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Abstract
Type 2 diabetes is a risk factor for PAD, and insulin resistance is a key feature of diabetes and pre-
diabetes. No longitudinal epidemiological study has examined the relation between insulin
resistance and PAD. Our study analyzed the association of quartiles of the homeostatic model of
insulin resistance (HOMA-IR) and the development of PAD defined by 2 methods. PAD was first
defined as the development of an abnormal ankle brachial index (ABI) (dichotomous outcome)
after six years of follow-up. PAD was alternatively defined as the development of clinical PAD
(time to event analysis). The study samples included adults over the age of 65 who were enrolled
in the Cardiovascular Health Study, had fasting measurements of insulin and glucose, had ABI
measurements, and were not receiving treatment for diabetes. Multivariable models were adjusted
for potential confounders, including age, sex, field center and cohort, BMI, smoking status,
alcohol use, and exercise intensity. Additional models adjusted for potential mediators, including
blood pressure, lipids, kidney function, and prevalent vascular disease. In the ABI analysis
(n=2108), multivariable adjusted models demonstrated a positive relation between HOMA-IR and
incident PAD (Odds Ratio=1.80 comparing the 4th versus 1st quartile of HOMA-IR, 95%
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confidence interval 1.20-2.71). In the clinical PAD analysis (n=4208), we found a similar relation
(Hazard ratio=2.30 comparing the 4th versus 1st quartile of HOMA-IR, 95% confidence interval
1.15-4.58). As expected, further adjustment for potential mediators led to some attenuation of
effect estimates. In conclusion, insulin resistance is associated with a higher risk of PAD in older
adults.
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Introduction
Peripheral artery disease (PAD) of the lower extremities is a manifestation of systemic
atherosclerosis with an increased prevalence in the elderly.1 Type 2 diabetes mellitus has
been shown to be a strong risk factor for the development of PAD with the risk increasing
with more advanced diabetes.2-4 The effect of insulin resistance on the vasculature is just
one of multiple pathophysiological mechanisms implicated in the association between
diabetes and vascular disease.5, 6 A cross-sectional study using the National Health and
Nutrition Examination Survey has shown a positive association between the homeostatic
model of insulin resistance (HOMA-IR) and PAD, as assessed by ankle brachial index
(ABI).7 However, prospective studies on such an association are lacking.

To address the relation of insulin resistance and PAD, the current study prospectively
assessed whether there is an independent association between HOMA-IR and incident PAD
in the Cardiovascular Health Study (CHS), a population based study of older American
adults.

Methods
Study Population

The CHS is a community-based longitudinal study of Medicare-eligible adults older than 65
years of age designed to evaluate the development and progression of cardiovascular disease
(CVD). The initial cohort of 5201 CHS participants was recruited between 1989-1990, and a
second cohort of 687 African American participants was enrolled between 1992-1993.
Detailed descriptions of the CHS have been previously published.8, 9 Participants provided
written informed consent, and the study protocol was approved by the investigational review
board of each participating institution.

Participants were seen for yearly study visits until 1998-1999. Using yearly participant-
reports and Medicare hospitalization records, discharge summaries have been requested for
all hospitalizations and full medical records have been reviewed for all adjudicated
outcomes. Prevalent PAD had been defined in CHS by the presence of exertional leg pain
and either a physician diagnosis of PAD or a low ABI during the baseline CHS clinic
examination. We additionally excluded individuals with abnormal ABI’s at baseline without
leg symptoms to account for asymptomatic PAD. A normal ABI measurement at baseline
was defined as ABI ≥ 0.9 and < 1.4. Individuals with ABI ≥ 1.4 were excluded due to the
difficulty in diagnosing PAD in the presence of medial arterial calcification.10

Outcome Ascertainment
Incident PAD was defined in two ways. PAD was first defined as the development of an
abnormal ABI (ABI <0.9 with a change of ≥ 0.15) between the 1992-93 and 1998-99 CHS
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examinations (dichotomous outcome) in participants with normal ABI’s and without
prevalent PAD at baseline. The second definition of incident PAD in our study required the
development of clinical PAD (time to event analysis) in participants with normal ABI’s and
without prevalent PAD at baseline. During follow-up, potential clinical PAD outcomes were
initially identified by any of the following methods: 1) report of a PAD diagnosis by the
participant at a clinic visit or during a telephone call; 2) a PAD diagnosis found during
review of medical records for another event; 3) active surveillance of CMS records for the
ICD-9 codes 400.2 (atherosclerosis of the native arteries of the extremities) and 443.9
(peripheral vascular disease, unspecified). After PAD outcomes were identified by these
methods, medical records were reviewed, and a final decision was adjudicated by the
Morbidity Subgroups of the CHS Clinical Events Subcommittee. This analysis includes
events that occurred through June 30 2007.

For the PAD outcome defined by ABI (dichotomous outcome), the initial population alive at
the 1992-1993 examination included 5553 participants. Of these, 185 participants were
excluded due to prevalent PAD, 653 due to abnormal ABI at baseline, 757 due to missing
ABI measurements, 194 due to missing glucose or insulin data, 290 due to use of oral
hypoglycemic agents or insulin therapy for treatment of diabetes, and 22 due to inadequate
(<8 hours) or uncertain fasting status, each ascertained at the 1992-1993 exam. Participants
receiving oral hypoglycemic or insulin therapy for diabetes were excluded due to the
potential unreliability of HOMA-IR in this setting. We excluded subjects with an ABI <0.9
without leg symptoms to specifically exclude asymptomatic PAD. Participants with baseline
diabetes not receiving drug therapy were included in the study population. Participants
without ABI measurement at the 1998-99 clinic visit (n=1,344) were also excluded. A final
sample size of 2108 participants was used for the ABI analysis (Figure 1).

For the clinical PAD outcome (time to event analysis) baseline measurements were obtained
at participants’ initial examination (1989-1990 for members of the original cohort and
1992-1993 for members of the second cohort). For this analysis, 151 participants were
excluded due to prevalent PAD at baseline, 100 due to missing glucose or insulin specimens,
323 participants due to uncertain fasting status, 431 participants due to use of oral-
hypoglycemic agents or insulin as treatment for diabetes, and 675 due to missing or
abnormal ABI measurements, each ascertained at the initial examination. The final sample
included 4208 participants (Figure 1).

Insulin Resistance
Fasting (≥8 hour) blood specimens of glucose and insulin were collected at both the
1989-1990 and 1992-1993 study visits and were stored at -70°C. HOMA-IR was calculated
using the following formula: [fasting glucose (mmol/L)]*[fasting insulin (U/mL)]/22.5.11

Ankle Brachial Index
The ABI protocol in CHS has been described previously.12 Briefly, manual blood pressure
measurements were obtained after at least 5 min rest and with the subject in a supine
position using a Doppler stethoscope (8 MHz, Huntleigh Technology, Inc., Luton, United
Kingdom) over the right brachial artery and both posterior tibial arteries. When a blood
pressure could not be measured in the right arm, the left arm was used. The ratio of the
systolic blood pressure in the leg to the arm defined the leg-specific ABI. The lower of the
leg-specific ABIs was used as the patient-specific ABI for this analysis. When arterial flow
was not abolished with the leg blood pressure cuff inflated to >300 mm Hg, the artery was
deemed incompressible.
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Covariates
Covariates were ascertained at the 1992-1993 CHS exam for the primary dichotomous study
outcome and at the initial CHS exam (1989-90 or 1992-1993 for the secondary time to event
outcome). C-reactive protein (CRP), cystatin C, LDL, and HDL were measured from fasting
blood specimens. Cystatin C concentrations were measured using a BN II nephelometer
(Dade Behring Inc., Deerfield, Illinois) as described elsewhere.13 Cystatin C–based
estimated glomerular filtration rate (eGFR)14 was calculated using the equation:
eGFRcys=76.7*cystatin C [mg/l]−1.19 and expressed in ml/min/1.73m2. CRP was assessed
with an enzyme-linked immunosorbent assay developed in the CHS laboratory. The
Olympus Demand System (Olympus, Lake Success, New York) determined serum total and
HDL cholesterol concentrations; LDL concentrations were calculated using the Friedewald
equation.15

A prior history of coronary heart disease (CHD) (myocardial infarction, coronary artery
bypass grafting or percutaneous coronary intervention), and prior cerebrovascular disease
(stroke or transient ischemic attack) was determined by self report with validation by either
a) information from the baseline CHS examination; b) medical record review or c) physician
questionnaires. Information on age, race, exercise intensity and alcohol consumption were
collected as previously described.8, 16 Participation in leisure time physical activity was
collected using an instrument adapted from the Health Interview Survey, and this
information was used to estimate kilocalories of energy expended and time spent per week
in leisure-time physical activity. Alcohol consumption was assessed using a standardized
questionnaire. A seated blood pressure was obtained and participants were classified as
normotensive, prehypretensive or hypertensive depending on a combination of their systolic
blood pressure, diastolic blood pressure, or treatment for hypertension. Diabetes was defined
by treatment with medication for diabetes or a fasting glucose level ≥126 mg/dl (in
participants not receiving treatment for diabetes). Smoking history was determined by
questionnaire and categorized as current, past, or never smokers. Information on number of
pack-years smoked was also collected by questionnaire.

Statistical Analysis
We compared the distribution of baseline characteristics across quartiles of HOMA-IR. We
calculated odds ratios (ORs) and 95% confidence intervals (95% CIs) for incident PAD
defined by ABI using logistic regression; HOMA-IR quartile-1 was used as the referent
group. HOMA-IR was also analyzed as a continuous variable after log transformation. For
the clinical PAD analysis, we used Cox proportional hazards models to assess the
association of HOMA-IR with incident clinical PAD. Participants were censored if they
died, were lost to follow-up, or at the end of the study. Assumptions for the proportional
hazards models were tested by including main effects and product terms of covariates and
time factor. These assumptions were met as all p values were >0.05.

Covariates were selected on the basis of their biological plausibility to either confound or
mediate the relationship between insulin resistance and incident PAD. Initial models
adjusted for age, gender, race, and CHS field center. A multivariable model also adjusted for
potential confounders including smoking status, alcohol use, exercise intensity, and body
mass index. Finally, we included potential mediating factors such as blood pressure
(normotensive, prehypertensive or hypertensive), cholesterol ratio (LDL/HDL), use of lipid
lowering medications, eGFR, and known CVD or cerebrovascular disease, and CRP. Tests
of linear trend were computed using median values of HOMA-IR within each quartile. To
further assess whether any association between insulin resistance and PAD existed after
exclusion of participants with baseline diabetes, prevalent CHD, or current or prior smoking,
sensitivity analyses excluded participants with these characteristics (each separately). We
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did not adjust for diabetes that might have developed during follow-up as the development
of diabetes among individuals with insulin resistance likely reflects part of the causal
pathway linking insulin resistance and subsequent PAD. In secondary analysis, we examined
the association between fasting insulin and glucose individually and incident PAD as
defined by the development of abnormal ABI. We also re-analyzed our time to event results
using Fine and Gray competing risks proportional hazards regression to account for
competing risk due to mortality in this older population.17 All analyses were completed
using SAS version 9.2 (SAS Institute, Cary, NC). The significance level was set at 0.05.

Results
Baseline characteristics

Among the 2108 study participants included in the ABI analysis, the mean age was 73.4
years, 61% were female and 85% were Caucasian. Among the 4208 participants in the
clinical PAD analysis, the mean age was 72.3 years, 60% were female and 86% were
Caucasian. For the ABI analysis, follow-up consisted of the six years between the
1992-1993 and the 1998-1999 measurements of ABI. The median duration of follow-up for
the clinical PAD analysis was 14.1 years. Compared to the HOMA-IR quartile-1, individuals
in higher quartiles were younger and had higher BMI. Participants with higher HOMA-IR
were less likely to be Caucasian, were less physically active, and were less likely to use
alcohol. They were also more likely to have hypertension, diabetes, and prior coronary heart
disease. In terms of laboratory values, a higher HOMA-IR was associated with higher CRP,
higher LDL cholesterol, lower eGFRcystatin, and lower HDL cholesterol levels (all p <0.05)
(Table 1). There was no significant difference in the baseline ABI by HOMA-IR quartile.
For the ABI analysis, participants who attended the follow-up exam in 1998-1999 and had
ABI measured appeared healthier than those who did not (Suppl. Table 1).

Incident PAD by ABI
The odds of PAD increased across quartiles of HOMA-IR in a model adjusting for age,
gender, race, and field center (Table 2a). The association was strengthened after further
adjustment for potential confounders including smoking status, alcohol consumption,
exercise intensity, and body mass index (Table 2a). Re-analysis of the relation using
information on pack years of smoking led to overall similar findings (data not shown).
Further adjustment for potential mediators of the relationship between insulin resistance and
incident PAD, including blood pressure parameters, cholesterol ratio, use of lipid lowering
therapy, eGFR, and prevalent CHD or cerebrovascular disease led to a modest attenuation as
expected (odds ratios (95% confidence intervals) for increasing quartiles of HOMA-IR were
1.0 (referent), 0.73 (0.46-1.14), 1.4 (0.91-2.16), 1.66 (1.04-2.66) (p trend 0.003)). Addition
of CRP to the other potential mediators of the association between HOMA-IR and PAD led
to overall similar findings [OR’s (95% confidence intervals) were 1.0 (referent), 0.70
(0.44-1.10), 1.36 (0.88-2.09), and 1.59 (0.99-2.55)].

Incident Clinical PAD
The risk of incident clinical PAD increased across increasing quartiles of HOMA-IR in
simple and multivariable models (Table 2b). Further adjustment for potential mediators of
the relationship between insulin resistance and incident PAD, including blood pressure
parameters, cholesterol ratio, use of lipid lowering therapy, eGFR, and prevalent CHD or
cerebrovascular disease led to a modest attenuation (Hazard ratios (95% confidence
intervals) for increasing quartiles of HOMA-IR were 1.0 (referent), 0.84 (0.38-1.85), 0.96
(0.46-1.97), 1.62 (0.80-3.30) (p trend 0.007)). Addition of CRP to the other potential
mediators of the association between HOMA-IR and PAD led to some attenuation of the
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hazard ratios in the higher quartiles (OR’s (95% confidence intervals) were 1.0 (referent),
0.85 (0.39-1.87), 0.86 (0.42-1.78) and 1.31 (0.64-2.68).

Secondary Analyses
When HOMA-IR was log-transformed and analyzed as a continuous variable, the findings
were similar. For each 1 unit increase in log(HOMA-IR), the odds of PAD increased by 48%
in a model that also controlled for smoking status, BMI, alcohol use, and exercise intensity
(p=.002). In sensitivity analyses excluding participants with prevalent baseline diabetes, the
findings from multivariable models that included confounders were largely unchanged for
both the ABI and clinical PAD analyses (Table 3). As expected, inclusion of potential causal
intermediary factors in the multivariable model had led to attenuation of the effect measures,
and this attenuation was more pronounced in the analysis excluding participants with
prevalent diabetes (Table 3). In analyses excluding participants with known coronary heart
disease, the findings were also largely unchanged (data not shown).

Analyses excluding current and former smokers led to attenuation of the OR’s in
multivariable models in the ABI analysis, but a similar positive relation between insulin
resistance and PAD in the clinical PAD analysis. Specifically, the multivariable ORs (95%
confidence intervals) across quartiles of HOMA-IR for the ABI analysis were 1.0 (referent),
0.73 (0.40-1.33), 1.01 (0.58-1.77), and 1.28 (0.74-2.21)) from the lowest to the highest
quartile of HOMA-IR, respectively. The sample size for this analysis dropped from 2132 to
997 participants. In the clinical PAD analysis of never smokers, the multivariable hazard
ratios (95% CI’s) were 1.0 (referent), 0.91 (0.42-2.00), 1.15 (0.56-2.35), and 2.26
(1.13-4.50) from the lowest to the highest quartile of HOMA-IR (p, trend <0.001). In
secondary analyses examining fasting insulin and glucose as individual exposures, there was
a significant linear trend across quartiles of glucose or insulin and incident PAD defined by
ABI. For the highest quartile of glucose and insulin, the OR’s (95% CI) for incident PAD
were 2.15 (1.43-3.22) and 1.65(1.11-2.46), respectively. Results with use of Fine and Gray
competing risks proportional hazards regression were not materially different (data not
shown).

Discussion
In this sample of elderly adults from the Cardiovascular Health Study, we found that higher
levels of insulin resistance, as assessed by the homeostatic model, are associated with the
development of PAD, defined by the development of an abnormal ABI. Survival analysis
examining the risk of clinical PAD demonstrated similar findings. These associations
persisted after exclusion of participants with baseline diabetes. Overall, these findings
suggest a potential role for insulin resistance in the pathogenesis of PAD.

Diabetes is a well established risk factor for PAD2-4 and the severity of diabetes, as assessed
by HbA1c, correlates with the degree of risk.2 Although basic and translational research has
supported a role for insulin resistance in the pathogenesis of atherosclerosis perhaps through
the development of endothelial dysfunction,18 epidemiologic studies of the association
between insulin resistance and PAD are limited to a cross-sectional analysis.7 Other analyses
have focused on the association of metabolic syndrome and incident PAD, but these
analyses have considered all the components of metabolic syndrome together. Some of these
components, such as hypertension, are already known to be associated with PAD. Our
analysis expands upon this prior work by examining whether insulin resistance, which is
often considered to be the underlying abnormality of metabolic syndrome, was associated
with PAD after adjustment for other known risk factors, including other components of the
metabolic syndrome. Our study is the first, to our knowledge, to demonstrate a longitudinal
association between HOMA-IR and incident PAD. Longitudinal analysis is particularly
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important to assess the relationship of insulin resistance with PAD, because reverse
causation, i.e. PAD causing insulin resistance through decreased ability to maintain physical
fitness, is a plausible explanation for cross-sectional associations. We were able to
demonstrate a temporal association between insulin resistance and PAD defined by both
ABI and clinical PAD. In addition, our analysis showed that this association persisted after
exclusion of prevalent baseline diabetes. Given the multifaceted associations between
insulin resistance, CRP and PAD, we analyzed the effect of adding CRP to a model
examining the relation between insulin resistance and PAD that already controlled for the
potential confounders and mediators of this association. These results suggest that although
biologically both insulin resistance and PAD are associated with inflammation, CRP did not
appear to have a large effect beyond the other confounders and mediators.

Insulin resistance has been suggested as a precursor to endothelial dysfunction,18 which is
itself postulated as a potential precursor to atherosclerosis.19-21 Therefore, endothelial
dysfunction is an attractive biological intermediary between insulin resistance and PAD.
Supporting this, prior research has suggested physiological mechanisms by which insulin
resistance may lead to atherosclerosis by inducing endothelial dysfunction through the
adverse effects of glucotoxicity, lipotoxicity and inflammation on the vascular
endothelium.18 Insulin resistance is known to be strongly correlated with clinical risk
factors, including obesity22 and dyslipidemia,23 which are themselves associated with
endothelial dysfunction and atherosclerosis 24-26. However, our findings suggest a potential
role of insulin resistance in the pathogenesis of PAD beyond its association with known
cardiovascular risk factors. Although endothelial dysfunction provides at least one possible
biological pathway between insulin resistance and atherosclerosis, including PAD, we did
not have a measure of endothelial function to assess this. Furthermore, there may be other
potential mechanisms that might explain a link between insulin resistance and
atherosclerosis l,27 and the adverse effects of insulin resistance on the vasculature remains
an area of active investigation.

Strengths of our study include the longitudinal nature and extended follow-up of the cohort.
The availability of important covariates strengthened the multivariate analysis, and we were
able to assess incident PAD by two methods. Some limitations warrant discussion.
Participants in CHS are over the age of 65, which limits the generalizability of our findings
to younger participants. However, a significant proportion of patients with PAD are elderly
making this a relevant population to study. Because of the elderly population, a significant
number of participants either died or did not return for follow-up. The baseline
characteristics of those individuals who did and did not return for follow-up tended to be
different (supplemental table 1). This limited the sample size for our logistic regression
analysis and may have introduced survivor bias. However, the finding that insulin resistance
is associated with incident PAD even among a healthier subset of participants is an
important finding. Also, the findings with the clinical PAD outcome that used Cox
proportional hazards analysis and did not require follow-up ABI’s were consistent with the
ABI results. In addition, results from analyses which accounted for competing risks were not
materially different. The ABI was defined by right arm blood pressures and without dorsalis
pedis blood pressure. This may have led to outcome misclassification. However, since
examiners were not aware of the HOMA-IR status of the study participants, such
misclassification is more likely to be non-differential and might have led to attenuation of
the true estimates.

Conclusion
In this cohort of older patients, insulin resistance was associated with the development of
PAD assessed both by the development of a low ABI and clinical PAD. These results
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suggest a role for insulin resistance in the pathogenesis of atherosclerosis in the lower
extremity. Additional research is needed to determine whether strategies aimed at
ameliorating insulin resistance might be helpful in PAD prevention, and whether insulin
resistance might be a therapeutic target for preventing progression of established clinical
PAD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flowchart of participants: Flowchart describing selection of participants for the (A) ankle
brachial index and (B) clinical peripheral artery disease analyses. CHS, Cardiovascular
Health Study; PAD, peripheral artery disease; ABI, ankle brachial index.
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Table 1

Baseline characteristics of elderly subjects according to quartiles of HOMA-IR

Characteristics HOMA-IR

Quartile 1
<1.65

(N=530)

Quartile 2
1.65-2.31
(N=528)

Quartile 3
2.32-3.42
(N=526)

Quartile 4
≤ 3.43

(N=526)

Age (years) 73.5±4.4 73.7±4.1 73.4±4.3 72.8±4.1

Female gender (%) 62.3 60.4 62.9 59.9

White race (%) 87.2 87.1 83.8 80.8

Body mass index (kg/m2) 24.3±3.4 25.8±3.5 27.6±4.1 29.6±4.6

Current Smokers (%) 11.9 11.2 10.7 6.7

Moderate or high intensity exercise
(%) 58.5 48.9 48.9 46.0

Current alcohol use (%) 56.6 53.2 49.0 44.1

Diabetes (%)c 0.2 0.6 2.1 20.2

Hypertension (%) 24.7 30.5 36.6 50.4

Known coronary heart diseasea (%) 14.2 11.6 16.4 17.3

Known cerebrovascular diseaseb
(%)

3.2 3.4 2.9 4.6

Baseline fasting insulin (pmol/L)c 40.3±6.3 59.0±6.9 80.6±10.4 142.4±79.9

(μIU/ml) 5.8±0.9 8.5±1.0 11.6±1.5 20.5±11.5

Baseline fasting blood glucosec 5.14±0.46 5.31±0.47 5.56±0.59 6.54±1.98

(mmol/L)
(mg/dl) 92.6±8.2 95.6±8.5 100.1±10.7 117.9±35.6

Low density lipoprotein cholesterol
(mmol/L) 3.22±0.81 3.33±0.82 3.44±0.80 3.30±0.84

(mg/dl) 124.4±31.1 128.5±31.8 132.7±30.9 127.5±32.4

High density lipoprotein cholesterol
(mmol/L) 1.56±0.40 1.44±0.36 1.37±0.34 1.26±0.30

(mg/dl) 60.1±15.5 55.6±14.0 52.9±13.2 48.5±11.7

Estimated GFR cystatin
(ml/min/1.73m2)

80.8±15.8 76.0±16.4 72.9±15.8 71.2±15.8

C-reactive protein (nmol/L) 27.6±37.1 41.9±82.9 47.6±88.6 61.9±112.4

(mg/L) 2.9±3.9 4.4±8.7 5.0±9.3 6.5±11.8

Baseline ankle brachial indexd 1.13±0.10 1.14±0.10 1.14±0.10 1.15±0.11

Continuous variables are presented as means ± standard deviations

a
Known coronary heart disease includes prior myocardial infarction, coronary artery bypass grafting, percutaneous coronary intervention, or

angina.

b
Known cerebrovascular disease includes prior cerebrovascular accident or transient ischemic attack

c
The study population only included participants with diabetes who were not receiving drug therapy

d
The study population was limited to participants with ankle brachial index ≥0.9 and ≤1.4.

Vasc Med. Author manuscript; available in PMC 2013 April 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Britton et al. Page 12

Table 2a

Odds ratios (95% confidence intervals) of developing an abnormal ankle brachial index after 6 years of
follow-up according to quartile of homeostatic model of insulin resistance

HOMA-IR
quartile Cases Adjusted for age, race,

gender, and field center
Multivariable

Model Aa
Multivariable

Model Bb

1 63 1.0 1.0 1.0

2 55 0.85 (0.58-1.26) 0.89 (0.60-1.32) 0.73 (0.46-1.14)

3 77 1.28 (0.89-1.84) 1.43 (0.97-2.09) 1.40 (0.91-2.16)

4 83 1.46 (1.02-2.10) 1.80 (1.20-2.71) 1.66 (1.04-2.66)

p for linear
trend 0.006 0.001 0.003
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Table 2b

Hazard Ratios (95% confidence intervals) of developing clinical PAD according to quartile of homeostatic
model of insulin resistance

HOMA-IR
quartile Cases

Adjusted for age, race,
gender, cohort and field

center

Multivariable
Model Aa

Multivariable
Model Bb

1 10 1.0 1.0 1.0

2 18 0.87 (0.40-1.88) 0.91 (0.41-1.99) 0.84 (0.38-1.85)

3 41 1.23 (0.61-2.46) 1.18 (0.58-2.41) 0.96 (0.46-1.97),

4 88 2.14 (1.11-4.14) 2.30 (1.15-4.58) 1.62 (0.80-3.30)

p for linear
trend <0.001 <0.001 0.007

a
additionally adjusted for potential confounders, including smoking status (never, former, current), alcohol consumption, exercise intensity, body

mass index

b
adjusted for covariates in model-A plus potential causal intermediary factors, including blood pressure category (normotensive, prehypertensive

or hypertensive), LDL/HDL ratio, use of lipid-lowering medications, estimated glomerular filtration rate using cystatin C, known cardiovascular
disease, and known cerebrovascular disease
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Table 3

The association of HOMA-IR and PAD after excluding subjects with baseline diabetes: A) Odds ratios (95%
confidence intervals) of developing an abnormal ankle brachial index after 6 years of follow-up and B) Hazard
ratios (95% confidence intervals) of developing clinical PAD according to quartile of homeostatic model of
insulin resistance

A)

HOMA-IR
quartile

Cases Adjusted for age, race,
gender, and field center

Multivariable
Model Aa

Multivariable
Model Bb

1 60 1.0 1.0 1.0

2 53 0.86 (0.58-1.27) 0.89 (0.59-1.33) 0.73 (0.46-1.16)

3 72 1.28 (0.88-1.86) 1.40 (0.94-2.08) 1.39 (0.89-2.17)

4 57 1.33 (0.89-1.98) 1.57 (1.00-2.45) 1.51 (0.90-2.52)

p for linear
trend

0.05 0.01 0.02

B)

HOMA-IR
quartile

Cases Adjusted for age, race,
gender, cohort and field

center

Multivariable
Model Aa

Multivariable
Model Bb

1 10 1.0 1.0 1.0

2 16 0.79 (0.36-1.74) 0.83 (0.37-1.87) 0.76 (0.34-1.71)

3 36 1.12 (0.55-2.26) 1.11 (0.54-2.30) 0.90 (0.43-1.88)

4 62 1.79 (0.91-3.50) 2.05 (1.01-4.16) 1.50 (0.72-3.11)

p for linear
trend

0.001 <0.001 0.01

a
additionally adjusted for potential confounders, including smoking status (never,former, current), alcohol consumption, exercise intensity, body

mass index

b
adjusted for covariates in model-A plus potential causal intermediary factors, including blood pressure category (normotensive, prehypertensive

or hypertensive), LDL/HDL ratio, use of lipid-lowering medications, estimated glomerular filtration rate using cystatin C, known cardiovascular
disease, and known cerebrovascular disease
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