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Abstract

Background: Previous studies have found that social activities are beneficial for the reduction of cognitive decline
(CD) in the elderly. However, knowledge regarding the types of social activities that reduce CD in later life is
limited. The aim of this study is to examine which type of social activities reduce CD 4 years later among young-old

(Y-O) and old-old (O-O) adults.

Methods: We conducted a secondary analysis using data from cognitively intact adults 65 years of age or older
who participated in the Korean Longitudinal Study of Aging (KLoSA). Cognitive function was assessed using the
Korean version of the Mini-Mental State Examination (MMSE). We computed CD between 2008 and 2012 by
subtracting the Wave 4 MMSE score from the Wave 2 MMSE score. Multivariate linear regression analysis was
conducted regarding the effects of social activities on CD after adjusting for age, sex, education, income, marital
status, activities of daily living (ADL), instrumental activities of daily living (IADL), chronic diseases, quality of life,
depressive symptom, change in depressive symptom, and cognitive functioning at baseline.

Results: Subjects who participated in senior citizen clubs or senior centers at baseline had a lower risk of CD

4 years later than those who did not in Y-O adults. Frequent contact with offspring by phone or letters was
associated with reduced CD in O-O adults. Frequent face-to-face contact with offspring was positively associated
with CD in O-O adults. Participating in two or more formal social activities was associated with reduced CD

compared with nonparticipation in O-O adults.

Conclusion: Encouraging older adults to participate in senior citizen clubs or to have frequent contacts with adult
children by phone or letters may help reduce CD in later life among older adults. Participation in a variety of formal
social activities may also have a beneficial effect on preventing CD in older adults.
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Background
The number of people living with dementia in 2015 was
estimated at 47.5 million globally, and that number is
expected to double by 2030, reaching 135.5 million by 2050
[1]. The prevalence of dementia increases with age, with a
risk of the disease doubling every five years after 65 [2].
Both cognitive impairment and social disengagement are
prevalent concomitants of old age [3]. Cognitive impairment
has been associated with adverse physical and psychological
changes including self-rated health, disability, quality of life,
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and mortality [3, 4]. Most epidemiological studies on cogni-
tive function have shown that health factors, including
chronic diseases (e.g., hypertension, diabetes, and cardiovas-
cular disease), lower physical function, and depressive
symptoms predict risk of CD [5, 6]. Social factors including
old age, sex, marital status, education, socioeconomic pos-
ition, and social isolation are also associated with CD (3, 7].
Cognitive impairment can cause severe physical, psycho-
logical, and socioeconomic burdens not only for the individ-
uals affected, but also their families and society [4, 8].
Finding a good population-based strategy for preventing or
delaying CD is a challenging public health priority for the
aging society [9]. Numerous studies have shown that social
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activities are beneficial to various health outcomes of eld-
erly people including self-rated health, physical functioning,
depressive symptoms, and quality of life [10-12]. Previous
research has also shown that greater participation in social
activities can reduce CD in the elderly by providing intellec-
tual and emotional stimulation [13-17]. Reportedly, intel-
lectual stimulation through social activities can maintain
cognitive function by increasing cognitive reserve capacity
[13, 18]. Participation in social activities can also provide
meaningful social roles, self-esteem, and social competence,
which might protect against neuropathology including re-
duction of the stress response [19, 20]. Although social ac-
tivity is widely believed to guard against CD in later life,
knowledge regarding the types of protective social activity
is limited.

Social activities can be classified into two categories
(formal and informal) based on intimacy and intensity
[21]. Formal activity describes an activity with formal or-
ganizations such as an alumni society, based on specific
objectives and focusing on the achievement of a goal.
Conversely, informal activity includes interactions with
family, friends, and neighbors. It has universal character
in objectives and focuses on emotional function [19, 21].
There may be some differences among activities classi-
fied as informal. In later life, there may be some differ-
ences in relationships between close friends and children
[22]. Despite the intimacy on which both types of rela-
tionships are based, the children-parent relationship is
dominated by the kinship model and family norms,
while the relationship with friends is based on the egali-
tarian relationship model and voluntarism [22]. Further-
more, due to the differences in the norms on which
these relationships are based, the mental health of the
elderly may be affected differently [12, 22—24].

A growing body of literature has shown that type of
social activity can differentially affect morale, mental
health, and survival in old age [10, 12, 19, 24]. For
example, a previous study reported that informal social
activities such as ‘face-to-face talks’ and ‘phone con-
versations’ with friends were significantly related to
decreased mortality risk in later life after controlling for
relevant confounders [25]. Several researchers have re-
ported that risk of late-life depression showed an inverse
association with frequent participation in informal activ-
ities such as contact with offspring by phone or letters;
however, no significant association with participation in
formal activities such as volunteering and attending an
alumni society was noted [12]. Another study among
older Chinese people indicated that playing Mahjong,
chess or card games; interacting with friends; and having
an activity center in the community are more beneficial
for maintaining episodic memory than are other social
activities such as volunteering [26]. A 20-year follow-up
study of Swedish samples showed that prior political
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activities or mental activities were associated with late-
life cognition after adjusting for covariates, but activities
in organization were not [27]. However, knowledge re-
garding the effects of different types of social activities
on CD in older people is limited. Due to the different
natures of various social activities, all types of social ac-
tivities might not have a beneficial effect on cognitive
function among older people. For example, in Asian
countries, because of traditional filial piety, familism,
and lack of a welfare system, the types of social activity
beneficial to cognitive function in older age might be
different than those in the Western world.

In the industrialized nations, most people 65-74 years
of age are still living independently and are in relatively
good health [28]. However, the status of adults 75 years
of age and older becomes increasingly worse in terms of
mental and physical health [28]. Many gerontologists
have also suggested that older adults are not a homoge-
neous group [28, 29]. Based on the physical and mental
differences in later life depending on age group, numer-
ous studies on CD have divided older adults into two or
more age groups [29-31].

The aim of this study is to investigate which types of
social activity reduce cognitive decline 4 vyears later
among young-old (Y-O) (age 65-74 years) and old-old
(O-0O) (age = 75 years) adults using data from a longitu-
dinal study of a community-dwelling Korean population.

Methods
Study design and participants
The present study employed a secondary analysis
approach using data from the Korean Longitudinal
Study of Aging (KLoSA), an ongoing panel survey exam-
ining the socioeconomic, physical, and psychological
aspects of aging among community-dwelling Koreans
45 years of age or older. The sample was stratified based
on age and sex; to ensure national representation, partici-
pants were selected randomly using a multistage, stratified,
probability sampling design from household units selected
according to geographical area, including both urban and
rural areas. The survey began in 2006, and follow-up inter-
views were conducted every 2 years (in 2008, 2010, 2012).
Before the data collection, all participants provided written
informed consent. More sampling design details and
KLoSA methods have been presented elsewhere [12, 24].
We did not consider Mini-Mental State Examination
(MMSE) scores from Wave 1 (2006) in the analysis
because of the possibility of inaccurate measurements
caused by stress or a learning effect from the first survey
[32]. In the present study, we used data from Wave 2
(2008) and Wave 4 (2012) of the KLoSA. Of 10,254
Wave 1 subjects, 8,688 individuals completed Wave 2
interviews conducted by a skilled interviewer in 2008.
To focus on the influence of social activities on CD in
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elderly people, we excluded subjects younger than
65 years (n=3,065) from the Wave 2 data (n=8,688).
Because impaired cognition can limit social activity of
individuals [13], subjects whose MMSE scores were
lower than 24 (n=1,880) were excluded. Subjects who
had missing social activity and income (n = 174) and de-
pression data (n =51), were without children, or cohab-
ited with all children (n = 1,690) were also excluded. Of
the remaining 1,828 Wave 2 subjects who met the
criteria for inclusion, 1,568 completed the Wave 4 inter-
views in 2012. Attrition between Wave 2 and Wave 4
was caused mostly by refusal, failure to contact, and
mortality (260 were lost to follow-up). Finally, we ana-
lyzed data from 1,568 subjects who participated in both
Wave 2 (2008) and Wave 4 interviews. Differences in
education and MMSE scores between subjects lost to
follow-up and those completing the interview at Wave 4
were not significant. However, individuals lost to follow-
up were significantly older, included a greater proportion
of males, and met with close friends less frequently than
those completing the interview.

Measures

Cognitive function was assessed using the Korean version
of the MMSE [33], which is widely used for assessing glo-
bal cognitive function. The MMSE tests cognitive func-
tions including orientation, recall, language, registration,
attention, and calculation, as well as the ability to follow
simple commands [33, 34]. Total scores range from 0 to
30, with higher scores indicating better cognition. Psycho-
metric properties of the MMSE have been validated in
previous studies conducted in Korean people [33, 35]. The
dependent variable in the study was CD over time. We
computed CD between 2008 and 2012 by subtracting
Wave 4 MMSE scores from Wave 2 MMSE scores.

Social activities were divided into formal and informal
based on intimacy and intensity of participation required
[21]. Three variables representing formal social activities
were employed at baseline: (a) level of participation in
church or other religious groups, (b) level of participa-
tion in senior citizen clubs or senior centers, and (c)
level of participation in alumni societies or family coun-
cils. Participants rated how often they participated in
each activity based on a 10-point scale (0, never; 1,
almost never; 2, less than once a year; 3, 1-2 times a
year; 4, 3—4 times a year; 5, 5-6 times per year; 6, once a
month; 7, twice a month; 8, once a week; 9, 2-3 times a
week; and 10, every day or almost every day). Three
variables representing informal social activities were
employed at baseline: (a) level of face-to-face contact
with close friends, (b) level of face-to-face contact with
children, and (c) level of contact with children by phone
or letters [19]. Participants answered the following three
questions: 1) how often do you meet with your close
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friends?; 2) how often do you meet with your adult chil-
dren?; and 3) how often do you contact your children by
phone or letter?) using the same 0—10-point scale.

Because, the frequency of subjects who were involved
in formal social activities was not normally distributed, a
dichotomous variable was considered for formal social
activity variables; participation or no participation. The
total number of formal social activities that each sub-
ject participated in was summed and categorized as 0
(no participation), 1, or >2.

Sociodemographic variables, health-related variables,
and mental well-being variables were considered as
potentially confounding variables in the present study.
Sociodemographic variables included age, sex, marital
status, education, monthly household income, living ar-
rangement, and residential area. Health-related variables
included comorbidities (hypertension, diabetes mellitus,
heart disease, stroke, cancer, and hearing problems),
activities of daily living (ADL), and instrumental activ-
ities of daily living (IADL). Mental well-being variables
included quality of life and depressive symptom. Age
was classified into the following two groups: Y-O (65-74
years) and O-O (275 years) [30, 36]. Monthly household
income was calculated as the total household income
divided by the square root of the number of household
members. These scores were then divided into quartiles
(e.g., <250,000 South Korean won [KRW], 250,000
KRW-1,000,000 KRW, 1,000,000 KRW-2,500,000
KRW, and >2,500,000 KRW). Subjects were asked if they
were ever diagnosed with hypertension, diabetes melli-
tus, heart disease (congestive heart failure or myocardial
infarction), stroke, and/or cancer by a physician. Sub-
jects were also asked if they had hearing difficulties.
Responses were coded ‘yes’ or ‘no’. ADL was measured
using the 7-item Korean Activities of Daily Living Scale.
The scale quantifies the ability to independently perform
(no help, some help, unable to do) the following seven
activities: dressing, washing, bathing or showering, eating,
getting out of bed and walking across a room, controlling
urination and defecation, and using the toilet. IADL were
assessed using the 10-item Korean Instrumental Activities
of Daily Living Scale, which quantifies the ability to inde-
pendently perform the following 10 activities: personal
grooming, household chores, preparing meals, doing
laundry, going out a short distance, using transportation,
shopping, managing finances, making phone calls, and
taking medications. These two measures (ADL/IALD)
have been widely used and are known to have acceptable
reliability [12, 24]. Respondents needing help with or un-
able to perform one or more activities were considered to
be functionally dependent in that activity (ADL or IADL).
Quality of life was assessed with a single question using
the visual analog scale. Participants answered the follow-
ing question phrased as, “how is your overall quality of
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life?” They rated their quality of life on a scale from 0
(worst state) to 100 (best state), with a higher score indi-
cating a higher level of quality of life. Depressive symptom
was assessed with the 10-item short-form Center for
Epidemiological Studies Depression (CES-D10) Scale,
which is widely used to detect depressive symptoms in
nonpsychiatric community settings [24, 37]. The CES-D10
assesses self-reported depressive symptoms experienced
during the two weeks prior to testing; the scale includes
two positively phrased items (“feel pretty good” and
“generally satisfied”) and eight negatively phrased items
(e.g., “feel depressed” and “feel afraid”). Each item is
scored from 0 to 3; (0) very rarely or less than once per
day; (1) sometimes or 1-2 days during the past week; (2)
often or 3-4 days during the past week; and (3) almost
always or 5-7 days during the past week. The positively
phrased items were reverse-coded. Total scores ranged
from 0-30, with higher scores indicating more severe de-
pression symptom. Because late life depressive symptom
tends to increase slightly over time [38] and elevated de-
pressive symptom would lead to larger CD [39], a change
in depressive symptom was also included in the analyses.
A change in depressive symptom was calculated by divid-
ing the differences of depressive symptom score between
Wave 2 and Wave 4 by Wave 2 depressive symptom score.
This means the ratio of changes in depressive symptom
between wave 2 and wave 4. A higher score indicates more
elevated depressive symptom.

Statistical analysis

Baseline characteristics of the samples were summarized
as frequency, percentage, and mean (with standard devi-
ation; SD) by age group. Chi-square (x2) and t-tests were
conducted to compare the sociodemographic distribu-
tions, health-related characteristics, social activities, and
cognitive function by age group. First, we examined
associations among study variables using Pearson’s cor-
relation. Next, multivariate linear regression analysis re-
garding the effects of social activity on the continuous
CD between 2008 and 2012 was performed after con-
trolling for potentially confounding variables and MMSE
score at baseline. Social activity at baseline was used as
the independent variable. We also conducted multivari-
ate linear regression analysis separately by age group to
investigate any differences in relationships between CD
over time and social activities by age group. Model valid-
ation was performed by checking outliers and test of the
linearity assumption. There was no evidence of nonline-
arity. Multicollinearity was checked for all study vari-
ables by using correlations, tolerances and variance
inflation factors (VIF) (data shown in Additional file 1:
Table S5 and Additional file 1: Table S6). The correla-
tions were sufficiently low (r<0.71) and all VIF scores
were below 2.5, allowing for entry of all variables into
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multivariate regression models [40]. Because violation of
homoscedasticity was noted in regression, the Huber-
White sandwich robust standard error (SE) were used in
the multivariate linear regression analyses. Statistical
analyses were performed using Stata (version 14, Stata
Corp., College Station, TX, USA) software. All analyses
reported were two-tailed with a set at 0.05.

Results

The study population consisted of 1568 non-demented
community-dwelling subjects who had good cognition at
baseline (MMSE score > 24). Additional file 1: Table S1
shows the characteristics, social activities, and cognitive
function levels of the subjects at baseline and CD 4 years
later. O-O adults were more likely to be bereaved, less
educated, more dependent in IADL, have lower house-
hold incomes, and have more comorbidities than Y-O
adults. O-O adults had lower MMSE scores in 2008 and
2012 than Y-O adults. The average CD 4 years later was
more pronounced in O-O adults than Y-O adults (Y-O
adults, mean = 2.18; O-O adults, mean = 4.59; P < 0.001).
CD in MMSE sub-scores was also more pronounced in
0O-0O adults than Y-O adults (Additional file 1: Table S2
and Additional file 1: Table S3).

Overall, the subjects were more involved in informal
social activities (e.g., face-to-face contact with close
friends) than formal social activities (e.g., participating in
alumni societies or family councils). The percentages of
subjects who were involved in informal social activities
ranged from 99.6 to 100.0 % (contact with close friends,
100.0 %; contact with one’s children, 99.6 %; contact
with one’s children by phone or letter, 99.7 %). The
levels of participation in informal social activities were
different between Y-O adults and O-O adults. O-O
adults had significantly less frequent phone and face-to-
face contacts with their children compared with Y-O
adults. The percentages of subjects who were involved in
formal social activities ranged from 13.7 to 59.8 % (church
or other religious groups, 24.9 %; senior citizen clubs or
senior centers, 59.8 %; alumni societies or family councils,
13.7 %). Subjects who participated in senior citizen clubs
were more likely to be men, younger and married, they
had better ADL compared with those who did not. The
majority of subjects who were involved in religious activity
were women (Additional file 1: Table S4).

Additional file 1: Table S7 shows the results of the
multivariate linear regression analysis with social activities
at baseline as the independent variable and CD 4 years
later as the dependent variable, controlling for sociodemo-
graphics, health-related characteristics, mental well-being
(quality of life and depressive symptom), and cognitive
function at baseline. We investigated the types of social
activity that reduce the risk of CD over time. In formal so-
cial activities, subjects who participated in senior citizen
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clubs or senior centers at baseline had a lower risk of CD
4 years later than those who did not in Y-O adults and
total sample (Y-O adults, B = - 0.80, SE = 0.40, p = 0.045;
total sample, B = - 0.95, SE =0.37, p =0.012). In informal
social activities, more frequent contact with children by
phone or letters was associated with reduced CD in O-O
adults (B=- 0.95, SE=0.45, p=0.038) but not in Y-O
adults (B=- 0.14, SE=0.15, p=0.343). More frequent
face-to-face contact with children was positively associated
with CD in O-O adults (B = 1.54, SE = 0.45, p =0.001) but
not in Y-O adults (B=0.08, SE=0.15 p=0.589). After
adjustment for covariates, participating in two or more
formal social activities was significantly associated with
lower CD compared with nonparticipation in O-O adults
(B=-3.17, SE = 1.26, p = 0.012) (Table 1).

As expected, in the study sample, older age and being
dependent in ADL was positively associated with CD.
These results were similar when the analyses were re-
peated separately for Y-O adults and O-O adults. Sub-
jects with elevated depressive symptom over time or
high levels of depressive symptom at baseline had higher
risk of CD after adjusting for related covariates. Subjects
with higher level of quality of life had a lower risk of
CD. Subjects with low cognitive level at baseline had
higher risk of CD.

Additionally, we analyzed which type of social activity
can mediate associations between CD and depressive
symptom using sobel tests. The depressive symptom at
baseline did not significantly predict the level of social
activities (B =-0.01, SE =0.01, p = 0.490, for level of face
to face contact with one’s children; B = -0.01, SE =0.02,
p=0.136, for level of contact with one’s children by
phone or letter; B =0.01, SE = 0.02, p = 0.706, for partici-
pation in senior citizen clubs or senior centers) and so
the conditions for mediation were not met.

Discussion
Using community-based longitudinal data of people whose
initial cognition level was good, this study examined the
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types of social activities that can reduce cognitive decline
among Y-O and O-O adults 4 years later. Several import-
ant findings emerged from our study. We found that older
adults who participated more frequently in senior citizen
clubs or senior centers at baseline had lower risk of CD
4 years later than those who did not. This association was
independent of the influence of age, sex, education, in-
come, marital status, ADL, IADL, chronic diseases, depres-
sive symptoms, elevated depressive symptoms, quality of
life, and cognitive functioning at baseline. A possible ex-
planation for this is that senior center participants are
more involved in cognitively and emotionally stimulating
activities than non-participants. In many countries, the se-
nior citizen center is an organization that provides various
services, including physical/mental health, social and edu-
cational services, and recreational activities for older
people [26, 41]. Studies has indicated that intellectually
challenging activities and active interpersonal exchanges
can increase or maintain cognitive reserve, allowing indi-
viduals to cope longer before cognitive impairment is man-
ifested [42], and produce beneficial effects on cognition
even in old age [13]. Studies of cognitive reserve suggest
that there are individual differences in the ability to cope
with the brain pathologic changes [43, 44] and cognitive re-
serve may be improved by exposure to an enriched envir-
onment such as social interaction or mentally challenging
activity, physical activity, education [45], and may buffer
against age-related CD [46]. Biological mechanisms related
to the vascular hypothesis could also partially explain our
findings. Reportedly, an active social activity might enhance
cardiopulmonary fitness and cerebral oxygenation, which
could protect against neuropathology in older people [47].
Other research on senior center participation and health
has shown that senior center participants had higher levels
of social interaction and better mental health than non-
participants [48]. In South Korea, older people participat-
ing in senior citizen clubs can spend their leisure time with
other people playing hwatu (Korean card game) or chess,
singing songs, or dancing [49]. The senior centers provide

Table 1 Multivariate linear regression analysis of the associations between the number of formal social activities and cognitive

decline 4 years later

Variable Total

Coefficients (SE)

Old-old
Coefficients (SE)

Young-old
Coefficients (SE)

The number of formal social activities

Zero Ref.

One —0.64(042)

Two or more —0.94(0.49)
Adjusted R-square 0.07
F-value 4.33%%%

Ref. Ref.
—0.18(0.43) —1.96(1.05)
—0.25(0.50) -3.17(1.26)*
0.06 0.13

3.13%x 2.26%*

Note: Adjusted for age, sex, marital status, education, household income, living arrangement, residential area, comorbidities, activities of daily living (ADL),
instrumental activities of daily living (IADL), depressive symptom, and baseline Mini-Mental State Examination (MMSE) score. SE standard error

*p < 0.05, **p < 0.01, ***p < 0.001
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diverse group activities for the elderly including painting,
calligraphy, origami, gardening, playing musical instru-
ments, acting, and exercise programs [41, 49]. Our result
suggests that participation in senior citizen clubs may pro-
tect against CD in elderly people.

The interesting finding in our study was that frequent
face-to-face contact with one’s children was positively
associated with CD 4 years later in O-O adults but not
in Y-O adults after controlling for potential confounders.
According to the social exchange theory, excessive giving
or receiving might be harmful for mental and physical
health [50]. Excessive giving may result in exhaustion of
resources of giver. On the contrary, excessive receiving
can be distressing to the recipient because it may results
in loss of independence [51]. Both situations might be
harmful for mental and physical health among older
adults [52]. In Korea, participation of women in the
labor market has grown speedily as a result of in-
dustrialization. High female employment rate has re-
sulted in increased need of assistance for household
affairs such as taking care of young children in the fam-
ily [19]. In Asian cultures where family interdependence
is culturally valued, when adult children request, most of
older adults meet their adult children and provide in-
strumental support [19, 53]. The burdens of helping
their adult children might generate chronic unremitting
stress, which may result in neuronal degeneration and
have a negative impact on cognitive function in older
adults [44, 54]. Several existing studies in Asian coun-
tries have reported that the care-giving burdens for their
adult children might lead to stress and depressive symp-
toms among older adults [19, 53]. A study among older
Nepalese adults found that close family relationship was
related with greater stress and likely to have a negative
impact on mental well-being in older women [23].

Receiving support that cannot be returned, meanwhile,
can be distressing to the recipient [50]. With advancing
years, older adults exchange support unequally with
their children. The inability to reciprocate support can
cause negative effects and stress in older people. Evi-
dence has indicated that this stress can negatively impact
cognitive functions [55]. An elderly person’s dependency
generally increases with age. Age and poor health can re-
strict the physical functioning of older people and there-
fore increase the possibility of receiving aid from their
adult children [51]. Empirical studies have found that
O-O adults tend to have worse physical health and every-
day functioning than Y-O adults [56]. While Y-O adults
generally reciprocate their children’s support fairly equally,
O-O adults are less likely to maintain reciprocal ex-
changes and become dependent on their adult children
[22, 56]. O-O adults might experience this situation as a
hassle or burden, which might impair cognitive functions.
Studies have indicated that greater dependence can cause
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a devaluing of self and a lowering of morale [51, 57]. Our
findings showing that face-to-face contact with one’s chil-
dren had a positive association with CD 4 years later only
in O-O adults can be interpreted as mentioned above.
Our results were in agreement with a study on social sup-
port and cognitive function among American elderly that
showed that lack of reciprocity in the parent-children rela-
tionship can have deleterious effects on cognitive function
in older adults [58]. In Korea, there are strong instrumen-
tal interdependences between children and older parents
because of insufficient social welfare programs (e.g., elder
care support and child-caring) [59]. Thus, plenty of social
welfare programs for older parents and adult children
should be developed to reduce excessive support exchange
of parent-children.

Conversely, another study reported that co-residence
with children or close interaction with children was
positively associated with emotional well-being and self-
rated health in the Japanese elderly [60]. A study in
Europe also showed that few contacts with children were
associated with an increased number of depressive
symptoms in older people [61]. Because impacts of con-
tacts with children on older adults’ mental health are
inconsistent in the studies, more research is needed to
identify plausible relationships between them.

Frequent contact with children by phone or letters was
associated with reduced risk of CD 4 years later in O-O
adults. As a result of Westernized lifestyle and urban-
ization in recent decades, many Koreans no longer live
with their parents. The proportion of empty nest
families and elderly living alone is steadily increasing in
Korea [62]. Talking with their adult children on the
phone is likely to provide older adults emotional support
and intimacy. This finding showing the beneficial effect
of contact with children by phone or letters on CD is in
agreement with previous study results reporting that
frequent contact with children by phone or letters was
significantly protective against depression among older
people [12]. Studies have indicated that perceived emo-
tional support protects against CD and operates as an
antidote to stress, thus delaying neurodegenerative pro-
cesses, whereas loneliness or isolation can worsen CD in
older adults [20, 55]. Other studies have also shown that
talking on the phone with children can provide older
people with emotional support and be an important so-
cial activity in late life, confirming the concept that in-
timacy is needed for psychological well-being [12, 25].

In this study, older adults tended to more frequently
participate in informal rather than formal social activ-
ities. Empirical evidence showed that Asians are likely to
have a family-oriented culture, and older Asians tend to
participate in fewer formal social activities compared to
older Western people [12]. Our result also showed that
there was a significant association between participating
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in two or more formal social activities and lower CD for
O-O adults. This finding is line with a prior longitudinal
study that greater social group participation can prevent
CD [54]. Other studies among older adults also have re-
ported that participation in a number of different
organization reduce the onset of long-term care [63] and
participation in a variety of social groups is effective for
prevention of CD [64]. Our result indicates that encour-
aging older adults to participate in various formal social
activities may help preserve the cognitive function in
community-dwelling elderly population.

In our study, a higher level of quality of life showed a
lower risk of CD. Quality of life has been associated with
decreased risk of depressive symptoms and cognitive im-
pairment in later life [65]. Our finding is consistent with
a prior study reporting that quality of life was inversely
associated with CD [66].

Both elevated depressive symptom over time and high
levels of depressive symptom at baseline were positively
associated with CD. Depressive symptoms have been asso-
ciated with increased risk of cognitive impairment in later
life [17, 38]. Consistent with our results, prior longitudinal
studies have reported that cognitive function significantly
declined over time in elderly women with elevated depres-
sive symptom [6] and depressive symptoms at baseline
predicted CD independently of age, gender, duration of
follow up and baseline cognitive status [39].

Generally, formal and informal social activities have
been considered to be more relevant for psychosocial
well-being such as depressive symptom than for cognition.
Ample evidence has shown the associations between so-
cial activities and depressive symptoms [12, 23]. Recently,
however, many works have reported the significant
relationship between social activities and CD [27, 54, 64].
Although age has been believed to be the strongest
predictor of cognitive decline, our study showed that
social activities may reduce CD in later life independently
of the influence of age.

The possibility that social activities can mediate the
relationship between depressive symptoms and CD might
be raised because of associations between depressive
symptoms and social activities. However, in our analyses,
the social activities did not show mediating effect between
depressive symptom and CD. Thus, it is reasonable to
assume that social activities have direct relationship with
CD in this sample.

This study had several strengths. First, using national
longitudinal data, we examined a causal effect of social ac-
tivity on delaying or preventing CD in late life. Second, we
adjusted for various potential confounders of sociodemo-
graphics, health-related variables, mental well-being vari-
ables, and cognitive functioning at baseline. Third, subjects
with cognitive impairment at baseline were excluded be-
cause impaired cognition can reduce social activity.
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The present study had several limitations. First, al-
though our analyses were restricted to study participants
who had an MMSE score > 24 at baseline, and adjusted
for a wide variety of potential confounders, there still
may be a possible reverse causation between cognitive
function and social activity. Second, our findings are
based a global measure of cognitive function. Thus, we
cannot know which domains of cognitive function are
specifically affected by social activities. Other research
has measured specific cognitive domains such as epi-
sodic memory, semantic memory, perceptual speed, and
visuospatial ability [67]. Further research using fuller
batteries of cognitive function will be able to address the
relationships between specific domains of cognitive
function and social activity. Third, social activity mea-
sures relied on self-reports, which are subject to errors
of recall [15]. Fourth, empirical evidence has indicated
that quality rather than quantity of social interactions is
more important to predict health outcomes [68]. How-
ever, in this study, social activity was measured only
based on frequency. Our scale did not involve a poten-
tially important dimension of social activity such as spe-
cific content, period of time, satisfaction, troublesome
aspects, or burden. Future research should use detailed
instruments including quantity and quality of social ac-
tivity in order to obtain more accurate information on
how social activities affect CD in late life. Finally, social
activities and covariates were only measured at baseline.
Previous studies have indicated that changes in social
activities may affect CD in old age [64] and changes in
other covariates such as health condition can influence
the risk of CD [69]. Thus, future research needs to take
into account the change over time in social activities and
covariates.

Despite these limitations, this study supports the
notion that more participation in social activity may help
to prevent or postpone CD in old age and provides
important information on cognitive function, offering
convincing evidence for the types of social activity that
reduce CD over time using a large, nationally represen-
tative sample of the Korean elderly.

Conclusion

This community-based prospective study showed that
participation in senior citizen clubs or senior centers
and frequent contact with adult children by phone or
letters may produce beneficial effects in reducing CD in
later life among older adults. Participation in a variety of
formal social activities may also have a positive effect on
preventing CD in O-O adults. Our findings suggest that
encouraging older adults to participate in intellectually
challenging activities and active interpersonal exchanges
may help preserve the cognitive function in community-
dwelling elderly population.



Lee and Kim BMC Geriatrics (2016) 16:165

Additional files

Additional file 1: Table S1. Baseline characteristics of the sample based
on age group. Table S2. Cognitive decline 4 years later among study
population. Table S3. Percentage of cognitive decline 4 years later among
study population. Table S4. Participation in formal social activities according to
subject’s characteristics at baseline. Table S5. Correlations of the study
variables for total sample. Table S5-1. Correlations of the study variables

for Y-O adults. Table S5-2. Correlations of the study variables for O-O adullts.
Table S6. Variance inflation factors (VIF) of the study variables for multicollinear-
ity. Table S7. Multivariate linear regression analysis of the associations between
social activities and cognitive decline 4 years later. (DOCX 56 kb)

Additional file 2: KLoSA_2006_Wave1_English Questionnaire. (PDF 1994 kb)
Additional file 3: 2wave KLoSA Questionnaire English version_2008.
(PDF 1412 kb)

Additional file 4: 2 wave KLoSA Codebook English version_2008.
(XLSX 968 kb)

Additional file 5: 4wave KLoSA Questionnaire English versioin_2012.
(PDF 1433 kb)

Additional file 6: 4wave KLoSA CodeBook English version_2012.
(XLSX 944 kb)

Abbreviations

ADL: Activity of daily living; CES-D: Center for epidemiological studies
depression; IADL: Instrumental activity of daily living; KLoSA: Korean
longitudinal study of aging; KRW: Korean won; MMSE: Mini-mental state
examination; O-O: Old-old; SE: standard errors; Y-O: Young-old

Acknowledgements
None.

Funding

This work was supported by the 2014 Research Fund of University of Ulsan (grant
number: 2014-0087). The funder had no role in the design of the study, in the
analysis of data, or in the writing of the manuscript.

Availability of data and materials

This study is based on the data from the Korean Longitudinal Study of Aging
(KLoSA). The KLoSA datasets are publicly available at the Center for Employment
Survey, Korea Employment Information Service (http//surveykeisorkr/
ENBBSGO00ON.do?mnucd=cfsaklosa5). Researchers can download the datasets and
the english version of the questionnaires and coding guide after creating the user
account from the KLoSA website (Additional files 2, 3, 4, 5 and 6).

Authors’ contributions

YBK & SHL were responsible for the study conception and design. YBK planned the
study, supervised and performed the data analysis. SHL was responsible for the drafting
of the manuscript. YBK & SHL made critical revisions to the paper for significant
intellectual content. Both authors have read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The KLoSA survey was approved by the institutional review board of the
Statistics Korea (No. 33602). All participants provided their informed
written consent. As the survey data analyzed are publicly available,
ethical approval was not needed for this study.

Author details
'Department of Nursing, University of Ulsan, Ulsan, Republic of Korea.
Hallym University Institute of Aging, Chuncheon, Republic of Korea.

Received: 9 May 2016 Accepted: 19 September 2016
Published online: 27 September 2016

Page 8 of 9

References

1.

12.

N

20.

21.

22.

23.

Alzheimer's Disease International. Policy brief for G8 heads of government:
the global impact of dementia 2013-2050. [Cited 27/02/2016]. Available
from: http://www.alz.co.uk/research/GloballmpactDementia2013.pdf.
Accessed 27 Feb 2016.

Jorm AF, Jolley D. The incidence of dementia: a meta-analysis. Neurology.
1998;51:728-33.

Obisesan TO, Gillum RF. Cognitive function, social integration and mortality
in a US. national cohort study of older adults. BMC Geriatr. 2009;,9:33.
doi:10.1186/1471-2318-9-33.

Hsiao HT, Li SY, Yang YP, Lin LL, Lin SI, Wang JJ. Function and quality of life
in community-dwelling seniors with mild cognitive impairment in Taiwan.
Community Ment Health J. 2016;52(4):493-8.

Yen CH, Yeh CJ, Wang CC, Liao WC, Chen SC, Chen CC, et al. Determinants
of cognitive impairment over time among the elderly in Taiwan: results of
the national longitudinal study. Arch Gerontol Geriatr. 2010;50(51):53-7.
Goveas JS, Espeland MA, Hogan PE, Tindle HA, Shih RA, Kotchen JM, et al.
Depressive symptoms and longitudinal changes in cognition: women's health
initiative study of cognitive aging. J Geriatr Psychiatry Neurol. 2014;27(2)94-102.
Lee LK, Shahar S, Chin AV, Mohd Yusoff NA, Rajab N, Aziz SA. Prevalence of
gender disparities and predictors affecting the occurrence of mild cognitive
impairment (MCI). Arch Gerontol Geriatr. 2012;54(1):185-91.

Xiao LD, Habel L, De Bellis A. Perceived challenges in dementia care by
Vietnamese family caregivers and care workers in South Australia. J Cross
Cult Gerontol. 2015;30(3):333-52.

World Health Organization. Dementia: a public health priority. [Cited 28/02/
2016]. Available from: http://www.who.int/mental_health/publications/
dementia_report_2012/en/. Accessed 28 Feb 2016.

James BD, Boyle PA, Buchman AS, Bennett DA. Relation of late-life social
activity with incident disability among community-dwelling older adults.

J Gerontol A Biol Sci Med Sci. 2011;66(4):467-73.

Park HK, Chun SY, Choi Y, Lee SY, Kim SJ, Park EC. Effects of social activity
on health-related quality of life according to age and gender: an
observational study. Health Qual Life Outcomes. 2015;13:140.
doi:10.1186/512955-015-0331-4.

Lee SH, Kim YB. Which type of social activities decrease depression in the
elderly? an analysis of a population-based study in South Korea. Iran J
Public Health. 2014;43(7):903-12.

Wang HX, Karp A, Winblad B, Fratiglioni L. Late-life engagement in social
and leisure activities is associated with a decreased risk of dementia: a
longitudinal study from the Kungsholmen project. Am J Epidemiol.
2002;155(12):1081-7.

Trouton A, Stewart R, Prince M. Does social activity influence the accuracy
of subjective memory deficit? findings from a British community survey.

J Am Geriatr Soc. 2006;54(7):1108-13.

James BD, Wilson RS, Barnes LL, Bennett DA. Late-life social activity and
cognitive decline in old age. J Int Neuropsychol Soc. 2011;17(6):998-1005.
Glei DA, Landau DA, Goldman N, Chuang YL, Rodriguez G, Weinstein M.
Participating in social activities helps preserve cognitive function: an analysis
of a longitudinal, population-based study of the elderly. Int J Epidemiol.
2005;34(4):864-71.

Marioni RE, Proust-Lima C, Amieva H, Brayne C, Matthews FE, Dartigues JF,
et al. Social activity, cognitive decline and dementia risk: a 20-year
prospective cohort study. BMC Public Health. 2015;15:1089. doi:10.1186/
$12889-015-2426-6.

Fratiglioni L, Wang HX, Ericsson K, Maytan M, Winblad B. Influence of social
network on occurrence of dementia: a community-based longitudinal
study. Lancet. 2000;355(9212):1315-9.

Kim YB. Type of social activity and morale in later life: a comparison
between male and female. Asian Women. 2009;25(4):69-85.

Holtzman RE, Rebok GW, Saczynski JS, Kouzis AC, Wilcox Doyle K, Eaton WW.
Social network characteristics and cognition in middle-aged and older adults.
J Gerontol B Psychol Sci Soc Sci. 2004,59(6):278-84.

Lemon WB, Bengtson VL, Peterson JA. An exploration of the activity theory
of aging: activity types and life satisfaction among in-movers to a
retirement community. J Gerontol. 1972,27(4):511-23.

Arling G. The elderly widow and her family, neighbors and friends.

J Marriage Fam. 1976;38(4):757-68.

Gautam R, Saito T, Houde SC, Kai I. Social interactions and depressive
symptoms among community dwelling older adults in Nepal: a synergic
effect model. Arch Gerontol Geriatr. 2011;53(1):24-30.


dx.doi.org/10.1186/s12877-016-0343-x
dx.doi.org/10.1186/s12877-016-0343-x
dx.doi.org/10.1186/s12877-016-0343-x
dx.doi.org/10.1186/s12877-016-0343-x
dx.doi.org/10.1186/s12877-016-0343-x
dx.doi.org/10.1186/s12877-016-0343-x
http://survey.keis.or.kr/ENBBSGO00N.do?mnucd=cfsaklosa5
http://survey.keis.or.kr/ENBBSGO00N.do?mnucd=cfsaklosa5
http://www.alz.co.uk/research/GlobalImpactDementia2013.pdf
http://dx.doi.org/10.1186/1471-2318-9-33
http://www.who.int/mental_health/publications/dementia_report_2012/en/
http://www.who.int/mental_health/publications/dementia_report_2012/en/
http://dx.doi.org/10.1186/s12955-015-0331-4
http://dx.doi.org/10.1186/s12889-015-2426-6
http://dx.doi.org/10.1186/s12889-015-2426-6

Lee and Kim BMC Geriatrics (2016) 16:165

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Jeon GS, Jang SN, Kim DS, Cho SI. Widowhood and depressive symptoms
among Korean elders: the role of social ties. J Gerontol B Psychol Sci Soc
Sci. 2013;68(6):963-73.

Maier H, Klumb PL. Social participation and survival at older ages: is the
effect driven by activity content or context? Eur J Aging. 2005;2(1):31-9.
Yuqing H, Xiaoyan L, James PS, Yaohui Z. Aging in Asia: findings from new
and emerging data initiatives. Effects of social activities on cognitive
functions: evidence from CHARLS. Washington (DC): National Academies
Press (US); 2012.

Kéreholt I, Lennartsson C, Gatz M, Parker MG. Baseline leisure time activity
and cognition more than two decades later. Int J Geriatr Psychiatry.
2011;26(1):65-74.

Torpy JM, Lynm C, Glass RM. JAMA patient page. Frailty in older adults.
JAMA. 2006;296(18):2280.

Yoshinaka M, lkebe K, Uota M, Ogawa T, Okada T, Inomata C, et al. Age and
sex differences in the taste sensitivity of young adult, young-old and
old-old Japanese. Geriatr Gerontol Int. 2015. doi:10.1111/ggi.12638.

Ansah JP, Malhotra R, Lew N, Chiu CT, Chan A, Bayer S, et al. Projection of
young-old and old-old with functional disability: does accounting for the
changing educational composition of the elderly population make a
difference? PLoS One. 2015;10(5):€0126471. doi:10.1371/journal.pone.0126471.
De Beni R, Borella E, Carretti B, Zavagnin M, Lazzarini L, Milojevi G.
Remembering the past and imagining the future: age-related differences
between young, young-old and old-old. Aging Clin Exp Res. 2013;25(1):89-97.
Stoykova R, Matharan F, Dartigues JF, Amieva H. Impact of social network
on cognitive performances and age-related cognitive decline across a
20-year follow-up. Int Psychogeriatr. 2011,23(9):1405-12.

Kang Y, Na DL, Hahn S. A validity study on the Korean mini-mental state
examination (K-MMSE) in dementia patients. J Korean Neurol Assoc.
1997,15(2):300-8.

Tuijl JP, Scholte EM, de Craen AJ, van der Mast RC. Screening for cognitive
impairment in older general hospital patients: comparison of the six-item
cognitive impairment test with the mini-mental state examination. Int J
Geriatr Psychiatry. 2012,27(7):755-62.

Han C, Jo SA, Jo |, Kim E, Park MH, Kang Y. An adaptation of the Korean
mini-mental state examination (K-MMSE) in elderly Koreans: demographic
influence and population-based norms (the AGE study). Arch Gerontol
Geriatr. 2008:47(3):302-10.

Bernice LN. Age groups in American society and the rise of the young-old.
Ann Am Acad Pol Soc Sci. 1974;415(1):187-98.

Zhang W, O'Brien N, Forrest JI, Salters KA, Patterson TL, Montaner JS, et al.
Validating a shortened depression scale (10 item CES-D) among HIV-positive
people in British Columbia, Canada. PLoS One. 2012;7(7):e40793.
doi:10.1371/journal.pone.0040793.

Erten-Lyons D, Silbert L. Depressive symptoms are associated with late life
cognitive decline independent of common age-related pathologies. Evid
Based Ment Health. 2015;18(2):50. doi:10.1136/eb-2014-101980.

Gallagher D, Kiss A, Lanctot K, Herrmann N. Depressive symptoms and
cognitive decline: a longitudinal analysis of potentially modifiable risk factors
in community dwelling older adults. J Affect Disord. 2016;190:235-40.
doi:10.1016/}jad.2015.09.046.

Allison PD. Multiple Regression: A Primer. London: A Sage Publications
Company; 1999.

Turner AW. Senior citizens centers: what they offer, who participates, and
what they gain. J Gerontol Soc Work. 2004;43(1):37-49.

Scarmeas N, Zarahn E, Anderson KE, Habeck CG, Hilton J, Flynn J, et al.
Association of life activities with cerebral blood flow in Alzheimer disease:
implications for the cognitive reserve hypothesis. Arch Neurol. 2003;60(3):359-65.
Katzman R, Terry R, DeTeresa R, Brown T, Davies P, Fuld P, et al. Clinical,
pathological, and neurochemical changes in dementia: a subgroup with
preserved mental status and numerous neocortical plaques. Ann Neurol.
1988,23(2):138-44.

Freret T, Gaudreau P, Schumann-Bard P, Billard JM, Popa-Wagner A.
Mechanisms underlying the neuroprotective effect of brain reserve against
late life depression. J Neural Transm (Vienna). 2015;122(51):55-61.

Brown J, Cooper-Kuhn CM, Kempermann G, Van Praag H, Winkler J, Gage
FH, et al. Enriched environment and physical activity stimulate hippocampal
but not olfactory bulb neurogenesis. Eur J Neurosci. 2003;17(10):2042-6.
Nexa MA, Meng A, Borg V. Can psychosocial work conditions protect
against age-related cognitive decline? results from a systematic review.
Occup Environ Med. 2016;73(7):487-96.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 9 of 9

Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle
in late life might protect against dementia. Lancet Neurol. 2004;3(6):343-53.
Pierce CH. Recreation for the elderly: Activity participation at a senior citizen
center. Gerontologist. 1975;15(3):202-5.

Lee UY, Byun SH. Effects of satisfaction with the programs of senior welfare
centers on the depressive emotions and well-being of the elderly. J Korea
Acad Indus cooper Soc. 2014;15(4):2012-22.

Uehara ES. Reciprocity reconsidered: Gouldner's “moral norm of reciprocity”
and social support. J Soc Pers Relat. 1995;12(4):482-502.

Elizabeth M, Donald C. R. Intergenerational support activities and well-being
among the elderly: a convergence of exchange and symbolic interaction
perspectives. Am Sociol Rev. 1984;49(1):117-30.

Tun PA, Miller-Martinez D, Lachman ME, Seeman T. Social strain and executive
function across the lifespan: the dark (and light) sides of social engagement.
Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 2013;20(3):320-38.
Jang SN, Kawachi I, Chang J, Boo K, Shin HG, Lee H, et al. Marital status,
gender, and depression: analysis of the baseline survey of the Korean
longitudinal study of ageing (KLoSA). Soc Sci Med. 2009;69(11):1608-15.
Tomioka K, Kurumatani N, Hosoi H. Social participation and cognitive
decline among community-dwelling older adults: a community-based
longitudinal study. J Gerontol B Psychol Sci Soc Sci. 2016,gbw059.
doi:10.1093/geronb/gbw059.

Zunzunegui MV, Alvarado BE, Del Ser T, Otero A. Social networks, social
integration, and social engagement determine cognitive decline in
community-dwelling Spanish older adults. J Gerontol B Psychol Sci Soc Sci.
2003;58(2):93-100.

Martin AS, Palmer BW, Rock D, Gelston CV, Jeste DV. Associations of
self-perceived successful aging in young-old versus old-old adults. Int
Psychogeriatr. 2015;27(4):601-9.

Beth BH, Joan MW. Changing patterns of aging and family bonds in later
life. Fam Coord. 1978,27(4):303-14.

Sims RC, Hosey M, Levy SA, Whitfield KE, Katzel LI, Waldstein SR. Distinct
functions of social support and cognitive function among older adults. Exp
Aging Res. 2014;40(1):40-59.

Schwarz B, Trommsdorff G, Kim U, Park Y. Intergenerational Support
Psychological and Cultural Analyses of Korean and German Women.

Curr Sociol. 2006;54(2):315-40.

Yoshida O, Yuichiro O, Akihiro K. Influence of living alone on emotional
well-being in community-dwelling elderly persons. Geriatr Gerontol Int.
2005;5(3):152-8.

Isabella B, Henriette E. Children’s impact on the mental health of their older
mothers and fathers: finding from the survey of health, ageing and
retirement in Europe. Eur J Ageing. 2008;5(1):31-45.

Korea Ministry of Health and Welfare, Korea health statistics. 2015 Statistics
on the aged. Seoul: Korea Ministry of Health and Welfare, Korea health
statistics; 2015.

Kanamori S, Kai Y, Aida J, Kondo K, Kawachi |, Hirai H, et al. Social participation
and the prevention of functional disability in older Japanese: the JAGES cohort
study. PLoS One. 2014,9:99638. doi:10.1371/journal pone.0099638.

Choi Y, Park S, Cho KH, Chun SY, Park EC. A change in social activity affect
cognitive function in middle-aged and older Koreans: analysis of a

Korean longitudinal study on aging (2006-2012). Int J Geriatr Psychiatry.
2016;31(8):912-9.

Brown PJ, Roose SP. Age and anxiety and depressive symptoms: the effect
on domains of quality of life. Int J Geriatr Psychiatry. 2011;26(12):1260-6.
Pusswald G, Tropper E, Kryspin-Exner |, Moser D, Klug S, Auff E, et al. Health-
related quality of life in patients with subjective cognitive decline and mild
cognitive impairment and its relation to activities of daily living. J Alzheimers
Dis. 2015:47(2):479-86. doi:10.3233/JAD-150284.

Bennett DA, Schneider JA, Tang Y, Arold SE, Wilson RS. The effect of social
networks on the relation between Alzheimer's disease pathology and level
of cognitive function in old people: a longitudinal cohort study. Lancet
Neurol. 2006;5(5):406-12.

Voils Cl, Allaire JC, Olsen MK, Steffens DC, Hoyle RH, Bosworth HB. Five-year
trajectories of social networks and social support in older adults with major
depression. Int Psychogeriatr. 2007;19(6):1110-24.

Johnston H, McCrimmon R, Petrie J, Astell A. An estimate of lifetime
cognitive change and its relationship with diabetes health in older adults
with type 1 diabetes: preliminary results. Behav Neurol. 2010,23(4):165-7.


http://dx.doi.org/10.1111/ggi.12638
http://dx.doi.org/10.1371/journal.pone.0126471
http://dx.doi.org/10.1371/journal.pone.0040793
http://dx.doi.org/10.1136/eb-2014-101980
http://dx.doi.org/10.1016/j.jad.2015.09.046
http://dx.doi.org/10.1093/geronb/gbw059
http://dx.doi.org/10.1371/journal.pone.0099638
http://dx.doi.org/10.3233/JAD-150284

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and participants
	Measures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Additional files
	show [a]
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

