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ABSTRACT

Objectives This study aimed to investigate the
relationship between disability and domain-specific
cognitive function in older adults with chronic obstructive
pulmonary disease (COPD).

Design Cross-sectional analyses combined with
retrospective longitudinal analyses.

Setting We included 450 communities in China.
Participants In this study, 1022 (mean age: 68.6+6.3;
612 males) and 152 (mean age: 67.0+5.2; 83 males) older
adults with COPD from the China Health and Retirement
Longitudinal Study were included in a cross-sectional
multivariate linear regression analysis and a longitudinal
logistic regression analysis, respectively.

Outcome measures Disability was determined by the
difficulty or inability to complete 1 of the 12 activity items
in basic activities of daily living (ADL) and instrumental
ADL. The cognitive dimensions of episodic memory,
attention/numerical ability, orientation to time, and
visuospatial ability were assessed via the immediate/
delayed recall task, serial sevens task, naming the
current date and pentagon-figure-drawing tasks,
respectively.

Results 0f 1022 older respondents with COPD at
wave-4, 48.5% had ADL disability. Declines in the global
cognitive function (B (95% Cl)=-0.627 (-1.214 to
—0.040)), orientation to time (B (95% Cl)=—0.207 (-0.364
to —0.050)) and visuospatial ability (8 (95% Cl)=—0.068
(—0.127 t0 —0.009)) were significantly associated with the
presence of ADL disability, when demographic and health-
related variables were adjusted. Of 152 older participants
with COPD and without ADL disability in wave-2, 61 (40.1
%) developed disability over a 2-year follow-up. Relative
to the participants without a decline in orientation to tine,
those with the condition had greater odds of incidence of
ADL disability increased by a factor of about 1.46 over a
2-year follow-up.

Conclusions In older adults with COPD, orientation

to time and visuospatial inability are vulnerable to

the presence of a disability. Prevention of a decline in
orientation to time might help prevent disability in older
people with COPD.

Strengths and limitations of this study

» A cross-sectional analysis combined with a longitu-
dinal analysis was used to confirm the association
between disability and cognitive function in a rela-
tively large population of the older individuals with
chronic obstructive pulmonary disease (COPD).

» Extensive variables of sociodemographic, comorbid-
ities and health-related physical and mental status
were adjusted in the cross-sectional analysis.

» Both global and domain-specific cognitive functions
of older patients with COPD were analysed.

» The follow-up period was only about 2 years.

» Many older individuals (78%) with COPD were
excluded from the longitudinal analysis because
of missing information on related observation

variables.
INTRODUCTION
Chronic obstructive pulmonary disease
(COPD) is a progressive chronic lung

disease characterised by both pulmonary and
systemic complications.'™ The exacerbation
of COPD is associated with disability and
premature mortality in ageing people.*® The
Global Burden of Diseases study estimates
that COPD ranks within the top 10 diseases
that cause disability globally, as measured
by disability-adjusted life years in 2017 and
caused about 3.2million deaths world-
wide.® 7 Between 2012 and 2015, the overall
prevalence of spirometry-defined COPD was
about 8.6% in China, and the prevalence
was higher in older people.® Besides the
multiple somatic comorbidities of COPD,
including cardiovascular disease, lung cancer,
metabolic syndrome and diabetes, arthritis,
frailty and anaemia,” '’ mental comorbidities
including depression, sleep disturbances and
cognitive decline have become the target of
intervention for these conditions, leading to
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a dramatic decline in the quality of life in patients with
COPD.''""

Cognitive impairment has been recognised in
most (60%-80% of the population) patients with
COPD." '"'® Previous studies have found that working
memory, cognitive processing speed, psychomotor func-
tion and language abilities are affected in patients with
COPD." ' 819 Cognitive dysfunction may be partially
accounted for by airflow limitation, hypoxia, inflamma-
tion or cerebral microbleeds.'? '8! However, some studies
have revealed that the severity of cognitive impairment in
patients with COPD is not related to the severity of hypox-
emia and lung function,'® suggesting that there might be
other factors that account for cognitive deficits in patients
with COPD. Previous studies on health promotion have
found that in older adults, spending much time sitting or
maintaining immobility is associated with increased odds
of cognitive impairment, independent of the amount of
physical activity.*’ *' Therefore, reduced activities of daily
living (ADL) or disability in patients with COPD may, in
turn, exacerbate cognitive impairment.

Besides cognitive impairment, various non-respiratory
factors, including comorbidities, abnormal body compo-
sition, frailty and depression, have been found to
contribute to disability in COPD.*** Although several
cross-sectional studies have explored the association
between cognitive impairment and disability in patients
with COPD,” ** 2?7 the respiratory and non-respiratory
covariates still need to be adequately controlled. More-
over, the cognitive dimension related to disability in older
patients with COPD remains unclear. Answering this
question may be of clinical significance in the interven-
tion of COPD disability.

In this study, we examined the cross-sectional and longi-
tudinal association of disability23 (evaluated by the terms
of basic ADL (BADL) and instrumental ADL (IADL)) with
the global cognitive function and four cognitive dimen-
sions in older adults with COPD (including chronic bron-
chitis, emphysema and pulmonary heart disease), using
a national representative sample from the China Health
and Retirement Longitudinal Study (CHARLS).

METHODS

Participants

The data used in this study were derived from the
CHARLS, a nationally representative cohort study of a
longitudinal survey conducted by the National School
for Development (China Center for Economic Research)
at Peking University. The survey began in 2011, and was
followed up every 2 years, to serve the needs of scientific
research on people aged above 45 years in China. The
sample included 28 provinces, 150 county-level units
and 450 communities. CHARLS data are publicly acces-
sible and more details about CHARLS can be found on
the official website: http://charls.pku.edu.cn/en. The
CHARLS was conducted following the Code of Ethics of

the World Medical Association (Declaration of Helsinki)
for experiments involving humans.

All participants accepted a face-to-face household inter-
view in which a structured questionnaire was used. In this
study, a diagnosis of COPD was confirmed through two
questions. Participants were first asked whether a doctor
diagnosed them with COPD. If they responded affirma-
tively, they were then asked how they became aware of the
diagnosis (by a routine physical examination, a physical
examination organised by their work unit or community,
a physical examination organised by the CHARLS or by
other means). A subject was defined as having COPD if
he or she responded ‘yes’ to the first question and had a
complete answer to the second question.

We used the 2015 (wave-4) CHARLS data involving
21095 respondents to conduct a cross-sectional anal-
ysis. The following individuals were excluded from the
analysis: (1) individuals without COPD (n=18231), (2)
participants aged below 60 years (n=938), (3) individ-
uals suffering from psychiatric problems (n=84), self-
reported memory-related diseases (n=112), brain damage
or mental retardation (n=103) and (4) participants with
missing other covariates (n=605). Finally, the remaining
1022 individuals were included in our cross-sectional
analysis (figure 1A). We used the wave-2 (2013; involving
18612 respondents) and wave-4 (2015) CHARLS data to
conduct a longitudinal analysis. The following subjects
were excluded from the analysis: (1) individuals who did
not attend the wave-4 interview (n=5878); (2) partici-
pants who did not report whether they were diagnosed
as COPD (n=474) and participants without COPD at
wave-2 (n=10851); (3) participants with missing ADL data
(n=171) and who either had a BADL disability (n=299)
or IADL disability (n=204) in wave-2, and participants
with missing information of cognitive function (n=46);
(4) participants aged below 60 years in wave-2 and those
with unmatched age in wave-4 (n=340); (5) individuals
who reported a history of stroke or self-reported mental
disorder (n=24); and (6) participants who had other
covariates missing (n=173). Finally, the remaining 152
individuals were included in our longitudinal analysis
(figure 1B).

Measurements

Cognitive function

In CHARLS, cognitive function was assessed using tools
included in an adapted Chinese version of the Mini-Mental
State Examination.”® The assessment of cognitive func-
tion involved measurement of four dimensions including
episodic memory (immediate recall and delayed recall),
attention/numerical ability, orientation to time and visu-
ospatial ability.”” ** For assessing episodic memory, partic-
ipants were asked to memorise and repeat as many words
as they could immediately (immediate recall) and a few
minutes later (delayed recall) after an interviewer read
out 10 Chinese nouns in random order.’’ The scores
of the immediate recall task and delayed recall task
were added up to obtain the score of episodic memory
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A | Individuals interviewed in the
CHARLS (wave 4)
(0 =21,095)

Individuals without COPD were excluded (n = 18,231)
Participants younger than 60 years were excluded (n = 938)

Older adults with COPD
(n=1926)

Individuals who reported having a history of mental disorders (n = 84)
Individuals who reported memory-related diseases (n=112)

Participants with missing sociodemographic variables (n = 128)
Participants without complete health-related information (n = 409)
Participants with missing data of cognitive function (n= 68)

> | Individuals who had a history of brain damage or mental retardation (n = 103)

Cross-sectional analysis sample
(n=1022)

Figure 1

B Participants at Wave 2
(n=18612)

1% Did not attend wave 4 (1 = 5878)

| Participants with follow-up visit ‘

(n =12734)
Participants who did not report whether they have a COPD (1 = 474)
Participants without COPD in wave 2 (1l = 10851)
Participants with COPD
(n=1409)
Missing BADL data in wave 2 and wave 4 (1l = 16)
Missing IADL data in wave 2 and wave 4 (1 = 155)

Participants with BADL in wave 2 (11 =299)
Participants with IADL in wave 2 (1 =204)
Missing cognitive function data in wave 2 (0 = 46)

COPD Participants without ADL
disability at wave 2
(n =689)

Age < 60 in wave 2 and unmatched age in wave 4 (N = 340)
Exclusion of self-reported mental disorder (N = 16)
Ahistory of stroke (N =8)

Missing baseline covariates (N = 173)

Missing drinking and smoking status (N = 119)
Missing comorbidities (N = 7)
Missing other health-related covariates (N = 47)

(including BMI, depression, sleeping status, and grip strength)

Main prospective sample
(n=152)

Flow chart of subjects into the analytical sample. (A) The flow of participants into the cross-sectional analytical

samples. (B) Flow of participants into the longitudinal analytical samples. Data were from the CHARLS (http://charls.pku.edu.
cn/en). ADL, activities of daily living; BADL, basic ADL; CHARLS, China health and retirement longitudinal study; COPD, chronic

obstructive pulmonary disease; IADL, instrumental ADL.

(ranging from 0 to 20).” The attention/numerical ability
was measured by the serial sevens task: respondents were
asked to answer each time 7 was subtracted from 100 (up
to five times), and the score was the aggregate number of
correct answers.” Orientation to time was measured by
asking the participants to name the current date (month,
day, year), day of the week and season of the year; the
score was the sum number of correct answers and ranged
from 0 to 5.** The visuospatial ability was assessed by a
figure-drawing task: participants were asked to repro-
duce a picture of two overlapped pentagons shown by the
interviewer; participants who successfully completed the
task received a score of 1. The score of the global cogni-
tive function was the aggregate score of the four cogni-
tive task scores (episodic memory, attention/numerical
ability, orientation to time and visuospatial ability) and
ranged from 0 to 31.%° A higher total score or subdimen-
sion score indicates superior global or domain-specific
cognitive function.

Activities of daily living (ADL)

Disability in ADL was measured according to BADL
and TADL.” BADL disability was defined as difficulty in
dressing, bathing, eating, getting into or out of bed, using
the toilet and continence control. IADL disability was
described as difficulty associated with cleaning, cooking,
shopping, financial management, taking medications
and making phone calls. Participants were asked whether
they had difficulty with each task in the four responses
as follows: (1) No, I do not have any difficulty; (2) I have
difficulty but I can still do it; (3) Yes, I have difficulty
and need help; and (4) I cannot do it. Participants were
categorised as having a lack of ability to perform ADL
(ADL disability) if they reported difficulty or inability to
complete 1 of the 12 activity items.

Covariates
Covariates included sociodemographic and health-
related variables. The sociodemographic variables

included age, sex, education level, marital status, region
of residence, retirement status and number of children.
Age was considered a continuous variable. Education
level was categorised into four subgroups: illiterate,
elementary school, middle school and high school or
above. Marital status was defined as married or unmar-
ried (including people who were widowed, divorced or
never got married). The region of residence was dichot-
omised into rural and urban area. Retirement status was
categorised into ‘Yes’ and ‘No’. The number of children
was categorised into four subgroups: zero, one, two and
three or more. Smoking status and alcohol consumption
were categorised into Yes’ or ‘No’. ‘Yes’ meant that they
were smoking or drinking alcohol at the time of the study
or until last year. We assessed the number of comorbidi-
ties from the answer list (yes or no) in the CHARLS data,
including hypertension, dyslipidaemia, diabetes, cancer,
liver disease, heart problems, stroke, kidney disease,
digestive disease, arthritis or rheumatism and asthma.
We divided the participants into four groups according
to the number of comorbidities: one, two, three and four
or more. Self-reported health was categorised into good
(very good or good), fair and poor (poor or very poor).
Depressive symptoms were measured using the 10-item
Center for Epidemiologic Studies Depression Scale
(CESD-10, Chinese Ve]rsion).37 Other objective measure-
ments including body mass index (BMI, kg/m?), sleeping
hours at night, systolic pressure, diastolic pressure, pulse,
peak expiratory flow (PEF) and grip strength (GS) were
also collected. PEF (L/min) was estimated using a peak
flow metre (Shanghai, China). The GS (in kilogram) of
left and right hands was measured three times using a
dynamometer (WL-1000, Nantong, China). The best of
the three measurements of left and right hands were aver-
aged and used in the statistical analyses.

Statistical analyses
Statistical analyses were performed using SPSS V.24.0 and
R software V.3.6.3. For comparisons between participants
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with and without ADL disability, Student’s t-tests were
used for continuous variables, and % tests were used for
categorical variables. In cross-sectional analyses, multivar-
iate linear regression analyses were conducted to assess
the cross-sectional associations between ADL disability
and cognitive function, including global cognitive func-
tion and four cognitive dimensions (episodic memory,
attention/numerical ability, orientation to time and visu-
ospatial ability). The regression coefficient (B) and 95%
CI were then computed for each model. Model 1 was not
adjusted for any covariate. In Model 2, sociodemographic
variables were adjusted. In Model 3, sociodemographic
and certain health-related covariates were adjusted. In
longitudinal analyses, because the baseline (wave-1; 2011)
data of CHARLS did not measure IADL, we used wave-2
and wave-4 data. Logistic regression models were fit to
estimate the ORs and 95% CI between wave-2 cognitive
function and wave-4 ADL disability.

Patient and public involvement statement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for design or implementation of the
study. No patient was asked for advice on interpretation
or writing of results. There were no plans to disseminate
the results of the research to study participants or the
relevant patient community.

RESULTS
The characteristics of the older participants with COPD
in wave-4 are shown in table 1. A total of 1022 partici-
pants (612 males, 410 females) with a mean age of
68.57+6.26 years (68.21+6.06 years in the group without
ADL disability and 68.96+6.45 years in the group with
ADL disability) were eligible for data analysis. Forty-
nine per cent of 1022 participants had an ADL disability.
Compared with the participants with COPD and without
ADL disability, those with the condition were more likely
to be female, less educated, live in the rural areas, have
more children, no habit of smoking and more comorbid-
ities, report poor health status, sleep for fewer hours at
night and have more severe depressive symptoms, lower
PEF and GS, and lower global cognition score and poorer
domain-specific cognitive function, including episodic
memory (t=5.336, p<0.001), attention/numerical ability
(t=4.923, p<0.001), orientation to time (t=7.196, p<0.001)
and visuospatial ability (t=6.162, p<0.001, table 1).
Among the 1022 participants, multivariate linear
regression analysis between cognitive measures and ADL
disability revealed that ADL disability was cross-sectionally
associated with lower scores of the four cognitive dimen-
sions (figure 2A). After controlling for sociodemographic
variables in Model 2, we found that episodic memory (3
(95% CI)=-0.627 (-1.023 to -0.230), p=0.002), orien-
tation to time (B (95% CI)=-0.330 (-0.477 to —0.183),
p<0.001), visuospatial ability (B (95% CI)=—0.090
(-0.145 to -0.035), p=0.001) and global cognition (8

(95% CI)=-1.241 (-1.800 to -0.682), p<0.001) were
still significantly associated with ADL disability. Further
adjustment for health-related factors in Model 3 did not
affect the significance of the associations of ADL disability
with the global cognitive function (f (95% CI)=-0.627
(-1.214 to -0.040), p=0.036), orientation to time (3
(95% CI)=-0.207 (-0.364 to —0.050); p=0.010and false
discovery rate (FDR) corrected p=0.040) and visuo-
spatial ability (B (95% CI)=-0.068 (-0.127 to -0.009);
p=0.023and FDR corrected p=0.046), but the association
of ADL disability with episodic memory and attention/
numerical ability were further attenuated and became
non-significant (B (95% CI)=-0.291 (-0.712 to 0.129);
B (95% CI)=-0.061 (-0.295 to 0.173)). In Model 3, the
health-related factors associated with better global cogni-
tive function included a younger age, being female, a
higher education level, a lower depression level and
better lung function. Moreover, being more educated was
associated with better function of orientation to time and
visuospatial ability (table 2). Note that the global cogni-
tive function, as well as the orientation to time and visuo-
spatial ability, was associated with ADL disability, and the
association was independent of all the demographic and
health-related variables.

Among 152 wave-2 older participants with COPD and
without ADL disability, 61 (40.1%) reported difficulty in
completing at least one item of the 12 ADLs at the wave-4
follow-up. Of the 152 older participants with COPD, 127
were also included in the above cross-sectional analysis.
Compared with the respondents without ADL disability at
wave-4, those with the condition were less educated, had
weaker GS, lower global cognitive function score, declined
episodic memory and declined orientation to time at the
wave-2 interview (table 3). To test whether and which
cognitive dimensions contributed to the development
of ADL disability over time, longitudinal logistic regres-
sion analysis between the wave-2 cognitive function and
the incidence of ADL disability in wave-4 was conducted.
The results showed that a decline global cognitive func-
tion (OR=1.10, 95% CI=1.03 to 1.18), episodic memory
(OR=1.13, 95% CI=1.02 to 1.26), orientation to time
(OR=1.53, 95% CI=1.14 to 2.06), but not attention/
numerical and visuospatial ability, were positively asso-
ciated with odds of ADL disability (figure 2B). Because
the educational level and GS differed between the older
participants with COPD and with ADL and those without
ADL (table 3), in Model 2, education was adjusted and
the associations of ADL disability with the decline global
cognitive function and orientation to time remained
significant (global cognition: OR=1.10, 95% CI=1.01 to
1.19; orientation to time: OR=1.48, 95% CI=1.09 to 2.02).
In Model 3, only the association of ADL disability with a
declined orientation to time remained significant when
GS was further adjusted (OR=1.46, 95% CI=1.06 to 2.01).
Thus, relative to the older participants with COPD without
the declined orientation to time, those with the condition
had the odds of incidence of ADL disability increased by
a factor of about 1.46.
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Characteristic* Total Without ADL disability With ADL disability Statistics

Sociodemographic variables

ale, n (% . . . . <0.
Mal (%) 612 (59.9) 349 (66.3) 263 (53.0) 18.869 0.001

llliterate 299 (29.3) 112 (21.3) 187 (37.7)

Middle school 125 (12.2) 78 (14.8) 47 (9.5)

Married, n (%) 822 (80.4) 432 (82.1) 390 (78.6) 1.987 0.159

Urban 328 (32.1) 189 (35.9) 139 (28.0) 7.324 0.007

Retired, n (%) 449 (43.9) 219 (41.6) 230 (46.4) 2.325 0.127

Having no children 13(1.3) 6(1.1) 7(1.4)

Having two children 243 (23.8) 134 (25.5) 109 (22.0)

Health-related variables

Smoking (yes), n (%) 618 (60.5) 343 (65.2) 275 (55.4) 10.185 0.001

1 81 (7.9) 55 (10.5) 26 (5.2)

3 223 (21.8) 127 (24.1) 96 (19.4)

Self-reported health, n (%) 71.205 <0.001

Fair 539 (62.7) 321 (61.0) 218 (44.0)

BMI (kg/m?), mean (SD) 239(5.1)  23.0(5.3) 23.0 (4.8) 0.033 0.97

CESD-10 score, mean (SD) 9.5 (6.6) 7.5 (5.6) 11.7 (7.0) -10.709  <0.001

Diastolic pressure (mmHg), mean (SD) 74.4 (12.3) 74.2(12.1) 74.7 (12.5) -0.566 0.572

PEF (L/min), mean (SD) 210.9 (110.8) 223.5 (113.9) 197.4 (105.8) 3.79  <0.001

Cognitive function

Episodic memory, mean (SD) 5.6 (3.5) 6.2 (3.5) 5.0 (3.4) 5.336 <0.001

Continued

(3]
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Table 1 Continued

Characteristic* Total Without ADL disability With ADL disability Statistics
(n=1022) (n=526) (n=496) t/y? P value
Orientation to time, mean (SD) 2.6 (1.4) 2.9(1.3) 2.3(1.4) 7.196 <0.001
Visuospatial ability, mean (SD) 0.6 (0.5) 0.7 (0.5) 0.5 (0.5) 6.162 <0.001

*Values are mean (SD) or n (%) as appropriate.

ADL, activities of daily living; BMI, body mass index; CESD-10, 10-item center for epidemiologic studies depression scale; CHARLS, China
health and retirement longitudinal study; GS, grip strength; PEF, peak expiratory flow.

Note that when other demographic variables (age,
sex and marital status), drinking and smoking status,
comorbidities, depressive symptoms and sleep status were
further adjusted, the association remained significant.
However, when either the PEF or the region of residence
(although the differences in the two variables between
groups were not significant) was included in the model,
the association became insignificant, suggesting that lung

A Model 1
B
Episodic Memory  -1.16 — -
Attention/Numerical Ability ~ -0.60 —-
Orientation to Time  -0.60 -
Visuospatial Ability  -0.19 -

Global Cognition

255 4

T
5-1-050

T 1
-3 -25 -2 1

B Model 1
OR
Episodic memory 1.13 .
Attention/Numerical ability 1.13 -
Orientation to time 1.53 I
Visuospatial ability 1.60 I
Global cognition 1.10 -

[ — T T
0 05115 2 25 3

function, economic status and medical resources may
affect the relationship between cognitive impairment and
disability in older people with COPD.

DISCUSSION
Cross-sectional analyses showed that older Chinese adults
with COPD and with disabilities had worse performance

Model 2 Model 3
B B
-0.63 e -0.29 N
-0.20 - -0.06 S
-0.33 - -0.21 —_—
-0.09 ol -0.07 -
124 . 063 .
I T T T 1 ’ﬁ—i
2 15 -1 05 0 4 05 0
Model 2 Model 3
OR OR
1.10 B 1.08 i
1.10 o 1.08 fa
148 S 1.46 .
132 . 0.97
1.10 o 1.07 .
I T T T T 1 [ T T 1
0051 15 2 25 3 0 05 1 15 2

Figure 2 Forest plots of the association between cognitive decline and ADL disability. (A) Cross-sectional analysis: Model
1 is the unadjusted model. Model 2 adjusted for sociodemographic factors: age, sex, education level, marital status, region
of residence, retirement status and number of children; Model 3 further adjusted for the health-related factors: drinking and
smoking status, comorbidity, self-reported health, BMI, sleep duration at night, depressive symptoms, systolic pressure,
diastolic pressure, pulse, PEF and GS. (B) Longitudinal analysis: Model 1 is the unadjusted model. Model 2 adjusted for
education level. Model 3 further adjusted for GS. ADL, activities of daily living; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; GS, grip strength; PEF, peak expiratory flow.
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Table 2 Continued

Orientation to time* Visuospatial ability*

Global cognition*

95% Cl

95% ClI

B

95% ClI

B

0.180

0.527  0.003 —0.001 to 0.007

—-0.007 to 0.015

0.004

0.109

—-0.007 to 0.075

0.034

GS

*The multivariate analysis is Model 3, which adjusted for sociodemographic factors and health-related factors (age, gender, education level, marital status, region of residence, retirement

status, number of children, drinking status, smoking status, comorbidity, self-reported health status, BMI, sleep duration at night, CESD-10 score, systolic pressure, diastolic pressure, pulse,

PEF and GS).

ADL, activities of daily living; BMI, body mass index; CESD-10, 10-item center for epidemiologic studies depression scale; GS, grip strength; PEF, peak expiratory flow.

in global cognitive function and four cognitive dimen-
sions, including episodic memory (immediate recall
and delayed recall), attention/numerical ability, orienta-
tion to time and visuospatial ability than those without a
disability. Moreover, the orientation to time and visuospa-
tial ability were associated with ADL disability indepen-
dent of demographic variables and other health-related
factors, including drinking and smoking status, comor-
bidities, sleeping status, BMI, depressive symptom, GS
and PEF. Longitudinal analyses further confirmed that
declined orientation to time increased the incidence
of ADL disability by odds of about 1.46 over a 2-year
follow-up in older adults with COPD.

In this study, the prevalence of disability was 48.53%
in older people with COPD, which is inconsistent with a
previous study reporting that the prevalence of disability
is globally 12.8% among Americans with COPD.”
This discrepancy may be accounted for by the fact that
people aged 53 and above were included in their study.
The Rodriguez-Rodriguez et al® study reported 21.8%
and 31.9% ADL disability in 60-79 years old male and
female individuals, respectively. They also reported an
IADL disability prevalence of 37.5% in men and 41.5%
in women,” which is consistent with the disability prev-
alence in this study. Another study using the Valued Life
Activities Scale reported that 26% of people with COPD
would develop disability,** indicating that the prevalence
of disability varies when different disability measurements
or standards are adopted.

The results of this study showed that compared with
participants with COPD and without disability, those with
the condition were less educated, more likely to live in
rural areas, have more comorbidities, more severe depres-
sive symptoms and a weaker GS, which is in line with the
results of previous studies reporting that people with
disabilities are vulnerable to chronic health concerns.”*
Besides extrapulmonary factors, we also found a lower
PEF in the participants with COPD with a disability. This
is consistent with previous studies showing that lung func-
tion would be worsened by the presence of disability in
persons with COPD.”™ Because tremendous studies have
shown that chronic comorbidities, frailty, depression
and unhealthy lifestyles and behaviours affect cognitive
function,™* in our study, the covariates were adequately
adjusted during the cross-sectional regression analysis of
ADL disability with cognitive domains in older people
with COPD.

Previous studies have found an association between
disability and global cognitive dysfunction in patients with
COPD.* 2* 2% Our results extend these previous find-
ings by revealing that the cognitive dimensions of orien-
tation to time and visuospatial ability, but not episodic
memory and attention/numerical ability, were affected
by disability in patients with COPD, suggesting that the
ability to process time and mental space might be most
vulnerable to disability in COPD. Several studies have
found that the weakening of time and space awareness
may be an early sign of cognitive decline or dementia.**™'
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Characteristic’ Overall No disability Disability 2

0
—+

Age, mean years (SD) 67.0 (5.2) 66.5 (5.2) 67.7 (5.2) 1.383 0.169

Education, n (%) 3.843 0.050

Elementary 37 (24.3) 23 (25.3) 14 (23)

High/vocational school 32 (21.1) 25 (27.5) 7 (11.5)

Living with partner, n (%) 129 (84.9) 81 (89) 48 (78.7) 2.280 0.131

Retired (%) 56 (36.8) 37 (40.7) 19 (31.1) 1.041 0.308

Drinking frequency, n (%) 1.734 0.188

Once a month 2(1.3) 2(2.2) 0(0)

Once a week 5(3.3) 4 (4.4) 1(1.6)

4-6 times a week 1(0.7) 0 (0) 1(1.6)

Twice a day 5(3.3) 4 (4.4) 1(1.6)

Smoking status, n (%) 0.874 0.350

1-10/day 10 (6.6) 8 (8.8) 2(3.3)

20-40/day 11 (7.2) 9(9.9) 2(3.3)

Comorbidity, n (%)

Diabetes 12 (7.9) 8 (8.9) 4 (6.6) 0.249 0.618

BMI (kg/m?), mean (SD) 23.2 (4.0) 23.7(4.1)  22.5(3.7) -1.879 0.062

Night sleep duration (hours), 6.2 (1.9) 6.1 (1.9) 6.3 (2.0) 0.592 0.556
mean (SD)

PEF (L/min), mean (SD) 200.0 (113.9)  208.7 (112.2) 186.9 (116.2) ~1.105 0.271

Episodic memory, 6.6 (3.4) 7.1 3.2 5.8 (3.4) -2.357 0.020
mean (SD)

Continued

©
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Table 3 Continued

Characteristic’ Overall No disability Disability t/y? Pt
(n=152) (n=91) (n=61)
Attention/numerical ability, mean (SD) 3.0(1.9) 3.2(1.9) 2.7 (2.0) -1.400 0.164
Visuospatial ability, mean (SD) 1.7 (0.5) 1.7 (0.5) 1.6 (0.5) -1.307 0.194

*Values are mean (SD) or n (%) as appropriate.

TP value of the x2 test (categorical variables) or t-test (continuous variables) of the difference between the cases and non-cases of ADL

disability at the end of follow-up (2015).

ADL, activities of daily living; BMI, body mass index; CESD-10, 10-item center for epidemiologic studies depression scale; GS, grip strength;

PEF, peak expiratory flow.

As a result, evaluation of ability in time and mental space
processing might help to distinguish different stages of
cognitive impairment and disability. Note that impaired
orientation, which mightbe related to disruption of neural
plasticity and cerebral integrity, has also been considered
an independent predictor for increased cardiovascular
events and mortality.”® Our study found that decreased
orientation to time in the older participants with COPD
increased about 1.46 times of disability incidence over
2-year follow-up, and this was affected by lung function
and medical resources, suggesting that COPD individ-
uals with declined time orientation may be more likely
to present mild cognitive impairment™" and decom-
pensation of cortical function because of the disrupted
neuroplasticity, therefore developed into disability. In
the cross-sectional study, we found a positive correla-
tion between pulmonary function and cognitive level,
suggesting that the decline of cortical plasticity presented
by the decline in orientation to time could be affected
by the interaction of pulmonary function deterioration
and other hypoxia-related factors in older patients with
COPD.

It has been found that hypoxia/hypercarbia can lead
to deficits in attention, executive function, psychomotor
and linguistic abilities in COPD and obstructive sleep
apnoea.'’ Besides, there seems to be other contribution
of a mechanism beyond hypoxia/hypercarbia to certain
cognitive domains in obstructive respiratory disease, such
as inflammatory mediators and a sedentary lifestyle.'®”
For example, limited mobility has been found to be asso-
ciated with cognitive impairments.”” In the cross-sectional
analysis of this study, we found that disability was an inde-
pendent risk factor for poorer visuospatial function in
COPD. Because visuospatial ability is closely related to
psychomotor and motor function,”® disability may result
in limited daily activities, thereby worsening visuospatial
ability, and vice versa. Thus, clinicians and researchers
should pay more attention to this domain of cognitive
function in older adults with COPD, this may help to
improve self-management and adherence to medical
treatment to reduce the incidence of disability. In addi-
tion, cognitive impairment and functional disability were
independently associated with in-hospital mortality and
the need for postacute care in older patients with COPD.
Compared with patients with COPD and with disabilities

who had no cognitive impairment, those with cognitive
dysfunction increased about 8.6 times of in-hospital
mortality.”” Therefore, improving cognitive function in
older adults with COPD may reduce the risk of readmis-
sion and in-hospital mortality, enhance control of symp-
toms and improve the quality of life.

A major strength of this study is that a cross-sectional
analysis combined with a longitudinal analysis was used
to confirm the association between disability and domain-
specific cognitive function in a relatively large population
of older individuals with COPD, with the availability of
extensive information on sociodemographic, comorbidi-
ties, health-related physical and mental status. This study
has some limitations. First, a causal association of disability
with a declined orientation to time in COPD should
still be cautious because only variables with differences
between groups were adjusted in the longitudinal anal-
ysis. Second, many older individuals (78%) with COPD
were excluded from the longitudinal analysis because
of missing information on related observation variables,
and the follow-up period was only about 2 years. Third,
some important measurements related to COPD, such
as Global Initiative for Chronic Obstructive Lung disease
(GOLD) stage and vital capacity, were not included in the
study. Further studies are needed to examine the mech-
anism underlying cognitive impairment in older patients
with COPD and with disability and reduce the incidence
of disability in patients with COPD.

CONCLUSIONS

Our results suggest that among the domain-specific cogni-
tive functions, orientation to time and visuospatial ability
may be most vulnerable to the presence of disability in
older adults with COPD. Moreover, a decline in orien-
tation to time in older people with COPD may have
increased the incidence of disability over time. Cognitive
training on the two cognitive domains, or combined with
other rehabilitation therapy, might help to prevent or
improve disability in older people with COPD.
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