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 Abstract 
  Background:  Population-based risk factors for carotid artery revascularization are not known. 
We investigated the association between demographic and clinical characteristics and inci-
dent carotid artery revascularization in a cohort of older adults.  Methods:  Among Cardiovas-
cular Health Study participants, a population-based cohort of 5,888 adults aged 65 years or 
older enrolled in two waves (1989–1990 and 1992–1993), 5,107 participants without a prior 
history of carotid endarterectomy (CEA) or cerebrovascular disease had a carotid ultrasound 
at baseline and were included in these analyses. Cox proportional hazards multivariable anal-
ysis was used to determine independent risk factors for incident carotid artery revasculariza-
tion.  Results:  Over a mean follow-up of 13.5 years, 141 participants underwent carotid artery 
revascularization, 97% were CEA. Baseline degree of stenosis and incident ischemic cerebral 
events occurring during follow-up were the strongest predictors of incident revascularization. 
After adjustment for these, factors independently associated with an increased risk of incident 
revascularization were: hypertension (HR 1.53; 95% CI: 1.05–2.23), peripheral arterial disease 
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(HR 2.57; 95% CI: 1.34–4.93), and low-density lipoprotein cholesterol (HR 1.23 per standard 
deviation [SD] increment [35.4 mg/dL]; 95% CI: 1.04–1.46). Factors independently associated 
with a lower risk of incident revascularization were: female gender (HR 0.51; 95% CI: 0.34–0.77) 
and older age (HR 0.69 per SD increment [5.5 years]; 95% CI: 0.56–0.86).  Conclusions:  Even 
after accounting for carotid stenosis and incident cerebral ischemic events, carotid revascu-
larization is related to age, gender, and cardiovascular risk factors. Further study of these de-
mographic disparities and the role of risk factor control is warranted. 

 © 2016 The Author(s)
Published by S. Karger AG, Basel 

 Introduction 

 Severity of carotid artery stenosis in both symptomatic and asymptomatic patients is a 
major risk factor for transient ischemic attacks (TIA) and stroke  [1, 2] . While carotid artery 
revascularization has been shown to be an effective stroke reduction strategy in selected 
symptomatic and asymptomatic patients, it incurs substantial health-care costs and can result 
in significant perioperative morbidity and mortality  [3–8] . More than 100,000 revascular-
ization procedures are performed annually in the United States, and more than 80% of indi-
viduals are asymptomatic at time of intervention  [9] . US hospital costs of carotid artery revas-
cularization procedures were estimated at USD 7,000–12,000 for uncomplicated procedures 
but increased to over USD 35,000 in the setting of severe comorbidities and complications  [8] .

  We know of no studies evaluating demographic and clinical characteristics associated 
with incident carotid artery revascularization in a population-based cohort. Prior studies 
have focused on carotid artery disease progression by ultrasound as the outcome and have 
been limited by the use of select patient populations with known or suspected carotid artery 
disease at baseline. Disease progression, however, is only one factor influencing the need for 
revascularization, and the prevalence of at least moderate asymptomatic carotid artery 
stenosis in the population is low, ranging from <0.1% in individuals <50 years old to 6.2% in 
those >80 years old  [10, 11] . The Cardiovascular Health Study (CHS) provides an opportunity 
to follow participants who underwent carotid ultrasound testing at baseline for incident 
carotid artery revascularization. Information from this study may help identify long-term 
determinants of carotid artery revascularization.

  Methods 

 Study Participants 
 The CHS is a community-based, longitudinal observational study of adults aged 65 and 

older at baseline designed to evaluate risk factors for the development and progression of 
cardiovascular disease. The study’s primary objectives and design have been reported previ-
ously  [12, 13] . An initial cohort of 5,201 individuals was recruited between 1989 and 1990, 
and an additional cohort of 687 African-Americans was recruited in 1992 and 1993; therefore, 
data were available from 5,888 study participants. The Medicare claims data in this study 
included the annual denominator (part A and B eligible patients) and inpatient claims files, 
requiring fee-for-service enrollment. The inpatient claims provided date of admission and 
discharge, as well as diagnostic codes using the International Classification of Diseases, Ninth 
Revision (ICD-9), codes for each admission.

  The CHS received approval from investigational review boards of all participating centers. 
All participants gave informed consent. Self-reported health behaviors, history of diseases, 
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anthropometric measures, current medication use, seated blood pressure readings, electro-
cardiogram recordings, and fasting blood chemistry measures were obtained during the 
baseline interview or clinical examination.

  Carotid Ultrasound 
 Baseline carotid ultrasounds were performed for the initial cohort (1989–1990) and for 

the additional African-American cohort (1992–1993) at time of recruitment. The protocol has 
been described in detail previously  [14] . To ensure comparability across cohorts, baseline 
carotid ultrasounds from the initial cohort that were reread in 1992–1993 were used for 
subsequent analyses. The degree of carotid artery stenosis was determined based on gray-
scale imaging and peak systolic internal carotid artery velocity data and categorized as: 
normal, 1–24, 25–49, 50–74, or  ≥ 75%. In the event that occlusion was suspected on carotid 
ultrasound, the contralateral carotid artery was used for analysis. Baseline results were 
disclosed to treating physicians for a carotid artery stenosis  ≥ 75%. The more severe degree 
of stenosis in either the right or left internal carotid artery was used in these analyses.

  Incident Carotid Revascularization 
 Incident carotid artery revascularization was defined as undergoing either a carotid 

endarterectomy (CEA) or carotid artery stenting (CAS) procedure. We searched inpatient 
Medicare files for evidence of CEA ( International Classification of Diseases, Ninth Revision, 
Clinical Modification   [ICD-9-CM]  procedure code 38.12) and CAS (ICD-9 procedure code 
00.61 or 00.63). Follow-up data were available thru June 30th, 2014.

  Adjudication of Stroke and TIA 
 Ascertainment and classification of incident stroke has been reported previously  [15] . 

Incident TIA or stroke was identified during annual follow-up examinations and at 6-month 
telephone contact, a reported event found during review of medical records for other events 
or as part of regular review of CMS records for the appropriate ICD-9 codes. Follow-up was 
complete through June 30th, 2014. For confirmation and classification of stroke type (ischemic, 
hemorrhagic, or uncertain), the CHS Cerebrovascular Adjudication Committee reviewed 
patient interviews and hospital records, including neuroimaging studies.

  Laboratory Analyses 
 Blood was drawn in the morning after an overnight fast, and samples were analyzed in 

standardized fashion at the Central Blood Analysis Laboratory at the University of Vermont. 
Quality assurance procedures and results for blood procurement, processing, shipping, 
storage, and sample analysis have been reported previously  [16] . Total cholesterol, high-
density lipoprotein cholesterol (HDL-c), triglycerides, glucose, and creatinine were measured 
at baseline. Low-density lipoprotein cholesterol (LDL-c) was calculated for those with triglyc-
erides <400 mg/dL. C-reactive protein (CRP) was measured by an in-house validated high-
sensitivity enzyme-linked immunosorbent assay  [16] . The interassay coefficients of variation 
were 6% for CRP  [17] .

  Other Covariates 
 Coronary heart disease (CHD) was defined as having one of the following at baseline: 

confirmed myocardial infarction, angina, coronary artery bypass surgery or angioplasty. 
Peripheral arterial disease (PAD) was defined as exertional leg pain relieved by rest and ONE 
of the following: Physician diagnosis of claudication or an ankle-brachial index  ≤ 0.8. In 
addition, any of the following also validated a PAD diagnosis, with evidence that the test was 
initiated by the participant’s complaint of leg pain: Doppler ultrasound showing at least a 
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75% reduction in the cross-sectional area of the artery or showing an ulcerated plaque; angi-
ography showing at least a 50% reduction in the diameter or 75% reduction in the cross-
sectional area of the artery or showing an ulcerated plaque; absence of a Doppler pulse in any 
major vessel; a positive exercise test for claudication; or bypass surgery, angioplasty, ampu-
tation, or thrombolysis for the indication of PAD.

  Diabetes mellitus was defined as a fasting blood glucose  ≥ 126 mg/dL, non-fasting glucose 
 ≥ 200 mg/dL, or the use of antidiabetic medication. Hypertension was defined as: (1) systolic 
blood pressure  ≥ 140, diastolic  ≥ 90 mm Hg, or both or (2) self-report of hypertension accom-
panied by use of medications for hypertension. Physical activity levels referred to the energy 
in kilocalories expended in weekly household and leisure-time physical activity estimated 
from the Minnesota Leisure Time Activities Questionnaire. Alcohol consumption referred to 
self-reported number of alcoholic drinks consumed per week. Smoking status was catego-
rized as current, former, and never use, with pack-years quantified amongst current and 
former smokers. Education levels were stratified according to completion of grade 12 and 
above or not.

  Statistical Analysis  
 All participants with an interpretable carotid ultrasound and without history of CEA or 

cerebrovascular disease, defined as stroke or TIA, at baseline were included in the analysis. 
Descriptive statistics (mean and standard deviation [SD] for continuous variables and counts 
and percentages for categorical variables) were used to describe baseline characteristics of 
participants for the categories of carotid artery stenosis (normal, 1–24, 25–49, 50–74,  ≥ 75%). 
In particular, smoking pack-years, alcohol consumption, and physical activity were summa-
rized using median and the interval between 25th and 75th percentile.  p  values unadjusted 
for multiple testing computed from a one-way ANOVA were used to display any differences 
in means by comparison of other categories of stenosis with respect to the normal category. 
Descriptive statistics and association of baseline characteristics with incident carotid revas-
cularization were assessed using Cox proportional hazards models. A Kaplan-Meier curve 
stratified by baseline category of carotid stenosis was used to describe the unadjusted prob-
ability of survival free of revascularization over time.

  Cox proportional hazards regression was used to assess the association between risk 
factors as defined by the baseline characteristics with incident carotid revascularization. 
Adjusting for demographic variables, we fit a Cox proportional hazards regression for incident 
carotid revascularization with our predictor of interest, degree of baseline carotid artery 
stenosis (model 1). We subsequently adjusted for important risk factors thought to be asso-
ciated with need for carotid revascularization – hypertension, diabetes mellitus, CHD, PAD, 
smoking status, pack-years of smoking, LDL-c, HDL, CRP, and alcohol consumption (model 2). 
Finally, we adjusted for incident ischemic stroke or TIA in participants without a history of 
this at baseline (model 3). Hazard ratios for continuous variables were reported per SD 
increment except pack-years of smoking, which was reported per natural logarithmic unit 
increase. Incident ischemic stroke or TIA was defined as an event occurring after baseline but 
prior to revascularization for those who underwent the procedure and an event occurring 
any time after baseline for those who did not undergo the procedure.

  Results 

 Of the 5,888 CHS participants at baseline, 5,107 (87%) with no history of CEA or cerebro-
vascular disease had interpretable carotid ultrasound data and complete covariate infor-
mation at baseline and were included in the analysis. Of those included, mean age was 72.7 
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years, 2,109 (41%) were male, and 740 (14%) were black. 1,035 (20%) participants developed 
an incident ischemic stroke or TIA.  Table 1  reports patient characteristics across categories 
of baseline carotid artery stenosis. Comparisons were performed using participants with no 
evidence of carotid artery stenosis as the reference. 

  Subject Characteristics according to Incident Carotid Artery Revascularization 
 Over a median follow-up of 13.5 years, a total of 141 incident carotid artery revascular-

izations were observed among all participants. CEA accounted for 137 of the 141 (97%) 
reported revascularization procedures. Approximately 73% of revascularizations occurred 
among participants with <50% carotid artery stenosis at baseline (mild carotid artery 
stenosis). 

   Table 2  reports patient characteristics according to presence or absence of incident 
carotid artery revascularization. Compared to participants who did not undergo carotid 
artery revascularization, participants who did were less likely to be female or black and more 
likely to smoke, have higher carotid artery stenosis, have diabetes, have hypertension, have 
CHD, have PAD, and be taking antihypertensive medications at baseline. Serum creatinine, 
total cholesterol, LDL-c, and triglycerides were higher, while baseline HDL-c was lower among 
those who underwent carotid artery revascularization.

 Table 1.  Baseline characteristics of CHS participants according to severity of carotid artery stenosis on 
ultrasound

Characteristic Normal 
(n = 1,154)

1 – 24% 
(n = 1,582)

25 – 49% 
(n = 2,161)

50 – 74% 
(n = 162)

≥75% 
(n = 48)

Age, years
71.3 (4.8) 72.3 (5)a 73.6 (6)a 73.3 (6)a 75.3 (7)a

Female, % 812 (70%) 906 (57%)a 1,171 (54%)a 93 (57%)b 16 (33%)a

Black, % 193 (17%) 286 (18%) 246 (11%)a 9 (6%)a 6 (13%)
Education ≥12 years, % 870 (75%) 1,154 (73%) 1,502 (70%)a 98 (60%)a 29 (60%)b

Smoking status, %
Never 682 (59%) 769 (49%)a 935 (43%)a 65 (40%)a 12 (25%)a

Former 386 (33%) 651 (41%)a 921 (43%)a 69 (43%)a 25 (52%)a

Current 86 (7%) 162 (10%)a 305 (14%)a 28 (17%)a 11 (23%)a

Pack-years if ever smoked 20 (8 – 41) 25 (10 – 45)b 32 (15 – 53)a 34 (16 – 51)a 37 (22 – 59)b

No alcohol consumption 561 (49%) 780 (49%) 1073 (50%) 76 (47%) 32 (67%)b

Alcoholic drinks per week 1.0 (0.2 – 5) 1.3 (0.3 – 7) 1.3 (0.3 – 7.3)b 0.8 (0.3 – 5.3) 0.8 (0.3 – 12.6)
Diabetes, % 131 (11%) 207 (13%) 364 (17%)a 30 (19%)b 17 (35%)a

Hypertension, % 550 (48%) 861 (54%)a 1364 (63%)a 110 (68%)a 36 (75%)a

Prevalent CHD, % 139 (12%) 234 (15%) 501 (23%)a 49 (30%)a 21 (44%)a

Prevalent PAD, % 5 (<1%) 17 (1%) 71 (3%)a 6 (4%)b 9 (19%)a

Physical activity, kcal/week 1,200 
(446 – 2,498)

1,080 
(395 – 2,355)

1,070 
(395 – 2,280)b 

1,080 
(441 – 2,003)

774 
(221 – 1,595)b 

Total cholesterol, mg/dL 209 (36) 211 (39) 213 (40 )b 216 (38)b 203 (40)
LDL, mg/dL 125 (33) 130 (35)a 133 (36)a 135 (36)a 126 (36)
HDL, mg/dL 58 (17)  55 (15)a  53.2 (15)a  52 (15)a 48 (14)a

Triglycerides, mg/dL 129 (57) 130 (57) 138 (62)a 145 (61)a 149 (79)b 
Creatinine, mg/dL 1.0 (0.3) 1.0 (0)b 1.1 (0)a 1.1 (1)b 1.3 (0)a

CRP, mg/L 4.1 (7.6) 4.5 (8) 5.0 (8)b 5.7 (8)b 7.3 (15)b 
Antihypertensive use, % 444 (39%) 689 (44%)b 1082 (50%)a 85 (52%)a 32 (67%)a

Aspirin use, % 358 (31%) 474 (30%) 740 (34%) 60 (37%) 22 (46%)b 

 LDL, low-density lipoprotein cholesterol; HD, high-density lipoprotein cholesterol. Continuous variables are expressed as mean (SD) or 
median (interquartile range). Categorical variables are n (%). CHD was defined as having one of the following: history of myocardial 
infarction, angina, coronary artery bypass surgery, or angioplasty. PAD was defined as having one of the following in the setting of leg 
symptoms: physician diagnosis of claudication, ankle-brachial index ≤0.8, disease confirmed by Doppler ultrasound or angiography, absence 
of a Doppler pulse in any major vessel, positive exercise test for claudication, or a history of bypass surgery, angioplasty, amputation, or 
thrombolysis. a p < 0.001 compared to normal category. b p < 0.05 compared to normal category. 
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  Relationship of Demographic and Clinical Characteristics with Incident Carotid Artery 
Revascularization 
 A higher cumulative incidence of carotid artery revascularization was observed in more 

severe categories of baseline stenosis ( Fig. 1 ). Adjusting for incident ischemic stroke or TIA 
that occurred after enrollment, the risk of incident carotid artery revascularization increased 
significantly across ascending categories of baseline carotid artery stenosis compared to 
those with normal carotid ultrasounds ( Table 3 ). Hypertension, PAD, and LDL-c were also 
associated with an increased risk of incident carotid artery revascularization. Older age and 
female gender were associated with a reduced risk of revascularization.

 Table 2. Baseline characteristics of CHS participants according to presence or absence of incident carotid 
artery revascularization

Characteristic Revascularization 
(n = 141)

No revascularization 
(n = 4,966)

p valuea

Carotid artery stenosis <0.01
Normal 5 (4%) 1,149 (23%)
1 – 24% 17 (12%) 1,565 (32%)
25 – 49% 81 (57%) 2,080 (42%)
50 – 74% 27 (19%) 135 (3%) 
≥75% 11 (8%) 37 (1%) 

Age, years 71.2 (4.5) 72.7 (6) 0.15
Female, % 60 (43%) 2,938 (59%) <0.01
Black, % 10 (7%) 730 (15%) <0.01
Education ≥12 years, % 102 (72%) 3,551 (72%) 0.68
Smoking status, % <0.01

Never 49 (35%) 2,414 (49%)
Former 67 (48%) 1,985 (40%)
Current 25 (18%) 567 (11%) 

Pack-years if ever smoked 34 (22 – 55) 27 (12 – 49) 0.01
No alcohol consumption 68 (48%) 2,454 (49%) 0.33
Alcoholic drinks per week 1.0 (0.3 – 5.3) 1.3 (0.3 – 7) 0.51
Diabetes, % 29 (21%) 720 (14%) <0.01
Hypertension, % 101 (72%) 2,820 (57%) <0.01
Prevalent CHD, % 41 (29%) 903 (18%) <0.01
Prevalent PAD, % 12 (9%) 96 (2%) <0.01
Physical activity, kcal/week 1,911 (0 – 9,270) 1,754 (0 – 14,805) 0.26
Total cholesterol, mg/dL 215 (42) 210 (39) <0.01
LDL cholesterol, mg/dL 135 (38) 128 (35) <0.01
HDL, mg/dL 46 (11) 52 (16) <0.01
Triglycerides, mg/dL 141 (67) 118 (59) <0.01
Creatinine, mg/dL 1.1 (0) 1.0 (0) 0.05
CRP, mg/L 2.7 (13) 2.5 (8) 0.07
Antihypertensive use, % 80 (57%) 2,252 (45%) <0.01
Aspirin use, % 55 (39%) 1,599 (32%) 0.11

LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol. Continuous variables 
are expressed as mean (SD) or median (interquartile range). Categorical variables are n (%). a Comparisons 
were made between participants with and without incident carotid artery revascularization using unadjusted 
Cox proportional hazards. CHD was defined as having one of the following at baseline: history of myocardial 
infarction, angina, coronary artery bypass surgery, or angioplasty. PAD was defined as having one of the 
following in the setting of leg symptoms: physician diagnosis of claudication, ankle-brachial index ≤0.8, 
disease confirmed by Doppler ultrasound or angiography, absence of a Doppler pulse in any major vessel, 
positive exercise test for claudication, or a history of bypass surgery, angioplasty, amputation, or thrombolysis.
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  Discussion 

 In an elderly cohort, baseline carotid artery stenosis severity, particularly those with 
stenosis  ≥ 50%, and incident ischemic stroke or TIA occurring during follow-up were 
expectedly the strongest independent predictors for incident carotid artery revascular-
ization. After adjustment for these 2 variables, hypertension, PAD, and LDL-c at study entry 
were associated with an increased risk of incident carotid artery revascularization. Age and 
female gender were associated with a reduced risk of incident revascularization.

  The associations of hypertension, PAD, and LDL-c with an increased risk of incident carotid 
revascularization build upon the existing literature emphasizing the importance of these factors 
in the diagnosis and management of carotid artery stenosis. A pooled analysis of 4 population-
based cohort studies found that the presence of certain cardiovascular comorbidities – which 
included elevated systolic blood pressure and a high TC to HDL ratio – was predictive of at least 
moderate asymptomatic carotid artery stenosis  [18] . Presence of at least moderate asymp-
tomatic carotid artery stenosis is significantly higher in individuals with PAD compared to the 
general population and the severities of the 2 diseases have been shown to correlate signifi-
cantly  [19, 20] . Recent observational studies have reported that ipsilateral annual stroke rates 
for known asymptomatic carotid artery stenosis are estimated at 1% or less in the setting of 
intensive contemporary medical therapy to reduce cardiovascular risk  [21–23] .

  The mechanism by which these risk factors are associated with incident carotid artery 
revascularization is not clear. Current recommendations for carotid artery revascularization 
require a minimum stenosis of at least 50%, and few procedures are performed inappropri-
ately due to not meeting recommended stenosis criteria  [24, 25] . Nearly all participants in 
our cohort initially had <50% carotid artery stenosis. Although incident carotid revascular-
ization is not a direct measure of carotid artery disease progression, it is likely that disease 
progression occurred in those undergoing the procedure. It seems likely that associations of 
cardiovascular risk factors found in this study with incident carotid artery revascularization 
may be mediated, in part, via disease progression, although these associations persisted even 
after adjustment for interim stroke. Prior studies, in addition, have not established associa-
tions between cardiovascular risk factors and carotid artery disease progression as seen on 
ultrasound  [26–28] . Additionally, disease progression is only one factor involved in revascu-
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larization decisions. Further investigation is needed to better discern mechanisms by which 
these risk factors are associated with incident revascularization.

  Age was associated with a lower incidence of revascularization, and this likely reflects 
the impact of older age itself on the decision not to surgically intervene for significant carotid 
artery stenosis. Older age has been associated with an increased risk of adverse inpatient 
outcomes following CEA in multiple large patient registries  [29, 30] . Additionally, CAS offers 
an alternative for certain high surgical risk patients, and this option was unavailable for a 
significant portion of follow-up  [31, 32] . In the Stenting and Angioplasty with Protection in 
Patients at High-Risk for Endarterectomy (SAPPHIRE) worldwide study, age above 75 years 
was the most frequent high-risk surgical feature for CEA in these patients who underwent 
CAS  [32] . However, CAS is also adversely affected by age, and outcomes were better in indi-
viduals >70 years with CEA compared to CAS in the Carotid Revascularization Endarter-
ectomy versus Stenting Trial (CREST)  [33] . Finally, shorter estimated life expectancies in the 
individuals with asymptomatic carotid artery stenosis may have also contributed to the 
overall lower incidence of revascularization associated with older age. 

 Table 3. Association of baseline characteristics with incident carotid artery revascularization

Characteristica Model 1 
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Carotid artery stenosis 
Normal Ref. Ref. Ref.
1 – 24% 2.58 (0.95, 6.99) 2.23 (0.82, 6.07) 2.10 (0.77, 5.72)
25 – 49% 10.86 (4.39, 26.89) 7.96 (3.20, 19.83) 7.30 (2.92, 18.22)
50 – 74% 53.71 (20.58, 140.20) 38.05 (14.47, 100.04) 26.31 (9.93, 69.72)
≥75% 101.94 (35.06, 296.45) 54.84 (18.26, 164.66) 36.42 (12.02, 110.35)

Age, years 0.75 (0.62, 0.92) 0.77 (0.62, 0.95) 0.69 (0.56, 0.86)
Female 0.51 (0.36, 0.71) 0.53 (0.35, 0.78) 0.51 (0.34, 0.77)
Black 0.62 (0.33, 1.19) 0.58 (0.30, 1.14) 0.66 (0.34, 1.29)
Education ≥12 years 0.99 (0.68, 1.44) 1.12 (0.76, 1.64) 1.07 (0.73, 1.56)
Smoking

Never smoker Ref. Ref.
Former smoker 0.68 (0.28, 1.67) 0.57 (0.23, 1.41)
Current smoker 0.96 (0.34, 2.68) 0.73 (0.25, 2.08)

Pack-years 1.12 (0.95, 1.34) 1.16 (0.98, 1.39)
Alcohol consumption 0.80 (0.56, 1.13) 0.82 (0.58, 1.15)
Hypertension 1.89 (1.30, 2.75) 1.53 (1.05, 2.23)
Diabetes 1.30 (0.85, 1.99) 1.21 (0.79, 1.86)
Prevalent CHD 1.35 (0.92, 1.98) 1.23 (0.84, 1.80)
Prevalent PAD 2.51 (1.33, 4.74) 2.57 (1.34, 4.93)
LDL cholesterol, mg/dL 1.29 (1.09, 1.52) 1.23 (1.04, 1.46)
HDL cholesterol, mg/dL 0.82 (0.65, 1.03) 0.89 (0.71, 1.13)
CRP, mg/L 1.08 (0.95, 1.22) 1.05 (0.92, 1.19)
Incident ischemic stroke/TIA 7.56 (5.32, 10.76)

LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol. Continuous variables were 
evaluated per standard deviation (SD) increment: 5.5 years for age, 11.1 drinks/week for alcohol consumption, 35.4 
mg/dL for LDL, 15.7 mg/dL for HDL, 8.3 mg/L for CRP. Pack-years were transformed to log2 (pack-years +1). CHD 
was defined as having one of the following at baseline: history of myocardial infarction, angina, coronary artery 
bypass surgery, or angioplasty. PAD was defined as having one of the following in the setting of leg symptoms: 
physician diagnosis of claudication, ankle-brachial index ≤0.8, disease confirmed by Doppler ultrasound or 
angiography, absence of a Doppler pulse in any major vessel, positive exercise test for claudication, or a history of 
bypass surgery, angioplasty, amputation, or thrombolysis. Incident ischemic stroke or TIA was defined as occurring 
after study enrollment for participants without prevalent stroke or TIA at baseline. For those participants 
undergoing carotid revascularization, events occurring after the procedure were censored from the analysis.
a Results of multivariable Cox proportional hazards models.
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  Female gender was associated with a lower likelihood of incident carotid artery revascu-
larization. Retrospective and large registry data have reported twofold higher rates of CEA in 
men than women  [34–36] . Amongst those with >70% carotid stenosis presenting to the 
emergency department with a TIA, women were treated significantly less often with revas-
cularization compared to men  [35] . Physician hesitance to refer has been implicated as an 
etiologic factor because large randomized trials suggested that women derive less benefit 
than men, although multiple recent studies have shown no difference in outcomes  [4–6, 25, 
34, 37–40] . Other studies of utilization suggest that women may be less likely to accept CEA 
when offered because of lower confidence in decision-making and increased concern over 
risks of interventions  [41] .

  Our study has limitations. Significant variability exists in decision making for CEA, espe-
cially in the setting of asymptomatic stenosis, and the indications for carotid revascular-
ization were not known. Additionally, the most recent carotid artery imaging studies 
performed just prior to revascularization were unavailable. Therefore, factors surrounding 
revascularization decisions could not be accounted for in this study, and no conclusions 
regarding the appropriateness of revascularization can be drawn from this study. Although 
we adjusted for an incident ischemic TIA or stroke occurring after enrollment, only the first 
incident ischemic neurologic event was adjudicated, and we could not reliably capture the 
ischemic events that may have led to revascularization. Additionally, incident ischemic TIA 
or stroke was not adjudicated in those with a baseline history of cerebrovascular disease, and 
these individuals were excluded from the study. These individuals were also excluded because 
baseline carotid ultrasound results at study entry may have influenced the treating physi-
cian’s decision on proceeding with carotid revascularization in the setting of known cerebro-
vascular disease and severe stenosis.

  Our use of carotid revascularization as an endpoint is limited by the fact that the patient 
must be deemed healthy enough for the procedure and that CAS was not an option for a signif-
icant portion of follow-up during this study. Providers of participants with stenosis  ≥ 75% 
were notified, and the natural history may have thus been altered. Information on sidedness 
of carotid revascularization was not readily available. We did not account for baseline plaque 
morphology as a possible risk factor for incident revascularization. Finally, imaging surveil-
lance was at the treating physician’s discretion.

  Cardiovascular risk factors were associated with an increased risk of revascularization, 
and further study of the role of risk factor modification to reduce the risk of carotid artery 
intervention is warranted. Additionally, the age and gender disparities found in this study for 
those who undergo carotid revascularization highlight the need for a better awareness of 
what mechanisms account for these disparities to help mitigate them.
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