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Abstract

Objectives—To determine the prevalence of sarcopenia in older men with peripheral arterial
disease (PAD) and to compare to a subset of the group to age, race, sex, and body mass index
(BMI)-matched non-PAD control counterparts. We also sought to compare the functional status of
those with PAD with and without sarcopenia.

Design—Cohort study
Setting—A Veterans Affairs medical center

Participants—Sedentary, community dwelling men age 50+ years with a confirmed diagnosis of
PAD (N=108; 44% black; BMI 27.8 + 0.4 kg/m?; ABI:0.62 + 0.01; mean +SEM).

Interventions—Not applicable

Main Outcomes—Dual-energy x-ray absorptiometry scans were used to assess appendicular
lean mass (ALM) and determine the prevalence of sarcopenia by ALM/height? (ALM/ht?).
Treadmill tests were used to determine claudication onset time (COT), peak walking time (PWT),
and claudication recovery time (CRT). Six-minute walk distance (6MWD) was also measured.
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Results—Sarcopenia prevalence in our PAD cohort was 25%. The PAD subset (N=42) matched
with control counterparts for race, sex, age, and BMI had higher prevalence rates compared with
their non-PAD counter parts (23.8% vs 2.4%, P<0.05). Individuals with sarcopenia (N=28) had
lower 6MWD (p<0.05; 326+ 18.8 vs 380 + 9.7 meters) and higher CRT (p<0.05; 592 + 98 vs 395
+ 29 seconds) compared to individuals with PAD but without sarcopenia (N=80). There was no
difference in COT or PWT between the PAD groups.

Conclusions—Men with PAD demonstrate a high prevalence of sarcopenia. Those with
sarcopenia and PAD demonstrate decreased mobility function.
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Methods

Sarcopenia, or the age related loss of muscle mass and strength, is reported to affect up to
13% of individuals age 6070 years'2 and increases in prevalence as age increases.3 Among
older adults the presence of sarcopenia is associated with an increase in physical disability,*
poor quality of life,® and an increase in all-cause mortality independent of age, sex, and
comorbidity.36 Further, the presence of sarcopenia increases direct health care costs and is
estimated to cost the United States 18.5 billion per year.” Risk factors for sarcopenia include
low levels of physical activity, poor nutrition, and high co-morbid disease burden including
the presence of diabetes or cardiovascular disease.®

Peripheral arterial disease (PAD) is an age related condition affecting up to 20% of older
adults.910 PAD results in decreased blood flow to the lower extremities and those with PAD
experience exertional leg symptoms including leg pain and fatigue during activity.10.11 As a
result of the PAD process and chronic ischemia to the calf muscles, individuals with PAD
demonstrate decreased calf muscle area and strength12-15 and low mobility® and low
physical activity.1” Previous studies show that adults with PAD have an 8% decrease in calf
muscle area compared to older adults without PAD.13 While the calf muscle is known to be
the affected end organ of PAD, it is likely that the sedentary lifestyle and comorbid
conditions that affect those with PAD are likely to have whole body effects such as systemic
muscle mass loss. Due to the adverse effects and increased health risks in the presence of
sarcopenia, it is clinically important to have a better understanding of the prevalence of
sarcopenia in those with PAD. Therefore, the purpose of this study was to examine the
prevalence of sarcopenia in a group of older men with PAD. Because both sarcopenia and
PAD are also known to result in decreased mobility function, we also wanted to compare
mobility function in older men with PAD with and without concomitant sarcopenia. We
hypothesized that a high prevalence of sarcopenia would exist among older men with PAD
and that men with combined PAD and sarcopenia would demonstrate lower mobility levels
than those with PAD alone.

Participant Selection

Sedentary, community dwelling men, over the age of 50 years were recruited via local
advertisements in the Baltimore/Washington DC area as well as from the Baltimore VA
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vascular surgery clinic. All participants experienced intermittent claudication during a
screening treadmill test, and had a diagnosis of PAD, or a resting ankle-brachial index (ABI)
<0.90,18 with evidence of a decline in ABI > 20% after exercise were recruited.1® Only
those with body composition data were included in the analyses. Exclusion criteria included
claudication pain at rest, exercise tolerance limited by factors other than claudication pain
(e.g., severe coronary artery disease), substance abuse, dementia, or any poorly controlled
medical conditions that would limit participation in an exercise test (e.g., pulmonary disease
or severe arthritis).

To examine the prevalence of sarcopenia in those with PAD and control for potential
confounders, a matched pair analysis was performed. Based on the report from Baumgartner
et al, 1% we estimated that n=42 per group were required to detect an effect size of 1 standard
deviation in our primary outcomes of ALM and ALM/h2. Individuals with PAD were
matched with sedentary control participants who did not have PAD on the basis of race, sex,
age + 5 years and BMI * 3.0 kg/mZ2. If more than one patient with PAD was available for
matching with a control based on age the participant with the closest BMI was selected as
the match. Control participants had the same exclusion criteria as individuals with PAD and
were participating in studies examining the metabolic responses to exercise training and
weight loss. Control participants were also recruited from with the use of local
advertisements and from the Baltimore VA clinics. All data in healthy controls was obtained
prior to any intervention. Healthy controls were sedentary (less than 20 minutes of exercise
2-times/week for at least the last 6 months) nonsmokers and had no history of stroke, heart
failure, liver, kidney, or lung disease. Healthy individuals as well as those with PAD
underwent a comprehensive medical exam including a history and physical by a licensed
medical provider to ensure they met all inclusion/exclusion criteria prior to participation in
the study. Written informed consent was obtained from each participant and all procedures
were approved by the Institutional Review Board at the University of Maryland, Baltimore.

Body Composition and Determination of Sarcopenia

Height in meters and weight in kilograms were measured and used to determine body mass
index (BMI; kg/m2). Whole body DXA scans were used to determine, total body, leg, arm,
trunk, and appendicular lean mass, fat mass, and percent body fat.2%-21 The presence of

sarcopenia was determined by a ratio of appendicular lean mass (ALM) to height in meters
squared (ALM/h?). Sarcopenia was considered to be present when ALM/ht2<7.26 kg/m?2.19

Exercise and Functional Tests in participants with PAD

Maximal Treadmill Test—After a resting ankle brachial index (ABI) was obtained,
participants with PAD performed a progressive, graded treadmill protocol (2 mph, 0% grade
with 2% increase every 2 minutes) until maximal claudication pain was reached.2? Variables
recorded from the treadmill test include: 1) Claudication onset time (COT), defined as the
walking time that participants first experienced claudication pain, 2) peak walking time
(PWT), defined as the walking time at which ambulation could not continue due to maximal
claudication pain, and 3) claudication recovery time (CRT), the time after cessation of
walking until no pain was felt.
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Six-minute walk distance—~Participants completed an overground 6-minute walk test on
a day separate from the treadmill tests, as described previously, and the total distance
achieved (6MWD) was recorded.23.24

Walking Impairment Questionnaire (WIQ)—Self-reported ambulatory ability was
assessed with the WIQ. The WIQ is a questionnaire that asks participants to rate the degree
of difficulty in walking specific distances (ranging from walking indoors to 1500 feet),
speeds (walking to jogging), and climbing flights of stairs (ranging from one to three flights)
on a zero (unable to do it) to four (able to do it without difficulty) scale.2> Each response is
weighted based on the difficulty of the task and the score is determined by dividing the
weighted answer by the maximum possible score and multiplying by 100. Scores range from
0-100 with lower scores indicating greater difficulty with walking.

Statistical Analyses: All statistical analyses were performed using IBM SPSS Statistics v
20.0 (IBM, Armonk, NY). Data were initially assessed to ensure normal distribution. All
body composition data was normally distributed. Physical function tests were not normally
distributed so a Mann-Whitney U test was used to compare physical function (COT, PWT,
CRT, 6MWD, and WIQ) between individuals with PAD with and without sarcopenia. Chi-
square tests were used to compare the prevalence of sarcopenia in black and white males as
well as between those with PAD and matched controls. Data are presented as means + SEM.
Significance was set at P<0.05.

Subject Characteristics

One-hundred and forty-four men with PAD were initially identified; thirty-six were missing
DXA data leaving 108 for analysis. As seen in Table 1, participants with PAD were diverse
in terms of age (range 53-88 years), BMI (range 18.5-41.7 kg/m?), and PAD severity with
an average resting ABI of 0.65 (range 0.28-0.9) indicating moderate PAD. A large portion
of those with PAD were current smokers (41.7%) and approximately one-third (31.3%) had
a diagnosis of diabetes. The group was racially mixed with 55.6% white (N=60) and 44.4%
(N=48) black. Race effects on all variables were assessed. Total body (black: 51.6 + 1.1 kg
white: 55.2 £ 0.9; P=0.01) and trunk lean mass (black: 28.1 + 0.6 kg; white: 31.0 £ 0.5 kg;
P<0.001) were different between black and white individuals with PAD. There was a similar
incidence of sarcopenia between black and white participants (white = 23.3%; black =
29.1%; P=0.49) and with a total prevalence of sarcopenia of 25.9% (N=28/108). Due to the
potential relationship between sarcopenia and diabetes, all individuals with diabetes were
removed from the analysis. This did not significantly change the results and we found the
overall prevalence of sarcopenia was 31.9% (N=22/69) in those with PAD but without
diabetes.

Sarcopenic vs. Non-sarcopenic PAD patients

Sarcopenia PAD patients had significantly lower weight and BMI’s compared to those who
had PAD without sarcopenia (Table 1, P<0.001). There was no difference in age between the
groups. While almost all measures of function were lower in those with PAD and
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sarcopenia, only CRT and 6MWD reached statistical significance (table 1). Men with PAD
and sarcopenia took approximately 37% longer to CRT after the cessation of the treadmill
exercise test (P=0.05) and had approximately 14% lower 6MWD during the six-minute walk
test (P=0.02) compared to those with PAD but without sarcopenia (Figure 1). Given the
difference in body weight between PAD patients with and without sarcopenia, exploratory
analyses were also run with weight as a co-variate; however, this adjustment did not
significantly affect the results (data not shown).

PAD vs. Controls

In the matched analysis, the non-PAD controls were well matched (N=42 per group) in
terms of age and BMI (Table 2, P >0.6 for all). After matched pair analysis using ALM/ht?,
a higher prevalence of sarcopenia was found in men with PAD than controls (Table 2;
P=0.004). One out of 42 individuals in the matched controls (2.4%) and 10 out of 42
individuals (23.8%) with PAD met the definition for sarcopenia. Controls were found to
have 9.9% higher leg lean mass (Table 2; p<0.001), and 8.5% higher total body lean mass
(p=0.002) when compared to men with PAD. We further found a 6.7% difference in trunk
lean mass between individuals with and without PAD (Table 2; p=0.005) indicating
differences extended beyond that of a mere loss of leg lean mass in those with PAD.

Discussion

Our results demonstrate a high prevalence of sarcopenia of approximately 25% in males
with PAD. This rate is especially high when considering the relativity low median age of 68
years in our group as a whole. While previous research documents decreased calf muscle
volume in those with PAD,13 this is the first study we are aware of that examines the
prevalence of sarcopenia in this population. Confirming our hypothesis, we found longer
claudication recovery times and lower six-minute walk distance in individuals with PAD and
sarcopenia compared to those with only PAD, indicating a possible increased risk for
accelerated mobility loss.

The 25% prevalence of sarcopenia in this group of PAD patients is substantially higher than
the 2—-13% previously reported among various groups of community dwelling males,26-33
and is in fact higher than the rates reported in studies of older hospitalized or
institutionalized males.®:34 For example, Smoliner et al,34 found a prevalence of sarcopenia
of 15.2% among hospitalized men age 80+ years and Landi et al® reported a prevalence of
15.6% among institutionalized males age 70+ years. While both of these studies included
low mobility function in their definition, it is likely that our prevalence of sarcopenia would
have either remained the same, or possibly even increased, with the addition of gait speed in
our definition of sarcopenia as multiple studies have documented low gait-speed in those
with PAD.3%:36 Indeed when we compare the prevalence of sarcopenia in our group of
relatively younger PAD patients to age, sex, and BMI matched controls, we found an almost
ten times greater presence of sarcopenia in men with PAD.

We also found significant differences between men with PAD and matched controls in total
body, leg, and trunk lean mass. This is an important finding as it indicates an accelerated
loss of whole body muscle mass in individuals with PAD. While previous work examined
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calf muscle area and density in adults with PAD,131537 this is the first study we are aware of
that compared total body lean mass in matched men with and without PAD. Our finding of
reduced trunk lean mass suggests that those with PAD and sarcopenia may be at an

increased future risk for balance and mobility problems.38:3° This is supported by our
finding that men with PAD and sarcopenia demonstrated significantly decreased function in
PAD specific mobility measures including CRT and 6MWD. Sarcopenic individuals with
PAD walked ~15% shorter distance during the six-minute walk compared to individuals with
PAD but without sarcopenia, and ~43% less than age matched norms reported in the
literature.4941 This is in agreement with previous research that shows those with sarcopenia
are at risks for mobility declines* and indicates that PAD and sarcopenia may act
synergistically as a threats to mobility function.

The mechanisms behind the high prevalence of sarcopenia in this population is unknown but
may result from a combination of the chronic nature of the PAD process as well as the
decreased physical activity typically reported in this population.1742:43 Sedentary behavior
is a known risk factor for sarcopenia and individuals with PAD demonstrate lower activity
levels than individuals of a similar age.174243 Another potential explanation is a decrease in
capillary density. Low skeletal muscle capillarization is associated with sarcopenia in
sedentary older adults,2! and is also found in PAD,** thereby increasing the likelihood that
low capillary density is associated with sarcopenia in PAD. Individuals with PAD are also
frequently diagnosed with multiple co-morbidities that are risk factors for sarcopenia,
including some we observed in our sample population, such as diabetes and a history of
smoking.

Study Limitations

This study had several limitations. There is currently no universally accepted definition of
sarcopenia and while we measured muscle mass by DXA, we were unable to account for
gait-speed or grip strength criteria utilized in definitions of sarcopenia by the European
Working Group on Sarcopenia in Older People.*®> However, given that our SMWD was
~40% lower than age matched norms, %41 and previous research documents low-gait speed
in individuals with PAD,*6 it is likely that our population has a slow gait-speed. Our study
also included only men from one VA hospital and as such our findings cannot be extended to
females with PAD and may not represent male Veterans as a whole. Prevalence of
sarcopenia may be related to sex as prevalence is found to differ by age and is generally
reported to be higher in women < 75 years,*” thus sex should be considered in future studies
examining the prevalence of sarcopenia among older adults with PAD. Our controls were
selected from studies that purposefully excluded many co-morbid conditions. Thus, we also
did not account for multiple co-morbid conditions found in men with PAD that may be
potentially driving their higher prevalence of sarcopenia. However, though when we
removed those individuals with diabetes from the analysis, the prevalence of sarcopenia
remained the same or even slightly higher among those with PAD. Finally we acknowledge
that while we included over 100 men with PAD we may have been underpowered to detect
differences in COT, PWT, and the WIQ between the PAD and PAD + Sarcopenia groups.
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Conclusions

In conclusion, there is a 10-fold higher prevalence of sarcopenia in men with PAD than in
matched controls, and those with PAD and sarcopenia demonstrate lower mobility function
than PAD men without sarcopenia, suggesting that the combination of PAD and sarcopenia
may compound mobility dysfunction. Future studies are needed to examine interventions
that can be directed at the prevention and treatment of sarcopenia in PAD as well as the
mechanisms by which sarcopenia develops in this population.
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Claudication Recovery Time (Seconds) Six-Minute Walk Distance (Meters)

Differences in the claudication recovery time and six-minute walk distance (mean + standard
error) in men with PAD + Sarcopenia (dark bars) vs PAD (light bars). Significant differences
were seen between the groups for claudication recovery time and six-minute walk distance.

*P<0.05.
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Table 1
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Comparison of Function in Men with PAD + Sarcopenia versus PAD

Total Group | Total Group Range PAD PAD+ Sarcopenia
(N=108) (N=80) (N=28)
Age (years) 68.7+ 0.6 53-88 68.7+0.7 68.4+1.2
Weight (kg) 83.0£15 56.3-127.0 86.2+16 73.9428%
BMI (kg/m?) 278+04 18.6-41.7 29.0£0.4 243+08"
ABI 0.62 +£0.01 0.28-0.90 0.63 +0.02 0.60 +0.03
Body Fat (%) 29.4+0.7 6.9-43.9 302£0.7 270+15%
Total Body Lean Mass (kg) 53.6 £0.7 34.0-72.0 55.8+0.8 474+107
Arm Lean Mass (kg) 6.5+0.1 3.9-9.4 6.9+0.1 56+017
Leg Lean Mass (kg) 174 +0.3 10.8-25.1 18.2+0.3 149+047
Trunk Lean Mass (kg) 29.7+04 19.2-42.8 30.7+0.4 26.9+06"
ALM (kg) 23.9+0.4 14.8-34.5 25.0 0.4 205+05"
ALM/hE (kg/im?) 8.0+0.1 5.0-11.1 8.4+0.1 67+01%
COT (sec) 168 £ 12.2 28-805 185+ 14.2 149 + 23.7
PWT (sec) 419 +£22.7 107-1201 436 +£24.9 406 +53.3
CRT (sec) 441 £306 90-1621 395+ 28.5 592+ 97.9%
6MWD (meters) 367 +8.9 169-551 380+9.7 326+188%
WIQ Distance (%) 323+31 0-100 36.4+35 245+6.3
WIQ Speed (%) 37.4+28 0-100 38.7+3.1 34464
WIQ Stairs (%) 494 +3.1 0-100 495+ 3.6 50.0+6.5
Sarcopenia (%) 25.9% - - -
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*
Significant (P<0.05) difference between individuals diagnosed with peripheral artery disease (PAD) with and without sarcopenia; BMI: Body

Mass Index; ABI: Ankle Brachial Index; ALM: Appendicular lean mass; ALM/htZ; Appendicular lean mass/heightz; COT: Claudication Onset
Time; PWT: Peak Walking Time; CRT: Claudication Recovery Time; 6MWD: six-minute walk distance; WIQ: Walking Impairment questionnaire.
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Table 2
Comparison of individuals with PAD and healthy controls without PAD

PAD Controls

(N=42) (N=42)
Age (years) 65.4+0.8 | 65.7+0.9
Weight (kg) 89.7+23 | 92.7+20
BMI (kg/m?) 296+07 | 29.9+06
Body Fat (%) 308+09 | 325+23

Total Body Lean Mass (kg) | 56.5+1.0 | g11+09%

Arm Lean Mass (kg) 6.9+0.2 73+0.2

Leg Lean Mass (kg) 18.1+£0.4 | 200+04™

Trunk Lean Mass (kg) 315204 | 337+03%

ALM (kg) 250+06 | 273+05%
ALM/ht? (kg/m2) 8202 | gg+02*
Sarcopenia (%) 23.8 24"

*
Significant (P<0.05) difference between individuals diagnosed with peripheral artery disease (PAD) and matched controls; BMI: Body Mass
Index; ABI: Ankle Brachial Index; ALM/htZ; Appendicular lean mass/heightz.
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