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Abstract
   This study explored the interaction between physical activity, 
respiratory function, and mental health among older adults using 
data from the English Longitudinal Study of Aging. Specifically, 
the effects of physical activity and respiratory function indicators, 
including percent vital capacity and the ratio of Forced Expiratory 
Volume in One Second to Forced Vital Capacity, on depressive 
symptoms and life satisfaction were analyzed using structural 
equation modeling, with adjustments for selection bias via inverse 
probability weighting. A longitudinal cohort design was employed, 
involving 1,519 participants aged 65 years or older, with data from 
waves 2 and 6. The results indicated a significant negative association 
between physical activity and depressive symptoms, suggesting 
the potential benefits of physical activity in alleviating mental 
health issues. However, while respiratory function measures had a 
limited impact on depressive symptoms, adding error covariances 
between respiratory indicators improved the model fit, highlighting 
their potential relevance to mental health research. The clinical 
implications of these findings suggest that physical activity combined 
with respiratory rehabilitation may be beneficial in older adults. 
Future research should focus on causal mechanisms, confounding 
factor adjustments, and comparative studies across cultural contexts 
to broaden the generalizability.
Keywords: Physical Activity, Respiratory Function, Mental Health, 
Depressive Symptoms, Life Satisfaction, Older Adults, SEM, IPW
Introduction
   As global aging progresses, maintaining health and improving the 
quality of life among older adults have become essential challenges. 
Physical activity and respiratory function are crucial for maintaining 
physical and mental health [1-5]. Physical activity is associated with 
life satisfaction and depressive symptoms [6-8], whereas a decline in 
respiratory function may lead to physical decline and psychological 
stress [9-11]. Maintaining these factors is essential for effective 
interventions aimed at promoting older adults’ health.     
   The positive impact of physical activity on mental health is widely
acknowledged. Older adults who engage in regular exercise tend to

experience reduced levels of depressive symptoms [12,13]. 
Moreover, maintaining respiratory function plays an important role 
in health, and indicators, such as percent vital capacity (VC%) and 
forced expiratory volume in one second over forced vital capacity 
(FEV1/FVC) are noted as health markers [14,15]. However, there 
is limited research on how these factors interact to influence mental 
health and life satisfaction.
   Previous research has clarified the individual effects of physical 
activity and respiratory function. However, there are still many 
unresolved aspects regarding how their interaction affects mental 
health and life satisfaction. Suzuki (2024) suggests that physical 
activity may contribute to the maintenance of respiratory function. 
However, few longitudinal studies have examined the effects of 
respiratory function on the relationship between physical activity 
and depressive symptoms. A multivariate analysis is necessary 
to comprehensively analyze these factors and clarify the causal 
relationships that include temporal changes.
   This study aimed to elucidate the effects of physical activity and 
respiratory function on depressive symptoms and life satisfaction, 
using data from the English Longitudinal Study of Ageing (ELSA). 
The indicators included VC% and FEV1/FVC ratio, which were 
examined for their moderating effects on the relationship between 
physical activity and mental health. Structural equation modeling 
(SEM) is used to analyze both direct and indirect effects among 
the variables, while inverse probability weighting (IPW) is used 
to adjust for selection bias. This study aimed to comprehensively 
understand the impact of the interactions between physical activity 
and respiratory function on mental health, contributing to evidence-
based interventions to support older adults.
Materials and Methods
Study Design
  This longitudinal cohort study used data from waves 2 and 6 of 
the ELSA, which analyzed the effects of physical activity and 
respiratory function on the mental health of older adults. The ELSA 
is a nationwide longitudinal survey targeting older adults in the 
United Kingdom that provides detailed information on physical and 
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mental health, social factors, and life satisfaction [16]. This study 
focused on mental health, physical activity, respiratory function, and 
life satisfaction and analyzed the relationships among these variables 
using SEM.
Application of Inverse Probability Weighting (IPW)
   IPW was applied to adjust for selection bias and the influence 
of missing data, resulting in reliable estimates that more accurately 
reflected the general population. IPW is used to reduce bias when 
data are missing, but are not missing at random, by weighting each 
sample based on the probability of selection in the observed data. In 
this study, propensity scores were estimated, and the inverse of these 
scores was used as a weight to adjust for the effects of missing data 
and selection bias. This approach minimized the impact of selection 
bias and provided reliable estimates [14].
Participants
   The participants were limited to those aged 65 years and older at 
wave 2, with complete data on the main variables (physical activity, 
respiratory function, depressive symptoms, and life satisfaction) 
at both waves (wave 2 and wave 6). All samples with missing 
values were excluded, resulting in a final sample size of 1,519 
individuals aged 65 years and older. Selection bias was adjusted, 
and analyses were conducted based on a more representative sample.
Measurement Items
   The Center for Epidemiologic Studies Depression Scale (CES-D) 
was used to assess mental health. The CES-D is a standard scale for 
evaluating depressive symptoms using the total score of responses 
to each question item [17]. Life satisfaction was evaluated using the 
total life satisfaction score in wave 6. Physical activity was measured 
based on the exercise frequency collected in wave 6, and weekly 
physical activity levels were evaluated. Indicators of respiratory 
function included VC% and FEV1/FVC. These respiratory indicators 
are essential markers of physical health in older adults.
Data Preprocessing
   To improve the data quality, samples with missing values were 
excluded, and only participants aged 65 years or older were extracted. 
Negative FVC and FEV values were considered as missing. IPW was 

applied and propensity scores were estimated and weighted based on 
these scores. Using IPW, the samples used for analysis were adjusted 
to be more representative of the entire population, thereby enhancing 
the reliability of the results.
Model Construction
  SEM was used to examine the causal relationships between physical 
activity, respiratory function, life satisfaction, depressive symptoms 
and their interactions. First, a simple model without error covariances 
was constructed, hypothesizing that physical activity directly affects 
depressive symptoms and life satisfaction, and included both VC% 
and FEV1/FVC to investigate the association between respiratory 
function and mental health.
   Error covariances were then added based on the modification 
indices to improve the model fit. Considering the high values in the 
modification indices, error covariances were introduced between 
“VC% (wave 6)” and “FEV1.0% (wave 6).” The addition of these 
error covariances is crucial for the model to better represent variability 
in real-world data. In particular, when multiple measurement items 
are related to common measurement errors or potential external 
factors, adding error covariances enhances measurement accuracy 
and significantly improves model fit. Following these modifications, 
the fit indices met the standard values, confirming that the model is 
suitable for the data.
Statistical Analysis
   SEM was performed using the lavaan package in R (4.2.3 
Windows). Model fit was evaluated using the comparative fit 
index (CFI), Tucker–Lewis index (TLI), and root mean square 
error of approximation (RMSEA). The effectiveness of the model 
improvement was verified by introducing error covariances based on 
modification indices. All waves of the ELSA received ethical approval 
from the National Research Ethics Committee, and informed consent 
was obtained from all participants.
Results
   The initial sample size in this study was 4,331. After excluding 
77 samples with missing values, 4,254 individuals remained. Of 
these, participants aged 65 years and above in wave 2 were extracted, 
resulting in a final analytical sample of 1,890 individuals (Table 1).

Female 816
Male 1074

Age
Mean (SD) 71.92 (5.52)

Physical Activity
Mean (SD) 6.07 (3.27)

Vital Capacity
Mean (SD) 2.69 (0.96)

FEV1_FVC_Mean
Mean (SD) 1.87 (0.70)

CES_D
Mean (SD) 1.46 (1.86)

Life_Satisfaction

Mean (SD) 12.45 (7.54)
Table 1. Characteristics of Study Participants

   Analysis of the correlations among variables revealed various 
correlations between physical activity, respiratory function, 
depressive symptoms, and life satisfaction (Table 2). Detailed analyses 
of the relationships between these factors were conducted based on 
these correlations. Examination of the distribution before and after 
IPW application confirmed that the distribution of major variables 
became more consistent after the application (Tables 3 and 4).
   First, analysis of the SEM model without error covariances 
indicated that physical activity had a significant negative effect on 

CES-D scores (depressive symptoms) (β = 0.149, p < 0.001). VC% 
showed a slight potential negative impact on depressive symptoms; 
however, it was not statistically significant, making it difficult to 
conclude that improved respiratory function contributes to reducing 
depressive symptoms (β = −0.184, p = 0.103). Meanwhile, the effect 
of FEV1/FVC was not statistically significant (β = 0.072, p = 0.623), 
and its association with depressive symptoms was not confirmed. 
The fit indices for this model without error covariances indicated an 
insufficient fit, with CFI = 0.15 and RMSEA = 1.35 (Table 5).
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 Next, a model was constructed with added error covariances 
between VC% and FEV1/FVC based on modification indices to 
improve the fit. The path coefficients for this model after introducing 
the modification indices are presented (Figure 1 and Table 6). This 
modification greatly improved the fit, with a CFI of 0.950 and 
RMSEA of 0.051, indicating that the revised model fit the data 
well (Table 7). In this modified model, physical activity continued 
to show a significant effect on CES-D scores (β = 0.149, p < 0.001), 

suggesting a potential contribution to improved mental health. 
However, the effects of VC% and the FEV1/FVC ratio on 
depressive symptoms remained insignificant, with no association 
between respiratory function and depressive symptoms (Figure 2). 
Nonetheless, the significant improvement in model fit indicates that 
introducing error covariances provides a more reliable representation 
of the relationships among the variables (Figure 3).

Physical Activity Vital Capacity(%) FEV1/FVC CES-D Score Life Satisfaction

Physical Activity 1.00
Vital Capacity(%) −0.31 1.00
FEV1/FVC −0.31 0.92 1.00
CES-D Score 0.30 −0.22 −0.22 1.00
Life Satisfaction −0.01 0.00 −0.01 0.24 1.00

Table 2. Correlation Matrix for Key Variables

Min 1st Qu Median Mean 3rd Qu Max
Physical Activity 1.00 4.00 6.00 6.07 8.00 12.00
Vital Capacity (%) 0.00 2.09 2.64 2.69 3.25 5.87
FEV1/FVC 0.00 1.45 1.84 1.87 2.31 4.16
CES-D Score 0.00 0.00 1.00 1.46 2.00 8.00
Life Satisfaction 0.00 9.00 12.00 12.45 17.00 35.00

Table 3. Distribution of Key Variables Before IPW Adjustment

Mean Standard Error
Physical Activity 6.07 Infinity
Vital Capacity (%) NA NA
FEV1/FVC NA NA
CES-D Score 1.46 Infinity
Life Satisfaction 12.45 Infinity
Table 4. Distribution of Key Variables After IPW Adjustment

CFI TLI RMSEA
Pre CFI 0.15 −4.12 1.35
Post CFI 1.00 1.00 0.00

Table 5. SEM Fit Indices (Pre- and Post-Adjustment)

Figure 1. SEM Path Diagram of Relationships Among Key Variables

Note: NA values for Forced Vital Capacity (FVC, % predicted) 
and FEV1/FVC ratio indicate that reliable estimates could not be 
obtained after applying inverse probability weighting (IPW) due 
to missing data or insufficient sample size.
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Dependent 
Variable Independent 

Variable
Estimate Standard 

Error
Z Value P Value

Confidence 
Interval

Standardized Estimate

Lower Upper Latent 
Variable 
Level

Overall No 
Confounding

CES-D Total 
Score

~ Total 
Physical 
Activity

0.1
4

0.0
2

9.1
2

0.0
0

0.1
1

0.1
7

0.14 0.2
5

0.08

CES-D Total 
Score

~ Vital 
Capacity 
(%)

-0.2
1

0.1
1

-1.8
1

0.0
7

-0.4
3

0.0
2

-0.21 -0.
11

-0.11

CES-D Total 
Score

~ FEV1/FVC -0.1
0

0.1
5

-0.6
7

0.5
0

-0.4
0

0.2
0

-0.10 -0.0
4

-0.04

Vital 
Capacity (%)

~ Total 
Physical 
Activity

-0.0
9

0.0
1

-12.
72

0.0
0

-0.1
1

-0.0
8

-0.09 -0.
31

-0.10

FEV1/FVC ~ Total 
Physical 
Activity

-0.0
7

0.0
1

-12.7
4

0.0
0

-0.0
8

-0.0
6

-0.07 -0.
31

-0.10

Vital 
Capacity (%)

~
~

FEV1/FV
C

0.5
6

0.0
3

21.5
0

0.0
0

0.5
1

0.6
1

0.56 0.9
2

0.92

CES-D Total 
Score

~ CES-D 
Total Score

2.8
8

0.1
5

19.
15

0.0
0

2.5
8

3.1
7

2.88 0.8
9

0.89

Vital 
Capacity (%)

~ Vital 
Capacity 
(%)

0.8
3

0.0
4

22.
42

0.0
0

0.7
6

0.9
1

0.83 0.9
0

0.90

FEV1/FV
C

~ FEV1/FV
C

0.4
5

0.0
2

23.
70

0.0
0

0.4
1

0.4
8

0.45 0.9
0

0.90

Total Physical 
Activity

~ Total 
Physical 
Activity

9.9
5

0.0
0

NA NA 9.9
5

9.9
5

9.95 1.0
0

9.95

Dependent 
Variable Independent 

Variable
Estimate Standard 

Error
Z Value P Value

Confidence 
Interval

Standardized Estimate

Lower Upper Latent 
Variable 
Level

Overall No 
Confounding

CES-D 
Total 
Score

~
Total 
Physical 
Activity

0.14 0.02 9.1
2

0.0
0

0.11 0.17 0.14 0.2
5

0.08

CES-D 
Total 
Score

~
Vital 
Capacity 
(%)

-0.2
1

0.11 -1.8
1

0.0
7

-0.4
3

0.02 -0.21 -0.
11

-0.11

CES-D 
Total 
Score

~ FEV1/FVC
-0.1
0

0.15 -0.6
7

0.5
0

-0.4
0

0.20 -0.10 -0.
04

-0.04

Vital 
Capacity (%) ~

Total 
Physical 
Activity

-0.0
9

0.01 -12.
72

0.0
0

-0.1
1

-0.0
8

-0.09 -0.
31

-0.10

FEV1/FV
C ~

Total 
Physical 
Activity

-0.0
7

0.01 -12.
74

0.0
0

-0.0
8

-0.0
6

-0.07 -0.
31

-0.10

Table 6. Standardized Path Coefficients and Significance Levels of SEM

Table 7. Direct, Indirect, and Total Effects of the SEM
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Figure 2. Scatter Plot of Vital Capacity and Depression Score

Figure 3. Path Diagram of SEM Based on the Modified Model
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of various factors on mental health may enhance the reliability of 
interpretation.
   Finally, this study was based on data from older adults in the United 
Kingdom, which limits the generalizability of the results. Comparative 
studies focusing on older adults with different healthcare systems 
and social backgrounds are needed to determine whether similar 
relationships exist in other countries and cultural contexts [29-32]. 
Future studies should also examine how differences in the cultural 
background, lifestyle habits, and social support impact physical 
activity and depressive symptoms to improve generalizability. 
Studies using data from other countries would help clarify the extent 
to which these findings are applicable to diverse populations.
   In conclusion, this study suggests that promoting physical 
activity may contribute to the alleviation of depressive symptoms 
in older adults, although improvements in respiratory function 
did not show a clear effect on depressive symptoms. The potential 
clinical relevance of combined physical activity and respiratory 
rehabilitation interventions is highlighted. Future research should 
investigate causality, adjust for confounding factors, and conduct 
comparative studies across different cultural contexts to develop 
more comprehensive and generalizable results.
Conclusion
   This study longitudinally examined the impact of physical activity 
and respiratory function on depressive symptoms in older adults 
and demonstrated that considering the error covariance of multiple 
respiratory indicators can enhance the accuracy of respiratory 
function assessments. These findings suggest that promoting physical 
activity may reduce depressive symptoms. Clinically, interventions 
combining physical activity with respiratory rehabilitation are 
indicated. Future research is expected to yield more comprehensive 
and generalizable insights through the verification of causal 
relationships, adjustments for confounding factors, and comparative 
studies across different cultural contexts.
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