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ARTICLE INFO ABSTRACT
Keywords: Reduced pulmonary function may contribute to cognitive decline in older adults; however, few longitudinal

Cognitive decline
Vital capacity
Sex differences

studies adjust for frailty, lifestyle, and comorbidities. This study examined whether baseline spirometry predicts
3-year cognitive decline in community-dwelling older Japanese adults. Data were derived from the SONIC Study,
a longitudinal cohort of older Japanese adults. This 3-year follow-up included community-dwelling adults in

their 70 s and 80 s, stratified by age and sex. Baseline and follow-up assessed anthropometry, physical frailty
indicators (grip strength and gait speed), cognition (Montreal Cognitive Assessment, Japanese version [MoCA-J])
and pulmonary function (percent vital capacity [%VC], percent forced vital capacity [%FVC], percent forced
expiratory volume in one second [%FEV1], forced expiratory volume in one second / forced vital capacity ratio
[FEV41/FVC], and percent peak expiratory flow [%PEF]). Associations with mild cognitive decline were examined
using logistic regression, adjusted for comorbidities, health behaviors, and frailty. Most pulmonary function
measures markedly decreased over 3 years, whereas the FEV:/FVC ratio remained stable. MoCA-J scores
markedly declined among adults in their 80 s but remained stable in those in their 70 s. Reduced %PEF was
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markedly associated with cognitive decline only in participants in their 70 s, in males and females. Additionally,
reduced FEV1/FVC ratio was associated with increased cognitive decline in females in their 70 s. No significant
associations were found in participants in their 80 s. In older adults, declines in %PEF and FEV./FVC ratio
increased cognitive decline in the 70 s age group, with sex differences noted. Simple pulmonary measures may

help identify those at risk.

1. Introduction

Dementia is one of the most urgent global public health challenges in
ageing societies (World Health Organization, 2021). In Japan, dementia
cases are projected to reach approximately seven million by 2025, ac-
counting for one in five adults aged 65 years and older (Chen et al.,
2024). By 2060, this proportion is expected to rise to one in six (Ministry
of Health & Welfare, 2019) Globally, approximately 35.6 million people
had dementia in 2012, with cases projected to nearly double by 2030
and triple by 2050 (World Health Organization, 2012). These trends
highlight the urgent need for proactive dementia prevention strategies
in Japan and worldwide.

Recent studies suggest that dementia incidence may be stabilizing or
even declining in some countries, including Japan, possibly owing to
improved education and healthier lifestyles (Satake et al., 2017) How-
ever, prevalence trends differ across regions, indicating diverse socio-
economic and environmental influences (Livingston et al., 2017; Satake
et al., 2017).

Dementia pathogenesis is multifactorial and complex (Zhang et al.,
2024). Vascular dysfunction, including chronic cerebral hypoperfusion,
endothelial injury, and blood-brain barrier disruption, contributes to
Alzheimer’s disease and vascular dementia. Age-related mechanisms
such as cellular senescence, oxidative stress, and mitochondrial
dysfunction accelerate cognitive decline (Mattson & Magnus, 2006;
Zlokovic, 2011). Environmental exposures (e.g., toxins, traumatic brain
injury), neurodegenerative processes (e.g., abnormal protein aggrega-
tion), and chronic inflammation may also play important roles
(Livingston et al., 2020). Arterial stiffness and pulse wave-induced
vascular damage may contribute, although evidence remains limited
(O’Rourke & Safar, 2005).

Emerging research suggests that pulmonary function may be linked
to dementia risk (Tachibana et al., 2024; Li et al., 2023). Chronic hyp-
oxia and pulmonary diseases such as chronic obstructive pulmonary
disease reduce oxygen delivery to the brain, promoting neuro-
degeneration and cognitive impairment (Schou et al., 2012).. Moreover,
reduced peak expiratory flow (PEF) has been linked to elevated de-
mentia risk.( Tachibana et al., 2024). Sleep-disordered breathing,
including obstructive sleep apnea, is associated with impaired pulmo-
nary function and cognitive decline, although not directly assessed in
this study (Blackwell et al., 2014). Prospective cohort studies have
shown that reduced lung volumes, such as vital capacity, are associated
with long-term cognitive decline(Vasilopoulos et al., 2015).. Further-
more, smoking is a major contributing factor to pulmonary decline and
may affect cognitive function through its association with respiratory
diseases (Oelsner et al., 2020).

Although reduced muscle strength and sarcopenia are also important
determinants of frailty and cognitive outcomes among older adults in
Japan (Tabara et al., 2025)., respiratory muscles and peripheral skeletal
muscles do not necessarily decline in a parallel manner. The respiratory
system is influenced not only by general age-related muscle loss but also
by pulmonary mechanics, thoracic compliance, and neural respiratory
control. Accordingly, respiratory function should be regarded as a
distinct physiological domain rather than a simple reflection of gener-
alized muscle strength. Understanding how pulmonary function relates
to cognitive decline may thus provide new insights into mechanisms of
brain vulnerability that differ from those linked to overall sarcopenia.

Therefore, examining the relationship between pulmonary function
and cognitive decline, while accounting for smoking status is of

particular importance.

Despite these findings, most prior studies used cross-sectional de-
signs, limiting causal inference (Tachibana et al., 2024). In addition,
some research focused on clinical populations with pre-existing diseases
rather than healthy community-dwelling older adults. Longitudinal
studies evaluating respiratory function as a predictor of cognitive
decline in the general aging population remain scarce.

Moreover, previous studies have not sufficiently examined whether
the association between pulmonary and cognitive function differs by age
group or sex. Considering these gaps, the present study aimed to explore
potential age- and sex-specific patterns in the relationship between
pulmonary function and cognitive decline in community-dwelling older
adults.

To address this gap, we conducted a longitudinal analysis using data
from the SONIC Study (Septuagenarians, Octogenarians, Nonagenarians
Investigation with Centenarians), a large Japanese cohort of
community-dwelling older adults (Kamide et al., 2025). We examined
whether baseline spirometry-based pulmonary function was associated
with cognitive decline over a 3-year follow-up period. In addition, we
evaluated whether age-related physical frailty, measured by grip
strength and 1-minute walk test, modified this association.

2. Methods
2.1. Study design and population

This longitudinal cohort study was conducted using data from the
SONIC Study, a nationwide prospective cohort of community-dwelling
older adults in Japan (linuma et al., 2020; Kamide et al., 2025). Par-
ticipants in the 70 s cohort were assessed at baseline in 2013 at age 73
years (£1 year), and those in the 80 s cohort in 2014 at age 83 years (+1
year). Each group underwent a follow-up assessment 3 years later.
Initially, 449 individuals in their 70 s and 448 in their 80 s were enrolled
(n = 897). Exclusion criteria included missing or outlier data on
cognitive or pulmonary function tests, prior dementia diagnosis, missing
physical frailty indicator data, or loss to 3-year follow-up. After exclu-
sions, 396 participants remained (219 in their 70 s and 175 in their 80 s)

( Fig. 1). These participants were included in all longitudinal and
stratified logistic regression analyses.

Eligible participants were community-dwelling adults aged 70 years
or older, randomly selected using the Basic Resident Registry in four
Japanese regions (urban and rural areas in the Kansai and Kanto re-
gions). Further details on sampling methodology and study protocol
have been described elsewhere (linuma et al., 2020; Kamide et al.,
2025).

The SONIC study was approved by the Institutional Review Boards of
the Osaka University Graduate School of Medicine, Dentistry, and
Human Sciences, and the Tokyo Metropolitan Institute of Gerontology
(approval numbers: 266, H22-E9, 22,018, and 38). Written informed
consent was obtained from all participants prior to their participation in
the study.

2.2. Cognitive assessment

Cognitive function was assessed using the Japanese version of the
Montreal Cognitive Assessment (MoCA-J), validated for detecting mild
cognitive impairment in Japanese older adults (Fujiwara et al., 2010).
Cognitive decline was defined as a decline of two or more points in the
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MoCA-J score over the 3-year follow-up period (Marcucci et al., 2023;
Tan et al., 2017).

2.3. Pulmonary function

Pulmonary function was evaluated by trained technicians at baseline
using standard electronic spirometry (SP-370; Fukuda Denshi, Tokyo,
Japan). The following spirometry indices were used as primary
exposures:

e Percent predicted vital capacity ( %VC)

e Percent predicted forced vital capacity ( %FVC)

e Percent predicted forced expiratory volume in one second ( %FEV+)

e Forced expiratory volume in one second to forced vital capacity ratio
(FEV41/FVC)

e Percent predicted peak expiratory flow ( %PEF)

Measurements were standardized using age, sex, and height-adjusted
reference values based on Japanese normative data (Japanese Respira-
tory Society, 2023).

Pulmonary function was defined as abnormal when any of the
following criteria were met VC<80 %, FEV1/FVC <70 %, or PEF <80 %
(Test, 2025).

2.4. Grip strength

Handgrip strength was measured as an indicator of physical frailty
using a digital dynamometer (YD-100; Yagami Ltd., Japan). Measure-
ments were conducted in a seated position, using the mean of two trials
with the dominant hand. Low grip strength was defined as <26 kg for
men and <18 kg for women (Cruz-Jentoft et al., 2019).

2.5. Gait speed

Gait speed was assessed using a 2.44-meter (8-foot) walk test. This
distance was selected because it is the standard distance used in the

Participants in 2013 and 2014
n=897
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Short Physical Performance Battery (SPPB) and in large-scale interna-
tional cohort studies of older adults (e.g., Health ABC Study, NHATS),
ensuring international comparability and feasibility even in limited
testing spaces. Participants were instructed to walk at their usual pace,
and gait speed was calculated by dividing 2.44 m by the time taken to
walk the distance. The test was conducted once per participant.Gait
speed < 1.0 m/s was defined as frailty according to the Asian Working
Group for Sarcopenia (AWGS) 2019 criteria (Cruz-Jentoft et al., 2019)..

2.6. Covariates

Demographic, lifestyle, and health-related covariates were obtained
via structured interviews and medical history. Variables included age,
sex, years of education, smoking and alcohol consumption, and presence
of comorbidities (hypertension, diabetes, dyslipidemia, cardiovascular
disease) (Prince et al., 2015). Smoking status included current and
former smokers, while alcohol consumption referred exclusively to
current drinking. Smoking was categorized in this manner because it can
cause permanent structural lung damage, which may affect pulmonary
function even after cessation (Oelsner et al., 2020).

2.7. Statistical analysis

Descriptive statistics were used to summarize baseline and follow-up
characteristics. Continuous variables are expressed as means with
standard deviations [SD] or medians with interquartile ranges [IQR], as
appropriate. Paired t-tests were used for normally distributed variables,
and Wilcoxon signed-rank test for non-normal distributed data within-
group baseline vs. 3-year follow-up comparisons (Tables 1 and 2).

Changes in cognitive performance from baseline to the 3-year follow-
up were analyzed using the Wilcoxon signed-rank test for within-group
comparisons, as the MoCA-J scores were not normally distributed.

Participants were stratified by age group (70 s and 80 s) and by
baseline pulmonary function or smoking status.

Pulmonary function impairment was defined according to standard
spirometry parameters as follows: %VC < 80 %, FEV1/FVC < 70 %, %

Excluded at baseline
+ Missing or outlier MoCA-J data
* Pre-existing dementia at baseline
+ Missing or outlier respiratory function data
* Missing frailty components
(grip strength or gait speed)
n=130

Lost to follow-up
n=290
(including death, relocation, or non-response)

Excluded at 3-year follow-up
+ Missing or outlier MoCA-J data at 3-year follow-up

A

Final analyzed sample
n=396

*Diagnosed dementia at follow-up
* Missing or outlier respiratory function data
* Missing frailty components (grip strength or gait speed)
n=81

Fig. 1. Flow of participants through the study.
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Table 1
Baseline and 3-year follow-up characteristics of adults stratified by age group (70 s and 80 s) and sex.

Variable Sex 70s Baseline 70s 3 years later P-Value 80s Baseline 80s 3 years later P-Value

Height (cm) Male (n = 218) 70s (n = 125) 80s (n = 163.9[5.9] 163.3[6.0] <0.01** 159.7 [5.8] 159.1 [5.6] <0.01%**

Weight (kg) 93) 62.9[9.2] 62.0[9.2] <0.01** 59.6 [7.9] 59.8 [8.2] 0.008

BMI (kg/m?) 23.4[2.8] 23.2[2.8] 0.106 23.0 [21.5-25.2] 23.0 [21.0-24.8] 0.186

MoCA-J 24.0[22-26] 23.4[22-26] 0.911 23.0 [21-26] 23.0 [21-25] 0.954

(point)

Grip (kg) 31.5[5.9] 31.5[6] 0.638 27.0 [5.8] 25.5 [5.3] <0.01**

%VC (%) 137.0 95.3[85.7-159.6] <0.01** 137.3 96.3 [88.5-107.3] <0.01**
[120.5-156.0] [122.2-152.8]

%FVC (%) 127.0 90.0[80.4-102.5] <0.01** 126.1 97.7 [79.0-100.3] <0.01**
[109.5-144.3] [100.5-144.4]

%FEV1 (%) 127.0 90.7[77.0-104.2] <0.01** 126.9 95.7 [77.2-106.0] <0.01**
[106.0-141.9] [106.0-147.5]

FEV1/FVC (%) 78.3[73.8-84.8] 78.8[74.1-82.7] 0.641 79.4 [10.2] 79.1 [10.2] 0.633

%PEF (%) 112.0[84.1-132.0] 82.8[59.6-98.4] <0.01** 105.5 [79.9-139.4] 87.1 [60.1-104.1] <0.01**

Height (cm) Female (n = 178) 70s (n = 96) 80s (n = 151.2[5.6] 150.6[5.6] 0.204 146.4 [5.4] 145.4 [5.6] <0.01**

Weight (kg) 82) 51.0[7.6] 50.8[7.8] 0.023* 46.8 [7.0] 45.9 [6.6] <0.01**

BMI (kg/m?) 22.3[3.2] 22.4[3.3] 0.368 21.5 [19.3-24.2] 21.3 [19.5-23.7] 0.041*

MoCA-J 24.8[23-22] 24.0[22-26] 0.201 23.0 [21-26] 22.0 [20-25] 0.003**

(point)

Grip (kg) 19.2[4.1] 19.6[4.6] 0.366 16.8 [4.6] 16.4 [4.0] 0.241

%VC (%) 142.5 97.3[(89.6-110.7] <0.01** 145.2 103.8 <0.01**
[126.0-158.3] [131.6-159.3] [89.3-115.8]

%FVC (%) 137.0 97.4[89.1-110.7] <0.01** 144.8 99.2 [84.6-113.4] <0.01**
[123.0-152.3] [125.6-158.7]

%FEV1 (%) 140.1 103.0 <0.01** 155.8 109.7 <0.01**
[125.0-158.0] [92.3-116.9] [131.0-180.1] [94.2-124.8]

FEV1/FVC (%) 81.3[75.5-87.2] 82.0[77.2-85.9] <0.01** 83.0 [77.5-87.5] 81.9 [77.3-87.8] <0.01**

%PEF (%) 112.5[85.8-131.5] 85.5[65.1-100.7] <0.01** 110.5 [63.6-126.2] 75.4 [54.5-91.8] <0.01**

Note. Data are shown as the mean [SD] or median [IQR] as appropriate. P-values were derived from paired t-tests or Wilcoxon signed-rank tests. %FEV+, percent forced expiratory
volume in 1 s; %FVC, percent forced vital capacity; MoCA-J, Japanese version of the Montreal Cognitive Assessment; %PEF, percent peak expiratory flow; %VC, percent vital

capacity. *p < 0.05, **p < 0.01.

Table 2

Comparison of medical history, lifestyle habits, and frailty by age group (70 s and 80 s) and sex.

Male (n = 218)

Female (n = 178)

70s Baseline (n = 125) 80s Baseline (n = 93) P-Value 70s Baseline (n = 96) 80s Baseline (n = 82) P-Value
Medical history
Hypertension 95 [76.0] 74 [79.6] 0.532 58 [60.4] 63 [76.8] 0.019%*
Diabetes mellitus 25 [20.0] 19 [20.4] 0.938 4[4.2] 22 [26.8] <0.01**
Dyslipidemia 62 [49.6] 46 [49.5] 0.984 36 [37.5] 55 [67.1] <0.01**
Coronary heart disease 28 [22.4] 20 [21.5] 0.875 14 [14.6] 16 [19.5] 0.381
Stroke 10 [8.0] 3[3.2] 0.141 5 [5.2] 5 [6.1] 1.000
Healthy habits
Current and former smoking 85 [69.7] 70 [75.3] 0.365 3 [60.0] 3 [40.0] 1.000
Current alcohol consumption 89 [73.0] 60 [65.2] 0.223 19 [19.8] 11 [14.3] 0.342
Frailty indicators
Grip frail 35 [28.0] 62 [66.7] <0.01** 33 [34.4] 53 [64.6] <0.01**
Gait speed frail 48 [38.4] 48 [51.6] 0.052 32 [33.3] 51 [62.2] <0.01**

Note. Values are presented as number [ %].

Grip frail: defined as handgrip strength <26 kg for male and 18 kg for female, based on the Asian Working Group for Sarcopenia (AWGS) 2019 criteria.
Gait speed frail: defined as gait speed below 1.0 m/s, based on the AWGS 2019 criteria.
p-values were calculated using chi-squared test (or Fisher’s exact test where appropriate) *p < 0.05, **p < 0.01.

PEF < 80 %, both reduced FEV1/FVC and %PEF.

Comparisons of MoCA-J scores between baseline and 3-year follow-
up within each subgroup (e.g., normal, reduced %PEF, reduced FEV:1/
FVC, and smoking status) are summarized (Table 3).

Logistic regression analyses were performed to examine the associ-
ations between cognitive decline (defined as a > 2-point decrease in the
MoCA-J score) and potential predictors of pulmonary function. Two
models were constructed. Model 1 was adjusted for medical history
(hypertension, diabetes mellitus, dyslipidemia, coronary heart disease,
and stroke) and healthy habits (current or former smoking and current
alcohol consumption). Model 2 was further adjusted for frailty in-
dicators (grip weakness and slow gait speed).

All covariates were simultaneously entered into the models using a
forced-entry (enter) method, rather than a stepwise selection procedure.

Multicollinearity among pulmonary function variables ( %VC, %FVC, %
FEV4, FEV1/FVC, and %PEF) was checked using variance inflation fac-
tors (VIFs), all of which were within acceptable limits (< 2.0). Analyses
were stratified by sex and age group (70 s and 80 s) to explore potential
effect modification (Tables 4).

All analyses were conducted using IBM SPSS Statistics version 29
(IBM Corp., Armonk, NY, USA). Statistical significance was set at p <
0.05.

3. Results
3.1. Baseline and follow-up characteristics

In total, 396 community-dwelling older adults were included (218
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Table 3
Changes in MoCA-J Scores from Baseline to 3-Year Follow-up by Respiratory
Function and Smoking Status in 70 s and 80 s Age Groups.

Age Group Baseline  3-year P-Value
Group follow-up
70s Normal (n = 155) 25.0 24.0 0.969
Reduced FEV+/FVC (n = 24.0 24.0 0.273
35)
Reduced FEV1/FVC and % 24.0 24.0 0.497
PEF (n = 20)
Reduced %PEF (n = 51) 24.0 23.0 0.047*
Reduced %VC (n = 2) 19.5 22.0 0.655
Current and Former 24.0 24.0 0.284
Smoking (n = 88)
No Smoking (n = 127) 25.0 24.0 0.116
80s Normal (n = 113) 24.0 22.0 <0.001%*
No Smoking (n = 102) 23.0 22.0 <0.001%*
Current and Former 23.0 22.0 <0.001**
Smoking (n = 72)
Reduced %VC (n = 3) 25.0 19.0 0.286
Reduced FEV1/FVC (n = 22.0 21.0 0.027*
24)
Reduced FEV1/FVC and % 21.0 21.0 0.284
PEF (n = 15)
Reduced %PEF (n = 53) 22.0 20.0 <0.001**

Note: Normal, %VC <80 %, FEV1/FVC <70 %, %PEF <80 %, and both FEV:/FVC
and %PEF reduced groups were defined based on spirometry parameters at baseline.
Data are presented as mean values. p-values were calculated using the Wilcoxon
signed-rank test for within-group comparisons between baseline and 3-year follow-up.
p < 0.05, p < 0.01 were considered statistically significant.

Abbreviations: VC, vital capacity; FEVs, forced expiratory volume in 1 s; FVC, forced
vital capacity; PEF, peak expiratory flow.

males and 178 females), with mean baseline ages of 73 + 1 years (70 s
group) and 83 =+ 1 years (80 s group). As shown in Table 1, mean weight
significantly decreased over the 3-year follow-up in both age groups,
height significantly decreased in all subgroups except females in their 70
s, and the BMI remained stable. Detailed baseline and follow-up char-
acteristics are provided in the supplementary material (p < 0.01).

3.2. Comparison by age group and sex

Table 2 presents medical history, lifestyle habits, and frailty in-
dicators stratified by age group and sex. Among females, hypertension,
diabetes mellitus, and dyslipidemia was significantly more prevalent in
the 80 s group than in the 70 s group (p < 0.05), with no significant
differences in coronary heart disease or stroke. Smoking status and
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alcohol consumption did not significantly differ by age group; however,
overall, additional analysis (not shown in the table) indicated that fe-
males had significantly lower rates than did males (p < 0.05). Grip
strength and gait speed frailty were more prevalent in the 80 s group (p
< 0.05).

3.3. Longitudinal changes in cognitive function by pulmonary function
and smoking status

Table 3 illustrates the 3-year changes in MoCA-J scores stratified by
pulmonary function and smoking status. In the 70 s group, participants
with reduced PEF showed a significant decline in MoCA-J scores (p <
0.05), while scores in the normal pulmonary function group remained
stable. In the 80 s group, participants with reduced PEF or lower FEV1/
FVC ratio showed greater declines than did those with normal function
(p < 0.05). No significant changes were observed within smoking status
subgroups in either age group.

3.4. Association between pulmonary function and cognitive decline

Table 4 shows the multivariate logistic regression analyses exam-
ining the association between abnormal pulmonary function and 3-year
incidence of cognitive decline, defined as a > 2-point decrease in the
MoCA-J score. After adjusting for age, lifestyle-related diseases, and
health behaviors (Model 1), a reduced FEV+1/FVC ratio (<70 %) was
significantly associated with an increased risk of incident cognitive
decline only among females in their 70 s (adjusted OR = 4.2, 95 % CI =
1.02-17.51, p = 0.046). However, this association was attenuated and
became non-significant after additional adjustment for frailty indicators
(grip weakness and slow gait speed) in Model 2 (adjusted OR = 3.9,
95 % CI = 0.93-16.56, p = 0.063). In contrast, reduced %PEF (<80 %)
consistently predicted incident cognitive decline in both males and fe-
males in their 70 s. In Model 1, the adjusted odds ratios were 3.5 (95 %
CI=1.31-9.19,p = 0.012) for males and 3.7 (95 % CI =1.12-12.04,p =
0.032) for females. These associations remained statistically significant
after further adjustment for frailty (Model 2), with adjusted ORs of 3.5
(95 % CI = 1.30-9.63, p = 0.013) for males and 3.5 (95 % CI =
1.07-11.50, p = 0.039) for females. No significant associations were
observed among participants in their 80 s, although a similar direction
of effect was seen for both %PEF and FEV:1/FVC ratio. These results
suggest that reduced expiratory flow, particularly %PEF, may be a
sensitive marker of cognitive vulnerability in the younger-old popula-
tion, independent of age, chronic diseases, lifestyle habits, and frailty
status.

Table 4
Multivariate logistic regression for 3-year incidence of cognitive decline with abnormal pulmonary function.
Crude Adjusted OR Model 1 Adjusted OR Model 2
OR (95%CI) P-Value OR (95%CI) P-Value OR (95%CI) P-Value
FEV1/FVC ratio<70 (No: 0, Yes: 1)
70s Male 1.4 (0.55-3.57) 0.476 2.2(0.77-6.11) 0.142 2.0 (0.69-5.76) 0.202
70s Female 2.1 (0.72-6.26) 0.173 4.2 (1.02-17.51) 0.046* 3.9 (0.93-16.56) 0.063
80s Male 2.7 (0.79-8.93) 0.113 2.9 (0.74-11.59) 0.124 2.9 (0.58-4.67) 0.129
80s Female 0.5(0.12-2.14) 0.360 0.5 (0.11-2.60) 0.432 0.5 (0.11-2.60) 0.446
%PEF ( %) <80 (No: 0, Yes: 1)
70s Male 1.9 (0.84-4.28) 0.127 3.5(1.31-9.19) 0.012* 3.5(1.30-9.63) 0.013*
70s Female 1.1 (0.48-2.65) 0.782 3.7 (1.12-12.04) 0.032* 3.5(1.07-11.50) 0.039*
80s Male 1.8 (0.67-4.58) 0.254 1.7 (0.62-4.63) 0.306 1.7 (0.584-4.67) 0.444
80s Female 1.2 (0.51-2.95) 0.647 1.2 (0.47-3.07) 0.705 1.073 (0.40-2.91) 0.891

Note. Cognitive decline was defined as a > 2-point decrease in the MoCA-J score over the 3-year follow-up (Yes = 1, No = 0).
Model 1 was adjusted for medical history (hypertension, diabetes mellitus, dyslipidemia, coronary heart disease, and stroke) and healthy habits (current or former smoking and

current alcohol consumption).

Model 2 was adjusted for medical history (hypertension, diabetes mellitus, dyslipidemia, coronary heart disease, and stroke), healthy habits (current or former smoking and

current alcohol consumption), and frailty indicators (grip weakness and slow gait speed).

For women in their 80 s, participants with a history of stroke (n = 5) or current/former smoking (n = 3) were excluded from the multivariate analysis due to the small sample size.
OR = odds ratio; CI = confidence interval; MoCA-J = Japanese version of the Montreal Cognitive Assessment; %PEF = percent peak expiratory flow; FEV1/FVC = forced

expiratory volume in 1 s / forced vital capacity. *p < 0.05, *p < 0.01.
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4. Discussion

Maintaining both respiratory and cognitive functions is essential for
extending healthy life expectancy in rapidly aging societies (Ksinan
et al., 2024). From a public health perspective, identifying respiratory
markers that are associated with subsequent cognitive decline may help
guide community-based screening and preventive strategies for older
adults. However, the most informative pulmonary function indicators
for detecting early cognitive changes remain unclear (Duggan et al.,
2020).

PEF may reflect not only airway caliber but also respiratory muscle
strength, neuromuscular coordination, and overall physical resilience.
Therefore, a decline in PEF could serve as an early marker of global
physiological vulnerability, which may partly explain its consistent as-
sociation with cognitive decline.

These findings indicate that expiratory flow capacity ( %PEF) may
reflect broader age-related physiological decline encompassing respi-
ratory muscle strength, overall muscular performance, and physical
frailty, rather than airway obstruction alone. The attenuation of asso-
ciations after adjusting for frailty suggests that frailty may partly
mediate the relationship between ventilatory impairment and cognitive
decline. This interpretation aligns with previous findings that respira-
tory function, muscle strength, and cognition are interrelated compo-
nents of late-life physiological resilience (Kim, 2018; Cui et al., 2021).

The observed association between lower %PEF and cognitive decline
in the younger-old group (70 s) but not in those aged 80 and older may
be influenced by survivor bias, where individuals with severe respira-
tory or cognitive impairments are less likely to survive to advanced age,
resulting in a healthier analytic sample among the oldest participants. In
older age, multiple comorbidities, polypharmacy, and advanced
neurodegenerative changes may further dilute the relative contribution
of pulmonary function to cognition. These patterns underscore the
importance of maintaining respiratory function and preventing frailty
from earlier stages of aging. This interpretation is further supported by
our Supplementary Table 2, which showed that participants lost to
follow-up—especially in their 80s—had lower baseline pulmonary
function ( %VC, %FEV:, and %PEF) and poorer cognitive scores
compared with completers. These differences indicate that selective
attrition of more vulnerable individuals may have contributed to the
reduced variability in pulmonary function among the oldest partici-
pants, making age-related associations with cognitive decline more
difficult to detect (Kelfve et al., 2013).

While smoking status was not directly associated with cognitive
decline, its detrimental impact on pulmonary function is well estab-
lished (GOLD, 2023). Thus, smoking may exert indirect effects on
cognition through chronic respiratory impairment. Sex-specific fac-
tors—including differences in airway size, thoracic biomechanics, and
hormonal influences—may also contribute to variations in the pulmo-
nary-cognition link (Somayaji & Chalmers, 2022; Vilor-Tejedor et al.,
2024; Milne et al., 2024). In particular, post-menopausal inflammatory
changes and more pronounced age-related declines in muscle mass
among women may amplify the cognitive impact of mild airflow limi-
tation (Somayaji & Chalmers, 2022; Vilor-Tejedor et al., 2024; Milne
et al., 2024). The attenuation of the association between FEV1/FVC and
cognitive decline after adjustment for frailty in our study supports a
partially mediated pathway through physical vulnerability in women.

Overall, our findings suggest that simple spirometry-derived in-
dicators such as %PEF and FEV+/FVC could be useful in identifying in-
dividuals at risk of cognitive decline in community settings. However,
causal pathways remain to be clarified. Future studies incorporating
longitudinal mediation or structural modeling, as well as physiological
assessments (e.g., hypoxemia monitoring, inflammatory biomarkers,
and respiratory muscle testing), are warranted to better understand the
mechanisms linking respiratory and cognitive aging.

Some limitations of this study warrant consideration. First, the study
population comprised relatively healthy, community-dwelling Japanese
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older adults (mean age 73 + 1 years, and 83 + 1 years in some analyses),
excluding frailer or institutionalized individuals, which may introduce
survivor bias and limit generalizability (Kelfve et al., 2013). As shown in
Supplementary Table 2, participants who were lost to follow-up
exhibited significantly lower pulmonary ( %FVC, %FEV1, %PEF) and
cognitive (MoCA-J) function than those who completed the 3-year
follow-up. This pattern was particularly evident among men in their
70 s and 80 s and among women in their 80 s, who showed significantly
lower MoCA-J scores and %VC. These findings suggest that individuals
with concurrent pulmonary and cognitive decline (pulmonary—cognitive
comorbidity) were more likely to drop out or die, resulting in a relatively
healthy and homogeneous analytic sample. Consequently, this selective
attrition and “healthy survivor” effect may have attenuated or obscured
associations in the oldest cohort, and the findings should be interpreted
with caution when generalizing to frailer elderly populations.

Second, although the MoCA-J is a validated global cognitive
screening tool, it may not detect subtle domain-specific impairments
such as executive dysfunction or processing speed deficits that are
relevant in early cognitive decline (Ciolek & Lee, 2020). In this study,
cognitive decline was defined as a > 2-point reduction in MoCA-J score
over 3 years, consistent with prior literature (Nasreddine et al., 2005;
Rossetti et al., 2011; Tachibana et al., 2024).

However, this cutoff may not equally represent clinically meaningful
change across all subgroups, and the limited longitudinal sensitivity of
the MoCA-J may have contributed to the absence of significant associ-
ations in some strata. In addition, self-reported data on health behaviors
and medical history may be subject to recall bias, and residual con-
founding by unmeasured factors—such as nutritional status, sleep
quality, occupational exposure, and lifelong activity—cannot be
excluded.

Third, the relationships among pulmonary function, frailty, and
cognitive decline are likely to be reciprocal rather than unidirectional,
as suggested by recent evidence (Chen et al., 2024; Cui et al., 2021).

Decline in pulmonary function may promote frailty through reduced
physical activity, while progressing frailty can further exacerbate
ventilatory limitations, creating a feedback loop that contributes to
cognitive vulnerability.

Although the present analyses could not statistically test these
multidirectional pathways, future research using structural equation
modeling or longitudinal mediation analysis is warranted to clarify these
interdependent relationships.

Finally, because multiple subgroup analyses and several pulmonary
parameters were examined without formal correction for multiple
comparisons, the possibility of Type I error cannot be ruled out. How-
ever, this study was designed as an exploratory investigation to identify
which aspects of pulmonary function are most strongly associated with
cognitive decline across age and sex groups. While this exploratory
approach may increase the likelihood of false-positive findings, it pro-
vides valuable hypotheses for future confirmatory and interventional
research.

In addition, as shown in Supplementary Table 3, a post hoc power
analysis for logistic regression revealed that the achieved statistical
power (1—p) across subgroups ranged from 0.63 to 0.82. The smallest
subgroup (80 s female) demonstrated slightly low power (0.63), whereas
other subgroups reached moderate to adequate levels (0.69-0.82).
These results suggest that some non-significant associations, particularly
among older or smaller subgroups, may have been due to limited sta-
tistical power rather than the absence of true effects.

However, this study also has notable strengths, including its longi-
tudinal design, standardized pulmonary function testing, and adjust-
ment for multiple relevant covariates. In particular, the SONIC cohort
uniquely includes long-term longitudinal data stratified by age groups
among community-dwelling older adults, allowing the examination of
age-specific physiological changes characteristic of late life. This design
provides valuable insights into how aging processes differentially in-
fluence the association between pulmonary and cognitive functions.
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Despite the limitations, the present findings suggest that simple
pulmonary function measures such as %PEF and FEV:/FVC ratio may be
useful indicators for identifying older adults at higher risk of cognitive
decline. These measures are easily obtainable in clinical and community
settings and may help in early risk stratification. However, this study
does not establish causality or the preventive efficacy of improving
pulmonary function. Instead, the results highlight the potential impor-
tance of maintaining respiratory health and preventing frailty as com-
plementary targets for preserving cognitive function in late life. Because
frailty and pulmonary function likely interact reciprocally, interventions
focusing solely on lung function may not be sufficient. Integrated stra-
tegies that address both respiratory and physical resilience—while ac-
counting for sex-specific vulnerabilities—may ultimately prove most
effective for maintaining cognitive health in aging populations.

5. Conclusion

This three-year longitudinal study of community-dwelling older
Japanese adults demonstrated that declines in several pulmonary
function parameters—particularly %PEF and the FEV.1/FVC ratio—were
associated with increased risk cognitive decline, with some sex-specific
patterns observed.

These findings suggest that reduced expiratory flow capacity may
reflect a broader age-related physiological decline encompassing respi-
ratory muscle strength and physical frailty, rather than representing a
direct causal pathway.

Maintaining respiratory health and preventing frailty may play
complementary roles in preserving cognitive function in aging pop-
ulations; however, the observational nature of this study precludes
causal inference. Future research with larger, more socio-
demographically diverse cohorts and longer follow-up periods, incor-
porating detailed assessments of respiratory muscle strength, physical
activity, and frailty, is warranted to confirm these associations and
clarify underlying mechanisms.
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