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Abstract
Purpose  The purpose of this study is to examine whether leisure activities can help reduce years lived with disability 
and increase healthy life expectancy of diabetics aged 50 years and above.

Methods  Analysis was based on five waves of follow-up survey data (Taiwan Longitudinal Study of Aging, TLSA) from 
1996 to 2011. A total of 5131 participants aged 50 years and above in 1996 were included in the analysis, and gender, 
leisure activity participation, and diabetes mellitus were used as primary variables to examine the variation trend in 
health status in the participants. The health status in the various waves of surveys was measured using the activities 
of daily living scale, and nondisabled was defined as healthy. A multivariate logistic regression model was used to 
calculate the life expectancy (LE) and healthy life expectancy (HLE) of the people aged 50 years and above.

Results  The diabetes older people with a high frequency of leisure activities have longer HLE than those with lower 
activity frequency. Using 50-year-old diabetic women as an example, the LE (HLE) of those with six or more leisure 
activities and those with three or fewer leisure activities was 30.40 (25.34) and 24.90 (20.87), respectively. The LE (HLE) 
of men with the same conditions was 24.79 (22.68) and 20.30 (18.45), respectively.

Conclusions  This study used life expectancy and healthy life expectancy as markers to evaluate health benefits and 
provided evidence that leisure activities can help extend the life span and maintain the health status of middle-aged 
and older diabetics.
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Introduction
With the dawn of an aged society, Taiwan’s demographic 
structure has changed to one with low birth and mor-
tality rates. Due to the effects of the low mortality rate, 
the life expectancy in Taiwan has increased, of which the 
increase in older people aged 65 years and above is more 
significant than in other age groups. According to the 
Republic of China Population Estimate (2022 to 2070) [1], 
Taiwan will become a super-aged society in 2025. In fact, 
Taiwan’s 65 years and above population officially transi-
tioned into the older people’s demographic in late May 
2018. The high proportion of older people has resulted in 
huge care and medical expenditure pressure on the Tai-
wanese society.

Population aging and an increase in life expectancy 
do not necessarily imply an improvement in the quality 
of life. The rise in the physically impaired population or 
person-years leads to considerable medical and long-
term care expenses. Conversely, chronic disease is one of 
the leading causes of older people’s deaths globally and 
includes malignancies, heart disease, cerebrovascular dis-
ease, diabetes, and hypertension. Due to reduced metab-
olism, middle-aged and older people are susceptible to 
chronic disease and its complications, which increases 
the risk of death. It can be seen that the healthcare bur-
den brought about by chronic disease will accompany the 
aged society of Taiwan. Besides affecting the physical and 
mental status of individuals, chronic diseases can also 
increase family expenditure due to healthcare, of which 
diabetes mellitus is common in older people.

Among the top 10 causes of death in Taiwan, cerebro-
vascular disease, cardiovascular disease, and nephropathy 
have an inseparable causal relationship with poor diabe-
tes control. Hence, it can be seen that diabetes has a huge 
impact on Taiwanese. According to the National Health 
Insurance Administration statistics, around 2.25 million 
insured people sought treatment for diabetes in 2020, of 
which the age group with the highest number of patients 
was 1.13  million, which was twice the average. When 
viewed from the perspective of health insurance fees, 
the health insurance fee points per capita for diabetes in 
2020 was around 11,818 points [2]. Although diabetes is 
not the disease with the highest medical expenditure, the 
costs are considerable when the points for related com-
plications are added.

The life satisfaction of older people will decrease when 
they suffer from chronic diseases [3]. Overseas studies 
also showed that health status not only reflects an indi-
vidual’s actual health but also their subjective thoughts 
and has direct effects on life satisfaction [4–6]. Frequent 
interactions with friends and family and moderate par-
ticipation in social activities, socializing, and community 
activities will increase the life satisfaction of older peo-
ple [3, 7–11]. A study also pointed out that family-based 

leisure services and social interaction opportunities can 
maintain the health status of older people and promote 
physical activities and social welfare in older people, 
particularly during the COVID-19 pandemic [12]. Lei-
sure activities not only result in physical relaxation, 
promote physical and mental health, and increase physi-
cal strength but also help relieve emotional stress and 
improve the quality of life in older people [5, 13–16].

Recently, many studies have examined the relationship 
between leisure activities and health in older people. Lei-
sure activities, such as traveling, can improve the health 
status of older people [17]. Another study examined the 
effect of different leisure activities (active or passive) on 
healthy aging and happiness and found that passive lei-
sure activities may impede a socially healthy aging pro-
cess in older people [18]. Col et al. [19] pointed out that 
leisure activities have significant effects on happiness, life 
satisfaction, depression, and stress levels in older people 
but do not have significant effects on the levels of anxiety 
and mental health. Kim et al. [20] used a questionnaire 
survey to examine the welfare development measures for 
older people and pointed out that the quality of life, sub-
jective health status, and family income of older people 
are related to participation in leisure activities. Hakman 
et al. [21] provided a theoretical basis for the planning 
and management of older people’s leisure and health 
promotion activities. They pointed out that the plan-
ning and implementation of leisure and health activity 
plans can improve the physical working capacity, psycho-
emotional state, the level of pain, cognitive functions, 
and the level of somatic health of older people. The study 
by Jeong and Park [22] showed that leisure participation 
and exploration are significantly correlated with depres-
sion and quality of life in older people. The study by Sala 
et al. [23] found that participation in leisure activities is 
extremely beneficial to older people as it can help them 
maintain healthy cognitive, physical, and mental health 
during aging. Zhou et al. [24] examined the relationship 
between leisure activities and frailty in older people and 
pointed out that leisure activities can decrease the risk 
of frailty. In addition, many studies also pointed out that 
leisure activity participation has many benefits for older 
people, such as promoting mental health [25, 26], health 
promotion [27, 28], improving family relationships and 
interpersonal interactions [29–32], and increasing finan-
cial benefits [32, 33].

In summary, in view of the huge impact of leisure 
activities on older people health, particularly diabetics, 
the primary objective of this study was to understand 
whether leisure activity participation by people aged 50 
years and above can increase the health benefits in dia-
betics. The average life expectancy and the gap in healthy 
life expectancy were compared based on the diabetes sit-
uation of older Taiwanese people and their participation 
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in leisure activities to examine the health benefits of lei-
sure activities for older people with diabetes.

Materials and methods
Data source
This study is a long-term cohort study that is representa-
tive of Taiwan. The data used in this study was obtained 
from the Taiwan Longitudinal Study of Aging (TLSA) 
by the Health Promotion Administration, Ministry of 
Health. Data from the 3rd to 7th surveys in 1996 to 2011 
(1996, 1999, 2003, 2007, 2011) were used for analysis, and 
the 3rd older people survey in 1996 was used as the start-
ing year for data analysis. People aged 50 years and above 
in the 1996 survey were included in this study as partici-
pants, and there were 5131 participants in total. Besides 
collecting data using past questionnaire surveys, the sam-
ple’s identification card number and cause of death data 
were compared, and the sample survival status and date 
of death were updated year by year. The Taiwan Longi-
tudinal Study of Aging (TLSA) database will be used to 
examine the correlation between leisure activities and 
healthy life expectancy in this study.

Definition and measurement of variables
This study used leisure activity participation in the start-
ing year as the primary variable. The health and survival 
statuses observed during the 15-year follow-up survey 
period from 1996 to 2011 were used to calculate life and 
healthy life expectancies. In order to control the effects 
of basic demographic characteristics on health, a statisti-
cal model was used to control the effects of age and gen-
der. The definitions of basic demographic characteristics, 
disease, leisure activities, and health status of the partici-
pants are as follows:

1.	 Basic demographic characteristics: age, gender (male, 
female).

2.	 Disease definition: Since many comorbidities, such as 
cerebral vascular diseases, cardiovascular disorders, 
and nephropathy, were closely related to diabetes 
mellitus, this study focuses on the occurrence of 
diabetes. The diagnosis of diabetes was confirmed by 
the physician (yes, no) during the follow-up survey.

3.	 Definition of leisure activities: The frequency of 
leisure activity participation was used as the main 
variable for analysis and examination. The leisure 
activities include:

 	• Watching television/videotapes.
 	• Listening to the radio.
 	• Reading newspapers, magazines, books, or novels.

 	• Reciting sutras, burning incense, praying or reading 
sutras in the temple, praying, going to church 
(religious activities).

 	• Playing chess or cards (including mahjong, four color 
cards).

 	• Chatting or drinking tea with relatives, friends, or 
neighbors.

 	• Gardening and horticulture.
 	• Taking a walk.
 	• Slow job, hiking, playing ball games, and other 

outdoor activities.
 	• Participation in team activities, such as concerts, 

dancing, and Tai chi.
 	• Interests or hobbies: playing a musical instrument, 

painting, woodworking, needlework, stamp 
collecting, collection, etc.

 	• Watching concerts, Taiwanese operas, and Peking 
operas.

4.	 Definition of health status: In this study, healthy 
life expectancy was defined as disability-free life 
expectancy and health status was measured using 
the activities of daily living (ADL) scale, that is, Katz 
Index [34, 35]. This index was based on the first six 
items in the Barthel scale and includes the following 
six activities. Disability is when a participant finds 
it “somewhat difficult”, “difficult,” or “completely 
impossible” to complete any of the following 
activities.

 	• Bathing.
 	• Dressing/undressing.
 	• Feeding.
 	• Getting out of bed, standing, or sitting on a chair.
 	• Walking indoors.
 	• Toileting.

Statistical analysis
The discrete-time Markov model [36] was used as the 
analysis model for healthy life expectancy calculations 
in this study, and the maximum likelihood method was 
used to estimate transition probabilities for health states 
to calculate life expectancy [37]. The advantage of this 
method is that it can fully use all data of the participant, 
including the status of the participant in each wave of 
survey, survey date, and can also handle the missing val-
ues for lost-to-follow-up, health status, and examination 
data and is suitable for follow-up surveys with different 
intervals. The aforementioned 1996–2011 elderly disabil-
ity health information was used to calculate the effects of 
leisure activity participation and diabetes on the healthy 
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life expectancy of middle-aged and older people. At 
the same time, gender differences were included in the 
examination.

Results
Table 1 shows the age, gender, diabetes status, duration, 
and disability status distribution of the 5131 study partic-
ipants in the 1996 survey. From the leisure activity partic-
ipation of people aged 50 years and above in this study, it 
can be seen that the mean age of those who participated 
in more leisure activities was lower (64.79). Among the 
5131 participants, 559 were older people with diabetes in 
the 1996 survey. At the same time, it was found that there 

were more male participants (66.36%). In addition, dia-
betes and ADL disability examination found that diabetes 
decreased as the number of leisure activities increased 
(from 11.94 to 9.79%), and a similar trend was observed 
for disability (from 24.66 to 3.29%).

For analyzing the types of leisure activities, Table  2 
shows the age, gender, and leisure activity participation of 
samples by the status of diabetes, disease duration (years: 
≤5 and > 5), and ADL disability. From Table  2, watch-
ing TV (94.07%), drinking tea with friends or neighbors 
(60.52%), religious activities (58.58%), and taking a walk 
(56.32%) were highly participatory leisure activities. On 
the other hand, considering the duration of diabetes, 
results from Table  2 also show that whether the dura-
tion of diabetes is long or short, the four leisure activi-
ties (watching TV, drinking tea with friends or neighbors, 
religious activities, and taking a walk) are still the main 
leisure activities for the older people without ADL dis-
ability. For example, the proportions of watching TV, 
drinking tea with friends or neighbors, religious activi-
ties, and taking a walk for older people with a lower dura-
tion of diabetes (≤ 5 years) and without ADL disability 
were 97.97%, 60.16%, 64.49%, and 57.55%, respectively. 
For the case with longer duration of diabetes (> 5 years), 

Table 1  Age, gender, diabetes status, and disability status 
distribution of samples aged 50 years and above in 1996 based 
on leisure activity participation

Leisure activity participation
3 or less 4–5 6 or more types

Variable n (%) n (%) n (%)
Age (mean ± SD) 67.79 ± 9.95 66.91 ± 9.04 64.79 ± 8.65
Gender: Male 854 (44.16) 1036 (54.90) 868 (66.36)
Diabetes: Yes 231 (11.94) 200 (10.60) 128 (9.79)
ADL disability: Yes 477 (24.66) 151 (8.00) 43 (3.29)

Table 2  Age, gender, and types of leisure activity participation of samples aged 50 years and above in 1996 by the status of diabetes, 
disease duration (years: ≤5 and > 5), and ADL disability

Diabetes

No Yes
Duration (Years)

≤ 5 > 5

ADL disability
Total No Yes No Yes No Yes

Variable n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Age
(mean ± SD)

66.70 ± 9.37 65.58 ± 9.14 74.23 ± 8.62 64.89 ± 8.23 71.96 ± 7.56 67.34 ± 7.21 72.46 ± 6.94

Male 2757 (53.80) 2267 (56.30) 226 (41.77) 119 (48.37) 24 (52.17) 85 (47.22) 35 (41.67)
The types of leisure activities
Watching television/videotapes 4819 (94.07) 3872 (96.20) 432 (79.85) 241 (97.97) 37 (80.43) 176 (97.78) 60 (71.43)
Listening to the radio 1886 (37.00) 1553 (38.83) 149 (27.54) 86 (34.96) 10 (21.74) 65 (36.11) 22 (26.19)
Reading newspapers, magazines, books, or 
novels

1999 (39.14) 1733 (43.17) 82 (15.21) 86 (35.10) 10 (21.74) 72 (40.22) 16 (19.28)

Religious activities 3000 (58.58) 2478 (61.60) 217 (40.11) 148 (60.16) 20 (43.48) 112 (62.22) 24 (28.57)
Playing chess or cards 502 (9.83) 426 (10.62) 17 (3.14) 25 (10.20) 2 (4.35) 27 (15.08) 5 (6.02)
Chatting or drinking tea with relatives, friends, or 
neighbors

3096 (60.52) 2530 (62.94) 238 (43.99) 158 (64.49) 21 (46.67) 111 (61.67) 37 (44.05)

Gardening and horticulture 1527 (29.84) 1311 (32.61) 65 (12.01) 88 (35.77) 0 (0.00) 53 (29.44) 10 (12.05)
Taking a walk 2874 (56.32) 2375 (59.26) 180 (33.27) 141 (57.55) 15 (32.61) 133 (74.42) 29 (34.52)
Slow job, hiking, playing ball games, and other 
outdoor activities

943 (18.43) 856 (21.29) 8 (1.48) 39 (15.85) 1 (2.17) 35 (19.55) 4 (4.76)

Participation in team activities 410 (8.00) 347 (8.62) 11 (2.03) 24 (9.76) 0 (0.00) 24 (13.33) 4 (4.76)
Interests or hobbies 272 (5.31) 248 (6.16) 5 (0.92) 8 (3.25) 0 (0.00) 11 (6.11) 0 (0.00)
Watching concerts, Taiwanese operas, and 
Peking operas

259 (5.06) 224 (5.57) 10 (1.85) 11 (4.47) 1 (2.17) 11 (6.15) 2 (2.38)

Others 222 (4.33) 190 (4.72) 7 (1.29) 14 (5.69) 1 (2.17) 8 (4.44) 2 (2.38)
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these four proportions were 97.78%, 62.22%, 61.67%, and 
74.42%, respectively.

Conversely, an examination of diabetics found that dis-
ability in diabetics increased with the year, that is, the 
proportion of people with disability increases with age. 
When classified based on leisure activity participation, 
the proportion of middle-aged and older diabetics with 
disability in the different years decreases with increasing 
leisure activity participation: the proportion of subjects 
with a disability who participated in 3 or fewer activi-
ties was 26.73-38.82%, the proportion of subjects with a 

disability who participated in 4–5 activities was 14.71–
34.64%. In comparison, the proportion of dis-abled par-
ticipants who participated in 6 or more activities was 
4.52–21.48% (Fig. 1).

In addition, this study estimated the life expectancy 
and healthy life expectancy at 50, 60, 65, 75, and 85 years 
based on the diabetes status and leisure activity participa-
tion of middle-aged and older participants aged 50 years 
and above, which is shown in Table 3. Using 50 years as 
an example, the life expectancy (healthy life expectancy) 
of nondiabetics who participated in 3 or fewer, 4–5, and 6 

Table 3  Life expectancy and healthy life expectancy of middle-aged and older people based on age, diabetes status, and leisure 
activity participation

Diabetes No Yes
Age Leisure activity participation 3 or less 4–5 6 or more 3 or less 4–5 6 or more
50 LE 29.90 32.03 33.76 22.97 24.98 26.63

HLE 26.76 28.83 30.72 19.91 21.86 23.66
60 LE 21.19 23.15 24.72 15.30 17.01 18.39

HLE 18.01 19.90 21.64 12.15 13.79 15.34
65 LE 17.33 19.14 20.58 12.20 13.70 14.88

HLE 14.10 15.84 17.46 8.95 10.37 11.74
75 LE 11.13 12.52 13.56 7.88 8.93 9.61

HLE 7.70 9.00 10.26 4.22 5.14 6.07
85 LE 7.43 8.41 8.93 6.00 6.82 7.02

HLE 3.50 4.30 5.11 1.57 2.01 2.52
LE = life expectancy; HLE = Healthy life expectancy

Fig. 1  The proportion of diabetics with ADL disability based on leisure activity participation and year
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leisure activities was 29.90 years (26.76 years), 32.03 years 
(28.83 years), and 33.76 years (30.72 years), respectively 
while the corresponding (healthy life expectancy) of dia-
betics was 22.97 years (19.91 years), 24.98 years (21.86 
years), and 26.63 years (23.66 years), respectively. It can 
be seen that the life expectancy and healthy life expec-
tancy of nondiabetics were longer than diabetics. Con-
trarily, increasing leisure activity participation also led to 
an increase in life expectancy and healthy life expectancy 
when the age is the same.

Figure  2 shows the healthy life expectancy trends of 
diabetics based on gender. It can be seen that the healthy 
life expectancy of females is longer than males under the 
same conditions, such as the same leisure activity par-
ticipation and age. In addition, participation in more lei-
sure activities can increase healthy life expectancy. For 
example, the healthy life expectancy of 50-year-old male 
diabetics who participated in 3 or fewer, 4–5, and 6 and 
more leisure activities was 18.45 years, 20.54 years, and 
22.68 years, respectively, and the corresponding healthy 
life expectancy for females was 20.87, 23.17, and 25.34 
years, respectively. The increase in healthy life expec-
tancy due to increased leisure activities in both genders 
is around 2 years.

Discussion and conclusions
Participation in leisure activities has many benefits for 
middle-aged and older diabetics, including physical 
health, mental health, and socializing. Moderate leisure 
activities such as walking, swimming, or yoga can help 
increase insulin sensitivity and promote fasting blood 
glucose and glycated hemoglobin level control. At the 
same time, these leisure activities can prevent cardio-
vascular disease risk in middle-aged and older diabetics. 
Some leisure activities, such as participation in cooking 
courses or health seminars, can provide practical diet 
and lifestyle management information to middle-aged 
and older people. This can help patients better under-
stand how to manage diabetes and achieve better con-
trol. Furthermore, diabetics can decrease the risk of some 
diabetes-related complications, such as neuropathy or 
retinopathy, through participation in leisure activities.

On the other hand, results of this study also show that 
watching TV, drinking tea with friends or neighbors, reli-
gious activities, and taking a walk are the main leisure 
activities for older people. With regard to the mental 
health of middle-aged and older people, stress can lead to 
glycemic excursions. Therefore, participation in relaxing 
and joyful activities and using reading, listening to music, 
or gardening as an effective stress management measure 

Fig. 2  Healthy life expectancy trends of diabetics based on gender, leisure activity participation, and age
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can alleviate stress, thereby improving the mental health 
status of middle-aged and older people. Conversely, par-
ticipation in leisure activities can provide opportunities 
to interact with other people, which is vital to the men-
tal and emotional health of middle-aged and older dia-
betics in the current aged and sub-replacement fertility 
social environment. This can help alleviate loneliness 
and depression in patients and in-crease life satisfaction 
in middle-aged and older people. In middle-aged and 
older populations with long-term diabetes, these leisure 
activities can help maintain a positive mindset and face 
challenges caused by diabetes, thereby improving quality 
of life. Besides, these four main leisure activities (watch-
ing TV, drinking tea with friends or neighbors, religious 
activities, and taking a walk) are very easy to carry out. 
Especially for taking a walk, it not only provides opportu-
nities to interact with other people, but also improves the 
the physical health of older people.

This study used the TLSA that is representative of Tai-
wan to estimate the effects of leisure activities on healthy 
life expectancy in middle-aged and older diabetics. This 
was different from past studies as measurement and 
observation of the health effects of leisure activities was 
further extended from purely quantitative calculation 
(life expectancy) to healthy life expectancy with a qualita-
tive connotation. The results of this study found that par-
ticipation in leisure activities can decrease the years lived 
with disability and increase the healthy life expectancy of 
middle-aged and older people aged 50 years and above. 
Besides providing evidence that participation in leisure 
activities can extend life expectancy and maintain health 
status, the estimation results can also be translated for 
the development of teaching materials and public com-
munication so that simple life expectancy and healthy life 
expectancy comparison can be used to help older people 
understand the positive effects of leisure activities on 
health. This can also encourage middle-aged and older 
people to participate in moderate activities to maintain 
health. On the other hand, we know that comorbidities 
may also influence life expectancy. However, the comor-
bidities of the diabetics did not be considered in this 
study since no information about comorbidities caused 
by diabetes could be carried out. This is one of limita-
tions of this study. The effect of comorbidities for older 
people’s life expectancy can treat as a direction for our 
future study.

This study is a long-term cohort study that is represen-
tative of Taiwan and examines the correlation between 
leisure activities and healthy life expectancy. Its prospec-
tive cohort study design helped to elucidate the correla-
tion between leisure activity participation and health 
status conversion. However, people with better health sta-
tus may participate in leisure activities, resulting in lon-
ger and healthier life expectancy. Overall, participation 

in leisure activities by middle-aged and older diabetics is 
a multi-pronged health promotion strategy that can help 
to comprehensively improve their quality of life, physical 
health, and mental health. However, patients should con-
sult their physician before starting a new activity plan to 
ensure the safety and suitability of the activity.

Acknowledgements
We do appreciate the Health and Welfare Data Science Center, Ministry of 
Health and Welfare (HWDC, MOHW), Taiwan, to provide the panel data of 
“Taiwan Longitudinal Study on Aging” (TLSA) for analysis.

Author contributions
I.-W.H. and S.-C.L.; methodology, S.-J.W., and C.-H.L.; validation, Y.-Y.X. and 
I.-W.H.; formal analysis, S.-C.L. and Y.-T.T.; data curation, S.-C.L. and Y.-T.T.; 
writing—original draft preparation, I.-W.H., S.-J.W., S.-C.L. and L.-P.H.; writing—
review and editing, L.-P.H., S.-C.L. and Y.-T.T.; supervision, Y.-Y.X. and S.-J.W.; 
funding acquisition, I.-W.H. and S.-C.L. All authors have read and agreed to the 
published version of the manuscript. All authors read and approved the final 
manuscript.

Funding
This research was funded by Chung-Kang Branch, Cheng-Ching General 
Hospital Research Fund, grant number CH11100278B.

Data availability
Data available on request from the authors.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki, and approved by the Institutional Review Board of Cheng-Ching 
General Hospital (IRB number: HP230015). The research involves no more than 
minimal risk to subjects. The informed consent to participate is waived by the 
IRB of Cheng-Ching General Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 March 2024 / Accepted: 6 May 2024

References
1.	 National Development Council, ROC (Taiwan). Population Projections 

for ROC (Taiwan): 2022 ~ 2070. Taipei: National Development Council, 
ROC (Taiwan). 2022. Available online: https://pop-proj.ndc.gov.tw/News.
aspx?n=3&sms=10347 (accessed on 15 June 2023).

2.	 National Health Insurance Administration, Ministry of Health and Welfare, 
ROC (Taiwan). National Health Insurance Annual Statistical Report. 2021. 
Available online: https://dep.mohw.gov.tw/dos/lp-5103-113-xCat-y109.html 
(accessed on 15 June 2023).

3.	 Liu LJ, Guo Q. Life satisfaction in a sample of empty-nest elderly: a 
survey in the rural area of a mountainous county in China. Qual Life Res. 
2008;17(6):823–30.

4.	 An JY, An K, O’Connor L, Wexler S. Life satisfaction, self-esteem, and perceived 
health status among elder Korean women: focus on living arrangements. J 
Transcult Nurs. 2008;19(2):151–60.

5.	 Borg C, Hallberg IR, Blomqvist K. Life satisfaction among older people (65+) 
with reduced self-care capacity: the relationship to social, health and finan-
cial aspects. J Clin Nurs. 2006;15(5):607–18.

6.	 Kudo H, Izumo Y, Kodama H, et al. Life satisfaction in older people. Geriatr 
Gerontol Int. 2007;7:15–20.

https://pop-proj.ndc.gov.tw/News.aspx?n=3&sms=10347
https://pop-proj.ndc.gov.tw/News.aspx?n=3&sms=10347
https://dep.mohw.gov.tw/dos/lp-5103-113-xCat-y109.html


Page 8 of 8Huang et al. Diabetology & Metabolic Syndrome          (2024) 16:100 

7.	 Barrett AE. Social support and life satisfaction among the Never Married 
examining the effects of Age. Res Aging. 1999;21(1):46–72.

8.	 Chen C. Aging and life satisfaction. Soc Indic Res. 2001;54:57–79.
9.	 Tercan E. An examination of leisure participation, family assessment and life 

satisfaction in university students. Procedia Soc Behav Sci. 2015;186:58–63.
10.	 Krause N, Liang J. Stress, social support, and psychological distress among 

the Chinese elderly. J Gerontol. 1993;48(6):282–91.
11.	 Ho SC, Woo J, Lau J, et al. Life satisfaction and associated factors in older 

Hong Kong Chinese. J Am Geriatr Soc. 1995;43(3):252–5.
12.	 Son JS, Nimrod G, West ST, Janke MC, Liechty T, Naar JJ. Promoting older 

adults’ physical activity and Social Well-Being during COVID-19. Leis Sci. 
2021;43(1–2):287–94.

13.	 Inal S, Subasi F, Ay SM, Hayran O. The links between health-related behaviors 
and life satisfaction in elderly individuals who prefer institutional living. BMC 
Health Serv Res. 2007;7:30.

14.	 Subasi F, Hayran O. Evaluation of life satisfaction index of the elderly people 
living in nursing homes. Arch Gerontol Geriatr. 2005;41(1):23–9.

15.	 Lin YS, Huang WS, Yang CT, Chiang MJ. Work leisure conflict and its associa-
tions with well-being: the roles of social support, leisure participation and job 
burnout. Tourism Manage. 2014;45:244–52.

16.	 Nkuba M, Hermenau K, Hecker T. The association of maltreatment and 
socially deviant behavior–findings from a national study with adolescent 
students and their parents. Mental Health Prevent. 2019;13:159–68.

17.	 Zhao YZ. Study on the relationship of leisure sports tourism with the health 
of the elderly. Rev Bras Med Esporte. 2022;28(5):432–5.

18.	 Bum CH, Johnson JA, Choi C. Healthy aging and happiness in the 
Korean Elderly based upon leisure activity type. Iran J Public Health. 
2020;49(3):454–62.

19.	 Col BK, Kose BG, Basaran AG. The effect of leisure activities on successful 
aging. Niger J Clin Pract. 2022;25(11):1904–10.

20.	 Kim BR, Hwang HH. Analysis of major factors affecting the quality of life of 
the Elderly in Korea in Preparation for a Super-aged Society. Int J Environ Res 
Public Health. 2022;19(15):9618.

21.	 Hakman A, Andrieieva O, Kashuba V, et al. Technology of planning and 
management of leisure activities for working elderly people with a low level 
of physical activity. J Phys Educ Sport. 2019;19(1):2159–66.

22.	 Jeong EH, Park JH. The relationship among leisure activities, depression and 
quality of life in community-dwelling elderly koreans. Gerontol Geriatr Med. 
2020;6:2333721420923449.

23.	 Sala G, Jopp D, Gobet F, et al. The impact of leisure activities on older 
adults’ cognitive function, physical function, and mental health. PLoS ONE. 
2019;14(11):e0225006.

24.	 Zhou J, Li X, Gao X, et al. Leisure activities, genetic risk, and Frailty: 
evidence from the Chinese adults aged 80 years or older. Gerontology. 
2023;29(8):961–71.

25.	 Hou CQ, Liu WQ, Zhi L, Han WC, Lan T. UGT-mediated metabolism plays 
a dominant role in the pharmacokinetic behavior and the disposition of 
morusin in vivo and in vitro. J Pharm Biomed Anal. 2018;154:339–53.

26.	 Leung L, Lee PSN. Multiple determinants of life quality: the roles of internet 
activities, use of new media, social support, leisure activities. Telemat Infor-
mat. 2005;22:161–80.

27.	 Gaudron JP, Vautier S. Analyzing individual differences in vocational, leisure, 
and family interests: a multitrait-multimethod approach. J Vocat Behav. 
2007;70:561–73.

28.	 Labbé D, Miller WC, Ng R. Participating more, participating better: health 
benefits of adaptive leisure for people with disabilities. Disabil Health J. 
2019;12:287–95.

29.	 Townshend TG. Youth, alcohol and place-based leisure behaviours: a study of 
two locations in England. Soc Sci Med. 2013;91:153–61.

30.	 Badia M, Longo E, Orgaz M, Gómez-Vela BM. The influence of participation in 
leisure activities on quality of life in Spanish children and adolescents with 
cerebral palsy. Res Dev Disabil. 2013;34:2864–71.

31.	 Zhang W, Feng QS, Lacanienta J, Zhen ZH. Leisure participation and subjec-
tive well-being: exploring gender differences among elderly in Shanghai, 
China. Arch Gerontol Geriatr. 2017;69:45–54.

32.	 Schnohr P, O’Keefe JH, Holtermann AH, Lavie CJ, Marott JL. Various leisuretime 
physical activities associated with widely divergent life expectancies: the 
copenhagen city heart study. Mayo Clin Proc. 2018;93:1775–85.

33.	 Chang YW, Polonsky MJ. The influence of multiple types of service conve-
nience on behavioral intentions: the mediating role of consumer satisfaction 
in a Taiwanese leisure setting. Int J Hosp Manag. 2012;31:107–18.

34.	 Katz S. Assessing self-maintenance: activities of daily living, mobility and 
instrumental activities of daily living. J Am Geriatr Soc. 1983;31(12):721–6.

35.	 Hartigan I. A comparative review of the Katz ADL and the Barthel Index in 
assessing the activities of daily living of older people. Int J Older People Nurs. 
2007;2(3):204–12.

36.	 Laditka SB, Wolf DA. New methods for analyzing active life expectancy. J 
Aging Health. 1998;10(2):214–41.

37.	 Lièvre A, Brouard N, Heathcote C. The estimation of health expectancies from 
cross-longitudinal surveys. Math Popul Stud. 2003;10(4):211–48.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿The benefits of leisure activities on healthy life expectancy for older people with diabetes
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data source
	﻿Definition and measurement of variables
	﻿Statistical analysis

	﻿Results
	﻿Discussion and conclusions
	﻿References


