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Abstract

OBJECTIVES—To examine the prospective relationship between self-reported physical activity 

and aerobic fitness in the Health, Aging and Body Composition (Health ABC) study using the 

Long Distance Corridor Walk (LDCW).

DESIGN—Cohort study with 7 years follow-up.

SETTING—Two U.S. clinical sites.

PARTICIPANTS—Community dwelling older adults enrolled in Health ABC (n=3075, age 70–

79, 52% women, 42% black) with no self-reported difficulty walking one-quarter mile or climbing 

10 steps.

MEASURES—Participants were classified based on a physical activity questionnaire as being 

inactive (≤1,000 kcal/week exercise activity and ≤2,719 kcal/week total physical activity), lifestyle 

active (≤1,000 kcal/week exercise activity and >2,719 kcal/week total physical activity), or 

exercisers (reporting ≥ 1,000 kcal/week exercise activity). The Long Distance Corridor Walk,an 

endurance walking test (400m), was administered at Year 1 (baseline), 2, 4, 6, and 8 to assess 

aerobic fitness.

RESULTS—At baseline, LDCW completion times (adjusted for age and sex) were 351.8 (95% 

Confidence Interval= 346.9–356.8), 335.9 (95% CI= 332.7–339.1), and 307.7 (95% CI= 303.2–

312.3) seconds for the inactive, lifestyle active, and exerciser groups, respectively (P<0.001). 

Slowing from baseline to Year 8 was 36.1 (95% CI= 28.4–43.8), 38.1 (95% CI= 33.6–42.4), and 
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40.8 (95% CI= 35.2–46.5) seconds for the inactive, lifestyle active, and exerciser groups, 

respectively and did not differ significantly between groups. In linear mixed-effects models, the 

rate of change in LDCW time did not differ across groups, although exercisers consistently had 

the fastest completion times (P<0.001 for all pair wise comparisons).

CONCLUSIONS—Decline in the LDCW time occurred regardless of baseline activity. However, 

exercisers maintained higher aerobic fitness, which may delay reaching critically low threshold of 

aerobic fitness where independence is impaired.

Keywords

aerobic fitness; physical activity; 400m walk

INTRODUCTION

Declines in aerobic fitness and associated cardiorespiratory changes are hallmarks of the 

aging process.1–7 Previous studies have suggested that aerobic fitness—a measure of 

maximal aerobic capacity—peaks in the early to mid-20s and decreases thereafter, with the 

steepest decline observed after the age of 45.5,7–11 Age-related declines in maximal heart 

rate, forced expiratory volume, and lean body tissue seem to explain much of the observed 

aerobic fitness deterioration.12–14 Low aerobic fitness in older adults is independently 

associated with functional limitations and disability.15 For those with very low fitness levels, 

basic household activities may require a considerable percentage of an individual’s maximal 

aerobic capacity,16 making basic tasks difficult and fatiguing—potentially threatening 

independence. Additionally, poor fitness is an important predictor for all-cause mortality.17

Early exercise physiology studies suggested that those who participate in high levels of 

physical activity have slower relative rates of decline in aerobic capacity compared to 

sedentary participants.9–11,18 However, these studies were often focused on highly 

specialized groups, limiting their generalizability to the general public. Although physical 

activity and exercise increase aerobic fitness,18–20 epidemiologic evidence suggests that the 

rate of decline in aerobic fitness (maximal aerobic capacity from a treadmill based test) does 

not vary by physical activity level.8 However, there are many limitations to using maximal 

aerobic capacity treadmill-based tests to measure aerobic fitness in older adults.21 These 

vigorous tests have a high subject burden, require expensive equipment and specialized staff 

training, and it is difficult for older adults to reach a true maximal effort.22,23 Further, 

maximal exercise tests have stringent eligibility criteria22,24—particularly related to 

cardiovascular risk factors—which exclude a large portion of older adults.

Due to these limitations, other performance-based tests have been developed to measure 

aerobic fitness that may be more appropriate for older adults. One such measure, the Long-

Distance Corridor Walk (LDCW), provides a valid estimate of peak aerobic capacity for 

older adults25 and has been shown to be associated with the development of cardiovascular 

disease, mobility limitations, mobility disability, and total mortality.26,27

This study aims to examine longitudinal changes in LDCW performance with respect to 

baseline physical activity status, defined using both type and intensity of activities and 
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established cut-points.28 We hypothesized that the observed longitudinal decline in LDCW 

performance will vary by physical activity group, with the most active participants having a 

slower decline in LDCW performance compared to the least physically active participants.

METHODS

Participants

The study population was participants in the Health, Aging and Body Composition (Health 

ABC) study. Briefly, Health ABC is a longitudinal cohort study of 3075 community-

dwelling older adults (age 70–79 at baseline; 52% women; 42% black.) from Pittsburgh, PA 

and Memphis, TN aimed at investigating factors related to the development of functional 

limitation and disability. White participants were recruited by mailing to a random sample of 

Medicare beneficiaries in selected zip codes, while black participants were recruited from all 

age-eligible residents in these areas. To be eligible for the study, participants had to report 

no difficulty in walking ¼ mile, climbing 10 steps, or performing any basic activity of daily 

living; be free of any life-threatening cancers; and plan to remain in the study area for at 

least three years.29 Participants were recruited between April 1997 and June 1998 and 

provided written informed consent. All protocols associated with the Health ABC study 

were approved by institutional review boards at the respective sites.

Physical Activity Assessment

A modified version of the Minnesota Leisure Time Physical Activity Questionnaire 

(MLTPAQ)30 was administered at baseline. Physical activity measured using this modified 

questionnaire developed for Health ABC has been shown to be associated with physical 

function,28 incident mobility limitation31 and brain structure.32 Participants were first asked 

if they performed specific activities at least 10 times in the past year. Follow-up questions 

for affirmative responses included if they performed the activity in the past 7 days and the 

number of hours spent in the activity. Activities from the questionnaire were then divided to 

create two components: physical activity, which included household chores, paid and 

volunteer work, care giving, stair climbing, routine walking, and other lifestyle activities; 

and intentional exercise, which consisted of walking for exercise, aerobic dance, weight 

lifting, eight specific moderate-intensity activities and 10 specific high-intensity exercise 

activities (e.g. exercise classes and weight lifting). Energy costs were calculated in kcal/

week for both physical activity and intentional exercise using the metabolic equivalent for 

each task 33 and multiplying by the number of hours spent in the activity and by participant 

body weight in kilograms. Participants were grouped based on calculated energy 

expenditure for physical activity and exercise.28 Groups included inactive participants (those 

reporting <1,000 kcal/week of exercise activity and ≤2,719 kcal/week of total physical 

activity), lifestyle active (reporting <1,000 kcal/week of exercise activity, but >2,719 kcal/

week of total physical activity) and exercisers (≥1,000 kcal/week of exercise activity, 

regardless of physical activity energy expenditure).

Walking Endurance Assessment for Aerobic Fitness

The LDCW, an endurance walking test, was administered at baseline (Year 1) and follow-up 

Years 2, 4, 6, and 8 to assess aerobic fitness, 25 an indicator of aerobic capacity. The test 
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was administered in a dedicated corridor with two traffic cones spaced 20 meters apart. 

Participants walked 10 laps around the cones for a total of 400 meters and were given 

standard encouragement at each lap. Heart rate was recorded for each lap and blood pressure 

was measured at the end of the test. This test included a two minute warm-up walk where 

the participant was instructed to “cover as much ground as possible” followed immediately 

by the LDCW performed “as quickly as possible at a pace that can be maintained for 400 

meters.”34 Distance walked in the two-minute warm-up was measured and completion time 

for the 400m walk was recorded in seconds. Exclusion criteria included: systolic blood 

pressure >200 mmHg, resting pulse of ≥120 beats per minute, electrocardiogram 

abnormality, or cardiac surgery, worsening of chest pain or shortness of breath in the prior 

three months. The test was stopped if heart rate surpassed 135 beats per minute, or for 

lightheadedness, dizziness, chest pain, shortness of breath or leg pain.

Physical Function

Lower extremity function was assessed using self-reported ease of walking ¼ mile and the 

Short Physical Performance Battery (SPPB) score. Briefly, the SPPB consists of three 

components: standing balance (standing with feet together, semi-tandem stand, and tandem 

stand, each for 10 seconds), usual paced walking time over 6 meters, and 5 chair stands 

performed as quickly as possible without using hands or arms to push off. 35 Each 

component carries a score of 0–4, with total scores ranging from 0–1235 Higher scores 

indicate better physical functioning.

Health History

History of specific diseases and conditions were included as potential confounders based on 

their potential influence on physical activity participation or aerobic fitness. These included 

baseline self-report history of: heart attack, stroke, congestive heart failure and lung disease 

(chronic obstructive pulmonary disease, asthma, or emphysema), depression, osteoarthritis 

at the hip or knee, peripheral artery disease, diabetes and osteoporosis. Self-reported 

symptoms of pain in the lower extremities while walking, back pain, or shortness of breath 

while walking were also included.

Covariates

Clinical site, baseline age, sex, and race were included as demographic characteristics. 

Smoking history (never, former, current) and health status (excellent, very good, good, fair, 

or poor) were reported by questionnaire at baseline. Body mass index (BMI) was calculated 

in weight in kilograms per squared height in meters using a standard physician’s balance 

scale and stadiometer, respectively. Season of baseline visit was included as a covariate due 

to the seasonal variability in physical activity patterns.36

Statistical Analysis

Descriptive statistics for each group were calculated using chi-square tests for categorical 

variables and analysis of variance for continuous variables. Tests were conducted to detect a 

linear trend across the three ordered groups. Participants (n=3,075) were classified as not 

attempting the test due to meeting exclusion criteria, being eligible for the LDCW but being 
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unable to complete 10 laps, or as completing the LDCW. The odds of baseline LDCW 

completion status were calculated using logistic regression models. First an unadjusted 

model was run, and then a second model adjusting for age, sex, race and other factors which 

varied across the ordered physical activity groups or were related to completion status was 

built.

Linear mixed-effects models were used to assess the association of baseline physical activity 

category with rate of continuous LDCW time change. Because only a subset of participants 

had LDCW completion times at all follow-up visits (n=592), we chose mixed models to 

maximize all available data. Only participants with a baseline LDCW completion time and 

at least one follow-up completion time were included in the models (n=1,948). Figure 1 

describes the number of participants who completed the LDCW at baseline and during at 

least one follow-up visit. We used t-tests or Wilcoxon signed rank tests for non-normally 

distributed continuous variables, two-sample t-tests for normally distributed continuous 

variables and chi-square tests for categorical variables to compare those who were included 

in the model or not.

Models were built progressively, starting with an unadjusted model for LDCW completion 

time predicted by physical activity group and an interaction term for activity group and visit. 

Health ABC visit year (1, 2, 4, 6, and 8) was used in the model as the time parameter. 

Interaction terms of the variable and time indicate the contribution of that variable with the 

rate of LDCW time over the course of the study. We then built a second model adding 

common covariates (age, sex, race, site, body mass index, baseline health status, and season 

of baseline visit) and interaction terms for each of the covariates with visit. The third model 

included all factors from the second model reaching a significance of P<0.10 as well as 

health history, self-reported symptoms, and physical functioning variables as well as the 

interaction terms of visit with these covariates. We then used backwards selection to build a 

final parsimonious model with only factors reaching a significance of P<0.05. All models 

included a random intercept for each participant and a random slope for the visit parameter. 

We did not impose any structure on the covariance matrix of the random effects. Finally, we 

compared the slopes and LDCW completion times for each group at all visit points. All data 

analyses were performed using STATA version 12.1 (StataCorp, College Station, TX).

RESULTS

When grouping participants into physical activity categories, 23% were classified as 

inactive, 52% as lifestyle active and 25% as exercisers (Table 1). Inactive participants were 

slightly older, more likely to be women, black, and self-report fair or poor baseline health 

status (P<0.05 for all trends). Inactive participants also had lower SPPB scores, were more 

likely to report back pain at least fairly often, shortness of breath or pain in the lower 

extremities while walking and a history of osteoporosis, stroke, lung disease, or diabetes 

(P<0.01). The exerciser group, however, was more likely to have a history of heart attack 

compared to the other lifestyle active and inactive participants (P=0.01).

At baseline, 395 participants of the original 3,075 met exclusion criteria for the LDCW, 356 

were eligible but unable to complete the walk, and 2,324 participants completed the full 
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LDCW. Of these, a total of 1,948 participants were included in the longitudinal analyses, 

after excluding those with missing data (n=16) or those who did not have at least one other 

LDCW completion time after baseline (n=360). Those in the exercise group were 1.9 times 

(P<0.001) more likely to complete the walk at baseline compared to inactive participants in 

the unadjusted model. Differences in completion status at baseline between groups were 

attenuated by poorer health and functional characteristics of the inactive group.

Baseline LDCW completion times adjusted for age and sex were 351.8 (95% Confidence 

Interval= 346.9–356.8), 335.9 (95% CI= 332.7–339.1), and 307.7 (95% CI= 303.2–312.3) 

seconds for the inactive, lifestyle active, and exerciser groups, respectively (P<0.001). At 

baseline, 13%, 8%, and 3% of the inactive, lifestyle active, and exerciser participants 

required greater than 7 minutes to complete the LDCW, respectively (P<0.001 for trend). 

Slowing from baseline to Year 8 was 36.1 (95% CI= 28.4–43.8), 38.1 (95% CI= 33.6–42.4), 

and 40.8 (95% CI= 35.2–46.5) seconds for the inactive, lifestyle active, and exerciser 

groups, respectively and did not differ significantly between groups (P=0.76).

Although all groups slowed during the study follow up (Figure 2), interaction terms in the 

mixed models indicating varying rates of slowing by physical activity group were not 

significant in any of the models at any visit. Overall, in final adjusted model, the effect of 

being in the exerciser and lifestyle active group was a 26.9 (95% CI= 20.7–32.9) seconds 

and 8.6 (95% CI= 3.2–14.0) seconds faster completion time, respectively, compared to the 

inactive group (P<0.001 for both). As is evident in Figure 4, completion times for the 

inactive group at baseline are slower than completion for the exerciser group at Year 4, and 

this trend remains throughout the study period. No statistically significant difference in 

completion existed time at Year 2 compared to baseline, despite a slight decrease in time. 

The mean number of observations in the model for each participant was 3.7. However, the 

number of observations per participant varied by group, with a mean of 3.5, 3.6, and 3.8 

completion times in the inactive, lifestyle active, and exerciser groups, respectively (P<0.01 

for all pair wise comparisons.) A significant trend was found at each follow-up visit that 

exercisers were most likely to complete the LDCW while the inactive participants were the 

least likely (P-value for trend was 0.05 for all follow-up visits). Those who could not be 

included in the longitudinal analysis (n=1,127) were older (baseline age 74.0 vs. 73.4 years), 

more likely to be women (41.8% vs. 31.2%), black (48.0% vs. 28.5%), had a higher baseline 

BMI (28.3 vs. 26.8 kg/m2) and were less likely to be in the exerciser group compared to 

those who were included in the model (P<0.001 for all comparisons).

DISCUSSION

This study found that the rate of decline in LDCW performance for older adults over 7 years 

follow-up was similar for participants regardless of physical activity status, though 

exercisers had consistently better performance throughout the study period. In particular, 

more than a four-year difference in mean times existed between the exerciser and inactive 

groups. Loss of endurance and aerobic fitness over time may be a fundamental aspect of 

aging, and clinicians should be aware that even the most active older adults may be 

experiencing these declines. Never the less, older adults who reach higher peak aerobic 

fitness levels in life may delay crossing thresholds of very low fitness where activities of 
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daily living are impaired. Future studies should examine an ideal time and methodology for 

intervening before impairment.

Results from the initial validation study of the LDCW indicated that requiring >7 minutes 

(420 seconds) to complete the LDCW is approximately equivalent to an aerobic capacity 

level of <12 mL O2 per kilogram of body weight per minute.25 This is a critical threshold of 

aerobic capacity where community living may be seriously compromised.37 At baseline, a 

larger proportion of participants in the inactive group (13%) had completion times greater 

than >7 minutes compared to the lifestyle active (8%) and exerciser groups (3%). Given the 

adverse outcomes related to very low fitness levels—including death, cardiovascular 

disease, and mobility limitations and disability—this trend is likely at least a partial 

explanation as to why fewer inactive participants had follow-up data. Furthermore, other 

previous work with the LDCW in this cohort revealed that each additional 30 seconds 

needed to complete the LDCW was associated with a higher likelihood of incident mobility 

disability in two years by 65% in women and 37% in men27. At baseline, on average the 

exerciser group completed the LDCW slightly above five minutes (mean 307.7 seconds), 

while the lifestyle active and inactive groups needed an additional 35.9 and 51.8 seconds, 

respectively, above five minutes (adjusted for age and sex). Even in the final adjusted mixed 

model, being in the inactive group was associated with completing the LDCW nearly 30 

seconds slower than the exerciser group, indicating the importance of participating in 

physical activities of higher duration and intensity compared to inactivity.

The lifestyle active group did not have significantly different completion times compared to 

the inactive group; however, evidence of a dose-response relationship existed between 

higher physical activity and LDCW faster completion times. Lifestyle activity was 

beneficial over inactivity, indicated by the faster completion times the lifestyle active group 

had compared to the inactive group. Given that the population as a whole is becoming less 

active over time,38 morbidity and mortality related to low aerobic fitness may increase as the 

highly inactive population reaches older ages. Extremely low aerobic fitness levels in old 

age lead to a diminished energy reserve for performing daily activities and sustaining 

homeostasis, potentially making even basic tasks difficult and fatiguing.39

The findings in this study are consistent with previous work by Fleg and colleagues 

examining longitudinal changes in aerobic fitness based on aerobic capacity measured using 

maximal treadmill testing in the BLSA,8 though fundamental differences exist between the 

methods used in defining physical activity groups and assessing aerobic fitness. In this 

study, physical activity categories were classified using the same methods that have been 

associated with physical functioning and incident mobility limitation in previous studies and 

take into account type and intensity of activities,4028 rather than population based cutoffs. 

Population based-cutoffs can be problematic since participants in the highest percentile may 

still be considered inactive by traditional definitions. Additionally, the use of a performance-

based test with broad inclusion criteria adds to the clinical relevance of this work. Over-

ground walking tests are much more feasible to incorporate into clinical, rehabilitation, and 

research settings compared to maximal treadmill testing. Additionally, over-ground walking 

tests can be used for assessing fitness of many older adults who may be excluded from 

maximal exercise testing, allowing for participants with a wider range of functional and 
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health status to be examined‥ The large sample size, well characterized study population, 

and several years of follow-up time also add to the strengths of this study.

Although the use of mixed models helped us maximize the available data, the proportion of 

participants who were not included in the models differed between physical activity group, 

with inactive participants being the most likely to be excluded. Additionally, those in the 

exerciser group had more observations over the time period compared to the lifestyle active 

and inactive groups. At baseline, exercisers were nearly twice as likely to complete the 

LDCW compared to inactive participants. This relationship was attenuated by the poor 

health factors of the inactive group, though the exerciser group may have been in better 

health because they exercise. Likely, participants excluded from the analysis had lower 

aerobic fitness levels than those who were included. Thus, the observed differences between 

the physical activity groups may in fact be an underestimate of the true relationship. The 

most inactive participants may have truly had a faster decline in aerobic fitness compared to 

the most active participants, but if those very inactive participants could not complete the 

LDCW, we could not detect the trend.

A limitation to this study is that physical activity was not measured in a consistent manner 

throughout the study follow-up period and we were unable to use the physical activity 

category as a time-varying predictor. Although possibly participants may not have remained 

in the same physical activity category over time, the trend is that older adults become less 

active over time, rather than more active.41 Limitations exist in assessing physical activity 

via self-report in older adults, particularly in regards to recall issues. Advances in activity 

monitoring have greatly changed the field of physical activity epidemiology, though these 

monitors are likely not feasible for use in many clinical settings—especially given their cost 

and the time and analytic skills needed to process activity monitor data. Well designed and 

validated physical activity questionnaires can still be important to use in clinical settings in 

order to screen participants for physical activity counseling or interventions.

These results indicate that the level of self-reported physical activity is related to LDCW 

completion and walking speed, but is not predictive of the rate of change in LDCW 

performance. This suggests that the rate of decline in aerobic fitness associated with aging 

may not be avoidable. However, older adults who reach higher peak aerobic fitness levels 

earlier in life could potentially experience a delay in crossing thresholds where activities of 

daily living are impaired. This is an area worthy of future investigation. Future studies 

should determine whether interventions increasing physical activity can slow the reduction 

in fitness over time, and whether a delay in crossing below thresholds of low aerobic fitness 

also prevent impairments of activities of daily living.
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Figure 1. 
Participant Flow Diagram from Health ABC Cohort
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Figure 2. 
Change in Long Distance Corridor Walk (LDCW) Completion Time by Physical Activity 

Group. The figure represents the longitudinal completion times (mean and 95% confidence 

interval) based upon final model (adjusted for age, sex, body mass index, Short Physical 

Performance Battery (SPPB) score, poor health at baseline, reporting pain while walking, 

reporting that walking ¼ mile is easy, SPPB score and associated interactions with time as 

well as main effects for race and indicating that walking ¼ mile is easy) for the 1948 

participants who had a baseline LDCW completion time and at least one other completion 

time observation. The number of participants with a completion time at each visit is as 

follows: Baseline visit: n=1948 (n=377 inactive, n=1024 lifestyle active, n=547 exercisers), 

Year 2: n=1635 (n=304 inactive, n=806 lifestyle active, n=471 exercisers), Year 4: n=1419 

(n=267 inactive, n=732 lifestyle active, n=420 exercisers), Year 6: n=1201 (n=197 inactive, 

n=636 lifestyle active, n=368 exercisers), Year 8: n=924 (n=157 inactive, n=477 lifestyle 

active, n=290 exercisers).
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Table 1

Baseline Characteristics of Health ABC Participants by Baseline Physical Activity Category

Characteristic Inactive
(N= 720)

Lifestyle
Active

(N= 1605)

Exerciser
(N=750)

P-value
for trend

Age (years), Mean ± SD 74.0 ± 2.92 73.5 ± 2.86 73.6 ± 2.85 0.03

Pittsburgh Site 41.6 (300) 49.8 (800 ) 56.9 (427) <0.001

Female Sex, % (N) 56.3 (405) 57. (922) 34.3 (257) <0.001

Black Race, % (N) 50.3 (362) 44.6(715) 27.2 (204) <0.001

BMIa (kg/m2), Mean ± SD 26.6 ± 5.47 27.5 ± 4.96 26.85 ± 4.37 0.63

Ever Smoker, % (N) 58.6 (422) 53.2 (853) 59.6 (447) 0.67

Baseline Health Fair or Poor, % (N) 23.2 (167) 16.9 (271) 7.5 (56) <0.001

Season of Baseline Visit, % (N)

    Spring 31.5 (227) 33.5 (538) 38.5 (289) 0.02

    Summer 18.8 (136) 23.0 (369) 20.1 (151) 0.77

    Autumn 25.6 (184) 21.2 (341) 21.3 (160) 0.02

    Winter 22.4 (161) 22.7 (365) 20.5 (154) 0.55

Health History, % (N)

    Heart Attack 10.4 (75) 10.7 (172) 14.7 (110) 0.01

    Stroke 3.5 (25) 2.3 (37) 1.3 (10) 0.01

    Congestive Heart Failure 8.2 (59) 192 (12.0) 73 (9.7) 0.55

    Lung Diseaseb 21.5 (155) 19.2(308) 14.7(110) 0.001

    Osteoporosis 9.0 (65) 9.5(152) 5.1 (38) 0.005

    Depression 10.4 (75) 9.3 (149) 9.1 (68) 0.38

    Osteoarthritis in knee or hip 8.2 (59) 12. (192) 9.7 (73) 0.36

    Peripheral Artery Disease 4.2 (30) 3.9 (62) 4.8 (36) 0.54

    Diabetes 17.9 (129) 15.2 (244) 11.6 (87) 0.001

Self-Reported Symptoms, % (N)

    Lower Extremity Pain While Walking 25.8 (186) 22.0 (353) 15.7 (118) <0.001

    Back Pain Fairly Often or More 24.2 (174) 22.5(361) 16.0 (120) <0.001

    Shortness of Breath While Walking 36.9 (266) 34.0 (546) 21.6 (162) <0.001

Physical Functioning

    Short Physical Performance Battery 7.5 ± 2.98 8.1 ± 2.85 9.0 ± 2.39 <0.001

    Report Walking ¼ Mile is “Very
Easy”, % (N)

63.5 (457) 65.4(1050) 73.7 (553) <0.001

a
BodyMass Index

b
Lung disease includes a history of asthma, chronic obstructive pulmonary disease, or emphysema.
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