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The objective of this study was to investigate the impact of social engagement and patterns
of change in social engagement over time on mortality in a large population, aged 45
years or older. Data from the Korean Longitudinal Study of Aging from 2006 and 2012
were assessed using longitudinal data analysis. We included 8,234 research subjects at
baseline (2006). The primary analysis was based on Cox proportional hazards models to
examine our hypothesis. The hazard ratio of all-cause mortality for the lowest level of
social engagement was 1.841-times higher (P < 0.001) compared with the highest level of
social engagement. Subgroup analysis results by gender showed a similar trend. A six-class
linear solution fit the data best, and class 1 (the lowest level of social engagement class,
7.6% of the sample) was significantly related to the highest mortality (HR: 4.780,

P < 0.001). Our results provide scientific insight on the effects of the specificity of the level
of social engagement and changes in social engagement on all-cause mortality in current
practice, which are important for all-cause mortality risk. Therefore, protection from all-
cause mortality may depend on avoidance of constant low-levels of social engagement.
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INTRODUCTION

Social engagement is regarded as a source of social integration
that may be beneficial to health (1). Social engagement occurs
via behavioral and/or physiological pathways (2), such as by
providing a sense of purpose, and increasing motivation and
social pressure to engage in behaviors that benefit, rather than
harm (3).

Previous research has provided preliminary evidence that
social engagement and the resulting relationships may play
critical roles in the determination of health status (4-6). Social
engagement, that is, participation in a broad range of social re-
lationships (7), is a robust predictor of morbidity and mortality
(8,9) in both the community (10) and higher-risk samples, such
as patients with coronary heart disease (10) and those involved
in accidents, compared with well-integrated people. Low levels
of social support appear to influence negative health behaviors,
such as smoking, heavy alcohol consumption, poor dietary hab-
its, sedentary lifestyle, and suboptimal health service utilization
(11,12). Social support is quantified based on indicators of mar-
ital status, number of social relationships (network size), fre-
quency of contact, and membership in community groups.
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Although social engagement may affect mortality through
biological, behavioral, and psychological pathways (13), the
mechanisms that explain the link between low social engage-
ment and increased risk of all-cause mortality are not well un-
derstood. Whether changes in social engagement affect subse-
quent mortality has not been established. The relationship be-
tween changes in social engagement and health has been ex-
amined primarily in terms of marital transition, particularly re-
cent widowhood, and all-cause mortality (14). Yet, the effects of
social isolation cannot be easily isolated. A previous study show-
ed that changes in social engagement were not predictive of
mortality (15).

Therefore, based on this evidence, our study investigated the
impact of social engagement and networks in relation to all-
cause mortality in a large general population. Further, examin-
ing intra-individual patterns of change in social engagement
over time, we sought to determine whether individuals who
maintain high levels of social engagement or increase social
engagement over time have a lower risk for mortality compared
with those with low and decreasing social engagement using
nationally representative panel data.
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MATERIALS AND METHODS

Study sample & design

Data were collected from the Korean Longitudinal Study of Ag-
ing (KLoSA) in 2006, 2008, 2010, and 2012. This biennial survey
involves a multistage, stratified sampling based on geographi-
cal area and housing type across the nation. The KLoSA was con-
ducted to create nationally representative longitudinal data on
Koreans, aged 45 years or older, by the Korea Labor Institute for
this rapidly growing population.

In the first baseline survey in 2006, 10,254 individuals from
6,171 households (1.7 per household) were interviewed using
the Computer-Assisted Personal Interviewing method. There
were 292 individuals with cancer. In 2008, the second survey
followed up with 8,688 subjects, who represented 86.6% of the
original panel. In 2010, the third survey followed up with 7,920
subjects, who represented 80.3% of the original panel, and the
fourth survey, in 2012, followed up with 7,486 subjects, who rep-
resented 76.2% of the original panel.

To investigate the association between social engagement
and all-cause mortality among these individuals, we excluded
2,020 subjects with missing information and finally included
8,234 study subjects at baseline.

Independent variables

Social engagement, our independent variable of interest, was
measured using five variables. Briefly, 1) frequency of contacts
of friends (4: every day, 3: once a month-two or three per week,
2: once a year-five or six a year or almost nothing); 2) frequency
of contacts within a mutual benevolence group meeting (4: ev-
ery day, 3: once a month-two or three per week, 2: once a year-
five or six a year or almost nothing); 3) frequency of attendance
at leisure, culture, and sports activities (4: every day, 3: once a
month-two or three per week, 2: once a year-five or six a year or
almost nothing); 4) frequency of religious attendance (4: every
day, 3: once a month-two or three per week, 2: once a year-five
or six a year or almost nothing); and 5) frequency of contacts at
an alumni meeting or hometown alumni and clan gathering (4:
every day, 3: once a month-two or three per week;, 2: once a year-
five or six a year or almost nothing). The variables are summed,
with totals ranging from 4 to 20. Social engagement was ranked
from lowest (I) to highest (V), and five groups were analyzed
using the SAS rank function.

Socioeconomic and demographic factors as control
variables

Age group was divided into three categories: < 49, 50-59, 60-69,
and > 70years. Education level was categorized into four groups:
elementary school or lower, middle school, high school, and
college or higher. Marital status was divided into two groups:
single and married. Single included separation and separation
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by death or divorce. Income and employment status were di-
vided into two categories: yes or no.

Health status and behavior factors as control variables
Smoking status was categorized into three groups: current smok-
er, former smoker, and never smoker. Alcohol use was also di-
vided into three groups: current drinker, former drinker, and
never drinker. Self-rated health status was categorized into three
groups: good, moderate, and bad. Depression was categorized
into two groups: yes or no. In addition, the number of chronic
diseases was also included as a covariate in our analyses.

Dependent variables

Death (all-cause mortality) over a maximum follow-up period
of 6 years was determined by death certificate and a coroner’s
report.

Analytical approach and statistics

We used y* test and Cox proportional hazards models to inves-
tigate the association between social engagement and all-cause
mortality. Further, this study used growth mixture modeling to
estimate trajectory classes of social engagement over time. Growth
mixture model provides a method by which we can develop a
probable representation of unobserved group classification and
group differences - based on observed information and user
specified constraints. Once the social engagement trajectory
classes were derived from the growth mixture models for iden-
tifying homogeneous subpopulations within the larger hetero-
geneous population and for describing longitudinal change with-
in each unobserved sub-population and examining differences
in change among unobserved sub-populations, the classes were
then coded into a series of dummy variables to examine the re-
lationship between the patterns of social engagement over time
and mortality using Cox proportional hazards models, which
are semiparametric models that do not assume a specific haz-
ard function. For all analyses, the two-tailed criterion for statis-
tical significance was P < 0.05. All analyses were conducted us-
ing the SAS statistical software package, version 9.2 (SAS Insti-
tute Inc., Cary, NC, USA).

Ethics statement

Korean Longitudinal Study of Aging (KLoSA) data are available
in a national public database (website: http://www.kli.re.kr/
klosa/en/about/introduce.jsp) and thus, ethical approval to
conduct the study is not needed.

RESULTS

Prevalence of all-cause morality
Table 1 displays the descriptive statistics of all variables at base-
line. Of the 8,234 research subjects included in our study, the
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Table 1. General characteristics of subjects included for analysis at baseline

All-cause mortality

Characteristics Pvalue
No % Alive % Dead %

Social engagement < 0.001
| (lowest) 2,053 24.9 1,720 83.8 333 16.2
Il 958 1.6 844 88.1 114 1.9
I 2,116 25.7 1,978 93.5 138 6.5
v 1,187 144 1,126 94.9 61 5.1
V (highest) 1,920 23.3 1,812 94.4 108 5.6

Sex < 0.001
Male 3,627 441 3,211 88.5 416 11.5
Female 4,607 56.0 4,269 92.7 338 7.3

Age, yr < 0.001
<49 1,289 15.7 1,271 98.6 18 1.4
50-59 2,359 28.7 2,299 97.5 60 2.5
60-69 2,427 29.5 2,267 93.4 160 6.6
>70 2,159 26.2 1,643 76.1 516 23.9

Education level < 0.001
< Elementary school 4,003 48.6 3,458 86.4 545 13.6
Middle school 1,328 16.1 1,257 94.7 71 5.4
High school 2,122 25.8 2,021 95.2 101 4.8
> College 781 95 744 95.3 37 4.7

Residential region 0.001
Urban 5,056 61.4 4,635 91.7 421 8.3
Rural 3,178 38.6 2,845 89.5 333 10.5

Marital status < 0.001
Married 6,528 79.3 6,057 92.8 471 7.2
Single (including divorced, separated) 1,706 20.7 1,423 83.4 283 16.6

Income < 0.001
Yes 1,544 18.8 1,497 97.0 47 3.0
No 6,690 81.3 5,983 89.4 707 10.6

Economic activity status < 0.001
Yes 3,151 38.3 3,046 96.7 105 3.3
No 5,083 61.7 4,434 87.2 649 12.8

Smoking status < 0.001
Smoker 5,827 70.8 5,364 921 463 8.0
Former smoker 828 101 702 84.8 126 15.2
Never smoker 1,579 19.2 1,414 89.6 165 10.5

Alcohol use < 0.001
Drinker 3,127 38.0 2,908 93.0 219 7.0
Former drinker 556 6.8 445 80.0 111 20.0
Never drinker 4,551 6.3 4,127 90.7 424 9.3

Self-rated health <0.001
Good 3,032 36.8 2,921 96.3 111 3.7
Moderate 4,627 56.2 4,166 90.0 461 10.0
Bad 575 7.0 393 68.4 182 31.7

Depression < 0.001
Yes 970 11.8 822 84.7 148 183
No 7,264 88.2 6,658 91.7 606 8.3

No. of chronic diseases™ < 0.001
0 4,266 51.8 4,013 941 253 5.9
1 2,419 29.4 2,160 89.3 259 10.7
>2 1,549 18.8 1,307 84.4 242 15.6

Total 8,234 100 7,480 90.8 754 9.2

*Hypertension, diabetes, osteoarthritis, rheumatoid arthritis, cancer, chronic pulmonary disease, liver disease, cardiovascular disease, cerebrovascular disease, and mental illness.

prevalence of all-cause mortality was 9.2% (754 participants).
In terms of social engagement, 16.2% of all-cause mortality had
the lowest and 5.6% of all-cause mortality had the highest level.
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Association between social engagement and all-cause
mortality

After adjusting for age, sex, residential region, education level,
marital status, income, economic activity status, smoking sta-
tus, alcohol use, self-rated health, depression, and number of
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Table 2. Adjusted effects between social engagement and all-cause mortality

All-cause mortality

Parameters
HR SE Pvalue  Pfor trend
Social engagement < 0.001
| (lowest) 1.841 0114 <0.001
1 1.501 0137 0.003
Il 1.175 0.129 0.214
v 0.939 0.161 0.699
V (highest) 1.000 - -
Sex < 0.001
Male 2.793 0.108 < 0.001
Female 1.000 - -
Age, yr < 0.001
<49 1.000 - -
50-59 1.488 0.271 0.142
60-69 2.641 0.257 0.000
>70 7.276 0.256 < 0.001
Education level 0.038
< Elementary school 1.458 0.179 0.036
Middle school 1.071 0.205 0.737
High school 1.299 0.193 0177
> College 1.000 = =
Residential region 0.043
Urban 0.856 0.077 0.043
Rural 1.000 - -
Marital status < 0.001
Married 0.604 0.090 <0.001
Single 1.000 = =
Income 0.443
Yes 0.879 0.168 0.443
No 1.000 - -
Economic activity status < 0.001
Yes 0.546 0122 < 0.001
No 1.000 - -
Smoking status 0.087
Smoker 0.804 0.108 0.042
Former smoker 0.976 0.123 0.844
Never 1.000 - -
Alcohol use 0.028
Drinker 0.779 0.100 0.013
Former drinker 0.983 0.123 0.888
Never 1.000 - -
Self-rated health < 0.001
Good 1.000 - -
Moderate 1.438 0.114 0.001
Bad 3.247 0.141 < 0.001
Depression 0.483
Yes 1.071 0.098 0.483
No 1.000 - -
No. of chronic disease* 0.519
0 1.000 - -
1 1.034 0.092 0.719
>2 1.116 0.099 0.268

*Hypertension, diabetes, osteoarthritis, rheumatoid arthritis, cancer, chronic pulmo-
nary disease, liver disease, cardiovascular disease, cerebrovascular disease and men-
tal illness.

chronic diseases the hazard ratio of all-cause mortality for the
lowest level of social engagement was 1.841-times higher (P <
0.001) compared with those with the highest level of social en-
gagement (Table 2).

Table 3 represents the adjusted effect between social engage-
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Table 3. Adjusted effects between social engagement and all-cause mortality by
gender

All-cause mortality

Socalen o ot pyage PO g sE puae O
gagement trend trend
Male Female
Degree 0.001 0.001
| lowest) 1.827 0.155 < 0.001 1771 0171 0.001
II 1636 0.188  0.009 1317 0.202 0.174
Il 1197 0.173  0.299 1.094 0.196 0.646
v 1.027 0.825 0.441

0212 0.900 0.249

V (highest) 1.000
Adjusted for all variables.
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Fig. 1. Social engagement and all-cause mortality.

ment and all-cause mortality according to gender. After adjust-
ing for all confounders, the hazard ratio of all-cause mortality of
males and females with the lowest level of social engagement
was 1.872-higher (P < 0.001) and 1.771-higher (P = 0.001), re-
spectively, compared with those with the highest level of social
engagement.

Trajectory class of social engagement over time

Fig. 1 displays the social engagement trajectory classes. A six-
class linear solution for trajectories of social engagement fit the
data best in the growth mixture models (Appendix 1). This mod-
el had smaller information criteria values (Akaike information
criterion [AIC], Bayesian information criterion [BIC], and sam-
ple-size adjusted BIC) relative to other class solutions. Trajecto-
ry Class 1 (7.6% of the sample) was characterized by the lowest
levels of social engagement that were constant over time. Tra-
jectory Class 2 (7.2% of the sample) was characterized by slight-
ly increasing levels of social engagement over time. Approxi-
mately 10.2% of the sample belonged to the Class 3 trajectory,
which was characterized by significantly decreasing levels of
social engagement over time. Trajectory Class 4 was character-
ized by gradually increasing levels of social engagement over
time, with 13.5% belonging to this class. It is likely that those
who are at the moment of death have deliberately an active so-
cial activity. Trajectory Class 5 was characterized by constant
high-levels of social engagement over time, with 24.1% belong-
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Fig. 2. Trajectory class of social engagement by year.

ing to this class. Trajectory Class 6 was characterized by slightly
decreasing levels of social engagement over time, with 37.4%
belonging to this class (Fig. 2).

The social engagement trajectory classes were used as dum-
my variables in Cox proportional hazards models to examine
the relationship between patterns of social engagement and
mortality. In the adjusted model with the social engagement
trajectory class, those belonging to Class 2 had the lowest haz-
ard ratio (HR: 0.517, P = 0.013) of mortality out of all the social
engagement trajectory classes compared to Class 5. However,
those belonging to consistently Class 1 had the highest hazard
ratio (HR: 4.780, P < 0.001) of mortality out of all the social en-
gagement trajectory classes compared to Class 5 (Table 4).

DISCUSSION

In this study, our primary purpose was to investigate whether
social engagement was related to subsequent all-cause mortal-
ity rates and whether changes in social engagement affect sub-
sequent all-cause mortality via growth mixture modeling using
longitudinal models for nationally representative data from 2006
to 2012 in Korea.

Results of our study provide scientific insight into the speci-
ficity of social engagement and all-cause mortality in current
practice. The major findings of our study are as follows: Social
engagement has a substantial effect on all-cause mortality among
individuals, aged 45 years or older, independent of socioecono-
mic variables, health status, and behavior variables. Although
these effects appear stronger in males, subgroup analysis results
according to gender are similar.

Further, to investigate the relationship between patterns of
change in social engagement over four time points and mortal-
ity, trajectory classes reflecting intra-individual patterns of change
in social engagement over time were derived via growth mix-
ture modeling using nationally representative data. Six trajecto-
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Table 4. Adjusted effects between trajectory class and all-cause mortality

All-cause mortality

Trajectory class from 2006 to 2012 HR SE Pvalue
Model 1

Remained in category 1 4.780 0141 < 0.001
Increased in category 2 0.517 0.265 0.013
Decreased in category 3 1.556 0.164 0.007
Increased in category 4 1.671 0.162 0.002
Remained in category 5 1.000 - -

Decreased in category 6 1.700 0.133 < 0.001

Adjusted for all variables.

ry classes suggested that changes in social engagement may be
important predictors of all-cause mortality. Membership in the
constant low-level of social engagement trajectory class (Class
1) was associated with a higher risk of all-cause mortality com-
pared with membership in the constant high-level of social en-
gagement trajectory class (Class 5).

Although steep changes in membership in a social engage-
ment trajectory class (Class 3 or 4) increased the risk of all-cause
mortality, compared with membership in the constant high-lev-
el of social engagement trajectory class, membership in a slight-
ly increasing social engagement trajectory class (Class 2) was
associated with a reduced risk of all-cause mortality, compared
with Class 5. Our results suggest that changes in social engage-
ment can be important for all-cause mortality risk. However, pro-
tection of mortality may depend upon avoidance of constant
low-levels of social engagement over time.

Traditionally, the problem of reverse causality for social en-
gagement and mortality is not an issue when the outcome is
mortality; poor health status could have a causal effect on both
patterns of social engagement over time and mortality. Conse-
quently, a pattern of constant high-levels of social engagement
was a robust significant predictor of low mortality risk. This find-
ing is especially important after adjusting for health status and
health behavior variables, and provides strong evidence for the
benefits of social engagement on mortality risk.

Previous work has shown that higher social engagement is
linked to lower risk of mortality (16-18). Participation in social
and productive activities, such as organizational attendance
(19), religious participation (20), participation in group leisure
activities (21), more contact with friends (22), and volunteering,
had salutary effects on health outcome (23,24). In addition, a
previous study indicated that low social engagement may be
directly related to adverse health outcomes through poor bio-
logical and physiological mechanisms, such as accelerated ag-
ing (25), increased cardiovascular reactivity (26), and impaired
immune function (27), including perturbed endocrine and au-
tonomic nervous system functions (28-30). Low social engage-
ment was also shown to be associated with health risk behav-
iors such as increased likelihood of smoking (31), physical inac-
tivity (32), and medication nonadherence (33).
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This study contributes to the literature on social engagement
and health in several ways. The life course perspective’s empha-
sis on stability and change in an individual’s life is encapsulated
in research using trajectories as a person ages and the interde-
pendence of lives in shared relationships (34). Social engage-
ment is important for health (35), but these social interactions
are not fixed across time and can be masked by static concep-
tions of social engagement connections.

However, many studies on the relationship between social
engagement and mortality do not take into account the dynam-
ic nature over whether social engagement changes over time.
Even if previous studies (36,37) are important steps in studying
changes in social engagement over time, they typically use pat-
terns of change in social relationships and effects on mortality
at just two time points (36), limiting the ability to assess the dy-
namic nature of social integration over a long time (38). There-
fore, it is important to incorporate long time points of measure-
ment to precisely assess patterns of change in social relations
(38). Thus, in this study, our results of trajectory class modeling
are uniquely able to take into account patterns of stability and
changes of social relations at four time points.

On the basis of the findings in this study, future research might
focus on more sophisticated network models that assess many
more dimensions of social and community ties. Of particular
interest is the number of possible relationships that place an in-
dividual in a particular risk category. Thus, it is necessary to take
into account the quality of the social interactions, such as a com-
parison of positive and negative social engagement activities
that affect health. In addition, although the social engagement
trajectory classes were dummy variables, for the survival analy-
sis, they were treated as a fixed variable. However, this approach
may ignore the inter-individual heterogeneity around each tra-
jectory class of social engagement. Although it is often used as a
newer predictive approach in semiparametric models, future re-
search should provide validation or improvements to this method.

There are a number of strengths and limitations of this study.
One strength is that the study obtained a large sample size, so
the results can be generalized to adults aged 45 years and older
within the Korean population. The use of trajectories and the
life course perspective enrich this study by the incorporation of
a more dynamic, longitudinal analysis. Nevertheless, this study
has several limitations. One is that respondents’ reports are sub-
jective and are potentially affected by false consciousness and
adaptation of resources. Second, the social engagement indica-
tors did not take into account the quality of the social interac-
tions involved. Third, because the classification of each trajec-
tory of social engagement cannot be statistically verified, it may
fail to identify rare but real patterns, and thus cannot measure
the precision with which individuals are classified (39). Fourth,
important potential limitation is that follow-up was not com-
plete for all participants to participate in the interviews. When
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we examined distribution of missing information, however, we
found similar crude differences between missing information
and information of participants included for analysis. This sug-
gests minimal bias due to observed participant characteristics
and outcomes, although it does not rule out biases due to un-
measured variables associated with both incomplete follow-up
and participant outcomes. Finally, the primary exposure of in-
terest was social engagement, measured with a 5-item index
that included questions about frequency of contacts of friends,
frequency of contacts within a mutual benevolence group meet-
ing, frequency of attendance at leisure, culture, and sports ac-
tivities, frequency of religious attendance and frequency of con-
tacts at an alumni meeting or hometown alumni and clan gath-
ering. Making arbitrary set of social engagement by simply sum-
ming up the relevant scores yields the lack of validity. Therefore,
further study is necessary to precisely measure valid and reli-
able measures of social integration.

In conclusion, our results strongly suggest that low social en-
gagement has a substantial effect on all-cause mortality rates
among individuals aged 45 years or older. Six trajectory classes
reflecting intra-individual patterns of change in social interac-
tions over four time points suggest that changes in social en-
gagement may be important predictors of all-cause mortality.
Specifically, protection of mortality may depend upon avoid-
ance of constant low-levels of social engagement over time. Fu-
ture research is necessary to validate these results using a latent
variable approach that reduces measurement error.
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Appendix 1. Best fitting model of trajectory class

No. of groups BIC (n = 8,234) Null model 2loge (B1o)
1 -61,311 - -

2 -58,147 1 3,164
3 -57,255 2 892
4 -56,989 3 266
5 -56,538 4 451

6 -56,541 5 -3

BIC, Bayesian information criterion.
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