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Background: Previous studies suggested an association between chronic obstructive pulmonary
disease (COPD) and cognitive impairment, mostly in developed countries. There is no evidence
available on the association between these two common chronic disorders in the elderly people
in People’s Republic of China where the population is aging rapidly.

Methods: The study population was randomly selected from a nationally representative Disease
Surveillance Point System in People’s Republic of China. A standardized questionnaire was
administered by trained interviewers during a face-to-face interview in the field survey conducted
in 2010-2011. Cognitive function was assessed using the Mini-Mental State Examination. COPD
was measured by self-report and the Medical Research Council respiratory questionnaire was
used to assess respiratory symptoms. A multivariate logistic regression model was applied to
examine the association between COPD and cognitive impairment with adjustment for potential
confounding factors.

Results: A total of 16,629 subjects aged over 60 years were included in the study. The preva-
lence of cognitive impairment was 9.4% (95% confidence interval [CI] 7.7, 11.1). Chronic
phlegm was associated with significantly higher prevalence of cognitive impairment in models
adjusted for age, sex, marital status, geographic region, urban/rural, education, smoking status,
alcohol drinking, and indoor air pollution (odds ratio [OR] 1.46, 95% CI 1.11, 1.93). Chronic
respiratory symptoms and self-reported COPD were strongly related to cognitive impairment in
urban areas. There were no significant effect modifications for sex, regions, educational level,
smoking status, and alcohol drinking.

Conclusion: There was strong association between COPD and cognitive impairment in urban
Chinese elderly population.

Keywords: COPD, cognitive impairment, respiratory symptoms

Introduction

Chronic obstructive pulmonary disease (COPD) is a common chronic disease in
elderly people characterized by persistent airflow limitation.! Cognitive impairment,
represented as an early manifestation of dementia, is also common in the elderly and
will cause huge burden in the family and society worldwide when it progresses to
dementia.? Evidence from a well conducted cross-sectional study indicated that mild
cognitive impairment was found in 36% COPD patients compared with 12% among
the control group.? Previous longitudinal cohort studies also showed that reduced lung
function was associated with worse performance in cognitive assessments, baseline
FEV, could predict cognitive function and a diagnosis of COPD in midlife was inde-
pendently associated with cognitive impairment in later life.** However, there were
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other studies reporting no difference of cognitive function
between community-based COPD patients and healthy
controls.”®

The majority of studies examining the relationship
between COPD and cognitive impairment were conducted
in developed countries. In People’s Republic of China, the
total number of elderly aged 65+ is estimated to increase
dramatically from 111 million in 2010 to 337—400 million
in 2050,° representing the largest number of elderly people
in any country in the world. However, there is no evidence
available on the association between these two common
chronic diseases in the elderly Chinese population. Whether
there is an association between chronic respiratory disease
and cognitive impairment remain unknown for this aging
country. This is important to study because preventing
chronic respiratory diseases with early interventions, such
as health education campaigns to stop smoking or reduce
exposure to indoor air pollution from biomass combustions,
may reduce late-life cognitive impairment.

The aims of the present study were to analyze the relation-
ship between COPD as measured by self-report and chronic
symptoms (chronic cough and chronic phlegm) and cognitive
impairment and to investigate if there are any effect modifi-
cations for a number of variables including sex, urbanicity,
geographic region, educational level, smoking status, alcohol
drinking, and indoor air pollution.

Methods
Study population

The study population was from China Chronic Disease
and Risk Factor Surveillance (CCDRFS) conducted in
2010-2011. CCDREFS is a cross-sectional survey of Chinese
adults aged 18 years and above aiming to investigate the
prevalence of main chronic diseases and related risk factors
in People’s Republic of China. The subjects were selected
from nationally representative disease surveillance points
(DSP) system covering all 31 provinces, autonomous regions,
and municipalities in People’s Republic of China. Detailed
descriptions of the survey were published elsewhere.!*!!
Briefly, a multistage stratified random sampling was used
to select participants from all 161 DSPs. In the first stage,
four subdistricts in urban areas or townships in rural areas
were selected from each site with probability proportional
to size. In the second stage, three neighborhood communi-
ties or administrative villages were selected with probability
proportional to size. In the third stage, households within
each neighborhood community or administrative village were
listed, and 50 households were randomly selected. In the final

stage, one person who was at least 18 years old was selected
randomly from each household using a Kish selection table.!!
The overall response rate was 90.5%. All recruited residents
were invited to participate in the survey at a convenient and
accessible site or at home. A standardized questionnaire
was administered by trained interviewers during a face-to-
face interview. Data collected in the questionnaire included
demographics, chronic disease-related lifestyle factors, and
personal and family medical history. The study received
ethics approval from the Ethics Committee of the Chinese
Center for Disease Control and Prevention. All participants
gave written informed consent for the study.

Cognitive assessment

For participants aged over 60, the following three ques-
tions were asked about their memory status: 1) Is your
memory getting worse compared to 12 months ago? 2) Do
you think your memory is worse than that of your relatives,
colleagues, or neighbors of your same age? 3) Do your fam-
ily members, relatives, or neighbors think you have a bad
memory? Subjects with an affirmative answer to any of the
three questions were given a Mini-Mental State Examina-
tion (MMSE). MMSE is the best-known and the most often
used short screening tool for providing an overall measure
of cognitive impairment in clinical, research, and community
settings.!? Of nearly 100,000 participants in the CCDRFS,
16,629 elderly subjects aged over 60 with complete data were
included in the analysis in this report.

We used education-specific cut-off value to define cog-
nitive impairment according to recommended guidelines
in People’s Republic of China; out of the total 30 points in
MMSE, an individual was defined as cognitive impairment
if score =17 for illiterate group, score =20 for primary
school group, and score =24 for middle school and above
group.’

Assessment of COPD and other

variables

Although spirometry is required for clinical diagnosis of
COPD and there has been greater emphasis on airflow limita-
tion in COPD, the most recent Global Initiative for Chronic
Obstructive Lung Disease executive summary'* highlights
that COPD patients should always include assessment of
respiratory symptoms. It is clear that chronic respiratory
symptoms remain useful and important not only in clinical
practice but also for epidemiological purposes. We therefore
assessed COPD by the following concepts: 1) Self-reported
COPD: Subjects who answered the following question
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affirmatively were classified as having self-reported COPD:
“Do you have chronic bronchitis or emphysema or COPD
diagnosed by a health professional?”” 2) Chronic cough or
chronic phlegm: the Medical Research Council respiratory
questionnaire was used to assess respiratory symptoms
and subjects who usually had cough or phlegm first thing
in the morning or either during the day or at night for at
least 3 months were defined as having chronic cough or
chronic phlegm.

All DSPs from 31 provinces were classified into eastern
(8), central (11), and western (12) depending on geographic
distribution according to China National Bureau of Statistics.
Each geographic group included urban DSPs and rural DSPs
and urbanicity for the subjects was defined according to their
residence (either in urban or in rural). The distributions of all
urban and rural DSPs are shown in Figure 1. Smoking status
was classified as never smokers and ever smokers. Educa-
tional level was classified as illiterate, primary school, and
middle school and above according to their highest education.
Exposure to indoor air pollution was defined if participants
reported use of coal, charcoal, crop residues, wood, or animal
dung as the main source of cooking fuel. Alcohol drinking
was defined if participants reported drinking any alcoholic
beverages in the past 12 months.

A Urban (64)
® Rural (97)

Figure | Geographic distribution of 161 DSPs in People’s Republic of China.
Abbreviation: DSP, disease surveillance point.

Statistical analysis

Participants aged 60 years and above were included in the
analysis. Estimates of prevalence of cognitive impairment
were calculated separately in men and women overall and
for subgroups stratified by age, education, marital status,
region, urban/rural, and chronic respiratory conditions. All
calculations were weighted to represent the overall national
population. Weight coefficients were derived from 2010
China Census and the sampling scheme of the survey,
incorporating the sampling weight, nonresponse weight,
and poststratification weight.' Logistic regression (survey
logistic procedure for stratified cluster sampling) was applied
to examine the relationship between COPD (self-reported
COPD, chronic cough, and chronic phlegm) and cognitive
impairment, from which odds ratio (OR) and 95% confidence
interval (95% CI) were computed. The model was adjusted by
forcing potential confounders (age, sex, geographic region,
urban/rural, marital status, education, smoking status, alcohol
drinking, and indoor air pollution) into the model. Interac-
tion terms of variables (sex, urbanicity, region, education,
smoking status, alcohol drinking, and indoor air pollution)
and COPD were fitted in the model to test for any effect
modifications. Statistical analyses were performed with SAS
system, version 9.3 (SAS Institute Inc., Cary, NC, USA).

International Journal of COPD 2016:1 |

submit your manuscript

401

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Yin et al

Dove

Results

Study subjects

Of 16,629 subjects aged 60 years and above with complete
data, there were 7,905 men (48.7%) and 8,724 women
(51.3%), 7,072 in urban areas (32.6%) and 9,557 in rural areas
(67.4%). Subjects from eastern, central, and western region
were 41.4%, 30.9%, and 27.7%, respectively. Characteristics
of the study population are shown in Table 1. A greater propor-
tion of subjects were illiterate in women than in men (48.9%
vs 19.7%). A total of 62.8% of men smoked while only 6.5%
women were smokers. Subjects with chronic cough, chronic
phlegm, and COPD were 7.0%, 6.8%, and 6.3%, respectively,
with men higher than women for all conditions.

Prevalence of cognitive impairment

A total of 5,672 subjects were assessed by MMSE. The
prevalence of cognitive impairment among people aged
60 years and older was 9.4% (95% CI 7.7, 11.1). As shown

Table | Characteristics of study participants

Total (%) Men (%) Women (%)

Total 16,629 (100.0) 7,905 (48.7) 8,724 (51.3)
Urbanicity

Urban 7,072 (32.6) 3,219 (32.2) 3,853 (32.9)

Rural 9,557 (67.4) 4,686 (67.8) 4,871 (67.1)
Age group (years)

60-69 10,971 (58.4) 5,205 (60.6) 5,766 (56.3)

70-79 4,824 (32.6) 2,330 (31.9) 2,494 (33.3)

80+ 834 (9.0) 370 (7.5) 464 (10.4)
Region

East 6,540 (41.4) 3,156 (41.0) 3,384 (41.8)

Central 4,944 (30.9) 2,318 (31.1) 2,626 (30.8)

West 5,145 (27.7) 2,431 (27.9) 2,714 (27.4)
Marital status

Single 158 (1.0) 114 (1.7) 44 (0.4)

Married 12,389 (73.0) 6,518 (81.4) 5,871 (64.9)

Divorced or widowed 4,082 (26.0) 1,273 (16.9) 2,809 (34.6)
Educational level

llliterate 5,027 (34.7) 1,405 (19.7) 3,622 (48.9)

Primary school 6,823 (40.6) 3,575 (46.7) 3,248 (34.8)

Middle school 4,779 (24.7) 2,925 (33.6) 1,854 (16.3)
Smoking status

Never smoked 11,073 (66.0) 2,934 (37.2) 8,139 (93.5)

Smoker 5,556 (34.0) 4,971 (62.8) 585 (6.5)
Alcohol drinking

No 10,591 (71.2) 3,780 (53.3) 6,811 (88.9)

Yes 4,403 (28.8) 3,506 (46.7) 897 (I1.1)
Indoor air pollution

No 8,374 (46.1) 3,819 (45.3) 4,555 (46.8)

Yes 8,255 (53.9) 4,086 (54.7) 4,169 (53.2)
Conditions

Chronic cough 1,154 (7.0) 705 (9.0) 449 (5.1)

Chronic phlegm 1,092 (6.8) 697 (9.2) 395 (4.6)

Self-reported COPD 1,081 (6.3) 623 (7.8) 458 (4.9)

Abbreviation: COPD, chronic obstructive pulmonary disease.

in Table 2, the prevalence rate was higher in rural than in
urban areas and increased with age. Subjects with higher
education had a lower prevalence of cognitive impairment
in both men and women. Subjects with exposure to indoor
air pollution had twofold prevalence rates compared with
the no exposure group for both men and women. Subjects
reporting chronic respiratory conditions had a consistently
higher prevalence of cognitive impairment compared with
those without respiratory conditions.

COPD and cognitive impairment

As shown in Table 3, chronic phlegm was associated with
significantly higher prevalence of cognitive impairment in
both crude and adjusted models (adjusted OR 1.46, 95%
CI 1.11, 1.93). After adjusting for age, sex, marital status,
smoking status, geographic region, urban/rural, education,
alcohol drinking, and indoor air pollution, chronic cough
and self-reported COPD were not associated with cognitive
impairment.

In stratified analysis, there was a significant associa-
tion between chronic cough and phlegm and prevalence of
cognitive impairment in men but not in women. All three
indicators for COPD were strongly associated with cognitive
impairment in urban areas (Table 4). Chronic phlegm was
also associated with increased cognitive impairment in rural
areas. There were no significant effect modifications for sex,
regions, educational level, smoking status, and alcohol drink-
ing. Indoor air pollution can modify the effects on cognitive
impairment for chronic cough (P for interaction =0.01) and
chronic phlegm (P for interaction =0.02).

Discussion

To our knowledge, this is the first study conducted in People’s
Republic of China to investigate the relationship between
COPD and cognitive impairment among Chinese elderly
population based on a large nationally representative sample
covering all 31 provinces, municipalities, and autonomous
regions. We found strong associations between self-reported
COPD, chronic cough, chronic phlegm, and cognitive
impairment in elderly people aged 60 years and above in
urban areas. Effect modifications were found for indoor air
pollution on the association between chronic respiratory
symptoms and cognitive impairment.

The prevalence of self-reported COPD in the current
study was in keeping with previous estimates of the same age
group.'® The prevalence of cognitive impairment estimated in
our study, however, was lower than the reports of previous
studies carried out in a number of cities or regions in People’s
Republic of China.'”'® Another study assessed the cognitive
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Table 2 Prevalence of cognitive impairment in Chinese elderly aged 60 years and above

Men Women Total
n Prevalence (95% CI) n Prevalence (95% CI) n Prevalence (95% CI)

Total 441 7.1 (5.3,89) 738 11.7 (94, 13.9) 1,179 94 (7.7, 11.1)
Urbanicity

Urban 112 3.6 (2.8,4.5) 190 6.7 (4.5,89) 302 5.2 (4.0, 6.4)

Rural 329 8.7(6.2,11.2) 548 14.1 (11.0, 17.2) 877 1.5 (9.1, 13.8)
Age group (years)

60-69 195 4.6 (2.9, 6.4) 313 6.5 (5.0, 8.0) 508 5.6 (4.2, 6.9)

70-79 200 10.0 (7.7, 12.3) 326 15.5 (12.5, 18.5) 526 12.9 (10.5, 15.3)

80+ 46 14.1 (9.5, 18.8) 99 27.2 (20.0, 34.3) 145 21.9 (17.5,26.3)
Region

East 129 5.0 (3.5, 6.6) 258 9.9 (7.1, 12.6) 387 7.5(5.8,9.3)

Central 144 9.7 (47, 14.7) 209 15.2 (9.8, 20.6) 353 12.5 (8.1, 16.9)

West 168 7.1 (5.5, 86) 271 10.4 (7.8, 13.1) 439 8.8 (7.1, 10.5)
Marital status

Single 13 10.1 (4.0, 16.2) 6 8.8 (0.5, 18.1) 19 9.9 (44, 15.3)

Married 330 6.5 (4.5, 85) 413 9.4 (7.3, 11.5) 743 7.8 (6.1,9.6)

Divorced or widowed 98 9.4 (7.2, 11.6) 319 16.0 (12.9, 19.1) 417 13.9 (11.5, 16.3)
Educational level

llliterate 126 11.3 (8.6, 13.9) 469 16.9 (13.8, 20.0) 595 153 (128, 17.9)

Primary school 196 7.1 (5.2,9.0) 193 7.2 (5.3,9.0) 389 7.2 (5.5, 8.8)

Middle school 19 4.5 (24, 6.5) 76 5.6 (3.4,7.8) 195 4.8 (3.1, 6.6)
Smoking status

Never smoked 195 8.6 (5.5, 11.7) 669 11.3 (92, 13.5) 864 10.6 (8.6, 12.6)

Smoker 246 6.2 (4.9,7.4) 69 16.4 (11.5,21.4) 315 7.2 (5.7, 8.6)
Alcohol drinking

No 238 7.8(5.8,9.9) 601 12.3 (9.8, 14.8) 839 10.6 (8.6, 12.7)

Yes 158 6.0 (4.2,7.7) 50 6.5 (4.3,8.6) 208 6.1 (44,7.7)
Indoor air pollution

No 143 4.8 (3.2, 6.5) 234 6.6 (5.2,8.1) 377 5.8 (44,7.1)

Yes 298 8.9 (6.0, 11.8) 504 16.1 (12.7, 19.6) 802 12.6 (9.9, 15.2)
Chronic cough

No 386 6.8 (5.0, 8.6) 674 11.5(9.2, 13.8) 1,060 9.3(7.5,11.0)

Yes 55 9.6 (5.9, 13.2) 64 14.6 (10.3, 18.9) 119 1.5 (84, 14.6)
Chronic phlegm

No 384 6.8 (4.9, 8.6) 683 11.4 (92, 13.7) 1,067 9.2 (7.5, 10.9)

Yes 57 9.9 (6.8, 13.1) 55 16.7 (10.4, 23.0) 112 12.3 (8.7, 15.8)
Self-reported COPD

No 400 6.9 (5.0,89) 681 11.6 (9.3, 13.9) 1,081 94 (7.6, 11.1)

Yes 41 8.5 (4.5, 12.5) 57 132 (9.0, 17.5) 98 10.4 (7.4, 13.9)

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease.

function in Chinese subjects in Singapore and found that the
prevalence of cognitive impairment was 15.2% among people
aged over 60 years, which is in the same range as reported in
Caucasian and other Asian populations.' The relatively lower
estimates in the current study might be due to the relatively
healthier national sample and the measurement of cognitive
impairment was only based on MMSE.

The observed association between COPD and cogni-
tive impairment in our study was also reported in cohort
studies and case—control studies conducted in developed
countries.>** A most recent review indicated that the
majority of studies support at least some independent asso-
ciation between lung function and cognitive performance.?!

A comprehensive longitudinal study of over 10,000 healthy
men and women with repeated cognitive assessments
between 1990 and 2006 showed that impaired lung func-
tion was independently associated with worse cognitive
function at baseline and higher subsequent risk of dementia
hospitalization.® However, previous studies showed mixed
results,”®?> mainly due to methodological issues such as
diagnostic uncertainty, cross-sectional design, small sample
size, or lack of appropriate referent group.

Previous studies indicated that the association of lung
function with cognitive impairment was stronger in women
than in men,** and similar results have been reported for
smoking.** However, we did not find any associations for

International Journal of COPD 2016:1 |
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Table 3 Crude and adjusted ORs and 95% Cl for the effects of
COPD, chronic respiratory symptoms and other covariates on
cognitive impairment

Crude OR Adjusted OR
(95% CI) (95% CI)
Sex
Men | |
Women 1.74 (1.31, 2.31)* 1.33 (0.95, 1.86)
Age group
60-69 | |
70-79 2.51 (2.10, 3.00)* 2.17 (1.82, 2.59)*
80+ 4.74 (3.64, 6.18)* 3.30 (247, 4.41)*
Marital status
Single | |
Married 0.78 (0.39, 1.55) 0.67 (0.30,1.51)

Divorced or widowed

Educational level
llliterate
Primary school
Middle school

Urbanicity
Urban
Rural

Region
East
Central
West

Smoking status
Never smoked
Smoker

Alcohol drinking
No
Yes

Indoor air pollution
No
Yes

Chronic cough
No
Yes

Chronic phlegm
No
Yes

Self-reported COPD
No
Yes

1.48 (0.76, 2.86)

[
0.43 (0.34, 0.53)*
0.28 (0.19, 0.42)*

|
2.35 (1.66, 3.30)*

[
1.76 (1.09, 2.83)*
118 (0.85, 1.64)

|
0.65 (0.55, 0.78)*

|
0.54 (0.42, 0.70)*

[
2.35 (1.68, 3.28)*

127 (0.91, 1.75)
[

138 (1.01, 1.87)*
[

1.12 (0.80, 1.56)

0.84 (0.38, 1.87)

[
0.68 (0.52, 0.88)*
0.67 (0.4, 1.00)

|
1.64 (1.16, 2.31)*

[
1.47 (0.92, 2.34)
1.02 (0.74, 1.39)

[
0.94 (0.67, 1.34)

[
0.74 (0.57, 0.97)*

172 (1.19, 2.49)*
[
131 (0.95, 1.80)
[
146 (1.11, 1.93)%
[
121 (0.83, 1.77)

Note: *P<<0.05.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary

disease; OR, odds ratio.

never smokers and women and there were no interactions
between COPD with educational level, region, and alcohol
drinking. Differences in the study population and definitions
for cognitive outcome measurement could be responsible for
the inconsistency. The strong associations observed for men,
smokers, people living in urban areas, and without indoor air
pollution implied that chronic respiratory symptoms might
be an important factor for cognitive impairment among this
group of people. Early intervention should be targeted to

urban Chinese elderly smokers to prevent cognitive function
decline.

Several possible mechanisms could explain the
association of COPD with cognitive impairment. Previous
studies showed that smoking is associated with prospective
memory deficits® and the increased risk of cognitive decline
in individuals with COPD may be as a result of smoking
behavior, which occurs more frequently in those with chronic
respiratory conditions. A mechanism proposed for the cogni-
tive impairment in COPD patients is the neuronal damage
mediated by chronic hypoxia as a direct result of respiratory
limitations.???° Furthermore, recent studies suggest that
COPD is associated with reduced hippocampal and gray
matter volumes, which appear to correlate with measures of
cognitive function.?* There are also hypotheses that diabetes
and cardiovascular disease associated with chronic respira-
tory diseases might cause cognitive impairment.>—2

The study population included in the analysis repre-
sents the largest study addressing the relation between
COPD and cognitive impairment in People’s Republic of
China. Subjects were randomly selected from all 31 prov-
inces, autonomous regions, and municipalities in People’s
Republic of China and the large sample size allowed us to
examine the association in subgroups. The study population
came from a large survey with measurements of many risk
factors for chronic diseases; therefore, we can adjust for
many potential confounders in the analysis. Although the
prevalence of cognitive impairment in Chinese population
estimated in this study is not as high as those reported in
developed countries, the large absolute number of people
with cognitive impairment will bring huge burden to the
Chinese society. Learning from developed countries where
experiences have been gained might provide insights into
reducing the burden caused by cognitive impairment in
People’s Republic of China.

One limitation of the study is its cross-sectional nature.
We cannot infer temporal association between COPD and
cognitive impairment. Although we asked the subjects
whether they had respiratory symptoms in the past 12 months
and measured the cognitive function on the day of interview,
itis difficult to conclude that chronic cough, chronic phlegm,
or COPD are the risk factors for cognitive impairment, as
the cognitive disorder may lead to disability and easily
comorbid with other chronic diseases including respiratory
diseases. Second, we were not able to adjust for some poten-
tial risk factors for cognitive impairment such as body mass
index and physical activity?> and we are concerned that our
models may not have entirely eliminated potential residual
confounding. Previous studies have shown inconsistent
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Table 4 Adjusted ORs for the effects of COPD, chronic respiratory symptoms on cognitive impairment in stratified analysis*

Chronic cough P for interaction Chronic phlegm P for interaction Self-reported COPD P for interaction

OR (95% CI) OR (95% CI) OR (95% CI)

Sex 0.45 0.95 0.80
Men 1.45 (1.00, 2.1 I)* 1.53 (1.08, 2.17)* 1.30 (0.75, 2.25)
Women 1.12 (0.74, 1.70) 1.37 (0.89, 2.09) 1.12 (0.71, 1.77)

Urban 0.09 0.53 0.08
Urban 1.80 (1.24, 2.62)* 1.74 (1.08, 2.79)* 1.72 (1.18, 2.50)*
Rural 1.17 (0.79, 1.75) 1.42 (1.03, 1.96)* 1.04 (0.65, 1.66)

Region 0.29 0.27 0.63
East 1.81 (1.02, 3.10)* 1.80 (1.27, 2.57)* 1.42 (0.78, 2.59)
Central 0.96 (0.59, 1.56) 1.46 (0.91, 2.35) 1.08 (0.52, 2.26)
West 1.27 (0.77, 2.08) 1.24 (0.70, 2.19) 1.15 (0.66, 2.03)

Educational level 0.24 0.98 0.54
llliterate 1.05 (0.69, 1.60) 1.42 (0.90, 2.23) 1.17 (0.71, 1.94)
Primary school 1.67 (1.08, 2.57)* 1.61 (1.02, 2.52)* 1.45 (0.93, 2.27)
Middle school 1.31 (0.74, 2.32) 1.24 (0.69, 2.24) 0.67 (0.31, 1.46)

Smoking status 0.29 0.88 0.84
Never smoked 1.11 (0.69, 1.78) 1.41 (0.97, 2.04) 1.15 (0.71, 1.87)
Smoker 1.51 (1.06, 2.14)* 1.48 (1.01, 2.18)* 1.24 (0.70, 2.20)

Alcohol drinking 0.98 0.93 0.97
No 1.28 (0.90, 1.83) 1.47 (1.06, 2.03)* 1.19 (0.79, 1.79)
Yes 1.26 (0.72, 2.20) 1.38 (0.76, 2.49) 1.22 (0.57, 2.59)

Indoor air pollution 0.01 0.02 0.11

No
Yes

1.84 (122, 2.77)*
1.05 (0.74, 1.49)

221 (1.50, 3.24)*
.15 (0.78, 1.70)

1.52 (0.97, 2.39)
1.03 (0.67, 1.57)

Notes: ORs were adjusted for age, sex, marital status, educational level, urban/rural, region, smoking status, alcohol drinking, and indoor air pollution. *P<<0.05.
Abbreviations: COPD, chronic obstructive pulmonary disease; OR, odds ratio; Cl, confidence interval.

results with regard to the association between body mass
index and physical activity and cognitive function.**?** It was
therefore unlikely that adding these two factors into the model
would have yielded significantly different results. Chronic
diseases, such as diabetes and cardiovascular diseases and
traumatic brain injury and developmental disabilities, are
potentially related to cognitive impairment but not included
in our model.>*-*® Mental disorder is also a very important
factor causing cognitive impairment but not assessed in the
current survey. Future studies should consider these condi-
tions and include mental disorders in the selection of study
participants. Third, the outcome measurement was based
on MMSE, as a screening tool, and we were not able to
ascertain the clinical diagnosis of mild cognitive impairment
or dementia. However, illustrating an association between
COPD and early stages of cognitive impairment could also
have important implications to the aging society. Fourth, the
MMSE was only administered to participants who know their
potential memory problems. The exclusion of people unaware
of their memory problems may underestimate the prevalence
of cognitive impairment. Furthermore, our measurements
for COPD only included self-report without the objective
spirometry test to confirm diagnosis of COPD and assess
severity of the disease. Those with cognitive impairment
may be less likely to self-report history of COPD; however,
this makes our estimate conservative and strengthens our

conclusions. Although self-reporting of health conditions
is an accepted methodology for large, nationally represen-
tative population-based surveys, lung function should be
measured to determine the COPD status and its severity to
explore the impact on cognitive function more accurately in
future studies.

The strong associations between COPD and cognitive
impairment have important public health and clinical implica-
tions. The doctors (mainly respiratory physicians) and other
related health professionals providing medical service for
COPD patients should be aware of their increased risk for
cognitive decline. Smoking prevention and cessation should
be encouraged to reduce systematic inflammation associated
with high risk of cognition decline. Physical activity should
also be promoted as related to hypoxia-induced high risks
for cognitive impairment.

In conclusion, there was strong association between
COPD and cognitive impairment in urban Chinese elderly
population. Our study enhances the current understanding
of the relationship between chronic respiratory disease and
cognitive decline in fast aging developing countries.
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