
ORIGINAL RESEARCH

Chronic Obstructive Pulmonary Disease, Cognitive Impairment, and
Development of Disability: The Health and Retirement Study
Carlos H. Martinez1, Caroline R. Richardson2,3, MeiLan K. Han1, and Christine T. Cigolle2,4

1Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, and 2Department of Family Medicine, University
of Michigan Health System; and 3Center for Clinical Management Research and 4Geriatrics Research Education and Clinical Center,
Ann Arbor Veterans Affairs Health System, Ann Arbor, Michigan

Abstract

Rationale: The relationship between chronic obstructive
pulmonary disease (COPD) and cognitive impairment in leading
to disability has not been characterized.

Objectives: We aimed to investigate the prevalence and
cumulative incidence of disability among adults with and without
COPD and the association of COPD and cognitive impairment
with disability.

Methods: We analyzed 2006–2008 waves of the Health and
Retirement Study, a nationally representative longitudinal health
survey. COPD was self-reported. Prevalent disability was defined as
baseline dependency in one or more activities of daily living
(ADLs) and incident disability as one or more additional ADL
dependencies. We used a validated performance-based measure of
cognition to identify dementia and mild cognitive impairment.
Covariates included seven chronic diseases, four geriatric
syndromes, and sociodemographics. We used logistic regression
to test associations between COPD, cognitive status, and
prevalent/incident disability.

Measurements andMainResults: Of 17,535 participants at least
53 years of age in wave 2006 (representing 77.7 million Americans),
9.5% reported COPD and 13.5% mild cognitive impairment; 17.5%
of those with COPD had mild cognitive impairment. Prevalent disability
for COPD was 12.8% (5.2% for no-COPD, P , 0.001). An additional
9.2% with COPD developed incident disability at 2 years (4.0% for
no-COPD, P, 0.001). In adjusted models, COPD was associated with
baseline (odds ratio, 2.0) and incident disability (odds ratio, 2.1;
adjusted for baseline disability). Cognitive impairment had an additive
effect to COPD. The COPD–disability association, prevalent/incident,
was of similar or greater magnitude than that of other chronic diseases
(e.g., stroke, diabetes). The associations were maintained in sensitivity
analyses using alternative definitions of disability (dependency in two
or more ADLs, dependency in instrumental ADLs), and in analysis
excluding respondents with dementia.

Conclusions: Both COPD and mild cognitive impairment
increase the risk of disability. The risk conferred by COPD is
significant and similar or higher than other chronic diseases.
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In studies on comorbidity and
multimorbidity, disability is important both
as a descriptor of a patient’s current health
status and as an outcome resulting from the

disease(s). According to survey data from
the Census Bureau, 23.9% of Americans age
45–64 years and 51.8% of those 65 years
and older reported disability (broadly

defined) (1). In older adults, disability is
often defined in terms of activities of daily
living (ADLs) and instrumental ADLs
(IADLs), with ADL and IADL dependences
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predictive of future care needs and nursing
home admission (2, 3). ADL/IADL
evaluation is based on the terminology and
concepts derived from the International
Classification of Functioning, Disability,
and Health. ADLs represent an array of
everyday tasks required for self-care, and
IADLs are slightly more complex tasks
required for domestic management and
household tasks (4, 5). Limitations in ADLs
were reported by 4.2% of Americans age
45–64 years and by 12.5% of those 65 years
and older, and limitations in IADLs were
reported by 6.0 and 19.1%, respectively (1).

Diabetes, heart disease, arthritis, and
stroke are frequently cited as the chronic
diseases strongly associated with the
disabling process (1). In contrast,
information about the role of chronic
obstructive pulmonary disease (COPD) in
disability is limited, even as the growing
impact of the disease in other measures
of burden of disease in America is well
known; for example, COPD currently ranks
third as a cause of death (6).

The impact of COPD is typically
evaluated using physiological descriptors
(lung function, walking distance); discrete
clinical outcomes (exacerbations, death); or
changes in health-related quality of life. The
effect of COPD on functional outcomes,
such as ADLs and IADLs, has been the
subject of only a limited number of cross-
sectional studies (7, 8) and longitudinal
analyses (9, 10), which, overall, support the
role of COPD and its comorbidities in the
development of disability, using data from
nonrepresentative cohorts, and different
instruments and definitions of disability.
Investigations of the association between
COPD and disability using representative
data from the whole American population
are also limited (11). Cognitive impairment,
an important comorbid geriatric condition
(12), may play an additional role in
contributing to disability in COPD (10, 13).
However, the extent of the impact of both
COPD and cognitive function on the
disabling process at the population level
remains to be examined.

In the current article, using data from
a population-based longitudinal health
interview study, we evaluated the
relationship between COPD and cognitive
impairment in contributing to disability in
middle-aged and older adults. Our analyses
are based on theoretical models of disability
in COPD (14) modified by Locke and
colleagues (10). The model describes the

underlying disease (COPD), influenced by
sociodemographic risk factors (age, sex,
race, marital status), progressing through
impairments (e.g., coexistent chronic
diseases) and functional limitations (e.g.,
cognitive impairment, other geriatric
conditions), and resulting in the development
of disability. Our goals were to investigate
(1) the prevalence and cumulative
incidence of disability among American
adults 53 years and older, with and
without COPD, and (2) the association of
COPD and cognitive impairment with
disability.

Objective

Our objective was to compare the
prevalence and cumulative incidence of
disability in American adults 53 years and
older with COPD with that of those without
COPD, and to examine the association of
COPD and mild cognitive impairment with
prevalent and incident disability. We
hypothesized that, first, adults with COPD,

compared with those without, had a
higher frequency of coexistent cognitive
impairment and, second, both COPD and
cognitive impairment were associated with
higher risks of prevalent and incident
disability.

Methods

Design
This study is a secondary analysis of data
from a population-based, longitudinal
health survey, the Health and Retirement
Study (HRS).

Study Population
The HRS is a nationally representative,
biennial longitudinal health interview
survey performed by the Institute for Social
Research at the University of Michigan
(Ann Arbor, MI) and sponsored by the
National Institute on Aging (National
Institutes of Health, Bethesda, MD), with
the main goal of studying adults as they
transition into retirement. The HRS

18,469 Participants

974 Age < 53 years of age

17,535 >/= 53 years of age 

evaluable in 2006*

16,352 Alive or presumed 
alive in 2008

1,183 Deceased for 2008***

720 Attrition for 2008***

15,632 Responded in 2008

81 with 5 ADLs dependencies in 

2006 excluded***

15,551 denominator for 2008**

Figure 1. Flow of participants in the Health and Retirement Study, 2006 wave. *Denominator for
2006 (prevalence). **Denominator for 2008 (incidence). ***Included in denominator for sensitivity
analyses. ADLs = activities of daily living.
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information is gathered through interviews
performed every 2 years with about 22,000
Americans 50 years and older, and covers
topics such as income, wealth, health, health
services use, work, retirement, and family
dynamics (http://hrsonline.isr.umich.edu/
sitedocs/brochure/HRS-brochure.pdf). HRS
data have been used previously for the
evaluation of COPD, COPD outcomes, and
sepsis (12, 15–17). The HRS was approved
by the Health Sciences Institutional Review
Board at the University of Michigan. Our
analysis used data from participants 53 age
years and older in the 2006 wave of the
HRS and monitored through the 2008
wave. The 2006 wave included 17,535
participants in this age range, representing

77.7 million Americans in that year. The
interview questions were answered by the
participant or, in the event of medical or
cognitive problems, by a proxy. Data used
in the current project are publicly available
and do not contain unique identifiers, and
thus are exempt from institutional review
board approval (http://www.hrpp.umich.
edu/om/Part4.html).

Main Measures
Exposure variables included COPD and
cognitive function. Participants self-
reported COPD, based on their responses to
the question “Has a doctor ever told you
that you have chronic lung disease such as
chronic bronchitis or emphysema (not

including asthma)”? For self-respondents,
cognitive function was determined in each
wave using a validated performance-based
instrument (scaled from 0 to 35), and
for proxy respondents, with a derived
instrument (scaled from 0 to 11). The HRS
cognitive instrument (http://hrsonline.isr.
umich.edu/sitedocs/userg/dr-006.pdf) has
been subject to intense construct, face, and
criteria validation and compared with other
instruments (18–21). Scores from both
measures were classified as normal,
cognitive impairment not dementia
(hereafter referred as mild cognitive
impairment), and dementia, based on
values obtained from the Aging,
Demographics, and Memory Study (21).

Table 1. Demographics, chronic diseases, geriatric syndromes, and incident disability according to chronic obstructive pulmonary
disease and baseline dependencies among participants in 2006–2008 waves of the Health and Retirement Study*

COPD and
Disability

COPD and No
Disability

No-COPD and
Disability

No-COPD and No
Disability

(n = 272,
representing 0.94

million)

(n = 1,540,
representing 6.46

million)

(n = 1,273,
representing 3.67

million)

(n = 14,450,
representing 66.66

million)

Sociodemographics
Age, yr: mean (SD) 74.2 (10.8) 70.3 (9.0) 77.4 (11.8) 68.7 (9.9)
Female sex, % 69.6 57.6 63.1 53.1
African American race, % 10.6 6.7 16.5 9.0
Unmarried, % 45.9 44.8 41.3 40.0
Education beyond high school, % 27.9 33.8 32.0 50.7
Currently smokes, % 17.2 29.7 10.6 13.8

Cognitive status, %
Normal 59.0 79.8 46.2 84.4
Mild cognitive impairment 25.4 16.5 25.4 12.4
Dementia 15.6 3.9 27.8 3.1

Chronic diseases, %
Hypertension 74.6 53.5 64.2 45.4
Diabetes 39.3 16.4 28.0 13.5
Heart disease† 39.3 23.6 25.6 11.9
Stroke 15.6 5.4 17.8 2.4
Cancer 5.5 4.7 4.7 3.6
Musculoskeletal disease 49.2 33.7 42.4 20.8
Psychiatric disease 39.3 19.7 20.3 8.9

Geriatric syndromes, %
Vision problems 55.7 31.3 46.2 17.1
Hearing problems 31.1 24.4 30.0 15.4
Urinary incontinence 30.3 11.7 19.7 5.2
Falls 27.9 12.0 27.8 6.2

Baseline IADL dependency, %
One or more IADL dependencies 73.8 14.0 70.1 5.9

Incident disability, %‡

One or more new ADL
dependencies

23.7 7.5 19.0 3.3

One or more new IADL
dependencies

24.7 13.1 21.7 5.3

Definition of abbreviations: ADL = activity of daily living; COPD = chronic obstructive pulmonary disease; IADL = instrumental activity of daily living.
Note: n = 17,535.
*Weighted percentages were derived using Health and Retirement Study respondent population weights.
†Heart disease includes history of myocardial infarction, coronary artery disease, angina, and congestive heart failure.
‡After excluding those who were deceased or did not participate in the 2008 wave (n = 15,551 for 2008).

ORIGINAL RESEARCH

1364 AnnalsATS Volume 11 Number 9| November 2014

http://hrsonline.isr.umich.edu/sitedocs/brochure/HRS-brochure.pdf
http://hrsonline.isr.umich.edu/sitedocs/brochure/HRS-brochure.pdf
http://www.hrpp.umich.edu/om/Part4.html
http://www.hrpp.umich.edu/om/Part4.html
http://hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf
http://hrsonline.isr.umich.edu/sitedocs/userg/dr-006.pdf


Both COPD and cognitive function were
determined at baseline (2006 wave) for all
participants.

Outcomes: Baseline and incident
disability. The HRS includes items asking
participants about five ADLs (bathing,
dressing, eating, transferring, using the
toilet) and five IADLs (using the phone,
preparing meals, grocery shopping,
managing money, managing medications).
In a first step, participants are questioned
about difficulty with each task and, in
a different question, about requiring
assistance from anybody else to perform
each task. We defined dependency for each
ADL and IADL as both having difficulty
with the task (because of health or memory
problems) and receiving assistance to
perform it (22). We defined baseline
disability in ADLs as the presence of one
or more ADL dependencies in 2006, and
incident disability as the development of
one or more additional dependencies at
follow-up (2008 wave). The ADL/IADL
measures have been extensively validated
and have appropriate reliability, as
evaluated across multiple waves of the HRS
(http://hrsonline.isr.umich.edu/sitedocs/
userg/dr-008.pdf).

Covariates: Sociodemographic factors,
chronic diseases, geriatric conditions. We
included covariates relevant to our model
of disability, including those considered
risk factors (sociodemographic factors),
impairments (chronic diseases), and
functional limitations (geriatric
conditions). Age, sex, race (white, African
American, Hispanic, other), marital status
(married or unmarried), and years of
education were used as sociodemographic
descriptors. Hypertension, heart disease,
diabetes, cancer, stroke, musculoskeletal
conditions, and psychiatric diseases were
considered present if they were severe or
active enough as to be currently under
treatment. Four geriatric conditions (falls,
urinary incontinence, vision impairment,
hearing impairment) were included if they
were present in their most severe/active
forms (e.g., two or more falls in the
previous 2 yr; urinary incontinence,
>15 d/mo).

Statistical Analysis
Respondents were analyzed according to
their COPD status in 2006. Prevalence of
disability was analyzed using 2006 data.
Incident disability was defined and analyzed
in terms of the 2-year cumulative incidence

of disability using baseline (2006) and 2-year
follow-up (2008) data. We calculated this
stipulating as the population at risk all
respondents from the 2006 wave who were
alive at the time of the 2008 interview; we
excluded respondents who died subsequent
to the 2006 wave. We treated respondents
lost to follow-up as deceased. (Note that we
did define and analyze incidence in terms
of cumulative incidence, because the survey
is applied every 2 yr, and the exact time
when a respondent developed a new
dependency could not be known.) We used
multivariate logistic models to evaluate the
association of COPD status and mild
cognitive impairment, two independent
variables, with prevalent and incident
disability (dependent variables). Separate
logistic models were built introducing
groups of variables: COPD, mild cognitive
impairment, sociodemographic variables
(risk factors), chronic diseases and geriatric
syndromes (impairments and functional
limitations in the model). Logistic models of
incident disability were also adjusted for

baseline disability. All models were
evaluated by regression diagnostics,
including tests for multicollinearity
and interaction between COPD and
mild cognitive impairment. To better
understand the effect of COPD across
groups of cognitive impairment,
additional analyses were performed,
excluding those with dementia. Likewise,
to test the robustness of the findings, we
performed extensive sensitivity analyses,
using alternative definitions of disability
(>2 ADL dependencies, >1 IADL
dependency, >2 IADL dependencies),
and changing the at-risk population
(considering respondents lost to follow-
up as alive and having no additional
disability, and considering deceased
respondents as having no additional
disability).

All analyses were weighted and
adjusted to the complex survey design of
the HRS, probability of selection and
nonresponse, to generate national
population estimates. All analyses were

Table 2. Multivariate models of prevalent disability among participants in the 2006
wave of the Health and Retirement Study

Model 1* Model 2† Model 3‡ Model 4x

COPD status
COPD 2.6 (2.2, 3.2) 3.55 (2.7, 4.6) 3.29 (2.5, 4.3) 1.97 (1.5, 2.6)

Cognitive status
Mild cognitive impairment 3.7 (3.0, 4.5) 2.8 (2.2, 3.5) 2.11 (1.7, 2.6)
Dementia 15.9 (13.0, 19.6) 10.3 (8.0, 13.2) 7.1 (5.4, 9.3)

Sociodemographics
Age, by year increment 1.02 (1.01, 1.03) 1.01 (1.00, 1.02)
Female sex 1.5 (1.3, 1.8) 1.4 (1.2, 1.7)
African American race 1.4 (1.2, 1.8) 1.3 (1.0, 1.7)
Unmarried 1.3 (1.1, 1.5) 1.4 (1.2, 1.7)
Education
High school 0.8 (0.7, 0.9) 0.9 (0.8, 1.2)
Beyond high school 0.7 (0.6, 0.9) 0.9 (0.7, 1.1)

Chronic diseases
Hypertension 1.20 (1.0, 1.4)
Diabetes 1.8 (1.4, 2.1)
Heart disease 1.3 (1.1, 1.6)
Stroke 2.9 (2.3, 3.8)
Cancer 0.9 (0.7, 1.4)
Musculoskeletal disease 1.8 (1.5, 2.1)
Psychiatric disease 1.7 (1.4, 2.2)

Geriatric conditions
Vision impairment 2.1 (1.8, 2.5)
Hearing impairment 1.2 (0.9, 1.4)
Urinary incontinence 2.2 (1.8, 2.8)
Falls 2.1 (1.8, 2.6)

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.
Note: n = 17,535. All measures of association represent odds ratio with 95% confidence interval in
parentheses.
*Unadjusted.
†Adjusted for baseline cognition.
‡Adjusted for baseline cognition and five sociodemographic descriptors.
xAdjusted for baseline cognition, five sociodemographic descriptors, seven chronic diseases, and
four geriatric syndromes.
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performed with Stata version 12 (Stata
Corp., College Station, TX).

Results

Figure 1 illustrates the flow of respondents
in the 2006 wave of the HRS. Overall,
COPD was reported by 10.3% (representing
7.4 million Americans). Those who
reported COPD were more likely to be
older, female, and unmarried and have less
education and more comorbid diseases.
Mild cognitive impairment was found in
13.5% of respondents (representing 10.5
million Americans). Mild cognitive
impairment was more common among
respondents with COPD than in those
not having the disease (17.5 and 13.1%,
respectively; P = 0.001). It is estimated that
1.3 million Americans have both COPD
and mild cognitive impairment. There was
no difference in the prevalence of dementia
(approximately 4.5% for the whole
population). The prevalence of disability
at baseline (>1 ADL dependency) was
12.8% for respondents with COPD
(representing 940,000 Americans),
compared with 5.2% for those without
COPD (P , 0.001). We include more
detailed information on the characteristics
of the population according to COPD
status (see Table E1 in the online
supplement).

Table 1 shows the characteristics of
four subgroups, according to the presence
of COPD and the presence of at least one
ADL dependency. Incident disability (that
is, 2-yr cumulative incidence of at least one
additional ADL dependency) was higher in
respondents with COPD, irrespective of
whether they reported disability at baseline.
During the 2-year follow-up (2006–2008)
1,183 participants died (6.75% of initial
respondents). Mortality was higher
among those with baseline (2006 wave)
disability, regardless of COPD status: 30.5%
for those with disability but not COPD
versus 29.4% for those with COPD and
disability (P = 0.73).

Next, we examined the association of
COPD and cognitive impairment with the
prevalence of disability at baseline (Table 2)
and with the 2-year cumulative incidence of
disability (Table 3). The unadjusted odds
ratio for the association of COPD with
disability, 2.6, was significant (model 1) and
was maintained in models adjusted for
cognitive function (model 2), cognitive

function plus sociodemographic
characteristics (model 3), and the fully
adjusted model including cognitive
function, sociodemographic characteristics,
chronic diseases, and geriatric conditions
(model 4). The fully adjusted models
show that both COPD and mild cognitive
impairment are associated with both
prevalent disability (Table 2) and the 2-year
cumulative incidence of disability (Table 3).
For prevalent disability and for the 2-year
cumulative incidence of disability, the
associations with COPD and mild cognitive
impairment were of similar magnitude to
those for other chronic diseases, including
cardiovascular disease, diabetes, and
stroke. Of note, COPD–cognitive function
interaction terms were not significant in
fully adjusted models in the analyses of
either the prevalent disability or the 2-year
cumulative incidence of disability.

To better understand the combined
effect of COPD and mild cognitive

impairment on prevalent disability and on
the 2-year cumulative incidence of disability
we performed separate analyses excluding
either respondents with dementia or with
mild cognitive impairment. Table 4
shows the comparison between respondents
with both COPD and mild cognitive
impairment, respondents without COPD
and with normal cognition, respondents
without COPD but with mild cognitive
impairment, and respondents with COPD
and with normal cognition (excluding
respondents with dementia), using as
outcome prevalent disability. The effect
of coexistent COPD and mild cognitive
impairment was significant, with the risk of
disability conferred by having both COPD
and mild cognitive impairment (OR, 2.7)
being greater than having COPD alone
(OR, 1.9) or mild cognitive impairment
alone (OR, 2.0). Similarly, the effect on
incident disability (Table 5) was higher
when COPD and mild cognitive

Table 3. Multivariate models of incident disability among participants in the 2006 wave
of the Health and Retirement Study*

Model 1† Model 2‡ Model 3x Model 4jj

COPD status
COPD 2.5 (2.0, 3.1) 3.5 (2.6, 4.7) 2.7 (1.9, 3.6) 2.1 (1.6, 2.9)

Cognitive status
Mild cognitive impairment 4.2 (3.4, 5.2) 2.3 (1.8, 2.9) 2.1 (1.6, 2.7)
Dementia 15.5 (12., 19.6) 5.9 (4.4, 8.0) 5.3 (3.9, 7.1)

Sociodemographics
Age, by year increment 1.0 (1.0, 1.1) 1.0 (1.0, 1.1)
Female sex 1.2 (0.9, 1.4) 1.2 (0.9, 1.5)
African American race 1.0 (0.8, 1.3) 0.9 (0.7, 1.2)
Unmarried 0.9 (0.8, 1.2) 1.0 (0.8, 1.2)
Education

High school 0.9 (0.8, 1.2) 1.1 (0.9, 1.3)
Beyond high school 0.7 (0.6, 0.9) 0.8 (0.6, 1.0)

Chronic diseases
Hypertension 1.0 (0.8, 1.2)
Diabetes 1.6 (1.3, 2.0)
Heart disease 1.1 (0.9, 1.4)
Stroke 1.6 (1.2, 2.3)
Cancer 1.1 (0.8, 1.7)
Musculoskeletal disease 1.4 (1.9, 1.8)
Psychiatric disease 1.4 (1.1, 1.8)

Geriatric syndromes
Vision impairment 1.4 (1.2, 1.8)
Hearing impairment 1.3 (1.0, 1.6)
Urinary incontinence 1.0 (0.8, 1.3)
Falls 1.6 (1.3, 2.0)

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.
Note: n = 17,535. All entries represent odds ratio with 95% confidence interval in parentheses.
*All models also adjusted for prevalent disability.
†Unadjusted.
‡Adjusted for baseline cognition.
xAdjusted for baseline cognition and five sociodemographic descriptors.
jjAdjusted for baseline cognition, five sociodemographic descriptors, seven chronic diseases, and
four geriatric syndromes.
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impairment occur together (OR, 2.2), than
when participants had either COPD (OR,
2.0) or mild cognitive impairment (1.9).
We constructed similar models excluding
respondents with mild cognitive
impairment and keeping those with
dementia, and found similar associations
(Table E2).

Finally, we tested the robustness of the
associations in sensitivity analyses using
different definitions of disability and varying
the definitions of the population at risk,
to account for those who died or were lost to
follow-up. When disability was defined as
two or more ADL dependencies (Tables E3
and E4), COPD was still associated with
prevalent disability (OR, 2.5) and the
cumulative incidence of disability (OR, 2.2);
likewise, mild cognitive impairment
remained associated with prevalent
disability (OR, 2.9) and the cumulative
incidence of disability (OR, 2.9). Defining
disability as two or more IADL (instead of
ADL) dependencies (Tables E5 and E6) did
not change the associations for either

COPD with prevalent disability (OR, 1.5)
or the cumulative incidence of disability
(OR, 2.2) or for mild cognitive impairment
with prevalent disability (OR, 2.6) or the
cumulative incidence of disability (OR, 2.7).
In sensitivity analysis of the cumulative
incidence of disability, we considered
respondents lost to follow-up as alive and
having no additional disability, and we
considered deceased respondents as having
no additional disability, therefore including
both groups in the denominator for
cumulative incidence calculations; in these
analyses, the associations were maintained
both for COPD (OR, 2.2) and for mild
cognitive impairment (OR, 1.9), as shown
in Table E7.

Discussion

Our investigation of a nationally
representative sample of middle-aged
and older Americans finds evidence of
a significant association between COPD and

cognitive impairment with disability. At the
population level, COPD is a risk factor for
both prevalent and incident disability, an
association as strong as or stronger than
that for other chronic diseases classically
associated with disability (heart disease,
diabetes, stroke). We also confirmed the
association between mild cognitive
impairment and disability in adults with
COPD, finding that mild cognitive
impairment is common in patients with
COPD and has an additive effect in the
development of disability.

In the current study, adults with COPD
had twice the prevalent disability and had
twice the cumulative incidence of disability,
compared with those without COPD.
Our figures are similar to reports from
Rodriguez-Rodriguez and colleagues (7),
who found that, in a population-based
sample of subjects with COPD in Spain,
disability, defined by ADL dependency,
occurred in 16.4% (15% in our study) and,
defined by IADL dependency, occurred
in 27.7% (21.5% in our study).

We also found that nonpulmonary
factors, mild cognitive impairment in
particular but also other geriatric
conditions, contributed to the development
of disability in COPD. Our findings are in
line with those of Eisner and colleagues and
Singer and colleagues, who reported that
extrapulmonary factors (body composition,
lower extremity strength) are associated
with an increased risk of disability (9, 23).
There are differences between our
definition of disability and those of Eisner
and Singer, related to differences in the
study populations and the study outcomes
of interest. Eisner and Singer studied
younger and working adults, whereas the
ADL-based definition in the current
analysis is appropriate for older adults or
when there is a societal perspective (e.g.,
ADL dependency leading to a need for
long-term care) (2, 3, 24). Also, we tested
alternative definitions of disability (higher
number of ADL dependencies and IADL
dependencies) and found the association
to be maintained.

When disability is an outcome in older
adults, a key confounder is mild cognitive
impairment, which is common in patients
with COPD (12). The HRS uses a
performance-based measure of cognition,
which has been validated at the national
level (25) and which enables classification
of different levels of impairment, (based on
the Aging, Demographics, and Memory

Table 4. Multivariate models of prevalent disability among participants in the 2006
wave of the Health and Retirement Study without dementia

Model 1* Model 2† Model 3‡

COPD by cognition status
No COPD, normal cognition Ref. Ref. Ref.
No COPD, mild cognitive impairment 3.7 (3.0, 4.5) 2.6 (2.0, 3.3) 2.0 (1.6, 2.5)
COPD, normal cognition 3.5 (2.7, 4.6) 3.2 (2.4, 4.2) 1.9 (1.4, 2.5)
COPD, mild cognitive impairment 7.4 (5.3, 10.5) 5.3 (3.7, 7.6) 2.7 (1.8, 4.2)

Sociodemographics
Age, by year increment 1.02 (1.01, 1.03) 1.00 (0.99, 1.01)
Female sex 1.5 (1.2, 1.8) 1.40 (1.1, 1.7)
African American race 1.6 (1.2, 2.0) 1.4 (1.0, 1.8)
Unmarried 1.2 (1.0, 1.5) 1.4 (1.2, 1.7)
Education

High school 0.7 (0.5, 0.9) 0.8 (0.7, 1.1)
Beyond high school 0.6 (0.4, 0.7) 0.7 (0.6, 0.9)

Chronic diseases
Hypertension 1.4 (1.1, 1.7)
Diabetes 1.8 (1.4, 2.2)
Heart disease 1.5 (1.2, 1.8)
Stroke 3.1 (2.3, 4.2)
Cancer 1.1 (0.7, 1.6)
Musculoskeletal disease 2.0 (1.6, 2.4)
Psychiatric disease 1.8 (1.4, 2.3)

Geriatric syndromes
Vision impairment 2.0 (1.7, 2.5)
Hearing impairment 1.2 (0.9, 1.5)
Urinary incontinence 2.0 (1.6, 2.6)
Falls 2.3 (1.8, 2.8)

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.
Note: n = 16,164. All entries represent odds ratio with 95% confidence interval in parentheses.
*Unadjusted.
†Adjusted for five sociodemographic descriptors.
‡Adjusted for five sociodemographic descriptors, seven chronic diseases, and four geriatric
syndromes.
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Study [ADAMS]) (21). We confirmed that
mild cognitive impairment and dementia
are frequent among older adults with
COPD and that cognitive impairment
is another factor leading to disability, with
additive risk to COPD. Antonelli-Incalzi
and colleagues showed, in a small cross-
sectional study, that low cognitive function
clustered with limitations to perform ADLs
(13); we report similar associations. The
association between mild cognitive
impairment and COPD in the development
of disability deserves the attention of
clinicians and policymakers; we estimate
that in 2006 there were nearly 1.3 million
Americans with both COPD and mild
cognitive impairment and 392,000 with
COPD and dementia. These findings have
clinical implications: COPD is a disease
requiring skills in self-management. The
presence of cognitive impairment can limit
participation in disease management
programs, a fertile but still underdeveloped
area of clinical and implementation

research in COPD in the United States
(26, 27). Although most practitioners are
familiar with and can recognize dementia, it
is not clear that mild cognitive impairment
is as readily identified.

One finding that deserves particular
attention is that the association between
COPD and disability is as strong as that for
other chronic diseases, including stroke,
diabetes, and heart disease. This finding is
on par with the recognition of COPD as
a major factor impacting health status at
the population level, with associations
also stronger than those reported for
cardiovascular disease and diabetes (28).
The biological plausibility of the COPD–
disability association may be related to the
idea that there are subgroups of subjects
with COPD expressing more severe
systemic consequences (29), probably
mediated by systemic inflammatory
pathways. However, although our findings
are aligned with the current view of COPD
as a disease with extrapulmonary effects,

the elucidation of any mechanism involved
is beyond the reach of this study.

Although there is growing interest in
the investigation of multidimensional effects
of COPD, there has been little research
addressing the impact of COPD on
disability (30). Disability, or even its
descriptors such as ADLs or IADLs, is an
infrequent outcome in COPD studies (31),
and representative national data have rarely
been used to test the impact of COPD
on any form of disability (11). Overall, our
results confirm that COPD is a disabling
disease and that disability should be
considered as a measure of the impact
of the disease.

Some of the strengths of our analysis
include the characteristics of the design of the
HRS, not always available in other health
interview surveys. The HRS includes
relevant covariates whose effects are
predicted by different models of disability
(sociodemographics, presence of chronic
diseases and geriatric conditions), and its
focus is middle-aged and older adults, with
questions addressing geriatric issues. The
algorithms to adjudicate ADL and IADL
dependencies have been widely used and
validated (22). The sampling framework
and representativeness of the HRS allow
study findings to be generalized to the
whole American population. In addition,
the robustness of the associations,
maintained through different sensitivity
analyses, and the participation of subjects
with a spectrum of disabling conditions
(mild cognitive impairment, chronic
diseases, geriatric conditions), frequently
excluded from observational studies,
provides additional support to our
findings.

Potential limitations of the analysis
include the lack of spirometry to classify the
degree of obstruction, and the description
of diseases based on self-report; however,
the definition of COPD used here has been
previously validated (32, 33). Another
potential limitation is the selection of the
model of disability used to outline the
analysis, as there are many available
theoretical models of disability, calling for
the exploration of different covariates
(34, 35). However, although the pathways
leading to disability could be analyzed
differently with each model, the one we
selected is easy to interpret by the clinician
and replicates and extends prior efforts
within the COPD research community
(10, 13). The inclusion of coexistent chronic

Table 5. Multivariate models of incident disability among participants in the 2006 wave
of the Health and Retirement Study without dementia*

Model 1† Model 2‡ Model 3x

COPD by cognition status
No COPD, normal cognition Ref. Ref. Ref.
No COPD, mild cognitive impairment 4.2 (3.4, 5.20) 2.1 (1.6, 2.7) 1.9 (1.5, 2.5)
COPD, normal cognition 3.5 (2.6, 4.7) 2.5 (1.8, 3.5) 2.0 (1.5, 2.9)
COPD, mild cognitive impairment 5.9 (3.9, 9.0) 2.8 (1.8, 4.5) 2.2 (1.4, 3.5)

Sociodemographics
Age, by year increment 1.05 (1.04, 1.07) 1.05 (1.03, 1.06)
Female sex 1.1 (0.9, 1.3) 1.1 (0.9, 1.4)
African American race 1.1 (0.8, 1.4) 1.0 (0.8, 1.4)
Unmarried 0.9 (0.7, 1.1) 0.9 (0.8, 1.2)
Education

High school 0.8 (0.6, 0.9) 0.9 (0.7, 1.1)
Beyond high school 0.5 (0.4, 0.7) 0.6 (0.5, 0.8)

Chronic diseases
Hypertension 1.1 (0.9, 1.4)
Diabetes 1.7 (1.4, 2.2)
Heart disease 1.2 (0.9, 1.5)
Stroke 2.0 (1.4, 2.9)
Cancer 1.1 (0.7, 1.7)
Musculoskeletal disease 1.6 (1.3, 2.0)
Psychiatric disease 1.5 (1.1, 2.0)

Geriatric syndromes
Vision impairment 1.6 (1.3, 2.1)
Hearing impairment 1.4 (1.1, 1.7)
Urinary incontinence 1.2 (0.9, 1.6)
Falls 1.7 (1.4, 2.2)

Definition of abbreviation: COPD = chronic obstructive pulmonary disease.
Note: n = 16,604. All entries represent odds ratio with 95% confidence interval in parentheses.
*All models also adjusted for baseline disability.
†Unadjusted.
‡Adjusted for five sociodemographic descriptors.
xAdjusted for five sociodemographic descriptors, seven chronic diseases, and four geriatric
syndromes.
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diseases and geriatric conditions in our
analytic model could be considered by
some as a risk for overfitting the regression
models, but at the same time this approach
prevents the overestimation of the effect of
COPD.

Another area of concern is the lack of
a “gold standard” for disability, as proved
by the different definitions found in the
literature; however, we used one that has
been validated as associated with relevant
individual and policy outcomes (2, 3) and
also performed sensitivity analyses using
different definitions. In all the scenarios the
effect of COPD was maintained and was as
strong, if not stronger, than the effect of
other chronic diseases. Finally, the HRS
does not include the exact time when

disability started, restricting our analysis to
cumulative incidence, not incident rates.

Conclusions

We demonstrate, using nationally
representative data from middle-aged and
older Americans, that COPD is associated
with prevalent and incident disability, with
an effect of similar magnitude to other
chronic diseases. Cognitive impairment,
especially mild cognitive impairment, is also
common in adults with COPD, and the
coexistence of COPD and cognitive
impairment increases the risk of disability.
These data suggest that efforts to identify
cognitive impairment and early deficits in

ADLs may be as important as other areas
of COPD care. To better identify these
important risk factors and outcomes,
changes at different levels of the health care
process could be necessary, including
education of pulmonary providers in the
evaluation of geriatric aspects of the disease,
such as cognition and disability. Our
findings have implications for the design of
preventive measures of disability and the
design of self-management programs for
patients with COPD. However, our findings
also highlight the need for additional
investigative efforts on the mechanisms and
trajectories of disability in COPD. n

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