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Abstract

OBJECTIVE—To evaluate the association between performance on a single chair stand and
moderate-to-severe exertional dyspnea. Prior work has shown that the most important factor when
performing a chair stand is proximal muscle function of the lower extremities.

DESIGN—Cross-sectional.
SETTING—Cardiovascular Health Study.
PARTICIPANTS—Community-dwelling, aged =65 (N=4413).

MEASUREMENTS—Single chair stand (poor vs. normal performance, defined by inability vs.
ability to rise without arm use, respectively), moderate-to-severe exertional dyspnea (American
Thoracic Society grade =2), and the following covariates: age, sex, ethnicity, obesity, smoking,
frailty status (Fried-defined non-frail, pre-frail, and frail), high cardiopulmonary risk (composite of
cardiopulmonary disease and diabetes), spirometric impairment, arthritis, depression, stroke, and
kidney disease.

RESULTS—Mean age was 72.6; 2518 (57.1%) were female, 199 (4.5%) were non-white, 788
(17.9%) were obese, and 2410 (54.6%) had a smoking history. Poor performance on the single
chair stand was established in 369 (8.4%) and moderate-to-severe exertional dyspnea in 773
(17.5%). Pre-frail and frail status were established in 2210 (50.1%) and 360 (8.2%), respectively,
arthritis in 2241 (51.4%), high cardiopulmonary risk in 2469 (55.9%), spirometric impairment in
1076 (24.4%), kidney disease in 111 (2.5%), depression in 107 (2.4%), and stroke in 93 (2.1%). In
multivariable regression models, relative to normal performance, having poor performance on the
single chair stand was associated with moderate-to-severe exertional dyspnea, yielding unadjusted
and adjusted odds ratios (95% confidence interval) of 3.48 (2.78, 4.36) and 1.85 (1.41, 2.41),
respectively.
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CONCLUSION—Poor performance on a single chair stand increased the likelihood of moderate-
to-severe exertional dyspnea by an adjusted 85%, relative to normal performance. These results
suggest that reduced proximal muscle function of the lower extremities is associated with
moderate-to-severe exertional dyspnea, even after adjusting for multiple confounders.
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INTRODUCTION

Among older persons, dyspnea is prevalent and associated with adverse outcomes.1~8 Prior
work has shown, for example, that dyspnea is reported in a quarter to one-third of older
persons and occurs most often on exertion.1~® Adverse outcomes associated with dyspnea
include exercise intolerance, physical disability, and increased mortality.1-8

Prior work also suggests that a large proportion of older persons who report dyspnea do not
have a cardiopulmonary impairment.910 In two separate studies involving dyspneic older
persons, less than one-third had a spirometric impairment (airflow-obstruction or restrictive-
pattern) and less than one-fifth had a cardiac impairment (systolic or diastolic).910
Moreover, physiologic measures such as the forced expiratory volume in 1-second (FEV1)
and the left ventricular ejection fraction cannot by themselves fully explain the experience of
dyspnea, including in patients who have chronic obstructive pulmonary disease (COPD) and
heart failure, respectively.1l Hence, it is important to consider additional mechanisms when
evaluating dyspnea in older persons, particularly given the age-related increase in
multimorbidity.89

Frailty is a prevalent geriatric syndrome that is commonly characterized by low physical
activity, reduced grip strength, slow gait speed, exhaustion, or unintentional weight loss.12 It
has been previously shown that older persons who have one or more of these frailty features
have a significantly greater frequency of respiratory symptoms, including dyspnea, as
compared with those who have no frailty features (p<.001).13 Because frailty features may
also represent a phenotypic expression of sarcopenia (loss of skeletal muscle mass and
function),12-14 we postulate that weakness of the proximal muscles of ambulation may be an
important contributor to exertional dyspnea in older persons. The physiologic rationale is
that proximal weakness of the muscles of ambulation may lead to an early exercise-induced
lactic acidosis, thereby increasing CO2 flux (bicarbonate buffering of lactate), ventilatory
requirements, and, ultimately, exertional dyspnea.l:’

Using data on 4,413 participants aged =65 from the Cardiovascular Health Study,1:16 we
have therefore evaluated the cross-sectional association between lower extremity proximal
muscle function and exertional dyspnea. In particular, we evaluated: 1) lower extremity
function that is largely dependent on proximal muscle strength vis-a-vis a single chair
stand;14.17-20 2) exertional dyspnea at a moderate—to-severe level, as defined by an
American Thoracic Society grade of >2;1:21 and 3) potential confounders, including
cardiopulmonary disease and related risk factors, spirometric impairment, Fried-defined
frailty features, arthritis, and depression (among others).12-14 We hypothesized that poor
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performance on a single chair stand (inability to rise without arm use) would be significantly
associated with exertional dyspnea. If our results support our hypothesis, this would suggest
that reductions in lower extremity proximal muscle function may be associated with
exertional dyspnea.

Study Population

The Cardiovascular Health Study (CHS) is a population-based study of persons aged =65,
identified from a random sample of Medicare eligibility lists in four U.S. communities and
included whites and African Americans — assembled between 1988-1993 (N=5,888).15:16
For the current study, our analytical sample was comprised of 4,413 CHS participants who at
the baseline visit had completed an ATS dyspnea questionnaire and at least two ATS-
acceptable spirometric maneuvers (described below).21-24

The institutional review boards from the Veterans Affairs Connecticut Healthcare System
and Yale University approved the study, granting exemption from participant consent
because it involved de-identified data that were publicly available.

Baseline Demographic and Clinical Characteristics

These included age, sex, ethnicity/race, body mass index (BMI, kilograms/meters?),
smoking history, medical conditions, high cardiopulmonary risk, and frailty features.
Medical conditions were ascertained by self-report, except depression which was established
by a Center for Epidemiologic Studies Depression Scale (CES-D) =16.25 High
cardiopulmonary risk was defined by the presence of any of the following medical
conditions: hypertension, diabetes mellitus, coronary artery disease, heart failure, chronic
obstructive pulmonary disease (COPD), or asthma. Using procedures published by Fried and
colleagues, 12 the following five component frailty features were evaluated: 1) low physical
activity—lowest quintile of kilocalories/week (sex-adjusted), 2) reduced grip strength—
lowest quintile of the average of three dynamometer readings (sex- and BMI-adjusted), 3)
slow gait speed—slowest quintile during a timed 15-feet walk (sex- and height-adjusted), 4)
exhaustion—two questions from CES-D; and 5) unintentional weight loss—at least 10
pounds in the prior year. Based on the Fried phenotype, a three-level frailty status was
established, as follows: 1) non-frail, as having none of the component frailty features, 2) pre-
frail, as having 1 or 2 of the component frailty features, and 3) frail, as having at least 3 of
the component frailty features.12

Moderate-to-Severe Dyspnea

Dyspnea was evaluated by the ATS Adult Dyspnea Questionnaire, graded in severity
according to five questions that described everyday experiences—the more severe the
dyspnea, the higher the ATS grade (range 0-5).2! Using this questionnaire, exertional
dyspnea was classified as moderate-to-severe based on ATS grade of at least 2, which
included a Yes response to the following question: “Do you have to walk slower than people
of your age on the level because of breathlessness?”21
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The rationale for establishing moderate-to-severe exertional dyspnea at a minimum ATS
grade 2 is that this level of dyspnea includes a comparison to a reference group of the same
age, occurs at a low exercise workload, and is associated with health outcomes.21:26 |n
contrast, an ATS dyspnea grade 1 defines mild severity—*I get short of breath when
hurrying on the level or walking up a slight hill.”21.26

Spirometric Impairment

Participants underwent spirometry using contemporary ATS protocols.?2 The measured
values of interest included the ratio of forced expiratory volume in 1-second to forced vital
capacity (FEV1/FVC) and FVC alone. The FEV1/FVC was calculated from the largest set of
FEV1 and FVC values that were recorded in any of the spirometric maneuvers meeting
ATS-acceptability criteria.22-24

To establish age-appropriate comparisons between measured and predicted values for
FEV1/FVC and FVC, we used reference equations from the Global Lung Initiative (GLI).2”
The use of GLI equations is ideal for aging populations, because they rigorously account for
age-related changes in lung function.2” Using the GLI equations, Z-scores for FEV1/FVC
and FVC were calculated for each participant, with a Z-score of —1.64 defining the lower
limit of normal (LLN) as the 5™ percentile of distribution.27-2° Participants were classified
as having 1) normal spirometry, if FEV1/FVC and FVC were both =LLN, 2) airflow-
obstruction, if FEV1/FVC <LLN, or 3) restrictive-pattern, if FEV1/FVC =LLN but FvC
<LLN.24‘28’29

Single Chair Stand

Participants were asked to stand up from a seated position in a chair without using their arms
(single chair stand).1%:16 The performance on the single chair stand was classified as poor if
participants were “unable to rise without arm use” or as normal if “able to rise without arm
use.” Of the 4,413 participants who completed the ATS dyspnea questionnaire and at least
two ATS-acceptable spirometric maneuvers at the baseline visit, 4,368 (99.0%) also
performed the single chair stand.

Statistical Analysis

The baseline characteristics, including demographic and clinical features, frailty (five
component measures and three level status), spirometric impairment (airflow-obstruction
and restrictive-pattern), moderate-to-severe exertional dyspnea, and single chair stand
performance, were summarized using means and standard deviations, or counts and
percentages.

Using unadjusted and frailty-adjusted logistic regression models, odds ratio with 95%
confidence intervals (95%CIs) were calculated as measures of the association between poor
performance on the single chair stand and moderate-to-severe exertional dyspnea. The frailty
covariates included the five component frailty measures and frailty status, expressed as a
two-level variable (non-frail and pre-frail or frail) and as a nominal three-level variable (non-
frail, pre-frail, and frail). The rationale for these frailty-adjusted analyses is that, because it
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is a potential phenotype of sarcopenia, frailty is likely to be a prominent confounder of the
association between poor performance on the single chair stand and exertional dyspnea.

In addition, using multivariable logistic regression models, adjusted odds ratios with 95%Cls
were calculated as measures of the association between poor performance on the single chair
stand and moderate-to-severe exertional dyspnea. Covariates included age, female sex, non-
white race, smoking status, obesity (BMI =30), high cardiopulmonary risk, three-level frailty
status, spirometric impairment, depression, arthritis, kidney disease, and stroke. The
covariates that had p values >.20 were not included in the final adjusted model.

Potential effect modification of the association between poor performance on the single
chair stand and moderate-to-severe exertional dyspnea was also assessed in the multivariable
logistic regression models. In this analysis, interactions were evaluated that involved
“crossing” the potential effect modifier with the poor single chair stand performance
indicator variable. The effect modifiers of interest included the earlier described covariates.
In tests of potential effect modification, p values for interaction terms were adjusted for the
multiplicity of comparisons. Model fit was assessed using residual analysis, influence
diagnostics, and goodness-of-fit statistics.

Upon investigating the quantity, pattern, and nature of missing values in the analytical
sample, multiple imputation was performed to reduce the probability that missing data
introduced bias to the inferential analyses. SAS® v9.4 (SAS Institute; Cary, NC) was used
for all analyses, with p<0.05 (two-sided) interpreted as connoting statistical significance. For
the interaction tests, the level of significance was adjusted as discussed earlier.

RESULTS

Table 1 reports the baseline characteristics of the analytical sample (N=4413). The mean age
was 72.6; 2518 (57.1%) were female, 199 (4.5%) were non-white, and the mean BMI was
26.3 kg/m?2. Obesity (BMI =30 kg/m2) was established in 788 (17.9%), and a smoking
history (former and current smokers) was reported by 2410 (54.6%). Arthritis was the most
prevalent medical condition, reported by 2241 (51.4%), while 2469 (55.9%) had at least one
condition that established a high cardiopulmonary risk (hypertension, diabetes mellitus,
coronary artery disease, heart failure, COPD, or asthma). Of the component frailty features,
the three most prevalent were slow gait speed (29.4%), reduced grip strength (23.6%), and
low physical activity (20.9%). Based on the Fried phenotype, pre-frail and frail status was
established in 2210 (50.1%) and 360 (8.2%), respectively. A spirometric impairment
(airflow-obstruction and restrictive-pattern) was established in 1076 (24.4%), and moderate-
to-severe exertional dyspnea was reported by 773 (17.5%). Among the 4368 participants
who underwent the single chair stand, 369 (8.4%) were classified as having poor
performance (unable to rise without arm use).

Table 2 reports odds ratios (95%CI) for moderate-to-severe exertional dyspnea according to
performance on the single chair stand, using unadjusted and frailty-adjusted logistic
regression models (N=4413). Relative to normal performance, having a poor performance on
the single chair stand was associated with more than a 3-fold greater odds of having
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moderate-to-severe exertional dyspnea, yielding an unadjusted odds ratio of 3.48 (2.78,
4.36). In the frailty-adjusted models, the association between poor performance on the single
chair stand and moderate-to-severe exertional dyspnea was most attenuated by the nominal
three-level frailty variable, yielding an adjusted odds ratio of 2.26 (1.40, 3.65). In contrast,
the attenuation of the association between poor performance on the single chair stand and
moderate-to-severe exertional dyspnea was more modest when the covariates included the
component frailty-features (singly), e.g., slow gait speed, low physical activity, and
exhaustion yielded adjusted odds ratios of 2.82 (1.74, 4.55), 2.90 (1.76, 4.76), and 2.94
(2.33, 3.72), respectively.

Table 3 reports adjusted odds ratios (95%CIl) for moderate-to-severe exertional dyspnea
according to performance on the single chair stand, using a multivariable logistic regression
model (N=4413). Relative to normal performance, having poor performance on the single
chair stand was significantly associated with moderate-to-severe exertional dyspnea,
yielding an adjusted odds ratio (adjOR) of 1.85 (1.41, 2.41). Significant associations were
also found for the covariates of age, obesity, high cardiopulmonary risk, frailty, spirometric
impairment, depression, and arthritis. None of these covariates, however, yielded statistically
significant effect modification of the association between poor performance on the single
chair stand and moderate-to-severe exertional dyspnea (p values were not significant when
adjusted for the multiplicity of comparisons).

DISCUSSION

In a sample of community-dwelling older persons, we found that poor performance on a
single chair stand (unable to rise without arm use) increased the likelihood of having
moderate-to-severe exertional dyspnea by an adjusted 85%, as compared with normal
performance (able to rise without arm use) (see Table 3). Because it is the most important
factor when performing a chair stand,17=20 our results suggest that reduced proximal muscle
function of the lower extremities is associated with moderate-to-severe exertional dyspnea in
older persons, even after adjusting for multiple potential confounders.

We also found that poor performance on a single chair stand and frailty status (three-level
nominal variable) appeared to compete in accounting for the variability in the outcome of
moderate-to-severe exertional dyspnea—in particular, the unadjusted odds ratio of 3.48
(2.78, 4.36) decreased to a frailty-adjusted odds ratio of 2.26 (1.40, 3.65) (see Table 2).
Moreover, in the multivariable model (see Table 3), having a frail status (3 or more frailty
measures) was more strongly associated with moderate-to-severe exertional dyspnea than
having a pre-frail status (1 or 2 frailty measures), yielding adjusted odds ratios of 3.24 (2.36,
4.45) and 2.30 (1.87, 2.84), respectively. Based on these results and those of prior
studies,8-12-14.17-20 e suggest a conceptual model in Figure 1,39 summarizing the proposed
associations of poor performance on a single chair stand and frailty with the outcome of
moderate-to-severe exertional dyspnea.

As discussed earlier, frailty may represent a phenotype of sarcopenia.1214 However, the
Fried-defined frailty phenotype may be limited as a proxy measure of sarcopenia, because it
additionally reflects psychological and social factors.1* Accordingly, future work should
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evaluate whether objectively measured sarcopenia, defined by both a decrease in muscle
mass (dual energy X-ray absorptiometry) and a decrease in the proximal muscle strength of
the lower extremities (isokinetic dynamometer), underlies the association between poor
performance on a single chair stand and exertional dyspnea, as proposed in Figure 1.
Furthermore, because age-related sarcopenia can occur systemically, respiratory muscle
weakness, defined by a decrease in the maximal inspiratory pressure, may coexist with
weakness of the proximal muscles of the lower extremities and, as a result, additionally
increase the likelihood of exertional dyspnea.8:13 Elucidation of the role of sarcopenia
regarding the muscles of ambulation and respiration may inform novel therapeutic
interventions among older persons who have exertional dyspnea.1

A prevalent and potentially modifiable factor that can lead to poor performance on a single
chair stand relates to deconditioning from a low level of physical activity.14 Low physical
activity when defined by the Fried criterial? occurred in 20.9% of our analytical sample (see
Table 1). As with the three-level frailty variable, but at a more modest level, we found that
poor performance on a single chair stand and low physical activity appeared to compete in
accounting for the variability in the outcome of moderate-to-severe exertional dyspnea—in
particular, the unadjusted odds ratio of 3.48 (2.78, 4.36) decreased to a low physical activity
adjusted odds ratio of 2.90 (1.76, 4.76) (see Table 2). Deconditioning from a sedentary status
may exacerbate sarcopenia of the proximal muscles of the lower extremities,1* thus leading
to poor performance on a single chair stand and, in turn, an increase in exertional dyspnea.l.’
These relationships, however, are likely to be complex (bidirectional), as prior work has also
shown that moderate-to-severe exertional dyspnea is itself cross-sectionally associated with
physical inactivity.8

We acknowledge two additional potential limitations to our study. First, although the current
study has shown that the association between poor performance on a single chair stand and
moderate-to-severe exertional dyspnea remained statistically significant even after adjusting
for multiple potential confounders, our list of covariates was not exhaustive. For example,
chair stands may be affected by other musculoskeletal impairments, as well as sensory
impairments. These include impaired function of the lower back, hip, knees, and feet;
reductions in lower extremity proprioception, peripheral tactile sensitivity, and balance; and
symptom-limiting pain.14:20.31.32 Moreover, exertional dyspnea may be affected by
reductions in cardiac function (ejection fraction), thoracic kyphoscoliosis, anxiety, and
pain.1.6:7.33.34 Second, our analyses were cross-sectional and cannot infer cause-and-effect.
Future work should therefore evaluate the longitudinal association of baseline performance
on the chair stand with the development of exertional dyspnea, including a broader array of
covariates. Furthermore, because poor performance on chair stands and dyspnea share
similar outcomes,-8:35 future work should evaluate whether their combined occurrence has
a multiplicative effect on mobility limitations.

In conclusion, among community-dwelling older persons, poor performance on a single
chair stand significantly increased the likelihood of having moderate-to-severe exertional
dyspnea by an adjusted 85%, as compared with normal performance. These results suggest
that reduced proximal muscle function of the lower extremities is associated with exertional
dyspnea in older persons, even after adjusting for multiple confounders. Because they are
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potentially modifiable, future work should evaluate the factors that underlie the association
between reduced proximal muscle function of the lower extremities and exertional dyspnea
in older persons.
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Poor Performance Moderate-to-Severe
Single Chair Stand b ‘ EEEEEEEEEEEEEEENEN * Exertional Dyspnea
d
Frailty €
(Sarcopenia)
Figure 1.

Conceptual model summarizing the proposed associations of poor performance on a single
chair stand and frailty with the outcome of moderate-to-severe exertional dyspnea?

aThe solid arrows indicate previously established longitudinal associations of frail status (=3
frailty measures) with reduced mobility and spirometric impairment.12-14 The dotted arrow
indicates an association that weakens when frail status is a covariate (see Table 2). The
bidirectional arrows indicate that moderate-to-severe exertional dyspnea is itself associated
with physical inactivity,8 which is a frailty component feature and a risk factor for
sarcopenia.12:14

bProximal muscle function of the lower extremities is the most important factor when
performing a chair stand.17-20

The phenotype of sarcopenia may include frailty, as defined by the Fried criteria.12:14

d1n the multivariable regresion model (see Table 3), having a frail status (=3 frailty
measures) was more strongly associated with moderate-to-severe exertional dyspnea than
pre-frail status (1 or 2 frailty measures)—adjusted odds ratios of 3.24 (2.36, 4.45) and 2.30
(1.87, 2.84), respectively. This suggests a stronger association between frailty and exertional
dyspnea, as compared with frailty and poor performance on the single chair stand
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Table 1

Baseline characteristics (N=4413)

Characteristic N& Mean (+ SD) or No. (%)
Age (years) 72.6 (£5.3)
65-70 1896 (43.0)
71-80 2103 (47.6)
4413
81+ 414 (9.4)
Females 2518 (57.1)
Non-white 199 (4.5)
BMI (kg/m?) 26.3(£3.9)
4407
Obesity (BMI =30) 788 (17.9)
Smoking status
Never 2001 (45.4)
Former 4411 1895 (43.0)
Current 515 (11.7)
Medical conditions
Arthritis 4363 2241 (51.4)
High blood pressure 4371 1529 (35.0)
Coronary artery disease? 4156 831(20.0)
Diabetes mellitus 4387 416 (9.5)
COPDC 4388 409 (9.3)
Asthma 4400 285 (6.5)
Depressiond 4408 107 (2.4)
Heart failure 4250 118 (2.8)
Kidney disease 4385 111 (2.5)
Stroke 4382 93 (2.1)
High cardiopulmonary risk¢ | 4413 2469 (55.9)
Frailty features”
Low physical activity 4412 923 (20.9)
Reduced grip strength 4104 969 (23.6)
Slow gait speed 4367 1282 (29.4)
Exhaustion 4404 741 (16.8)
Unintentional weight loss 4134 217 (5.2)
Frailty statusd
Pre-frail 2210 (50.1)
4413
Frail 360 (8.2)
Spirometric category, No. (%)/7
Normal pulmonary function | 4413 3337 (75.6)
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Characteristic INE! Mean (+ SD) or No. (%)
Restrictive-pattern 267 (6.1)
Airflow limitation 809 (18.3)

Moderate-to-severe dyspnea’ 773 (17.5)

Single chair stands/

Normal performance 3999 (91.6)
4368

Poor performance 369 (8.4)

Abbreviation: ATS, American Thoracic Society; CES-D, Center for Epidemiologic Studies Depression Scale; COPD, chronic obstructive
pulmonary disease; FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; GLI, Global Lung Initiative; LLN, lower limit of

normal (5th percentile distribution of GLI-derived Z-scores); SD, standard deviation.

a\/aries due to missing data.

blncluded angina pectoris and myocardial infarction.

clncluded emphysema and chronic bronchitis.

dBased on a CES-D score of 216.

eDefined by the presence of any of the following: high blood pressure, diabetes mellitus, coronary artery disease, heart failure, COPD, or asthma.
sting procedures published by Fried and colleagues, the following five component frailty features were evaluated: 1) low physical activity—
lowest quintile of kilocal/week (sex-adjusted), 2) reduced grip strength—Ilowest quintile of the average of three dynamometer readings (sex- and
BMI-adjusted), 3) slow gait speed—slowest quintile during a timed 15-feet walk (sex- and height-adjusted), 4) exhaustion—two questions from

CES-D; and 5) unintentional weight loss—at least 10 pounds in the prior year.

4 Pre-frail status was established by having 1 or 2 component frailty features, while frail status was established by having at least 3 component
frailty features.

hNormaI defined by an FEV1/FVC = LLN and FVC = LLN; airflow-obstruction defined by FEV1/FVC < LLN; restrictive-pattern defined by
FEV1/FVC = LLN and FVC < LLN.

'Classified by the ATS questionnaire (ATS-DLD-78-A), as ATS grade 2-5.

/Performance was classified as normal if able to rise without arm use, or as poor if unable to rise without arm use.
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Table 2

Odds ratio for moderate-to-severe exertional dyspnea according to performance on the single chair stand,
using unadjusted and frailty-adjusted logistic regression models (N = 4413)4

Moderate-to-Severe Exertional Dyspneab

Single chair stand Odds Ratio (95% confidence interval)
Poor vs. Normal Performance on Single Chair Stand®

Poor performance®

Model 1: unadjusted 3.48 (2.78, 4.36)

Model 2: adjusted for component frailty features?

Model 2a: low physical activity 2.90 (1.76, 4.76)
Model 2b: reduced grip strength 3.15 (2.06, 4.80)
Model 2c: slow gait speed 2.82 (1.74, 4.55)
Model 2d: exhaustion 2.94(2.33,3.72)
Model 2e: unintentional weight loss 3.31(1.97, 5.56)

Model 3: adjusted for frailty status

Model 3a: two-level frailty status® 2.69 (1.90, 3.80)

Model 3b: three-level frailty status” 2.26 (1.40, 3.65)

a . . . L .
Missing values provided by multiple imputation.

b . . .
American Thoracic Society grade 2-5.
Performance was classified as normal if able to rise without arm use, or poor if unable to rise without arm use.

dUsing procedures published by Fried and colleagues, the following five component frailty features were evaluated: 1) low physical activity—
lowest quintile of kilocal/week (sex-adjusted), 2) reduced grip strength—Ilowest quintile of the average of three dynamometer readings (sex- and
BMI-adjusted), 3) slow gait speed—slowest quintile during a timed 15-feet walk (sex- and height-adjusted), 4) exhaustion—two questions from
CES-D; and 5) unintentional weight loss—at least 10 pounds in the prior year. Based on the Fried phenotype, non-frail indicated having none of the
component frailty features, pre-frail as having 1 or 2 of the component frailty features, and frail as having at least 3 of the component frailty
features.

e .. . . - L . .
Participants who are frail or pre-frail are compared to participants who are non-frail in a single comparison.

Nominal variable including non-frail, pre-frail, and frail status; participants who are frail and participants who are pre-frail are compared
separately to a reference group of those who are non-frail.
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Table 3

Adjusted odds ratios for moderate-to-severe exertional dyspnea according to performance on the single chair
stand, using multivariable logistic regression models (N = 4413)4

Moderate-to-Severe Exertional Dyspneab

Explanatory Variable Adjusted Odds Ratio (95% Confidence Interval)©

Poor vs. Normal Performance on Single Chair Standd

Poor performance on the single chair stand?

1.85 (141, 2.41)

Age (each additional year)

1.03 (1.01, 1.04)

Female

1.14 (0.95, 1.38)

Obesity (BMI 230)

1.88 (1.53, 2.31)

Smoking status

Ever versus no smoking

1.18 (0.97, 1.43)

Current versus no smoking

1.29 (0.97, 1.71)

High cardiopulmonary risk®

2.86 (2.35, 3.49)

Frailty status”

Pre-frail versus non-frail

2.30 (1.87, 2.84)

Frail versus non-frail

3.24(2.36, 4.45)

Spirometric impairmentd

Airflow-obstruction versus normal spirometry

2.37 (1.93, 2.91)

Restrictive-pattern versus normal spirometry

2.02 (1.48, 2.75)

Depressionh

2.10 (1.35, 3.28)

Arthritis 1.56 (L.30, 1.87)

Stroke 1.43 (0.86, 2.37)

Abbreviation: ATS, American Thoracic Society; CES-D, Center for Epidemiologic Studies Depression Scale; COPD, chronic obstructive
pulmonary disease; FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; GLI, Global Lung Initiative; LLN, lower limit of

normal (5th percentile distribution of GLI-derived Z-scores); NA, not applicable.
laMissing values provided by multiple imputation.
b
ATS grade 2-5.
cThe covariates of non-white race and kidney disease had p values >0.20 and were not included in the final adjusted model.
dPerformance was classified as normal if able to rise without arm use, or as poor if unable to rise without arm use.
eDefined by the presence of any of the following: high blood pressure, diabetes mellitus, coronary artery disease, heart failure, COPD, or asthma.
Three-level nominal variable including non-frail, pre-frail, and frail status, wherein non-frail indicates having none of the component frailty
features, pre-frail as having 1 or 2 component frailty features, and frail as having at least 3 component frailty features. The component frailty
features included: 1) low physical activity—Ilowest quintile of kilocal/week (sex-adjusted), 2) reduced grip strength—Ilowest quintile of the average
of three dynamometer readings (sex- and BMI-adjusted), 3) slow gait speed—slowest quintile during a timed 15-feet walk (sex- and height-

adjusted), 4) exhaustion—two questions from CES-D; and 5) unintentional weight loss—at least 10 pounds in the prior year.

gNormaI defined by an FEV1/FVC = LLN and FVC = LLN; airflow-obstruction defined by FEV1/FVC < LLN; restrictive-pattern defined by
FEV1/FVC 2 LLN and FVC < LLN.

hBased on a CES-D score of >16.
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