1duosnue Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Vascular. Author manuscript; available in PMC 2015 July 21.

-, HHS Public Access
«

Published in final edited form as:
Vascular. 2014 April ; 22(2): 142-148. d0i:10.1177/1708538113476023.

Sex differences in the prevalence and clinical outcomes of
subclinical peripheral artery disease in the Health, Aging, and
Body Composition (Health ABC) study

Jade S Hiramoto®, Ronit Katz', Joachim H Ix*, Christina Wasse$, Nicolas Rodondi”, B
Gwen WindhamT, Tamara Harrist*, Annemarie Koster88™, Suzanne Satterfield'™", Anne
Newman*++.888 and Michael G Shlipak™"TTTT## for the Health ABC study

"Department of Surgery, University of California, San Francisco, CA TDepartment of Biostatistics,
University of Washington, Seattle, WA *Division of Nephrology, University of California, San
Diego, La Jolla, CA $Division of Preventive Medicine, Department of Family and Preventive
Medicine, University of California San Diego, La Jolla, CA, USA “Department of General Internal
Medicine, Inselspital, University of Bern, Switzerland TTDepartment of Internal Medicine,
University of Mississippi Medical Center, Jackson, MS *Intramural Research Program, National
Institute on Aging 38National Institute on Aging, Laboratory of Epidemiology, Demography, and
Biometry, Bethesda, AID, USA ""CAPHRI School for Public Health and Primary Care,
Department of Social Medicine, Maastricht University, Maastricht, The Netherlands
T*Department of Preventive Medicine, University of Tennessee Health Science Center,
Memphis, TN ***Department of Epidemiology, Graduate School of Public Health $88Division of
Geriatric Medicine, School of Medicine, University of Pittsburgh, Pittsburgh, PA ““Department of
Epidemiology and Biostatistics, University of California, San Francisco, CA TTTDivision of
General Internal Medicine, San Francisco Veterans Affairs Medical Center #**Department of
Medicine, University of California San Francisco, San Francisco, CA, USA

Abstract

The objective of the study was to determine if there are sex-based differences in the prevalence
and clinical outcomes of subclinical peripheral artery disease (PAD). We evaluated the sex-
specific associations of ankle—brachial index (ABI) with clinical cardiovascular disease outcomes
in 2797 participants without prevalent clinical PAD and with a baseline ABI measurement in the
Health, Aging, and Body Composition study. The mean age was 74 years, 40% were black, and
52% were women. Median follow-up was 9.37 years. Women had a similar prevalence of ABI <
0.9 (12% women versus 11% men; P=0.44), but a higher prevalence of ABI 0.9-1.0 (15% versus
10%, respectively; P < 0.001). In a fully adjusted model, ABI < 0,9 was significantly associated
with higher coronary heart disease (CHD) mortality, incident clinical PAD and incident
myocardial infarction in both women and men. ABI < 0.9 was significantly associated with
incident stroke only in women. ABI 0.9-1.0 was significantly associated with CHD death in both
women (hazard ratio 4.84, 1.53-15.31) and men (3.49, 1.39-8.721. However, ABI 0.9-1.0 was
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significantly associated with incident clinical PAD (3.33, 1.44-7.70) and incident stroke (2.45,
1.38-4.35) only in women. Subclinical PAD was strongly associated with adverse CV events in
both women and men, but women had a higher prevalence of subclinical PAD.
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Introduction

Peripheral artery disease (PAD) is a major public health problem in the USA, and is
conservatively estimated to be present in 8 million Americans.1~* As the population ages,
PAD prevalence will continue to rise. PAD is a significant cause of lower extremity
functional impairment and can lead to ulceration, gangrene and limb loss. Asymptomatic
(subclinical) PAD is also clinically important. Subclinical PAD — defined as an abnormal
ankle-brachial index (ABI) in the absence of clinical symptoms — is an independent
predictor of increased cardiovascular (CV) and all-cause mortality.>~18 A meta-analysis
demonstrated that inclusion of ABI into cardiovascular disease (CVD) risk stratification
using the Framingham risk score would reclassify 19% of men and 36% of women into a
different risk category and modify treatment recommendations.1?

Although it is generally accepted that women have a lower rate of CVD compared with men
until the seventh decade of life,20 several community-based studies have demonstrated a
higher prevalence of PAD in women compared with men.1:221-25 |nvestigators from both
the Cardiovascular Health Study (CHS) and the Multi-Ethnic Study of Atherosclerosis
(MESA) found subclinical PAD to be more prevalent in women compared with men, with
women being over-represented in the 0.9-1.0 ABI category.11:26 Although most studies
have focused on a traditional cut-point of ABI < 0.9 to define PAD, substantial literature
demonstrates elevated CV risks with ABI < 1.0.1112.18.19 Ag 4 result, the American College
of Cardiology Foundation/American Heart Association Task Force updated the guidelines
for management of patients with PAD in 2011, and now considers ABI values of 0.9-1.0 to
be abnormal.2’

Subclinical PAD may be unique among CVD risk factors in having a higher prevalence in
women compared with men. However, it is not clear whether women with subclinical PAD
have the same, increased or decreased risk of adverse CV events compared with men. If the
CV risk associated with subclinical PAD is the same in women and men, but the prevalence
is higher in women, subclinical PAD would account for a greater attributable risk for CVD
among women compared with men. To address this gap in knowledge, our current study
investigated the association between ABI and adverse CV outcomes in women and men in
the Health, Aging, and Body Composition (Health ABC) Study. We hypothesized that
women would have a higher prevalence of subclinical PAD (ABI < 1.0) compared with
men, but that subclinical PAD would have similar associations with adverse CV events in
both sexes.
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Study population

The Health, Aging, and Body Composition (Health ABC) study was designed to evaluate
the causes of functional decline among well-functioning older adults. Between March 1997
and April 1998, 3075 men and women aged 70-79 years were recruited at the University of
Pittsburgh, Pittsburgh, PA and the University of Tennessee, Memphis, TN; 1584 participants
(52%) were women and 1281 (42%) were black. Details of the Health ABC study design
and recruitment procedures have been previously described.?8 At baseline, eligible
participants were free of disability in performing mobility-related activities of daily living
and free of functional limitation (defined as any difficulty walking a quarter of a mile or
climbing up 10 stairs without resting). We also excluded any participant with a self-reported
history of claudication or a history of lower extremity bypass surgery or angioplasty. This
analysis included all persons without prevalent PAD and with a baseline ABI measurement
(n=2797).

Ankle-brachial index measurement

The participant was recumbent or semirecumbent for at least five minutes before measuring
the blood pressure. Blood pressures were measured using standard blood pressure cuffs, a
conventional mercury sphygmomanometer, and an 8-MHz Doppler ultrasound probe.
Pressures were taken in the right arm (brachial artery) and both ankles (posterior tibial
artery). The ABI was calculated by dividing the systolic blood pressure (SBP) at the ankle
by the SBP of the arm. Measures were performed twice, and the results were averaged. The
lower value between the two legs was used in the analysis.2® Participants who could not
have the lower extremity arteries occluded before 300 mmHg were recorded as ‘unable to
reach occlusion blood pressure.” This consisted of 68 participants (41 men and 27 women)
and these participants were included in the ABI = 1.3 group. Participants with open wounds,
ulcers or rashes were excluded from ABI measurement.

CVD outcomes

All Health ABC participants were contacted by telephone every six months and asked
directed questions to elicit information about hospitalizations, angioplasty or surgery. They
were also assessed at annual clinic visits. In addition, participants were asked to report any
hospitalizations or CV events as they occurred. Coronary heart disease (CHD) death was
defined as death due to myocardial infarction (MI), coronary insufficiency or ischemic heart
disease. Incident clinical PAD was defined as (a) the development of a blockage or ulcerated
plaque on ultrasound/angiogram, (b) Loss of lower extremity pulse on Doppler exam, (c)
positive exercise test for lower extremity claudication, (d) Surgery, angioplasty or
thrombolysis for PAD, or (e) amputation >1 toes or part of the lower extremity due to
ischemia or gangrene. Incident stroke was defined as a nonfatal cerebrovascular accident or
cerebrovascular disease as an underlying cause of death. Incident Ml included a nonfatal Ml
or fatal Ml as the immediate cause of death.
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Covariates included sociodemographic variables (age, race, study site and education), co-
morbidities (diabetes mellitus [DM], hypertension [HTN] and chronic obstructive
pulmonary disease) and physical and biological parameters, including smoking status, body
mass index (BMI), high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), triglycerides and cystatin C. Diabetes was defined by a self-reported
diagnosis, a fasting glucose = 126 mg/dL or by the use of insulin or oral hypoglycemic
medications. Hypertension was defined as SBP > 140 mmHg, diastolic blood pressure of
>90 mmHg or by the use of any antihypertensive medications. We estimated the glomerular
filtration rate with the cystatin C CKD-EPI equation without demographic coefficients
(GFRgys).%0

Statistical analysis

Results

We compared baseline characteristics of male and female participants across different
categories of ABI (<0.9, 0.9-1.0, 1.01-1.29 and =1.3). The referent category included ABI
values between 1.01 and 1.29. Baseline characteristics were evaluated for statistical
significance using a t-test or chi-squared test where appropriate. Participants with prevalent
disease were excluded from the analysis of each specific outcome. For each ABI category,
rates of CHD death, clinical PAD, stroke and MI were calculated for men and women.
Associations of ABI categories with CV events were evaluated separately for men and
women in demographic adjusted (age, race, site and education) and fully adjusted
(demographic adjusted as well as smoking, DM, HTN, eGFRys, LDL and HDL) Cox
proportional hazards models. The proportional hazards assumption was tested using standard
residual-based techniques. All analyses were performed using S-Phis (release 8.0, Insightful
Inc, Seattle, WA, USA) and SPSS statistical software (release 16.0.1, SPSS Inc, Chicago,
IL, USA).

Among the 2797 participants included in this analysis, the mean age was 74 years, 52%
were women and 40% were black. The characteristics most strongly associated with lower
ABI categories were black race, elevated SBP, prevalent CVD and DM (Table 1). However,
in women, the association with DM was only present in the ABI < 0.9 category. The mean
ABI was significantly higher in men (1.10 £0.18) compared with women (1.05 £ 0.17, P <
0.001). Men and women had a similar prevalence of ABI<0.9 (men 11%, women 12%) and
ABI 1.01-1.29 (both men and women, 68%; Figure 1). However, women had a higher
prevalence of ABI 0.9-1.0 compared with men (15% versus 10%, respectively, P < 0.001),
and men had higher prevalence of ABI = 1.3 compared with women (11% versus 5%,
respectively, P < 0.001). The mean brachial pressures were significantly different among
men (149 + 20) and women (155 + 26) with ABI <0.9 (P = 0.01); however, the mean
brachial pressures did not differ in men and women in the other categories of ABI.

Men had higher rates of incident clinical PAD compared with women across all categories
of ABI (Figure 2a). Men had higher rates of CHD death and incident MI compared with
women across all categories of ABI, except in the =1.3 category, where the rates were
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higher for women (Figures 2b and c). Women had higher rates of incident stroke compared
with men in the low (ABI < 0.9) and high (ABI = 1.3) categories of ABI (Figure 2d). For
both men and women, the ABI < 0.9 and ABI 0.9-1.0 categories had higher rates of CHD
death, incident clinical PAD, MI and stroke compared with the referent group. ABI
categories had a U-shaped association with CHD death, incident PAD, Ml and stroke among
women (Figures 2a—d).

In the fully adjusted Cox proportional hazards model, there were significant interactions
observed between sex and ABI for the outcomes of incident MI (P = 0.03) and incident
stroke (P = 0.007). Both men and women with ABI < 0.9 were at significantly higher risk
for CHD death, clinical PAD and MI compared with the referent group; however, only
women with ABI < 0.9 were at significantly higher risk for incident stroke (hazard ratio
[HR] 2.58, 95% ClI: 1.35-4.92 in women versus 1.17, 0.56-2.47 in men; Table 2). Both men
(HR 3.49, 1.39-8.72) and women (HR 4.84, 1.53-15.31) with ABI 0.9-1.0 were at
significantly higher risk for CHD death compared with the referent group. However, ABI
0.9-1.0 was significantly associated with incident clinical PAD (HR 3.33, 1.44-7.70) and
incident stroke (HR 2.45, 1.38-4.35) only in women. Women with ABI = 1.3 (n = 66) were
also at significantly higher risk for incident stroke and M, but this association was not
observed in men (n = 144; Table 2). There were no significant changes to the hazard ratios
when BMI and statin use were added to the fully adjusted Cox proportional hazards model.

Discussion

Although women have lower overall rates of CVD compared with men, subclinical PAD
(ABI<1.0 in absence of lower extremity symptoms) appears to disproportionately affect
women relative to men. Early epidemiological studies used ABI < 0.9 as a traditional cut-
point for elevated CV risk; however, this threshold fails to identify a large number of at-risk
individuals who have elevated risk of adverse CV events with ABI <; 1.0.810-12 We found
an equal prevalence of ABI < 0.9 in men and women, but a higher prevalence of ABI 0.9—
1.0 in women compared with men. In our study, ABI < 1.0 was associated with significantly
elevated risks of CHD death, clinical PAD and stroke, and these associations were at least as
strong in women compared with men. Given the higher prevalence of ABI < 1.0 in women,
subclinical PAD appears to be a uniquely strong risk factor in women. In addition, we found
ABI > 1.3 to distinguish women with extremely high risk for CV events, but the overall
prevalence was low.

Our analysis confirms findings from many previous studies that subclinical PAD is a strong
and independent predictor of adverse CV events. However, the results from our study build
on these data by demonstrating potential sex-specific risks for individual adverse CV
outcomes. There is a debate over whether ‘normal” ABI levels are different in men
compared with women, and across ethnic groups.31-33 In a fully adjusted model of 1775
healthy participants in MESA, women had approximately 0.02 lower ABI values than men,
and blacks had about 0.02 lower ABI levels than white.33 Even if women do have slightly
lower ‘normal’ ABI values compared with men, we have shown that the sex-independent
cut-point of ABI < 1.0 denotes a significantly elevated risk for adverse CV events in both
sexes. The finding that ABI < 1.0 was strongly associated with risk for CVD events in
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women argues against the idea that the higher prevalence of ABI < 1.0 simply reflects a
lower ‘normal’ ABI value in women.

In our study, subclinical PAD was a consistent risk factor for adverse events in both a local
vascular bed (lower extremities) as well as remote vascular territories (coronary and cerebral
circulations). Although ABI < 0.9 was associated with an increased risk for clinical PAD
events in both men and women, ABI 0.9-1.0 was associated with increased incident clinical
PAD risk only in women (compared with the referent group). This is an important
observation since several studies have demonstrated that women have worse outcomes after
treatment for PAD compared with men, with lower rates of bypass graft patency and
increased rates of wound complications.34-37 As such, women with subclinical PAD should
be considered a high-risk group that warrants appropriate preventive strategies and risk
factor modification before the clinical manifestations of lower extremity claudication, rest
pain or ulceration become apparent.

Elevated ABI (ABI > 1.3) has also been shown to be a risk factor for adverse CV outcomes,
as the vessels in the legs become more difficult to compress with the accumulation of
arterial wall calcification. Several cohort studies have demonstrated that the association of
ABI with risk of CV events and death has a reverse J-shaped distribution, with increased
risk at both the low and high ends of the ABI spectrum.8:11:19 Our study demonstrated high
ABI to be significantly associated with increased risk for incident stroke and MI, but only in
women. In this study, men with high ABI had low rates of incident CV events and similar
risk as the referent group, although the confidence intervals were wide. This association
between high ABI with CV risk has not been entirely consistent in the literature. The
Atherosclerosis Risk in Communities (ARIC) cohort did not demonstrate any increase in
CHD risk in men or women with ABI > 1.3, despite a high prevalence (10.3%) of
participants with AB I> 1.3; however, this is the only study that used an automated blood
pressure cuff to determine ankle pressures.8 On the other hand, the Strong Heart Study
found ABI > 1.4 to predict mortality with similar strength as ABI < 0.9.8 Findings from the
CHS cohort demonstrated ABI > 1.4 to be associated with higher risks of all-cause
mortality, but not significantly associated with fatal and non-fatal CV events.1 The sex
differences for high ABI observed in our study need to be evaluated in future studies,
particularly given the small number of participants with high ABI.

Our study has several limitations. The Health ABC participants are an elderly cohort free of
functional limitation at baseline; hence these results may not apply to a younger cohort or to
older diabetic adults with more physical impairments or co-morbidities. There is also the
possibility that we may not have excluded all participants with prevalent PAD. However, all
participants at study entry were able to walk at least a quarter of a mile or climb up 10 stairs
without resting, had no history of lower extremity claudication, and had no history of
previous lower extremity angioplasty or arterial surgery. There is also the possibility of
residual confounding. Finally, we had a small number of women in the ABI = 1.3 category;
although this appears to be a very high-risk category, these findings should be confirmed in
a cohort with a larger sample of female participants.
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Conclusions

Subclinical PAD is more common in women than in men, and women with subclinical PAD
represent a high-risk group for future adverse CV events, Additional studies are needed to
evaluate potential prevention and treatment interventions to mitigate the high observed risks
for women with subclinical PAD.
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Table 2
Association of ABI categories with cardiovascular events, stratified by sex

ABI<0.9

Men (N = 1336)

Demo adjusted*

Fully adjusted’ N = 151

Demo adjusted*

Women (N = 1461) Fully adjustedJr N=177

CHD death
Incident PAD
Incident stroke
Incident Ml
ABI 0.9-1.0
CHD death
Incident PAD
Incident stroke
Incident Ml
ABI 1.01-1.29

ABI >1.3
CHD death
Incident PAD
Incident stroke

Incident Ml

3.78 (1.63,8.77)
7.85 (4.4, 13.90)
1.32 (0.64, 2.75)
3.21 (.72, 5.99)

3.07 (1.25, 7.55)
2.22 (0.95, 5.16)
1.70 (0.88, 3.31)
1.01 (0.40, 2.57)

1.00 (Ref)

1.24 (0.36, 4.29)
1.36 (0.52, 3.59)
0.63 (0.25, 1.60)
1.65 (0.84, 3.25)

4.38 (1.81, 10.62)
5.77 (3.21, 10.37)
1.17 (0.56, 2.47)
2.26 (1.19, 4.30)
N =129

3.49 (1.39, 8.72)
1.70 (0.72, 4.03)
1.53(0.77, 3,03)
0.89 (0.35, 2.30)
N =912

1.00 (Ref)

N =144
1.13(0.33, 3.90)
1.60 (0.60, 4.24)
0.65 (0.26, 1.63)
1.89 (0.95, 3.76)

5.35 (1.73, 16.48)
5.99 (2.70, 13.28)
2.84 (1.52, 5.31)
3.57 (1.67, 7.60)

3.36 (1.11, 10.18)
3.53 (1.54, 8.12)
251 (1.42, 4.45)
1.51 (0.65, 3.53)

1.00 (Ref)

1.99 (0.26, 15.48)
4.91 (2.34,10.31)
8,46 (3.71, 19.30)

4.96 (1.53, 16.01)
5.56 (2.44, 12.67)
2.58 (1.35,4.92)
2.55 (1.13, 5.72)
N = 220

4.84 (153, 15.31)
3.33 (1.4, 7.70)
2.45 (1.38, 4.35)
1.48 (0.62, 3.49)
N =998

1.00 (Ref)

N =66

2.48 (0.31, 19.78)
4.81 (2,27, 10.20)
9.31 (4.01, 21.63)

ABI, ankle—brachial index; CHD, coronary heart disease; PAD, peripheral artery disease; MI, myocardial infarction

*
Adjusted for age, race, site, education and income

Page 13

TFurlher adjusted for smoking, diabetes mellitus, hypertension, cystatin C-based glomerular filtration rate, low-density lipoprotein cholesterol, and
high-density lipoprotein cholesterol
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