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Abstract

Background and aims: Diabetes mellitus is a coronary heart disease (CHD) risk-equivalent for 

the outcome of peripheral vascular disease. The impact of diabetes with comorbid risk factors on 

the outcome of peripheral vascular disease remains unexplored.

Methods: We performed a cross-sectional analysis of participants in Lifeline Vascular Screening 

Inc. age 40–90 who were screened for peripheral vascular disease, defined as lower extremity 

peripheral artery disease (PAD, ABI <0.9) and/or carotid artery stenosis (CAS, internal CAS 

≥50%). CHD was defined as prior myocardial infarction or revascularization. Risk factors 

included hypertension, hyperlipidemia, smoking, obesity, sedentary lifestyle and family history of 

cardiovascular disease.

Results: Among 3,517,804 participants, PAD and CAS was identified in 4.4% and 3.7%, 

respectively. Diabetes was identified in 376,528 participants, 324,680 (86%) of whom did not have 

CHD. Among diabetic participants without CHD, prevalence of PAD increased with 1–2 (4.3%), 

3–4 (7.3%), and ≥5 (12.0%) comorbid risk factors (p trend < 0.0001). The pattern was similar for 

CAS (3.7%, 6.2%, 8.8%, p trend < 0.0001). Compared to participants without diabetes, those with 

diabetes and 1–2, 3–4 and ≥5 risk factors had increasing odds of PAD and CAS after adjustment 
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for age, sex and race/ethnicity (1.0, 95% CI 0.98–1.06; 1.8, 95% CI 1.8–1.89; 3.5, 95% CI 3.43–

3.64, respectively, p trend < 0.0001). By comparison, in nondiabetic participants, CHD increased 

odds of PAD and CAS by 2-fold (2.06, 95% CI 2.02—2.1; 2.19, 95% CI 2.15–2.23 respectively).

Conclusions: Diabetes, particularly with comorbid risk factors, confers increased odds of PAD 

and CAS, even in the absence of CHD. Counseling regarding screening and prevention for 

peripheral vascular disease among individuals with diabetes and multiple risk factors may be 

useful.
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1. Introduction

Diabetes mellitus (diabetes) is a strong risk factor for the development atherosclerotic 

coronary and peripheral arterial disease [1]. The association between diabetes and coronary 

heart disease (CHD) is well established; less is known about the effect of diabetes on other 

arterial beds. Peripheral vascular disease, which includes disease of the carotid, aorta, and 

lower extremity arterial beds, is primarily caused by atherosclerosis and is therefore 

influenced by the presence of diabetes [2]. Peripheral vascular disease and diabetes are both 

increasingly prevalent conditions, affecting an estimated 200 and 360 million people 

worldwide, respectively [3,4]. Despite the high prevalence and well established morbidity of 

both of these conditions, use of guideline-directed medical therapy remains suboptimal in 

patients diagnosed with peripheral vascular disease and diabetes, especially in individuals 

without a history of coronary heart disease [3,5].

Diabetes is considered a CHD-risk equivalent (i.e. an individual having a 10-year risk 

>20%) [1]. This determination is supported by evidence that CHD event rates in diabetic 

individuals without known CHD were as high as those in nondiabetic individuals with prior 

CHD [6–9]. Subsequent analyses demonstrated that it was only in the presence of multiple 

cardiovascular disease risk factors that diabetes conferred risk of CHD similar to the risk 

experienced by those with prior CHD events [10]. Recent analysis demonstrated that 

diabetes is also a CHD-risk equivalent for the outcome of peripheral vascular disease [11]. 

However, whether the relationship between diabetes and peripheral vascular disease varies 

by presence of cardiovascular disease risk factors has not been evaluated. Using a cross-

sectional, observational study design, we aimed to compare the relative impact of diabetes 

and comorbid risk factors versus coronary heart disease on odds of peripheral vascular 

disease. Describing this relationship may guide screening and improve adherence to 

guideline directed medical management for individuals with peripheral vascular disease and 

diabetes.

Wilcox et al. Page 2

Atherosclerosis. Author manuscript; available in PMC 2018 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Patients and methods

2.1. Study population

Data was provided by Life Line Research Group (LLS, Independence, Ohio) for research 

purposes. The dataset contained screening results collected between 2003 and 2008 from 

3,696,778 mostly self-referred adults in all 50 US states. Before undergoing the screening 

procedure, individuals completed a questionnaire that included information on 

demographics, smoking, exercise, cardiovascular risk factors, medical comorbidities, and 

family history of atherosclerosis and vascular disease [11,12]. For the purposes of this study, 

peripheral vascular disease is defined as lower extremity periphery artery disease (PAD) or 

carotid artery stenosis (CAS). Analysis was performed on a subgroup of participants who 

were between 40 and 90 years old with no prior diagnosis of PAD or CAS.

2.2. Definition of peripheral vascular disease

Presence of PAD and CAS was ascertained using non-invasive, validated, sensitive and 

specific methods: the ankle brachial index (ABI) and carotid duplex [13], respectively, as 

previously described [14]. Systolic blood pressure was measured in both arms (brachial 

arteries) and both ankles (posterior tibial arteries). Left and right ABIs were calculated by 

dividing the ankle systolic blood pressure by the highest brachial pressure. If posterior tibial 

Doppler signal was inaudible, the dorsalis pedis artery signal was measured [13,14]. 

Participants with ABI greater than 1.4 were excluded to avoid falsely elevated values 

secondary to arterial calcification. Carotid artery stenosis was detected using carotid artery 

duplex and defined as CAS >50% (internal carotid artery peak systolic velocity > 125 cm/s).

2.3. Definition of diabetes and other variables of interest

Diabetes mellitus (diabetes) was defined as a self-reported physician diagnosis or use of 

glucose lowering agents. Diabetes severity was stratified by [1] no use of medications (e.g. 

diet controlled) [2], use of oral glucose-lowering agents only, or [3] use of insulin with or 

without the use of oral glucose-lowering agents. Coronary heart disease (CHD) was defined 

as prior myocardial infarction or prior coronary revascularization (coronary artery bypass, 

angioplasty, or percutaneous coronary intervention). Hypertension and hypercholesterolemia 

were defined as self-reported physician diagnosis or medication use. Smoking was defined 

as use of at least 100 cigarettes during their lifetime; current and former smokers were 

defined separately. Participants who reported vigorous exercise in their leisure time at least 

once per week were considered active, all others were sedentary. Family history of 

cardiovascular disease included self-reported first-degree relative with history of heart 

attack, stroke, or procedure to increase blood flow to the legs prior to the age of 60. Race 

and ethnicity were self-reported.

2.4. Statistical analysis

Each individual was assigned a unique identifier, and the investigators had access only to de-

identified data. Demographics and prevalence of cardiovascular disease risk factors were 

reported among participants with diabetes.
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In diabetic participants without CHD, adjusted odds ratios and 95% confidence intervals 

were calculated for individual cardiovascular disease risk factors with logistic regression 

adjusted for age, sex and race/ethnicity using participants without the risk factor as a 

referent. Cardiovascular disease risk factors included in this analysis were hypertension, 

severe obesity, sedentary lifestyle, former smoker, current smoker, hyperlipidemia, and 

family history of cardiovascular disease. Current smoking was given a value of 2 risk factors 

[15]. Each cardiovascular disease risk factor with a significantly elevated adjusted odds ratio 

was included in determining a participant's risk factor profile for either PAD or CAS. 

Profiles were defined by presence of diabetes and 1–2, 3–4 or ≥5 cardiovascular disease risk 

factors. Number of participants in each profile were reported in the supplement.

Prevalence and 95% confidence intervals of PAD and CAS were reported by gender, prior 

CHD status, diabetes status, and cardiovascular disease risk factor profile. Chi-squared and 

Cochran-Armitage trend tests were used to compare prevalence between risk factor profiles. 

Odds ratios and 95% confidence intervals were calculated with logistic regression adjusted 

for age and sex using the patient population without diabetes as a referent.

3. Results

Among 3,517,804 eligible participants, 376,528 had diabetes and 242,900 had CHD. Among 

participants with diabetes, those with CHD were older, more likely to be male, to be current 

smokers, to require insulin for glycemic control, and to have a greater risk factor burden than 

diabetic participants without CHD (Table 1). Seventy-five percent of diabetic participants 

reported a diagnosis of hypertension, and 69% reported taking medications to lower blood 

pressure. Seventy-three percent of diabetic participants reported a diagnosis of 

hyperlipidemia, and 57% reported taking medications to lower cholesterol (Table 1).

PAD and CAS were identified in 4.4% and 3.7% of participants, respectively. In participants 

without diabetes or CHD, the prevalence of PAD and CAS was 3.8% and 3.0%. PAD 

prevalence for participants with diabetes on no medications was 6.5% (95% CI 6.4–6.7), on 

oral medications was 8.5% (8.3–8.6), and on insulin was 11.4% (11.2–11.7). Results were 

similar for CAS; prevalence was 5.5% (5.4–5.7) in participants with diabetes on no 

medication, 7.0% (6.9–7.1) in participants on oral medications, and 8.5% (8.2–8.7) in 

participants with insulin-treated diabetes.

Fig. 1A and B presents the prevalence of lower extremity PAD and CAS by risk factor 

profile. Absolute counts of participants within each risk factor profile are listed in the 

supplementary appendix (Supplemental Tables 2 and 3). In diabetic participants without 

CHD, prevalence of PAD increased with 1–2 (4.3%), 3–4 (7.3%), and ≥5 (12.0%) comorbid 

risk factors (p trend < 0.0001). The pattern was similar for CAS (3.7%, 6.2%, and 8.8%, p 
trend < 0.0001). These results were consistent between male and female participants 

(Supplemental Table 1). Prevalence of PAD was significantly higher in diabetic participants 

with more than 5 risk factors (12%), compared to nondiabetic participants with CHD (9.2%, 

p < 0.0001).
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Table 2 presents age, sex and race/ethnicity adjusted odds ratios of individual risk factors in 

participants with diabetes. All risk factors except severe obesity significantly increased odds 

of PAD and CAS. In diabetic participants without CHD, age and sex adjusted odds of PAD 

and CAS increased with 1–2 additional risk factors, nearly doubled with 3–4 risk factors, 

and approximately tripled with 5 or more risk factors. In comparison, participants with CHD 

alone had a more than 2-fold increased odds of PAD and CAS, and those with CHD and 

diabetes together had a more than 3-fold increased odds of PAD and CAS (Fig. 2).

To examine the relative impact of smoking versus metabolic risk factors on odds of 

peripheral vascular disease in diabetes, we calculated age, sex and race adjusted odds of 

PAD and CAS according to clusters of risk factors. Supplemental Table 5 shows that the 

cluster of metabolic risk factors including hypertension, severe obesity, hyperlipidemia and 

sedentary lifestyle conferred the highest odds of PAD (aOR 2.56 95% CI 2.41–2.7). Odds of 

PAD were higher among participants with the cluster of metabolic risk factors than among 

participants who currently smoke, had histories of hypertension, hyperlipidemia and a 

family history of CVD (aOR 1.94 95% CI 1.81–2.06). This pattern was not consistent in 

participants with diabetes and CAS. Odds of CAS were higher in patients who smoked, 

either formerly or currently, compared with participants with the metabolic risk factor 

cluster. The metabolic risk factor cluster did not increase odds of CAS relative to 

participants without diabetes or CHD (aOR 1.03 95% CI 0.94–1.13) (Supplemental Table 5).

4. Discussion

In this analysis of 3.5 million participants, we found that individuals with diabetes and 

multiple comorbid cardiovascular disease risk factors had a three-fold increased odds of 

peripheral vascular disease, even in the absence of CHD. In these high-risk participants, 

peripheral vascular disease burden was comparable to – or greater than – the burden of 

peripheral vascular disease among nondiabetic participants with known CHD. All risk 

factors except severe obesity significantly increased odds of PAD and CAS. Current 

smoking was associated with the highest odds of both PAD (2.2, 95% CI 2.14–2.27) and 

CAS (1.84, 95%CI 1.78–1.91). While more than 50% of participants with diabetes had three 

or more comorbid cardiovascular disease risk factors, those with fewer risk factors had 

minimally increased odds of peripheral vascular disease relative to participants without 

diabetes. Our results were consistent with other large cross-sectional analyses demonstrating 

a two-fold or greater odds of peripheral vascular disease in participants with diabetes in high 

risk populations relative to healthy counterparts [16,17]. However, to our knowledge, this is 

the first study to examine the impact of diabetes and cardiovascular risk factor burden on 

non-coronary vascular disease risk.

Diabetes is a clear risk factor for cardiovascular disease. However, whether diabetes without 

other cardiovascular risk factors (e.g. hypertension, obesity, smokers or hyperlipidemia) 

should be considered an independent risk factor for cardiovascular disease remains 

controversial. Some of the strongest evidence supporting diabetes as a CHD risk-equivalent 

comes from a Finnish cohort study comparing 1373 nondiabetic participants with history of 

CHD and 1059 diabetic participants without CHD. Hazard ratios for CHD-related death 
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during an 18-year follow up period were equivalent between the groups, even among 

subgroups with a shorter duration of diabetes and without comorbid metabolic syndrome [9].

However, other studies that evaluated low-risk individuals with diabetes found that CHD risk 

was not greatly elevated. For example, in the United Kingdom Prospective Diabetes Study, 

younger participants with diabetes and lower BMIs had less than 10–15% 10-year risk of 

CHD, whereas those with higher BMIs (>120% of ideal body weight) had 20% risk or 

greater [18]. Similarly, diabetic participants in the Strong Heart Study with 1–2 risk factors 

had minimally increased risk of CHD compared with nondiabetics with CHD [10]. Our 

results indicate that participants with diabetes and two or fewer risk factors had minimally 

increased odds of peripheral vascular disease relative to nondiabetic participants with CHD, 

suggesting that diabetes alone is not an independent risk factor for peripheral vascular 

disease. However, we identified a very small group of diabetics without any comorbid risk 

factors (Supplemental Tables 2 and 3), suggesting that this phenotype may be uncommon 

among the general population of adults with diabetes.

Similar to patients with diabetes, those with peripheral vascular disease are at high risk for 

major adverse cardiovascular events [19,20], making risk factor modification and medical 

therapy to prevent cardiovascular events paramount. According to national surveys of 

ambulatory care practices, adherence to guideline-directed medical therapy in patients with 

PAD lags behind that of CHD, whereas a co-diagnosis of CHD increases the odds of proper 

PAD treatment [3]. Adherence to CHD risk factor modification has also been found to be 

suboptimal in patients with diabetes [5]. We found high rates of peripheral vascular disease 

among participants with diabetes and multiple cardiovascular disease risk factors but without 

prevalent CHD, revealing a potentially underdiagnosed and undertreated group of patients. It 

may be especially important to identify these high-risk patients given recent evidence that 

anti-platelet and anticoagulation therapy may provide significant reductions in rates of 

cardiac, cerebral and lower extremity vascular disease events [21].

We found highly consistent trends between PAD and CAS among participants grouped by 

risk factor profile. Despite shared risk factor profiles, screening guidelines for PAD and CAS 

differ significantly with regard to diabetes. Current American College of Cardiology/

American Heart Association guidelines state that screening for PAD by ankle-brachial index 

is reasonable (level of evidence BNR) among asymptomatic individuals if they are over age 

50 with diabetes plus one additional cardiovascular disease risk factor, or if they have known 

atherosclerosis in another vascular bed [2]. The broad screening criteria are considered 

justifiable given the non-invasive nature of ABI testing and the high prevalence of abnormal 

resting ABIs in asymptomatic high risk patients [2].

In contrast, recommendations for CAS screening is less clear. Joint society guidelines from 

2011 recommend against screening for asymptomatic carotid artery stenosis [20]. These 

societies note that screening for CAS may be reasonable among asymptomatic patients with 

known PAD, CHD, abdominal aortic aneurysm, or two or more cardiovascular disease risk 

factors. However, they do not include diabetes as one of these risk factors [20]. Our findings 

demonstrate that diabetes is as strong a risk factor for CAS as for PAD, particularly in the 

setting of multiple comorbid cardiovascular disease risk factors, thus supporting 
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concordance between guidelines for the management of PAD and CAS. Limited CAS 

screening is justified by low prevalence of CAS in the general population and potential harm 

of subsequent invasive interventions. However, given the above reported high prevalence of 

CAS in high-risk individuals with diabetes, a discussion about screening may be warranted.

4.1. Limitations and strengths

The limitations of this study include those inherent to cross-sectional observational analyses. 

There are several additional limitations. First, the study population is a self-referred group 

who paid out of pocket for their screening tests, which may limit the generalizability of our 

findings. Prevalence of PAD tends to be higher in lower income settings [23]. Therefore, 

assuming the population paying for screening represents a higher socioeconomic sample, 

our results may underestimate the burder of PAD. However, prevalence of PAD and CAS in 

the dataset were similar to other cohorts suggesting good external validity of our dataset 

[12,24].

Second, our population is subject to misclassification bias, as diabetes, hypertension, 

hyperlipidemia and CHD were self-reported. However, prevalence of these conditions in the 

Lifeline screening population was similar to that in the general US population, again 

demonstrating good external validity of our dataset [12]. Additionally, error associated with 

under-reporting is likely to bias the results towards the null hypothesis.

The dataset used for this analysis does not include information on diabetes duration or 

percent glycated hemoglobin of participants with diabetes. Nonetheless, type of medical 

therapy (no medication, oral glucose lowering, and insulin use) may be used as a surrogate 

for diabetes severity [25]. Additionally, there is no information on complications of diabetes, 

specifically kidney disease with albuminuria, which has been shown to be a strong predictor 

of PAD [26].

The definition of smoking used in the current study was chosen based on NHANES surveys, 

which define any smoking as 100 cig-arettes or more during a lifetime. In prior analysis, this 

definition has shown to significantly impact prevalence of PAD [27]. The cut off of 100 

cigarettes, which may include participants with minimal vascular damage from smoking, 

may attenuate the relationship between smoking and vascular disease; however, this would 

tend to bias our results toward the null hypothesis. Furthermore, relative to never smokers, 

our data shows that current and former smokers had increased odds of PAD and CAS. This 

suggests that even at a low threshold to define smoking, the risk factor is significant.

In addition to the above limitations there are several limitations in the measurement of ABI 

used in our study. PAD was diagnosed using ABI measurements from the posterior tibial 

artery; dorsalis pedis was only used when Doppler from the posterior tibial was inaudible. 

Traditionally ABI is calculated using the higher of these two measurements [28]. However, a 

recent study compared traditional method of using the higher of the two ankle pressure 

measurements to an alternative method of using the lower of the 2 ankle artery pressures, 

and both methods had similar predictive value for all-cause cardiovascular mortality [28]. 

Finally, patients with an ABI >1.4 were excluded because of arterial wall calcification, and 

the toe brachial index was not available to confirm the presence of occlusive PAD in 
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participants with a high ABI. Although the estimated prevalence of an ABI >1.4 in the 

general population is relatively low [31], this finding is often associated with diabetes and 

end stage renal disease [32,33]. Generalizing our results to patients with end stage renal 

disease should be avoided, as traditional ABIs may be insensitive in this subgroup [33]. 

Despite these limitations, the current study represents the largest evaluation to date of the 

relationship between peripheral vascular disease and diabetes, stratified by risk factor 

profiles. The dataset was strengthened by inclusion of relatively large numbers of women 

across a broad age range.

4.2. Conclusion

In this analysis of 3.5 million US participants, diabetic individuals without coronary heart 

disease with multiple cardiovascular risk factors face increased odds of both PAD and CAS. 

These individuals would benefit from conversations regarding screening to determine their 

optimal medical therapy just as an individual with a prior diagnosis of coronary heart 

disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Prevalence (%) of peripheral artery disease and carotid artery stenosis by risk factor profile. 

(A) Peripheral artery disease prevalence (%) by risk factor profile, (B) carotid artery stenosis 

prevalence (%) by risk factor profile.
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Fig. 2. 
Adjusted odds ratios of peripheral artery disease and carotid artery stenosis by risk factor 

profile. (A) Odds and 95% confidence intervals of peripheral artery disease adjusted for age, 

sex and race/ethnicity by risk factor profile. (B) Odds and 95% confidence intervals of 

carotid artery stenosis adjusted for age, sex and race/ethnicity by risk factor profile.
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Table 2

Age, sex and race/ethnicity adjusted odds ratios for PAD and CAS in participants with diabetes.

Odds ratio (95% CI)

Peripheral arterial disease Carotid artery stenosis

Hypertensive 1.47 (1.43,1.52) 1.58 (1.53,1.64)

Obese (≥30) 1.17 (1.14,1.20) 0.99 (0.96,1.02)

Severely obese (≥40) 2.44 (2.34,2.55) 0.91 (0.86,0.96)

Sedentary 1.67 (1.62,1.71) 1.25 (1.21,1.29)

Former smoker 1.77 (1.71,1.82) 1.66 (1.61,1.72)

Current smoker 2.2 (2.14,2.27) 1.84 (1.78,1.91)

Hyperlipidemia 1.16 (1.13,1.19) 1.5 (1.45,1.55)

Family history of CVD 1.32 (1.28,1.35) 1.3 (1.26,1.34)

Requires insulin 1.48 (1.44,1.52) 1.32 (1.27,1.36)
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