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Abstract
Little is known about the familial aggregation of intermittent claudication (IC). Our objective was
to examine whether parental IC increased adult offspring risk of IC independent of established
cardiovascular risk factors. We evaluated Offspring cohort participants of the Framingham Heart
Study (FHS) who were 30 years or older, cardiovascular disease (CVD) free, and had both parents
enrolled in the FHS (n= 2970 unique participants, 53% women). Pooled proportional hazards
regression was used to examine whether the 12 year risk for incident IC in offspring participants
was associated with parental IC adjusting for age, sex, diabetes, smoking, systolic blood pressure,
total cholesterol, high density lipoprotein (HDL) cholesterol, anti-hypertensive and lipid treatment.
Among 909 person-exams in the parental IC history group and 5397 person-exams in the no
parental IC history group there were 101 incident IC events (29 with parental IC history, 72
without parental IC history) during follow-up. Age and sex adjusted 12-year cumulative incidence
rates per 1000 person-years were 5.08 (95% CI: 2.74; 7.33) and 2.34 (95% CI: 1.46; 3.19) in
participants with and without parental IC history. Parental history of IC significantly increased the
risk of incident IC in offspring (multivariable adjusted hazard ratio of 1.81, 95% CI 1.14, 2.88).
The hazard ratio was unchanged with adjustment for occurrence of CVD (1.83, 95% CI 1.15,
2.91). In conclusion, IC in parents increases risk for IC in adult offspring independent of
established risk factors. These data suggest a genetic component of peripheral artery disease and
support future research into genetic causes.
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Introduction
A National Institutes of Health consensus statement describes family history as being vital to
patient care because it can uncover information about factors that contribute to the risk of
developing common diseases, such as diabetes mellitus, stroke, cancer, and heart disease.(1)
The occurrence of CVD in a parent or sibling confers an increased risk for CVD in middle-
aged adults that is distinct from traditional risk factors. (2;3) Parental occurrence of stroke is
associated with a 3 fold increase in risk of offspring stroke.(4) However, little is known
about the familial aggregation of PAD. Individuals whose siblings were diagnosed with
premature PAD were shown to have an almost 3-fold increase in PAD.(5) Finally, early
onset of symptomatic CVD is more common in first-degree relatives of individuals with
premature PAD than in relatives of healthy individuals.(6) The latter 2 studies are limited by
small sample size, examination of PAD prevalence rather than incidence, and inability to
quantify the degree of familial aggregation of PAD that was independent of established risk
factors. The Framingham Heart Study (FHS) affords the unique opportunity to study IC
across two generations using prospectively collected data in a large community-based
sample. The present study was undertaken to test the hypothesis that parental IC confers an
increased risk of IC in adult offspring independent of established CVD risk factors.

Methods
The FHS is a prospective epidemiologic cohort study which was established in 1948 when
5209 residents of Framingham, Massachusetts, aged 28 to 62 years were enrolled. Members
of the original cohort have undergone examinations every two years. In 1971, offspring of
the original cohort (n=3548) and spouses of the offspring (n=1576) aged 5 to 70 years were
enrolled into the Framingham Offspring Study.(7) The offspring cohort has undergone an
examination about every 4 to 8 years. All participants have provided informed consent and
all study protocols have been approved by the Institutional Review Board of Boston
University School of Medicine.

Data from three offspring examinations (Figure 1), each with 12 years of follow-up, were
pooled: Offspring exam 1 (1971 to 1975), 3 (1983 to 1987), and 6 (1995 to 1998). Follow up
for the final examination ended in December 2007. Given the structure of follow up
examinations in the offspring, we chose to study the 12 year incidence of IC in order to have
a comparable length of non-overlapping follow-up after each baseline exam. All offspring
participants who were ≥30 years at the time of any of the three baseline examinations were
eligible if both parents were enrolled in the original cohort and if the Offspring participant
was free of CVD, and IC, at the time of the exam. There were 2970 unique subjects (1405
men) in our final study sample including 346 individuals with a parental history of IC and
2624 individuals with both parents free of IC. Parental IC was defined as the occurrence of
IC in a parent prior to the offspring examination. Both parental IC events and incident IC
events occurring in offspring were adjudicated by a panel of three senior investigators using
the same previously established criteria. Investigators were blinded to parental IC status. All
available information was used to determine the presence of IC including the standardized
physician-administered IC questionnaire that was part of each routine FHS research clinic
visit and if available records from office visits with the participants’ personal health care
provider, and hospital records pertaining to PAD.(8) The standardized physician-
administered questionnaire asked about the presence of calf and leg discomfort brought on
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by exertion, the relation of the discomfort to the rapidity of walking or uphill walking and
whether the symptoms were relieved with rest. The final diagnosis of IC was based on
clinical history only without confirmatory testing. At the more contemporary FHS
examinations participants were queried about lower extremity revascularization procedures
and all self-reports were validated with medical records.

At each offspring examination risk factors were directly measured and the occurrence of
CVD was updated. Resting blood pressure was measured twice. Current smoking was
defined as smoking one or more cigarettes per day in the year preceding the examination.
Blood was drawn, in the fasting state, for total cholesterol, high density lipoprotein (HDL)
cholesterol, and triglycerides. Diabetes was defined as a fasting glucose level of 126 mg/dl
(7.0 mmol/L) or greater or the use of insulin or oral hypoglycemic agents. CVD was defined
as any of the following events: myocardial infarction, coronary insufficiency, angina
pectoris, stroke, transient ischemic attack, congestive heart failure, or cardiovascular death.

Follow-up time within each 12-year period was calculated as the time from each baseline
visit date until the diagnosis date of IC for those participants who developed the disease and
censored at the earliest of date of last contact, date of death, or end of the 12-year period for
participants who did not develop the disease. Age and sex adjusted incidence rates and 95%
confidence intervals per 1000 person-years were calculated in each parental IC history group
by dividing the number of IC events observed by the total person-years. Kaplan-Meier
curves and the log-rank test were used to plot and to compare cumulative incidence rates.
Pooled proportional hazards regression analyses were used to examine whether the 12 year
risk for incident IC in offspring was associated with parental IC. This method of pooling
person-examinations provides estimates of effect similar to a time-dependent Cox
proportional hazards model.(9) Furthermore, this method allows us to update risk factors
and parental IC at each examination. Hazard ratios and 95% confidence intervals were
calculated with the reference group consisting of participants with no parental IC prior to the
examination. Covariates used in the multivariable model included: age, sex, diabetes, current
smoking, systolic blood pressure, anti-hypertensive treatment, total cholesterol, HDL
cholesterol, and cholesterol lowering treatment. In secondary analyses we adjusted for the
occurrence of CVD in the Offspring participants using two approaches. First we used Cox
models in which CVD was entered as a time-dependent covariate; next follow-up time was
censored when an offspring participant developed any CVD event to account for the fact
that CVD increases the risk of IC. To assess the incremental predictive utility of parental IC
history associated with incident IC in offspring, we calculated c-statistic for the model with
clinical covariates alone and the full model with clinical covariates and parental IC history.
(10;11) We assessed model calibration (i.e., concordance of observed risk and that predicted
by the model with parental IC history) by calculating the Hosmer-Lemeshow chi-squared
statistic for Cox models.(10;11) To evaluate if inclusion of parental IC history improved risk
classification of participants, we calculated the enhanced “net reclassification improvement”
(NRI) using an extension to survival analysis that employs Kaplan-Meier estimates of event
probabilities at 12 years.(11) We used 12-year IC risk thresholds of less than 2%, 2% to 5%,
and greater than 5% for the net reclassification improvement index. The NRI is used to
assess how well a new marker “reclassifies” patients from one risk category to another.
Since there are no previously established categories for the absolute risk of IC, we also
assessed “categoryless” net reclassification improvement, which assesses any upward or
downward reclassification; values greater than 0 correspond to improved reclassification.
(12) We performed a secondary analysis defining incident events in Offspring as IC and or
lower extremity revascularization. All statistical analyses were performed using SAS
statistical software version 9 (SAS Institute, Cary, NC). Statistical significance was defined
as a 2-tailed P value less than 0.05.
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Results
The baseline characteristics of the offspring study sample are shown in Table 1. The group
of participants with parental history of IC was older (mean age 49.9 years vs. 47.6 years, p<.
0001) and, with the exception of current smoking, had significantly higher risk factor levels
compared to the group of participants without a parental history of IC. Over the course of
follow up there were 101 incident IC events (29 in participants with parental history of IC,
72 in participants with no parental history of IC). Age- and sex- adjusted 12-year cumulative
incidence rates per 1000 person-years were 5.08 (95% CI: 2.74; 7.33) in participants with
parental history of IC and 2.34 (95% CI: 1.46; 3.19) in participants with no parental history
of IC (Log rank test p<0.0001, Figure 2). Parental IC was associated with a significantly
increased risk for incident IC in offspring (age- and sex- adjusted HR 2.29). The association
was modestly attenuated but remained significant after adjustment for traditional risk factors
(multivariable adjusted HR 1.81, 95% CI 1.14, 2.88) (Table 2). The association was
unchanged after further adjustment for interim CVD and the magnitude and significance of
the effect of parental IC persisted in the analysis in which follow-up time was censored
when the offspring participant developed an incident CVD event (Table 2). The addition of
parental IC history to a multivariable model incorporating baseline covariates increased the
already high C-statistic from 0.831 (95% CI: 0.794, 0.868) to 0.837 (95% CI: 0.801, 0.873).
The two C-statistics were not statistically different (p=0.22). The model with parental IC
history had excellent calibration (Hosmer-Lemeshow Chi-squared=14.07; p=0.20). The
category-based NRI was modest (9.3%, 95% CI: 1.9% to 17.3%) and the category-free NRI
was 34.5% (95% CI: 15.5% to 55.6%). The NRI estimates remained essentially unchanged
with adjustment for occurrence of CVD entered as a time-dependent covariate, or in a model
in which follow-up time was censored when a participant developed any CVD event. The
association between parental IC and incident PAD defined as IC and or lower extremity
revascularization (n=114 events) was very similar to the primary analysis (multivariable-
adjusted HR 1.76, 95% CI 1.14, 2.72; further adjustment for CVD as a time-dependent
covariate: HR 1.77, 95% CI 1.15, 2.73; and censoring at first occurrence of CVD: HR 1.84,
95% CI 1.13, 2.97 did not substantively change the association).

Discussion
In our community-based sample, parental IC confers a nearly 2-fold increased risk for IC in
adult offspring even after accounting for traditional risk factors and the interim occurrence
of CVD. Parental history of IC is quite powerful in predicting IC in adult offspring, however
the small improvement in C statistic and category-based NRI suggest modestly improved
prediction of offspring IC beyond that of established risk factors. Our study suggests the
presence of a genetic predisposition to IC. However, in addition to genetic factors,
environmental and lifestyle factors that are shared within families can contribute to
susceptibility to common diseases.(13) An individual’s family history provides a readily
accessible and important clinical tool to gain insight into an individual’s risk of developing
disease including PAD. Knowledge of one’s family history has the potential to motivate
positive lifestyle changes, enhance individual empowerment, and influence clinical
decisions with respect to preventative interventions.(1) This may be especially important for
PAD, a disease that is often undetected and undertreated by clinicians (14) and under
appreciated by the lay public for its association with risk for myocardial infarction, stroke,
and death. (15)

Little is known concerning the genetic determinants of PAD but family aggregation and
heritability estimates suggest a significant genetic contribution.(16;17) Recently, Zintzaras
et al created a publically available database that catalogs genetic association studies of PAD.
(18) However, to date genetic associations for PAD remain inconclusive with no strongly
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replicated results.(19) The genetic susceptibility to PAD and CVD is likely conferred by
multiple genes interacting with a variety of environmental factors. While PAD may share
some genetic variants with CVD, there likely exists a set of genetic variants that are unique
to PAD given the phenotypic diversity across the vascular system.(19)

Genome-wide association studies have identified a strongly replicated association between
variants on chromosome 9p21 and MI and coronary artery disease.(20) The chromosome
9p21 locus appears to play a broad role in arterial disease as it is also associated with
atherosclerotic stroke (21), vascular stiffness(22), and cerebral and abdominal aortic
aneurysm.(23;24) The chromosome 9p21 locus was associated with clinically diagnosed
PAD however, the relation was no longer present when coronary artery disease cases were
removed from the sample.(24) Recently this locus was reported to be associated with a
higher prevalence of PAD and lower mean ABI level in older adults from three population-
based samples that was independent of risk factors and persisted even after removal of
individuals with myocardial infarction.(25) The genome-wide association approach
successfully identified genetic variants on chromosome 15q24 for nicotine dependence that
conferred risk for PAD.(26) Thus, the genetic variants identified appear to influence risk for
PAD through shared biologic mechanisms for CVD and smoking related behaviors.
Additionally, in a recent study of 1,292 patients with abdominal aortic aneurysms, the A
allele of rs7025486 on chromosome 9q33 was found to be associated with abdominal aortic
aneurysm and PAD.(27) No association was found between this gene and CVD risk factors
suggesting there is an independent genetic predisposition.(27)

Using a murine hindlimb ischemia model of PAD, Dokun, et al. identified genetic influences
on PAD disease severity.(28) Further work is needed to elucidate the genes responsible for
the association as well as their human orthologs. One study, using microarray analysis of
femoral artery specimens, elucidated over 400 genes that are either up or down regulated in
patients with severe atherosclerosis.(29) Another similar study demonstrated that many of
the genes involved in atherosclerosis are also involved in lipid synthesis and immune
function pathways.(30) Clinical investigation that leads to the elucidation of the genetic
basis of PAD may provide potential targets for future focused gene therapies.

Several strengths and limitations of the present study merit comment. The FHS is a large,
community based sample with data collected prospectively in both parents and offspring.
Symptoms of IC were adjudicated by a panel of senior investigators using well established
criteria, and the risk factors were directly measured, rather than obtained by self report from
the participants, which could be subject to misclassification. The majority of FHS
participants are of white, European ancestry, limiting the generalizability of the results to
individuals of other race/ethnic backgrounds. The diagnosis of IC is based on symptoms
alone without confirmatory testing thus some of the participants with IC in this study may
not have PAD. Conversely, only about 50% of individuals with PAD have leg pain
symptoms. Risk factors used for adjustment in the multivariable models come from single
occasion measurement and may not represent an assessment of lifetime risk factor exposure.
Hence it is possible that the effect of parental history of IC on personal risk for IC may be
over-estimated. Residual confounding may be present in that parental history may reflect
low social class, passive smoking, diet or sedentary behaviors that we are not able to account
for in our study.
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Figure 1.
Study Sample: Data from 3 baseline exams each with 12 years of follow-up were pooled.
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Figure 2.
Age and Sex Adjusted Cumulative Incidence per 1000 Person-Years of Intermittent
Claudication
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Table 2

12 Year Risk of Intermittent Claudication by Parental Occurrence of Intermittent Claudication

Model Hazard Ratio 95 % Confidence Interval p value

Age and Sex Adjusted 2.29 1.49 3.54 0.0002

Multivariable (MV) Adjusted* 1.81 1.14 2.88 0.01

MV + CVD† (Time Dependent) 1.83 1.15 2.91 0.01

MV + Censor for Interim CVD† 1.92 1.16 3.19 0.01

*
Multivariable model adjusted for the following covariates: age, sex, diabetes, current cigarette smoking, systolic blood pressure, anti-hypertensive

treatment, total cholesterol, HDL cholesterol, and lipid lowering treatment.

†
CVD= cardiovascular disease
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