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Abstract

Background:
Stress is one of the important factors influencing the quality of life (QoL) among older adults. However, the buffering and exacerbating factors influencing
this relationship remain unclear. This study aimed to investigate the moderating effects of physical activity and sedentary behavior on the relationship
between stress and quality of life (QoL) in elderly living in low- and middle-income countries.

Methods:
This cross-sectional study analyzed data from 7,905 adults aged > 60 years in the WHO Study on Global Ageing and Adult Health (SAGE) across five
developing countries (China, Ghana, India, the Russian Federation, and South Africa). Stress, QoL, physical activity, sedentary behavior, and
sociodemographic variables were assessed through standardized questionnaires. Hierarchical regression models and PROCESS moderation analyses were
conducted to examine whether physical activity and sedentary time moderated the relationship between stress and QoL.

Results:
Higher stress levels were significantly associated with lower QoL (p< .001). Physical activity positively predicted QoL, while sedentary time showed a
negative association. Moderation analyses indicated that physical activity attenuated the negative impact of stress on QoL, whereas prolonged sedentary
time exacerbated this effect. The combined model revealed that high physical activity levels and limited sedentary time exerted a significant moderating
influence on the impact of stress determinants of on QoL.

Conclusions:
The findings suggest that physical activity and sedentary behavior play significant moderating roles in the stress-QoL relationship among older adults.
Engaging in regular physical activity and reducing prolonged sedentary time may serve as effective strategies for stress and QoL managements in aging
populations.

Introduction
As life expectancy increases, the number of older adults is poised to rise for an extended period of time. According to the report of World Health Organization
(WHO), the number of people aged 60 and over is expected to grow by 56% to 1.4 billion by 2050 (1). Meanwhile, the challenges faced by the older adults are
becoming more complex and severe, including social isolation, increased health costs, decreased physical performance, and high risk of chronic diseases (2,
3). Therefore, it is imperative to formulate some corresponding strategies that foster the well-being and enhance the quality of life (QoL) for older adults.

QoL is a key aspect of measuring how well people living conditions are as it describes their overall well-being, health status and social integration (4, 5).
However, aging means a series of personal and material losses, which makes the quality of life of older adults likely to be lower than that in young and
middle-aged people, and further deteriorates with age (6, 7). Moreover, stress has been identified as a major determinant of QoL in older adults (8). Stress
experienced by the older adults can lead to a variety of psychological and physiological problems, thereby reducing their QoL (9, 10). Given this inverse
association between stress and QoL, it is crucial to explore mechanisms that can mitigate the detrimental effects of stress.

Recent research has increasingly highlighted that active participation in physical activities and reducing sedentary time may buffer the negative impact of
stress on QoL. For example, da Silva et al. conducted a survey among middle-aged adults, revealing that although 70% of middle-age adults reported higher
levels of stress, regular physical activity weakened the negative impact of stress on QoL(11). In another study, A’Azman et al. found that engagement in
physical activity reduced the adverse impact of stress and negative emotions on caregivers’ QoL by conducting a multivariate regression analysis using data
from 278 adult caregivers aged 23–90 in Singapore(12). However, most of these studies have been conducted in middle-aged populations with a small
sample size, leaving a gap in research focusing on older adults.

In addition, it is widely acknowledged that reducing sedentary time can contribute to stress reduction and improve QoL of older adults (13). A longitudinal
analysis conducted by Owari demonstrated that excessive sedentary time leads to higher levels of stress, and this stress in turn leads to increased sedentary
time, creating a negative cycle(14). Numerous research has provided empirical evidence supporting the association between prolonged periods of sedentary
time and diminished QoL (15–17). Notably, Cho pointed out that the QoL of the older adults who has prolonged sedentary behavior are more likely to have
their QoL affected by stress and suicidal thoughts compared with those with shorter sedentary time(18). However, the relationship between sedentary time
and stress and QoL in the older adults remain elusive.

Although studies have shown that sedentary time and physical activity are negatively correlated among the elderly(19), other studies have shown that long
periods of sitting during the day do not necessarily affect daily physical activity (20), which shows that the relationship between the two is complex and their
impact on quality of life should be studied together. Despite the growing body of evidence on physical activity and sedentary behavior, to our knowledge,
there has been no such investigation of their moderating effects in the link between stress and QoL in older age. We used cross-sectional survey data from
the WHO’s Study of Global Aging and Adult Health (SAGE) survey to investigate whether physical activity and sedentary behavior in older adults moderate the
effects of stress on quality of life. In line with this, we hypothesize:
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H1: Physical activity moderates the relationship between stress and QoL in the older adults

H2: Sedentary behavior moderates the relationship between stress and QoL in the older adults

H3: Physical activity and sedentary behavior jointly moderate the relationship between stress and QoL in the older adults

By testing these hypotheses, the study seeks to elucidate the roles of physical activity and sedentary duration in shaping the relationship between stress and
QoL in older adults.

Methods

Data Collection
This study used cross-sectional data from the WHO’s SAGE survey (wave 1, collected from 2007 to 2010), which examines the health and well-being of aging
and adult populations. SAGE selected China, Ghana, India, the Russian Federation, and South Africa to cover Asia, Africa, and Europe, representing different
levels of economic development (low- and middle -income countries) and stages of population health transition (rapid aging vs. early aging), ensuring the
global applicability of the data(21). Detailed methodologies of SAGE have been outlined in previous studies(22, 23).

Participants
The analysis focused on participants aged 60 years and above, excluding those aged 106 and older, following the recommendations of Zeng et al., as these
cases were considered potentially invalid because of insufficient information for verification(24). In order to meet the eligibility of criteria of this study,
participants were required to satisfy the following requirement: 1) age ≥ 60 years; 2) complete data related to demographic information, physical activity,
sedentary behavior, stress, QoL, and etc. The final dataset included 7,905 older adults aged between 60 and 100 years, comprising 3,936 men and 3,969
women. The SAGE study received ethical approval from the WHO's Ethical Review Board, along with national approvals from each participating country, and
all participants provided informed consent before taking part in the study.

Measures
Physical Activity

it was measured using the Global Physical Activity Questionnaire (GPAQ), assessing frequency and duration of physical activities in work, travel, and
recreation(25, 26). According to GPAQ, physical activity levels were classified into insufficient (0–600 MET·min/week), moderate (601–3000 MET·min/week),
and vigorous (> 3000 MET·min/week). Adequate activity was determined by whether participants met recommended levels (i.e., ≥ 601 MET·min/week) (27),
coded as 1 if met and 0 otherwise. Concurrent validity between the GPAQv1 and the IPAQ demonstrated moderate to good correlation (r = 0.54) and high
repeatability between administrations (0.67–0.81) (25).

Sedentary Time: it was assessed using a question from the GPAQ: “How much time do you usually spend sitting or reclining on a typical day? This includes
activities such as sitting at a desk, sitting with friends, traveling in a car, bus, or train, reading, playing cards, or watching television.” Based on the self-
reported sedentary time, participants were categorized into two groups: those with less than 8 hours of sedentary time per day (marked as 1) and those with
8 hours or more (marked as 0) (22).

Stress

it was assessed using two items from the Perceived Stress Scale (PSS) by Cohen et al. (28), similar to previous research(29, 30). Participants rated how
often they felt unable to control important aspects of their lives and cope with their tasks, on a scale from 1 (never) to 5 (very often). Factor analysis with
polychoric correlations examined the questions' covariance, and factor scores were calculated using regression scoring, rescaled to a 2–10 range, with
higher scores indicating greater perceived stress (30). The scale has been widely used in developing countries and had a Cronbach’s a of 0.72 (31).

QoL: QoL was evaluated using the 8-item WHO Quality of Life (WHOQoL) instrument, which consisted of two questions in each of the four major domains:
physical, psychological, social, and environmental(32). Participants rated their satisfaction with various aspects of their life, such as finances, health, and
relationships, as well as their overall life satisfaction on a five-point scale ranging from very satisfied to very dissatisfied. A composite score was derived by
summing the responses across all questions to a 8–40 scale, with higher scores indicating a higher QoL. The scale showed strong internal consistency
reliability (Cronbach's α > 0.80) and good concurrent validity ( r = 0.63–0.82).

Covariates:
The selection of covariates was based on previous studies. Considering the factors that may affect the relationship between stress, physical activity,
sedentary behavior and quality of life, the following covariates were included in this study:

Age: Aging may reduce physical activity levels and affect QoL (33).

Country and Rurality: Studies have shown that older people in urban areas report higher quality of life scores compared with rural older people (34).
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Gender: Studies have shown that women may have lower QoL than men in old age, partly due to social isolation, health problems and economic
conditions (35).

Education Level: Higher education level is associated with better health decision-making ability and higher physical activity level, which in turn affects
QoL (11).

Employment Status: Employment status may affect the economic independence and social participation of the elderly, thereby affecting their QoL (36).

Cohabitating Status: Elderly people living alone may face higher stress levels and lower social support, which in turn affects QoL (37).

BMI (Body Mass Index): BMI may affect physical activity and is associated with QoL (38).

Smoking and drinking: Unhealthy lifestyles are associated with lower QoL (39).

Analysis
Data analysis was conducted using IBM SPSS Statistics (version 27). Firstly, descriptive statistics were calculated to summarize demographic
characteristics of the study participants, including means, standard deviations or percentages. A correlation matrix was constructed to explore relationships
between the key variables.

Hierarchical Regression Analysis

Hierarchical regression analyses were performed to evaluate the impact of stress, physical activity, and sedentary behavior on QoL. The following four
models were tested:

Model 1: Stress → QoL

Model 2: Stress + Physical Activity → QoL

Model 3: Stress + Sedentary Time → QoL

Model 4: Stress + Physical Activity + Sedentary Time → QoL

Moderation Analysis

After confirming that all four models had sufficient explanatory power, the SPSS PROCESS macro (version 3.5, Hayes, 2018)(40) was used to test the
moderating effects of physical activity and sedentary behavior, and the following moderation models were tested:

Hypothesis 1

The moderating effect of physical activity was tested using PROCESS Model 1, with stress (X) as the independent variable, physical activity (M) as the
moderator, and QoL (Y) as the dependent variable.

Hypothesis 2

The moderating effect of sedentary behavior was tested using PROCESS Model 1, with stress (X) as the independent variable, sedentary behavior (M) as the
moderator, and QoL (Y) as the dependent variable.

Hypothesis 3

The joint moderating effects of physical activity and sedentary behavior were examined using PROCESS Model 2, with stress (X) as the independent variable,
physical activity (M1) and sedentary behavior (M2) as moderators, and QoL (Y) as the dependent variable.

For all models, the assumptions of linearity, normality of residuals, and uncorrelated errors were verified and met. A simple slope test was used to interpret
the moderating effects. A significant interaction term (p < 0.05) indicated the presence of a moderation effect.

Results
The unweighted characteristics of the study participants are summarized in Table 1. The sample comprised a total of 7,905 individuals aged 60 years and
older, with a nearly even distribution of male (49.79%) and female participants. The average age (analyzed as a continuous variable) was 69.40 years (SD = 
7.03), and the mean BMI was 25.69 (SD = 5.35). Participants were predominantly from China (46.33%) and Russia (43.16%). The majority resided in urban
areas (68.67%), compared to 31.33% in rural settings. Most participants were not employed (76.88%) and were cohabiting (67.69%). The educational
attainment varied, with 14.99% had no formal education and 43.74% had less than primary school education, 27.73% had completed secondary school, and
13.53% had completed high school or equivalent. Regarding smoking habits, 65.82% of participants were non-smokers, while 34.18% were either current or
former smokers. Besides, the proportion of drinkers was nearly equal to that of non-drinkers (51.09% vs. 48.91%).
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Table 1
Demographic characteristics of respondents

Covariate   N M(SD)/%

Age Years 7905 69.40(7.03)

BMI kg/m2 7905 25.69(5.35)

Sex Male 3936 49.79

  Female 3969 50.21

Country China 3662 46.33

  India 565 7.15

  Russian Federation 3412 43.16

  South Africa 258 3.26

  Ghana 8 0.1

Rurality Lives in a urban area 5428 68.67

  Lives in a rural area 2477 31.33

Employment status Working 1828 23.12

  Not working 6077 76.88

Cohabitation status Living alone 2554 32.31

  Living together 5351 67.69

Education No formal education 1185 14.99

  Less than primary school 3458 43.74

  Secondary school completed 2192 27.73

  High school (or equivalent) completed 1070 13.53

Smoking Non-smoker 5203 65.82

  Ex-smoker 920 11.64

  Smoker 1782 22.54

Drinking Non-drinker 3866 48.91

  Drinker 4039 51.09

Table 2 shows the correlation matrix for all variables (except country). The results showed that except rurality, all model variables and demographic variables
were significantly related to QoL (p < 0.01). The three strongest correlations were observed for stress (r = -0.522, p < .01), sedentary behavior (r = -0.243, p <
.01), and physical activity (r = 0.195, p < .01), suggesting that higher stress and sedentary behavior were associated with lower QoL, whereas higher physical
activity was associated with better QoL.
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Table 2
Descriptive statistics and correlations among all variables (except countries)

Variables Mean SD 1 2 3 4 5 6 7 8 9 10 11

1. Sex 1.502 0.5 --                    

2. Rurality 1.313 0.464 − .201** --                  

3.
Employment
status

1.769 0.422 .165** − .380** --                

4.
Cohabitation
status

0.677 0.468 − .368** .142** − .135** --              

5. Education 1.811 1.349 .042** − .322** .111** − .051** --            

6. Smoking 0.342 0.474 − .585** .193** − .165** .218** − .116** --          

7. Drinking 0.511 0.5 − .147** -0.005 -0.018 − .058** .165** .244** --        

8. Age 69.401 7.026 .038** − .161** .290** − .269** − .042** − .098** 0.019 --      

9. BMI 25.692 5.347 .254** − .147** .148** − .191** .184** − .197** .139** .040** --    

10. Physical
Activities

0.643 0.479 − .032** 0.009 − .123** .070** .083** .051** .084** − .215** − .036** --  

11.
Sedentary

0.851 0.356 − .037** 0.022 − .065** .128** − .055** 0.005 − .073** − .174** − .086** .205** --

12. Stress 5.083 1.834 .107** .041** .085** − .163** .031** − .026** .115** .134** .124** − .106** − .21

13. Quality
of life

28.034 4.879 − .118** -0.011 − .129** .170** .065** .034** − .071** − .155** − .114** .195** − .24

** Correlation is significant at the 0.01 level (2-tailed).

All research hypotheses were tested through hierarchical regression analysis, and the results are presented in Table 3. The results revealed some important
findings. (1) All variables significantly affected QoL except rurality, (all p < 0.05). (2) Women had lower QoL than men (significant positive relationship in
models 1 to 4, β = -0.047 to − .051, p < .01). (3) Both age and BMI were negatively related to QoL. (4) Living together, not working, and not smoking or drinking
were related to higher QoL. (5) Groups with higher education levels were associated with higher QoL (significant positive correlations in all 4 models (β = 
0.083 to 0.099, p < 0.01).

Table 3
Effects of control and model variables on quality of life

Variables Model 1 Model 2 Model 3 Model 4

Control variable        

Sex -0.048** -0.051** -0.047** -0.05**

Rurality -0.012 -0.009 -0.009 -0.007

Employment status -0.074** -0.065** -0.073** -0.066**

Cohabitation status 0.053** 0.052** 0.046** 0.046**

Education 0.092** 0.083** 0.099** 0.099**

Smoking -0.027* -0.029* -0.023 -0.025*

Drinking -0.023* -0.033** -0.019 -0.029**

Age -0.049** -0.027* -0.032** -0.015*

BMI -0.039** -0.034** -0.033** -0.03*

Model variables        

Stress -0.49** -0.481** -0.468** -0.463

Physical Activity   0.122**   0.104**

Sedentary     -0.125** -0.107**

Adjusted R² 0.298 0.312 0.312 0.322

F 328.471** 318.776** 319.58** 306.413**
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* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

Table 4 shows the moderating effects of physical activities and sedentary (including interaction effects) on the relationship between stress and QoL. All four
models showed that there was a significant relationship between stress and QoL (β=-0.209 to -0.288, p < 0.01).

Table 4
Moderating effect of physical activities and sedentary on the relationship between stress and quality of life

Model Variable B SE (B) t-value p-value R R² ΔR² F-test

1 (Constant) 29.922 0.166 180.153 < 0.01 0.551 0.304 - 1123.105

  Stress -0.209 0.004 -49.728 < 0.01        

  Physical Activities 1.237 0.099 12.500 < 0.01        

  Sedentary Behavior -1.555 0.135 -11.475 < 0.01        

2 (Constant) 32.169 0.156 205.991 < 0.01 0.546 0.298 -0.006 1094.206

  Stress -0.261 0.007 -39.936 < 0.01        

  Physical Activities 0.056 0.193 0.289 0.773        

  Interaction (Stress ×Physical Activities) 0.070 0.008 8.351 < 0.01        

3 (Constant) 32.194 0.276 116.849 < 0.01 0.543 0.295 -0.009 1076.536

  Stress -0.279 0.010 -28.210 < 0.01        

  Sedentary Behavior 0.083 0.293 0.284 0.777        

  Stress × Sedentary Behavior -0.082 0.011 -7.509 < 0.01        

4 (Constant) 31.861 0.286 111.440 < 0.01 0.558 0.311 0.007 697.099

  Stress -0.288 0.010 -28.052 < 0.01        

  Physical Activities 0.257 0.195 1.317 0.188        

  Sedentary Behavior -0.032 0.294 -0.110 0.913        

  Stress × Physical Activities 0.049 0.009 5.633 < 0.01        

  Stress × Sedentary Behavior 0.061 0.011 5.425 < 0.01        

H1: Physical Activity as a Moderator
The interaction term (stress × physical activity) was significant (B = 0.070, t = 8.351, p < .01), indicating that physical activity buffered the negative
association between stress and QoL. Simple slope analysis (Fig. 1) showed that stress had a stronger negative effect on QoL among participants not
meeting physical activity recommendations (b = − .206, IC 95% [-.273, − .247], t = -39.94, p < .001) compared to those who met the recommendations (b = 
− .190, IC 95% [-.201, -0.180], t = -35.65, p < .001).

Figure 1. Moderating effect of physical activities on the relationship between stress and quality of life

H2: Sedentary Behavior as a Moderator
Similarly, the interaction term (stress × sedentary behavior) was also significant (b = 0.082, t = 7.509, p < 0.01), indicating that sedentary behavior
strengthened the negative association between stress and QoL. Simple slope analysis (Fig. 2) showed that stress had a greater negative effect on QoL
among individuals with high sedentary time (b = − .279, IC 95% [-.299, − .260], t = -28.21, p < .001) compared to those with lower sedentary time (b = − .179, IC
95% [-.206, -0.188], t = -42.29, p < .001).

Figure 2. Moderating effect of sedentary behavior on the relationship between stress and quality of life

H3: Joint Moderation by Physical Activity and Sedentary Behavior
The three-way interaction (stress × physical activity × sedentary behavior) was significant (b1 = 0.049, t1 = 5.633, p < 0.01 for physical activity; b2 = 0.061, t2 = 
5.425, p < 0.01 for sedentary behavior). Simple slope analysis (Fig. 3) revealed that the greatest negative impact of stress on QoL was observed among
participants who met neither physical activity nor sedentary time recommendations (b = − .288, IC 95% [-.308, − .268], t = -28.05, p < .001). In contrast, the
negative effect of stress on QoL was smallest among those who met both physical activity and sedentary behavior recommendations (b = − .179, IC 95%
[-.190, − .168], t = -32.88, p < .001).
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Discussion
This study examined whether physical activity and sedentary behavior moderate the association between stress and quality of life (QoL) in older adults. The
key findings indicate that stress was negatively associated with QoL, while physical activity was positively associated with QoL, and sedentary behavior was
negatively associated with QoL. Moreover, physical activity buffered the negative association between stress and QoL, whereas sedentary behavior
strengthened this negative association. Older adults who met both physical activity and sedentary time recommendations, on average, reported the highest
QoL and experienced the least impact from stress, indicating a combined protective effect. These findings highlight the importance of lifestyle behaviors in
mitigating the effects of stress on QoL among older adults.

Our result shows a negative relationship between stress and QoL, which is consistent with previous studies (41–43). Stress, whether it stems from health
problems, financial problems or social isolation, can have a significant impact on the physical, psychological and social dimensions of QoL in older adults
(8). Therefore, reducing stress in older adults is crucial to improving their QoL and mental health.

Similarly, previous studies have reported that prolonged sedentary behavior is associated with greater psychological distress and lower QoL (18, 44). Our
study adds further evidence by showing that sedentary behavior not only correlates with lower QoL but also amplifies the adverse effects of stress. This
finding underscores the importance of addressing both physical activity and sedentary time in interventions designed to enhance well-being in older adults.

Mechanistically, physical activity may mitigate stress’s impact on QoL through several pathways. Physiologically, physical activity promotes endorphin
release, which enhances mood and emotional resilience (8, 45, 46). Additionally, engaging in physical activity fosters greater social interaction, which
provides emotional support and strengthens coping mechanisms against stress (47, 48). Conversely, sedentary behavior may exacerbate stress-related
declines in QoL by increasing social isolation, reducing physical health, and heightening the risk of chronic diseases (44, 49, 50).

As mentioned above, sedentary behavior and physical activity may not be simply negatively correlated and may be related to many factors (such as physical
health status, living environment, etc.)(20). Nevertheless, our findings revealed that combining enhanced levels of physical activity with reduced sedentary
behavior regulated the relationship between stress and QoL. In particular, older adults who met the physical activity and sedentary time recommendations
collectively had the highest QoL and were least related to stress. This suggests that only increasing physical activity or only reducing sedentary time may not
necessarily maximize the quality of life of older adults. Measures need to be taken from both aspects to better improve the quality of life of the older adults.

To promote higher physical activity and lower sedentary behavior, several targeted strategies can be implemented. At the individual level, structured
programs such as low-intensity aerobics, resistance training can enhance mobility while reducing sedentary time. At the community level, creating age-
friendly environments with walking paths, senior fitness centers, and social programs can encourage active lifestyles. Public health campaigns can promote
standing breaks and light walking to reduce prolonged sitting. Finally, healthcare providers should integrate sedentary behavior assessments and physical
activity counseling into routine check-ups to support personalized interventions for improving QoL in older adults.

As for the impact of demographic characteristics, this study found that higher QoL in the older adults is associated with gender, cohabiting, not working,
having higher education, and not smoking or drinking. Conversely, increasing age and BMI are linked to lower QoL. These findings align with previous
research indicating that women tend to have lower QoL due to loneliness and susceptibility to illness (35, 51). Cohabitation, higher education, and healthier
lifestyle choices significantly contribute to better QoL in older adults (3, 52). This study also found that women had significantly lower QoL than men, and this
trend was consistent across all age groups (60–69 years, 70–79 years, 80 + years) (p < 0.05). This result is consistent with previous studies (53, 54). This
may be due to factors such as women being more likely to experience health problems, social isolation, economic instability, and increased care
responsibilities in old age (53, 55).

Comparative analysis between countries showed significant differences in stress, QoL, sedentary behavior, and physical activity levels. Russia had the
highest stress, lowest QoL, most sedentary time, and least physical activity, while China had the highest QoL and lowest stress. India had the highest level of
physical activity and the least sedentary time, while South Africa was in between. However, despite the differences in means across countries, the
relationships between the core variables remained consistent. Across all countries, stress was consistently negatively associated with QoL, physical activity
was positively associated with QoL, and sedentary behavior was negatively associated with QoL (p < 0.001). Additionally, to assess the impact of BMI as a
covariate on the results, we conducted a sensitivity analysis comparing the results of the model with and without the BMI variable. The results showed that
after removing BMI as a covariate, the main relationships between stress, physical activity, sedentary behavior and QoL remained significant (p < 0.05) and in
the same direction.

Although the study is limited by its reliance on older, cross-sectional data, the results provide valuable guidance for public health strategies aimed at
improving mental and physical health in aging populations. The presence of several limitations should be acknowledged. First, the research relies on data
from the SAGE survey, which may not fully capture all relevant variables. For instance, Senasu and Singhapakdi categorized QoL into three dimensions:
Quality of Family Life, Quality of Community Life, and Quality of Work Life, which are not comprehensively addressed in this study(56). In addition, the amount
of information contained in some variables in the survey may be insufficient: (1) Although the education variable includes different stages, there may be
differences in the same stage of education between countries, which may mask the impact of education; (2) Work status is only divided into working and
unemployed, which may ignore more detailed situations, such as the reasons for being unemployed (retirement, physical condition, family reasons, etc.); (3)
Smoking and drinking conditions also only use simple binary variables, without recording the specific amount of alcohol consumed. Second, the cross-
sectional nature of the data limits our ability to explore the causality and the long-term effects of physical activity and sedentary behavior on stress and QoL.
Third, the data used in this study is temporally limited and may fail to adequately capture emerging contemporary factors the influence of recent factors,
such as the widespread use of digital technologies and the COVID-19 pandemic on stress and QoL of the older adults. In addition, this article only discussed
the unidirectional relationship between physical activity (sedentary behavior) and quality of life (the former affects the latter), while future studies can further
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explore the potential bidirectional relationship: the mutual influence between physical activity (sedentary behavior) and quality of life (the former affects the
latter), and further qualitatively the mediating or moderating role of the latter.

Conclusion
The findings of this study suggest that balanced health behaviors, including engaging in regular physical activity and minimizing prolonged sedentary time,
may enhance well-being in aging populations. Future research should employ longitudinal designs and objective measurements to further validate these
associations and explore age- and country-specific effects in older adults.

Declarations
Acknowledgements:

None.

Declaration of Interest Statements:

The authors declare no competing financial interests.
 

Authors' Contribution

SC, YZ, and JC conceptualised and designed the study. SC, CC, WL, JC, and YZ were responsible for the literature search. SC, CC, WL, and JC participated in
data extraction and synthesis. SC, and JC and drafted, and SC, CC, WL, YZ, and JC reviewed and edited the manuscript.

Funding statement

This study is supported by the Guangdong Provincial Education Science Planning Project (Grant ID: 2025GXJK0250)

Ethical approval and informed consent statements

Not applicable, as the study utilized publicly available, de-identified data and did not involve human subjects. Ethical approval and informed consent were not
required. 

Clinical trial number: 

Not applicable

Data availability statement

Data are available at the following URL:  https://apps.who.int/healthinfo/systems/surveydata/index.php/catalog.

Consent for publication

All authors have read and approved the final version of this manuscript.

References
1. World Health Organization. World report on ageing and health. World Health Organization; 2020. Report No.

2. Xie H, Chen E, Zhang Y. Association of walking pace and fall-related injury among Chinese older adults: Data from the SAGE survey. Complementary
Therapies in Clinical Practice. 2023 Feb;50:101710. doi:10.1016/j.ctcp.2022.101710

3. Silva IGP, Marquete VF, Lino IGT, Batista VC, Magnabosco G, Haddad MDCFL, et al. Factors associated with quality of life in retirement: a systematic
review. Rev Bras Med Trab. 2022;20(04):676–84. doi:10.47626/1679-4435-2022-876

4. Bieszk-Stolorz B, Dmytrów K. The Well-Being-Related Living Conditions of Elderly People in the European Union—Selected Aspects. Sustainability. 2023
Dec 14;15(24):16823. doi:10.3390/su152416823

5. Rodríguez-Martínez A, De-la-Fuente-Robles YM, Martín-Cano MDC, Jiménez-Delgado JJ. Quality of Life and Well-Being of Older Adults in Nursing Homes:
Systematic Review. Social Sciences. 2023 Jul 21;12(7):418. doi:10.3390/socsci12070418

6. Bao XY, Xie YX, Zhang XX, Peng X, Huang JX, Du QF, et al. The association between multimorbidity and health-related quality of life: a cross-sectional
survey among community middle-aged and elderly residents in southern China. Health Qual Life Outcomes. 2019 Dec;17(1):107. doi:10.1186/s12955-
019-1175-0

7. Rezq KA, Algamdi MM, Alatawi F, Altamimi D, Albalawi N, Albalawi A, et al. Predictors for the Level of Quality of Life Among Older Adults: Approaches to
the Effect of Sociodemographic and Chronic Diseases. Kim JI, editor. Journal of Aging Research. 2024 Jan;2024(1):5436660. doi:10.1155/jare/5436660

8. Prakash S, Kumar S. Perceived Stress and Quality of Life of Elderly Living Separately from Their Adult Children- A Cross-Sectional Comparative Study.
International Journal of Health Sciences. 2019;(4).



Page 10/14

9. Anupriya, Gupta A, Department of Electronics and Telecommunication Engineering, Bangalore Institute of Technology, Visvesvaraya Technological
University, Belagavi (Karnataka), India., Singhania M, Department of Electronics and Telecommunication Engineering, Bangalore Institute of Technology,
Visvesvaraya Technological University, Belagavi (Karnataka), India., Sakchi, et al. Stress Detection using Facial Image for Elderly. IJITEE. 2022 Jul
30;11(8):59–61. doi:10.35940/ijitee.H9165.0711822

10. López J, Pérez-Rojo G. Factors associated with older adults’ quality of life. Int Psychogeriatr. 2023 Dec;35(S1):22–3. doi:10.1017/S1041610223001813

11. Da Silva CCM, Santos ABD, Leoci IC, Leite EG, Antunes EP, Torres W, et al. The Association between Perceived Stress, Quality of Life, and Level of
Physical Activity in Public School Teachers. IJERPH. 2024 Jan 12;21(1):88. doi:10.3390/ijerph21010088

12. A’Azman S, Sung P, Malhotra R. Engagement in Physical Activity and Quality of Life Among Informal Caregivers of Older Adults. J Aging Health. 2023 Nov
7;08982643231209086. doi:10.1177/08982643231209086

13. Yerrakalva D, Hajna S, Suhrcke M, Wijndaele K, Westgate K, Khaw KT, et al. Associations between change in physical activity and sedentary time and
health-related quality of life in older english adults: the EPIC-Norfolk cohort study. Health Qual Life Outcomes. 2023 Jun 22;21(1):60.
doi:10.1186/s12955-023-02137-7

14. Owari Y. Relationship between Psychological Distress and Prolonged Sedentary Bouts in the Elderly: Four Period Analysis. Healthcare. 2021 Jun
4;9(6):676. doi:10.3390/healthcare9060676

15. Choi JI, Cho YH, Kim YJ, Lee SY, Lee JG, Yi YH, et al. The Relationship of Sitting Time and Physical Activity on the Quality of Life in Elderly People.
IJERPH. 2021 Feb 4;18(4):1459. doi:10.3390/ijerph18041459

16. Kim Y, Lee E. The association between elderly people’s sedentary behaviors and their health-related quality of life: focusing on comparing the young-old
and the old-old. Health Qual Life Outcomes. 2019 Dec;17(1):131. doi:10.1186/s12955-019-1191-0

17. Oh YH, Moon JH, Kong MH, Oh B, Kim HJ. The Association between Sitting Time and Health-Related Quality of Life According to Body Mass Index in
Elderly Korean. Korean J Health Promot. 2017;17(4):209. doi:10.15384/kjhp.2017.17.4.209

18. Cho SH. Mediating and Moderating Effects of Sedentary Time on the Relationship between Elderly Suicide Ideation and Quality of Life. Society of
Occupational Therapy for the Aged and Dementia. 2023 Dec 31;17(2):27–37. doi:10.34263/jsotad.2023.17.2.27

19. Machado HR, Galvão LL, Rocha‐Silva R, Cavalcante Neto JL, Virtuoso Junior JS, Tribess S, et al. Isolated and Combined Effects of Sedentary Behaviour
and Physical Activity on Muscle Strength in Older Adults: A Prospective Cohort Study. Journal of Clinical Nursing. 2024 Nov 20;jocn.17540.
doi:10.1111/jocn.17540

20. Niklasson J. Understanding Sedentary Behavior in Older Adults: The Role of Lived Experience, Embodied Navigation, and Daily Physical Activity [Internet].
Linnaeus University; 2024 [cited 2025 Feb 14]. Available from: https://urn.kb.se/resolve?urn=urn:nbn:se:lnu:diva-133118 doi:10.15626/LUD.546.2024

21. Kowal P, Chatterji S, Naidoo N, Biritwum R, Fan W, Lopez Ridaura R, et al. Data Resource Profile: The World Health Organization Study on global AGEing
and adult health (SAGE). International Journal of Epidemiology. 2012 Dec 1;41(6):1639–49. doi:10.1093/ije/dys210

22. Zhang Y, Liu X, Ma Y, Li X. Physical Activity, Sedentary Behavior, Fruit and Vegetable Consumption, and Sarcopenia in Older Chinese Adults: A Cross-
Sectional Study. Nutrients. 2023 Aug 1;15(15):3417. doi:10.3390/nu15153417

23. Smith L, Shin JI, Carmichael C, Jacob L, Kostev K, Grabovac I, et al. Association of food insecurity with suicidal ideation and suicide attempts in adults
aged ≥50 years from low- and middle-income countries. Journal of Affective Disorders. 2022 Jul;309:446–52. doi:10.1016/j.jad.2022.04.109

24. Zeng Y, Vaupel JW, Zhenyu X, Chunyuan Z, Yuzhi L. Sociodemographic and Health Profiles of the Oldest Old In China. Population & Development Rev.
2002 Jun;28(2):251–73. doi:10.1111/j.1728-4457.2002.00251.x

25. Armstrong T, Bull F. Development of the World Health Organization Global Physical Activity Questionnaire (GPAQ). J Public Health. 2006 Apr;14(2):66–
70. doi:10.1007/s10389-006-0024-x

26. World Health Organization. Global physical activity questionnaire: GPAQ version 2.0. World Health Organization; 2009. Report No.

27. Luke A, Bovet P, Plange-Rhule J, Forrester TE, Lambert EV, Schoeller DA, et al. A mixed ecologic-cohort comparison of physical activity & weight among
young adults from five populations of African origin. BMC Public Health. 2014 Dec;14(1):397. doi:10.1186/1471-2458-14-397

28. Cohen S, Kamarck T, Mermelstein R. A Global Measure of Perceived Stress. Journal of Health and Social Behavior. 1983 Dec;24(4):385.
doi:10.2307/2136404

29. Stubbs B, Koyanagi A, Thompson T, Veronese N, Carvalho AF, Solomi M, et al. The epidemiology of back pain and its relationship with depression,
psychosis, anxiety, sleep disturbances, and stress sensitivity: Data from 43 low- and middle-income countries. General Hospital Psychiatry. 2016
Nov;43:63–70. doi:10.1016/j.genhosppsych.2016.09.008

30. Stubbs B, Vancampfort D, Veronese N, Schofield P, Lin PY, Tseng PT, et al. Multimorbidity and perceived stress: a population-based cross-sectional study
among older adults across six low- and middle-income countries. Maturitas. 2018 Jan;107:84–91. doi:10.1016/j.maturitas.2017.10.007

31. Hamad R, Fernald LCH, Karlan DS, Zinman J. Social and economic correlates of depressive symptoms and perceived stress in South African adults.
Journal of Epidemiology & Community Health. 2008 Jun 1;62(6):538–44. doi:10.1136/jech.2007.066191

32. Lee HH, Park HJ, Kim YR, Choi J, Lee SH, Kang HJ. The impact of depression, stress, and self-esteem on quality of life among older adults in South
Korea. Pak J Med Sci. 2024 Feb 3;40(4). doi:10.12669/pjms.40.4.8912

33. Fanning J, Nicklas BJ, Rejeski WJ. Intervening on physical activity and sedentary behavior in older adults. Experimental Gerontology. 2022
Jan;157:111634. doi:10.1016/j.exger.2021.111634

34. Pekçetin E, Pekçetin S, Sağlamoğlu E, Ekici G. Urban versus rural older adults: occupational balance and quality of life comparison. BMC Geriatr. 2025
Jan 21;25(1):49. doi:10.1186/s12877-025-05694-2



Page 11/14

35. Govindaraju T, McCaffrey TA, McNeil JJ, Reid CM, Smith BJ, Campbell DJ, et al. Quality of life and associations with health-related behaviours among
older adults with increased cardiovascular risk. Nutrition, Metabolism and Cardiovascular Diseases. 2022 May;32(5):1146–53.
doi:10.1016/j.numecd.2022.01.025

36. Li W, Zhang X, Gao H, Tang Q. Heterogeneous effects of socio-economic status on social engagement level among Chinese older adults: evidence from
CHARLS 2020. Front Public Health. 2024 Nov 29;12:1479359. doi:10.3389/fpubh.2024.1479359

37. Lee YH, Kwak E mi. Affection Factors of Quality of Life in Elderly Women according to the Cause of Stress. KAIS. 2022 Jun 30;23(6):237–43.
doi:10.5762/KAIS.2022.23.6.237

38. Reinbacher P, Draschl A, Smolle MA, Hecker A, Gaderer F, Lanner KB, et al. The Impact of Obesity on the Health of the Older Population: A Cross-Sectional
Study on the Relationship between Health-Related Quality of Life and Body Mass Index across Different Age Groups. Nutrients. 2023 Dec 22;16(1):51.
doi:10.3390/nu16010051

39. Skevington SM, Dehner S, Gillison FB, McGrath EJ, Lovell CR. How appropriate is the WHOQOL-BREF for assessing the quality of life of adolescents?
Psychology & Health. 2014 Mar 4;29(3):297–317. doi:10.1080/08870446.2013.845668

40. Hayes AF. Introduction to mediation, moderation, and conditional process analysis: a regression-based approach. Third edition. New York ; London: The
Guilford Press; 2022. 732 p. (Methodology in the social sciences).

41. Wahyuni R, Krisnatuti D, Musthofa. Analysis Stressors, Coping Strategies, and their Effects on Quality of Life of the Elderly during the Covid-19 Pandemic:
Analysis Stressors, Coping Strategies, and their Effects on Quality of Life of the Elderly during the Covid-19 Pandemic. JFS. 2022 Jun 30;7(1):14–28.
doi:10.29244/jfs.v7i1.39108

42. Witriyani W. The Correlation Stress Level Toward Quality of Life in Elderly People with Hypertension. HNP. 2023 Oct 30;1(2):57–66.
doi:10.58439/hnp.v1i2.136

43. Valiulienė Ž, Stalnionienė L, Petravičienė Z, Bartašiūnienė V. Stress of Elderly People and its Consequences for Mental Health. SMP. 2023 Sep 26;4(9
(321)):1–6. doi:10.47458/Slauga.2023.4.24

44. Chu A, Lu Y, Zhang H, Jiang Y. Sedentary Behavior, Physical Activity, Social Participation, and Loneliness Among Community-Dwelling Older Adults in
China. Journal of Aging and Physical Activity. 2023 Dec 1;31(6):987–94. doi:10.1123/japa.2022-0205

45. De Oliveira I, Ferreira Da Silva G, Ferreira Nunes Junior O, Souza Sá Filho A, Sousa Arantes F. Quality of life and their relationships with depression,
anxiety, and stress mediated by physical activity in adolescents: A systematic review. mtprehabjournal. 2023 Aug 30;21.
doi:10.17784/mtprehabjournal.2023.21.1247

46. Maksum A, Postgraduate School of Sport Science, Universitas Negeri Surabaya, Indonesia. Patterns of Physical Activity and Its Impact on the Quality of
Life: A Structural Equation Modeling Analysis. Ann Appl Sport Sci. 2022 Jun 1;10(2):0–0. doi:10.52547/aassjournal.1038

47. Joo MH. Associations between physical activity, stress, interpersonal relationship and quality of life in university students. Ind Jour of Publ Health Rese
& Develop. 2018;9(9):480. doi:10.5958/0976-5506.2018.01045.8

48. Ajmiri MY, Bahir H. impact of physical exercise on the mental health of the elderly. sustain sport sci j. 2023 Aug 24;1(2):46–52. doi:10.61486/ETCK4342

49. Chauntry AJ, Bishop NC, Hamer M, Kingsnorth AP, Chen YL, Paine NJ. Sedentary behaviour is associated with heightened cardiovascular, inflammatory
and cortisol reactivity to acute psychological stress. Psychoneuroendocrinology. 2022 Jul;141:105756. doi:10.1016/j.psyneuen.2022.105756

50. Pinto AJ, Bergouignan A, Dempsey PC, Roschel H, Owen N, Gualano B, et al. Physiology of sedentary behavior. Physiological Reviews. 2023 Oct
1;103(4):2561–622. doi:10.1152/physrev.00022.2022

51. Bammidi S. Some Insights on the Living Arrangements and Quality of Life of Older Women. In: Shankardass MK, editor. Older Women and Well-Being
[Internet]. Singapore: Springer Singapore; 2021 [cited 2024 Aug 23]. p. 251–77. Available from: https://link.springer.com/10.1007/978-981-16-4605-8_15
doi:10.1007/978-981-16-4605-8_15

52. Fujisawa C, Nakashima H, Komiya H, Watanabe K, Yamada Y, Tajima T, et al. Association of marital relationship with quality of life among older adults
with mild cognitive impairment and mild dementia. Geriatrics Gerontology Int. 2024 Jun;24(6):646–7. doi:10.1111/ggi.14868

53. Llorens-Ortega R, Bertran-Noguer C, Juvinyà-Canals D, Garre-Olmo J, Bosch-Farré C. Influence of social determinants of health in the evolution of the
quality of life of older adults in Europe: A comparative analysis between men and women. Humanit Soc Sci Commun. 2024 Mar 13;11(1):401.
doi:10.1057/s41599-024-02899-5

54. Islam FMA. Gender difference in domain-specific quality of life measured by modified WHOQoL-BREF questionnaire and their associated factors among
older adults in a rural district in Bangladesh. Tran BT, editor. PLoS ONE. 2025 Jan 7;20(1):e0317113. doi:10.1371/journal.pone.0317113

55. Bhatta DR. Health Behavioural Status of Gender Differences in Older People. Kutumbha vani. 2024 Oct 22;5(1):29–41. doi:10.3126/kv.v5i1.70886

56. Senasu K, Singhapakdi A. Quality-of-Life Determinants of Happiness in Thailand: the Moderating Roles of Mental and Moral Capacities. Applied
Research Quality Life. 2018 Mar;13(1):59–87. doi:10.1007/s11482-017-9506-y

Figures



Page 12/14

Figure 1

Moderating effect of physical activities on the relationship between stress and quality of life
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Figure 2

Moderating effect of sedentary behavior on the relationship between stress and quality of life
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Figure 3

Moderating effects of physical activities and sedentary behavior on the relationship between stress and quality of life


