019 of the Factor V gene was significantly associated with graft failure in a
dominant model (HR of 1.70 [95% CI, 1.32–2.19; p<0.001] for G/C and G/G genotypes vs C/C
genotypes). There was no significant association between graft failure and polymorphisms of
MTHFR, HO-1, TGF-β1, Klotho, NOS, or ACE.

Limitations—Small sample size
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Conclusion—Factor V Leiden is associated with an increased risk of graft failure.
Anticoagulation may reduce graft failure in patients with the G/C or G/G genotypes.

Index words
Arteriovenous access; arteriovenous graft; thrombosis; genetic polymorphism

Arteriovenous grafts for hemodialysis have limited cumulative survival, and are prone to
recurrent stenosis and thrombosis 1. Pathologic studies have demonstrated aggressive intimal
hyperplasia, which develops most commonly at the graft-vein anastomosis, and leads to
graft stenosis with superimposed thrombosis 2. The cellular mechanisms leading to intimal
hyperplasia and thrombosis are incompletely understood, but involve a complex interaction
among factors affecting inflammation and thrombosis 3. The frequency of stenosis and
thrombosis varies substantially among patients, suggesting that underlying differences in
vascular tissue expression of vasoactive and pro-thrombotic substances contribute to the
graft outcomes. The expression of these substances may, in turn, be affected by genetic
polymorphisms.

Like graft failure, arteriovenous fistula failure is also attributed to intimal hyperplasia and
thrombosis. Several retrospective analyses have evaluated associations between fistula
failure and genetic polymorphisms 6. In particular, fistula failure has been associated with
polymorphisms of methylentetrahydrofolate reductase (MTHFR) 7, heme oxygenase 1
(HO-1; encoded by the HMOX1 gene)8, Factor V 9, transforming growth factor β1 (TGFβ1,
encoded by the TGFB1 gene), and Klotho (encoded by KL) 12, but not with angiotensin
converting enzyme (ACE)13. In addition, polymorphisms of nitric oxide synthase (NOS)
have been associated with coronary artery re-stenosis, an event also associated with intimal
hyperplasia 14. In contrast, there are no publications evaluating the association of graft
outcomes with genetic polymorphisms.

The Dialysis Access Consortium (DAC) graft study was a multi-center, randomized, double
blind, clinical trial evaluating the effect of dipyridamole with aspirin on graft survival 15.
This study enrolled a large number of patients receiving new grafts and obtained prospective
assessment of graft outcomes. A subset of these patients had DNA samples obtained at the
time of enrollment. The current study evaluated the association between graft outcomes and
the polymorphisms of several biologically plausible genes in this patient population.

Methods
Clinical data collection

The DAC Study enrolled adult patients on hemodialysis or patients with advanced chronic
kidney disease who received a new arteriovenous graft. The major exclusion criteria were an
increased risk of hemorrhage; active peptic ulcer disease, gastritis or esophagitis;
thrombocytopenia; advanced liver disease; and requirement for an anticoagulant or
antiplatelet agent other than aspirin. The participants were randomized to receive aspirin and
dipyridamole (n=321) or placebo (n=328) and followed prospectively for a median of 34.3
months). All DAC Study subjects were invited to participate in an ancillary research study
whereby a blood sample was obtained for subsequent DNA extraction. Each subject
provided separate informed consent for the ancillary study that was approved by the local
Institutional Review Board of the individual clinical center. Of the 649 randomized study
patients, 354 (or 54.5%) consented to participate in this ancillary study. The blood samples
were shipped on dry ice to a central repository, where they were processed to extract DNA
and stored for future genetic assays. Clinical and demographic information on the research
subjects was collected prospectively by the clinical centers. The primary study endpoint was
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loss of primary unassisted graft patency (graft failure), defined as >50% stenosis
(documented by angiogram), angioplasty, thrombosis, surgical intervention, or permanent
loss of function.

Genotyping of candidate gene single nucleotide polymorphisms (SNPs)
A total of 192 SNPs were genotyped in the subject sample, including 144 ancestry
informative markers (AIMs) and 48 SNPs in nine candidate genes. We selected SNPs for
several candidate genes for which previous studies had reported associations between fistula
failure and genetic polymorphisms. The laboratory personnel performing the SNP analysis
were not aware of the subjects’ clinical information or graft outcomes. Genotyping for the
study was performed using the GoldenGate assay on the BeadXpress system (Illumina, Inc.).
Briefly, the GoldenGate assay involves biotin labeling of genomic DNA followed by capture
of the labeled DNA onto streptavidin-coated sepharose beads. Assay oligonucleotides anneal
to the target DNA of interest and are extended and ligated to produce a sequence that
contains universal priming sequences on either end, which is then amplified and hybridized
to holographically-labeled silica bars that form arrays with up to 30-fold redundancy of each
target to be interrogated. Once the array has been visualized with the BeadXpress reader,
wavelength and intensity values of the fluorescence are used to determine genotype. Allele
detection and genotype calling were performed using the GenomeStudio software v3
(Illumina, Inc.).

Admixture Estimation
AIMs were used to obtain individual estimates of ancestral genetic admixture known to
account for the biodiversity of the sample and to reduce potential confounding from
population stratification. The markers included for the admixture estimation for this study
are a subset of those described recently 16. The markers were chosen based on large
frequency differences among West African, Amerindian and European ancestral populations
that intermixed during the colonization of the US. Maximum likelihood estimation was used
to translate the information from the AIMs into estimates of West African, Amerindian and
European ancestral estimates for each participant, based on the method from Hanis et al 17.
This method estimates the logarithms of the individual locus probabilities at all loci,
computes the probability of the observed genotype for every possible admixture proportion
from 0 to 100, and determines the maximum likelihood estimate of ancestry for each
parental population for every individual. The range of West African, Amerindian and
European ancestral estimates is from 0 to 100, but the sum of the three estimates equals 100.

Quality Control Analysis
A lab replicate was run on each sample plate for quality control, and both sample-specific
and sample-independent controls internal to the assay were evaluated to verify data quality.
Of the 192 SNPs that were genotyped in the subject sample, a total of 18 SNP’s were coded
to zero due to poor clustering and/or multi-clusters. One SNP was eliminated due to low call
rate (<0.90) and 22 SNPs were eliminated from analysis due to low minor allele frequency
(MAF<0.01). The remaining 151 SNPs consisted of the AIMs and 21 candidate
polymorphisms.

Statistical Analysis
Standard descriptive statistics were used for baseline demographic and clinical
characteristics. Cumulative incidence curves comparing rates of loss of primary unassisted
graft patency (graft failure) between the genotypes for each significant associated SNP were
prepared using the Kaplan-Meier method.
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Association studies of the outcome and SNP genotype were first done for each SNP
separately. Cox proportional hazards regression was used to relate the primary and
secondary outcomes to each individual SNP after controlling for baseline covariates and for
the estimates of genetic admixture for the control of population stratification. Four genetic
models were considered: co-dominant model (nominal genotype effect), dominant model
(mutant genotype vs. wild-type homozygote), recessive model (mutant homozygote vs. other
genotype), and additive model (assuming linear-trend effect of the genotypes). The genetic
model was picked based on the AIC for each SNP. P-values were obtained through a
likelihood ratio test of the reduced model (the model without the SNP genotype) vs. the full
model (the model with the SNP genotype as a predictor). The following pre-specified
baseline covariates were included: age, gender, diabetes history, cardiovascular disease,
body mass index, baseline aspirin use, timing of graft surgery (before or after initiation of
dialysis), graft location, and study treatment.

The two-dimensional, i.e., pair-wise, SNP-SNP interaction (epistasis) analysis for
association studies was performed by adding an interaction term to the basic Cox model. All
analyses were accomplished in R environment (http://www.r-project.org/). The genetic
association study with the time-to-event outcome was done by applying the R packages of
Design and SNPassoc. Multiple testing adjustments for individual SNP analysis were done
by controlling false discovery rate)18 across all SNPs of their best models within each gene.
For epistasis (gene-gene interaction), the multiple testing adjustments were done for each
SNP by adjusting across the rest of 20 SNPs.

Results
A subset of 354 DAC graft study patients with DNA samples available for measurement of
genetic polymorphisms formed the subject of the current investigation. The clinical features
of this study population are summarized in Table 1. Their mean age was 57.5 years, and
about 60% were female. By self-report, 73% of the subjects were black. Their mean BMI
was 30.8 kg/m2. Diabetes was present in nearly two-thirds of the patient, and cardiovascular
disease in 41%. About 40% of the subjects were on aspirin prior to study enrollment. The
graft was placed after initiation of dialysis in 71% of patients and in 29% prior to starting
dialysis. The graft location was equally distributed between the forearm and upper arm.
About half of this study population received the active drug, and half were on placebo. The
demographic and clinical characteristics of the patient population participating in the genetic
study were very similar to those of the entire DAC graft study population 15, including age
(57.5 vs 57.5 yrs); female sex (62 vs 61%), black race (73 vs 72%), diabetes (63 vs 63%),
cardiovascular disease (41 vs 41%), and active study drug (47 vs 49%).

During study followup the primary graft endpoint (>50% stenosis, angioplasty, thrombosis,
surgical revision, or permanent loss of function) occurred in 86% of the subjects. On
univariate analysis, only two of the pre-specified clinical factors were associated with
decreased primary graft failure: graft placement prior to initiation of dialysis and active
study drug (Table 2). Graft failure was not significantly associated with patient age, sex,
diabetes, graft location, cardiovascular disease, baseline aspirin use or body mass index. On
multivariate analysis in a model including the demographic and clinical factors, and adjusted
for patient admixture to control for population stratification, graft failure was more likely in
patients with graft surgery after initiation of dialysis (HR, 1.38; 95% CI, 1.05–1.82; p=0.02)
and less likely in patients randomized to the active drug (HR, 0.76; 95% CI, 0.60–0.96;
p=0.02)(Table 2).

The association between individual SNPs (Table 3) and graft outcomes was analyzed after
adjustment for the clinical factors and patient admixture. In this analysis, the rs6019 SNP of
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Factor V (F5) was associated with graft failure in a dominant model (HR of 1.70 [95% CI,
1.32–2.19; p<0.001] for G/C and G/G genotypes vs C/C genotypes)(Figure 1). Because the
distribution of rs6019 polymorphisms varied substantially by patient race (Table 1), we
repeated this analysis after restricting it to the 256 black participants. In this patient
subgroup, rs6019 was also associated with graft failure in a dominant model (HR of 1.86
[95% CI, 1.40–2.47; p<0.001] for G/C and G/G genotypes vs C/C genotypes). The
association between SNP rs6019 of Factor V and graft thrombosis in the black patients
failed to reach statistical significance in a dominant model (HR, 1.23; 95% CI, 0.81–1.88;
p=0.3).

We also evaluated whether there was an interaction between the clinical variables and
rs6019 in affecting the primary study outcome (Table 2). This analysis revealed a significant
interaction between diabetes and rs6019 in affecting graft failure. Using non-diabetic
patients with the C/C genotype as the reference group, the hazard ratio of graft failure was
1.45 (95% CI, 1.01–2.10) for diabetics with the C/C genotype; 2.66 (95% CI, 1.77–4.00) for
non-diabetics with the G/C or G/G genotypes; and 1.97 (95% CI, 1.35–2.88) for diabetics
with the G/C or G/G genotypes. In contrast, there was no significant interaction between the
study drug and rs6019 on graft failure (p=0.2). Finally, there was no significant association
between graft failure and polymorphisms of MTHFR, HO-1, TGFβ1, Klotho, NOS, or ACE
(Table 4).

We also evaluated pair-wise SNP-SNP interactions on primary graft patency. The only
significant interaction was between SNP rs3730017 for NOS and SNP rs1801131 for
MTHFR (p=0.003). We observed that if the individuals carrying G/G for SNP rs3730017,
the SNP rs1801131 does not have statistically significant association with graft failure (HR,
1.06; 95% CI, 0.79–1.43; p>0.05); however, if the patients carrying either A/G or A/A for
SNP rs3730017, the SNP rs1801131 is significantly associated with the graft failure, i.e., the
primary graft failure was less likely in patients with minor allele C of SNP rs1801131 (HR,
0.52; 95% CI, 0.32–0.85; p<0.05).

Discussion
Analysis of the DAC Study sub-population demonstrated an association between graft
failure and treatment with extended-release dipyridamole/aspirin, as previously
demonstrated in the DAC trial 15. In addition, placement of the graft after initiation of
dialysis was associated with higher graft failure. Although this association has not been
previously reported for grafts, the Dialysis outcomes and Practice Pattern Study (DOPPS)
reported a similar finding for patients with dialysis fistulas 19. We cannot, however, exclude
the possibility that earlier cannulation contributed to the shortened patency of grafts placed
after dialysis initiation.

Graft failure is mediated by intimal hyperplasia and thrombosis, suggesting that factors
affecting inflammation and thrombosis may affect the risk of graft failure. These factors in
turn may be regulated by polymorphisms of biologically plausible compounds. To
investigate the role of these genetic factors, we evaluated the association between various
SNPs and graft outcomes, after adjustment for pre-specified clinical factors and estimates of
genetic admixture. SNP rs6019 polymorphisms of Factor V, a pro-thrombotic compound,
were independently associated with graft failure. Whereas activated Factor V is normally
inactivated by activated protein C, factor V Leiden (a single nucleotide mutation) is resistant
to inactivation by protein C and therefore has a longer half-life 20. As a result, homozygotes
and heterozygotes for Factor V Leiden have an increased risk of thromboembolism 21.
Given that thrombosis is an important mechanism of graft failure, the association between
Factor V Leiden and graft failure in the present study makes physiologic sense, and is
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consistent with a previous retrospective study that observed an association between Factor V
Leiden polymorphisms and fistula failure 9. The lack of significant association between SNP
rs6019 of Factor V Leiden and graft thrombosis in the current study was likely a reflection
of the lower event rate, as graft failure occurred in 86% of subjects, whereas thrombosis
occurred in only 40%. Of interest, some studies have observed an increased risk of
thromboembolic diseases in patients with chronic kidney disease 22, which could potentially
be related to Factor V Leiden. Unfortunately, we did not track thromboembolic events in the
DAC graft study population, so are unable to assess a possible association.

This association between SNP rs6019 and graft failure suggests the potential for drugs that
interfere with thrombosis to prevent graft failure. One might postulate that such drugs would
be particularly effective in preventing graft failure in patients with the SNP that increases
risk of thrombosis. However, this is not straightforward, given the lack of interaction
between Factor V polymorphism and study drug on primary graft outcome. Moreover, two
previous randomized studies found no benefit of warfarin or aspirin-clopidogrel on graft
thrombosis. It is possible, however, that anticoagulation may be useful in preventing graft
failure in the subset of patients with Factor V Leiden expression, but addressing this
question would require a randomized clinical trial.

In contrast to retrospective studies evaluating associations between fistula outcomes and
genetic polymorphisms, we did not observe an association of graft failure with
polymorphisms for several candidate genes, including MTHFR, HO-1, TGFβ1, Klotho,
NOS, or ACE. We did, however, observe a significant interaction between polymorphisms
of the nitric oxide synthase and MTHFR genes on graft failure. The former affects
inflammation (i.e., intimal hyperplasia), whereas the latter affects thrombosis. This
interaction is consistent with the combined contribution of both physiologic factors to graft
failure 3.

The current study has several strengths, including prospective data collection, multi-center
trial design, the use of pre-specified clinical factors, and the inclusion of genetic admixture
to control for population stratification. In addition, our study enrolled a large number of
black patients, whereas previous genetic association studies with arteriovenous access
outcomes included only white or Asian patients. Our study also has some limitations. The
DAC graft study was designed as a clinical trial, rather than a genetic associations study. As
a result, it was not well-powered to detect genetic associations with graft failure. In a post-
hoc power calculation we had sufficient power to detect an association between the rs6019
SNP and graft failure (power 0.92 at the significance level of 0.001). However, the
frequency of minor alleles was relatively small for some of the SNPs (Table 3), and the
study population relatively small, raising the potential that a significant association may
have been missed. There may also be additional candidate genes affecting graft failure,
which were not included in the present study.

In conclusion our study observed an association between rs6019 Factor V polymorphisms
and primary graft patency. Patients with the high-risk Factor V Leiden genotype, who
accounted for 47% of our study population, are at increased risk for graft failure and may be
ideal subjects for clinical trials of pharmacologic interventions, such as prophylactic
anticoagulation.
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Fig 1.
Time to graft failure (>50% stenosis, angioplasty, thrombosis, surgical revision, or
permanent loss of function) among patients with Factor V Leiden (F5) polymorphisms. SNP
rs6019 of F5 was associated with graft failure in a dominant model (HR of 1.70 [95% CI,
1.32- 2.19; p<0.001] for G/C and G/G vs CC genotypes).
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Table 1

Clinical patient characteristics of the study population

Variable Overall rs6019 genotypes

C/C C/G G/G

Age (y) 57.5 ± 13.5 58.5±14.1 56.5±12.2 56.4±13.9

Female sex 218 (62%) 112(60%) 80(62%) 27(68%)

Black race 256 (73%) 101(54%) 116(91%) 0(0%)

Diabetes mellitus 222 (63%) 116(62%) 83(65%) 23(57%)

Dialysis started before graft 252 (71%) 127(68%) 99(77%) 26(65%)

Graft located in forearm 175 (49%) 95(51%) 60(47%) 20(50%)

Prior aspirin use 146 (41%) 78(42%) 50(39%) 18(45%)

Cardiovascular disease 144 (41%) 71(38%) 54(43%) 19(48%)

BMI, kg/m2 30.8 ± 8.6 30.6±8.5 30.7±8.5 32.5±9.1

Active study drug 165 (47%) 84(45%) 62(49%) 19(48%)

Note: continuous variables given as mean ± standard deviation; categorical variables as number (percentage).

BMI, body mass index; rs, reference single - nucleotide polymorphism identification number
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Table 3

Genotype data summary.

Gene Major Allele

SNP Alleles Frequency (%) HWE p-value*

MTHFR rs2274976 G/A 96.7 0.3

MTHFR rs1801131 A/C 79.3 0.4

MTHFR rs1801133 G/A 84 0.001

F5 rs6030 A/G 76.8 0.05

F5 rs13306334 G/A 98.6 NA

F5 rs6032 A/G 78.9 0.1

F5 rs4525 A/G 79.5 0.05

F5 rs4524 A/G 79.2 0.1

F5 rs6019 C/G 70.7 0.01

F5 rs9332485 G/A 96.5 0.4

KL rs9536314 A/C 81.2 0.08

KL rs9527025 G/C 81.2 0.08

KL rs3752472 G/A 97.3 NA

NOS2A rs2297518 G/A 87 0.6

NOS2A rs3730017 G/A 84.6 0.8

ACE rs4303 C/A 94.2 0.1

ACE rs12709426 A/G 97.7 0.2

TGFB1 rs1800472 G/A 98.9 0.04

TGFB1 rs1800471 G/C 93.1 0.7

TGFB1 rs1982073 A/G 56.4 0.9

HMOX1 rs2071747 C/G 96.6 NA

MTHFR, methylenetatrahydrofolate reductase; F5, factor V Leiden; KL, Klotho; NOS2A, nitric oxide synthase; ACE, angiotensin-converting
enzyme; TGFB1, transforming growth factor β1; HMOX1, heme oxygenase 1; HWE: Hardy-Weinberg equilibrium; SNP, single-nucleotide
polymorphism.

p value*: HWE test was conducted by Chi-square test with p-value < 0.05 means the null hypothesis of Hardy-Weinberg equilibrium does not hold.
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