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Objectives: Peripheral artery disease (PAD) is associated with decreased physical 
function and increased mortality in the general population. We previously found that 
PAD is common in middle-aged women with and without HIV infection, but its 
association with functional decline is unclear. We examine the contribution of PAD 
to functional decline in the Women’s Interagency HIV Study, controlling for traditional 
cardiovascular risk factors and HIV-related factors.

Methods: Analysis included 1839 participants (72% with HIV) with measured ankle–
brachial index (ABI) and 4 m gait speed. ABI values categorized PAD severity. Linear 
models with repeated measures estimated the association of PAD severity with log-
transformed gait speed after controlling for demographic, behavioral, and metabolic 
risk factors, and HIV/hepatitis C virus status.

Results: Median age was 50 years and more than 70% were Black. Compared with 
normal ABI, there was a dose–response relationship between increasing PAD severity 
and slower gait speed in univariable analyses: 6% slower gait speed for low-normal ABI 
[95% confidence interval (CI): 4–9%], 10% for borderline PAD (95% CI: 6–13%), 14%
for mild PAD (95% CI: 9–18%), and 16% for moderate–severe PAD (95% CI: 5–25%). 
PAD severity remained associated with slower gait speed in multivariable analyses. 
HIV/hepatitis C virus co-infection was independently associated with 9% (95% CI: 4–
14%) slower gait speed compared with those with neither infection. Among women 
with HIV, neither CD4þ cell count nor HIV-RNA level was associated with gait speed.

Conclusion: In middle-aged women with and without HIV infection, greater PAD 
severity is associated with progressively slower gait speed. Early detection of subclinical 
PAD may decrease the risk of lower extremity functional impairment and its long-term 
health consequences. 
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Introduction
Peripheral artery disease (PAD) is common in persons
living with HIV (PLWH). We previously reported a PAD
prevalence of 7.7% in middle-aged women with and
without HIV infection in the United States, on par with
prevalence rates in general population studies of women a
decade older [1]. These findings are of great clinical
concern because PAD is associated with functional
decline, decreased quality of life, and greater risk of
disability and death [2–14]. Women with PAD may
experience faster functional decline and higher preva-
lence of leg pain than men with PAD [15,16]. Therefore,
women with and without HIV infection may experience
adverse health consequences of PAD at earlier ages.

Declines in physical function associated with PAD may be
explained in part by symptoms of claudication that limit
mobility. However, classic claudication is found in only
11% of patients with PAD in the general population
[17,18]. Studies using ankle–brachial index (ABI) to
assess subclinical PAD or PAD in the absence of symptoms
have reported an association with physical function
decline, especially limitations in lower extremity function
[8,19]. Most studies have been conducted in older
populations and few have examined the association of
ABI with physical function decline in middle-aged
persons with and without HIV infection.

Gait speed (or walking speed at ‘usual’ pace) is a well
established marker of lower extremity function and
predicts disability and death in older adults without HIV
infection [20–22]. The Multicenter AIDS Cohort Study
(MACS) found that men living with HIV had earlier and
faster declines in gait speed than HIV seronegative men
[23]. Another study of mostly men who used injection
drugs in Baltimore found an increased risk of poor
functional performance including slower gait speed in
PLWH compared with seronegative persons [24]. Studies
to date have not examined the contribution of PAD to
these functional declines among PLWH.

We aimed to examine the association of PAD severity,
measured using ABI, with gait speed in a large nationally
representative cohort of middle-aged women with and
without HIV infection. Women with HIV are an
understudied population that may be affected by PAD
and functional decline in specific ways that could impact
public health and clinical care.
Methods

Setting and participants
The Women’s Interagency HIV Study (WIHS) (now part
of the MACS-WIHS Combined Cohort Study) is a
multi-center prospective cohort study that enrolled a total
of 4982 women (3678 with HIV infection and 1304
without HIV infection). Enrollment occurred during
four recruitment waves: 1994–1995, 2001–2002, 2011–
2012, and 2013–2015 from 10 US cities (Bronx and
Brooklyn, NY; Chicago, IL; San Francisco, CA; Los
Angeles, CA; Washington, DC; Atlanta, GA; Chapel
Hill, NC; Miami, FL; Jackson, MS; and Birmingham,
AL). Full details of recruitment, retention, and demo-
graphics have been published previously [25]. Baseline
sociodemographic characteristics and HIV risk factors
were similar between HIV-seropositive and HIV-sero-
negative women. Each WIHS site’s institutional review
board approved the study protocol and consent form, and
each participant gave written informed consent. At
semiannual research visits, participants completed a brief
physical examination, provided biological specimens, and
completed an interviewer-administered questionnaire.

From October 2013 through October 2019, 2010 WIHS
participants aged older than 40 years underwent ABI
measurements. Among the 2010 participants, 1845 also
had measured 4 m timed gait speed. Five participants were
excluded due to unknown hepatitis C virus (HCV) status
and one participant was excluded due to non-compress-
ible vessels (ABI> 1.4). Among the 1839 remaining
participants, all had ABI measurements at one visit, 1590
had ABI measurements at two visits, and 637 had ABI
measurements at three visits.

Peripheral artery disease determination
The WIHS ABI protocol has been previously described
[1]. Briefly, single measures of SBP were measured
utilizing a hand-held Doppler instrument with a
5 mm Hz probe and an aneroid sphygmomanometer at
the brachial artery on both arms and the dorsalis pedis and
posterior tibial arteries on both legs. All technicians were
trained and certified by the same central trainer after
practicing on an average of 15 volunteers.

ABI was calculated for the left and the right limbs by
dividing the higher pressure of the lower extremity arterial
measurements for each side by the higher pressure of either
the left or right brachial artery. Lower values correlate with
arterial disease in the lower extremities. The lower of the
two ABI values (right versus left) was used for analysis. This
method is consistent with the American Heart Associa-
tion/American College of Cardiology Guidelines for
measurement of ABI [26]. Categories of PAD severity
were based on prior studies [7,27].

Primary outcome: gait speed
Our primary physical performance outcome was 4 m
walking speed, which has been found to correlate with 6-
min walk test performance [28]. A walking course of 4 m
was created at participating sites as part of the WIHS
physical performance assessments protocol. Women were
asked to walk at their usual speed and a stopwatch was
used for timing. Two attempts were completed and the



time for each attempt was recorded in seconds. The faster
of the two attempts was used in our analysis.

Predictors and covariates
The primary predictor was PAD severity, which was
categorized into five groups based on ABI measurements as
per prior studies [7,27]: normal (ABI 1.1–1.4), low-
normal (ABI 1.0–<1.1), borderline PAD (ABI 0.9–
<1.0), mild PAD (ABI 0.7–<0.9), or moderate–severe
PAD (ABI< 0.7).

Several covariates were considered. Infectious disease
covariates included HIV serostatus (yes/no) and HCV
serostatus (defined by detectable HCV RNA following a
positive anti-HCV antibody result and if treated, by
detectable HCV RNA at least 6 months after HCV
treatment completion). Sociodemographic covariates
included age at the time of ABI measurement, sex, and
race/ethnicity categorized as Hispanic, non-Hispanic
white, non-Hispanic Black, and non-Hispanic other.
Behavioral covariates included self-reported alcohol use,
categorized as none, light (1–15 g/day), moderate (15–
30 g/day), and heavy (>30 g/day), self-reported smoking
history (none, current, past), and duration of smoking
(pack-years). Anthropometric measures included waist
circumference and BMI in kg/m2. Metabolic variables
included diabetes mellitus [defined by (1) self-report of
diabetes mellitus medication use; (2) elevated fasting
glucose �126 mg/dl confirmed by a subsequent fasting
glucose �126 mg/dl, report of a diabetes mellitus
medication, or a confirmed hemoglobin A1C (HbA1C)
value �6.5%; or (3) self-report of diabetes mellitus
confirmed by a subsequent report of diabetes mellitus
medication use or two fasting glucose measurements
�126 mg/dl, or fasting glucose �126 mg/dl concurrent
with HbA1C� 6.5%], SBP and DBP, hypertension
(SBP� 140, DBP� 90, self-reported hypertension, or
use of anti-hypertensive medications), statin use, blood
lipid measurements, and estimated glomerular filtration
rate. Physical activity score was based on a standardized
questionnaire [29,30]. Peripheral neuropathy was defined
by a combination of self-report of symptoms, deep tendon
reflexes, and vibration sense, and categorized as mild,
moderate, and severe. In HIV-seropositive participants,
HIV-related covariates included current CD4þ cell count,
CD4þ cell count nadir, current HIV-RNA level, historyof
clinical AIDS, and use of anti-retroviral therapy (ART).

Statistical analysis
We first compared baseline sociodemographic and clinical
characteristics across the five categories of PAD: normal
ABI, low-normal ABI, borderline PAD, mild PAD,
moderate–severe PAD. For continuous variables, we
compared characteristics using ANOVA for normally
distributed variables and the Kruskal–Wallis test for non-
normally distributed variables. We used the chi-squared
test or Fisher exact test for categorical variables.
Linear modeling with repeated measures was used to
examine both unadjusted and adjusted associations of
PAD category with gait speed. ABI was a time-dependent
predictor and the outcome of gait speed was measured
multiple times and analyzed with repeated measures. All
models were fitted using auto correlation structure of
order 1 among visits within patients. Nested models were
then used to adjust sequentially for HIV, HCV, and the
interactive effects of HIVand HCV; demographic factors;
behavioral factors; and metabolic factors. Sequential
models included all the variables in the previous models,
and therefore are nested. Among women with HIV, we
additionally examined the impact of HIV-related factors
as the last step. Gait speed was log-transformed to
approximate normal distribution. The coefficients were
then exponentiated to reflect percentage differences. All
analyses were performed using SAS system, version 9.4
(SAS Institute Inc., Cary, North Carolina, USA).
Results

The 1839 women included in this study were median age 50
years, the majority were Black, and 51% were obese
(BMI� 30 kg/m2) (Table 1). Nearly half reported current
smoking, approximately 25% had diabetes and 50% had
hypertension. Among the women with HIV, the majority
had well controlled HIV, with mean CD4þ cell count more
than 500 cells/ml and undetectable HIV viral loads. Table 1
shows clinical characteristics by PAD severity. Over one-
third had ABI values in the normal range (41%), about one-
third had low-normal ABI values (36%), 15% had borderline
PAD, 6% had mild PAD, and 1.3% had moderate–severe
PAD.Smoking, physical inactivity, higher triglyceride levels,
lower median HDL cholesterol and LDL cholesterol levels,
statin use, diabetes, hypertension, peripheral neuropathy,
and report of symptoms consistent with claudication were
more common in women with moderate–severe PAD than
those in the other ABI categories.

In unadjusted analyses, compared with normal ABI
(absence of PAD), each category of increasing PAD
severity was associated with progressively slower gait
speed (Fig. 1). The median gait speed was fastest in
women with normal ABI at 0.25 m/s [interquartile range
(IQR): 0.21, 0.29], followed by women with low-normal
ABI and women with borderline PAD [0.23 (IQR: 0.19,
0.28) and 0.23 m/s (IQR: 0.18, 0.27), respectively] and
slowest in women with mild and moderate–severe PAD
[0.20 (IQR: 0.13, 0.26) and 0.22 m/s (IQR: 0.14, 0.26),
respectively]. Overall, for each 0.1 U decrease in ABI,
there was a 3.5% decrease in gait speed (P< 0.0001).

Table 2 shows the association of increasing PAD severity
with gait speed compared with women with normal ABI
scores, after sequential adjustment for HIV and HCV
status, followed by additional adjustment for demographic



Table 1. Demographic and clinical characteristics of 1839 Women’s Interagency HIV Study women by ankle–brachial index.

Normal Low-normal ABI Borderline PAD Mild PAD Moderate–severe PAD
Characteristics ABI 1.10–1.40 ABI 1.00–1.09 ABI 0.90–0.99 ABI 0.70–0.89 ABI�0.69
Median (IQR) or % (N) (n¼759) (n¼663) (n¼284) (n¼110) (n¼23)

Demographics
Age (years) 50 (45, 54) 50 (45, 56) 51 (46, 56) 51 (47, 57) 56 (46, 61)
Race/ethnicity

Black 67% (510) 75% (497) 74% (210) 85% (93) 65% (15)
White 13% (101) 8% (51) 8% (24) 5% (6) 17% (4)
Hispanic 16% (118) 13% (86) 13% (36) 9% (10) 17% (4)
Other 4% (30) 4% (29) 5% (14) 1% (1) 0% (0)

Behavioral
Current smoker 35% (266) 44% (295) 53% (150) 47% (52) 52% (12)
Pack-years of smoking 1.3 (0, 10.5) 4.0 (0, 12.6) 6.9 (0, 16.1) 7.8 (0, 14.1) 8.3 (0.9, 24.5)
Alcohol consumption

None 54% (407) 51% (335) 49% (138) 55% (60) 74% (17)
Light (<15 g/day) 33% (250) 32% (213) 36% (103) 36% (40) 26% (6)
Moderate–heavy (�15 g/day) 13% (101) 17% (115) 15% (43) 9% (10) 0% (0)

Physical activity total score 90 (0, 213) 65 (0, 204) 48 (0, 144) 48 (0, 144) 18 (0, 192)
Metabolic

BMI (kg/m2) 30.3 (25.8, 35.4) 29.9 (25.0, 35.9) 29.2 (24.9, 36.2) 31.1 (25.4, 37.0) 29.3 (25.5, 36.7)
Waist circumference (cm) 100 (89, 111) 98 (87, 111) 97 (87, 110) 101 (90, 114) 102 (95, 112)
Diabetes 23% (174) 20% (133) 19% (55) 25% (27) 35% (8)
Triglycerides (mg/dl) 101 (78, 121) 102 (72, 142) 102 (78, 147) 108 (81, 151) 124 (90, 161)
HDL (mg/dl) 52 (43, 65) 54 (44, 69) 54 (44, 64) 53 (42, 61) 48 (42, 52)
LDL (mg/dl) 100 (78, 121) 100 (77, 123) 101 (78, 122) 101 (81, 136) 97 (85, 134)
Statin use

Current 22% (157) 27% (177) 20% (58) 27% (30) 39% (9)
Ever 32% (230) 36% (241) 31% (89) 40% (44) 57% (13)

Hypertension 50% (357) 53% (348) 53% (150) 68% (75) 70% (16)
SBP (mmHg) 123 (111, 135) 122 (112, 135) 122 (113, 136) 127 (114, 143) 124 (117, 142)
DBP (mmHg) 76 (70, 83) 76 (70, 83) 75 (69, 82) 78 (71, 85) 71 (67, 79)
Peripheral neuropathy

Normal 50% (381) 48% (317) 47% (134) 47% (52) 30% (7)
Mild 27% (206) 30% (201) 29% (81) 24% (26) 35% (8)
Moderate–severe 12% (93) 9% (62) 12% (33) 20% (22) 26% (6)

Claudication (left or right) 1% (9) 2% (13) 1% (3) 2% (2) 9% (2)
HIV and HCV related

HIV monoinfection 66% (498) 63% (420) 58% (166) 65% (72) 43% (10)
HIV/HCV co-infection 6% (49) 10% (67) 12% (34) 7% (8) 35% (8)
HCV monoinfection 3% (21) 3% (19) 4% (10) 3% (3) 0% (0)
HIV/HCV uninfected 25% (191) 24% (157) 26% (74) 25% (27) 22% (5)
CD4þ cell count (cells/ml)

Currenta 582 (370, 788) 591 (423, 815) 586 (400, 853) 677 (362, 861) 669 (432, 947)
Nadir 314 (155, 628) 308 (139, 566) 287 (134, 644) 319 (163, 674) 271 (167, 693)

History of AIDSa 31% (172) 30% (144) 35% (70) 26% (21) 39% (7)
ART use

Current 63% (476) 65% (434) 64% (183) 63% (69) 74% (17)
Ever 68% (516) 70% (467) 68% (193) 70% (77) 74% (17)

Undetectable HIV-RNA (�20)a 67% (348) 70% (339) 71% (142) 64% (51) 61% (11)

ABI, ankle–brachial index; ART, antiretroviral therapy; HCV, hepatitis C virus; IQR, interquartile range; PAD, peripheral artery disease.
aCurrent CD4þ, undetectable HIV-RNA�20, and history of AIDS are available for HIVþ patients only.
and behavioral factors, and finally, additional adjustment
for metabolic factors. After adjustment for HIVand HCV
status, each category of increasing PAD severity was
associated with slower gait speed: 6% slower for low-
normal ABI [95% confidence interval (CI):4, 9%], 9%
slower for borderline PAD (95% CI: 6, 12%), 13% slower
for mild PAD (95% CI: 9, 17%), and 15% slower for
moderate–severe PAD (95% CI: 4, 24%). With additional
adjustment for demographic and behavioral factors, each
category of increasing PAD severity remained signifi-
cantly associated with slower gait speed. In fully adjusted
models, each PAD category remained associated with
slower gait speed: 6% slower for low-normal ABI (95%
CI: 4, 9%), 10% for borderline PAD (95% CI: 7, 14%),
12% for mild PAD (95% CI: 8, 17%), and 11% for
moderate–severe PAD (95% CI: 0, 22%), but the
association of moderate–severe PAD with gait speed
did not reach statistical significance.

When we examined the association of HIV and HCV
infection status with gait speed in multivariable analysis,
we found that HIV monoinfection was associated with
only 1% slower gait speed, HCV monoinfection with 7%
slower gait speed, and HIV/HCV co-infection 9% slower
gait speed compared with women with neither infection;
only the latter association was statistically significant
(Table 3). Other individual factors associated with slower
gait speed in multivariable analysis included older age,



Fig. 1. Peripheral artery disease is associated with slower gait speed in women with and without HIV infection. Linear modeling
with repeated measures was used to examine the unadjusted associations of peripheral artery disease category with 4 m gait speed.
The coefficients were then exponentiated to reflect percentage differences. There was a dose–response relationship between
peripheral artery disease severity and slower gait speed. PAD, peripheral artery disease.
Hispanic ethnicity, Black race, more pack-years of
smoking, larger waist circumference, and a history of
statin use. Being in the highest tertile of physical activity
was associated with faster gait speeds compared with
women reporting no physical activity. There was no
association of diabetes or hypertension with gait speed.

Among women with HIV infection, associations of PAD
category with gait speed were similar to those observed in
the full sample of women. In multivariable analyses, PAD
category was associated with slower gait speed: 6% slower
for low-normal ABI (95% CI: 2, 9%), 9% slower for
borderline PAD (95% CI: 5, 13%), 12% slower for mild
PAD (95% CI: 6, 17%), and 11% slower for moderate–
severe PAD (95% CI: �4, 24%), although the association
in the latter group did not reach significance. Reporting a
history of ARTwas associated with a 13% faster gait speed
(95% CI: 2, 24%). There was little association of CD4þ

cell nadir and HIV viral load with gait speed.
Discussion

In this large cohort of middle-aged US women with and
without HIV, we found that increasing PAD severity was
associated with progressively slower gait speed, even after
adjustment for HIV and HCV status, demographic,
behavioral, and metabolic risk factors. We found a
0.05 m/s difference in median gait speed between women
with normal ABI compared with women with mild PAD.
A gait speed change of 0.05 m/s has been shown to be a
meaningful difference in the general population of older
adults [31]. Of clinical concern is that ABI values
previously defined as being low-normal and as borderline
PAD were associated with progressively slower gait speed,
suggesting that lower extremity functional declines occur
in women with subclinical and asymptomatic PAD. Given
our previous report of a high PAD prevalence that was
similar to seronegative women a decade older, our findings
could have important clinical implications regarding earlier
onset of disability and potentially mortality, linked to lower
extremity functional declines [1].

Our findings are notable for several reasons. First, we
demonstrated that increasing PAD severity was associated
with increasing lower extremity functional impairment in
women who were relatively young in age. Second, this
relationship was observed in those with early, subclinical
PAD as measured by low ABI values. While one study also
showed that low-normal values of ABI and borderline,
mild, moderate, and severe PAD were associated with
decreasing rates of mobility, the mean age of adults in that
study was older than 70 years [7]. In other population
studies among older adults, borderline ABI values have
been associated with subclinical atherosclerosis and



Table 2. Association of peripheral artery disease category with 4 m
gait speed after controlling for HIV and hepatitis C virus status,
demographic, behavioral, and metabolic risk factors.

% Difference (95% CI)a P value

Adjusted for HIV and HCVb

Low-normal ABI �6% (�9, �4%) <0.001
Borderline PAD �9% (�12, �6%) <0.001
Mild PAD �13% (�17, �9%) <0.001
Moderate–severe PAD �15% (�24, �4%) 0.011

Adjusted for HIV and HCV, and demographicsc

Low-normal ABI �6% (�9, �4%) <0.001
Borderline PAD �9% (�12, �6%) <0.001
Mild PAD �13% (�17, �8%) <0.001
Moderate–severe PAD �14% (�24, �3%) 0.015

Adjusted for HIV and HCV, demographics, and behavioral factorsd

Low-normal ABI �6% (�8, �3%) <0.001
Borderline PAD �9% (�12, �5%) <0.001
Mild PAD �12% (�16, �7%) <0.001
Moderate–severe PAD �13% (�23, �2%) 0.022

Adjusted for HIV and HCV, demographics, behavioral, and metabolic
factorse

Low-normal ABI �6% (�9, �4%) <0.001
Borderline PAD �10% (�14, �7%) <0.001
Mild PAD �12% (�17, �8%) <0.001
Moderate–severe PAD �11% (�22, 0%) 0.060

ABI, ankle–brachial index; CI, confidence interval; HCV, hepatitis C
virus; PAD, peripheral artery disease. Bold values indicate statistical
significance (P < 0.05).
a% Difference from normal ABI reference group.
bHIV and HCV: HIV-monoinfection, HCV-monoinfection, and HIV/
HCV co-infection.
cDemographics: age and race/ethnicity.
dBehavioral factors: pack-years of smoking, alcohol consumption,
and physical activity score.
eMetabolic factors: diabetes, hypertension, waist circumference,
statin use, and estimated glomerular filtration rate.

Table 3. Factors associated with 4 m gait speed in the entire cohort,
controlling for HIV and hepatitis C virus status, demographics,
behavioral, and metabolic factors.

% Difference (95% CI)a P value

PAD
Low-normal ABI �6% (�9, �4%) <0.001
Borderline PAD �10% (�14, �7%) <0.001
Mild PAD �12% (�17, �8%) <0.001
Moderate–severe PAD �11% (�22, 0%) 0.060

Infection status
HIV monoinfection �1% (�4, 3%) 0.667
HCV monoinfection �7% (�15, 2%) 0.134
HIV/HCV co-infection �9% (�14, �4%) 0.002

Demographic factors
Age �0.3% (�0.5, �0.1%) 0.017
Race/Ethnicity (ref¼white)

Black �8% (�13, �4%) 0.001
Hispanic �15% (�20, �9%) <0.001
Other race 0% (�8, 9%) 0.987

Behavioral factors
Physical activity (ref¼no activity)

Lowest tertile 3% (�1, 6%) 0.130
Middle tertile 1% (�2, 5%) 0.555
Highest tertile 8% (4, 12%) <0.001

Pack years of smoking �0.2% (�0.3, �0.1%) 0.008
Metabolic factors

Waist circumference (per 10 cm) �3% (�4, �2%) <0.001
Hypertension �1% (�4, 2%) 0.454
Diabetes �3% (�7, 0%) 0.088
Statin use (ever) �6% (�9, �3%) <0.001

ABI, ankle–brachial index; CI, confidence interval; HCV, hepatitis C
virus; PAD, peripheral artery disease. Bold values indicate statistical
significance (P < 0.05).
a% Difference from normal ABI reference group.
endothelial dysfunction [7,27]. When we adjusted for
metabolic risk factors, low-normal ABI values and
borderline PAD remained independently associated with
slower gait speed, suggesting that other unmeasured
factors besides traditional cardiovascular risk factors may
contribute to the association of subclinical PAD with
lower extremity functional declines. PAD has been
associated with skeletal muscle damage from ischemia–
perfusion injury in microvascular beds, leading to lower
calf muscle area and increased calf muscle fat [32]. Future
investigation will examine whether factors such as lower
extremity muscle volume might explain the association of
subclinical PAD with lower extremity functional declines.

Another study of men and women without HIV infection
found that increased physical activity improved ABI
values in those with borderline ABI values who
underwent a cardiovascular intervention [33]. Future
study will evaluate the impact of ABI improvements on
physical function. Whether ABI monitoring can be used
as a tool for early detection and prevention of lower
extremity functional declines in women at high risk for
PAD needs further study.

As expected, we found that several vascular risk factors
other than PAD were independently associated with
lower extremity functional declines including smoking,
waist circumference, and history of statin use, which
could be a marker of dyslipidemia. These factors may
contribute to reduced lower extremity vascular perfusion
resulting from atherosclerosis. Being Black and of
Hispanic ethnicity have also been associated with slower
gait speed in men with and at risk for HIV, and with
physical function declines in a general aging population
cohort [23,34,35]. These studies have postulated that
socioeconomic disparities may be a reason.

There was little association of HIV monoinfection with
slower gait speed, although we found that HIV/HCV co-
infection was associated with slower gait speed even after
adjustment for demographic, behavioral, and clinical
factors. This suggests that the effect of HIV/HCV co-
infection on gait speed may be primarily driven by HCV
rather than HIV. We initially hypothesized that peripheral
neuropathy could be a cause of slower gait speed in
women with HIVor HCV, but the study was not powered
to make these conclusions. While peripheral neuropathy
is common in HIV and HCV infection [36–38], HIV/
HCV co-infection has been associated with distal sensory
polyneuropathy compared with women with HIV alone
[39]. Among women with HIV infection, we found that
anti-retroviral drug use was associated with faster gait
speed, possibly due to improved health. However, we did
not observe a significant association of CD4þ cell count



or HIV viral load with gait speed. Our findings may
warrant additional investigation of the potential role of
systemic inflammation associated with chronic viral
infection on functional impairment.

While our study has a number of strengths including the
large sample with repeated ABI measures and detailed
covariate measurements, there are some limitations. First,
our findings examining the relationship of PAD severity
with gait speed may not be generalizable to men. Second,
our study examined gait speed, which is only one measure
of physical function, but also allowed examination of
lower extremity PAD with lower extremity functional
declines. Finally, there are likely unmeasured factors
associated with gait speed for which we were not able
to account.

Conclusion
In this cohort of middle-aged women with and without
HIV infection, worsening PAD severity was associated
with progressively slower gait speed, independent of HIV
and HCV status, demographic, behavioral, and metabolic
risk factors. Of clinical concern is that lower extremity
functional declines were noted even in those with early
and subclinical PAD. Early detection of subclinical PAD
using ABI measurements in women at high risk for PAD
could have major implications for decreasing the risk of
lower extremity functional impairment and its long-term
health consequences.
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