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Abstract

OBJECTIVES—To evaluate the prevalence of respiratory impairment and dyspnea, and their

associations with objectively-measured physical inactivity and performance-based mobility in

sedentary older persons.

DESIGN—Cross-sectional.

SETTING—Lifestyle Interventions and Independence in Elder (LIFE) Study.

PARTICIPANTS—1635 community-dwelling older persons, mean age 78.9, who reported a

sedentary status (<20 minutes/week in the past month of regular physical activity and <125

minutes/week of moderate physical activity).
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MEASUREMENTS—Respiratory impairment was defined by a reduced ventilatory capacity

(forced expiratory volume in 1-second < lower limit of normal [LLN]) and respiratory muscle

weakness (maximal inspiratory pressure <LLN). Dyspnea was defined as moderate-to-severe

ratings on the modified Borg index, immediately after a 400-meter walk test (400MWT). Physical

inactivity was defined by high sedentary time, as the highest quartile of participants with

accelerometry-measured activity <100 counts/min. Performance-based mobility was evaluated by

the Short Physical Performance Battery (<7 defined moderate-to-severe mobility impairment) and

400MWT gait speed (<0.8 meter/second was defined as slow).

RESULTS—Prevalence rates of reduced ventilatory capacity, respiratory muscle weakness, and

dyspnea were 17.7%, 14.7%, and 31.6%, and of moderate-to-severe mobility impairment and slow

gait speed were 44.7% and 43.6%, respectively. Significant associations were found between

reduced ventilatory capacity and slow gait speed (adjusted odds ratio [95% confidence interval]:

1.41 [1.03, 1.92]), respiratory muscle weakness and moderate-to-severe mobility impairment (1.42

[1.03, 1.95]), and dyspnea with high sedentary time and slow gait speed (1.98 [1.28, 3.06] and

1.70 [1.22, 2.38], respectively).

CONCLUSION—Among sedentary older persons, respiratory impairment and dyspnea are

prevalent and associated with objectively-measured physical inactivity or decreased performance-

based mobility. Because they are modifiable, respiratory impairment and dyspnea should be

considered in the evaluation of sedentary older persons.
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INTRODUCTION

With persons aged ≥70 representing the fastest growing segment of the US population,1

preventing disability throughout later life is an important public health goal.2 In particular,

having a sedentary status is a strong predictor of physical disability in older persons.3,4

Hence, identifying modifiable factors that contribute to a sedentary status will inform

preventive and therapeutic interventions.

A prevalent mechanism that may underlie a sedentary status could include a respiratory

impairment.5 Older persons are at high risk of having a respiratory impairment, given the

cumulative effects of exposures to tobacco smoke, respiratory infections, air pollutants, and

occupational dusts.6 In addition, aging itself reduces the physiologic capacity of the

respiratory system, including through an increase in the stiffness of the chest wall and a

decrease in the elastic recoil of the lung (among other adverse effects).6

The diagnosis of respiratory impairment is most often established by spirometric measures,

in particular the forced expiratory volume in 1-second (FEV1).6-9 Because it is a strong

predictor of the maximal attainable ventilation during exercise, a low FEV1 suggests a

reduced ventilatory capacity.9 Alternatively, since aging is associated with sarcopenia

(decreased skeletal muscle mass and function), respiratory impairment may be also defined

as respiratory muscle weakness, based on a decreased maximal inspiratory pressure
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(MIP).10-13 When substantial, reductions in FEV1 and MIP can lead to a decreased exercise

capacity and an increased risk of physical disability.5,9,12-14

A prevalent symptom that may contribute to a sedentary status could include dyspnea.9,15

Prior work has shown that most older persons experience dyspnea when “hurrying on the

level or walking up a slight hill”, while 10% experience more severe dyspnea such as “stop

for breath when walking at your own pace on the level”.8 Adverse outcomes related to

dyspnea include a decreased exercise capacity and an increased risk of physical

disability.9,15,16

Among older persons who specifically report a sedentary status, the prevalence of

respiratory impairment and dyspnea, and their associations with physical inactivity and

impaired mobility have not been rigorously evaluated. No prior study, to our knowledge, has

simultaneously collected data on spirometry, MIP, ratings of exertional dyspnea, and

objectively-measured physical inactivity and performance-based mobility in sedentary older

persons.13,14,16-18

The Lifestyle Interventions and Independence for Elders (LIFE) Study is a randomized

controlled trial designed to compare a physical activity program with a health education

program in 1635 sedentary community-dwelling older persons.19 The study included age-

appropriate assessments of spirometry and MIP, a validated rating of exertional dyspnea,

and objectively-measured physical inactivity and performance-based mobility.6,11,20-28

Accordingly, using baseline data from the LIFE Study, we set out to evaluate the prevalence

of FEV1- and MIP-defined respiratory impairment and exertional dyspnea, and their

associations with objectively-measured physical inactivity and performance-based mobility.

The results of this work may inform the importance of respiratory impairment and dyspnea

as potentially modifiable factors that contribute to a sedentary status in community-dwelling

older persons.

METHODS

Study Population

The LIFE Study is a multicenter randomized controlled trial comparing a physical activity

program with a health education program in 1635 sedentary community-dwelling persons

aged 70-89.19 The assembly of the cohort has been described in detail elsewhere.29 In brief,

eligibility criteria included having a low physical activity, defined as <20 minutes per week

in the past month of regular physical activity and <125 minutes per week of moderate

physical activity (based on the modified 18-item Community Healthy Activities Model

Program for Seniors questionnaire), and impaired lower extremity function, defined as a

Short Physical Performance Battery (SPPB) score <10 (but otherwise able to walk 400

meters in ≤15 minutes without assistance).19,26,27,29,30 The Institutional Review Boards of

participating centers approved all study procedures. The present study reports on the

baseline evaluation of LIFE participants.
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Demographic and Clinical Characteristics

The baseline characteristics included age, sex, body mass index (BMI), smoking status,

chronic conditions, health status, and medication use, including respiratory medications, and

oxygen therapy.19,29 The chronic conditions were self-reported, physician-diagnosed

arthritis, chronic lung disease (asthma or chronic obstructive pulmonary disease [COPD]),

coronary artery disease, diabetes mellitus, heart failure, hypertension, peripheral arterial

disease, and stroke. To assess health status, participants were asked, “Would you say your

health is excellent, very good, good, fair, or poor?” Decreased health status was defined as a

rating of “fair” or “poor.” Respiratory medications included use of bronchodilators and

corticosteroids, or “pills” for breathing problems, specifically in the prior 3 days. Oxygen

therapy included intermittent use, at night or with exercise (regular use of oxygen therapy

was an exclusion criterion in the LIFE Study).

Dyspnea

The modified Borg index is a 10-level severity scale that evaluates dyspnea immediately

after an exercise activity.24 Using this scale, dyspnea was defined as none, mild, and

moderate-to-severe based on a Borg index of 0, 0.5-2, and >2, respectively.24 In the LIFE

Study, the Borg index was evaluated immediately after the 400-meter walk test (described

below).

Respiratory Impairment

Participants who met safety criteria underwent spirometry, using the EasyOne™ PLUS

spirometer (NDD Medical Technologies; Andover, MA) and protocols from the American

Thoracic Society (ATS).7 Participants performed at least three trials of a forceful exhalation

maneuver that started from maximal inspiration and concluded with a 6-second end-of-test

criterion, with the spirometric measure of interest being the FEV1.7,31 Of the 1,635 LIFE

participants, 1362 (83.3%) achieved a quality grade C or higher for FEV1 (at least two

acceptable trials) — these latter participants were included in the final analytical sample.

For comparisons between measured and predicted FEV1 values, we used reference

equations from the Global Lung Function Initiative (GLI).21 The use of GLI equations is

ideal for aging populations, because they rigorously account for age-related changes in lung

function, including the three elements of distribution (mean, coefficient-of-variation, and

skewness), and because they are applicable for ages up to 95.20,21 Using the GLI equations,

Z-scores for FEV1 were calculated for each participant, with a Z-score of -1.64 defining the

lower limit of normal (LLN) as the 5th percentile of the distribution.20,21 Participants were

classified as having a reduced ventilatory capacity if FEV1<LLN.9,17,20,21,23

Next, to assess respiratory muscle weakness as a basis for respiratory impairment, we

obtained MIP readings (cm H2O), using a Magnehelic 2000-200 pressure gauge (Dwyer

Instruments, Michigan City, IN). Of the 1,635 LIFE participants, 1401 (88.9%) had at least

2 MIP readings recorded (1260 participants had five MIP readings). Of these 1401

participants, 1373 (84.0%) achieved a variability ≤10 cm H2O for the two highest MIP

readings (including when only two MIP readings were recorded) — these 1373 participants

were included in the final analytical sample.
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For comparisons between measured and predicted MIP values, we used reference equations

from the Multi-Ethnic Study of Atherosclerosis Lung Study (MESA), which included

participants aged 45-84.11 Using the MESA equations, participants were classified as having

respiratory muscle weakness if the highest MIP reading was <LLN (<5th percentile of the

distribution of reference values).11

Physical Activity and Performance-Based Mobility

Physical activity was measured by accelerometry, using the ActiGraph GT3X

(ActiGraphTM LLC, Pensacola, FL) over a period of 7-days. Sedentary time was defined by

percent of wear-time with activity <100 counts/minute, averaged across days.25 Participants

who were in the highest quartile were classified as having high sedentary time.

Mobility-related measures included the Short Physical Performance Battery (SPPB) and

400-meter walk test (400MWT). The SPPB is a summary performance measure consisting

of time to walk 4 meters at usual pace, time to complete five chair stands, and three

increasingly difficult standing balance maneuvers.26,27 An SPPB score ≤7 was selected to

identify participants as having moderate-to-severe mobility impairment (relative to scores of

8 and 9, which were considered mild mobility impairment). The 400MWT was completed at

the participant's usual walking pace over a 40-meter course. A gait speed of <0.8 meter/

second was operationalized as slow.28

Statistical Analysis

The baseline characteristics of the study population, including continuous measures of

dyspnea, FEV1, MIP, accelerometry, SPPB, and 400MWT, were summarized as means and

standard deviations or as counts and percentages. In addition, using the earlier described

diagnostic thresholds, the frequency distributions of dyspnea severity, respiratory

impairment, moderate-to-severe mobility impairment, and slow gait speed were also

summarized.

Next, using a logistic regression model that was adjusted for age, height, sex, race, smoking,

BMI, number of chronic conditions, health status, and LIFE field site, odds ratios with 95%

Wald confidence intervals were calculated as measures of the association of respiratory

impairment and dyspnea severity, respectively, with high sedentary time, moderate-to-

severe mobility impairment, and slow gait speed. Respiratory impairment included reduced

ventilatory capacity and respiratory muscle weakness. Dyspnea severity included mild and

moderate-to-severe levels, as defined by the Borg index.

All statistical analyses were performed using SAS v9.2 (SAS Institute; Cary, NC).

RESULTS

Table 1 summarizes baseline demographic and clinical characteristics. The mean age was

78.9 years; 67.2% were female, 78.9% were white, and the mean BMI was 30.2 kg/m2, with

46% of participants having a BMI ≥30 kg/m2. A smoking history, including former and

current smoking, was reported by 48.1% of participants. The mean number of chronic

conditions was 2.0, with chronic lung disease reported in 15.6% of participants.
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Cardiovascular conditions (including risk factors) were also prevalent, with hypertension,

diabetes, peripheral arterial disease, coronary artery disease, stroke, and heart failure

reported by 71.0%, 25.4%, 9.1%, 7.9%, 6.7%, and 5.9% of participants, respectively.

Respiratory medications were used by 10.9%, while oxygen was used by 2.0%. Fair-to-poor

health status was reported by 34.8% of participants. Any dyspnea, as defined by the Borg

Index, was reported by 82.1%, being moderate-to-severe in 31.6%.

Table 2 summarizes the results for baseline spirometry, MIP, sedentary time, and mobility.

Using the previously described diagnostic thresholds for FEV1 and MIP, the prevalence

rates of respiratory impairment as defined by reduced ventilatory capacity and respiratory

muscle weakness were 17.7% and 14.7%, respectively. Similarly, using the previously

described diagnostic thresholds for mobility, the prevalence rates of moderate-to-severe

mobility impairment and slow gait speed were 44.7% and 43.6%, respectively.

Table 3 shows the adjusted odds ratios (95% confidence intervals) for high sedentary time,

moderate-to-severe mobility impairment, and slow gait speed, according to respiratory

impairment and dyspnea severity. Reduced ventilatory capacity was significantly associated

with slow gait speed — adjusted odds ratio (aOR) 1.41 (1.03, 1.92), with borderline

associations observed for high sedentary time and moderate-to-severe mobility impairment

— aORs 1.42 (0.97, 2.07) and 1.32 (0.98, 1.78), respectively. Respiratory muscle weakness

was significantly associated with moderate-to-severe mobility impairment — aOR 1.42

(1.03, 1.95), with a borderline association observed for slow gait speed — aOR 1.36 (0.97,

1.90). Dyspnea, when rated as moderate-to-severe on the Borg scale, was significantly

associated with high sedentary time and slow gait speed — aORs 1.98 (1.28, 3.06) and 1.70

(1.22, 2.38), respectively. Otherwise, mild dyspnea was not significantly associated with any

outcome, with the only exception being a borderline association with high sedentary time —

aOR 1.47 (0.98, 2.20).

DISCUSSION

In a large sample of sedentary community-dwelling older persons, we found that respiratory

impairment, when defined as reduced ventilatory capacity, occurred in 17.7% of participants

and was significantly associated with a 41% increased odds of having slow gait speed.

Similarly, respiratory impairment, when defined as respiratory muscle weakness, was also

prevalent, occurring in 14.7% of participants, and was significantly associated with a 42%

increased odds of having moderate-to-severe mobility impairment. We also found that

dyspnea, when rated as moderate-to-severe immediately after the 400MWT, was especially

prevalent, occurring in 31.6% of participants and was significantly associated with a 98%

and 70% increased odds of having high sedentary time and slow gait speed, respectively.

Our results suggest that a reduced ventilatory capacity should be considered when

evaluating older persons who report a sedentary status. The prevalence of a reduced

ventilatory capacity was substantial and was significantly associated with slow gait speed,

an important indicator of physical frailty that increases the risk of injurious falls, cognitive

impairment, disability, institutionalization, and mortality.28,32-34 In contrast, the associations

of a reduced ventilatory capacity with high sedentary time and moderate-to-severe mobility
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impairment were not statistically significant. These differences in associations further

suggest that a reduced ventilatory capacity has a greater effect on endurance (slow gait

speed was determined during the 400MWT), than on measures that establish physical

inactivity (high sedentary time) or require a short walking distance (moderate-to-severe

mobility impairment was based on the SPPB, which included only 4 meters of walking).

As discussed earlier, we established a reduced ventilatory capacity based on a low FEV1

(<LLN).9 Because a low FEV1 is often due to cardiopulmonary disease,6-9,35 it is likely that

cardiopulmonary mechanisms contributed to the high prevalence of reduced ventilatory

capacity among LIFE participants, including its association with slow gait speed. Life

participants had a frequent smoking history (48.1%) and high rates of chronic lung disease,

including asthma or COPD (15.6%), and of cardiovascular conditions and related risk

factors, including hypertension (71.0%), obesity (46.0%), diabetes (25.4%), coronary artery

disease (7.9%), stroke (6.7%), and heart failure (5.9%).

Our results also suggest that respiratory muscle weakness should be considered when

evaluating older persons who report a sedentary status. The prevalence of respiratory muscle

weakness was substantial and was associated with moderate-to-severe mobility impairment.

The latter is highly predictive of disability in activities of daily living and mobility-related

disability.36

Because the SPPB included tasks that require lower extremity proximal muscle strength

(chair stands and difficult standing balance maneuvers), we postulate that the association

between respiratory muscle weakness and moderate-to-severe mobility impairment was due

to a sarcopenic state which adversely affected the muscles of breathing (decreased MIP) and

the muscles of ambulation (decreased SPPB).9-13,15 Risk factors for having a sarcopenic

state were common among LIFE participants, including advanced age, sedentary lifestyle

(deconditioning), obesity, and cardiopulmonary disease.10

Similarly, exertional dyspnea should be considered when evaluating older persons who

report a sedentary status. LIFE participants frequently described moderate-to-severe dyspnea

immediately after the 400MWT, and this was associated with slow gait speed and high

sedentary time. These results may again reflect underlying cardiopulmonary disease and

sarcopenia, including the effect of dyspnea as a symptom limitation on endurance (slow gait

speed) and with physical inactivity (high sedentary time) as a potential compensatory

response.8-10,12-18

The present study has two major strengths. First, it evaluated a highly vulnerable population

of older persons, whose sedentary status increases the risk of future disability.3,4 Second, it

evaluated objective measures of respiratory impairment, physical inactivity, and

performance-based mobility, as well as a rating of exertional dyspnea based on the

400MWT. The respiratory impairment additionally included an age-appropriate method for

reporting the FEV1,6,20,21 not previously evaluated regarding its association with physical

inactivity and performance-based mobility.

Nonetheless, we acknowledge that the baseline (cross-sectional) evaluation of LIFE

participants cannot establish cause-effect relationships. The longitudinal component of the
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LIFE Study may, however, provide important insights. Because exercise can improve

cardiovascular conditions and related risk factors, as well as sarcopenia,9,10,37-40 we

hypothesize that the exercise program in the LIFE Study may improve respiratory

impairment and dyspnea, and, in turn, physical activity and mobility. We plan to test this

hypothesis when the LIFE longitudinal data become available.

We acknowledge three other limitations. First, we excluded from analysis participants who

had not achieved an acceptable FEV1 and MIP (16.7% and 16.0%, respectively). Older

persons who cannot adequately perform spirometry or MIP are likely to be more physically

frail and, as a result, have a sedentary status and decreased mobility.2,32-34,41 Second,

because the LIFE Study only included sedentary individuals who had functional limitations

but were otherwise non-disabled (able to complete the 400MWT without assistance), the

range of scores on measures of physical activity and mobility was constrained and likely

attenuated the associations of interest. Third, several other factors may have also impacted

the associations of interest. In particular, prior work suggests that sarcopenia of the muscles

of ambulation and psychosocial factors may contribute independently to decreased mobility

and physical inactivity, including among individuals who have COPD (i.e., have a

respiratory impairment).10,35,42,43 These same factors potentially increase the risk of other

adverse outcomes, such as worsening of symptom-limiting dyspnea and

hospitalization.9,10,15,43 Consequently, when the longitudinal data of the LIFE Study

become available, we plan to evaluate whether measures of peripheral muscle strength (i.e.,

grip strength) and psychosocial factors mediate the effects of respiratory impairment (i.e.,

reduced ventilatory capacity or respiratory muscle weakness) and dyspnea on a broad array

of adverse outcomes, including the development of slow gait speed, moderate-to-severe

mobility impairment, mobility disability (unable to complete the 400MWT), physical

inactivity, and hospitalization.

In conclusion, among sedentary community-dwelling older persons, we found that

respiratory impairment and dyspnea were prevalent and associated with objectively-

measured physical inactivity or decreased performance-based mobility. Because they are

modifiable, respiratory impairment and dyspnea should be considered in the evaluation of

sedentary older persons.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Baseline demographic and clinical characteristics

Characteristic N
a Mean ± SD or No. (%)

Age (years)

1,635

78.9 ± 5.2

Females 1098 (67.2)

White 1290 (78.9)

BMI (kg/m2) 30.2 ± 6.1

    BMI ≥30, No. (%) 752 (46.0)

Smoking status

    Never

1,606

834 (51.9)

    Former 722 (45.0)

    Current 50 (3.1)

Number of chronic conditions
b 1,631 2.0 ± 1.2

    Hypertension 1,621 1151 (71.0)

    Diabetes mellitus 1,628 414 (25.4)

    Arthritis 1,625 318 (19.6)

    Chronic lung disease
c 1,627 253 (15.6)

    Peripheral arterial disease
d 1,631 149 (9.1)

    Coronary artery disease 1,627 129 (7.9)

    Stroke 1628 109 (6.7)

    Heart failure 1622 96 (5.9)

Respiratory medication use
1,634

178 (10.9)

Oxygen therapy 32 (2.0)

Fair-to-poor health status 1,629 567 (34.8)

Dyspnea severity

    Borg index (400MWT)
e

1,632

1.1 ± 0.7

0 (none) 292 (17.9)

0.5-2 (mild) 824 (50.5)

>2 (moderate-to-severe) 516 (31.6)

Abbreviations: BMI, body mass index; SD, standard deviation; SPPB, short physical performance battery; 400MWT, 400-meter walk test.

a
N varies as a consequence of missing values.

b
Self-reported, physician-diagnosed.

c
Asthma or chronic obstructive pulmonary disease (chronic bronchitis or emphysema).

d
Included a self-reported, physician-diagnosis or prior hospitalization for an operation or procedure to improve the blood flow to the legs (i.e.,

angioplasty or stent).

e
Includes the following scale: 0, 0.5, 1, and continuing as integers up to 10.
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Table 2

Baseline spirometry, maximal inspiratory pressure, sedentary time, and mobility

Characteristic N
a Mean ± SD or No. (%)

Spirometry

    FEV1, Liters
1,362

1.86 ± 0.57

    Reduced ventilatory capacity
b 241 (17.7)

Maximal inspiratory pressure (MIP), cm H2O
1,373

59.2 ± 22.6

    Respiratory muscle weakness
c 202 (14.7)

Sedentary time 
d 1,306 77.4 ± 7.7

Mobility

    SPPB score

1,635

7.4 ± 1.6

        Moderate-to-severe mobility impairment
e 731 (44.7)

    400-meter walk time (seconds) 508.9 ± 114.1

        Slow gait speed
f 712 (43.6)

Abbreviations: FEV1, forced expiratory volume in 1-second; LLN, lower limit of normal; SD, standard deviation; SPPB, short physical
performance battery; 400MWT, 400-meter walk test.

a
N varies as a consequence of missing values.

b
FEV1<LLN.

c
MIP<LLN.

d
Percent of wear-time with activity <100 counts/min, averaged across days.

e
SPPB≤7.

f
<0.8 meter/second (400MWT).
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