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Abstract: Whether changes in health behaviors can improve successful aging has not been well
explored. The purpose of this study was to assess the effects of health-related behaviors and changes
on successful aging in Indonesian older adults. Data were from the fourth and fifth waves of
the Indonesia Family Life Survey (IFLS), the participants were aged 60 years and older and who
completed both waves (n = 1289). Successful aging indicators were defined as no chronic diseases, no
physical function difficulties, no depressive symptoms, intact cognitive function, with social support,
and with social participation. Health-related behaviors focused on smoking, physical activities,
and protein intake. A logistic regression analysis was conducted. The overall successful aging
rate in 2007 was 23.6%, and it had decreased to 5.6% by 2014. There were gender differences in
smoking, physical activities, and behavioral changes, including promoting increased physical activity,
no smoking/smoking cessation, and adequate protein intake by older adults. Quitting smoking,
performing medium physical activity, and increasing protein intake were protective factors for
successful aging, but the effects of behavioral changes differed by gender. Health-related behaviors
and changes may impact successful aging among older adults. A healthy lifestyle is suggested to be
adopted as early as possible in one’s life course.

Keywords: health behaviors; physical activity; smoking; protein intake; older people; successful
aging

1. Introduction

The concept of successful aging has become the new paradigm in gerontological
research. According to the most widely applied definition by Row and Khan [1], success-
ful aging is the status of older people simultaneously meeting the following criteria: a
low risk of diseases, high cognitive and physical functioning, and engagement with life.
The concept of successful aging has been explored or applied in Western countries for
a long time [2–5]. Similar studies were conducted in Asian countries as well, including
Taiwan [6,7], Singapore [8], Korea [9], Japan, China [10], and Indonesia [11]. Early studies
focused on how to define successful aging, and later studies explored factors related to
successful aging by applying longitudinal data. Although associations of health-related
behaviors with successful aging were also explored [12], the effects of changes in health
behaviors on successful aging have been less well explored. In particular, due to differences
in social roles by gender, health behaviors and successful aging may differ by gender. In
this study, we examined the successful aging status of older people in Indonesia and the
effects of changes in healthy behaviors on successful aging.
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1.1. Heath-Related Behaviors and Successful Aging

A successful aging process is not only impacted by implementation of public policies
that promote healthy aging but also depends on outcomes of individual behaviors, i.e.,
behaviors that avoid risk factors and strengthen protections throughout one’s life [13].
Physical activities, smoking, and dietary patterns have all been linked to components that
are frequently included in successful aging criteria [14]. Older adults engage in healthy
behaviors, including smoking cessation [15–17], having good dietary protein intake [18–20],
and performing physical activities [16,21–25]. Certain behaviors may contribute to success-
ful aging by several previous longitudinal studies, such as smoking cessation, which affect
the absence of disease [12], physical functioning [12,26], cognitive functioning [15,27], and
active engagement with life [12]. Engaging in physical activities is beneficial for survival,
physical functioning [12,28], and cognitive functioning [15]. Reduced salt intake and satu-
rated fat intake may reduce the morbidity due to chronic heart diseases [29]. A sedentary
lifestyle is related to greater depressive symptoms [30]. Protein intake increases muscle
mass and physical functioning [19,25,31]. Alcohol consumption may be related to declines
in physical functioning [12] and cognitive functioning [15]. An integrated healthy lifestyle
is related to a better chance of overall successful aging [11,14].

1.2. Changes in Health-Related Behaviors and Successful Aging

Adopting a healthier lifestyle by changing behaviors is beneficial not only for individ-
uals who have health problems in their old age but also for healthcare professionals and the
government to maintain their healthcare and social care budgets [32]. Some of the effects of
changes in health behaviors on successful aging were illustrated by several previous studies.
Understanding food-intake patterns of older people is a strategy to overcome malnutrition
in this population. Older adults are advised to increase their protein intake compared to
younger adults to maintain health, promote disease recovery, and maintain function [33].
Increased protein intake may delay the incidence of frailty in very old adults [34]. Changes
in physical activity among older adults are associated with successful aging [16,30,35–37].
Higher physical activity is associated with better mental health and the prevention or
reduction of depressive symptoms [30,35,36]. Changing sedentary habits into light physical
activity is associated with improving health [37] and cognitive functioning [16]. Older
smokers have higher risks to cognitive functioning [16,17] and higher morbidity and mortal-
ity [38], while reducing smoking may cause depression [39,40] yet boost overall health [41].
Changes in the smoking status were associated with successful aging as well. Consistently
smokers showed significant cognitive declines compared to non-smokers [16]. Quitters
and non-smokers have decreased risks of dementia [42], and smoking is related to faster
declines in cognitive function [15]. A meta-analysis showed that smoking cessation was
related to a lower possibility of depression compared to current smokers [43], and smoking
cessation may reduce the risk of frailty [44]. There was a dose-response relationship of
smoking with the risk of mortality [45], and reducing the number of cigarettes smoked
per day reduces the risk of mortality [46]. Changing sedentary habits into light physical
activity associated with improving the health [37] and cognitive function [16]. Alcohol
drinking was found to be related to successful aging in longitudinal studies [12,15], but the
effects of the change of alcohol intake among older adults were less explored.

1.3. Gender Differences in Health-Related Behaviors and Successful Aging

Gender differences in several dimensions of successful aging were found. Older men
are more likely to have a better status of successful aging. Gender differences are associated
with multimorbidity [47,48], physical functioning [49–51], cognitive functioning [52–54],
depression [55–57], and engagement with life [58–60]. Gender differences were also found
in health-related behaviors, including physical activity levels [61,62], smoking [63,64], and
protein intake [65–69]. Older men are more likely to smoke, do more physical activities,
and have higher protein intake than older women. Gender differences in health and use
of health behaviors can be explained as different social classes between men and women
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and show social norms. Women tend to have lower social positions than men in most
societies. Social position mediates access to positive and negative social and environmental
factors that occur in the individual, household, and community levels [70,71]. Due to
the cumulative disadvantage, women usually have fewer chances to get education and
promotion in their jobs, which contributes to a lower income [72]. Gender differences in
HRBs can also be explained by the knowledge gap or health literacy differences, differences
in health beliefs, social role differences, and social disparities due to gender [73].

1.4. Background in Indonesia

In Indonesia, in almost five decades (1971~2020), the percentage of elderly has more
than doubled to 9.92% (about 26 million people) [73]. The rise in the number of older
people coincides with an increase in the weight of dependency on family, society, and the
government. However, the successful aging status has been little explored in Indonesia.
In particular, high smoking rate in males, low physical activity in females, and popular
consumption of fried food are major health issues in Indonesia [74]. The Ministry of
Health of Indonesia has started health promotion for older people through the Posyandu
Lansia program to provide physical and mental health checkups and monitor health
behaviors (including smoking history, dietary history, and physical activity) for older
people. Nevertheless, the effects of smoking, low physical activity, and dietary patterns on
successful aging for older people in Indonesia have not been explored.

Many studies have used longitudinal data to examine factors related to successful
aging [7,15,16,20,38–42,45,46,59,63,68], and changes in health behaviors may affect health
outcomes [12,15,16,30–32,34–40,42,44–46]. However, whether changes in health behaviors
affect the chance of successful aging for older adults in Indonesia has not been confirmed.
In addition, whether gender differences in health behaviors cause differences in successful
aging has not been examined either. Thus, the purposes of this study were to examine
related factors and the effects of changes in health-related behaviors on successful aging by
older people in Indonesia using longitudinal data.

In this study, we have not just used a longitudinal data but also have examined the
changes of health-related behaviors and particularly focused on the effects of changes
of behaviors on successful aging. The findings are expected to provide suggestions for
health-promoting policies and implications for further research related to older people.

2. Materials and Methods
2.1. Data and Sample

A longitudinal study design was used in this study to examine associations of related
factors at the baseline with successful aging among older Indonesian adults. Data were
obtained from the Indonesia Family Life Survey (IFLS), a longitudinal socioeconomic and
health survey. It is based on a representative sample of Indonesian families. The current
study used the fourth and fifth waves of the IFLS, which were conducted starting from 2007
and 2014, respectively. The target population in this study included those aged ≥ 60 years
in 2007 (wave 4) and who completed the follow-up in 2014 (wave 5). In total, the sample
we analyzed consisted of 1289 individuals.

2.2. Measures

Successful aging indicators in wave 5 were the dependent variables, and independent
variables in wave 4 and changes in those variables between waves 4 and 5 were included
in the model.

2.2.1. Successful Aging

Successful aging was defined according to Rowe and Kahn’s framework [1]. In
this study, successful aging was measured as participants who simultaneously met six
indicators in three domains: physical (free of chronic disease and no difficulties with
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instrumental activities of daily living (IADLs), psychological (no depressive symptoms and
intact cognitive function), and social (having good social support and social participation).

1. No chronic diseases: Nine chronic diseases were assessed by self-reporting, including
hypertension, diabetes, asthma, heart attack, liver, stroke, cancer, arthritis, and gout.
The variable was coded as 0 (having disease) or 1 (not having any disease).

2. No physical function difficulties: IADLs were used to determine physical functioning.
IADL items included shopping for personal needs, preparing food, and taking medi-
cations. Each item was coded 0 (easy), 1 (somewhat difficult), and 2 (unable to do)
and then summed. The total score ranged 0–6 and was then recoded as 0 (having any
difficulty) or 1 (having no difficulty).

3. No depressive symptoms: The Center of Epidemiological Studies Depression Scale
(CESD)-10 was used to measure depressive symptoms. Each item was scored from
0 to 3, and the total score ranged 0~30. A total score of >10 was defined as having
depressive symptoms (yes = 1; no = 0) [75].

4. Intact cognitive function: Cognitive function was measured by the Telephone Survey
of Cognitive Status (TICS) [76] using the following assessments: (1) awareness of the
date (scored 0~2); (2) awareness of the day of the week (scored 0~1); (3) word recall of
10 nouns (scored 0~9); and (4) second time to repeat 10 nouns (scored 0~9). A score
of ≤6 was indicative of impaired cognitive function, and a score more than 6 was
defined as intact (1 = intact; 0 = impaired).

5. Having social support: Living with spouse and children (yes = 1; no = 0).
6. Having social participation: Social participation was defined as involvement in five

types of community groups or activities in the previous 12 months (yes/no): com-
munity meetings, volunteer labor, programs to improve the neighborhood, religious
activities, and Arisans. An Arisan is a group of people who contribute money on
a regular basis over a set period of time. After the money has been raised, one of
the members will be proclaimed the winner, and the winner will be responsible for
holding the next meeting. The Arisan helps people save money, build friendships, and
increase social interactions [77]. Social participation was described as those who par-
ticipating in at least one type of community activity. The coding of social participation
was defined as yes (1) or no (0).

The six indicators above were used to describe successful aging. Participants who had
no chronic diseases, had no physical function problems, had no depressive symptoms, had
no diminished cognitive function, had social support, and participated in social activities
were considered to be successfully aging. In addition, the three domains of successful
aging were also defined for analysis: physical successful aging (no chronic diseases and no
physical function difficulties), psychological successful aging (not depressive and without
impaired cognitive function), and social successful aging (having good social support and
social participation).

2.2.2. Related Factors

Related factors included demographics and health-related behaviors at the baseline
and changes that occurred between the two waves. Demographic variables included age
(60~69 and ≥70 years), gender (male and female), educational level (college, university
and above, senior high school, junior high school, elementary, and no formal educa-
tion), monthly expenditure (USD 2.98~26.91, USD 26.92~39.62, USD 39.63~56.50, USD
56.51~91.45, and ≥USD 91.43), place of residence (rural and urban), ethnicity (Javanese
and non-Javanese ethnic groups), and health insurance (yes and no).

Three health-related behaviors were assessed: smoking, physical activities, and protein
intake. Smoking was classified as yes (1 = current smoker) or no (0 = non-smoker). The
brief version of the International Physical Activity Questionnaire (IPAQ) [78] was used to
assess physical activity by asking about the number of days expended on three tasks in
the previous 7 days: vigorous activities, moderate physical effort, and walking. Physical
activity was divided into three categories based on the criteria of the brief IPAQ: high
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(at least 3 days in a week of vigorous-intensity activity), moderate (at least 5 days of
moderate-intensity activities and/or 30 min of walking per day), and low (not meeting
any criteria for vigorous or moderate exercise). The coding was physical activity was low
(0), moderate (1), and high (2). Protein intake was assessed using the results of a food
intake questionnaire. The Food Frequency Questionnaire (FFQ), a standard instrument
for measuring food intake, was used to determine dietary intake [79]. Protein food items
were inconsistent in the two waves, and thus, only consistent food items were included
in the analysis. We used four food items: eggs, fish, meat (beef, chicken, pork, etc.), and
dairy products. Protein intake was assessed as high protein intake (intake at least once
every day of any kind) and low intake (not every day) (high = 1, low = 0). Changes in
certain variables in the two waves were included in the analysis: place of residence, health
insurance status, smoking, protein intake, and physical activity.

2.3. Analysis

Descriptive analyses, bivariate analyses, and binary logistic regression analyses were
used in this study. Changes in factors related to successful aging were analyzed by a binary
logistic regression.

3. Results

Table 1 shows the characteristics of the sample population. In the two waves, the
smoking rate dropped from 55.1% to 47.6%. There were 56.6% of older participants with
low physical activity, 18.9% had medium, and 24.5% had high physical activity levels at the
baseline; physical activity slightly increased in the follow-up wave. There were 61.8% of
participants with high protein intake at the baseline, but only 53.7% had high protein intake
in the follow-up. Over a span of 7 years, the proportion of the six indicators of successful
aging decreased from the baseline.

Table 1. The description of the sample of the IFLS wave 4 and wave 5 data for older people aged 60
and above (%).

Variables Baseline (2007) Follow-Up (2014)

Age
Age 60–69 84.4 —
Age 70+ 15.6 —

Sex
Female 52.1 —
Male 47.9 —

Education
College, university, and above 4.7 —

Senior high school 8.3 —
Junior high school 6.7 —

No education to elementary school 51.1 —
No formal education 29.2 —
Monthly expenditure at baseline

USD 2.98~26.91 25.1 —
USD 26.92~39.62 22.0 —
USD 39.63~56.50 20.4 —
USD 56.51~91.45 18.7 —
USD 91.43+ 13.7 —

Ethnicity —
Javanese 48.6 —
Non-Javanese 51.4 —

Religion
Islam 87.2 —
Others (Catholic, Protestant, Hindu, Buddhism) 12.9 —
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Table 1. Cont.

Variables Baseline (2007) Follow-Up (2014)

Place of residence
Urban 43.4 50.7
Rural 56.6 49.3

Health Insurance
Yes 29.1 52.3
No 70.9 47.7

Health-related behaviors
Smoking

Yes 55.1 47.6
No 44.9 52.4

Physical activity
Low 56.6 51.4
Medium 18.9 22.7
High 24.5 25.9

Protein intake
High 61.8 53.7
low 38.2 46.3

Successful Aging
Chronic disease numbers

Having chronic disease 36.6 43.8
No chronic disease 63.4 56.2

Physical function
Having physical difficulty 6.7 42.3
No physical function difficulty 93.3 57.7

Depressive symptoms
Having depressive symptoms 2.1 16.5
No depressive symptoms 97.9 83.5

Cognitive function
Impaired cognitive function 44.7 60.0
No cognitive impairment 55.3 40.0

Social support
No social support 30.3 42.9
Having social support 69.7 57.1

Social participation
No social participation 5.0 20.8
Having social participation 95.0 79.2

Overall Successful aging
Failed 76.4 94.4
Successful 23.6 5.6

Note: N = 1289. Only the participants who completed both waves were included.

Changes in health behaviors by sex are shown in Table 2. Most of the participants
maintained stable health behaviors, but there were gender differences in health behaviors.
There were gender differences in smoking: most males continued to smoke (71.2%), while
most females maintained a non-smoking status (79.5%). The starting smoking rate and
quitting rate were slightly higher in males than in females. Regarding changes in the
pattern of protein intake, 23.9% maintained a low status, 39.5% maintained a high status,
14.3% increased their protein intake, and 22.3% reduced their protein intake. There were no
gender differences in changes in protein intake patterns. As for changes in physical activity,
40.5% remained stable, while 26.2% reduced their physical activity, and 33.3% increased
it. Gender differences were found in physical activity changes with older females having
a higher stable rate (44.1%) than males (36.6%) and with older males showing greater
increases in physical activity (37.2%) than older females (29.7%).
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Table 2. Changes of health-related behaviors by sex.

Variables
Baseline-Followup

Total (n = 1289) Males (n = 617) Females (n = 672)

N % N % N %

Smoking ***
No–No 616 47.8 82 13.3 534 79.5
No–Yes 99 7.7 58 9.4 41 6.1
Yes–No 67 5.2 38 6.2 29 4.3
Yes–Yes 507 39.3 439 71.2 68 10.1

Protein intake
Low–Low 308 23.9 135 21.9 173 25.7
Low–High 184 14.3 99 16.0 85 12.6
High–Low 288 22.3 133 21.6 155 23.1
High–High 509 39.5 250 40.5 259 38.5

Physical activity **
Stable 517 40.5 223 36.6 294 44.1
Reduced 335 26.2 160 26.2 175 26.2
Increased 425 33.3 227 37.2 198 29.7

Note: Chi-square test was analyzed. ** p < 0.01, *** p < 0.001.

Table 3 shows the successful aging rate by gender. In 2007, older males showed
significantly better successful aging rate than older females in no chronic diseases, no
cognitive impairment, having social support, having social participation, and overall
successful aging. In 2014, older men still showed better successful aging in most of the
indicators except there was no difference in depressive symptoms. That indicates the older
men had a better chance at successful aging than older women. The bi-variate analysis of the
association of successful aging with baseline and the changes of the independent variables
by gender are shown in the Supplementary Materials Tables S1 and S2. There were gender
differences in health behaviors and successful aging. Thus, we analyzed the association of
health-related behaviors with successful aging by gender in the following analysis.

Table 3. Successful aging rate in the two waves by gender (%).

Successful Aging Indicators Total Men Women

2007
No chronic disease 63.4% *** 70.3% 57.1%
No physical function difficulty 93.3% 93.9% 92.8%
No depressive symptoms 97.9% 98.7% 97.2%
No cognitive impairment 55.3% *** 61.6% 49.1%
Having social support 69.7% *** 91.6% 49.7%
Having social participation 95.0% *** 90.3% 99.4%
Overall successful aging 23.6% *** 32.8% 14.7%

2014
No chronic disease 56.2% *** 61.3% 51.5%
No physical function difficulty 57.7% *** 48.6% 66.1%
No depressive symptoms 83.5% 84.6% 82.4%
No cognitive impairment 40.0% *** 48.1% 32.6%
Having social support 57.1% *** 83.6% 32.7%
Having social participation 79.2% * 81.7% 76.9%
Overall successful aging 5.6% *** 8.9% 2.5%

Note: N = 1289. Analysis by Chi-square test, * p < 0.05, *** p < 0.001.

Longitudinal changes in health-related behaviors and factors related to successful
aging among older males by the logistic regression are presented in Table 4. Older adults
who had no chronic diseases were more likely to have low education (odds ratio (OR) = 0.75),
low monthly expenditures (OR = 0.85), a stable health insurance status between the two
waves (OR = 0.56 from no to yes), performed medium physical activity at the baseline
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(OR = 1.83), and had a change in the smoking status (OR = 0.41 for quitting smoking).
Those with no difficulties in physical functioning were more likely to perform low physical
activity (OR = 0.56 for moderate physical activity) and to have experienced a protein intake
change from low to high (OR = 2.18). Those who had no cognitive impairment were
more likely to be younger (OR = 0.25 for older) and have higher education (OR = 1.97).
Those with greater social support were more likely to have stayed and not changed their
residence between the two waves (OR = 0.46 to change one’s residence), to have changed
their health insurance status from not having to having insurance (OR = 2.26), and to have
changed their smoking behavior from having smoked at the baseline (OR = 0.21) to having
quit smoking (OR = 0.22). Older adults who had good social participation were more
likely to be younger (OR = 0.55 for older), have a higher educational level (OR = 1.44), be
Javanese (OR = 1.95), and have increased their physical activity levels between the two
waves (OR = 1.98). Overall successful aging, as assessed by meeting all six indicator criteria,
was significantly related to being younger (OR = 0.21 for older).

Health-related behavioral changes and factors related to longitudinal successful aging
among older females according to the logistic regression are presented in Table 5. Older
adults who had no chronic diseases were more likely to have lower monthly expenditures
(OR = 0.85) and to have changed their health insurance status from yes to no (OR = 2.02).
Those with no physical function difficulties were more likely to have low changes in stable
protein intake between the two waves (OR = 0.50 for a low to high change). Those who
had no cognitive impairment were more likely to be younger (OR = 0.33 for older), have a
higher educational level (OR = 2.52), and have increased performance of physical activities
(OR = 1.75) between the two waves. Those with good social support were more likely to
be younger (OR = 0.33 for older) and Javanese (OR = 1.70). Older adults who had good
social participation were more likely to have a higher educational level (1.72), be Javanese
(OR = 2.23), and have increased their level of physical activity (OR = 1.79) between the two
waves. Those with overall successful aging, as assessed by meeting all six indicator criteria,
were more likely to have had a higher educational level (OR = 2.24) and to have changed
their residence (OR = 4.51).

Furthermore, we tried to add age interaction terms with health behavioral changes
and education interactions with behavioral changes to examine the possible moderating
effects of age and socioeconomic status in health behavior changes. Please see the results in
the Supplementary Materials (Tables S3 and S4). Most of the age interactions and education
interactions were not significant and may dilute or offset the original age and education
effects; an exception is higher education with high protein intake, which may be protective
in cognitive function for males and facilitate overall successful aging for females.
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Table 4. Health-related behavior changes and factors related to longitudinal successful aging by logistic regression among male older adults (odds ratios and 95%
confidence interval).

Variables at Baseline No Chronic
Disease

No Physical
Difficulty

Intact Cognitive
Function

No Depressive
Symptoms

Having Social
Support

Having Social
Participation

Overall
Successful Aging

Demographics
Age

Age 60–69 1 1 1 1 1 1 1
Age 70+ 1.36 (0.82–2.27) 0.6 7(0.42–1.07) 0.25 (0.14–0.44) *** 1.10 (0.58–2.09) 0.66 (0.37–1.17) 0.55 (0.32–0.95) * 0.21 (0.04–0.89) *

Education at baseline 0.75 (0.61–0.91) ** 0.93 (0.77–1.13) 1.97 (1.57–2.46) *** 1.22 (0.93–1.61) 0.97 (0.75–1.25) 1.44 (1.10–1.89) ** 1.27 (0.92–1.75)
Monthly expenditure at baseline 0.85 (0.74–0.99) * 1.08 (0.94–1.24) 1.00 (0.86–1.16) 0.91 (0.75–1.10) 0.95 (0.79–1.15) 1.10 (0.92–1.32) 0.86 (0.67–1.11)
Place of residence at baseline

Urban 1 1 1 1 1 1 1
Rural 0.98 (0.65–1.48) 0.89 (0.60–1.31) 0.81 (0.54–1.21) 0.65 (0.38–1.12) 1.06 (0.62–1.79) 1.38 (0.84–2.27) 1.04 (0.52–2.07)

Ethnicity
Non-Javanese 1 1 1 1 1 1 1
Javanese 0.99 (0.68–1.43) 0.86 (0.61–1.22) 0.93 (0.64–1.35) 1.19 (0.74–1.92) 1.00 (0.62–1.60) 1.95 (1.22–3.10) ** 1.09 (0.59–2.01)

Health insurance at baseline
No 1 1 1 1 1 1 1
Yes 0.77 (0.47–1.28) 0.97 (0.60–1.56) 0.88 (0.52–1.47) 1.04 (0.52–2.05) 0.78 (0.43–1.41) 1.39 (0.73–2.68) 0.76 (0.32–1.76)

Demographic Changes
Changes of residence

Stable 1 1 1 1 1 1 1
Changed 1.05 (0.54–2.03) 1.69 (0.90–3.17) 1.11 (0.58–2.11) 0.95 (0.42–2.10) 0.46 (0.22–0.95) * 0.86 (0.39–1.89) 0.74 (0.21–2.61)

Changes of health insurance
Stable 1 1 1 1 1 1 1
From no to yes 0.56 (0.36–0.86) ** 0.98 (0.65–1.48) 1.25 (0.81–1.93) 0.78 (0.45–1.35) 2.26 (1.19–4.31) * 1.04 (0.61–1.76) 0.81 (0.38–1.73)
From yes to no 1.85 (0.83–4.11) 0.85 (0.42–1.72) 1.19 (0.56–2.52) 0.75 (0.29–1.93) 1.21 (0.51–2.87) 1.03 (0.39–2.69) 1.85 (0.58–5.86)

Health-Related Behavior and Changes
Smoking at baseline

No 1 1 1 1 1 1 1
Yes 0.67 (0.37–1.21) 1.13 (0.66–1.93) 1.13 (0.63–2.02) 1.24 (0.59–2.57) 0.21 (0.06–0.70) * 1.51 (0.76–3.01) 0.61 (0.27–1.36)

Smoking changes
Stable and started smoking 1 1 1 1 1 1 1
Quitting smoking 0.41 (0.18–0.91) * 1.12 (0.54–2.35) 0.82 (0.37–1.82) 1.81 (0.60–5.41) 0.22 (0.55–0.89) * 1.49 (0.58–3.81) 0.36 (0.09–1.43)
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Table 4. Cont.

Variables at Baseline No Chronic
Disease

No Physical
Difficulty

Intact Cognitive
Function

No Depressive
Symptoms

Having Social
Support

Having Social
Participation

Overall
Successful Aging

Physical activity at baseline
Low 1 1 1 1 1 1 1
Medium 1.83 (1.12–2.99) * 0.56 (0.36–0.88) * 1.38 (0.87–2.19) 1.47 (0.81–2.70) 1.29 (0.68–2.44) 1.50 (0.82–2.76) 1.51 (0.70–3.27)
High 1.67 (0.90–3.09) 0.58 (0.32–1.03) 1.81 (0.98–3.34) 1.33 (0.59–2.96) 0.65 (0.31–1.36) 1.25 (0.60–2.61) 0.98 (0.35–2.74)

Physical activity changes
Stable 1 1 1 1 1 1 1

Reduced 0.73 (0.41–1.30) 1.52 (0.89–2.57) 0.75 (0.43–1.31) 1.23 (0.58–2.61) 1.02 (0.51–2.04) 0.83 (0.42–1.63) 0.87 (0.35–2.15)
Increased 1.33(0.87–2.05) 0.93(0.62–1.39) 0.97(0.63–1.49) 1.04(0.61–1.78) 1.17(0.66–2.07) 1.98(1.15–3.42) * 0.71(0.34–1.44)

Protein intake changes
Low stable 1 1 1 1 1 1 1

Low to high 0.84 (0.46–1.55) 2.18 (1.24–3.83) ** 1.17 (0.64–2.12) 1.32 (0.60–2.89) 0.93 (0.44–1.94) 0.91 (0.44–1.87) 1.19 (0.41–3.45)
High to low 1.09 (0.62–1.92) 1.12 (0.67–1.86) 1.09 (0.63–1.88) 0.86 (0.44–1.68) 0.76 (0.39–1.49) 0.99 (0.50–1.95) 1.41 (0.55–3.60)
High stable 0.65 (0.39–1.09) 1.14 (0.71–1.84) 1.28 (0.77–2.13) 1.23 (0.64–2.35) 1.32 (0.68–2.56) 0.87 (0.46–1.61) 1.65 (0.68–4.00)

Note: Binary logistic regression was used for analysis. The reference group of the variables: chronic disease (have chronic disease), physical function (have physical function), depressive
symptoms (have depressive symptoms), cognitive (have impaired cognitive function), social support (not having), social participation (not having), overall successful aging (failed), age
(age 60–69), gender (women), monthly expenditure, residence (urban), ethnicity (Javanese), health insurance (yes), smoking (no), protein intake and changes (low stable), physical
activity (low), changes of health insurance (stable), changes of residence (stable), physical activity changes (stable), and smoking changes (stable and starting smoking). * p < 0.05,
** p < 0.01, *** p < 0.001.

Table 5. Health-related behavior changes and factors related to longitudinal successful aging by logistic regression among female older adults (odds ratios and 95%
confidence interval).

Variables No Chronic
Disease

No Physical
Difficulty

Intact Cognitive
Function

No Depressive
Symptoms

Having Social
Support

Having Social
Participation

Overall
Successful Aging

Demographics
Age at baseline

Age 60–69 1 1 1 1 1 1 1
Age 70+ 1.02 (0.64–1.60) 0.69 (0.44–1.09) 0.33 (0.17–0.67) ** 1.16 (0.63–2.10) 0.35 (0.20–0.64) ** 1.13 (0.67–1.91) <0.01 (0.00–0.00)

Education at baseline 0.84 (0.68–1.04) 1.05 (0.85–1.30) 2.52 (1.94–3.27) *** 1.08 (0.83–1.41) 1.07 (0.86–1.33) 1.72 (1.27–2.34) *** 2.24 (1.25–4.01) **
Monthly expenditure at baseline 0.85 (0.75–0.96) * 1.03 (0.90–1.18) 1.14 (0.98–1.32) 1.00 (0.84–1.17) 0.91(0.79–1.04) 1.11 (0.95–1.30) 0.79 (0.50–1.25)
Place of residence at baseline

Urban 1 1 1 1 1 1 1
Rural 1.18 (0.83–1.69) 1.06 (0.73–1.54) 0.78 (0.52–1.18) 0.89 (0.56–1.43) 1.29 (0.88–1.90) 0.74 (0.48–1.14) 0.89 (0.23–3.34)
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Table 5. Cont.

Variables No Chronic Disease No Physical
Difficulty

Intact Cognitive
Function

No Depressive
Symptoms

Having Social
Support

Having Social
Participation

Overall Successful
Aging

Ethnicity
Non-Javanese 1 1 1 1 1 1 1
Javanese 1.39 (0.99–1.95) 0.95 (0.67–1.34) 0.78 (0.52–1.17) 1.28 (0.82–1.98) 1.70 (1.19–2.45) ** 2.23 (1.47–3.39) *** 0.52 (0.16–1.71)

Health insurance at baseline
No 1 1 1 1 1 1 1
Yes 0.84 (0.53–1.32) 1.26 (0.78–2.02) 0.62 (0.95–2.74) 0.93 (0.53–1.65) 1.10 (0.67–1.79) 1.46 (0.80–2.67) 0.93 (0.20–4.18)

Demographic Changes
Changes of residence

Stable 1 1 1 1 1 1 1
Changed 0.14 (0.82–2.60) 0.96 (0.53–1.75) 0.73 (0.36–1.46) 0.66 (0.34–1.28) 1.29 (0.71–2.33) 1.95 (0.93–4.06) 4.51 (1.05–19.25) *

Changes of health insurance
Stable 1 1 1 1 1 1 1
From no to yes 0.94 (0.63–1.40) 1.37 (0.90–2.08) 1.55 (0.98–2.43) 1.42 (0.84–2.42) 1.32 (0.87–2.01) 0.97 (0.61–1.55) 0.76 (0.18–3.16)
From yes to no 2.02 (1.01–4.02) * 1.08 (0.53–2.19) 0.66 (0.30–1.45) 1.93 (0.73–5.12) 0.66 (0.31–1.42) 0.75 (0.31–1.78) 1.78 (0.26–12.01)

Health-Related Behavior and changes
Smoking at baseline

No 1 1 1 1 1 1 1
Yes 0.89 (0.55–1.43) 0.95 (0.58–1.53) 0.99 (0.55–1.76) 0.9 4(0.51–1.72) 0.70 (0.41–1.18) 0.69 (0.41–1.17) 0.68 (0.07–6.01)

Smoking changes
Stable and started smoking 1 1 1 1 1 1 1
Quitting smoking 0.99 (0.50–1.93) 1.84 (0.86–3.93) 0.95 (0.41–2.22) 1.07 (0.45–2.53) 0.44 (0.18–1.04) 1.19 (0.54–2.62) 3.85 (0.84–17.48)

Physical activity at baseline
Low 1 1 1 1 1 1 1
Medium 1.87 (0.94–3.70) 1.04 (0.52–2.06) 0.98 (0.44–2.19) 0.86 (0.37–2.00) 1.01 (0.48–2.10) 1.59 (0.71–3.58) 1.36 (0.08–21.42)
High 1.45 (0.76–2.75) 1.03 (0.54–1.99) 1.22 (0.58–2.59) 0.78 (0.35–1.71) 1.58 (0.82–3.06) 1.27 (0.59–2.75) 2.79 (0.24–32.31)

Physical activity changes
Stable 1 1 1 1 1 1 1
Reduced 0.97 (0.51–1.84) 0.98 (0.51–1.87) 1.36 (0.64–2.89) 1.31 (0.60–2.86) 0.62 (0.32–1.20) 1.32 (0.61–2.87) 2.81 (0.30–26.21)
Increased 1.45 (0.98–2.13) 1.21 (0.81–1.81) 1.75 (1.11–2.76) * 1.28 (0.77–2.13) 1.20 (0.80–1.82) 1.79 (1.12–2.84) * 2.80 (0.53–14.67)

Protein intake and changes
Low stable 1 1 1 1 1 1 1
Low to high 0.80 (0.45–1.42) 0.50 (0.28–0.89) * 0.66 (0.32–1.35) 1.05 (0.49–2.62) 1.19 (0.64–2.20) 1.50 (0.75–3.00) 0.66 (0.09–4.83)
High to low 1.29 (0.81–2.05) 0.82 (0.50–1.33) 1.09 (0.62–1.89) 1.10 (0.59–2.05) 1.15 (0.70–1.90) 1.28 (0.75–2.19) 0.67 (0.10–4.20)
High stable 0.84 (0.54–1.30) 0.71 (0.45–1.13) 1.04 (0.62–1.76) 0.75 (0.43–1.32) 1.21 (0.75–1.93) 1.44 (0.86–2.42) 0.80 (0.17–3.65)

Note: Binary logistic regression was used for analysis. The reference group of the variables: chronic disease (have chronic disease), physical function (have physical function), depressive
symptoms (have depressive symptoms), cognitive (have impaired cognitive function), social support (not having), social participation (not having), overall successful aging (failed),
age (age 60–69), gender (women), education, monthly expenditure, residence (urban), ethnicity (Javanese), health insurance (yes), smoking (no), protein intake and changes (low
stable), physical activity (low), changes of health insurance (stable), changes of residence (stable), physical activity changes (stable), and smoking changes (stable and starting smoking).
* p < 0.05, ** p < 0.01, *** p < 0.001.
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4. Discussion

In this study, we examined effects of related factors and changes in health-related
behaviors on successful aging by examining longitudinal data of older people in Indonesia.
The overall successful aging rate in 2007 was 23.6%, which had decreased to 5.6% by 2014
based on the six indicators. There were significant gender differences in smoking, changes
in smoking, and changes in physical activity as well as successful aging indicators. For
older males, smoking was related to a lower chance of having social support, and those
quitting smoking also had lower chances of having no chronic diseases and having social
support. Performing a medium level of physical activity was related to a better chance of
having no chronic diseases but a smaller chance of having no physical difficulties, while
increased physical activity increased the chance of having social participation. Males with
a change in protein intake from low to high had an increased likelihood of having no
physical functional difficulties compared with those who maintained a low protein intake.
Regarding older female participants, physical activity at the baseline was not significant,
but higher physical activity increased the chances of intact cognitive functioning and having
social participation. Changing one’s protein intake from low to high was related to a lower
chance of having no physical functional difficulties compared to the group who maintained
a low protein intake.

4.1. Successful Aging in Indonesia

We compared the successful aging rates of Indonesian older adults with those in China,
Japan, Singapore, and South Korea, which were assessed at about the same time [8–10],
although the measurements were not exactly the same. The success rate in Korea was
13.3% [9], and those in China and Japan were 15.7% and 29.2%, respectively [10]. Successful
aging rates of Indonesia were higher in 2007 (23.6%) and decreased to much lower in 2014
(5.6%) compared with these countries.

The successful rate of these six indicators of Indonesia with these Asian countries are
also compared. The rate of having no chronic diseases in Indonesia was higher than those
in Korea (48.2%) and China (40.4%) and was only lower than the early developed country
of Japan (62.1%). The low rate of chronic diseases in Indonesia is due to the fact that most
people do not realize they have a chronic disease and only seek health services when they
have had an acute attack or have a disability due to their illness. Indonesia just recently
initiated a universal health insurance scheme in 2014. There may have been unmet needs
of healthcare utilization before implementation of universal health insurance, and thus, the
self-reported morbidity may have been underestimated. That implies the measurement of
successful aging from Rowe and Kahn’s model, at least at the current stage, might not be a
perfect indicator for older people in Indonesia.

Indonesia also had the highest rate for active engagement compared to China, Korea,
and Japan, especially in terms of social participation. In Indonesian culture, people are
expected to be friendly and easy to get along with in their neighborhood, particularly in
rural areas. Older people in Indonesia often participate in different kinds of social groups,
and Arisan and religious groups are the most popular kinds. Arisan groups are a unique
activity with chances to save money, meet friends, and increase social interactions [77].
Arisan is an activity in which all age groups in Indonesia participate and demand, even
many elementary school-aged children form Arisan groups. In addition, Indonesia requires
that all people need to have a religion belief. For example, Pengajian, a Muslim community
activity, is an arrangement of religious activities that aims to produce an experience of
religious teaching. Such activities are highly demanded in the community, especially
by older adults. Participating in such groups make older people feel closer to God and
happier, and that also benefits higher cognitive functioning and quality of life [43]. Thus,
older people tend to participate in various kinds of social groups and enjoy highly social
connectedness compared to older people in other countries.
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4.2. Smoking and Smoking Changes and Successful Aging

Most smokers were males among these older people. In this study, older males who
quit smoking had a lower chance in having no chronic diseases. It is possible that older
males quit smoking because they were sick from chronic diseases. We also found that older
males who smoked at the baseline and subsequently quit smoking were less likely to have
social support (i.e., living with family). Older men who did not have a spouse were more
likely to smoke [80]. Further, many families in Indonesia find it very difficult to accept if
there are family members who smoke when they are older. Smoking may lead to diseases
and becomes a caregiving burden on the family.

4.3. Physical Activity and Changes and Successful Aging

We found that older males who performed moderate physical activity were more likely
to have no chronic diseases, which is consistent with previous studies [81–83]. However,
those who performed medium physical activity were less likely to have no physical diffi-
culties than those who performed lower or no activities. One explanation is that some older
adults did have the habit of physical activity until frailty or functional limitations occurred.
For older participants in this study, performing physical activities was more like a response
to functional difficulties but not a cause of physical functioning. The causal relationship
between physical functional difficulties and physical activities needs to be confirmed with
further information. Those who increased their physical activity over a period of 7 years
were more likely to have good social participation. Many kinds of social participation
require good physical functioning to participate in the activities, and increasing physical
activities usually is beneficial for physical functioning. Older female participants who
increased their physical activity were more likely to have intact cognitive functioning. This
is in accordance with previous studies [16,84], and those with increased physical activity
were also more likely to have social participation.

4.4. Protein Intake and Changes and Successful Aging

In this study, older males whose protein intake changed from low to high were more
likely to having no physical difficulties, which is consistent with previous studies [33,34].
However, older women who experienced changes in protein intake from low to high had a
lower chance of having no functional difficulties. It is possible that the disability declined
dramatically between the two waves. Thus, when older women increased their protein
intake, the intake was still not enough to compensate their physical functioning decline.

4.5. Limitations

There are several limitations to this study. First, some of the variables used to define
successful aging and health-related behaviors were not available and were not consistent
across the five waves of the IFLS. Only the latest two waves were suitable for application
for this study. Furthermore, only consistent variables in the two waves were selected as
measurements, such as dietary intake items and cognitive function. Second, only two waves
were included for analysis, and the dynamic changes of behaviors between the 7 years
were not detected. Third, the data were from self-reported surveys. The data of some
variables might not have been accurate, such as morbidity from chronic diseases. However,
self-reported survey is the most feasible method to obtain data from community-based
people, and IFLS was a nationally representative source of longitudinal data in Indonesia.
Such longitudinal data were very valuable in research of public health. Fourth, we defined
successful aging indicators as binary variables (success or failure) due to the available
measurement in this data. The definition may be too arbitrary and can not show a complete
picture of successful aging. Fifth, the cutting point to define low, moderate, and high degree
of physical activity measured by IPAQ was based on the criteria of general population but
not for older people. The criteria may be too strict for older people.
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5. Conclusions

Health-related behaviors and changes in those behaviors may affect successful aging
in older people. However, changes in health behaviors may require a longer time and an
early start to produce significant improvements in successful aging. We suggest promoting
increasing physical activity, no smoking/smoking cessation, and assuring appropriate
protein intake for Indonesian older adults to achieve successful aging. Friendly and
accessible methods to provide health information about how to promote healthy behaviors
for older people should be considered, such as through TV programs or health education
activities held by the Posyandu Lansia or providing booklets about preparation of successful
aging. Building up a healthy lifestyle should begin as early as possible, and then, the effects
on successful aging would be more effective. Health promotion education and health
literacy about healthy lifestyle should also be provided for younger generations in the
school education for teenagers and beyond. In addition, gender differences exist in health
behaviors and successful aging. We also suggest that a gender-sensitive intervention aimed
at promoting healthy lifestyles for successful aging by Indonesian older adults should be
conducted in the future.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19105952/s1, Table S1: Bivariate analysis for successful
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aging by related factors among female older adults in 2014.

Author Contributions: Conceptualization, H.-C.H. and L.W.O.; data curation, L.W.O.; methodology,
H.-C.H. and Y.-C.C.; formal analysis, L.W.O.; validation, Y.-C.C.; writing—original draft preparation,
L.W.O.; writing—review and editing, H.-C.H. and Y.-C.C. All authors have read and agreed to the
published version of the manuscript.

Funding: There was no funding for this research.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by Taipei Medical University Joint Institutional Review Board
(N202004087).

Informed Consent Statement: Not applicable.

Acknowledgments: We thank RAND for providing IFLS data for this study, and we are grateful for
participants who provided the survey data.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rowe, J.W.; Kahn, R.L. Successful aging. Gerontologist 1997, 37, 433–440. [CrossRef] [PubMed]
2. Torres, S. Understanding of successful ageing in the context of migration: The case of Iranian immigrants in Sweden. Ageing Soc.

2001, 21, 333–355. [CrossRef]
3. Pruchno, R.A.; Wilson-Genderson, M.; Rose, M.; Cartwright, F. Successful aging: Early influences and contemporary characteris-

tics. Gerontologist 2010, 50, 821–833. [CrossRef] [PubMed]
4. Foster, L.; Walker, A. Active and successful aging: A European policy perspective. Gerontologist 2015, 55, 83–90. [CrossRef]

[PubMed]
5. Estebsari, F.; Dastoorpoor, M.; Khalifehkandi, Z.R.; Nouri, A.; Mostafaei, D.; Hosseini, M.; Esmaeli, R.; Aghababaeian, H. The

concept of successful aging: A review article. Curr. Aging Sci. 2020, 13, 4–10. [CrossRef]
6. Hsu, H.C. Exploring elderly people’s perspective on successful aging in Taiwan. Ageing Soc. 2007, 27, 87–102. [CrossRef]
7. Hsu, H.C.; Jones, B.L. Multiple trajectories of successful aging of older and younger cohorts. Gerontologist 2012, 52, 843–856.

[CrossRef]
8. Feng, Q.; Straughan, P.T. What does successful aging mean? Lay perception of successful aging among elderly Singaporeans. J.

Gerontol. Ser. B Psychol. Sci. Soc. Sci. 2017, 72, 204–213. [CrossRef]
9. Jang, H.Y. Factors associated with successful aging among community-dwelling older adults based on ecological system model.

Int. J. Environ. Res. Public Health 2020, 17, 3220. [CrossRef]
10. Nakagawa, T.; Cho, J.; Yeung, D.Y. Successful aging in East Asia: Comparison among China, Korea, and Japan. J. Gerontol. B

Psychol. Sci. Soc. Sci. 2021, 76 (Suppl. 1), S17–S26. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph19105952/s1
https://www.mdpi.com/article/10.3390/ijerph19105952/s1
http://doi.org/10.1093/geront/37.4.433
http://www.ncbi.nlm.nih.gov/pubmed/9279031
http://doi.org/10.1017/S0144686X01008261
http://doi.org/10.1093/geront/gnq041
http://www.ncbi.nlm.nih.gov/pubmed/20513694
http://doi.org/10.1093/geront/gnu028
http://www.ncbi.nlm.nih.gov/pubmed/24846882
http://doi.org/10.2174/1874609812666191023130117
http://doi.org/10.1017/S0144686X06005137
http://doi.org/10.1093/geront/gns005
http://doi.org/10.1093/geronb/gbw151
http://doi.org/10.3390/ijerph17093220
http://doi.org/10.1093/geronb/gbaa042


Int. J. Environ. Res. Public Health 2022, 19, 5952 15 of 17

11. Ulfa, L.; Sartika, R.A.D. Risk factors and changes in successful aging among older individuals in Indonesia. Malays. J. Public
Health Med. 2019, 19, 126–133. [CrossRef]

12. Bosnes, I.; Nordahl, H.M.; Stordal, E.; Bosnes, O.; Myklebust, T.Å.; Almkvist, O. Lifestyle predictors of successful aging: A 20-year
prospective HUNT study. PLoS ONE 2019, 14, e0219200. [CrossRef] [PubMed]

13. Fernández-Ballesteros, R.; Benetos, A.; Robine, J.M. (Eds.) The Cambridge Handbook of Successful Aging; Cambridge University
Press: Cambridge, UK, 2019.

14. Lee-Bravatti, M.A.; O’nNeill, H.J.; Wurth, R.C.; Sotos-Prieto, M.S.; Gao, X.; Falcon, L.M.; Tucker, K.L.; Mattei, J. Lifestyle behavioral
factors and integrative successful aging among Puerto Ricans living in the Mainland United States. J. Gerontol. A Biol. Sci. Med.
Sci. 2021, 76, 1108–1116. [CrossRef] [PubMed]

15. Zaninotto, P.; Batty, G.D.; Allerhand, M.; Deary, I.J. Cognitive function trajectories and their determinants in older people: 8 years
of follow-up in the English Longitudinal Study of Ageing. J. Epidemiol. Community Health 2018, 72, 685–694. [CrossRef]

16. Tsai, H.J.; Chang, F.K. Associations of exercise, nutritional status, and smoking with cognitive decline among older adults in
Taiwan: Results of a longitudinal population-based study. Arch. Gerontol. Geriatr. 2019, 82, 133–138. [CrossRef]

17. Wu, P.; Li, W.; Cai, X.; Yan, H.; Chen, M.; Alzheimer’s Disease Neuroimaging Initiative. Associations of cigarette smoking with
memory decline and neurodegeneration among cognitively normal older individuals. Neurosci. Lett. 2020, 714, 134563. [CrossRef]

18. Foscolou, A.; Magriplis, E.; Tyrovolas, S.; Chrysohoou, C.; Sidossis, L.; Matalas, A.L.; Rallidis, L.; Panagiotakos, D. The association
of protein and carbohydrate intake with successful aging: A combined analysis of two epidemiological studies. Eur. J. Nutr. 2019,
58, 807–817. [CrossRef]

19. Granic, A.; Mendonça, N.; Sayer, A.A.; Hill, T.R.; Davies, K.; Adamson, A.; Siervo, M.; Mathers, J.C.; Jagger, C. Low protein intake,
muscle strength and physical performance in the very old: The Newcastle 85+ Study. Clin. Nutr. 2018, 37, 2260–2270. [CrossRef]

20. Mustafa, J.; Ellison, R.C.; Singer, M.R.; Bradlee, M.L.; Kalesan, B.; Holick, M.F.; Moore, L.L. Dietary protein and preservation
of physical functioning among middle-aged and older adults in the Framingham Offspring Study. Am. J. Epidemiol. 2018, 187,
1411–1419. [CrossRef]

21. Choi, M.; Lee, M.; Lee, M.J.; Jung, D. Physical activity, quality of life and successful ageing among community-dwelling older
adults. Int. Nurs. Rev. 2017, 64, 396–404. [CrossRef]

22. McDowell, C.P.; Carlin, A.; Capranica, L.; Dillon, C.; Harrington, J.M.; Lakerveld, J.; MacDonncha, C.; Herring, M.P. Associations
of self-reported physical activity and depression in 10,000 Irish adults across harmonised datasets: A DEDIPAC-study. BMC
Public Health 2018, 18, 779. [CrossRef]

23. Kandola, A.; Ashdown-Franks, G.; Hendrikse, J.; Sabiston, C.M.; Stubbs, B. Physical activity and depression: Towards under-
standing the antidepressant mechanisms of physical activity. Neurosci. Biobehav. Rev. 2019, 107, 525–539. [CrossRef] [PubMed]

24. Brooks-Cleator, L.A.; Lewis, J.P. Alaska Native elders’ perspectives on physical activity and successful aging. Can. J. Aging 2020,
39, 294–304. [CrossRef] [PubMed]

25. Mendonça, N.; Hengeveld, L.M.; Visser, M.; Presse, N.; Canhão, H.; Simonsick, E.M.; Kritchevsky, S.B.; Newman, A.B.; Gaudreau,
P.; Jagger, C. Low protein intake, physical activity, and physical function in European and North American community-dwelling
older adults. Am. J. Clin. Nutr. 2021, 114, 29–41. [CrossRef] [PubMed]

26. Chen, M.; Hu, C.; Dong, H.; Yan, H.; Wu, P.; Alzheimer’s Disease Neuroimaging Initiative. A history of cigarette smoking is
associated with faster functional decline and reduction of entorhinal cortex volume in mild cognitive impairment. Aging 2021, 13,
6205. [CrossRef]

27. Amini, R.; Sahli, M.; Ganai, S. Cigarette smoking and cognitive function among older adults living in the community. Aging
Neuropsychol. Cogn. 2021, 28, 616–631. [CrossRef]

28. Almeida, O.P.; Khan, K.M.; Hankey, G.J.; Yeap, B.B.; Golledge, J.; Flicker, L. 150 minutes of vigorous physical activity per week
predicts survival and successful ageing: A population-based 11-year longitudinal study of 12 201 older Australian men. Br. J.
Sports Med. 2014, 48, 220–225. [CrossRef]

29. O’Flaherty, M.; Bandosz, P.; Critchley, J.; Capewell, S.; Guzman-Castillo, M.; Aspelund, T.; Bennett, K.; Kabir, K.; Bjork, L.;
Bruthans, J.M.; et al. Laatikainen & Euroheart II Steering Group. Exploring potential mortality reductions in 9 European countries
by improving diet and lifestyle: A modelling approach. Int. J. Cardiol. 2016, 207, 286–291. [CrossRef]

30. Kim, S.Y.; Park, J.H.; Lee, M.Y.; Oh, K.S.; Shin, D.W.; Shin, Y.C. Physical activity and the prevention of depression: A cohort study.
Gen. Hosp. Psychiatry 2019, 60, 90–97. [CrossRef]

31. Farsijani, S.; Morais, J.A.; Payette, H.; Gaudreau, P.; Shatenstein, B.; Gray-Donald, K.; Chevalier, S. Relation between mealtime
distribution of protein intake and lean mass loss in free-living older adults of the NuAge study. Am. J. Clin. Nutr. 2016, 104,
694–703. [CrossRef]

32. Prestwich, A.; Kenworthy, J.; Conner, M. Health Behavior Change: Theories, Methods and Interventions; Routledge: London, UK, 2017.
33. Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.J.; Morley, J.E.; Philips, S.; Sieber, C.; Stehle, P.; Teta, D.; et al.

Evidence-based recommendations for optimal dietary protein intake in older people: A position paper from the PROT-AGE
Study Group. J. Am. Med. Dir. Assoc. 2013, 14, 542–559. [CrossRef] [PubMed]

34. Mendonça, N.; Kingston, A.; Granic, A.; Jagger, C. Protein intake and transitions between frailty states and to death in very old
adults: The Newcastle 85+ study. Age Ageing 2019, 49, 32–38. [CrossRef] [PubMed]

http://doi.org/10.37268/mjphm/vol.19/no.1/art.44
http://doi.org/10.1371/journal.pone.0219200
http://www.ncbi.nlm.nih.gov/pubmed/31295289
http://doi.org/10.1093/gerona/glaa259
http://www.ncbi.nlm.nih.gov/pubmed/33045072
http://doi.org/10.1136/jech-2017-210116
http://doi.org/10.1016/j.archger.2018.12.008
http://doi.org/10.1016/j.neulet.2019.134563
http://doi.org/10.1007/s00394-018-1693-2
http://doi.org/10.1016/j.clnu.2017.11.005
http://doi.org/10.1093/aje/kwy014
http://doi.org/10.1111/inr.12397
http://doi.org/10.1186/s12889-018-5702-4
http://doi.org/10.1016/j.neubiorev.2019.09.040
http://www.ncbi.nlm.nih.gov/pubmed/31586447
http://doi.org/10.1017/S0714980819000400
http://www.ncbi.nlm.nih.gov/pubmed/31309902
http://doi.org/10.1093/ajcn/nqab051
http://www.ncbi.nlm.nih.gov/pubmed/33829238
http://doi.org/10.18632/aging.202646
http://doi.org/10.1080/13825585.2020.1806199
http://doi.org/10.1136/bjsports-2013-092814
http://doi.org/10.1016/j.ijcard.2016.01.147
http://doi.org/10.1016/j.genhosppsych.2019.07.010
http://doi.org/10.3945/ajcn.116.130716
http://doi.org/10.1016/j.jamda.2013.05.021
http://www.ncbi.nlm.nih.gov/pubmed/23867520
http://doi.org/10.1093/ageing/afz142
http://www.ncbi.nlm.nih.gov/pubmed/31711099


Int. J. Environ. Res. Public Health 2022, 19, 5952 16 of 17

35. Lindwall, M.; Gerber, M.; Jonsdottir, I.H.; Börjesson, M.; Ahlborg, G., Jr. The relationships of change in physical activity with
change in depression, anxiety, and burnout: A longitudinal study of Swedish healthcare workers. Health Psychol. 2014, 33, 1309.
[CrossRef] [PubMed]

36. Yoshida, Y.; Iwasa, H.; Kumagai, S.; Suzuki, T.; Awata, S.; Yoshida, H. Longitudinal association between habitual physical activity
and depressive symptoms in older people. Psychiatr. Clin. Neurosci. 2015, 69, 686–692. [CrossRef] [PubMed]

37. Mesquita, R.; Meijer, K.; Pitta, F.; Azcuna, H.; Goërtz, Y.M.; Essers, J.M.; Wouters, E.F.M.; Spruit, M.A. Changes in physical activity
and sedentary behaviour following pulmonary rehabilitation in patients with COPD. Respir. Med. 2017, 126, 122–129. [CrossRef]

38. Hsu, H.C.; Chang, W.C. Reducing the risks of morbidity, disability, and mortality using successful aging strategies. J. Am. Geriatr.
Soc. 2015, 63, 2426–2428. [CrossRef]

39. Burns, A.; Strawbridge, J.D.; Clancy, L.; Doyle, F. Exploring smoking, mental health and smoking-related disease in a nationally
representative sample of older adults in Ireland–A retrospective secondary analysis. J. Psychosom. Res. 2017, 98, 78–86. [CrossRef]

40. Gyeong Son, H. Effects of smoking behaviour changes on depression in older people: A retrospective study. Austral. J. Ageing
2020, 40, e37–e43. [CrossRef]

41. Li, C.C.; Matthews, A.K.; Dong, X.; Simon, M. The influence of smoking status on the health profiles of older Chinese American
men. J. Am. Geriatr. Soc. 2019, 67, S577–S583. [CrossRef]

42. Choi, D.; Choi, S.; Park, S.M. Effect of smoking cessation on the risk of dementia: A longitudinal study. Ann. Clin. Transl. Neurol.
2018, 5, 1192–1199. [CrossRef]

43. Amiri, S. The prevalence of depression symptoms after smoking cessation: A systematic review and meta-analysis. J. Addict. Dis.
2020, 39, 109–124. [CrossRef] [PubMed]

44. Amiri, S.; Behnezhad, S. Systematic review and meta-analysis of the association between smoking and the incidence of frailty.
Neuropsychiatrie 2019, 33, 198–206. [CrossRef] [PubMed]

45. Inoue-Choi, M.; Christensen, C.H.; Rostron, B.L.; Cosgrove, C.M.; Reyes-Guzmn, C.; Apelberg, B.; Freedman, N.D. Dose-response
association of low-intensity and nondaily smoking with mortality in the United States. JAMA Netw. Open 2020, 3, e20636.
[CrossRef] [PubMed]

46. Inoue-Choi, M.; Hartge, P.; Park, Y.; Abnet, C.C.; Freedman, N.D. Association between reductions of number of cigarettes smoked
per day and mortality among older adults in the United States. Am. J. Epidemiol. 2019, 188, 363–371. [CrossRef]

47. Abad-Díez, J.M.; Calderón-Larrañaga, A.; Poncel-Falcó, A.; Poblador-Plou, B.; Calderón-Meza, J.M.; Sicras-Mainar, A.; Mercedes,
C.S.; Prados-Torres, A. Age and gender differences in the prevalence and patterns of multimorbidity in the older population.
BMC Geriatr. 2014, 14, 75. [CrossRef]

48. Roman Lay, A.A.; Ferreira do Nascimento, C.; Caba Burgos, F.; Larraín Huerta, A.D.C.; Rivera Zeballos, R.E.; Pantoja Silva, V.;
Duarte, Y.A.D.O. Gender Differences between Multimorbidity and All-Cause Mortality among Older Adults. Curr. Gerontol.
Geriatr. Res. 2020, 2020, 7816785. [CrossRef]

49. Lu, X.; Chu, H.; Wang, L.; Yang, R.; Li, Y.; Sun, W.; Yan, C.; Liu, W.; Gou, Z.; Cheng, X. Age-and sex-related differences in muscle
strength and physical performance in older Chinese. Aging Clin. Exp. Res. 2019, 32, 877–883. [CrossRef]

50. Elstgeest, L.E.; Schaap, L.A.; Heymans, M.W.; Hengeveld, L.M.; Naumann, E.; Houston, D.K.; Kritchevsky, S.B.; Simonsick, E.M.;
Newman, A.B.; Farsijani, S.; et al. Health ABC Study. Sex-and race-specific associations of protein intake with change in muscle
mass and physical function in older adults: The Health, Aging, and Body Composition (Health ABC) Study. Am. J. Clin. Nutr.
2020, 112, 84–95. [CrossRef]

51. Tangen, G.G.; Robinson, H.S. Measuring physical performance in highly active older adults: Associations with age and gender?
Aging Clin. Exp. Res. 2020, 32, 229–237. [CrossRef]

52. Lee, J.K.; Son, Y.J. Gender differences in the impact of cognitive function on health literacy among older adults with heart failure.
Int. J. Environ. Res. Public Health 2018, 15, 2711. [CrossRef]

53. Ito, T.; Okuyama, K.; Abe, T.; Takeda, M.; Hamano, T.; Nakano, K.; Nabika, T. Relationship between individual social capital
and cognitive function among older adults by gender: A cross-sectional study. Int. J. Environ. Res. Public Health 2019, 16, 2142.
[CrossRef] [PubMed]

54. Wright, H.; Jenks, R.A.; Lee, D.M. Sexual expression and cognitive function: Gender-divergent associations in older adults. Arch.
Sex. Behav. 2020, 49, 941–951. [CrossRef] [PubMed]

55. Vafaei, A.; Ahmed, T.; Freire, A.D.N.F.; Zunzunegui, M.V.; Guerra, R.O. Depression, sex and gender roles in older adult
populations: The International Mobility in Aging Study (IMIAS). PLoS ONE 2016, 11, e0146867. [CrossRef] [PubMed]

56. Niles, A.N.; Smirnova, M.; Lin, J.; O’Donovan, A. Gender differences in longitudinal relationships between depression and
anxiety symptoms and inflammation in the health and retirement study. Psychoneuroendocrinology 2018, 95, 149–157. [CrossRef]
[PubMed]

57. Sterner, T.R.; Gudmundsson, P.; Falk, H.; Seidu, N.; Ahlner, F.; Wetterberg, H.; Ryden, L.; Sigstrom, R.; Ostling, S.; Zettergen, A.;
et al. Depression in relation to sex and gender expression among Swedish septuagenarians—Results from the H70 study. PLoS
ONE 2020, 15, e0238701. [CrossRef]

58. Matud, M.P.; García, M.C.; Fortes, D. Relevance of gender and social support in self-rated health and life satisfaction in elderly
Spanish people. Int. J. Environ. Res. Public Health 2019, 16, 2725. [CrossRef]

59. Pillemer, S.; Ayers, E.; Holtzer, R. Gender-stratified analyses reveal longitudinal associations between social support and cognitive
decline in older men. Aging Ment. Health 2019, 23, 1326–1332. [CrossRef]

http://doi.org/10.1037/a0034402
http://www.ncbi.nlm.nih.gov/pubmed/24245832
http://doi.org/10.1111/pcn.12324
http://www.ncbi.nlm.nih.gov/pubmed/26037604
http://doi.org/10.1016/j.rmed.2017.03.029
http://doi.org/10.1111/jgs.13817
http://doi.org/10.1016/j.jpsychores.2017.05.005
http://doi.org/10.1111/ajag.12842
http://doi.org/10.1111/jgs.15889
http://doi.org/10.1002/acn3.633
http://doi.org/10.1080/10550887.2020.1826104
http://www.ncbi.nlm.nih.gov/pubmed/33084511
http://doi.org/10.1007/s40211-019-0315-4
http://www.ncbi.nlm.nih.gov/pubmed/31300971
http://doi.org/10.1001/jamanetworkopen.2020.6436
http://www.ncbi.nlm.nih.gov/pubmed/32492162
http://doi.org/10.1093/aje/kwy227
http://doi.org/10.1186/1471-2318-14-75
http://doi.org/10.1155/2020/7816785
http://doi.org/10.1007/s40520-019-01263-x
http://doi.org/10.1093/ajcn/nqaa099
http://doi.org/10.1007/s40520-019-01190-x
http://doi.org/10.3390/ijerph15122711
http://doi.org/10.3390/ijerph16122142
http://www.ncbi.nlm.nih.gov/pubmed/31212979
http://doi.org/10.1007/s10508-019-1448-z
http://www.ncbi.nlm.nih.gov/pubmed/31485802
http://doi.org/10.1371/journal.pone.0146867
http://www.ncbi.nlm.nih.gov/pubmed/26771828
http://doi.org/10.1016/j.psyneuen.2018.05.035
http://www.ncbi.nlm.nih.gov/pubmed/29864671
http://doi.org/10.1371/journal.pone.0238701
http://doi.org/10.3390/ijerph16152725
http://doi.org/10.1080/13607863.2018.1495178


Int. J. Environ. Res. Public Health 2022, 19, 5952 17 of 17

60. Harling, G.; Morris, K.A.; Manderson, L.; Perkins, J.M.; Berkman, L.F. Age and gender differences in social network composition
and social support among older rural South Africans: Findings from the HAALSI study. J. Gerontol. B Psychol. Sci. Soc. Sci. 2020,
75, 148–159. [CrossRef]

61. Ho, A.; Ashe, M.C.; DeLongis, A.; Graf, P.; Khan, K.M.; Hoppmann, C.A. Gender differences in pain-physical activity linkages
among older adults: Lessons learned from daily life approaches. Pain. Res. Manag. 2016, 2016, 1931590. [CrossRef]

62. Liao, Y.H.; Kao, T.W.; Peng, T.C.; Chang, Y.W. Gender differences in the association between physical activity and health-related
quality of life among community-dwelling elders. Aging Clin. Exp. Res. 2021, 33, 901–908. [CrossRef]

63. Wang, C.; Song, X.; Mitnitski, A.; Yu, P.; Fang, X.; Tang, Z.; Shi, J.; Rockwood, K. Gender differences in the relationship between
smoking and frailty: Results from the Beijing Longitudinal Study of Aging. J. Gerontol. A Biom. Sci. Med. Sci. 2013, 68, 338–346.
[CrossRef] [PubMed]

64. Assari, S.; Smith, J.L.; Zimmerman, M.A.; Bazargan, M. Cigarette smoking among economically disadvantaged African-American
older adults in South Los Angeles: Gender differences. Int. J. Environ. Res. Public Health 2019, 16, 1208. [CrossRef] [PubMed]

65. Gingrich, A.; Spiegel, A.; Gradl, J.E.; Skurk, T.; Hauner, H.; Sieber, C.C.; Volkert, D.; Kiesswetter, E. Daily and per-meal animal
and plant protein intake in relation to muscle mass in healthy older adults without functional limitations: An enable study. Aging
Clin. Exp. Res. 2019, 31, 1271–1281. [CrossRef] [PubMed]

66. Nanri, H.; Yamada, Y.; Yoshida, T.; Okabe, Y.; Nozawa, Y.; Itoi, A.; Yoshimura, E.; Watanabe, Y.; Yamaguchi, M.; Yokoyama, K.;
et al. Kyoto-Kameoka Study Group. Sex difference in the association between protein intake and frailty: Assessed using the
Kihon Checklist indexes among older adults. J. Am. Med. Dir. Assoc. 2018, 19, 801–805. [CrossRef]

67. Yang, W.; Gui, Q.; Chen, L.; Xu, K.; Xu, Z. Associations between dietary protein and vitamin intake and the physical functioning
of older adults with sarcopenia. Eur. Geriatric. Med. 2018, 9, 311–320. [CrossRef]

68. Hengeveld, L.M.; Chevalier, S.; Visser, M.; Gaudreau, P.; Presse, N. Prospective associations of protein intake parameters with
muscle strength and physical performance in community-dwelling older men and women from the Quebec NuAge cohort. Am. J.
Clin. Nutr. 2021, 113, 972–983. [CrossRef]

69. Yaegashi, A.; Kimura, T.; Hirata, T.; Ukawa, S.; Nakamura, K.; Okada, E.; Nakagawa, T.; Imae, A.; Tamakoshi, A. Association
between Protein Intake and Skeletal Muscle Mass among Community-Dwelling Older Japanese: Results from the DOSANCO
Health Study: A Cross-Sectional Study. Nutrients 2021, 13, 187. [CrossRef]

70. Bird, C.E.; Rieker, P.P. Gender and Health: The Effects of Constrained Choices and Social Policies; Cambridge University Press:
Cambridge, UK, 2008.

71. Cockerham, W.C. Medical Sociology, 12th ed.; Pearson Prentice-Hall: Upper Saddle River, NJ, USA, 2012.
72. Crystal, S.C.; Shea, D.G.; Reyes, A.M. Cumulative advantage, cumulative disadvantage, and evolving patterns of late-life

inequality. Gerontologist 2017, 57, 910–920. [CrossRef]
73. Central Bureau of Statistics, Indonesia. Statistik Penduduk Lanjut Usia Hasil Survei Sosial Ekonomi Nasional; Central Bureau of

Statistics: Jakarta, Indonesia, 2019.
74. Ministry of Health, Republic of Indonesia. Basic Health Report 2018; Ministry of Health, Republic of Indonesia: Jakarta, Indonesia,

2018. Available online: https://www.litbang.kemkes.go.id/laporan-riset-kesehatan-dasarriskesdas (accessed on 13 July 2021).
75. Madyaningrum, E.; Chuang, Y.C.; Chuang, K.Y. Factors associated with the use of outpatient services among the elderly in

Indonesia. BMC Health Serv. Res. 2018, 18, 707. [CrossRef]
76. Brandt, J.; Spencer, M.; Folstein, M. The telephone interview for cognitive status. Neuropsychiatry Neuropsychol. Behav. Neurol.

1988, 1, 111–117.
77. Rammohan, A.; Johar, M. The determinants of married women’s autonomy in Indonesia. Fem. Econ. 2009, 15, 31–55. [CrossRef]
78. Craig, C.L.; Marshal, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis, J.F.;

et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sport. Exerc. 2003, 35, 1381–1395.
[CrossRef] [PubMed]

79. Thornton, K.; Villamor, E. Nutritional Epidemiology. Encycl. Food Health 2016, 104–107. [CrossRef]
80. Oktaviani, L.W.; Hsu, H.C.; Chen, Y.C. Gender differences in health-related behavior patterns among older adults in Indonesia: A

latent class analysis. Int. J. Gerontol. 2022, 16, 46–51. [CrossRef]
81. Marques, A.; Peralta, M.; Martins, J.; de Matos, M.G.; Brownson, R.C. Cross-sectional and prospective relationship between

physical activity and chronic diseases in European older adults. Int. J. Public Health 2017, 62, 495–502. [CrossRef]
82. You, Y.; Teng, W.; Wang, J.; Ma, G.; Ma, A.; Wang, J.; Liu, P. Hypertension and physical activity in middle-aged and older adults in

China. Sci. Rep. 2018, 8, 16098. [CrossRef]
83. Zhou, P.; Hughes, A.K.; Grady, S.C.; Fang, L. Physical activity and chronic diseases among older people in a mid-size city in

China: A longitudinal investigation of bipolar effects. BMC Public Health 2018, 18, 486. [CrossRef]
84. Kurita, S.; Tsutsumimoto, K.; Doi, T.; Nakakubo, S.; Kim, M.; Ishii, H.; Shimada, H. Association of physical and/or cognitive

activity with cognitive impairment in older adults. Geriatr. Gerontol. Int. 2020, 20, 31–35. [CrossRef]

http://doi.org/10.1093/geronb/gby013
http://doi.org/10.1155/2016/1931590
http://doi.org/10.1007/s40520-020-01597-x
http://doi.org/10.1093/gerona/gls166
http://www.ncbi.nlm.nih.gov/pubmed/22843672
http://doi.org/10.3390/ijerph16071208
http://www.ncbi.nlm.nih.gov/pubmed/30987284
http://doi.org/10.1007/s40520-018-1081-z
http://www.ncbi.nlm.nih.gov/pubmed/30519977
http://doi.org/10.1016/j.jamda.2018.04.005
http://doi.org/10.1007/s41999-018-0049-z
http://doi.org/10.1093/ajcn/nqaa360
http://doi.org/10.3390/nu13010187
http://doi.org/10.1093/geront/gnw056
https://www.litbang.kemkes.go.id/laporan-riset-kesehatan-dasarriskesdas
http://doi.org/10.1186/s12913-018-3512-0
http://doi.org/10.1080/13545700903153989
http://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
http://doi.org/10.1016/b978-0-12-384947-2.00494-3
http://doi.org/10.6890/IJGE.202201_16(1).0009
http://doi.org/10.1007/s00038-016-0919-4
http://doi.org/10.1038/s41598-018-34617-y
http://doi.org/10.1186/s12889-018-5408-7
http://doi.org/10.1111/ggi.13814

	Introduction 
	Heath-Related Behaviors and Successful Aging 
	Changes in Health-Related Behaviors and Successful Aging 
	Gender Differences in Health-Related Behaviors and Successful Aging 
	Background in Indonesia 

	Materials and Methods 
	Data and Sample 
	Measures 
	Successful Aging 
	Related Factors 

	Analysis 

	Results 
	Discussion 
	Successful Aging in Indonesia 
	Smoking and Smoking Changes and Successful Aging 
	Physical Activity and Changes and Successful Aging 
	Protein Intake and Changes and Successful Aging 
	Limitations 

	Conclusions 
	References

