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Rationale: Frailty prevalence estimates among individuals with COPD have varied widely, and few studies have investigated
relationships between frailty and adverse outcomes in a COPD population.
Objective(s): Describe frailty prevalence among individuals with and without COPD and examine associations between frailty and
mortality and other adverse outcomes in the next two years.
Methods: This was an observational cohort study using Health and Retirement Study data (2006–2018) of community living
individuals ages 50–64 and ≥65 with and without COPD (non-COPD). Frailty (Fried phenotype [5 items], and a modified Frailty
Index-Comprehensive Geriatric Assessment [Enhanced FI-CGA] [37 items], and debility (modified BODE Index [4 items]) were
assessed. Two-year post-assessment outcomes (mortality, ≥1 inpatient stay, home health and skilled nursing facility (SNF) use) were
reviewed in a population matched 3:1 (non-COPD: COPD) on age, sex, race, and year using univariate and multivariate logistic
regression (adjusted for morbidities). Area-under-the-curve (AUC) was used to evaluate regressions.
Results: The study included 18,979 survey observations for age 50–64, and 24,162 age ≥65; 7.8% and 12.0% respectively reporting
a diagnosis of COPD. Fried phenotype frailty prevalence for age ≥65 was 23.1% (COPD) and 9.4% (non-COPD), and for the
Enhanced FI-CGA, 45.9% (COPD) and 22.4% (non-COPD). Two-year mortality for COPD was more than double non-COPD for age
50–64 (95% CI: 3.8–5.9% vs 0.7–1.3%) and age ≥65 (95% CI: 11.9–14.3% vs 5.6–6.6%). Inpatient utilization, home health care use,
or at least temporary SNF placement were also more frequent for COPD. Measures were predictive of adverse outcomes. In adjusted
models, the Fried phenotype and modified BODE score performed similarly, and both performed better than the Enhanced FI-CGA
index. AUC values were higher for morality regressions.
Conclusion: Frailty prevalence among individuals with COPD in this national survey is substantially greater than without COPD,
even at pre-retirement (50–64 years). These measures identify patients with increased risk of poor outcomes.
Keywords: disability, survival, home health, peak air flow, cognition

Introduction
COPD is associated with increased prevalence of several comorbidities, many of which can result in substantial
limitations in physical and cognitive function.1 All too frequently the combination of impaired lung function along
with comorbidities leads to frailty and physical debility – where frailty is defined as “a clinically recognizable state of
increased vulnerability, resulting from aging-associated decline in reserve and function across multiple physiologic
systems such that the ability to cope with everyday or acute stressors is compromised”2,3 and debility is a related term
indicating lack of strength and general decline in physical function.

There are evaluations of the prevalence and incidence of frailty among COPD patients,4 however most of what is
available is based on small or specific clinical populations, or where populations are somewhat larger, non-US
populations.5,6 Frailty estimates among individuals with COPD range widely; for example, 10% for a Netherlands

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 701–717 701
© 2022 Roberts et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 November 2021
Accepted: 12 March 2022
Published: 5 April 2022

http://orcid.org/0000-0002-1314-4906
http://orcid.org/0000-0001-5208-4363
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


study,5 11% for a Japan study,7 approximately 25% for two UK studies8,9 and estimates of 18%10 and 58%11 for US
populations. Frailty prevalence in the US among the general community dwelling population 65 and older was estimated
for 2011 as 15%,12 while estimates from an earlier 2004 assessment for 10 European countries ranged from 8% to 16%,
with higher rates in southern European countries.13

Multiple instruments are used to assess frailty, contributing to variance in estimates. Frailty assessment has its roots in
the Comprehensive Geriatric Assessment (CGA), an interdisciplinary diagnostic assessment begun three decades ago that
considered multiple dimensions of an elderly individual – medical, as well as psychological and physical functioning.14

Conducting a CGA requires substantial time however, and as an interdisciplinary assessment, can be resource intensive.
Over time, other specific frailty assessment tools were developed. The phenotype model has been used the longest. First
presented by Fried et al in 2001, frailty is defined as a clinical syndrome with three or more criteria present: unintentional
weight loss (10 pounds in past year), self-reported exhaustion, weakness (grip strength), slow walking speed, and low
physical activity.15 The frailty index based on a comprehensive geriatric assessment (FI-CGA) developed by Rockwood
and Mitnitski, another widely used assessment, alternatively considers frailty as an age-associated accumulation of
deficits.16 The two tools have been demonstrated to be moderately correlated.17 Populations identified by these two tools
have been found to overlap, but conceptually the instruments may serve different purposes.18,19 The FI-CGA includes
items assessed by Fried’s frailty phenotype model, and additionally includes other deficits: poor cognition, disrupted
sleep, difficulty with activities of daily living (ADLs) and instrumental ADLs (IADLs), poor vision, and chronic
morbidities.16 An additional adaption of the Rockwood et al frailty index assesses frailty across an age spectrum.20

While frailty measures are multidimensional, debility measures usually focus on symptoms or deficits in physical
strength and vigor. Severe disability is commonly seen among palliative care patients. However, debility and generalized
weakness is also frequently observed in individuals after long-hospital stays, or who have progressive chronic disease.24

For patients with COPD, systemic consequences of the disease often result in muscle weakness and weight loss, which in
turns leads to limitations in physical activity.25 The BODE index is a 4-item measure developed for a COPD population
that includes assessment of pulmonary impairment, the individual’s perception of the most disabling symptom of COPD,
dyspnea, and two items capturing systemic effects of COPD – low body mass and difficulty walking.26 The BODE index
has been shown to be strongly predictive of mortality among individuals with COPD.26

Although frailty is increasingly recognized as a serious concern among COPD patients,21 the limitations of small
cohort studies and the heterogeneity among frailty measurement instruments creates uncertainty about its prevalence in
the general community dwelling population, particularly in the US.6 Current studies often lack prospective data relating
frailty in COPD to relevant clinical outcomes.6 Further, recent research describes molecular level changes associated with
frailty occurring in middle age, supporting frailty identification among younger patients.27 However, few COPD studies
have examined frailty prevalence among persons less than 65 years of age.13

The objectives of this study are 1) to describe the prevalence of frailty and physical debility among individuals with
and without COPD age ≥50 in a large national sample in the US, and 2) to examine the association between these
measures and adverse outcomes in the two years post-assessment.

Methods
Data and Study Design
This is a retrospective observational cohort study of individuals age ≥50. The study uses publicly available Health and
Retirement Study (HRS) data for years 2006–2018. The HRS, a longitudinal study sponsored by the National Institute on
Aging (grant number NIA U01AG009740) and conducted by the University of Michigan, biennially surveys
a representative sample of approximately 20,000 people across the United States.28 In the present study, using responses
and assessments, each survey year individuals were characterized by levels of frailty and by a COPD-oriented debility
measure. Outcomes reported in the next biennial survey were reviewed.

The HRS employs a complex research design that includes weights to calculate nationally representative estimates,
focusing on four broad areas - income and wealth; health, cognition and use of healthcare services; work and retirement;
and family connections.28 Existence of chronic disease is based on self-report.29 Survey responses are also used to assess
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individual limitations in the following areas: mobility, strength and fine motor skills, ADLs, IADLs, depression, and
cognition.30–32 In addition to survey responses, in-person physical health measure assessment began in 2004, and include
hand grip strength, timed walk, height, weight, and peak expiratory flow (PEF) rates.33

Respondents age ≥50 living in a community dwelling (non-institutional) setting with at least one physical measure
assessment in each of the survey years 2006–2016 were included in analyses. Outcomes were identified in survey
years 2008–2018. Individuals were characterized as having COPD or not having COPD based on self-report (“Has
a doctor ever told you that you have chronic lung disease such as chronic bronchitis or emphysema? Do not include
asthma.”).

The study was conducted in accordance with the principles of the Declaration of Helsinki. This study uses publicly
available secondary research data and was approved as exempt research by The University of New Mexico Health
Sciences Office of Research Human Research Protections Program.

Participant Characteristics
Socio-demographic characteristics included: age (in years, and by age category [50–64, ≥65]), sex, race (White, African-
American, Other), Hispanic ethnicity, marital status (married, single, widowed), years of education (<high school, high
school/GED, some college, college degree), living arrangements (alone, with someone else), smoking status (past,
current, never).

HRS participants were surveyed concerning hypertension, heart disease (to include angina/myocardial infarction
(MI), congestive heart failure (CHF)), diabetes, cancer, stroke, medication to treat stomach problems, osteo/rheumatoid
arthritis, back problems other than arthritis, migraine headaches, pain, and urinary incontinence. Responses for excessive
alcohol consumption, sedentary behavior, and depression were included. Depression was determined using the CES-D8,
with a score of ≥3 considered evidence of current depression.31

In-person physical measures included in the study were: PEF, hand grip strength, timed walk (12-foot distance),
height, and weight. From these, BMI and percentage of predicted PEF (% Pred PEF) were determined. Mobility, strength,
and gross and fine motor skills items included: walking 1 block, getting up from a chair, climbing one flight of stairs,
lifting or carrying over 10 lbs., and picking up a dime. ADLs and IADLs were included,30 as well as vision/hearing
impairment, poor/disrupted sleep, and shortness of breath. Individuals unable to complete the hand grip strength test/self-
reporting very weak hand strength or unable to complete the timed walk/self-reporting difficulty with walking 1 block
were considered to be in the lowest 20% for grip strength and walking speed.

Frailty, COPD-Oriented Debility, and Cognition Measures
Fried Phenotype
Frailty is defined as a clinical syndrome in which ≥3 of 5 items are present: low BMI (≤21), self-reported exhaustion,
weakness (lowest 20% grip strength), slow walking speed (lowest 20%), and low physical activity (lowest 20%).15,34

Each item has equal weight (1 point), and individuals are characterized as robust (scale=0), pre-frail (scale of 1 or 2), or
frail (scale 3 to 5). Cutoff points for the scale items based on HRS data were determined by age group (50–64, ≥65
years). See Appendix Table A-1 for scale assessment using HRS measures.

Frailty Index-Comprehensive Geriatric Assessment (FI-CGA)
The FI-CGA is a widely used frailty assessment that alternatively considers frailty as an age-associated accumulation of
deficits based on the Comprehensive Geriatric Assessment (CGA).16 The index includes items in Fried’s phenotype
measure, and other additional deficits: poor cognition, disrupted sleep, difficulty with ADLs and IADLs, poor vision, and
chronic morbidities. Rockwood et al were instrumental in developing the FI-CGA, but also published an alternative
“fitness and frailty” index that was used for ages <65 – an index that omitted some CGA items and included additional
items such as dexterity.20 The scale characterized in this study as “Enhanced FI-CGA” includes these additional items for
a total of 37 items. Appendix Table A-2 provides a summary of the Enhanced FI-CGA scale based on HRS data. Each
item has equal weight (1 point), and individuals are categorized into 5 groups according to percentage of deficits:

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 https://doi.org/10.2147/COPD.S348714

DovePress
703

Dovepress Roberts et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com
https://www.dovepress.com


“relatively fit” (≤0.03), “less fit” (0.03 to ≤0.10), “least fit” (0.10 to ≤0.21), “frail” (0.21 to ≤0.45), and “most frail”
(>0.45).16,20

Modified Bode Index
The BODE index is a multi-dimensional assessment developed for individuals with COPD and has been shown to have
a stronger association with survival and other outcomes than those based on lung function alone.26,35 The BODE index is
a weighted scale of 4 items: low BMI, reduced percent predicted forced expiratory volume in one second (FEV1),
shortness of breath as measured by the modified Medical Research Council (MMRC) dyspnea scale, and limitations on
distance walked in 6 minutes.26 BODE items capture evidence of debility, or deconditioning. Using HRS data, Roberts
and Mapel showed that a modified BODE index in which % predicted PEF was substituted for % predicted FEV1, was
similar to the original BODE in the strength of its association with mortality.36 They had also previously demonstrated
that reduced PEF is associated with poorer health status, increased health-care utilization, and poorer expected survival in
older adults.37 This study makes use of the modified BODE index based on HRS data:36 low BMI, reduced % predicted
PEF, shortness of breath, and in lieu of a timed walk test, uses difficulty lifting/carrying 10 lbs or walking 1 block (See
Appendix Table A-3). The maximum modified BODE index score is 8. Scores are grouped as 0–1, 2–3, or 4 or higher.

Cognition
Cognition status was determined using the Langa-Weir 27-point assessment contained in the HRS, where higher scores
indicate better cognitive functioning.32,38 The cognitive assessment is designed to provide a measurement of mental
status as well as screen for early signs of dementia. The cognitive assessment comprises questions regarding memory
testing (recall and working memory), abstract and fluid reasoning, vocabulary, numeracy, and dementia. The 27-point
scale includes: 1) immediate and delayed 10-noun free recall test to measure memory (0 to 20 points); 2) a serial sevens
subtraction test to measure working memory (0 to 5 points); and 3) a counting backwards test to measure speed of mental
processing (0 to 2 points). Status is characterized as “normal” (score>11), “impairment” (score 7–11), and “dementia”
(score <7). The Langa-Weir data utilized in the analysis contained some imputed data for missing values. The methods
they used to impute values are well-documented and described elsewhere.39,40

Outcomes
Outcomes were identified in the two-year period after a given survey. The primary outcome was mortality. In the HRS,
death information is obtained from both family members and a search of the National Death Index.41 Secondary
outcomes were for individuals still alive after the two-year period. Secondary outcome assessment was based on
respondent and/or a caregiver/family member interviews and were: any hospitalization occurrence, nursing facility short-
term stay, change of residence to a nursing facility, or need for home health care.

Statistical Analysis
Respondents missing information for these items were excluded from analyses: COPD, sex, race, components of Fried,
proxy BODE measure, Rockwood frailty/fitness index, or Enhanced FI-CGA. Descriptive statistics for continuous
variables include measures of central tendency (mean, standard deviation, median, minimum, and maximum) and quartile
values as appropriate. Descriptive summaries of categorical variables include the frequency and percent of responses. All
confidence intervals are two-sided with a significance level of 0.05.

Prevalence estimates and 95% confidence intervals were calculated using the HRS provided respondent level survey
physical measure weights for each measurement year.42,43 Briefly, cohorts are added to HRS every 6 years according to
the multi-stage, area-clustered, stratified sample design of the HRS, and sample weights adjust for a cohort’s differential
participant sampling probabilities. Weights are non-zero for living non-institutionalized respondents born in the appro-
priate years, and zero for non-respondents, deceased respondents and respondents residing in nursing homes. Weights are
designed to account for oversampling of Black and Hispanic respondents, but also to correspond to the US population as
measured for the year of data collection.43 Prevalence was estimated for the population overall, and stratified by age
groups (age 50–64, ≥65) and by sex, and within each age group strata, by individuals with and without COPD.
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For matched analyses, individuals without COPD were matched 3:1 to individuals with COPD using individual non-
modifiable factors: age (± 2 years), sex, and race (White vs Non-White). Matching was done by survey year.
Relationships between the frailty measures and the modified BODE and outcomes were investigated using univariate
analyses and multivariate regression. Multivariate mortality models included adjustment for demographic factors pre-
viously found to be associated with adverse outcomes among older populations (education level, living arrangements,
marital status, smoking status) that were significantly different after matching between COPD and non-COPD popula-
tions, and for morbidities not otherwise included in measures (arthritis, cancer, diabetes, heart condition, hypertension,
pain limitation, stroke effects). Multivariate models for secondary outcomes additionally investigated impaired vision,
difficulty with picking up a dime, and difficulty with dressing as covariates in models including the Fried phenotype and
the modified BODE Index.

Given the paired nature of the data due to matching and repeated measures observed for individuals across years
generalized estimating equations (GEE) were used for logistical regression analysis. Area under the receiver operating
characteristic curve (AUC), a measure that combines true positive and false positive rates, was used to characterize
model performance in classifying and predicting adverse event experience. Higher AUC values indicate better model
predictions, with values 0.70 to <0.80 indicating acceptable discrimination and values 0.80 to <0.90, excellent
discrimination.44,45

SAS statistical software (Cary, NC version 9.4) and Stata (College Station, TX; StataCorp LLC) were used to perform
analyses.

Results
Prevalence
Across the survey years 2006 to 2016 we identified 45,344 person-year observations for individuals meeting study
inclusion criteria: 20,521 for individuals age 50 to 64, and 24,823 for individuals age ≥65 (Appendix Table B-1). Of
these, 391 observations for age 50 to 64 and 582 for age ≥65 were excluded due to missing data. Another 1151
observations for age 50 to 54, and 79 for age ≥65, were excluded due to zero weight values, resulting in 43,141 person-
year observations for analyses. Across the surveys conducted 2006–2016, the percent of participants annually self-
reporting physician diagnosed COPD was 7.8% (95% CI=7.1–8.5%) among those age 50–64, and 12.0% (95% CI=11.2–
12.7%) among those age ≥65 (see Appendix Table B-1).

The demographic characteristics of non-COPD and COPD participants by age group are presented in Table 1. For
non-COPD vs COPD, there were slight differences in race and in mean age for those 50–64, but no difference in
ethnicity. There were substantial differences by sex (higher percentage of women for COPD), education, living
arrangement, marital status, and smoking history. Although dementia was uncommon among participants and similar
for non-COPD and COPD, mild cognitive impairment was more prevalent among those with COPD. Differences
observed between the non-COPD and COPD groups were similar for the age 50–64 and ≥65 groups. Demographic
differences were consistent across the study years; although after 2008, when HRS made a concerted effort to increase
participation by African American and Hispanic individuals, there is greater representation of these individuals.

Prevalence, stratified by age group and non-COPD/COPD, of the two frailty measures and the modified BODE index
are presented in Table 2 and Figure 1. While within the COPD population there were similar estimates for the most
severe Fried phenotype and modified BODE measures, overlap between people identified by the respective measures was
moderate. Among those identified as frail using the Fried phenotype, the percentage also identified as most severe by the
modified BODE was 39.4% for those age 50–64, and 49.3% for age ≥65. Differences between non-COPD and COPD
were substantial for the more severe frailty category levels. Differences between men and women tended to be small,
with significant differences only in the most severe categories of the Fried phenotype and Enhanced FI-CGA, for which
prevalence was higher among women age ≥65 (Appendix Table B-2).

In matching, all observations for age 50–64 with COPD were matched (n=1545) and for those age ≥65, there were no
matches for two COPD observations and for one, there was only one non-COPD match, resulting in 2901 COPD
observations. The matched dataset included a total of 17,782 person-survey observations for 13,200 unique individuals.
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Table 1 Survey Participant Demographics, Surveys 2006–2016

Age 50–64 Age 65 and Older

Non-COPD COPD Non-COPD COPD

No. of participant observations 17,434 1545 21,259 2903

Age (years), mean (95% CI) 57.8 (57.7, 57.9) 58.2 (58.0, 58.5)* 74.4 (74.2, 74.7) 74.9 (74.3, 75.4)**

Male, % (95% CI) 49.1 (48.1, 50.1) 39.2 (35.5, 42.9) 45.0 (44.3, 45.6) 41.0 (38.5, 43.5)*

Race, % (95% CI)*

White/Caucasian 79.5 (77.8, 81.1) 79.0 (75.9, 82.0) 87.9 (86.5, 89.2) 88.5 (86.4, 90.6)
Black/African American 11.4 (9.9, 12.9) 13.4 (11.1, 15.7) 8.2 (7.2, 9.2) 7.8 (6.5, 9.2)

Other 9.1 (8.1, 10.1) 7.7 (5.4, 9.9) 3.9 (3.1, 4.8) 3.7 (2.2, 5.2)

Ethnicity, % (95% CI)**

Non-Hispanic 89.8 (87.2, 92.5) 92.7 (89.8, 95.7) 93.1 (91.2, 94.9) 95.6 (94.0, 97.2)

Mexican 6.6 (4.1, 9.1) 4.1 (1.3, 7.0) 4.2 (2.4, 5.9) 2.1 (1.1, 3.1)
Other 3.5 (2.9, 4.1) 3.1 (2.2, 3.9) 2.6 (2.1, 3.2) 2.1 (1.0, 3.2)

Unknown 0.1 (0.0, 0.2) 0.0 (0.0, 0.1) 0.2 (0.1, 0.2) 0.1 (0.0, 0.4)

Education, % (95% CI)

No degree 9.6 (8.0, 11.2) 19.4 (16.2, 22.6) 16.9 (15.4, 18.5) 24.5 (22.0, 27.1)
GED/High school diploma 47.5 (45.5, 49.6) 57.5 (53.7, 61.4) 53.2 (51.7, 54.6) 56.0 (52.7, 59.2)

Some college 42.9 (40.4, 45.4) 23.1 (19.5, 26.7) 29.9 (27.9, 31.9) 19.5 (17.7, 21.3)

Living Arrangements, % (95% CI)

Married/With partner 71.5 (70.0, 72.9) 57.4 (53.5, 61.2) 60.8 (59.6, 61.9) 52.3 (49.8, 54.7)

Living Alone 15.4 (14.4, 16.5) 22.4 (19.2, 25.7) 27.2 (26.2, 28.3) 30.6 (28.4, 32.8)
Living with relative 9.3 (8.5, 10.0) 13.8 (11.7, 15.8) 9.5 (8.8, 10.2) 13.9 (12.1, 15.7)

Other living arrangements 3.8 (3.4, 4.2) 6.4 (4.9, 7.9) 2.5 (2.2, 2.9) 3.2 (2.5, 4.0)

Marital Status, % (95% CI)

Married 66.8 (65.3, 68.3) 51.2 (47.1, 55.3) 58.7 (57.5, 59.9) 50.0 (47.3, 52.6)

Separated/Divorced 20.6 (19.4, 21.7) 30.3 (27.0, 33.5) 12.3 (11.4, 13.2) 17.6 (14.8, 20.4)
Widowed 4.6 (4.2, 5.0) 8.3 (6.3, 10.3) 25.3 (24.3, 26.3) 29.7 (27.7, 31.8)

Never Married 7.9 (7.1, 8.7) 10.0 (7.4, 12.5) 3.7 (3.2, 4.1) 2.7 (1.5, 3.8)

Status Unknown 0.1 (0.0, 0.1) 0.3 (0.0, 0.6) 0.0 (0.0, 0.1) 0.0 (0.0, 0.0)

Smoking Status, % (95% CI)

Never Smoked 47.1 (45.7, 48.6) 19.7 (16.2, 23.2) 46.9 (45.6, 48.3) 21.3 (18.5, 24.1)
Not currently 35.9 (34.7, 37.1) 38.5 (33.9, 43.1) 45.7 (44.6, 46.9) 58.2 (55.3, 61.1)

Current Smoker 17.0 (16.0, 18.0) 41.8 (37.5, 46.0) 7.4 (6.7, 8.1) 20.5 (17.6, 23.5)

Morbidities, % (95% CI)

Hypertension 46.0 (44.3, 47.8) 64.4 (60.4, 68.3) 65.4 (64.2, 66.6) 71.6 (69.3, 73.8)

Heart-related condition 13.3 (12.4, 14.2) 33.0 (29.2, 36.8) 30.0 (28.9, 31.1) 47.9 (45.6, 50.3)
Had stroke, has lasting effects 1.5 (1.2, 1.8) 5.7 (4.0, 7.4) 3.2 (2.8, 3.5) 5.6 (4.3, 6.8)

Diabetes 17.8 (16.8, 18.8) 28.8 (24.8, 32.8) 23.9 (22.8, 25.0) 28.6 (26.7, 30.5)

Cancer (excluding skin)* 8.5 (7.8, 9.2) 11.6 (9.6, 13.6) 19.9 (18.8, 20.9) 23.5 (21.0, 25.9)
Arthritis 42.9 (41.8, 44.0) 71.5 (68.2, 74.7) 68.1 (67.0, 69.3) 82.8 (80.6, 84.9)

Limitations due to pain 21.4 (20.4, 22.5) 54.2 (50.7, 57.7) 20.4 (19.5, 21.2) 38.6 (36.1, 41.0)

Cognition, % (95% CI)

Normal 90.3 (89.4, 91.2) 82.8 (80.0, 85.5) 77.4 (76.2, 78.6) 71.6 (69.1, 74.0)

Mild impairment 8.5 (7.8, 9.2) 15.5 (12.9, 18.0) 17.8 (16.8, 18.8) 22.9 (20.6, 25.1)
Dementia 1.2 (0.9, 1.5) 1.8 (1.0, 2.6) 4.8 (4.4, 5.2) 5.6 (4.5, 6.6)

Notes: P-values for comparisons within age group between non-COPD and COPD <0.0001 unless otherwise indicated. *p-value ≤0.01. **p-value ≥0.05.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; GED, General Educational Development test.
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Matching reduced differences between groups for the matched factors of age, sex, and race, but differences remained for
education, living arrangement, marital status, and smoking history (Appendix Table B-3) and for the prevalence of the
most severe levels of the frailty and the modified BODE measures (see Table 3 and Appendix Table B-3).

Outcomes
Outcomes in the next two years for the matched cohort are presented in Figure 2. Overall 2.0% (95% CI=1.66–2.32)
of those 50–64 died in the two years after assessment and 7.8% (95% CI=7.4–8.3%) of those ≥65. Mortality for those
with COPD was more than double those without COPD for both age 50–64 (4.9% [95% CI=3.8–5.9%] vs 1.0% [95%
CI= 0.7–1.3%]), and age ≥65 (13.1% [95% CI=11.9–14.3%] vs 6.1% [95% CI=5.6–6.6%]) (Figure 2, Appendix
Table B-4).

Among individuals still alive in the next two years, information on secondary outcomes was missing for some
individuals, however the proportions with missing information were similar between the COPD and non-COPD groups.
Among those age ≥65, outcome information was missing for ≤5%, and for those age 50–64, ≤8% had missing
information (Appendix Table B-4). Outcome percentages (95% CI) were: ≥1 hospital stay age 50–64 19.9% (95%
CI=18.9–21.0%), age ≥65 31.6% (95% CI=30.7–32.4%); home health or nursing facility care age 50–64 6.3% (95%
CI=5.6–6.9%), age ≥65 14.9% (95% CI=14.2–15.6%). Similar to mortality, the proportions of those with ≥1 hospital
stay, home health care use, or at least a temporary nursing facility stay were higher among those with COPD compared to
those without (Figure 2, Appendix Table B-4).

The unadjusted odds ratio (OR) comparisons of the three measures as predictors of mortality are summarized in
Appendix Table B-5. Unadjusted AUC values were highest (approximately 0.70 or higher) for the COPD population
using the Fried frailty and BODE Index, and for the non-COPD using FI CGA (Table 4). While unadjusted ORs were

Table 2 Weighted Prevalence (95% CI) by Age Group, Survey Years 2006–2016

Age 50–64 Age 65 and
Older

Age 50–64 Age 65 and Older

Non-COPD COPD Non-COPD COPD

No. of

participant
observations

18,979 24,162 17,434 1545 21,259 2903

Fried
Phenotype

Robust 44.0 (42.5, 45.5) 46.3 (45.1, 47.6) 45.4 (43.9, 47.0) 27.0 (23.4, 30.7) 48.8 (47.4, 50.1) 28.2 (26.2, 30.2)

Prefrail 48.5 (47.4, 49.6) 42.6 (41.6, 43.7) 48.3 (47.1, 49.4) 51.5 (48.1, 54.9) 41.8 (40.7, 43.0) 48.7 (46.1, 51.3)
Frail 7.5 (6.7, 8.3) 11.0 (10.5, 11.6) 6.3 (5.6, 7.1) 21.5 (18.7, 24.3) 9.4 (8.9, 9.9) 23.1 (21.2, 25.0)

Enhanced FI-
CGA

Relatively

Fit

26.3 (25.2, 27.5) 11.0 (10.5, 11.5) 28.0 (26.9, 29.2) 5.8 (4.1, 7.5) 12.1 (11.6, 12.6) 2.6 (1.9, 3.3)

Less Fit 30.9 (30.0, 31.8) 26.7 (25.7, 27.6) 32.2 (31.3, 33.2) 14.9 (12.0, 17.7) 28.3 (27.4, 29.3) 14.2 (12.8, 15.6)

Least Fit 27.0 (26.3, 27.6) 37.1 (36.3, 37.8) 26.5 (25.8, 27.2) 31.9 (28.9, 34.9) 37.1 (36.3, 37.9) 37.3 (34.6, 39.9)

Frail 13.4 (12.5, 14.3) 21.3 (20.4, 22.2) 11.5 (10.6, 12.4) 35.8 (32.4, 39.3) 19.3 (18.5, 20.2) 35.6 (33.4, 37.9)
Most Frail 2.5 (2.0, 2.9) 4.0 (3.5, 4.4) 1.7 (1.3, 2.0) 11.6 (9.3, 13.9) 3.1 (2.7, 3.5) 10.3 (8.5, 12.1)

Modified
BODE

0–1 80.5 (79.3, 81.7) 69.1 (68.1, 70.1) 83.6 (82.6, 84.7) 43.0 (39.1, 46.9) 73.6 (72.6, 74.5) 36.6 (34.6, 38.6)

2–3 16.2 (15.2, 17.2) 24.4 (23.5, 25.2) 14.4 (13.6, 15.3) 37.1 (32.6, 41.7) 22.3 (21.4, 23.1) 39.7 (36.8, 42.6)
4 or higher 3.3 (2.9, 3.8) 6.5 (6.1, 6.9) 1.9 (1.6, 2.3) 19.9 (16.6, 23.2) 4.2 (3.9, 4.5) 23.7 (21.5, 25.9)

Notes: P-values for comparisons within age group between non-COPD and COPD <0.0001 unless otherwise indicated.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 https://doi.org/10.2147/COPD.S348714

DovePress
707

Dovepress Roberts et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com/get_supplementary_file.php?f=348714.docx
https://www.dovepress.com
https://www.dovepress.com


similar between non-COPD and COPD for those age ≥65, for those age 50–64, ORs for the most severe frailty categories
were lower for individuals with COPD. The adjusted ORs, summarized in Figure 3 and Appendix Table B-5, included
adjustment for other comorbidities, as well as demographic characteristics that were significantly different between the
groups after matching. Confidence intervals for the age 50–64 population were wider due to low mortality rates in this
population. Performance of the models as measured by AUC improved in adjusted models, reaching approximately 0.80
or higher for both non-COPD and COPD age 50–64 using the BODE Index, and for non-COPD age 50–64 using the
Fried Frailty and FI-CGA (Table 4). In fully adjusted models, ORs were similar between non-COPD and COPD for age
≥65 using the FI-CGA and BODE Index, but the adjusted OR was higher for COPD vs non-COPD using the Fried Frailty
(OR 12.7, 95% CI=8.2–19.7 vs OR 8.6, 95% CI = 6.4–11.6). In the 50–64 population, ORs were similar for the Fried
Frailty and BODE Index, however point estimates for ORs were lower for COPD compared to non-COPD.

Secondary outcomes are summarized in Figures 4 and 5 (adjusted ORs), and Appendix Tables B-6 and B-7
(unadjusted and adjusted ORs). Performance of unadjusted models for the outcome nursing care/home health as
measured using AUC was better than for the outcome any inpatient stay (Fried AUC values ≤0.60, Enhanced FI-CGA
≤0.69, BODE Index ≤0.62) (Appendix Tables B-6 and B-7). In models for the need for nursing care/home health that
were adjusted for demographic and comorbidity factors, among both non-COPD and COPD age 50–64, the AUC values
were 0.75 or higher, and ranged from 0.67 to 0.71 for those age ≥65 (Table 4, Appendix Table B-7). Further adjustment
of the need for nursing care/home health models for impaired vision and the fine motor skill “difficulty picking up
a dime” did not appreciably change AUC values (Table 4, Appendix Tables B-7).

Figure 1 Frailty and modified BODE prevalence (95% CI) by age group, survey years 2006–2016.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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Discussion
This study estimated prevalence estimates using a nationally representative sample of the United States population 50 to
64 and ≥65 years of age living in a community setting. Prevalence estimates were based on surveys occurring every two
years from 2006 through 2016. Prevalence of COPD in this population is similar to estimates from other national
surveys.46–48 Findings demonstrate advanced frailty is common among COPD patients, with prevalence estimates >20%
for not only individuals age ≥65, but also for those age 50–64. Prevalence among those age ≥65 was approximately
twice that of age, sex, and race-matched individuals without COPD, a finding aligned with the two-fold higher odds of
frailty determined by a systematic review of the relationship between COPD and frailty.6 While summary prevalence
rates have been reported for COPD populations, rates specifically for individuals age 50–64 are not widely reported.6

Figure 2 Prevalence of outcome event in next two years (95% CI), matched population by age group. Individuals surveyed in years 2006–2016, and outcome events
identified at the next two-year survey (survey years 2008–2018).
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.

Table 3 Comparison of Study Populations Before and After Matching,
2006–2016

Measure Non-COPD COPD
% (95% CI) % (95% CI)

Fried Frailty, Frail, %

(95% CI)
Before Matching 7.7 (7.2, 8.2) 22.4 (20.4, 24.4)

After Matching 8.2 (7.7, 8.6) 21.7 (20.3, 23.0)

Enhanced FI-CGA,
Most Frail, % (95% CI)

Before Matching 2.3 (2.1, 2.6) 10.9 (9.3, 12.5)

After Matching 2.5 (2.3, 2.8) 9.5 (8.5, 10.5)
Modified BODE, Score

≥4, % (95% CI)

Before Matching 2.9 (2.7, 3.1) 22.0 (20.1, 24.0)
After Matching 3.6 (3.2, 3.9) 21.5 (20.1, 22.9)

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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Novel to our study is the finding that more severe frailty prevalence among individuals with COPD age 50–64 was more
than three times that of patients without COPD. Chronic inflammation present in patients with COPD is posited to be
one factor driving higher frailty rates, along with smoking, decreased ability to exercise, and other systemic effects of
COPD.6,10

Adverse outcomes were assessed in the two-year period after each survey. The two frailty scales and the modified
BODE score were independent predictors of 2-year mortality for those with and without COPD. Frailty has previously
been found to have a strong association with mortality in community dwelling older adults,49,50 and beyond frailty status,

Table 4 Outcomes Next 2 Years (2008–2018), AUC Statistics for Regression Models, by COPD

No COPD COPD

Age 50–64 Age ≥65 Age 50–64 Age ≥65

Mortality

Unadjusted
Fried Frailty Index 0.69 0.66 0.69 0.70

Enhanced FI-CGA 0.75 0.69 0.66 0.65

Modified BODE Score 0.67 0.66 0.72 0.68
Adjusted for demographic

factorsa

Fried Frailty Index 0.78 0.72 0.72 0.74
Enhanced FI-CGA 0.80 0.71 0.71 0.69

Modified BODE Score 0.77 0.69 0.75 0.71

Adjusted for demographic
factors and comborbiditiesb

Fried Frailty Index 0.85 0.75 0.77 0.76

Enhanced FI-CGAc 0.80 0.71 0.71 0.69
Modified BODE Score 0.84 0.73 0.80 0.74

For individuals still alive in next
2 years:

Nursing Care, or Home Health
Unadjusted

Fried Frailty Index 0.66 0.66 0.64 0.63

Enhanced FI-CGA 0.75 0.70 0.72 0.66
Modified BODE Score 0.67 0.62 0.67 0.63

Adjusted for demographic
factorsa

Fried Frailty Index 0.71 0.68 0.70 0.67

Enhanced FI-CGA 0.77 0.71 0.76 0.67
Modified BODE Score 0.71 0.65 0.70 0.66

Adjusted for demographic

factors and comorbiditiesb

Fried Frailty Index 0.76 0.71 0.75 0.68

Enhanced FI-CGAc 0.77 0.71 0.76 0.67

Modified BODE Score 0.77 0.69 0.77 0.69
Adjusted for demographic

factors and comorbidities

and additional factorsd

Fried Frailty Index 0.77 0.71 0.76 0.69

Modified BODE Score 0.77 0.69 0.77 0.69

Notes: aDemographic factors: education level, living arrangements, marital status, and smoking status, bcomorbidities: arthritis, cancer,
diabetes, heart condition, hypertension, pain limitation, stroke effects, cEnhanced FI-CGA scale includes comorbidity assessment, dadditional
factors: impaired vision, difficulty with picking up a dime, and difficulty with dressing.
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respiratory illness has been found to have a hazard ratio for mortality greater than cardiovascular disease.34 The BODE
index association with mortality is well-established, and the modified BODE and Fried phenotype had acceptable
performance for 2-year mortality in unadjusted models among individuals with COPD. After further adjustment for
demographic factors and comorbidities, model performance for all three scales was much improved, particularly among
individuals age 50–64 for whom AUC values for the BODE index were ≥0.80.

Two-year mortality was higher for individuals with COPD for both age groups. However adjusted ORs for death in
the next two years for individuals age 50–64 with and without COPD were comparable for the most severe categories of
the Fried frailty and BODE index, while ORs for the Enhanced FI-CGA were lower for COPD compared to non-COPD.
In comparison, among individuals ≥65, while adjusted ORs were comparable for the Enhanced FI-CGA and the BODE
Index, individuals with COPD and frail status identified by the Fried frailty index had greater odds of death in the next

Figure 3 Mortality next two years, matched population by age group, adjusted odds ratio (95% CI). Measure reference groups for ORs: Fried Phenotype = Robust,
Enhanced FI-CGA = Relatively Fit, Modified BODE Score = 0–1 score. Regression models adjusted for demographics (all scales) and comorbidities (Fried, modified BODE).
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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two years than individuals without COPD who were frail. Vaz Fragoso et al also noted in a large sample of community
dwelling older adults that the combined effects of frailty and respiratory impairment greatly increased mortality risk, with
potentially a multiplicative as opposed to additive impact.51

In our review of adverse outcomes other than mortality occurring in the 2-year post-assessment period we found need
for nursing care also had a strong relationship with frailty and the modified BODE score. While prevalence rates were
higher among those with COPD, ORs for the more severe levels of all three scales were of similar magnitude in those
with and without COPD (Figures 4 and 5). Vermeiren et al showed that frailty increases risk among community dwelling
older adults for most negative outcomes.52 Similarly, Koroukian et al, used the HRS to examine combinations of chronic
conditions, functional limitations, and geriatric syndromes (eg, visual impairment, hearing impairment, moderate/severe
depressive symptoms, low cognitive performance, severe pain),53 and demonstrated that functional limitations were more
predictive of adverse health outcomes than chronic conditions.

Figure 4 Inpatient stay next two years, matched population by age group, adjusted odds ratio (95% CI). Measure reference groups for ORs: Fried Phenotype = Robust,
Enhanced FI-CGA = Relatively Fit, Modified BODE Score = 0–1 score, Regression models adjusted for demographics (all scales) and comorbidities (Fried, modified BODE).
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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Our study findings are also consistent with and build upon other previous COPD studies. Martinez et al, likewise used
the HRS (2006 and 2008 surveys) to examine relationships between COPD, cognitive impairment, and development of
disability.54 Findings showed individuals with COPD were more likely than those without to have disability (defined as
dependence on someone else to assist with ≥1 ADL), and more likely to have incident disability in the 2-year follow-up.
Cognitive impairment was more common among Individuals with COPD, as was observed in our study, and there were
additive effects between COPD and cognitive impairment on disability. Interestingly, hand-grip strength, a measurement
that is helpful in identifying frailty, was also found in another study by Martinez et al to be related to higher rates of
COPD exacerbations.55 Identification of measures with more sensitivity and specificity with regard to particular adverse
outcomes, particularly with a goal to identifying individuals who might benefit from proactive interventions, is an area
for future research.

Figure 5 Nursing care, or home health next next two years, matched population by age group, adjusted odds ratio (95% CI). Measure reference groups for ORs: Fried
Phenotype = Robust, Enhanced FI-CGA = Relatively Fit, Modified BODE Score = 0–1 score, Regression models adjusted for demographics (all scales) and comorbidities
(Fried, modified BODE).
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease.
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In this population of community-dwelling individuals, prevalence of frailty among those age 50–64 using the Fried
phenotype was 7.5%, and 11.0% for age ≥65; using the FI-CGA frailty prevalence was 15.9% for age 50–64 and
25.3% for age ≥65. These estimates for age ≥65 are similar to pooled prevalence estimates previously reported by
Shamliyan et al for community-dwelling adults age ≥65 for the Fried phenotype (14%) and accumulation of deficits
(24%).56

As expected, frailty was more prevalent among older persons compared to middle-aged persons, however lower
middle-aged prevalence is due to those without COPD, as we found high frailty rates in both age groups of COPD. Our
estimates among individuals with COPD for prevalence of frailty using the Fried phenotype (21.5% for age 50–64 and
23.1% for age ≥65) are slightly higher than, but in the range of the pooled prevalence of 19% (95% CI=14–24%)
reported by Marengoni et al, a review that included studies from the US and other countries pertaining to adults age ≥18.6

We observed similar prevalence rates for frailty and for the modified BODE among those age 50–64 and age ≥65. It is
possible that among individuals reporting COPD, the causal association between COPD and frailty and debility is
stronger than the association between age and frailty and debility, resulting in age effects among persons with COPD
becoming obscured. Prevalence of debility was also noted to be higher among middle-aged adults participating in recent
US Behavioral Risk Factor Surveillance System surveys.57 Higher middle-aged prevalence of debility and frailty is also
consistent with the fact COPD ranks third among leading causes of disability-adjusted life-years in the United States, and
eleventh in terms of total years lived with disability.58 Middle-aged COPD patients are also known to have substantially
increased healthcare cost and decreased work productivity.59

While not inclusive of depression and cognitive performance, the Fried phenotype and modified BODE indices
utilized in this study included functional limitations related to strength, endurance, and lung functioning. Inclusion of
chronic conditions improved measure performance in predicting adverse outcomes. Further addition of measures related
to vision and motor skills did not appreciably change performance. Among individuals with COPD, prevalence of frailty
using the Fried phenotype was similar to the prevalence of those with more severe modified BODE scores. Overlap
between frailty, disability and comorbidity has been noted previously,60 and these scales identified overlapping but
different populations. Among those 50–64 who were frail for the Fried Phenotype, approximately 40% also had more
severe BODE scores, and within those ≥65 it was approximately 50%. Comparable relationships have been recently
reported elsewhere. In a cohort of individuals (age ≥40) with stable COPD, Naval et al found approximately 40% of
individuals identified as frail using the Fried phenotype also had more severe BODE scores.61 Using a deficit accumula-
tion definition of frailty, Scarlata et al showed a strong correlation (r=0.53) between frailty and BODE scores among
stable COPD patients age 60 or older.62

Recognizing that multiple definitions of frailty exist, but that each definition contributes to knowledge about frailty,
Rockwood et al encouraged researchers to be clear about their frailty definition.17 Recent guidelines recommend all older
adults (individuals ≥65 years of age) be screened for sarcopenia and for frailty using a validated instrument.60,63 Citing
another study,64 the guidelines do not however recommend screening among all older adults. Our study however provides
some potential support for earlier screening among individuals with COPD. Cross-sectional surveys have associated frailty
with poor outcomes, but evidence exists that some can recover to robust status with targeted interventions. Pulmonary
exercise rehabilitation has been shown to benefit COPD patients with frailty, although they also have twice the risk of not
completing the program, often due to exacerbations and hospitalizations.22 Longitudinal follow-up in the NETT study found
among those prefrail at baseline, 23% improved to non-frail in 12 months.23 Formal assessment of frailty might identify need
for palliative care services, but could also identify some with COPD who might benefit from aggressive treatment.

Limitations
Although the recruitment scheme and weighted results for the HRS are designed to create a representative sample of older adults
from across the United States, prevalence estimates and outcome associations for other countries may be different. Information
about physician’s diagnosis of COPD and other morbidities is from participant self-report, causing potential for misclassification.
Participants in this study were limited to community dwelling persons, thus older persons living in assisted or institutional living
are not represented. However, it is likely these limitations would have biased our results to the null. Medication regimens or other
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physical and rehabilitative therapies may affect physical, emotional and cognitive functioning. Information on these was not
available for survey participants in this study, however this is an area of investigation for future studies.

We considered unadjusted and adjusted regression models. While fully adjusted models included the majority factors
that are associated with mortality and negative outcomes, other factors could be considered. AUC values were acceptable
and similar to the 0.70 reported for other predictive mortality models based on frailty.56

Conclusion
Frailty and debility are common among COPD patients and have serious prognostic implications. Using a nationally
representative database of well characterized community dwelling population, this study highlights that frailty is common
not only among individuals with COPD age ≥65, but also those age 50 to 64. This work supports the concept of frailty as
a quantifiable phenotype among COPD patients that identifies patients at increased risk of poor outcomes, even in study
populations that have been homogenized by rigorous inclusion and exclusion criteria.65,66

Abbreviations
ADL, activities of daily living; AUC, area under the receiver operating characteristic curve; BMI, body mass index;
CES-D8, Center for Epidemiologic Studies Depression Scale, 8 items; CHF, congestive heart failure; CI, confidence
interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; FI-CGA, frailty
index based on a comprehensive geriatric assessment; IADL, instrumental activities of daily living; HRS, Health and
Retirement Study; MI, myocardial infarction; MMRC, modified Medical Research Council; NIA, National Institutes on
Aging; OR, odds ratio; PEF, peak expiratory flow.
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