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Abstract  Background: Regular physical activity (PA) and life satisfaction (LS) are critical concepts of healthy 
aging that enhance physical functioning and psychosocial resilience in later life. Evidence suggests that PA may 
improve general health (GH) indirectly through improvements in subjective well-being. Purpose: The purpose of 
this study was to examine whether LS functions as a psychosocial pathway through which PA influences GH among 
older adults. Methods: Longitudinal data from a sample of more than 3,600 adults aged 50 and older in the 2020 
and 2022 Health and Retirement Study were analyzed. Latent constructs for PA and LS (2020) were validated using 
factor analysis and item response theory. Structural equation models (SEMs) were then estimated to predict GH in 
2022, including an unadjusted model, a model adjusting for baseline GH, and a fully adjusted model controlling for 
sociodemographic, behavioral, and health covariates. Indirect effects were evaluated using joint significance and 
Sobel tests, and additional binary, ordinal, and linear path models using factor scores assessed robustness. Results: 
All survey‑adjusted SEMs demonstrated good fit and significant effects. In the fully adjusted model, PA predicted 
higher LS, and LS predicted improvements in GH over time. PA also showed a significant indirect effect on GH 
through LS, indicating partial mediation. Path model analyses supported these findings; notably, each one‑unit 
increase in PA was associated with higher odds of maintaining or achieving good GH partly because PA improved 
LS. Conclusion: Overall, results suggest that LS is an important psychosocial mechanism linking PA to better 
health outcomes in later life. Strengthening LS may enhance the health benefits of PA and serve as a promising 
target for interventions aimed at promoting healthy aging. 
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1. Introduction 

Population aging represents one of the most significant 
demographic trends of the twenty-first century, creating an 
increasing need to identify factors that promote health and 
well-being throughout later life. As adults live longer, 
maintaining health becomes increasingly important for 
preserving independence, quality of life, and participation 
in valued social activities. Among indicators of successful 
aging, general health (GH) status is especially important 
because it reflects individuals' perceptions of their overall 
physical and mental health and serves as a robust predictor 
of future morbidity, disability, healthcare utilization, and 
mortality. [1,2] Consequently, identifying modifiable 
behavioral and psychosocial factors that support health 
and functioning in older adulthood remains a major public 
health priority. [3] 

Regular physical activity (PA) is widely recognized as 
one of the most effective health-promoting behaviors 
across the lifespan. Substantial evidence demonstrates that 
physically active older adults experience lower rates of 

cardiovascular disease, type 2 diabetes, functional 
limitations, cognitive decline, and mortality compared 
with their less active peers. [4,5] PA is also associated 
with improved mobility, maintenance of independence, 
and enhanced quality of life among aging populations. [6] 
Beyond these physiological benefits, PA contributes to 
psychological well-being by reducing symptoms of 
depression and anxiety while promoting positive mood 
and psychological resilience. [7,8] Consequently, PA is 
widely regarded as a cornerstone of healthy aging. 

Although the direct benefits of PA are well established, 
researchers have increasingly suggested that some of its 
effects on later-life health may occur through psychosocial 
pathways. [9] One psychosocial factor that may be 
particularly important is life satisfaction (LS), which 
reflects an individual's cognitive evaluation of life 
according to personally determined criteria. [10] Unlike 
affective indicators such as happiness or depressive 
symptoms, LS reflects a broader appraisal of how 
individuals evaluate their lives as a whole. As a central 
component of subjective well-being, LS has been associated 
with numerous positive outcomes, including greater 
resilience, improved social functioning, healthier behavioral 
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profiles, and lower mortality risk. [11,12,13] LS is therefore 
considered an important indicator of successful adaptation 
and psychological well-being in later life. 

Emerging evidence suggests that PA and LS are closely 
interconnected. Older adults who engage in regular PA 
generally report higher levels of LS than their sedentary 
counterparts. [14,15] Several mechanisms may explain 
this relationship. Participation in PA can enhance physical 
functioning, preserve autonomy, improve self-efficacy, 
and increase opportunities for social participation. [16] 
Additionally, PA may facilitate engagement in meaningful 
activities and social roles that contribute to a more 
favorable evaluation of one's overall life circumstances. 
[17] Collectively, these findings suggest that LS may 
represent an important psychosocial benefit of regular PA. 

LS has also been identified as an important predictor of 
subsequent health outcomes. The broaden-and-build 
theory proposes that positive psychological states help 
individuals develop enduring personal, social, and 
behavioral resources that contribute to long-term health 
and resilience. [18] Individuals with greater LS may be 
more likely to engage in health-promoting behaviors, 
maintain stronger social connections, and cope more 
effectively with age-related challenges. Longitudinal 
research has demonstrated that higher LS predicts better 
self-rated health, healthier behaviors, lower incidence of 
chronic conditions, and improved physical functioning 
over time. [19,20] Consequently, LS may represent an 
important mechanism through which health-promoting 
behaviors influence long-term health outcomes. 

Taken together, existing evidence supports three key 
relationships: PA is associated with greater LS, LS is 
associated with better health outcomes, and PA is 
associated with improved health. However, relatively little 
research has examined whether LS functions as a 
psychosocial pathway linking PA to subsequent GH 
among older adults. Much of the existing literature has 
relied on cross-sectional designs that limit causal 
inference and the evaluation of mediation processes. 
Furthermore, studies examining psychosocial pathways 
have often focused on mental health outcomes rather than 
broader indicators of GH. As a result, additional 
longitudinal research is needed to determine whether LS 
serves as a mechanism through which PA influences later 
health outcomes in aging populations. 

Therefore, the purpose of the present study was to 
examine whether LS functions as a psychosocial pathway 
through which PA influences GH among older adults 
using longitudinal data from the Health and Retirement 
Study (HRS). Specifically, latent constructs of PA and LS 
measured in 2020 were used to predict GH in 2022 while 
accounting for baseline GH and relevant 
sociodemographic, behavioral, and health-related 
covariates. It was hypothesized that (1) higher levels of 
PA would predict greater LS, (2) higher LS would predict 
better subsequent GH, and (3) LS would partially mediate 
the relationship between PA and later GH. By identifying 
a potentially modifiable psychosocial mechanism 
underlying the benefits of PA, this study may provide 
insights for interventions designed to promote healthy 
aging and improve health-related quality of life among 
older adults. 

2. Methods 

Study Design and Data Source 
This longitudinal study used data from the 2020 and 

2022 waves of the HRS, a nationally representative panel 
survey of U.S. adults aged 50 years and older sponsored 
by the National Institute on Aging and conducted by the 
University of Michigan. [21] The HRS employs a 
multistage area probability sampling design with 
oversampling of selected demographic groups and follows 
participants biennially. Psychosocial data were obtained 
from the Leave-Behind Questionnaire (LBQ), which 
includes validated measures of subjective well-being and 
lifestyle behaviors. [22] Data from the 2020 and 2022 
HRS core interviews, LBQ modules, and the cross-wave 
tracker file were merged for analysis. 

Participants were eligible if they were aged 50 years or 
older, completed the 2020 LBQ, participated in the 2022 
HRS interview, possessed a nonzero LBQ sampling 
weight, and had complete data for the study variables. 
After exclusions for missing PA or LS data, the final 
analytic sample consisted of 3,647 respondents for 
measurement analyses and approximately 3,571 to 3,646 
respondents across adjusted structural models depending 
on covariate availability.  
Measures 
Physical Activity (PA) 

PA was assessed in 2020 using three HRS items 
measuring the frequency of vigorous, moderate, and light 
PA. Response categories ranged from hardly ever or never 
to every day. Items were reverse coded so that higher 
scores reflected greater activity participation. Three 
observed indicators representing vigorous PA (VPA), 
moderate PA (MPA), and light PA (LPA) were used as 
indicators of a latent PA construct. A simple summed 
score was also calculated for robustness analyses. For 
descriptive analyses, PA was further classified as >1 
time/week versus ≤1 time/week based on participation 
across all activity intensities. 
Life Satisfaction (LS) 

LS was measured in 2020 using the five-item 
Satisfaction with Life Scale included in the HRS 
psychosocial questionnaire. [23] Participants rated their 
agreement with statements regarding overall satisfaction 
with life on a seven-point Likert scale, with higher scores 
indicating greater satisfaction. The five items served as 
indicators of a latent LS construct in the measurement and 
structural models. A mean composite score was 
additionally calculated for descriptive analyses and 
alternative path models. Finally, LS was categorized as 
satisfied versus dissatisfied based on the mean SWLS 
score, with mean scores greater than 4.0 classified as 
satisfied and scores of 4.0 or lower classified as 
dissatisfied. 
General Health (GH) 

GH was assessed in 2020 and 2022 using the standard 
HRS self-rated health item. Participants rated their health 
as excellent, very good, good, fair, or poor. Responses 
were reverse coded such that higher values represented 
better health. The 2022 GH measure served as the primary 
outcome. Baseline GH measured in 2020 was included in  
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adjusted models to evaluate change in health over time. 
Binary GH variables classifying respondents as having 
good health (excellent, very good, or good) versus poor 
health (fair or poor) were created for supplemental logistic 
analyses.  
Covariates 

The fully adjusted models included demographic, 
behavioral, and health-related covariates assessed in 2020. 
Demographic variables included age, sex, race/ethnicity, 
educational attainment, household income quartile, and 
marital status. Behavioral and health-related variables 
included smoking status, body mass index (BMI), number 
of physician-diagnosed chronic conditions, and functional 
limitation status based on activities of daily living. These 
variables were selected a priori based on previous research 
demonstrating associations with PA, subjective well-being, 
and health status among older adults. 
Statistical Analysis 

Prior to structural modeling, the psychometric 
properties of the PA and LS measures were examined 
using both classical test theory (CTT) and item response 
theory (IRT) approaches. Under CTT, internal consistency 
reliability was assessed using Cronbach's alpha, ordinal 
alpha, and McDonald's omega coefficients. [24] 
Dimensionality was evaluated using exploratory factor 
analysis (EFA) based on both Pearson and polychoric 
correlation matrices. Survey-adjusted factor analyses were 
additionally performed to account for the complex 
sampling design. Confirmatory factor analysis (CFA) was 
then used to evaluate the measurement properties of the 
latent PA and LS constructs. Factor score correlations 
with observed scale scores were examined as evidence of 
construct validity. To further evaluate scale performance, 
graded response models (GRMs) were estimated for both 
constructs. [25,26] Item discrimination and threshold 
parameters were examined, and latent trait scores were 
generated. Marginal reliability coefficients, test 
information functions, and conditional measurement 
precision were evaluated.  

The primary hypothesis that LS partially mediates the 
association between PA and subsequent GH was tested 
using survey-adjusted structural equation models (SEMs). 
[27] First, a two-factor CFA including latent PA and LS 
constructs was estimated to establish the measurement 
model. The structural model then specified a direct path 
from PA to LS, a direct path from LS to GH, and a direct 
path from PA to GH. Indirect effects were evaluated 
through the product of coefficients (a × b pathway). Thus, 
three SEMs were estimated: 1) SEM 1 (Unadjusted): PA 
predicting LS predicting GH with a direct PA predicting 
GH effect. 2), SEM 2 (Baseline-adjusted): SEM 1 plus 
adjustment for baseline (2020) GH, thereby modeling 
change in health over time, and 3) SEM 3 (Fully adjusted): 
SEM 2 plus adjustment for age, sex, race/ethnicity, 
education, income quartile, marital status, smoking status, 
BMI, comorbidity burden, and functional limitation status. 
Standardized path coefficients were reported for all 
models. Model fit was evaluated using the standardized 
root mean square residual (SRMR), global coefficient of 
determination (R²), and structural R² statistics available for 
survey-adjusted SEMs.  

Mediation was evaluated using both the joint 
significance approach and the Sobel test of indirect effect. 

[28,29,30,31] Joint significance was supported when both 
the PA predicting LS path and the LS predicting GH path 
were statistically significant. Sobel tests were estimated 
from the product of coefficients using nonlinear 
combinations of model parameters. Evidence of mediation 
was considered strongest when both constituent pathways 
(PA → LS and LS → GH) were statistically significant 
and the indirect effect was statistically significant. The 
joint significance approach has demonstrated favorable 
statistical performance in simulation studies and performs 
comparably to bootstrap procedures under many 
conditions. Given the large sample size available in the 
present study, Sobel tests were also used as an additional 
robustness check of indirect effects. Indirect effects and 
associated p-values were reported for each SEM. 
Additional exploratory moderated mediation analyses 
were conducted to determine whether the indirect effect of 
PA on GH through LS differed across demographic and 
health-related characteristics. Separate multiple-group 
SEMs were estimated for sex, race, education, income, 
marital status, smoking status, obesity status, functional 
limitation status, and comorbidity burden. Differences in 
indirect effects between groups were evaluated using 
nonlinear combinations of pathway coefficients. 

To evaluate robustness of the findings, three additional 
survey-adjusted path modeling approaches were 
conducted using CFA-derived factor scores. Binary 
logistic models examined the odds of good versus poor 
health. Ordinal logistic models evaluated the likelihood of 
reporting higher categories of GH. Linear path models 
treated GH as a continuous outcome. [32] For each 
modeling framework, unadjusted, baseline-adjusted, and 
fully adjusted versions were estimated. Indirect effects 
were calculated using the product of coefficients and 
Sobel tests.  

All inferential analyses incorporated HRS sampling 
weights, strata, and primary sampling units to account for 
the complex survey design and to generate nationally 
representative estimates. The 2020 LBQ respondent 
weight was applied, and variance estimation employed 
Taylor series linearization procedures. All analytical 
phases were executed independently and in parallel using 
both STATA (Version 16) and R (Version 4.4.2). 
[33,34,35] Statistical significance was evaluated using 
two-sided tests with an alpha level of .05. 

3. Results 

Sample Characteristics 
A total of 3,646 participants from the HRS were 

included in the primary analyses. In 2022, 77.8% (95% CI 
= 75.8%-79.8%) of respondents reported good GH, 
whereas 22.2% (95% CI = 20.2%-24.2%) reported poor 
GH (Table 1). Several demographic characteristics were 
associated with subsequent GH status. Poor GH was more 
prevalent among older adults, racial and ethnic minority 
groups, lower-income participants, individuals without a 
college degree, and those who were not currently married 
(all p < .01). For example, the prevalence of poor GH 
increased from 19.3% among adults aged 65-74 years to 
31.8% among adults aged 85 years and older. Similarly, 
poor GH was reported by 43.0% of participants in the 
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lowest income quartile compared with only 9.9% of those 
in the highest income quartile. Participants without a 
college degree were nearly three times more likely to 
report poor GH than those with a college degree (28.3% 
vs. 10.7%, respectively). 

Table 1. Self-reported general health (GH) status in 2022 across 
baseline (2020) demographic characteristics 

 General health (GH) status   
 Poor GH  Good GH  F 

Characteristic % LL UL  % LL UL  p 

Overall 22
.2 

20.
23 

24.
20  

77.
79 

75.
80 

79.
77  

<.00
01 

          
Sex         

.297
9 

Female 21
.5 

19.
04 

23.
95  

78.
51 

76.
05 

80.
96   

Male 23
.0 

20.
56 

25.
51  

76.
97 

74.
49 

79.
44   

          
Age (yr)         

.003
9 

54 to 64 22
.1 

19.
50 

24.
72  

77.
89 

75.
28 

80.
50   

65 to 74 19
.3 

15.
82 

22.
78  

80.
70 

77.
22 

84.
18   

75 to 84 25
.9 

21.
89 

29.
82  

74.
15 

70.
18 

78.
11   

85+ 31
.8 

23.
88 

39.
78  

68.
17 

60.
22 

76.
12   

          
Race/Ethnicity         

<.00
01 

White 18
.9 

16.
66 

21.
14  

81.
10 

78.
86 

83.
34   

Black 31
.8 

26.
67 

36.
95  

68.
19 

63.
05 

73.
33   

Hispanic 39
.8 

32.
99 

46.
63  

60.
19 

53.
37 

67.
01   

Other 17
.9 

9.6
6 

26.
08  

82.
13 

73.
92 

90.
34   

          
Income 
quartile         

<.00
01 

1st 43
.0 

38.
38 

47.
57  

57.
03 

52.
43 

61.
62   

2nd 26
.2 

22.
11 

30.
26  

73.
82 

69.
74 

77.
89   

3rd 18
.7 

15.
02 

22.
37  

81.
31 

77.
63 

84.
98   

4th 9.
9 

7.4
3 

12.
42  

90.
08 

87.
58 

92.
57   

          
Education         

<.00
01 

No college 
degree 

28
.3 

25.
65 

30.
96  

71.
70 

69.
04 

74.
35   

Has college 
degree 

10
.7 

8.3
3 

13.
02  

89.
33 

86.
98 

91.
67   

          
Marital status         

<.00
01 

Not currently 
married 

29
.0 

25.
85 

32.
19  

70.
98 

67.
81 

74.
15   

Currently 
married 

18
.6 

16.
23 

21.
05  

81.
36 

78.
95 

83.
77   

Note. N = 3,646. GH status groups are based on self-reported GH. p-
values are from the second-order Rao-Scott correction F statistic. % is 
the weighted estimate. LL and UL are the lower and upper limits, 
respectively, of the 95% confidence interval (CI) estimating the %. 

 

Health-related characteristics were also strongly 
associated with GH status (Table 2). Participants reporting 
lower PA participation, lower LS, obesity, current 
smoking, multiple comorbidities, and functional 
limitations were significantly more likely to report poor 
GH in 2022 (all p < .0001). Poor GH was reported by  
40.5% of individuals dissatisfied with life compared with 
16.7% among those reporting LS. Likewise, the 
prevalence of poor GH increased from 4.2% among 
respondents with no comorbidities to 36.6% among those 
reporting three or more comorbid conditions. Functional 
limitations demonstrated one of the strongest associations, 
with 55.0% of affected participants reporting poor GH 
compared with 17.4% among those without limitations. 

Table 2. Self-reported general health (GH) status in 2022 across 
baseline (2020) health characteristics 

 General health (GH) status   
 Poor GH  Good GH  F 

Characteristic % LL UL  % LL UL  p 
Physical 

activity status         
<.00
01 

>1 time/week 16
.0 

14.
18 

17.
83  

83.
99 

82.
17 

85.
82   

≤1 time/week 39
.8 

35.
62 

43.
99  

60.
20 

56.
01 

64.
38   

          
Life 

satisfaction 
status         

<.00
01 

Satisfied 16
.7 

14.
60 

18.
80  

83.
30 

81.
20 

85.
40   

Dissatisfied 40
.5 

35.
71 

45.
30  

59.
50 

54.
71 

64.
29   

          
Obese         

<.00
01 

No 17
.5 

15.
59 

19.
51  

82.
45 

80.
49 

84.
41   

Yes 29
.8 

26.
57 

33.
03  

70.
20 

66.
97 

73.
43   

          
Smoking status         

<.00
01 

Does not 
smoke 

20
.6 

18.
77 

22.
50  

79.
37 

77.
50 

81.
23   

Currently 
smokes 

38
.0 

30.
36 

45.
71  

61.
96 

54.
29 

69.
64   

          
Comorbidities         

<.00
01 

None 4.
2 

1.6
8 

6.6
3  

95.
85 

93.
37 

98.
32   

1 to 2 14
.9 

12.
84 

17.
04  

85.
06 

82.
96 

87.
16   

3+ 36
.6 

33.
22 

39.
92  

63.
43 

60.
08 

66.
78   

          
Functional 
limitations         

<.00
01 

No 17
.4 

15.
59 

19.
18  

82.
61 

80.
82 

84.
41   

Yes 55
.0 

49.
60 

60.
43  

44.
98 

39.
57 

50.
40   

Note. N = 3,646. GH status groups are based on self-reported GH. PA 
status was derived from the combined LPA, MPA, and VPA items. LS was 
categorized as satisfied (>4.0) versus dissatisfied (≤4.0) based on the mean 
LS score. p-values are from the second-order Rao-Scott correction F 
statistic. % is the weighted estimate. LL and UL are the lower and upper 
limits, respectively, of the 95% confidence interval (CI) estimating the %. 
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Measurement Model Evaluation 
Results from EFA and CFA analyses supported the 

unidimensionality of both latent constructs (Table 3). For 
the PA scale, the first factor eigenvalue ranged from 1.77 
to 1.88 across estimation approaches and accounted for 
approximately 59% to 63% of total variance. For the LS 
scale, the first factor eigenvalue ranged from 3.42 to 3.67 
and explained between 68% and 73% of variance. Survey-
adjusted CFA analyses further supported the proposed 
measurement models. Standardized factor loadings ranged 
from 0.48 to 0.84 for PA items and from 0.55 to 0.89 for 
LS items. Correlations between scale scores and latent 
factor scores were high for both constructs (r = .95 to .99), 
suggesting that observed scores closely represented the 
underlying latent traits. Reliability evidence was generally 
acceptable for PA and strong for LS. Cronbach's alpha, 
ordinal alpha, and McDonald's omega ranged from .66 
to .70 for PA and from .88 to .91 for LS. 

IRT analyses using GRMs provided additional support 
for construct validity and measurement precision (Table 4). 
Survey-adjusted marginal reliability estimates were .74 for 
PA and .91 for LS. Average item discrimination 
parameters were 1.91 for PA and 3.18 for LS, indicating 
that LS items provided particularly strong discrimination 
across levels of the latent trait. Threshold parameters 
demonstrated broad coverage of the latent continua. PA 

thresholds ranged from -1.93 to 3.70, whereas LS 
thresholds ranged from -2.38 to 1.51. Peak test 
information values were 4.94 for PA and 18.89 for LS. 
Figure 1 and Figure 2 illustrate the test information 
functions and associated conditional standard errors. Both 
scales demonstrated their greatest measurement precision 
within the central range of the latent trait continuum. 
Survey-adjusted models indicated that approximately 89% 
of PA information and 90% of LS information were 
captured within the typical theta range of -3 to +3, 
supporting the appropriateness of both instruments for 
population-based applications among older adults. 
Structural Equation Modeling (SEM) 

The measurement model demonstrated adequate fit and 
stable factor loadings across all SEMs (Table 5). The 
latent PA and LS factors were moderately correlated in the 
CFA model (r = .25). In the unadjusted SEM (SEM 1), PA 
was positively associated with LS (β = .25), LS was 
positively associated with GH (β = .27), and PA 
demonstrated a direct positive association with GH (β 
= .39). Because both constituent mediation paths were 
statistically significant, the joint significance criterion for 
mediation was satisfied. Consistent with this finding, the 
indirect effect of PA on GH through LS was significant (β 
= .07; Sobel p < .0001), providing evidence of partial 
mediation. The model explained 28% of the variance in GH. 

 
Figure 1. Test Information Function and Associated Standard Error for the Physical Activity (PA) Scale from Graded Response IRT Model (GRM) 

 
Figure 2. Test Information Function and Associated Standard Error for the Life Satisfaction (LS) Scale from Graded Response IRT Model (GRM) 
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Table 3. Classical test theory (CTT) construct evidence for physical activity (PA) and life satisfaction (LS) scales 

 Construct 
Statistic PA  LS 

Items 3  5 
FA    

1st λ 1.77  3.42 
% EV 59.0  68.4 

r 0.99  0.99 
FA (polychoric)    

1st λ 1.88  3.67 
% EV 62.7  73.3 

r 0.99  0.99 
FA (survey-adjusted)    

1st λ 1.81  3.50 
% EV 60.4  70.0 

r 0.99  0.99 
CFA (survey-adjusted)    

λ min 0.48  0.55 
λ max 0.84  0.89 

r 0.95  0.98 
Reliability    

α 0.66  0.88 
αordinal 0.70  0.91 

ω 0.67  0.89 

Note. N = 3,647. PA is physical activity. LS is life satisfaction. FA is factor analysis. λ represents eigenvalues in FA sections and standardized factor 
loadings in the CFA section. EV is explained variance. r is correlation coefficient between scale sum scores and respective factor scores. α is Cronbach 
alpha. αordinal is ordinal alpha. ω is McDonald omega. 

 

Table 4. Item response theory (IRT) construct evidence for physical activity (PA) and life satisfaction (LS) scales 

 Construct 
Statistic PA  LS 

Items 3  5 
IRT    
rxx' 0.73  0.91 

b min -1.97  -2.33 
b max 3.58  1.45 
a mean 1.81  3.01 
I max 4.54  16.84 
θ max -0.39  -1.03 

I(-3 to +3) 72.1  73.4 
r 0.95  0.95 

    
IRT (survey-adjusted)    

rxx' 0.74  0.91 
b min -1.93  -2.38 
b max 3.70  1.51 
a mean 1.91  3.18 
I max 4.94  18.89 
θ max -0.49  -1.06 

I(-3 to +3) 89.3  90.1 
r 0.95  0.95 

Note. N = 3,647. PA is physical activity. LS is life satisfaction. IRT is item response theory. Graded Response Model (GRM) IRT was used. rxx' is 
marginal reliability. r is correlation coefficient between scale sum scores and respective factor scores. b is IRT threshold parameter. a is IRT slope 
parameter. I max is the peak test information value. θ max is the latent trait location of peak test information. I (-3 to +3) is the percentage of total test 
information captured within the standard latent trait range of theta (θ) = -3 to +3. 
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Table 5. Measurement model for physical activity (PA) and life satisfaction (LS) with structural equations predicting general health (GH) 

  Survey-adjusted models 
Coefficient  CFA  SEM 1  SEM 2  SEM 3 

N  3,647  3,646  3,643  3,571 
Measurement         

VPA  0.49  0.51  0.52  0.54 
MPA  0.82  0.80  0.78  0.76 
LPA  0.63  0.63  0.63  0.64 
LS1  0.84  0.84  0.84  0.84 
LS2  0.89  0.89  0.89  0.89 
LS3  0.89  0.88  0.88  0.88 
LS4  0.74  0.74  0.74  0.73 
LS5  0.55  0.55  0.55  0.55 

r  0.25       
         

Direct effects         
PA → LS    0.25  0.11  0.10 
LS → GH    0.27  0.12  0.12 
PA → GH    0.39  0.16  0.12 

         
Indirect effect         

PA → GH    0.07  0.01  0.01 
pmediation    <.0001  0.001  0.002 

         
Structural R2    0.28  0.52  0.53 

         
Fit statistics         

SRMR  0.036  0.034  0.035  0.029 
Global R2  -  0.75  0.84  0.85 

Note. All model coefficients are standardized and significant (all p-values < .05). PA is physical activity. VPA is vigorous PA. MPA is moderate PA. 
LPA is light PA. LS is life satisfaction. LS1-LS5 are LS scale items. GH is a measured general health variable. CFA is confirmatory factor analysis. r is 
correlation between factors. SEM is structural equation model. SEM 1 is unadjusted. SEM 2 adjusts for baseline (2020) GH and thus is predicting 
change in GH. SEM 3 adjusts for baseline GH, age, sex, race, income, education, marital status, BMI, smoking status, number of comorbidities, and 
functional limitation status and also is predicting change in GH. SEM 4 (not reported) is SEM 3 without baseline GH as a covariate with global R2 = 
0.80 and structural R2 = 0.38. The above mediation effects were not significantly (all p-values > 0.05) moderated by any demographic or health-related 
covariate. SRMR is standardized root mean square residual. pmediation is for Sobel test. The joint significance test was met in all SEM models. 

 
After adjusting for baseline GH (SEM 2), all pathways 

remained statistically significant. PA predicted higher LS 
(β = .11), LS predicted improvements in GH over time (β 
= .12), and PA retained a direct effect on GH change (β 
= .16). Thus, the joint significance criterion remained 
satisfied. A significant indirect effect was also observed (β 
= .01; Sobel p = .001), indicating that LS partially 
mediated the association between PA and changes in GH. 
The model explained 52% of the variance in GH.  

Results from the fully adjusted SEM (SEM 3), 
displayed in Figure 3, were highly consistent with prior 
models. After adjustment for baseline GH, age, sex, 
education, income, race, marital status, smoking status, 
body mass index, comorbidities, and functional 
limitations, PA remained positively associated with LS 
(β = .10), LS remained positively associated with GH (β 
= .12), and PA maintained a significant direct effect on 
GH (β = .12). Thus, the joint significance criterion for 
mediation was satisfied. Consistent with this finding, the 
indirect effect of PA on GH through LS was statistically 
significant (β = .01; Sobel p = .002), providing evidence 
that LS partially mediated the PA-GH relationship. 
Overall model fit was strong (SRMR = .029), and the fully 
adjusted model explained approximately 53% of the 
variance in GH. 

 
Figure 3. Fully adjusted structural equation model modeling general 
health (GH) with physical activity (PA) and life satisfaction (LS). Note: 
Figure displays fully standardized path coefficients for the structural 
framework (SEM 3). Paths are adjusted for baseline GH, age, sex, 
education, income quartiles, race, marital status, smoking, BMI, 
comorbidities, and functional limitations 

Consistent with a partial mediation framework, PA 
influenced GH both directly and indirectly through LS. 
Across all SEM specifications, the constituent mediation 
paths (PA → LS and LS → GH) were statistically 
significant, satisfying the joint significance criterion for  
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mediation. Furthermore, Sobel tests indicated significant 
indirect effects in all models (all p ≤ .002), providing 
convergent evidence for partial mediation. No evidence 
was found that mediation effects differed according to 
demographic or health-related covariates (all moderation 
p-values > .05), suggesting that the mediation pathway 
was consistent across the demographic and health 
subgroups examined. 
Sensitivity (Robustness) Analyses 

Results from alternative path modeling approaches 
were highly consistent with the SEM findings (Table 6). 
Across binary logistic, ordinal logistic, and linear 
regression frameworks, PA and LS remained significant 
predictors of GH in both unadjusted and adjusted models. 
In the fully adjusted binary logistic model, higher PA was 
associated with increased odds of reporting good GH (OR 
= 1.51, 95% CI = 1.27-1.79), while higher LS was 
associated with increased odds of reporting good GH (OR 
= 1.80, 95% CI = 1.31-2.46). Similar findings emerged in 
ordinal logistic models, where higher PA (OR = 1.30,  
95% CI = 1.17-1.45) and higher LS (OR = 1.33, 95% CI = 
1.22-1.45) were associated with greater odds of reporting 
a higher GH category. Linear regression analyses 

produced comparable findings, with PA (β = .09, 95% CI 
= .05-.12) and LS (β = .11, 95% CI = .08-.15) each 
contributing positively to GH. 

Mediation findings were also consistent across all 
alternative modeling approaches. In every binary logistic, 
ordinal logistic, and linear regression model, the PA 
predicting LS and LS predicting GH pathways remained 
statistically significant, satisfying the joint significance 
criterion for mediation. Corresponding Sobel tests were 
likewise significant across all path modeling frameworks 
(all p < .0001), providing additional evidence that LS 
partially mediated the relationship between PA and GH 
regardless of outcome scaling or model specification. 

Collectively, the findings support the hypothesized 
mediation model. Higher levels of PA were associated 
with greater LS, and greater LS was associated with better 
subsequent GH. Although PA exerted a direct effect on 
GH, a significant portion of this relationship operated 
indirectly through LS. The consistency of these findings 
across SEM, binary logistic, ordinal logistic, and linear 
regression models provides strong evidence that LS 
represents an important psychosocial pathway linking PA 
to better health outcomes in later life. 

Table 6. Path analysis results for general health (GH) across three different model types 

 Model 1 (N = 3,646)  Model 2 (N = 3,643)  Model 3 (N = 3,571) 
Model type Estimate LL UL  Estimate LL UL  Estimate LL UL 

BLOG            
PA 2.34 2.05 2.67  1.73 1.50 2.01  1.51 1.27 1.79 
LS 2.75 2.07 3.66  2.02 1.48 2.74  1.80 1.31 2.46 

PA → LS 1.95 1.74 2.20  1.66 1.45 1.91  1.61 1.38 1.87 
PA → LS → GH 1.97 1.55 2.39  1.43 1.17 1.69  1.32 1.10 1.54 

pmediation <.0001  <.0001  <.0001 

            
OLOG            

PA 2.27 2.05 2.51  1.44 1.30 1.60  1.30 1.17 1.45 
LS 1.64 1.50 1.78  1.32 1.21 1.43  1.33 1.22 1.45 

PA → LS 1.77 1.62 1.94  1.41 1.28 1.57  1.39 1.25 1.55 
PA → LS → GH 1.33 1.24 1.42  1.10 1.06 1.15  1.10 1.05 1.14 

pmediation <.0001  <.0001  <.0001 

            
LR            
PA 0.33 0.29 0.37  0.12 0.09 0.16  0.09 0.05 0.12 
LS 0.26 0.21 0.31  0.11 0.08 0.15  0.11 0.08 0.15 

PA → LS 0.29 0.26 0.33  0.18 0.14 0.22  0.17 0.12 0.21 
PA → LS → GH 0.09 0.07 0.11  0.02 0.01 0.03  0.02 0.01 0.03 

pmediation <.0001  <.0001  <.0001 

Note. CFA factor scores used for all PA and LS variables. BLOG is binary logistic regression. OLOG is ordinal logistic regression. LR is linear 
(generalized least squares) regression. LS converted to a binary and ordinal variable for BLOG and OLOG models, respectively. Model 1 is unadjusted. 
Model 2 adjusts for baseline (2020) GH and thus is predicting change in GH. Model 3 adjusts for baseline GH, age, sex, race, income, education, 
marital status, BMI, smoking status, number of comorbidities, and functional limitation status and also is predicting change in GH. BLOG is modeling 
the odds of good GH status compared to poor GH status. OLOG is modeling the odds of being in a higher GH category (1 thru 5) versus all lower 
categories combined. LR is modeling GH (1 thru 5) as a continuous variable. LR presents standardized  slopes. PA → LS represents the a path and LS 
→ GH represents the b path used to evaluate joint significance mediation criteria. PA → LS → GH is the indirect effect. pmediation is for Sobel test. 

 

4. Discussion 

The purpose of this study was to examine whether LS 
functions as a psychosocial pathway through which PA 
influences subsequent GH among older adults. Consistent 
with all study hypotheses, higher levels of PA were 
associated with greater LS, greater LS was associated with 

better subsequent GH, and LS partially mediated the 
relationship between PA and GH. These findings were 
observed in unadjusted, baseline-adjusted, and fully 
adjusted SEMs and were replicated across binary logistic, 
ordinal logistic, and linear path modeling approaches. 
Collectively, the results suggest that the health benefits of 
PA in later life may operate through both direct 
physiological mechanisms and indirect psychosocial 
mechanisms involving greater satisfaction with life. 
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The first major finding was that physically active older 
adults reported higher levels of LS. This result is 
consistent with previous research demonstrating positive 
associations between PA, subjective well-being, and 
quality of life among older adults. [14,15,16,17] Regular 
PA may enhance LS through several interconnected 
pathways. Individuals who remain physically active often 
experience better functional capacity, greater 
independence, enhanced self-efficacy, and increased 
opportunities for social participation. [16] These benefits 
may help older adults maintain meaningful roles and 
valued activities that contribute to a more positive 
evaluation of life circumstances. From a successful aging 
perspective, PA may therefore provide benefits that extend 
beyond disease prevention and physical functioning to 
include broader indicators of psychological well-being. 

The second major finding was that LS predicted better 
subsequent GH even after controlling for baseline health 
status and numerous demographic and health-related 
factors. This finding is consistent with longitudinal 
studies demonstrating that individuals with greater LS 
tend to experience more favorable health trajectories 
over time. [19,20] Several explanations may account for 
this relationship. Older adults with greater LS may be 
more likely to engage in preventive health behaviors, 
maintain social relationships, adhere to medical 
recommendations, and employ effective coping 
strategies when confronted with age-related challenges. 
[18] Additionally, positive evaluations of life may foster 
psychological resilience that helps individuals preserve 
functioning despite chronic health conditions or other 
adversities. Consequently, LS appears to represent more 
than a marker of well-being; it may also function as a 
resource that promotes adaptive health-related behaviors 
and perceptions throughout later life. 

The principal contribution of the present study was the 
identification of LS as a significant mediator linking PA to 
future GH. Even after adjustment for baseline GH and 
numerous sociodemographic, behavioral, and health-
related covariates, PA remained positively associated with 
LS and LS remained positively associated with subsequent 
GH. Importantly, both the joint significance criterion and 
Sobel tests supported the existence of a statistically 
significant indirect effect across all SEM analyses. These 
findings suggest that part of the relationship between PA 
and later health operates through improvements in how 
individuals evaluate and experience their lives. Although 
the mediation effect was modest in magnitude, its 
persistence across multiple analytic frameworks indicates 
that the observed pathway is robust and unlikely to be an 
artifact of a particular modeling approach. Furthermore, 
many important psychological and behavioral processes 
operate through relatively small effects. [36] Small effects 
are expected when studying complex population health 
outcomes influenced by numerous biological, behavioral, 
social, and environmental determinants. Even modest 
indirect effects may accumulate across large populations 
and prolonged periods of time to produce meaningful 
public health consequences. 

The finding of partial rather than complete mediation is 
also noteworthy. PA continued to demonstrate direct 
associations with GH after accounting for LS, suggesting that 
multiple pathways likely explain the relationship between PA 

and health. Physiological mechanisms involving 
cardiovascular fitness, metabolic regulation, muscular 
strength, balance, and physical functioning likely contribute 
directly to health perceptions and outcomes. [4,5,6] However, 
the present findings indicate that psychosocial processes 
should not be overlooked. Improvements in LS appear to 
represent one pathway through which physically active adults 
may experience better health over time. Thus, interventions 
designed to improve population health among older adults 
may benefit from simultaneously targeting both behavioral 
and psychosocial domains. 

An additional contribution of this study was the use of 
rigorous measurement procedures prior to structural 
modeling. Both PA and LS demonstrated adequate 
psychometric properties across CTT and IRT frameworks. 
Measurement evidence supported the unidimensional nature 
of both constructs, while survey-adjusted GRMs indicated 
acceptable reliability and substantial measurement precision 
across the latent trait continuum. The consistency of 
findings obtained using latent variable SEMs and CFA-
derived factor scores further strengthens confidence in the 
observed relationships. This feature distinguishes the 
present study from many previous investigations that have 
relied exclusively on observed composite scores without 
formally evaluating measurement quality. 

The robustness analyses also warrant attention. 
Findings were highly consistent across SEM, binary 
logistic, ordinal logistic, and linear regression path models. 
Furthermore, evidence for mediation was supported by 
both the joint significance approach and Sobel tests in 
every model specification examined. Previous 
methodological work has suggested that joint significance 
testing performs favorably in mediation analyses and often 
performs comparably to more computationally intensive 
approaches. [28] The convergence of results across 
multiple statistical frameworks provides strong support for 
the stability of the proposed mediation pathway. 
Additionally, no evidence was observed for moderated 
mediation across demographic or health-related subgroups, 
suggesting that the indirect pathway linking PA, LS, and 
GH may operate similarly across diverse segments of the 
older adult population. 

Several study strengths should be acknowledged. First, 
the analyses utilized longitudinal nationally representative 
HRS data, enhancing the generalizability of findings to 
community-dwelling older adults in the United States. 
Second, adjustment for baseline GH allowed the models to 
evaluate changes in health over time rather than simple 
cross-sectional associations. Third, the use of latent 
variable modeling reduced measurement error and 
provided stronger tests of the hypothesized relationships. 
Fourth, psychometric evaluation using both CTT and IRT 
approaches provided extensive evidence for the quality of 
the PA and LS measures. Finally, the consistency of 
findings across multiple modeling approaches, mediation 
tests, and subgroup analyses substantially strengthens 
confidence in the robustness of the results. 

Despite these strengths, several limitations should be 
considered. First, although the longitudinal design 
improves temporal ordering, causal relationships cannot 
be definitively established because participants were not 
randomly assigned to levels of PA or LS. Unmeasured 
confounding variables may partially explain the observed 
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associations. Second, PA, LS, and GH were assessed 
using self-report measures and may therefore be 
susceptible to recall error, reporting bias, and shared 
method variance. Third, GH was measured with a single 
self-rated health item. Although self-rated health is a 
widely used and powerful predictor of morbidity and 
mortality, [1,2] it cannot capture the full complexity of 
physical, psychological, and social health. Fourth, PA was 
assessed using three broad indicators of activity frequency 
and did not include detailed information regarding activity 
duration, intensity, context, or objectively measured 
activity. Finally, although extensive covariate adjustment 
was employed, residual confounding remains possible. 

Future research should continue investigating 
psychosocial mechanisms linking health behaviors to 
health outcomes in later life. Additional studies could 
examine whether other dimensions of subjective well-
being, such as purpose in life, optimism, social 
connectedness, or psychological flourishing, function 
similarly as mediators of the PA-health relationship. 
Longitudinal investigations spanning additional follow-up 
periods may also clarify the long-term stability of these 
pathways. Intervention studies designed to increase PA 
while simultaneously enhancing LS could provide 
stronger evidence regarding causal mechanisms and 
identify strategies for maximizing healthy aging outcomes. 

5. Conclusions 

The present study provides evidence that LS serves as 
an important psychosocial mechanism linking PA to 
subsequent GH among older adults. Higher levels of PA 
were associated with greater LS, and greater LS predicted 
better health over time. Although PA demonstrated direct 
associations with later health, significant indirect effects 
indicated that part of its influence operated through 
enhanced LS. These findings suggest that promoting 
healthy aging may require attention not only to PA 
behavior itself but also to the psychological benefits that 
accompany an active lifestyle. Interventions that foster 
both PA and LS may offer a particularly effective 
approach for supporting health and well-being in later life. 
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