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Abstract
Background—A common variant at chromosome 9p21 (tagged by the rs1333049 or rs10757278
SNP) is strongly associated with Myocardial Infarction (MI) and major arterial aneurysms. An
association with Peripheral Arterial Disease (PAD) was also reported in a sample aged <75 years,
but this disappeared on removal of respondents with a MI history, resulting in an odds ratio for PAD
of 1.09 (p=0.075). We aimed to estimate the association of this variant with Ankle Brachial Index
(ABI) and PAD in three older populations.

Methods and Results—We used data from the InCHIANTI, Baltimore Longitudinal Study of
Aging and Health, Aging and Body Composition studies. In 2,630 Caucasian individuals (mean age
76.4 years) the C allele at rs1333049 was associated with lower mean ABI measures and with
increased prevalence of PAD. These associations remained after removal of baseline and incident
MI cases over a 6 year follow-up for both ABI (−0.017 ABI units, 95% CI: −0.03- −0.01,
p=1.3×10−4) and PAD (per allele OR: 1.29, 95% CI: 1.06–1.56, p=0.012). These associations also
remained after adjustment for known atherosclerosis risk factors including Diabetes Mellitus,
smoking, hypercholesterolemia and hypertension.

Conclusions—The C allele at rs1333049 is associated with an increased prevalence of Peripheral
Arterial Disease and lower mean Ankle Brachial Index. This association was independent of the
presence of diagnosed MI and atherosclerotic risk factors in 3 older Caucasian populations.
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INTRODUCTION
Recent genome wide association studies and subsequent replication studies have found
consistent associations between a common variant on chromosome 9p21 and Myocardial
Infarction (MI)1 or Coronary Artery Disease (CAD)2–5. The nearest genes to this marker are
CDKN2b and CDKN2a, which are key regulators of the cell cycle. The possible involvement
of these cell cycle control genes in heart disease may be mediated via reduced re-growth of
arterial intimal cells6, a phenomenon implicated in the development of atherosclerosis. Three
independent genome wide scans have demonstrated that the variant associated with MI is best
captured by the SNP rs13330492, 4 or its proxy rs107572781 (which are in perfect linkage
disequilibrium, r2=1 in HapmapII). Rs10757278 has also been shown to be associated with
abdominal aortic aneurysms and intracranial aneurysms, independent of the validated effect
on MI6. However, similar associations with Peripheral Artery Disease (PAD) and cardiogenic
stroke were no longer significant when subjects with known CAD were removed, in a study
population with age at onset before 70 for males and before 75 for females.

Although a number of atherosclerotic risk factors contribute to PAD and a lower Ankle Brachial
Index (ABI) measure, genetic factors contribute 21–48% of the variability of both the
continuous ABI level and presence of PAD, defined using an ABI threshold7, 8. Low ABI (the
ratio of systolic blood pressure at the ankle divided by that at the brachial artery) is a marker
of peripheral arterial narrowing and is used in the definition of PAD. Decreased ABI is a well-
characterized predictor of increased cardiovascular events and all-cause mortality9–11. In
addition, ABI values across the entire range10, 12 including those above the typical PAD
threshold of 0.9013 are implicated in a graded inverse correlation with risk of coronary heart
disease, stroke and pre-clinical atherosclerosis, suggesting that inclusion of both measures is
relevant for the examination of lower extremity peripheral arterial disease14.

In this study, we aimed to further examine the association of the 9p21 MI SNP (rs1333049)
with peripheral arterial disease in older adults using three independent community-dwelling
study populations, while accounting for the association of this SNP with MI.

METHODS
Study Populations

The InCHIANTI study is a population based longitudinal study designed to investigate the
causes of decline in mobility in older subjects15. The sample is representative of the population
of two small towns from the Chianti region in Tuscany, Italy. The study includes 1,453
individuals of white European descent ranging from 20–102 years of age at baseline, when
blood samples were taken. Follow-up measures were collected during two waves at three year
intervals from baseline interview. For our investigation of associations with ABI and PAD,
only subjects 65 years or older at baseline were included in analyses. Of the 1,453 samples in
the cohort, 1,155 were ≥65 years and of these 804 have genotype and phenotype information
available.

The Health, Aging and Body Composition study (Health ABC) is a longitudinal cohort study
designed to investigate factors contributing to changes in body composition in old age which
contribute to disease and disability. 3,075 black and white US subjects, aged 70–79 at baseline,
who reported no difficulty in daily activity related mobility at baseline were sampled. Follow-
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up measures were collected annually for seven years though ABI measurements were taken at
year one and year four only. The sample for Health ABC was selected to have a substantial
number of blacks (42%). Large differences between the allele frequencies at rs1333049 have
been reported for different ethnic populations (http://www.HapMap.org/). Within Health ABC
those reporting their ethnicity as ‘white’ or ‘black’ had a frequency for the C allele at the variant
of 0.49 and 0.26 respectively. Therefore the sample contributing to the meta-analysis was
restricted to those 1,780 of European decent, of which 1,569 participants have phenotypic and
genotypic information available, while data for those 1,266 of ‘black’ ethnicity, of which 1,070
have genotypes and phenotypes, were analysed separately.

The Baltimore Longitudinal Study of Aging (BLSA) is a longitudinal study designed as a
scientific study of aging. Of the more than 1,400 participants, genotype information is available
for 1,230 participants, aged 17–92. The ethnicity of each sample was assessed against the
Hapmap populations, using the first two principle components from an EIGENSTRAT16

analysis. A strong CEU (CEPH – Utah residents with ancestry from northern and western
Europe http://www.HapMap.org) subset of the population was selected and following a sex-
check using the X-chromosome homozygous data to validate the reported gender, 858 samples
were available for use within the analysis. 372 of these remaining participants had ABI
measured, of which 257 were 65 years or older.

Phenotypic Measures
The ABI was measured to investigate an association with arterial disease in the lower
extremities. ABI was defined as the ratio of systolic blood pressure in the ankle to systolic
blood pressure in the arm. In InCHIANTI systolic blood pressure was measured with a hand-
held Doppler stethoscope (Parks Electronics model 41-A, Aloha, OR) in both posterior tibial
arteries and the right brachial artery. The highest pressure at each set was used to calculate the
index and the final ABI was calculated using the lower of the right and left posterior tibial
pressures divided by the brachial artery pressure17. Two follow-up measurements were also
taken at three and six years after the baseline interview and these were used in assessment of
incident PAD.

In Health ABC ABI was defined as the ratio of blood pressure in the right ankle to the right
upper-arm and similarly for the left. Two measurements were taken and a mean calculated for
each leg18. One follow-up measurement was taken during the fourth year interview and was
used to compile incident PAD cases. In BLSA blood pressure was taken at both right and left
arms and ankles using an automated testing device (Colin VP2000/1000). The minimum value
between the left and right legs was used in the analysis. ABI measures were also taken at the
fourth year follow-up interview and were used to define incident cases.

Those with an ABI measure greater than 1.40 were removed as this is indicative of non-
compressible, calcified arteries14 and although this also carries risk of mortality19 inclusion
of these individuals could have led to a misclassification of arterial extremity disease. An ABI
measure less than 0.90 in either leg was used to define the presence of PAD, as this has been
reported to be highly sensitive and specific for defining angiographically documented
PAD20. PAD cases at baseline across all three studies were analysed within the main analysis.
Incident PAD was calculated for both studies as those individuals without PAD at baseline
who had developed PAD by the follow-up(s) interview, as defined by an ABI measure ≤0.9.

Covariates
A MI event was recorded using evidence from questionnaires with the question ‘Have you ever
had a MI?’ at baseline for BLSA and InCHIANTI and also ‘Have you had a MI event since
last interview?’ at follow-up interviews for InCHIANTI only. In Health ABC, subjects are
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asked if a health professional had ever told them that they had had a heart attack and their
current medications are checked to assess for those compatible with a history of heart disease.
At follow-up interviews, participants are asked if they have been told of a heart attack or
hospitalized and events are adjudicated according to specific algorithms that involve data from
hospitalization such as electrocardiographic findings and enzyme results. Information was
combined to record individuals who had had a MI event at baseline or would go on to experience
an event in the follow-up period. Smoking exposure and status at baseline in each study was
included as two covariates; the first recorded as a categorical variable where 0 was never
smoked, 1 was former smoker and 2 was current smoker and the second as number of pack-
years exposure, where one pack-year is calculated as one pack of cigarettes per day for one
year from individual self-report data. Diabetes Mellitus and hypertension were recorded using
self-report questionnaires in InCHIANTI and BLSA, whilst hypercholesterolemia was
adjusted for using baseline LDL-cholesterol levels which were calculated using the Friedewald
formula.

In Health ABC, those with diabetes at baseline were identified first by report of being told by
a health professional that they had diabetes or by the identification of medications specific for
diabetes treatment. For hypertension, those who reported hypertension or who were on
medications consistent with treatment were considered hypertensive. In addition to total
cholesterol ≥240mg/dl participants taking statins were considered to be hypercholesterolemic
even if their cholesterol did not exceed this limit.

Genotyping
Genotyping of rs1333049 in InCHIANTI and Health ABC was performed in-house using
conventional Taqman probes (Applied Biosystems, Foster City, CA, USA). Genotyping of its
proxy rs4977574 (r2 0.89) in BLSA was performed using the Illumina Infinium HumanHap550
genotyping chip (ver1 and ver3 chips were used)21. Samples were assessed for MAF (>1%),
genotype success rate (>99%) and HWE (p>0.0001). There were no duplicate errors and the
SNPs were in Hardy-Weinberg equilibrium (p>0.05) within all included studies.

Statistical Analysis
Logistic regression was used to test for an association of the three genotypes in an additive
model with PAD. Linear regression was performed to test for a similar association with log-
transformed ABI. Meta-analysis was performed using an inverse variance weighting method
as implemented using the Stata ‘metan’ command, and heterogeneity was tested using the Q
statistic and I2 metric.

ABI measures were log-transformed to correct for a modest non-normal distribution. MI was
classified in a binary variable as the presence of a definite or possible MI event. Pack-years
smoking exposure was grouped into a dichotomized variable at 20 pack-years due to its highly
skewed distribution.

Associations with phenotypes indicative of PAD were adjusted in a three-tier design. Firstly,
we adjusted our analyses for age and sex. Associations were then estimated after participants
with definite or possible MI at baseline or within the 6 year follow-up period were removed
from the analysis. Finally, we additionally adjusted for known atherosclerotic risk factors:
Diabetes Mellitus, smoking status, hypercholesterolemia and hypertension22, 23. All analyses
were conducted using StataSE 9.0.
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RESULTS
Summary statistics of the individual studies are detailed in Table 1. The mean age of genotyped
participants ranged from 73.7 to 77.6 years and an average 49.2% were female across the three
studies. Prevalence of PAD was 13.3%, 9.4% and 7.0% for the InCHIANTI, Health ABC and
BLSA studies respectively with an average 9.2% of participants with a reported history of MI
across the three populations.

For the C allele at rs1333049, across the three studies, we found a per-allele difference of
−0.020 ABI units (95% CI: −0.03 - −0.01, p=1.1×10−5 (Table 2). Similarly, combining
estimates across the three studies we found that each additional copy of the C allele at
rs1333049 increased the risk of PAD (OR: 1.34, 95% CI: 1.11 – 1.62, p= 0.002) (Table 2)
when compared to the G allele homozygotes.

We next investigated whether the association with PAD was independent of the expected
association with history of MI. After removing baseline and incident MI cases (Table 2),
rs1333049 remained significantly associated with both a lower ABI (β: −0.017, 95% CI: −0.03-
−0.01, p=1.3×10−4) and PAD (OR: 1.29, 95% CI: 1.06–1.57, p=0.012) across the three studies.

These associations remained after adjusting for known atherosclerotic risk factors (Table 2),
including the presence of Diabetes Mellitus, hypercholesterolemia and hypertension and
smoking status.

It has been suggested that as ABI is a blood pressure ratio designed to detect obstruction to
flow and that blood flow doesn’t start to drop until an ABI of 0.9 that individuals in the range
of 1.0–1.3 may not be informative. In order to assess the relationship of the variant with the
lower ranges of continuous ABI a sensitivity analysis was performed on those individuals with
an ABI ≤1.0 (Table 3). The variant was associated with a per C allele change in ABI of −0.028
(95% CI: −0.05- −0.01, p=0.014) following adjustment for diagnosed MI and known
atherosclerotic risk factors.

In addition we investigated whether the relationship between PAD and rs1333049 was similar
in other ethnic groups using the black population of Health ABC. Within 1,070 subjects the
associations between rs1333049 and both ABI and PAD were non-significant (β: −0.0006,
95% CI: −0.02-0.02, p=0.95; OR: 1.06, 95% CI: 0.83–1.33, p=0.653 respectively). The
association remained non-significant when removing MI cases, adjusting for atherosclerotic
risk factors and when restricting analysis to those individuals with ABI≤1.0.

Finally the contribution of the variant to incident PAD in InCHIANTI and Health ABC was
assessed on 99 and 74 incident cases respectively. These incident cases had a MAF of 0.51
which was slightly lower than the baseline PAD cases. The association of the C allele at
rs1333049 with an increased risk of incident PAD across the two Caucasian populations did
not reach significance (OR: 1.09, 95% CI: 0.87, 1.38, p=0.460) in this small sub-sample.
Similarly the association was non-significant in Health ABC’s black population (OR: 0.95,
95% CI: 0.65, 1.38, p=0.787).

Sensitivity Analysis
The associations between ABI and PAD do appear weaker in BLSA than in the other two larger
studies. However the 95% confidence intervals around the estimated BLSA effect sizes
encompasses that of the InCHIANTI and Health ABC estimates and formal testing for
heterogeneity in the meta-analysis showed no evidence for heterogeneity between the samples
for ABI or PAD (p=0.287, I2=20% and p=0.278, I2=22% respectively), leading to the selection
of a fixed effects model (which makes the assumption that the true effect of the risk allele is
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the same in each study). Huedo-Medina et al24 reported that heterogeneity statistics, both I2

and the Q statistic, suffer from low power when the number of studies included is small. To
address the possibility of some heterogeneity between studies, we carried out a sensitivity
analysis on both ABI and PAD meta-analyses using random effects models which resulted in
only the ABI estimates altered to a small degree (β: −0.019, 95% CI: −0.03, −0.008,
p=2.3×10−4). Finally we estimated the effect of rs1333049 on ABI and PAD following
exclusion of the BLSA study, which resulted in very similar effect sizes due to BLSA’s small
population size and thus its relatively small contribution to the meta-analysis. Following
removal of MI cases from the InCHIANTI and Health ABC samples and adjustment for
atherosclerotic risk factors the rs1333049 C allele remains significantly associated with lower
ABI and increased risk of PAD (β: −0.018, 95% CI: −0.03- −0.01, p=1.5×10−4; OR: 1.35, 95%
CI: 1.09, 1.67, p=0.007 respectively)

Alternative approaches to testing whether the reported associations with ABI and PAD were
independent of MI diagnosis were considered. These included adding both MI history as a
covariate and an interaction term between MI history and genotype into the regression models.
Neither adjustment altered the reported estimates (Data not shown).

We performed sensitivity tests to check the validity and suitability of the additive model of
inheritance. Firstly we performed a likelihood ratio test of the 1 degree-of-freedom(df) additive
model against the genotypic 2df model and found no deviation from additivity in the three
populations. In addition we tested both dominant and recessive models of inheritance for the
variant against both ABI and PAD and found that neither provided a better model of fit to that
of the additive model across the three datasets.

DISCUSSION
The 9p21 SNP rs1333049 has been shown to be associated with MI and major arterial
aneurysms. In a previous study, the relationship between this marker and PAD was also
explored resulting in an association with an odds ratio of 1.146, which disappeared when
removing those with histories of MI, suggesting a lack of independent effect on the peripheral
arterial system. In this study we examined the association of the rs1333049 polymorphism with
peripheral arterial function in older populations. We found that the C allele, present in 49–54%
of the participants in our meta-analysis, was associated with both a lower ABI and increased
prevalence of PAD. Removing baseline and incident MI cases had very little effect on the
association, indicating that the association with PAD is statistically independent of clinical MI
in older subjects. In addition the effect of the C allele of the variant increased when the analysis
was restricted to those participants with an ABI ≤1.0.

PAD is a common disease with an estimated 27 million individuals affected in North America
and Europe in 200725. Up to 50% of patients experience both CAD and PAD
concomitantly26, 27 as atherosclerosis is involved in both conditions. A genome-wide
association study of sub-clinical atherosclerotic measures had previously found no evidence
for an association with continuous ABI and the CDKN2a/2b locus, but their analysis was based
on 984 young- to middle-aged individuals28, suggesting a lack of power to detect the small
effect size expected. Using a sample of 2,630 older individuals, we have shown that the
rs1333049 variant, known to be associated with MI and major vessel aneurysms, is also
associated with a higher prevalence of PAD, independently of diagnosed MI. This is also true
for the association with lower ABI values, which suggests an effect on the full range of PAD,
including the milder forms which may later progress to more serious disease29. Unfortunately
the available data does not allow a detailed analysis of the time sequence of onsets of MI and
PAD: future work could focus on this, in sufficiently large cohorts with multiple waves of data.
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Our analysis also suggests that rs1333049 can be considered a risk factor for PAD independent
of common atherosclerotic risks such as Diabetes Mellitus, smoking, hypercholesterolemia
and hypertension. Additionally the C allele increased the risk of PAD in the small number of
incident cases from InCHIANTI and Health ABC’s follow-up ABI measurements, though this
failed to reach significance.

The rs1333049 SNP is distal to the cyclin-dependent kinase inhibitor genes CDKN2a and
CDKN2b locus, which code for p16 and p15 respectively, closely related proteins involved in
cell cycle control and cellular senescence. In a range of mice and human tissues, p16 expression
increases with age30, 31. Experimental up-regulation of p16 in mice promotes aging related
changes in a range of cell types, resulting in cell senescence and decreased tissue
regeneration32–35. Although evidence for the mechanism of action of the 9p21 polymorphism
in human MI is limited, it has been suggested that cellular senescence plays a critical role in
vascular pathophysiology and atherosclerosis (Reviewed in 36). Accumulation of vascular
senescent cells could lead to a reduction in regeneration and repair capabilities leading to
atherosclerotic damage. Lower levels and poorer quality of circulating endothelial progenitor
cells have been reported in preliminary data on PAD patients37, 38, which are implicated as
determinants of subclinical atherosclerosis39. Although it should be noted that recent work by
Samani et al40 has found no association between early atherosclerotic markers in 1,295 middle-
aged to elderly individuals there is evidence that the downstream ANRIL locus, which is
partially overlapped by the CAD risk haplotype, is expressed in a number of cells and tissues
affected by atherosclerosis41 suggesting a potential role in heart disease despite the unknown
function of its non-coding RNA transcript.

Also it is interesting to note that other common (but independent) genetic variants near the
p16/p15 locus have been associated with other aging phenotypes including Type II
Diabetes2, 42, 43 and impaired physical functioning in elderly individuals44.

In our analysis, we also examined SNP-phenotype associations in ‘black’ origin respondents
from the Health ABC study. In this population rs1333049 SNP was found not to be associated
with ABI or PAD in any of the analysis models performed. This is not surprising, as the
rs1333049 SNP is not associated with MI in this population or in African Americans from the
ADVANCE study45. This lack of association may be due to a different Linkage Disequilibrium
(LD) structure in the locus of interest in non-European individuals, making this SNP a poor
marker of the biologically relevant locus. Additionally it is possible that the effect size is much
smaller in subjects of African descent than that seen in populations of European descent
resulting in a lack of power to detect the effect in 1,194 individuals.

In conclusion, the common variant near the CDKN2a/2b locus on chromosome 9p21 is
associated with a lower Ankle Brachial Index and increased risk of Peripheral Arterial Disease
in three studies of elderly Caucasians. This association was independent of MI diagnosis and
known atherosclerotic risk factors. Further work is needed to understand the mechanism of
effect of this variant.

A genetic variant at chromosome 9p21 (present in 46% of people of Caucasian origin) is
strongly associated with Myocardial Infarction (MI): heterozygote carriers are at 28%
increased risk

As peripheral arterial disease (PAD) often co-occurs with MI, we examined associations
between the risk allele and both ankle brachial index (ABI) and PAD in 2,630 Caucasian
individuals (mean age 76.4 years) from three cohorts. The relevant risk allele (C allele at
rs1333049) was associated with lower mean ABI measures and with increased prevalence
of PAD – OR for PAD per risk allele 1.34 (1.12, 1.62) p=0.002: ie CC homozygotes may
be at 68% increased risk of PAD compared to TT homozygotes.

Cluett et al. Page 7

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The biological mechanisms involved are believed to relate to endothelial cell repair, and in
our analyses were unrelated to known atherosclerosis risk factors: adjustment for diabetes
mellitus, smoking, hypercholesterolemia and hypertension did not attenuate the association
of the risk allele with ABI or prevalence of PAD. Our finding adds to the body of evidence
implicating the chromosome 9p21 variant in vascular disease.

Acknowledgments
FUNDING SOURCES

This work was supported in part by the Intramural Research Program of the NIH, National Institute on Aging. This
work was also supported in part by NIH/NIA grant R01 AG24233. The NIA contract numbers of the Health ABC
participating centers are N01-AG-6-2101; N01-AG-6-2103; N01-AG-6-2106.

REFERENCES
1. Helgadottir A, Thorleifsson G, Manolescu A, Gretarsdottir S, Blondal T, Jonasdottir A, Jonasdottir A,

Sigurdsson A, Baker A, Palsson A, Masson G, Gudbjartsson DF, Magnusson KP, Andersen K, Levey
AI, Backman VM, Matthiasdottir S, Jonsdottir T, Palsson S, Einarsdottir H, Gunnarsdottir S, Gylfason
A, Vaccarino V, Hooper WC, Reilly MP, Granger CB, Austin H, Rader DJ, Shah SH, Quyyumi AA,
Gulcher JR, Thorgeirsson G, Thorsteinsdottir U, Kong A, Stefansson K. A common variant on
chromosome 9p21 affects the risk of myocardial infarction. Science 2007;316:1491–1493. [PubMed:
17478679]

2. Genome-wide association study of 14,000 cases of seven common diseases and 3,000 shared controls.
Nature 2007;447:661–678. [PubMed: 17554300]

3. McPherson R, Pertsemlidis A, Kavaslar N, Stewart A, Roberts R, Cox DR, Hinds DA, Pennacchio
LA, Tybjaerg-Hansen A, Folsom AR, Boerwinkle E, Hobbs HH, Cohen JC. A common allele on
chromosome 9 associated with coronary heart disease. Science 2007;316:1488–1491. [PubMed:
17478681]

4. Samani NJ, Erdmann J, Hall AS, Hengstenberg C, Mangino M, Mayer B, Dixon RJ, Meitinger T,
Braund P, Wichmann HE, Barrett JH, Konig IR, Stevens SE, Szymczak S, Tregouet DA, Iles MM,
Pahlke F, Pollard H, Lieb W, Cambien F, Fischer M, Ouwehand W, Blankenberg S, Balmforth AJ,
Baessler A, Ball SG, Strom TM, Braenne I, Gieger C, Deloukas P, Tobin MD, Ziegler A, Thompson
JR, Schunkert H. Genomewide association analysis of coronary artery disease. N Engl J Med
2007;357:443–453. [PubMed: 17634449]

5. Schunkert H, Gotz A, Braund P, McGinnis R, Tregouet DA, Mangino M, Linsel-Nitschke P, Cambien
F, Hengstenberg C, Stark K, Blankenberg S, Tiret L, Ducimetiere P, Keniry A, Ghori MJ, Schreiber
S, El Mokhtari NE, Hall AS, Dixon RJ, Goodall AH, Liptau H, Pollard H, Schwarz DF, Hothorn LA,
Wichmann HE, Konig IR, Fischer M, Meisinger C, Ouwehand W, Deloukas P, Thompson JR,
Erdmann J, Ziegler A, Samani NJ. Repeated replication and a prospective meta-analysis of the
association between chromosome 9p21.3 and coronary artery disease. Circulation 2008;117:1675–
1684. [PubMed: 18362232]

6. Helgadottir A, Thorleifsson G, Magnusson KP, Gretarsdottir S, Steinthorsdottir V, Manolescu A, Jones
GT, Rinkel GJ, Blankensteijn JD, Ronkainen A, Jaaskelainen JE, Kyo Y, Lenk GM, Sakalihasan N,
Kostulas K, Gottsater A, Flex A, Stefansson H, Hansen T, Andersen G, Weinsheimer S, Borch-Johnsen
K, Jorgensen T, Shah SH, Quyyumi AA, Granger CB, Reilly MP, Austin H, Levey AI, Vaccarino V,
Palsdottir E, Walters GB, Jonsdottir T, Snorradottir S, Magnusdottir D, Gudmundsson G, Ferrell RE,
Sveinbjornsdottir S, Hernesniemi J, Niemela M, Limet R, Andersen K, Sigurdsson G, Benediktsson
R, Verhoeven EL, Teijink JA, Grobbee DE, Rader DJ, Collier DA, Pedersen O, Pola R, Hillert J,
Lindblad B, Valdimarsson EM, Magnadottir HB, Wijmenga C, Tromp G, Baas AF, Ruigrok YM, van
Rij AM, Kuivaniemi H, Powell JT, Matthiasson SE, Gulcher JR, Thorgeirsson G, Kong A,
Thorsteinsdottir U, Stefansson K. The same sequence variant on 9p21 associates with myocardial
infarction, abdominal aortic aneurysm and intracranial aneurysm. Nat Genet 2008;40:217–224.
[PubMed: 18176561]

Cluett et al. Page 8

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



7. Carmelli D, Fabsitz RR, Swan GE, Reed T, Miller B, Wolf PA. National Heart, Lung, and Blood
Institute. Contribution of genetic and environmental influences to ankle-brachial blood pressure index
in the NHLBI Twin Study. Am J Epidemiol 2000;151:452–458. [PubMed: 10707913]

8. Murabito JM, Guo CY, Fox CS, D'Agostino RB. Heritability of the ankle-brachial index: the
Framingham Offspring study. Am J Epidemiol 2006;164:963–968. [PubMed: 16928729]

9. Lee AJ, Price JF, Russell MJ, Smith FB, van Wijk MC, Fowkes FG. Improved prediction of fatal
myocardial infarction using the ankle brachial index in addition to conventional risk factors: the
Edinburgh Artery Study. Circulation 2004;110:3075–3080. [PubMed: 15477416]

10. Newman AB, Siscovick DS, Manolio TA, Polak J, Fried LP, Borhani NO, Wolfson SK.
Cardiovascular Heart Study (CHS) Collaborative Research Group. Ankle-arm index as a marker of
atherosclerosis in the Cardiovascular Health Study. Circulation 1993;88:837–845. [PubMed:
8353913]

11. Vogt MT, Wolfson SK, Kuller LH. Lower extremity arterial disease and the aging process: a review.
J Clin Epidemiol 1992;45:529–542. [PubMed: 1588358]

12. Zheng ZJ, Sharrett AR, Chambless LE, Rosamond WD, Nieto FJ, Sheps DS, Dobs A, Evans GW,
Heiss G. Associations of ankle-brachial index with clinical coronary heart disease, stroke and
preclinical carotid and popliteal atherosclerosis: the Atherosclerosis Risk in Communities (ARIC)
Study. Atherosclerosis 1997;131:115–125. [PubMed: 9180252]

13. Vogt MT, McKenna M, Anderson SJ, Wolfson SK, Kuller LH. The relationship between ankle-arm
index and mortality in older men and women. J Am Geriatr Soc 1993;41:523–530. [PubMed:
8486886]

14. Resnick HE, Lindsay RS, McDermott MM, Devereux RB, Jones KL, Fabsitz RR, Howard BV.
Relationship of high and low ankle brachial index to all-cause and cardiovascular disease mortality:
the Strong Heart Study. Circulation 2004;109:733–739. [PubMed: 14970108]

15. Ferrucci L, Bandinelli S, Benvenuti E, Di Iorio A, Macchi C, Harris TB, Guralnik JM. Subsystems
contributing to the decline in ability to walk: bridging the gap between epidemiology and geriatric
practice in the InCHIANTI study. J Am Geriatr Soc 2000;48:1618–1625. [PubMed: 11129752]

16. Price AL, Patterson NJ, Plenge RM, Weinblatt ME, Shadick NA, Reich D. Principal components
analysis corrects for stratification in genome-wide association studies. Nat Genet 2006;38:904–909.
[PubMed: 16862161]

17. McDermott MM, Guralnik JM, Albay M, Bandinelli S, Miniati B, Ferrucci L. Impairments of muscles
and nerves associated with peripheral arterial disease and their relationship with lower extremity
functioning: the InCHIANTI Study. J Am Geriatr Soc 2004;52:405–410. [PubMed: 14962156]

18. Rooks RN, Simonsick EM, Miles T, Newman A, Kritchevsky SB, Schulz R, Harris T. The association
of race and socioeconomic status with cardiovascular disease indicators among older adults in the
health, aging, and body composition study. J Gerontol B Psychol Sci Soc Sci 2002;57:S247–S256.
[PubMed: 12084794]

19. Sutton-Tyrrell K, Venkitachalam L, Kanaya AM, Boudreau R, Harris T, Thompson T, Mackey RH,
Visser M, Vaidean GD, Newman AB. Relationship of ankle blood pressures to cardiovascular events
in older adults. Stroke 2008;39:863–869. [PubMed: 18258843]

20. Lijmer JG, Hunink MG, van den Dungen JJ, Loonstra J, Smit AJ. ROC analysis of noninvasive tests
for peripheral arterial disease. Ultrasound Med Biol 1996;22:391–398. [PubMed: 8795165]

21. Melzer D, Perry JR, Hernandez D, Corsi AM, Stevens K, Rafferty I, Lauretani F, Murray A, Gibbs
JR, Paolisso G, Rafiq S, Simon-Sanchez J, Lango H, Scholz S, Weedon MN, Arepalli S, Rice N,
Washecka N, Hurst A, Britton A, Henley W, van de Leemput J, Li R, Newman AB, Tranah G, Harris
T, Panicker V, Dayan C, Bennett A, McCarthy MI, Ruokonen A, Jarvelin MR, Guralnik J, Bandinelli
S, Frayling TM, Singleton A, Ferrucci L. A genome-wide association study identifies protein
quantitative trait loci (pQTLs). PLoS Genet 2008;4 e1000072.

22. Chi YW, Jaff MR. Optimal risk factor modification and medical management of the patient with
peripheral arterial disease. Catheter Cardiovasc Interv 2008;71:475–489. [PubMed: 18307227]

23. Kennedy M, Solomon C, Manolio TA, Criqui MH, Newman AB, Polak JF, Burke GL, Enright P,
Cushman M. Risk factors for declining ankle-brachial index in men and women 65 years or older:
the Cardiovascular Health Study. Arch Intern Med 2005;165:1896–1902. [PubMed: 16157835]

Cluett et al. Page 9

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



24. Huedo-Medina TB, Sanchez-Meca J, Marin-Martinez F, Botella J. Assessing heterogeneity in meta-
analysis: Q statistic or I2 index? Psychol Methods 2006;11:193–206. [PubMed: 16784338]

25. Belch JJ, Topol EJ, Agnelli G, Bertrand M, Califf RM, Clement DL, Creager MA, Easton JD, Gavin
JR 3rd, Greenland P, Hankey G, Hanrath P, Hirsch AT, Meyer J, Smith SC, Sullivan F, Weber MA.
Critical issues in peripheral arterial disease detection and management: a call to action. Arch Intern
Med 2003;163:884–892. [PubMed: 12719196]

26. Tierney S, Fennessy F, Hayes DB. ABC of arterial and vascular disease. Secondary prevention of
peripheral vascular disease. Bmj 2000;320:1262–1265. [PubMed: 10797042]

27. Makowsky MJ, McAlister FA, Galbraith PD, Southern DA, Ghali WA, Knudtson ML, Tsuyuki RT.
Lower extremity peripheral arterial disease in individuals with coronary artery disease: prognostic
importance, care gaps, and impact of therapy. Am Heart J 2008;155:348–355. [PubMed: 18215607]

28. O'Donnell CJ, Cupples LA, D'Agostino RB, Fox CS, Hoffmann U, Hwang SJ, Ingellson E, Liu C,
Murabito JM, Polak JF, Wolf PA, Demissie S. Genome-wide association study for subclinical
atherosclerosis in major arterial territories in the NHLBI's Framingham Heart Study. BMC Med
Genet 2007;8:S4. [PubMed: 17903303]

29. McDermott MM. Ankle brachial index as a predictor of outcomes in peripheral arterial disease. J Lab
Clin Med 1999;133:33–40. [PubMed: 10385479]

30. Krishnamurthy J, Torrice C, Ramsey MR, Kovalev GI, Al-Regaiey K, Su L, Sharpless NE. Ink4a/
Arf expression is a biomarker of aging. J Clin Invest 2004;114:1299–1307. [PubMed: 15520862]

31. Zindy F, Quelle DE, Roussel MF, Sherr CJ. Expression of the p16INK4a tumor suppressor versus
other INK4 family members during mouse development and aging. Oncogene 1997;15:203–211.
[PubMed: 9244355]

32. Janzen V, Forkert R, Fleming HE, Saito Y, Waring MT, Dombkowski DM, Cheng T, DePinho RA,
Sharpless NE, Scadden DT. Stem-cell ageing modified by the cyclin-dependent kinase inhibitor
p16INK4a. Nature 2006;443:421–426. [PubMed: 16957735]

33. Krishnamurthy J, Ramsey MR, Ligon KL, Torrice C, Koh A, Bonner-Weir S, Sharpless NE.
p16INK4a induces an age-dependent decline in islet regenerative potential. Nature 2006;443:453–
457. [PubMed: 16957737]

34. Molofsky AV, Slutsky SG, Joseph NM, He S, Pardal R, Krishnamurthy J, Sharpless NE, Morrison
SJ. Increasing p16INK4a expression decreases forebrain progenitors and neurogenesis during ageing.
Nature 2006;443:448–452. [PubMed: 16957738]

35. Stepanova L, Sorrentino BP. A limited role for p16Ink4a and p19Arf in the loss of hematopoietic
stem cells during proliferative stress. Blood 2005;106:827–832. [PubMed: 15692066]

36. Minamino T, Komuro I. Vascular cell senescence: contribution to atherosclerosis. Circ Res
2007;100:15–26. [PubMed: 17204661]

37. Fadini GP, Miorin M, Facco M, Bonamico S, Baesso I, Grego F, Menegolo M, de Kreutzenberg SV,
Tiengo A, Agostini C, Avogaro A. Circulating endothelial progenitor cells are reduced in peripheral
vascular complications of type 2 diabetes mellitus. J Am Coll Cardiol 2005;45:1449–1457. [PubMed:
15862417]

38. Fadini GP, Sartore S, Albiero M, Baesso I, Murphy E, Menegolo M, Grego F, Vigili de Kreutzenberg
S, Tiengo A, Agostini C, Avogaro A. Number and function of endothelial progenitor cells as a marker
of severity for diabetic vasculopathy. Arterioscler Thromb Vasc Biol 2006;26:2140–2146. [PubMed:
16857948]

39. Fadini GP, Coracina A, Baesso I, Agostini C, Tiengo A, Avogaro A, de Kreutzenberg SV. Peripheral
blood CD34+KDR+ endothelial progenitor cells are determinants of subclinical atherosclerosis in a
middle-aged general population. Stroke 2006;37:2277–2282. [PubMed: 16873710]

40. Samani NJ, Raitakari OT, Sipila K, Tobin MD, Schunkert H, Juonala M, Braund PS, Erdmann J,
Viikari J, Moilanen L, Taittonen L, Jula A, Jokinen E, Laitinen T, Hutri-Kahonen N, Nieminen MS,
Kesaniemi YA, Hall AS, Hulkkonen J, Kahonen M, Lehtimaki T. Coronary artery disease-associated
locus on chromosome 9p21 and early markers of atherosclerosis. Arterioscler Thromb Vasc Biol
2008;28:1679–1683. [PubMed: 18599798]

41. Broadbent HM, Peden JF, Lorkowski S, Goel A, Ongen H, Green F, Clarke R, Collins R, Franzosi
MG, Tognoni G, Seedorf U, Rust S, Eriksson P, Hamsten A, Farrall M, Watkins H. Susceptibility to

Cluett et al. Page 10

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



coronary artery disease and diabetes is encoded by distinct, tightly linked SNPs in the ANRIL locus
on chromosome 9p. Hum Mol Genet 2008;17:806–814. [PubMed: 18048406]

42. Scott LJ, Mohlke KL, Bonnycastle LL, Willer CJ, Li Y, Duren WL, Erdos MR, Stringham HM,
Chines PS, Jackson AU, Prokunina-Olsson L, Ding CJ, Swift AJ, Narisu N, Hu T, Pruim R, Xiao R,
Li XY, Conneely KN, Riebow NL, Sprau AG, Tong M, White PP, Hetrick KN, Barnhart MW, Bark
CW, Goldstein JL, Watkins L, Xiang F, Saramies J, Buchanan TA, Watanabe RM, Valle TT,
Kinnunen L, Abecasis GR, Pugh EW, Doheny KF, Bergman RN, Tuomilehto J, Collins FS, Boehnke
M. A genome-wide association study of type 2 diabetes in Finns detects multiple susceptibility
variants. Science 2007;316:1341–1345. [PubMed: 17463248]

43. Zeggini E, Weedon MN, Lindgren CM, Frayling TM, Elliott KS, Lango H, Timpson NJ, Perry JR,
Rayner NW, Freathy RM, Barrett JC, Shields B, Morris AP, Ellard S, Groves CJ, Harries LW,
Marchini JL, Owen KR, Knight B, Cardon LR, Walker M, Hitman GA, Morris AD, Doney AS,
McCarthy MI, Hattersley AT. Replication of genome-wide association signals in UK samples reveals
risk loci for type 2 diabetes. Science 2007;316:1336–1341. [PubMed: 17463249]

44. Melzer D, Frayling TM, Murray A, Hurst AJ, Harries LW, Song H, Khaw K, Luben R, Surtees PG,
Bandinelli SS, Corsi AM, Ferrucci L, Guralnik JM, Wallace RB, Hattersley AT, Pharoah PD. A
common variant of the p16(INK4a) genetic region is associated with physical function in older
people. Mech Ageing Dev 2007;128:370–377. [PubMed: 17459456]

45. Assimes TL, Knowles JW, Basu A, Iribarren C, Southwick A, Tang H, Absher D, Li J, Fair JM, Rubin
GD, Sidney S, Fortmann SP, Go AS, Hlatky MA, Myers RM, Risch N, Quertermous T. Susceptibility
locus for clinical and subclinical coronary artery disease at chromosome 9p21 in the multi-ethnic
ADVANCE study. Hum Mol Genet 2008;17:2320–2328. [PubMed: 18443000]

Cluett et al. Page 11

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cluett et al. Page 12

Ta
bl

e 
1

Su
m

m
ar

y 
ch

ar
ac

te
ris

tic
s o

f b
as

el
in

e 
PA

D
*  c

as
es

 a
nd

 c
on

tro
ls

 b
y 

st
ud

y.

M
ea

su
re

In
C

H
IA

N
T

I†
H

ea
lth

 A
B

C
C

au
ca

si
an

B
L

SA
H

ea
lth

 A
B

C
‘B

la
ck

s’
§

C
as

es
C

on
tr

ol
s

C
as

es
C

on
tr

ol
s

C
as

es
C

on
tr

ol
s

C
as

es
C

on
tr

ol
s

M
ea

n 
± 

s.d
. o

r 
n 

(%
)

Sa
m

pl
e 

N
rs

13
33

04
9 

C
 a

lle
le

10
7

69
7

14
8

14
21

18
23

9
22

9
84

1

fr
eq

ue
nc

y
0.

61
0.

52
0.

56
0.

47
0.

53
‡

0.
53

‡
0.

27
0.

26

rs
13

33
04

9 
ge

no
ty

pe
 G

G
14

 (1
3.

1)
16

2 
(2

3.
2)

31
 (2

1.
0)

38
5 

(2
7.

1)
6 

(3
3.

3)
‡

55
 (2

3.
0)

‡
12

5 
(5

4.
6)

45
6 

(5
4.

2)

fr
eq

ue
nc

ie
s 

 
 
 

G
C

55
 (5

1.
4)

34
0 

(4
8.

8)
69

 (4
6.

6)
72

4 
(5

1.
0)

5 
(2

7.
8)

‡
11

4 
(4

7.
7)

‡
83

 (3
6.

2)
33

2 
(3

9.
5)

 
 
 
 
 
 

   
 

C
C

38
 (3

5.
5)

19
5 

(2
8.

0)
48

 (3
2.

4)
31

2 
(2

2.
0)

7 
(3

8.
9)

‡
70

 (2
9.

3)
‡

21
 (9

.2
)

53
 (6

.3
)

A
ge

 (y
ea

rs
)

77
.7

 (7
.1

)
73

.8
 (6

.7
)

74
.5

 (2
.8

)
73

.6
 (2

.8
)

85
.8

 (6
.7

)
77

.0
 (7

.6
)

74
.1

 (2
.9

)
73

.2
 (2

.9
)

N
um

be
r F

em
al

e
39

 (3
6.

5)
41

1 
(5

9.
0)

68
 (4

6.
0)

67
9 

(4
7.

8)
13

 (7
2.

2)
14

4 
(6

0.
3)

13
1 

(5
7.

2)
47

9 
(5

7.
0)

A
nk

le
 B

ra
ch

ia
l I

nd
ex

(A
B

I U
ni

ts
)

0.
70

 (0
.1

4)
1.

08
 (0

.1
0)

0.
74

 (0
.1

6)
1.

13
 (0

.1
0)

0.
75

 (0
.1

5)
1.

16
 (0

.0
7)

0.
73

 (0
.1

5)
1.

09
 (0

.1
0)

M
yo

ca
rd

ia
l I

nf
ar

ct
io

n
hi

st
or

y 
re

po
rte

d
19

 (1
7.

8)
98

 (9
.8

)
17

 (1
1.

5)
10

2 
(7

.2
)

2 
(1

1.
1)

20
 (8

.4
)

26
 (1

1.
4)

44
 (5

.2
)

D
ia

be
te

s h
is

to
ry

re
po

rte
d

11
 (1

0.
7)

69
 (1

0.
0)

27
 (1

8.
4)

13
5 

(9
.5

)
5 

(2
7.

8)
43

 (1
8.

0)
68

 (3
0.

0)
15

2 
(1

8.
2)

H
yp

er
te

ns
io

n 
hi

st
or

y
re

po
rte

d
49

 (4
7.

6)
30

8 
(4

4.
8)

93
 (6

3.
7)

63
1 

(4
4.

6)
14

 (7
7.

8)
14

3 
(5

9.
8)

15
9 

(6
9.

7)
53

7 
(6

4.
5)

LD
L 

C
ho

le
st

er
ol

(m
g/

dl
)

14
2.

4 
(3

3.
5)

13
5.

7 
(3

3.
0)

12
0.

0 
(3

3.
6)

11
9.

7 
(3

3.
5)

97
.3

 (2
4.

5)
10

7.
5 

(3
1.

7)
12

7.
0 

(3
6.

2)
12

3.
5 

(3
6.

6)

Sm
ok

in
g 

St
at

us
 N

ev
er

37
 (3

4.
6)

43
7 

(6
2.

7)
40

 (2
7.

0)
62

0 
(4

3.
7)

7 
(3

8.
9)

10
6 

(4
4.

4)
71

 (3
1.

1)
40

8 
(4

8.
5)

 
 
 
 

  
 

Fo
rm

er
38

 (3
5.

5)
17

8 
(2

5.
5)

87
 (5

8.
8)

71
6 

(5
0.

5)
10

 (5
5.

6)
12

6 
(5

2.
7)

97
 (4

2.
5)

32
5 

(3
8.

6)

 
 
 
 

  
 

C
ur

re
nt

32
 (2

9.
9)

82
 (1

1.
8)

21
 (1

4.
2)

83
 (5

.9
)

1 
(5

.6
)

7 
(2

.9
)

60
 (2

6.
3)

10
8 

(1
2.

8)

Pa
ck

-y
ea

r E
xp

os
ur

e
≥ 

20
54

 (5
0.

5)
15

2 
(2

1.
8)

81
 (5

5.
9)

49
6 

(3
5.

5)
8 

(4
4.

4)
51

 (2
1.

5)
10

3 
(4

5.
8)

22
3 

(2
6.

8)

* PA
D

 d
ef

in
ed

 a
s A

B
I l

es
s t

ha
n 

or
 e

qu
al

 to
 0

.9
0.

† In
C

H
IA

N
TI

 d
at

as
et

 w
as

 re
st

ric
te

d 
to

 th
os

e 
su

bj
ec

ts
 6

5 
ye

ar
s a

nd
 o

ve
r.

‡ A
 a

lle
le

 o
f r

s4
97

75
74

 u
se

d 
as

 p
ro

xy
 fo

r C
 a

lle
le

 o
f r

s1
33

30
49

 in
 B

LS
A

.

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cluett et al. Page 13
§ H

ea
lth

 A
B

C
 ‘B

la
ck

s’
 h

av
e 

be
en

 a
na

ly
se

d 
se

pa
ra

te
ly

 d
ue

 to
 d

iff
er

en
ce

s i
n 

al
le

le
 fr

eq
ue

nc
y 

be
tw

ee
n 

et
hn

ic
iti

es
 a

nd
 th

us
 a

re
 n

ot
 in

cl
ud

ed
 in

 th
e 

m
et

a-
an

al
ys

is
.

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cluett et al. Page 14

Ta
bl

e 
2

Pe
r r

is
k 

al
le

le
 (‘

C
’)

 li
ne

ar
 re

gr
es

si
on

 b
as

ed
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

rs
13

33
04

9 
st

at
us

 a
nd

 a
nk

le
-b

ra
ch

ia
l i

nd
ex

, p
lu

s l
og

is
tic

 re
gr

es
si

on
 b

as
ed

 a
ss

oc
ia

tio
ns

 w
ith

pe
rip

he
ra

l a
rte

ria
l d

is
ea

se
.

M
od

el
 A

A
ge

 a
nd

 se
x 

ad
ju

st
ed

M
od

el
 B

*
Pl

us
 M

I h
is

to
ry

 e
xc

lu
de

d

M
od

el
 C

†
Pl

us
 a

dj
us

tm
en

t f
or

va
sc

ul
ar

 r
is

k 
fa

ct
or

s

M
ea

su
re

St
ud

y
Sa

m
pl

e
n

B
et

a 
(9

5%
 C

I)
p-

va
lu

e
B

et
a 

(9
5%

 C
I)

p-
va

lu
e

B
et

a 
(9

5%
 C

I)
p-

va
lu

e

A
nk

le
-B

ra
ch

ia
l

In
de

x 
(A

B
I U

ni
ts

)

  I
nC

hi
an

ti
80

4
−0

.0
24

 (−
0.

04
, −

0.
00

5)
0.

01
2

−0
.0

20
 (−

0.
04

, −
0.

00
)

0.
03

6
−0

.0
19

 (−
0.

04
, −

0.
00

1)
0.

03
8

  H
ea

lth
 A

B
C

15
69

−0
.0

22
 (−

0.
03

, −
0.

01
)

1.
6×

10
−4

−0
.0

20
 (−

0.
03

, −
0.

01
)

8.
1*

10
−4

−0
.0

17
 (−

0.
03

, −
0.

00
6)

0.
00

2

  B
LS

A
§

25
7

−0
.0

02
 (−

0.
03

, 0
.0

2)
0.

86
7

0.
00

3 
(−

0.
02

, 0
.0

3)
0.

84
2

−0
.0

00
7 

(−
0.

03
, 0

.0
3)

0.
95

8

M
et

a-
A

na
ly

si
s

26
30

−0
.0

20
 (−

0.
03

, −
0.

01
)

1.
1*

10
−5

−0
.0

17
 (−

0.
03

, −
0.

01
)

1.
3×

10
−4

−0
.0

16
 (−

0.
03

, −
0.

01
)

1.
7×

10
−4

M
ea

su
re

St
ud

y
n 

ca
se

s/
co

nt
ro

ls
O

dd
s R

at
io

(9
5%

 C
I)

p-
va

lu
e

O
dd

s R
at

io
(9

5%
 I)

p-
va

lu
e

O
dd

s R
at

io
(9

5%
 C

I)
p-

va
lu

e

Pe
rip

he
ra

l A
rte

ry
D

is
ea

se
‡

In
C

hi
an

ti
10

7/
69

7
1.

35
 (0

.9
9,

 1
.8

3)
0.

05
4

1.
33

 (0
.9

6,
 1

.8
5)

0.
08

7
1.

37
 (0

.9
7,

 1
.9

4)
0.

07
7

H
ea

lth
 A

B
C

14
8/

14
21

1.
42

 (1
.1

1,
 1

.8
2)

0.
00

5
1.

36
 (1

.0
5,

 1
.7

6)
0.

01
9

1.
33

 (1
.0

1,
 1

.7
5)

0.
04

2

B
LS

A
§

18
/2

39
0.

83
 (0

.4
1,

 1
.6

9)
0.

61
3

0.
66

 (0
.3

1,
 1

.4
2)

0.
29

2
0.

58
 (0

.2
6,

 1
.3

0)
0.

18
5

M
et

a-
an

al
ys

is
27

3/
23

57
1.

34
 (1

.1
2,

 1
.6

2)
0.

00
2

1.
29

 (1
.0

6,
 1

.5
7)

0.
01

2
1.

27
 (1

.0
3,

 1
.5

7)
0.

02
4

* Es
tim

at
es

 a
dj

us
te

d 
fo

r a
ge

 a
nd

 se
x,

 fo
llo

w
in

g 
re

m
ov

al
 o

f p
ar

tic
ip

an
ts

 w
ith

 d
ef

in
ite

 o
r p

os
si

bl
e 

M
I a

t b
as

el
in

e 
an

d/
or

 w
ith

in
 6

 y
ea

r f
ol

lo
w

-u
p 

pe
rio

d.

† Es
tim

at
es

 a
dj

us
te

d 
fo

r a
ge

, s
ex

, c
ur

re
nt

 o
r f

or
m

er
 sm

ok
er

s, 
D

ia
be

te
s M

el
lit

us
, h

yp
er

ch
ol

es
te

ro
le

m
ia

 a
nd

 h
yp

er
te

ns
io

n 
fo

llo
w

in
g 

re
m

ov
al

 o
f p

ar
tic

ip
an

ts
 w

ith
 M

I a
t b

as
el

in
e 

an
d 

w
ith

in
 6

 y
ea

r f
ol

lo
w

-u
p 

pe
rio

d.

‡ PA
D

 d
ef

in
ed

 a
s A

B
I l

es
s t

ha
n 

or
 e

qu
al

 to
 0

.9
0.

§ rs
49

77
57

4 
us

ed
 in

 a
na

ly
si

s a
s a

 p
ro

xy
 fo

r r
s1

33
30

49
 r2

0.
9

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cluett et al. Page 15

Ta
bl

e 
3

Pe
r r

is
k 

al
le

le
 (‘

C
’)

 li
ne

ar
 re

gr
es

si
on

 b
as

ed
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

rs
13

33
04

9 
st

at
us

 a
nd

 a
nk

le
-b

ra
ch

ia
l i

nd
ex

 ≤
 1

.0

M
od

el
 A

A
ge

 a
nd

 se
x 

ad
ju

st
ed

M
od

el
 B

*
Pl

us
 M

I h
is

to
ry

 e
xc

lu
de

d
M

od
el

 C
†

Pl
us

 a
dj

us
tm

en
t f

or
 v

as
cu

la
r 

ri
sk

fa
ct

or
s

M
ea

su
re

St
ud

y
Sa

m
pl

e
n

B
et

a 
(9

5%
 C

I)
p-

va
lu

e
B

et
a 

(9
5%

 C
I)

p-
va

lu
e

B
et

a 
(9

5%
 C

I)
p-

va
lu

e

A
nk

le
-B

ra
ch

ia
l

In
de

x
≤ 

1.
0 

(A
B

I U
ni

ts
)

  I
nC

hi
an

ti
34

2
−0

.0
23

 (−
0.

05
, −

0.
00

8)
0.

15
1

−0
.0

17
 (−

0.
05

, 0
.0

2)
0.

29
7

−0
.0

19
 (−

0.
05

, 0
.0

1)
0.

24
8

  H
ea

lth
 A

B
C

30
6

−0
.0

51
 (−

0.
08

, −
0.

02
)

0.
00

2
−0

.0
48

 (−
0.

08
, −

0.
02

)
0.

00
3

−0
.0

37
 (−

0.
07

, −
0.

01
)

0.
01

9

  B
LS

A
‡

25
−0

.0
41

 (−
0.

18
, 0

.1
0)

0.
54

0
−0

.0
42

 (−
0.

19
, 0

.1
1)

0.
57

6
−0

.0
07

 (−
0.

19
, 0

.1
7)

0.
93

1

M
et

a-
an

al
ys

is
67

3
−0

.0
37

 (−
0.

06
, −

0.
01

)
4.

3*
10

−4
−0

.0
33

 (−
0.

06
, −

0.
01

)
0.

00
3

−0
.0

28
 (−

0.
05

, −
0.

01
)

0.
01

4

* Es
tim

at
es

 a
dj

us
te

d 
fo

r a
ge

 a
nd

 se
x,

 fo
llo

w
in

g 
re

m
ov

al
 o

f p
ar

tic
ip

an
ts

 w
ith

 d
ef

in
ite

 o
r p

os
si

bl
e 

M
I a

t b
as

el
in

e 
an

d/
or

 w
ith

in
 6

 y
ea

r f
ol

lo
w

-u
p 

pe
rio

d.

† Es
tim

at
es

 a
dj

us
te

d 
fo

r a
ge

, s
ex

, c
ur

re
nt

 o
r f

or
m

er
 sm

ok
er

s, 
D

ia
be

te
s M

el
lit

us
, h

yp
er

ch
ol

es
te

ro
le

m
ia

 a
nd

 h
yp

er
te

ns
io

n 
fo

llo
w

in
g 

re
m

ov
al

 o
f p

ar
tic

ip
an

ts
 w

ith
 M

I a
t b

as
el

in
e 

an
d 

w
ith

in
 6

 y
ea

r f
ol

lo
w

-u
p 

pe
rio

d.

‡ rs
49

77
57

4 
us

ed
 in

 a
na

ly
si

s a
s a

 p
ro

xy
 fo

r r
s1

33
30

49
 r2

0.
9

Circ Cardiovasc Genet. Author manuscript; available in PMC 2010 August 1.


