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ABSTRACT

Background/Purpose: The aim of this study was to investigate the effect of 
respiratory function on cognitive function change in Japanese community-
dwelling older people in a longitudinal, observational study.

Methods: The participants of this study were 259 Japanese community-dwelling 
older people aged 65 years or older who were independent in activities of 
daily living. At the baseline survey, respiratory function, cognitive function, and 
physical functions were assessed. For respiratory function, forced vital capacity 
(FVC) was measured. For cognitive function, the trail-making test part A (TMT-A) 
was assessed. As confounding factors, age, sex, body mass index, physical 
function tests, Tokyo Metropolitan Institute of Gerontology-Index of Competence 
(TMIG-IC), and medical history were investigated. The follow-up survey was 
conducted 1 year after the baseline survey, and FVC and TMT-A were then re-
assessed. To determine the effect of respiratory function on cognitive function 
change, multiple regression analysis adjusted for confounding factors and TMT-A 
at baseline was performed with the dependent variable being TMT-A at the 
follow-up survey and the independent variable being FVC at the baseline survey.   

Results: On multiple regression analysis considering the effect of 
confounding factors and baseline TMT-A results, higher FVC at baseline was 
significantly associated with shorter TMT-A after 1 year. 

Conclusion: In this longitudinal, observational study, it was shown that 
respiratory function affected cognitive function change in Japanese 
community-dwelling older people. Respiratory function may be one of the 
risk factors for cognitive decline in community-dwelling older people.
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1. INTRODUCTION

In Japan, the population of older people is growing, 
and it is estimated that it will exceed 30% in 2025 and 

reach 39.9% in 2060.1 Therefore, prolonging healthy 
life expectancy of older people is a major concern for 
the sustainability of social security in Japan. From this 
perspective, healthcare professionals need to address 
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on cognitive function independent of physical 
function, which is known to be related to cognitive 
function.6-8 By identifying the causal relationship 
between respiratory function and cognitive function 
in community-dwelling older people, the findings of 
this study are expected to provide new knowledge for 
preventing cognitive impairment/dementia.

2. METHODS

2.1. Participants

The participants of this study were community-dwelling 
older people living in Sagamihara City, Kanagawa 
prefecture, Japan. The participants were volunteers 
who were recruited using posters posted in public 
facilities and community newsletters in Sagamihara 
City. Baseline surveys were conducted in 2017 and 
2018, and follow-up surveys were conducted one year 
after baseline. The inclusion criteria were the following: 
(i) age 65 years or older; (ii) living in the community; 
(iii) not certified as requiring support or care level in 
Japanese long-term care insurance; and (iv) could 
participate in the follow-up survey one year later. The 
exclusion criteria were the following: (i) living in a care 
facility such as a nursing home; (ii) history of respiratory 
disease and heart disease; and (iii) suspected cognitive 
impairment. In the present study, suspicion of cognitive 
impairment was operationally defined as a time of 
120 seconds or more on the trail-making test part A 
(TMT-A).13 This criterion was reported to be the 90th 
percentile of TMT-A for older people without cognitive 
impairment in a previous study.14

The present study was approved by the Institutional Review 
Board of the School of Allied Health Sciences at Kitasato 
University (approval number 2018-008B-2), and written, 
informed consent was obtained from all participants.

2.2. Study Design

This was a longitudinal, observational study lasting 1 
year.

2.3. Assessments of Respiratory Function, 
Cognitive Function, and Physical Function

2.3.1. Respiratory function

As one measure of respiratory function, forced vital 
capacity (FVC) was measured at baseline and at the 
follow-up surveys using an electronic diagnostic 
spirometer, Auto-Spiro (AS-507, Minato Medical 
Science Co., Ltd., Osaka, Japan). The measurement 
procedure was explained orally to the participants 
before the measurement, and after several practice 
sessions, the measurement was performed twice in 
a sitting position. The participants took adequate 
breaks between measurements to avoid the effect of 
fatigue. The flow-volume curve obtained from each 

dementia, sarcopenia, and frailty to prevent adverse 
health outcomes in older people.2-4 In particular, 
the prevalence of dementia in Japan was estimated 
to range from 2.95% to 12.5%, and it has been 
suggested that its prevalence has recently increased.5 
Furthermore, cognitive impairment and dementia 
have negative effects on social participation and 
lead to deterioration of functional capacity in older 
people.2 Therefore, prevention and care of cognitive 
impairment/dementia are important issues to prolong 
healthy life expectancy of older people.

As for the risk factors of cognitive impairment/
dementia in older people, a previous longitudinal 
study of community-dwelling older people reported 
that low walk ing speed was associated with 
dementia risk.6 Other longitudinal studies have 
found that low grip strength and low physical activity 
level are also associated with cognitive decline.7,8 
Furthermore, chronic obstructive pulmonary disease 
(COPD) patients who were not hypoxemic and 
were middle and older aged were reported to have 
worse cognitive function than age-matched healthy 
subjects.9 In addition, with respect to respiratory 
function, whole-body sarcopenia has recently been 
shown to affect respiratory muscles, which has 
been termed respiratory sarcopenia, a new concept 
among geriatric problems.10 Respiratory sarcopenia 
is associated with physical function and whole body 
muscle mass, so respiratory function may also be 
associated with cognitive function in older people. 
On the other hand, ethnicity was shown to have an 
effect on respiratory function11; thus, ethnicity must be 
considered when the relationship between respiratory 
function and cognitive function is also investigated. 
In particular, ethnic differences in respiratory muscle 
strength were found in the previous study, although 
within the Asian population.11 Therefore, a study 
focusing on Japanese older people is needed to 
clarify the relationship between respiratory function 
and cognitive function. Therefore, we conducted a 
cross-sectional, observational study investigating 
the relationship between respiratory function and 
cognitive function in Japanese community-dwelling 
older people.12 The results of that study showed 
that low respiratory function was associated with 
poor cognitive function.12 However, there have 
been no longitudinal studies examining the effect 
of respiratory function on cognitive function change 
in Japanese community-dwelling older people. 
Therefore, clarifying the effect of respiratory function 
on cognitive function in Japanese older people 
may provide useful information contributing to the 
prevention of cognitive impairment/dementia.

The aim of this study was to investigate the effect 
of respiratory function on cognitive function change 
in Japanese community-dwelling older people in a 
1-year, longitudinal, observational study. In particular, 
this study examined the effects of respiratory function 
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participant was then checked by an experienced 
physical therapist. If the participant’s expiratory effort 
was insufficient on that check, the data were excluded 
from further analysis. Based on the prediction 
equation for FVC determined in the previous report15, 
predicted FVC and %FVC (measured FVC/predicted 
FVC) were calculated.

The prediction equation for FVC was: 
0.042 * height (cm) - 0.024 * age - 1.785 (for males)
0.031 * height (cm) - 0.019 * age - 1.105 (for females)

2.3.2. Cognitive function

In this study, as one measure of cognitive function, 
the trail-making test part A (TMT-A)16 was performed 
at baseline and at follow-up. The TMT was used 
because longitudinal studies have reported that the 
trail-making test is associated with decreased physical 
function and mortality in community-dwelling older 
people.17 In addition, the TMT-A was also performed 
as an assessment of cognitive function in our previous 
cross-sectional study.12 TMT-A assessment was 
performed using the same tablet PC (Dell Inspiron11 
3000, Dell Technologies Japan Inc., Tokyo, Japan) 
for all subjects in this study. Although the TMT-A was 
originally executed using a paper and a pencil, tablet 
PC-based assessment has been validated.18 Thus, this 
study used a tablet PC for the TMT-A. In the TMT-A, 
the participants touched the numbers from 1 to 25 
displayed on the screen of the tablet PC, and the time 
until they finished touching up to 25 was measured.

2.3.3. Physical function and body composition

The 5-repetition chair stand test (5-CST) was used 
as an index of muscle strength, and comfortably 
paced 5-meter walking time (CWT) was used an 
index of locomotive function; they were measured 
at the baseline surveys. The 5-CST was performed 
by repeating five consecutive standing and seated 
movements as quickly as possible from a chair 
sitting position with arms folded in front of the chest 
according to the method of a previous study.19 The 
CWT was measured on a 9-meter walkway, and 
the time required to walk through the center of the 
5-meter walkway at the normal speed was measured 
with a stopwatch. Each measurement of each physical 
performance test was performed twice, and the best 
value was used for further statistical analysis.

The presence of sarcopenia was judged according to the 
definition of the Consensus Report of the Asian Working 
Group for Sarcopenia (AWGS2019).20 Grip strength and 
body composition were evaluated to assess sarcopenia. 
Appendicular skeletal muscle mass was measured using 
bioelectrical impedance analysis (Model InBody 470; 
InBody Japan Co., Ltd., Tokyo, Japan) at the baseline 
surveys. The skeletal muscle index was calculated by 
dividing appendicular skeletal muscle mass by the 

square of height. Participants who met the criteria for 
both low grip strength and/or low gait speed and low 
muscle mass were considered to have sarcopenia.

2.3.4. Confounding factors

As the confounding factors of the subjects, basic 
characteristics were investigated at the baseline 
surveys. As basic characteristics, age, sex, height, 
weight, body mass index (BMI), medical history, 
number of medications, functional capacity, and 
physical activity were collected. For the medical 
history, the presence or absence of a physician’s 
diagnosis of cerebral vascular disease, hypertension, 
dyslipidemia, diabetes mellitus, liver disease, and 
kidney disease was investigated. Functional capacity 
was evaluated using the Tokyo Metropolitan Institute 
of Gerontology-Index of Competence (TMIG-IC)21, 
which is done using a self-administered questionnaire. 
The reliability and validity of the TMIG-IC as an index 
for assessing functional capacity of community-
dwelling older people in Japan have been reported. 
To evaluate physical activity, the participants were 
asked whether they regularly engaged in “20 to 30 
minutes of exercise 2–3 times a week”. 

2.4. Statistical Analysis

The effect of respiratory function on TMT-A change 
was analyzed by multiple regression analysis. To adjust 
for TMT-A at baseline, physical performance, and 
confounding factors, multiple regression analysis was 
performed with the TMT-A at the follow-up survey as 
the dependent variable and FVC at the baseline survey 
as the independent variable. Furthermore, to confirm 
a possible inverse causal effect, multiple regression 
analysis with FVC at the follow-up survey as the 
dependent variable and TMT-A at the baseline survey 
as the independent variable was also performed. 

In this study, some people could not participate in the 
follow-up survey for personal reasons, or they refused 
to do so. Therefore, it was necessary to consider 
the effect of dropout bias. Thus, the differences in 
each variable between the follow-up group and the 
dropout group were analyzed using unpaired t-tests 
for continuous variables and the chi-squared test 
for categorical variables. If differences between the 
follow-up group and the dropout group were found 
at p < 0.10, the inverse probability weighting (IPW)22 
method was also used for further multiple regression 
analysis. For the IPW method, a propensity score was 
calculated using logistic regression analysis with the 
follow-up group and the dropout group as dependent 
variables and variables with a difference at p < 0.10 
between the two groups as independent variables. For 
statistical processing, the statistical analysis software R 
Programming Language and Environment (R version 
2.7-1) and EZR package on R Commander (version 1.54) 
were used, with the level of significance set at 5%.23
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3. RESULTS

Of the 550 participants included in the baseline 
survey,  259 par t ic ipants  (60 males  and 199 
females; 47.1%) completed the 1-year follow-up 
survey and were included in the further statistical 
analysis. Most of the reasons for dropping out were 
scheduling conflicts of the participants. The mean 
age of the participants was 71.5±4.5 years. Baseline 
characteristics, respiratory function, cognitive 
function, and physical function of all participants are 
shown in Table 1. With respect to respiratory function, 
the mean %FVC was 97.3±13.1%. With respect to 
functional capacity, the mean TMIG-IC score was 
12.0±1.3, and 109 (42.1%) participants had the 
highest possible score (13 points). The number of 
patients with sarcopenia was 8 (3%). The percentages 
of FVC decline and TMT-A extension over one year 
were 80% (206) and 40% (104). In the comparison 
between the follow-up group and the dropout group, 
differences in the TMT-A (follow-up group 54.9±14.7 
sec vs. dropout group 57.9±16.6 sec, p = 0.03, effect 
size of Cohen’s d = 0.19), dyslipidemia (64 yes vs. 53 
yes, p = 0.06), and kidney disease (9 yes vs. 3 yes, p = 
0.08) were observed (Supplementary Table 1).

On multiple regression analysis adjusted for physical 
function, confounding factors, and the baseline 
TMT-A, FVC at baseline was significantly associated 
with the TMT-A at follow-up (B = -4.3, 95% CI -8.3 
to -0.3) (Table 2). The result remained unchanged 
after IPW analysis (B = -4.0, 95% CI -7.9 to -0.1) 
(Table 2). Furthermore, subgroup analysis stratified 
by age, sex, BMI, and exercise habit was performed 
(Supplementary Table 2).

On the other hand, considering the 
possibility of an inverse causal effect, 
additional multiple regression analysis was 
performed with the TMT-A at the baseline 
survey as the independent variable and 
with FVC at the follow-up survey as the 
dependent variable, adjusted for physical 
function, confounding factors, and FVC 
at baseline. It showed that the TMT-A at 
baseline was not significantly associated with 
FVC at follow-up (Supplementary Table 3).

4. DISCUSSION

In this longitudinal, observational study, 
the effect of FVC on TMT-A change of 
Japanese community-dwel l ing older 
people was investigated. It has been 
reported that physical function and muscle 
mass of the limbs and trunk are related to 
respiratory function in older people.24,25 
However, assessment of respiratory function 
cannot replace assessment of physical 
function, such as walking speed. Clarifying 

Total (n = 259) Mean ± SD

Basic factor (Baseline)

Age (y) 71.46 ± 4.50

Body mass index (kg/m2) 22.25 ± 3.09

TMIG-IC (/13 points) 11.96 ± 1.29

Number of medications (type) 0.97 ± 0.89

Respiratory function

Forced vital capacity (FVC) (L) (Baseline) 2.46 ± 0.54

Forced vital capacity (FVC) (L) (Follow-up) 2.37 ± 0.55

%FVC (%) (Baseline) 97.25 ± 13.08

Cognitive function

Trail-making test part A (sec) (Baseline) 54.93 ± 14.71

Trail-making test part A (sec) (Follow-up) 52.54 ± 14.01

Physical function (Baseline)

5-repetition Chair Stand Test (sec) 6.29 ± 1.29

5-m walking time at comfortable pace (sec) 3.38 ± 0.45

Number (%)

Basic factor (Baseline)

Sex (female) 199 (76.83)

Medical history

Cerebral vascular disease (yes) 8 (3.01)

Hypertension (yes)  91 (35.13)

Dyslipidemia (yes) 64 (24.71)

Diabetes (yes) 22 (8.49)

Liver disease (yes) 3 (1.16)

Kidney disease (yes) 9 (3.47)

Exercise habit (yes) 195 (75.29)

Sarcopenia (yes) 8 (3.09)

SD: standard deviation
TMIG-IC: Tokyo Metropolitan Institute of Gerontology-Index of Competence

Table 1. Participants’ characteristics

Multiple regression IPW

B 95% CI p value B 95% CI p value

FVC (L) (Baseline) -4.3 -8.3 – -0.3 0.03 -4.0 -7.9 – -0.1 0.04

5-CST (sec) 0.4 -0.8 – 1.6 0.52 0.4 -0.8 – 1.5 0.59

CWT (sec) 2.6 -0.9 – 5.9 0.14 2.7 -0.6 – 6.0 0.12

Age (y) 0.4 0.02 – 0.7 0.04 0.4 0.0 – 0.8 0.04

Sex (female) -3.6 -8.7 – 1.5 0.16 -3.1 -8.2 – 2.0 0.24

BMI (kg/m2) 0.1 -0.4 – 0.6 0.67 0.1 -0.3 – 0.5 0.64

TMIG-IC (points) -0.5 -1.6 – 0.6 0.48 -0.6 -1.7 – 0.5 0.30

Number of medications (type) -1.7 -3.4 – -0.1 0.04 -1.7 -3.3 – -0.1 0.04

Exercise habit (yes) 1.6 -1.7 – 4.9 0.33 1.2 -2.1 – 4.5 0.47

TMT-A (sec) (Baseline) 0.5 0.4 – 0.6 <0.001 0.4 0.3 – 0.5 <0.001

Multiple regression: Adjusted R-squared = 0.35, F-statistic = 14.6 (df = 10, 247), p value < 0.001
IPW: Adjusted R-squared = 0.32, F-statistic = 12.9 (df = 10 , 246 ), p value < 0.001
B: Unstandardized coefficient, 95% CI: 95% confidence interval
Dependent factor: TMT-A (Follow-up)
Confounding factors: TMT-A (Baseline), age, sex, BMI, TMIG-IC, medical status, 
physical performance (muscle strength and mobility)
FVC: Forced vital capacity, TMT-A: Trail-making test part A, 
5-CST: 5-repetition chair stand test, CWT: Comfortably paced 5-meter walking time
IPW: Inverse probability weighting

Table 2. Association between respiratory function (baseline) and cognitive function 
(follow-up)
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whether respiratory function is a factor that affects 
cognitive function independently of physical and 
other functions may provide information that leads 
to new strategies to prevent cognitive decline. In 
addition, some previous studies have reported the 
association between respiratory function and cognitive 
function in Asian older people26,27, but no study has 
focused on Japanese elderly people. Even though 
the study involved the Asian population, it has been 
suggested that ethnicity affects respiratory function.10 
Furthermore, the effects of physical function on 
respiratory and cognitive functions also need to be 
considered.25 To clarify the evidence for the association 
of respiratory function with cognitive function, it is 
necessary to focus on the Japanese population and to 
consider the effect of physical function.

The average %FVC of the participants in the present 
study was 97.3±13.1%, which was almost the same as 
that of the reference value calculated from age, sex, 
and height.15 Therefore, the participants in the present 
study were considered to have FVC comparable to 
that of the general Japanese older population. On 
the other hand, the prevalence of sarcopenia among 
community-dwelling older people in Japan was 
reported to be about 5% in a previous study, and 
the prevalence of sarcopenia in the present study 
was 3%, which was slightly lower.3 The mean 5-CST 
and CWT of the community-dwelling older people 
in Japan were 8.5 sec and 4.15 sec, respectively; the 
participants in the present study had better physical 
function than the average Japanese older people.28,29 
In other words, this was a group with somewhat 
superior physical function. In addition, 42.1% of 
the participants had full-marks on the TMIG-IC (13 
points), which indicated that the participants in the 
present study were older people with relatively high 
functional capacity. Furthermore, the decline in FVC 
and TMT-A time over one year was 80% (206) and 
40% (104), respectively. The other longitudinal study 
with one-year follow-up also reported declines in 
respiratory and cognitive functions.30,31 Therefore, it 
appears that the follow-up period of the present study 
was sufficient to detect changes in respiratory and 
cognitive functions. In the present study, higher FVC 
at baseline was significantly associated with shorter 
TMT-A after 1 year, even with adjustment for potential 
confounding factors, including physical function and 
the TMT-A at baseline. These results did not change 
on multiple regression analysis using the IPW method. 
In previous studies, a longitudinal study reported 
that the peak expiratory flow rate (PEFR), FVC, and 
forced expiratory volume in 1 second (FEV1.0) were 
associated with the onset of dementia in Swedish 
middle-aged people.32 Furthermore, another previous 
study reported that respiratory function was one of the 
factors contributing to changes in cognitive function 
in American community-dwelling older people.33 
However, no longitudinal studies have examined 
respiratory function and cognitive function in Japanese 

community-dwelling older people. Therefore, the 
findings of the present study are interesting as results 
based on a sample of Japanese community-dwelling 
older people who had relatively good health status.

The mechanism by which respiratory function affects 
cognitive function change could not be clearly 
determined using only the data and results of the 
present study. However, as a possible mechanism, 
effects of potential respiratory impairment and 
frailty were suggested. For example, compared 
with age- and education-matched healthy subjects, 
COPD patients showed significantly lower cognitive 
function.9 On the other hand, it has been reported 
that approximately 10% of community-dwelling 
older people have potentially impaired respiratory 
function, such as obstructive ventilatory impairment.34 
Although %FEV1.0 was not obtained in the present 
study, a potential decline in respiratory function may 
affect cognitive function. Furthermore, a longitudinal, 
observational study of community-dwelling older 
people reported an association between physical 
frailty and respiratory function.35 Physical frailty has 
been reported to be associated with the onset of 
cognitive decline/dementia.36 Furthermore, in the 
previous study, respiratory function was significantly 
worse in the frailty group than in the non-frailty 
group.37 Frailty is well-known as a concept reflecting 
multiple aspects, such as physical, cognitive, 
psychological, social, and the like. In the present 
study, the physical aspects of frailty, such as walking 
speed and sarcopenia, could be assessed, but other 
aspects could not be adequately evaluated. The 
relationship between social interaction and PEFR 
in community-dwelling older people has also been 
reported.38 Therefore, frailty may be a mediator 
involved in the results of the present study. The above 
points should be investigated in further studies.

The present study had several limitations. First, 
as an index of respiratory function, FVC, which is 
a clinically common respiratory function test, was 
measured in this study. However, some studies have 
measured PEFR to evaluate respiratory function 
in older people.39 In addition, maximal inspiratory 
pressure/maximal expiratory pressure40 and sniff 
nasal inspiratory pressure41 are also used to evaluate 
respiratory muscle strength. It is unclear whether 
analysis of other respiratory function tests would 
produce the same results as in the present study. In 
addition, information on smoking and FEV1.0 could 
not be analyzed due to a lack of data acquisition. In 
particular, smoking is a well-known risk factor affecting 
respiratory functions such as FEV1.0. Further study 
including such data is needed. Second, the minimal 
clinically important difference (MCID) of the TMT-A 
is unclear, and the clinical implications of the change 
in the TMT-A in the present study could not be 
clearly determined. Thus, further study is necessary 
to investigate the effect of respiratory function on 
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cognitive function. However, significant differences 
were also seen in a short-term, 1-year, observational 
study of older people with good physical functions, 
and the findings of the present longitudinal study, 
which examined the effect of respiratory function 
on cognitive function change after 1 year in well-
functioning Japanese older people, would seem 
to be of interest in this field. Third, respiratory 
function is known to be affected by age, sex, BMI, 
and muscle strength. In the present study, subgroup 
analysis was performed to investigate the effects of 
these factors on the results. However, the statistical 
power of the subgroup analysis was considered 
insufficient. Therefore, the effects of these factors 
on the association between respiratory function and 
cognitive function could not be considered. Therefore, 
further studies with larger sample sizes are needed. 
Fourth, only part of the assessment of cognitive 
function could be done. The TMT-A was used in this 
study because age-related decline in vascular function 
preferentially affects anterior white matter structures 
that provide the frontal-striatal circuits important for 
executive function42, and to ensure the feasibility of 
the survey, only a portion of the cognitive function 
assessment was performed.

5. CONCLUSION

In this longitudinal, observational study, respiratory 
function was found to affect future cognitive function 
change in Japanese community-dwelling older 
people. Respiratory function may be a risk factor for 
cognitive decline in addition to known risk factors, 
and assessment of respiratory function may be useful 
information to identify Japanese community-dwelling 
older people who have a risk of cognitive decline.
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Follow up
(n = 259)

Drop out
(n = 291) p value

Mean ± SD

Basic attribute (Baseline)

Age (y) 71.46 ± 4.50 71.40 ± 4.58 0.88
Body mass index (kg/m2) 22.25 ± 3.09 22.53 ± 2.95 0.27
TMIG-IC (/13 points) 11.96 ± 1.29 11.97 ± 1.29 0.94
Number of medications (type) 0.97 ± 0.89 0.91 ± 0.93 0.40

Respiratory function
Forced vital capacity (FVC) (L) 2.46 ± 0.54 2.50 ± 0.61 0.40

Cognitive function
Trail-making test part A (sec) 54.93 ± 14.71 57.85 ± 16.64 0.03

Physical function (Baseline)
5-repetition Chair Stand Test (sec) 6.29 ± 1.29 6.44 ± 1.38 0.19
5-m walking time at comfortable pace (sec) 3.38 ± 0.45 3.41 ± 0.48 0.33

Number (%) p value
Basic attribute (Baseline)

Sex (female) 199 209 0.21
Medical history

Cerebral vascular disease (yes) 8 8 1
Hypertension (yes)  91 93 0.49
Dyslipidemia (yes) 64 53 0.08
Diabetes (yes) 22 15 0.16
Liver disease (yes) 3 5 0.85
Kidney disease (yes) 9 3 0.096

Exercise habit (yes) 195 217 0.92
Sarcopenia (yes) 8 6 0.62

SD: standard deviation
TMIG-IC: Tokyo Metropolitan Institute of Gerontology-Index of Competence

Supplementary Table 1. Follow-up and dropout survey characteristics
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Model 1 Model 2 Model 3

B 95% CI p value B 95% CI p value B 95% CI p value

Sex

Male (n = 60) -14.08 -22.56 – -5.61 0.002 -9.44 -18.35 – -0.54 0.04 -9.56 -18.55 – -0.56 0.037

Female (n = 199) -7.154 -12.42 – -1.88 0.008 -3.29 -8.67 – 2.09 0.23 -3.09 -8.48 – 2.31 0.26

Non adjusted model Adjusted for age, BMI Adjusted for age, BMI, and CWT

Age

<75 years old (n = 191) -3.03 -6.18 – 0.13 0.06 -5.61 -10.10 – -1.11 0.015 -5.60 -10.11 – -1.09 0.015

75 years old (n = 68) -4.43 -11.82 – 2.95 0.24 -10.08 -22.02 – 2.31 0.09 -8.62 -20.65 – 3.38 0.17

Non adjusted model Adjusted for age, BMI Adjusted for sex, BMI, and CWT

BMI

<25 (n = 220) -3.68 -6.98 – -0.38 0.029 -5.25 -10.12 – -0.38 0.035 -5.20 -10.08 – -0.32 0.037

≥25 (n = 39) -2.17 -13.51– 9.19 0.7 -8.71 -21.20 – 3.79 0.17 -8.46 -21.16 – 4.24 0.18

Non adjusted model Adjusted for age, BMI Adjusted for age, sex, and CWT

Exercise Habit

Yes (n = 195) -3.90 -7.71 – -0.09 0.045 -6.57 -11.99 – -1.14 0.018 -6.41 -11.82 – -1.01 0.020

No (n = 64) -3.42 -8.98 – 2.15 0.23 -3.30 -11.50 – 4.91 0.42 -3.27 -11.48 – 4.94 0.43

Non adjusted model Adjusted for age, sex, and BMI Adjusted for age, sex, BMI and CWT

Dependent factor: TMT-A (Follow-up), Independent factor: FVC (Baseline), B: Unstandardized coefficient, 95% CI: 95% confidence interval, FVC: Forced vital 
capacity, TMT-A: Trail-making test part A, CWT: Comfortably paced 5-meter walking time

Supplementary Table 2. Association between respiratory function (baseline) and cognitive function (follow-up) (subgroup analysis)

Multiple regression IPW

B 95% CI p value B 95% CI p value

TMT-A (sec) (Baseline) 0.00001 -0.002 – 0.002 0.99 0.0003   -0.001 – 0.002 0.71

5-CST (sec) -0.008 -0.03 – 0.012 0.43 -0.006 -0.03 – 0.01 0.56

CWT (sec) 0.01 -0.048 – 0.07 0.71 0.01 -0.05 – 0.07 0.71

Age (y) -0.002 -0.009 – 0.004 0.50 -0.003 -0.009 – 0.004 0.42

Sex (female) -0.03 -0.12 – 0.06 0.48 -0.04 -0.13 – 0.05 0.42

BMI (kg/m2) 0.007 -0.001 – 0.02 0.11 0.006 -0.002 – 0.01 0.16

TMIG-IC (points) 0.009 -0.01 – 0.03 0.35 0.01 -0.009 – 0.03 0.30

Number of medications (type) -0.02 -0.05 – 0.01 0.21 -0.02 -0.04 – 0.01 0.28

Exercise habit (yes) 0.002 -0.06 – 0.06 0.95 0.005 -0.05 – 0.06 0.86

FVC (L) (Baseline) 0.95 0.88 – 1.02 <0.001 0.95 0.88 – 1.02 <0.001

Multiple regression: Adjusted R-squared = 0.87, F-statistic = 199.1 (df = 9, 246), p value < 0.001
IPW: Adjusted R-squared = 0.88, F-statistic = 181.7 (df = 10 , 244 ), p value < 0.001
B: Unstandardized coefficient, 95% CI: 95% confidence interval
Dependent factor: FVC (Follow-up)
Confounding factors: FVC (Baseline), age, sex, BMI, TMIG-IC, medical status, physical performance (muscle strength and mobility)
FVC: Forced vital capacity, TMT-A: Trail-making test part A, 5-CST: 5-repetition chair stand test, 
CWT: Comfortably paced 5-meter walking time, IPW: Inverse probability weighting

Supplementary Table 3. Association between respiratory function (follow-up) and cognitive function (baseline)
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