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Abstract

Rationale: Disability guidelines are often based on pulmonary
function testing, but factors other than lung function influence how an
individual experiences physiologic impairment. Age may impact the
perception of impairment in adults with chronic lung disease.

Objectives: To determine if self-report of physical functional
impairment differs between older adults with chronic lung disease
compared with younger adults with similar degrees of lung function
impairment.

Methods: The Lung Tissue Research Consortium provided data on
981 participants with chronic obstructive pulmonary disease and
interstitial lung disease who were well characterized with clinical,
radiological, and pathological diagnoses. We used multiple logistic
regression to determine if responses to health status questions (from
the Short Form-12 and St. George’s Respiratory Questionnaire) related
to perception of impairment differed in older adults (age> 65 yr,
n = 427) compared with younger adults (age, 65 yr, n = 393).

Measurements and Main Results: Pulmonary function was
higher in older adults (median FEV1 %, 70) compared with

younger adults (median FEV1 %, 62) (P, 0.001), whereas the
median 6-minute-walk distance was similar between groups (372 m
vs. 388 m, P = 0.21). After adjusting for potential confounders,
older adults were less likely to report that their health limited them
significantly in performing moderate activities (odds ratio [OR],
0.36; 95% confidence interval [CI], 0.22–0.58) or climbing several
flights of stairs (OR, 0.51; 95% CI, 0.34–0.77). The odds of
reporting that their physical health limited the kinds of activities
they performed were reduced by 63% in older adults (OR, 0.37;
95% CI, 0.24–0.58), and, similarly, the odds of reporting that their
health caused them to accomplish less than they would like were
also lower in older adults (OR, 0.39; 95% CI, 0.25–0.60). The
OR for reporting that their breathing problem stops them from
doing most things or everything was 0.35 (95% CI, 0.22–0.55) in
older adults versus younger adults.

Conclusions: Older adults with chronic lung disease were less
likely to report significant impairment in their activities compared
with younger adults, suggesting they may perceive less limitation.
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Objective measures of physiologic
impairment are often used as surrogates for
functional limitation to define disability.
However, patients with chronic lung disease
with similar impairment in lung function
may have varying degrees of functional
limitation. Several factors may influence
how an individual experiences their
physiologic impairment, including
comorbid disease, socioeconomic status,
and social support. Some evidence suggests
that age may modify how an individual
perceives their impairment and resultant
functional limitation, with older adults
tending to be more optimistic about their
health (1–3).

The Lung Tissue Research Consortium
(LTRC) (http://www.ltrcpublic.com) is
a multicenter research initiative that
collects lung tissue from patients with
interstitial lung disease (ILD) and patients
with chronic obstructive pulmonary disease
(COPD) for research. Participants in the
LTRC include both young and old
individuals, with an age range of 23 to 91
years. Before tissue collection, LTRC
participants are characterized according to
radiographic abnormalities, physiologic
impairment, medical history, and
assessment of health status. Their
pulmonary diagnosis is supported by
histologic confirmation after tissue
collection. Thus, the LTRC dataset is ideal
for studying the relationships between
physiologic impairment and perceived
functional status in patients with well-
defined lung disease. Accordingly, we
compared responses to health status
questionnaires from older and younger
adults with chronic lung diseases.

The major objective of this study was to
determine if the perception of functional
limitation differs between older adults and
younger adults with similar degrees of
impairment in pulmonary function due to
chronic lung disease. Some of these results
have been previously reported in the form of
an abstract (4).

Methods

Study Participants
The LTRC began enrolling patients with
ILD or COPD in September 2005. The
dataset used for this analysis includes
patients from four clinical centers: Mayo
Clinic (Rochester, MN), University of
Colorado (Aurora, CO), University of

Michigan (Ann Arbor, MI), and University
of Pittsburgh (Pittsburgh, PA). All
participants provided written informed
consent, and local institutional review board
approval was obtained. The LTRC inclusion
criteria are 21 years of age or older and one
of the following clinical indications for lung
tissue acquisition: (1) diagnosis of ILD
leading to surgical biopsy, (2) diagnosis of
COPD leading to lung volume reduction
surgery, (3) diagnosis of ILD or COPD in
patients listed for lung transplantation, or
(4) lung nodule or mass requiring surgical
resection. Surgical procedures are selected
using standard clinical indications by the
medical providers caring for the patients.
Exclusion criteria are: (1) an active primary
infectious process; or (2) a diagnosis of
cystic fibrosis, berylliosis, or pulmonary
hypertension as the indication for
transplantation.

As of October 2009, 981 records were
identified in the LTRC database for patients
with a major clinical diagnosis of ILD
(n = 405) or COPD (n = 576). Each clinical
center’s principal investigator determined this
diagnosis after reviewing local clinical and
pathological data and reports from the LTRC
Tissue Core (University of Colorado) and the
LTRC Radiology Core (Mayo Clinic).

Data Collection
Demographic data and medical history were
obtained by interview and written
questionnaire. Health status surveys were
administered in written format, including
the St. George’s Respiratory Questionnaire
(SGRQ) and the Medical Outcomes Study
Short Form-12 (SF-12) (5, 6). SGRQ is
a validated questionnaire to assess disease
impact that was originally developed for use
in patients with COPD but has also been
validated among patients with ILD (7–14).
SF-12 is a generic measure of overall health
status that has been correlated with lung
function in COPD and has previously been
examined in patients with interstitial lung
disease in the LTRC cohort (11, 15–18).
Pulmonary function testing was performed
according to American Thoracic Society
standards, including spirometry,
assessment of diffusing capacity (DLCO),
and measurement of 6-minute-walk
distance (6MWD) (19–21). All data were
obtained before tissue collection.

Statistical Analysis
The primary goal of this analysis was to
compare responses to health status

questionnaires among older adults (age>
65 yr) and younger adults (age, 65 yr).
Questions related to health status and
functional limitation were selected from the
SGRQ and SF-12 instruments, and a binary
outcome was generated for each question
(see Table E1 in the online supplement).
Because older individuals are typically
excluded from transplantation, the analysis
was restricted to participants who did not
undergo lung transplantation (n = 820).

Descriptive characteristics of older
adults versus younger adults were compared
using the chi-square test for categorical
variables and the Wilcoxon rank-sum test
for continuous variables. The associations
between health status survey scores (SGRQ
and SF-12) and age group were examined
using multiple linear regression to adjust for
potential confounders.

Logistic regression analysis was
performed to assess the relationship
between age group and the outcome of
interest, which was a response indicating
significant perceived impairment to
questions about health status and functional
limitation. Multiple logistic regression was
used to adjust for potential confounders of
the relationship between age group and the
outcome of interest, including race, sex,
body mass index (BMI), pulmonary disease
diagnosis, lung function (FEV1 %, FVC %,
DLCO %), and 6MWD. The linearity
assumption of logistic regression was
verified for continuous variables including
age by plotting the log odds of outcome
versus quintile midpoints and using locally
weighted scatterplot smoothing. BMI did
not exhibit a linear relationship with the log
odds of outcome, so BMI was converted to
a categorical variable. P values for logistic
regression coefficients were obtained using
the Wald test or the likelihood ratio test.
For each model, goodness-of-fit was
evaluated using the Hosmer-Lemeshow
test, and collinearity was assessed by
determining the variance inflation factor
for the explanatory variables. All data
analysis was performed using Stata, version
11 (Statacorp, College Station, TX).

Missing Data
Among the 820 individuals eligible for
inclusion in this study, 599 participants had
complete data for all analyses. 6MWD
was unavailable for 149 patients, DLCO
measurements were unavailable for 35
patients, and both DLCO and 6MWD were
unavailable for 32 patients. SF-12 scores
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were unavailable for five additional
patients. No attempts were made to impute
missing data.

Participants with missing data were not
different from those with complete data with
respect to age, sex, BMI, lung function, or
pulmonary diagnosis. Participants with
missing data were more likely to have
a cancer diagnosis compared with those
with complete data (37.0 vs. 27.9%,
P = 0.01), but there was no difference with
respect to other comorbidities. Overall,
the proportion of white participants was
similar between those with missing data
and those with complete data, but the
distribution of nonwhite participants
differed (P = 0.002). Hispanic participants
were more likely to have missing data
(60% missing, total n = 10), and African-
American participants were more likely
to have complete data (3.6% missing, total
n = 28).

Results

Characteristics of Older Adults versus
Younger Adults in LTRC
Overall, there were 427 individuals 65 years
of age and older and 393 individuals less
than 65 years of age included in this study.
The older group was composed of a greater
proportion of men (n = 243, 56.9%)
compared with the younger group (n = 183,
46.6%). Patients in both age groups were
predominantly white, but there was
statistically greater diversity with respect
to race and ethnicity among the younger
group (Table 1).

The major clinical diagnosis was COPD
for the majority of older adults (66.3%),
whereas it was divided evenly between
COPD (50.6%) and ILD (49.4%) for the
younger group. With respect to comorbid
diseases, heart failure and cancer were more
common among the older adults. The
indication for tissue collection differed by
age group, with a larger proportion of older
adults undergoing lobectomy or wedge
resection compared with younger adults
(54.3% vs. 32.3%).

Lung function was higher in the group
of older adults, including FEV1 % predicted
(median, 70 vs. 62%; P, 0.001) and FVC
% predicted (median, 77 vs. 69%; P,
0.001) as well as absolute measures of FEV1

and FVC. However, the proportion of
individuals who would qualify for social
security disability based on their pulmonary

function did not differ by age group (36.1
vs. 35.9%, P = 0.96). 6MWD also did not
differ significantly by age group (median,
372 m vs. 388 m; P = 0.21).

SGRQ and SF-12 Scores in Older
Adults versus Younger Adults
Total SGRQ scores were lower among older
adults compared with younger adults
(median, 29.8 vs. 46.2; P, 0.0001),
indicating better health status in the older
group. Likewise, SF-12 physical component
summary (PCS) scores and SF-12 mental
component summary (MCS) scores were
higher for older adults (median PCS, 42.0
vs. 36.2; P, 0.0001; median MCS, 54.2 vs.

50.1; P, 0.0001), again denoting better
health status. Even after adjusting for
potential confounders, older adults still had
scores on average that reflected better
health status compared with younger adults
(Table 2).

Perception of Health Status and
Functional Limitation among
Older Adults
In response to specific questions about
health status and physical functioning, older
adults were less likely to report significant
impairment compared with younger adults.
After adjusting for potential confounders,
including objective measures of physical

Table 1. Comparison of older adults and younger adults in the Lung Tissue Research
Consortium

Variable Age> 65 yr Age < 65 yr P Value

N 427 393
Age, yr 70 (67–75) 58 (52–61) ,0.0001
Sex
Male 243 (56.9) 183 (46.6) 0.003

BMI, kg/m2 27.5 (24.2–31.3) 28.3 (24.0–32.1) 0.32
Race/ethnicity
White 415 (97.2) 355 (90.3) 0.003
African American 7 (1.6) 21 (5.3)
Hispanic 2 (0.5) 8 (2.0)
Other 3 (0.7) 9 (2.4)

Comorbid disease
Angina 55 (12.9) 43 (11.0) 0.39
Heart failure 45 (10.6) 20 (5.1) 0.004
Diabetes 59 (13.9) 52 (13.3) 0.81
Renal failure 15 (3.5) 7 (1.8) 0.13
Cancer 169 (39.7) 79 (20.2) ,0.001
Rheumatologic 40 (9.4) 37 (9.4) 0.98
Cirrhosis 4 (0.9) 5 (1.3) 0.65
HIV 3 (0.7) 1 (0.3) 0.63

Major diagnosis
ILD 144 (33.7) 194 (49.4) ,0.001
COPD 283 (66.3) 199 (50.6)

Spirometry
FEV1, % predicted 70 (53–83) 62 (39–77) ,0.001
FVC, % predicted 77 (64–90) 69 (58–83) ,0.001
DLCO, % predicted 64 (51–83) 62 (48–81) 0.11
6MWD, m 372 (312–426) 388 (305–445) 0.21
Tissue collection
Lobectomy/wedge resection 228 (53.4) 127 (32.3) ,0.001
Lung biopsy 139 (32.6) 160 (40.7)
LVRS 33 (7.7) 51 (13.0)
Not performed 27 (6.3) 55 (14.0)

SS disability qualification 154 (36.1) 141 (35.9) 0.96
Missing data elements 116 (27.2) 105 (26.7) 0.89

Definition of abbreviations: 6MWD= 6-minute-walk distance; BMI = body mass index; COPD =
chronic obstructive pulmonary disease; DLCO = diffusing capacity of the lung for carbon monoxide;
ILD = interstitial lung disease; LVRS = lung volume reduction surgery; SS = social security.
Categorical data are presented as n (%) and compared using the chi-square test or Fisher exact test.
Continuous data are presented as median (interquartile range) and compared using the Wilcoxon
rank-sum test. FEV1 and FVC % predicted were calculated using the Hankinson equations. DLCO %
predicted was determined by calculating predicted total lung capacity using equations for vital
capacity and residual volume from Goldman and Becklake and then multiplying this by the ratio of
single breath diffusing capacity to alveolar volume derived from the data of Burrows.

ORIGINAL RESEARCH

Berry, Han, Thompson, et al.: Older Adults Report Less Limitation 23



functional status (6MWD) and physiologic
impairment (FEV1 %, FVC %, DLCO %),
these differences persisted (Table 3). For
example, the odds of reporting their general
health status as fair or poor were 50% lower
in older adults compared with younger adults
(OR, 0.50; 95% CI, 0.34–0.74). Older adults
were also less likely to report that their health
limits them significantly in performing
moderate activities (OR, 0.36; 95% CI, 0.22–
0.58) or climbing several flights of stairs (OR,
0.51; 95% CI, 0.34–0.77).

Among older adults, the odds of
reporting that their physical health
considerably limits the kinds of activities

they performed were reduced by 63%
compared with the younger group (OR,
0.37; 95% CI, 0.24–0.58). Similarly, the odds
of reporting that their health frequently
causes them to accomplish less than they
would like were also lower in older adults
(OR, 0.39; 95% CI, 0.25–0.60). The odds of
reporting that their breathing problem
stops them from doing most things or
everything they would like to do were 65%
lower (OR, 0.35; 95% CI, 0.22–0.55) in
older adults versus younger adults (Figure 1).

Complete results for each logistic
regression model are available in the online
supplement (Tables E2–E7). In a sensitivity

analysis, adjustment for the indication
for tissue collection did not change the
direction, magnitude, or significance of
the ORs. A sensitivity analysis was also
performed that included comorbid
diseases, and this did not significantly
affect the results. We performed analyses
that examined lung function as absolute
measures rather than % predicted and
analyses that modeled age as a continuous
variable rather than a categorical variable,
and the results were all consistent with our
main findings. In analyses that included
participants with missing 6MWD and DLCO
data, we found similar results to our main
findings except for the question related
to health effects on climbing stairs,
where there was no significant relationship
between the response and age category
when we excluded DLCO and 6MWD
from the model (Table E8).

Discussion

In this study of LTRC participants with
COPD and ILD, adults 65 years of age and
older were less likely to report significant
impairment compared with younger adults.
On average, older adults had lower total
SGRQ scores and higher SF-12MCS and PCS
scores, consistent with better health status.
Older adults were less likely to describe their
health status as fair or poor compared with
younger participants, and they were less
likely to report that their health significantly
limits their activities. They were also less
likely to indicate that their respiratory disease
prohibits them from doing all or most of
the things they would like to do.

Our findings were robust, with similar
results across multiple questions about the
impact of health on functional impairment.
Moreover, our results were consistent
even after accounting for objective measures
of physiologic impairment and functional
limitation as well as other potential
confounders. Older adults had better lung
function on average compared with the
younger adults in this study, with higher
FEV1 and FVC, including both percent
predicted and absolute values. Because
absolute measures of lung function such
as FEV1 correlate with ventilatory capacity
and exercise capacity, this is an important
potential confounder in our study.
However, after adjusting for these measures
of pulmonary function, our findings were
the same. We also found our results were

Table 2. Difference* in health status scores between older adults (age> 65 yr) and
younger adults with chronic lung disease

Health Status Score Age> 65 yr 95% CI P Value

SGRQ 26.5 29.5, -3.5 ,0.001
SF-12 PCS 13.5 1.9, 5.1 ,0.001
SF-12 MCS 13.5 1.7, 5.3 ,0.001

Definition of abbreviations: 6MWD= 6-minute-walk distance; BMI = body mass index; CI =
confidence interval; DLCO = diffusing capacity of the lung for carbon monoxide; MCS =mental
component summary; PCS = physical component summary; SF-12 =Medical Outcomes Study Short
Form-12; SGRQ = St. George’s Respiratory Questionnaire.
N = 604 for SGRQ score and N = 599 for SF-12 scores.
*Adjusted for sex, race, BMI, diagnosis, FEV1, FVC, DLCO %, and 6MWD.

Table 3. Relative odds of response indicating perception of significant limitation in
older adults versus younger adults with chronic lung disease

Perception OR 95% CI P
Value*

Adjusted
OR

95% CI P
Value†

In general, health is fair
or poor

0.61 0.45, 0.81 0.001 0.50 0.34, 0.74 0.0006

Health limits moderate
activities a lot

0.46 0.34, 0.62 ,0.001 0.36 0.22, 0.58 ,0.0001

Health limits climbing
stairs a lot

0.50 0.38, 0.66 ,0.001 0.51 0.34, 0.77 0.001

Less accomplished as a
result of physical health
all or most of the time

0.42 0.32, 0.57 ,0.001 0.39 0.25, 0.60 ,0.0001

Physical health limits the
kind of work or other
activities performed all
or most of the time

0.42 0.32, 0.57 ,0.001 0.37 0.24, 0.58 ,0.0001

Breathing problem stops
me from doing everything
or most things I would
like to do

0.36 0.26, 0.48 ,0.001 0.35 0.22, 0.55 ,0.0001

Definition of abbreviations: 6MWD= 6-minute-walk distance; CI = confidence interval; OR = odds
ratio.
N = 599. ORs indicate relative odds of response indicating significant perceived impairment in older
adults versus younger adults. Adjusted OR is adjusted for sex, race, diagnosis, body mass index,
FEV1 % predicted, FVC % predicted, diffusing capacity %, and 6MWD.
*Wald test.
†Likelihood ratio test.
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the same after accounting for 6MWD,
which is an objective measure of physical
function that assesses the integrated
responses of multiple systems to exercise.

Our study findings may be considered
unexpected, insofar as many people view
older individuals as more impaired
compared with younger adults. Beyond
chronic lung diseases, other causes of
functional impairment, such as joint disease,
stroke, and heart disease, are also more
common in older adults, and, therefore,
individuals may accumulate multiple
debilitating conditions with advancing age.
In spite of this, older adults tend to be
optimistic regarding their health and its
impact on their quality of life, as prior work
has demonstrated (1–3).

There are several possible explanations
why older adults reported less impairment
compared with younger adults in our
study. First, older adults may answer
questionnaires differently. Our findings may
reflect that older adults have a tendency to
provide more socially desirable responses,
which has been previously demonstrated
among elderly research participants (22).
Second, older adults may interpret
questions about their health differently. For

example, elderly individuals may attribute
limitations in functional status to “old age,”
rather than disease (23). Therefore, health
survey questions that ask about limitations
related to health status may not capture
information about limitations that older
adults have inappropriately attributed to
aging. Third, it is possible that sensory
differences associated with aging may have
influenced our results. For instance, prior
studies have suggested that perception of
bronchoconstriction may be blunted in
elderly individuals (24) and that normal
aging alters the perception of resistive
ventilatory loads, elastic loads, and the
sensation of lung volume changes (25–27).
There is conflicting evidence about whether
elderly adults have a blunted or enhanced
perception of dyspnea (28, 29). Fourth, our
results may represent a cohort effect,
whereby attitudes about health and quality
of life are different in those born before
World War II compared with those born
after. Finally, our findings may be explained
by changing life stressors and societal
expectations over the lifespan. As a result,
younger adults may perceive more
limitation because of greater responsibilities
related to work and family and higher

expectations for functional status. For our
main analyses, we arbitrarily designated
older adults as those at least 65 years old, in
accordance with the U.S. Census Bureau
definition, but in separate analyses that
examined age as a continuous variable we
found no evidence of a threshold effect at
age 65 years. Therefore, we cannot attribute
our findings solely to retirement or the
acquisition of social security benefits at age
65 years. Older adults may also experience
the onset of chronic lung disease over
a longer time frame, allowing for better
adaptation to their illness and its
limitations (30).

Study limitations include that complete
data were not available for all individuals. In
particular, 6MWD was missing for 22%
of participants (n = 184). We restricted
our main analyses to those with 6MWD
data because we wanted to learn about
perceptions of impairment and therefore
needed to account for an objective measure
of functional status to limit confounding
due to other causes of physical impairment
that may differ by age. We also did not
focus on factors beyond age that may affect
responses to health status questions, such as
lung function or pulmonary diagnosis. In a
prior publication, our group demonstrated
that LTRC participants with ILD reported
worse health status compared with those
with COPD (11), which is why we included
pulmonary diagnosis in our models for the
results presented here. A major strength of
our study is that our data come from the
well-characterized multicenter LTRC
cohort, with all participants undergoing
protocol-driven evaluation, including
formal assessment of health status,
physiologic function, and overall clinical
diagnosis based on clinical data, imaging
results, and pathologic findings.

In summary, older adults with chronic
lung disease report less impairment than
younger adults, suggesting they may
perceive less limitation. This is an important
finding that must be considered when
interpreting the results of clinical trials that
assess health status as an endpoint. Further
research is necessary to determine how this
might affect the minimal important
difference in health status scores among
older adults, as instruments such as SGRQ
and SF-12 may be less responsive to change
in elder patients. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

Breathing problem stops me from
doing everything or most things
I would like to do

Physical health limits the kind of
work or other activities performed
all or most of the time

Less accomplished as a result of
physical health all or most of the
time

Health limits climbing stairs a lot

Health limits moderate activities
a lot

In general, health is fair or poor

.25 .5 1 2 3 4

Adjusted* Odds Ratio

Figure 1. Relative odds of response indicating significant impairment in older adults compared with
younger adults (age, 65 yr) with chronic lung disease. *Odds ratio (shown as point estimate with
95% confidence intervals) comparing older adults to younger adults for health status questionnaire
response after adjusting for physiologic impairment (FEV1 % predicted, FVC % predicted, diffusing
capacity % predicted), sex, body mass index, race, pulmonary diagnosis, and an objective measure
of functional capacity (6-min-walk distance).
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