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Abstract

Objective: Social isolation and loneliness have been associated with increased incidence of
cardiovascular disease (CVD), but few studies have evaluated the impact of social isolation
and loneliness on mortality in people with existing CVD, and these are limited to Western
populations. We examined whether social isolation and loneliness associated with increased

risk of mortality in individuals with established CVD in Taiwan.

Methods: The cohort was composed of 1,267 patients with confirmed CVD aged 65 years or
older followed up for up to 10 years. Cox proportional hazard regression models were used to
examine the association between social isolation and loneliness at baseline and mortality at

follow-up by adjusting for demographic variables, health-related behaviors, and health status.

Results: There were 593 deaths over the follow-up period. Social isolation was associated
with increased risk of mortality after accounting for established risk factors (hazard ratio
[HR]=1.16; 95% CI=1.06, 1.26), while loneliness was not associated with increased risk of
mortality (HR=0.95; 95% CI1=0.82, 1.09). When both social isolation and loneliness were
included in the model, social isolation maintained an association with mortality (HR=1.16; 95%

CI=1.07, 1.27).

Conclusions: Social isolation is associated with an increased risk of mortality in patients
with CVD, and the effects are independent of loneliness. These findings expand our
knowledge about the impact of social isolation on the outcomes of CVD in non-Western
countries. Efforts to reduce isolation may have substantial benefits in terms of mortality in

patients with CVD.
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Keywords social isolation; loneliness; all-cause mortality; cardiovascular disease (CVD)

ADL-= activities of daily living, AMI=acute myocardial infarction, BMI=body mass index,
CES-D=Center for Epidemiologic Studies Depression Scale, CHD=coronary heart disease,
CVD-=cardiovascular disease, HR= hazard ratio, ICD-9-CM=International Classification of

Diseases, 9th Revision, Clinical Modification, NHIS=National Health Interview Survey
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Introduction

Social isolation and loneliness are reflections of the objective and subjective
characteristics of impoverished social relationships respectively (1). Social isolation is a state
of estrangement, which refers to the loss of social connection to other individuals and social
organizations. Loneliness by contrast is a subjective feeling of distress, arising when there is
a discrepancy between desired and actual social relationships (2). Although social isolation
and loneliness tend to occur together, they can also be experienced independently of one
another. This is supported by research showing that being alone and loneliness are only

moderately correlated (3).

Substantial evidence suggests that high levels of social isolation or loneliness are
associated with increased all-cause mortality risk in older adults (4-8). The risk associated
with poor social connections is comparable with well-established risk factors for death, such
as smoking, physical inactivity or obesity (9, 10). Research has also been conducted to
identify the possible psychological and biological pathways through which social isolation

and loneliness lead to poorer health and increased mortality (11-13).

Cardiovascular disease (CVD), including stroke and coronary heart disease (CHD), is the
leading cause of death and disability worldwide (14). People who survive an acute
cardiovascular event are at an increased risk of a subsequent cardiac event and premature
death (15), making it important to explore psychosocial determinants in this high risk group.
Both social isolation (16, 17) and loneliness (18, 19) have been prospectively related to a
higher incidence of CVD in previous studies, and the results of one recent meta-analysis
support the hypothesis that loneliness and social isolation are risk factors for the development

of CVD (20). Their findings showed that poor social relationships were associated with a 29%
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increase in the risk of CHD and a 32% increase in the risk of stroke. However, most of the
previous studies were focused on the influence of social isolation or loneliness on the
incidence of CVD rather than outcomes such as cardiac or total mortality in people with CVD.
Although risk factors such as depression (21) and physical inactivity (22) have been
associated with poorer outcomes among individuals with pre-existing CVD, only a few
studies have examined the impact of social isolation or loneliness on the prognosis of CVD
and results have been mixed. Williams and colleagues assessed social support in a cohort of
patients with significant coronary artery disease. They reported that unmarried individuals
without a close confidant had an adjusted hazard ratio for survival of 3.34 compared with
those reporting either or both (23). A study of more than 450,000 people in the UK found that
social isolation and loneliness were associated with increased risk of acute myocardial
infarction (AMI) and stroke, but that only social isolation was related to subsequent mortality
(24). Although this was a large-scale study with long-term follow-up, it only included

participants aged between 40 and 69, limiting generalization beyond this age range.

Meanwhile, another gap in knowledge is the lack of studies on the health consequences
of social isolation and loneliness in non-Western countries. Most studies on this topic have
been conducted in North America and European countries (20), and it is not established
whether similar patterns occur in other cultures. The importance of such research is
underscored by the fact that isolation and loneliness are equally prevalent in non-Western as
in Western countries. One study in China using national samples showed that 29.8% of older
adults felt lonely (25). Another study in Japan showed that the prevalence of social isolation
was 31.0% for older adults living alone and 24.1% for those living with family (26). Whether
isolation and loneliness have similar health effects and operate through similar mechanisms

in non-Western cultures remains to be studied. It has been suggested that the association
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between social relationships and health could be more salient in Chinese populations, for
whom cultural tradition emphasizes the family system and collectivism (25). However, little
was known about the consequences of isolation and loneliness for the mortality of general
Chinese population, not to mention the subgroup of patients with CVD. We therefore sought
to investigate the associations of both subjective and objective deficiencies in social
relationships with all-cause mortality in patients with CVD age 65 years or older in Taiwan.
We conducted a prospective analysis to answer the following primary question: are social
isolation and loneliness associated with increased mortality in patients with CVD? Another
objective of our study is investigating whether loneliness or social isolation are differentially

associated with all-cause mortality in patients with CVD.

Methods
Participants

This analysis used data from the 2005 National Health Interview Survey (NHIS) in
Taiwan. The NHIS was conducted by the Ministry of Health and Social Welfare and the
National Health Research Institutes in Taiwan. Participants were selected using a multi-stage

stratified systematic sampling procedure to obtain a nationally representative sample.

The NHIS comprised 24,726 persons in Taiwan (response rate=80.59%). For this study;,
the NHIS data were combined with the 2003-2015 claims data in the National Health
Insurance Research Database. National Health Insurance is a public compulsory insurance
system in Taiwan that covered approximately 99.6% of the total population of over 23.6
million in 2017 (Ref: Ministry of Health and Welfare (2018). 2016-2017 National Health

Insurance Annual Report. Taipei: Ministry of Health and Welfare).
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Figure 1

Of all the 2005 NHIS participants age 65 years or older (n= 2,727), 1,760 participants
consented to linkage of their survey data with National Health Insurance claims data. Among
these participants, 1,267 who met the criteria for CVD at baseline were identified for the
current study (see Figure 1). Two criteria for CVD included: (i) participants had at least one
service claim between 2003 and 2005 for either outpatient or inpatient care with a principal
diagnosis of CVD (The International Classification of Diseases, 9th Revision, Clinical
Modification [ICD-9-CM] codes 390-438); and (ii) participants had at least one service claim
for inpatient care or at least three services for outpatient care with a principal diagnosis of
CVD between 2003 and 2015(27). The ethics protocol was approved by Taichung Veterans

General Hospital Institutional Review Board, Taiwan (reference number: CE17201-1).

Measures
Survival status

Survival status for the period from 2005 to 2015 was assessed by matching personal
identification numbers with the National Death Registry files provided by the Ministry of

Health and Social Welfare, Taiwan.

Social isolation

We used an index comprised of different aspects of the social network. Six items were
combined to create an index of social isolation, which was adapted from previous research (5,
12, 28). One point was assigned if participants were not married (never married, separated,
divorced, widowed), living alone, had less than monthly contact with their children, and

friends, and if they did not participate in any volunteer work or social groups (social clubs,
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resident groups or religious groups) in the last three months. This resulted in a scale ranging
from 0 to 6. Continuous isolation scores were used in the main analysis. For illustrative

purposes, participants was categorized into two groups by the top quartile (=4 versus <4

points to indicate high versus low level of social isolation) (5).

Loneliness

Loneliness was measured with one single item from the Chinese version of Center for
Epidemiologic Studies Depression Scale (CES-D). Participants were asked, “In the last week,
have you experienced loneliness (felt isolated, with no companions)?”, which was scored on
a scale of 0 to 3, corresponding to responses of ‘never’, ‘rarely’, ‘sometimes’, and ‘often’. All
those participants who responded ‘sometimes’ or ‘often’ were classified as “lonely”, those
who responded ‘never’ or ‘rarely’ were classified as “not lonely”. This measure has been used

in a number of previous studies (4, 29-31).

Covariates

Covariates included demographic characteristics, lifestyles behaviors, health status, and
comorbid conditions. All variables were provided by the 2005 NHIS. The following factors
were selected as covariates based on previous research (5, 24): (1) socio-demographic
characteristics including age, sex, education attainment, working status, monthly income.
Marital status and living arrangement were not included as covariates since they were used to
calculate the index of social isolation; (2) lifestyle behaviours: smoking status (current
smoker, former smoker, and never smoked), alcohol consumption (yes vs. no), physical
activity expenditure was computed by activity intensity code (kcal/min)xfrequency per week
(times)xduration for each time (min), which was classified into four categories (0, 1-999,

1,000-1,999 and >2,000 kcal/week)(32); (3) health and chronic conditions: body mass index
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(BMI: <18.5, 18.5-23.9, 24-26.9, and >27) (33), difficulty with activities of daily living
(ADL), and Charlson comorbidity index, which was calculated based on the number and
severity of chronic conditions (34). Depressive symptoms were measured by the Chinese
version of CES-D, a 10-item questionnaire with good reliability and validity (35-37). The
CES-D scoring was revised to exclude the loneliness question in order to derive a depression

score that was calculated as the sum of the remaining nine questions (possible range 0-9).

Statistical analysis

Descriptive statistics (y2) for all-cause mortality were calculated first to characterize
baseline data. \ariables with a P-value <0.25 were included in the subsequent Cox
proportional hazard models for adjustment since using the conventional level (such as 0.05)
may fail to identify variables known to be important (38). The associations between isolation,

loneliness and depressive symptoms were tested using Pearson correlations.

The associations between social isolation, loneliness and mortality (when adjusting for
other variables) were calculated using separate Cox proportional hazard regression models.
Three models were fitted. Model 1 was constructed to examine the associations between
social isolation at baseline and mortality at follow-up by adjusting for demographic variables,
health-related behaviors, and health status. A similar model was fitted to test the independent
association of loneliness on mortality (Model 2). Model 3 was conducted by adding both
social isolation and loneliness into the fully adjusted model. We also tested whether there
was an interaction effect between social isolation and loneliness on mortality by adding
appropriate interaction terms into the model. Kaplan—Meier survival curves were plotted to
examine differences in cumulative survival across categories of social isolation and

differences were compared with log-rank statistics.
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A sensitivity analysis was carried out to prevent the possibility that associations were
caused by individuals having become isolated or lonely as a consequence of illness.
Participants who had died within the first 2 years after baseline (2005-2007) were excluded

from the analysis.

All data access and statistical analyses were performed in the Health and Welfare Data
Science Centre, Taiwan Ministry of Health and Welfare to ensure an adequate level of data
protection. All analyses were conducted using SAS 9.4 software and a P value < 0.05 was

considered statistically significant.

Results

We carried out analyses on 1,267 participants with CVD at the baseline, tracking
mortality until December 2015. A total of 593 people died (46.8%), of whom 334 were men
(56.3%). The mean score (SD) of social isolation and loneliness for this sample was 2.6 (1.2)
and 0.4 (0.7) respectively. We defined social isolation and loneliness as having a score within
the top quartile, with 23.2% of the participants categorized as socially isolated and 24.2%
categorized as lonely. Social isolation and loneliness were positively correlated (r = 0.21, P <
0.001), and depressive symptom scores were positively correlated with social isolation (r =

0.22, P <0.001) and loneliness (r = 0.54, P < 0.001).

Table 1

The baseline characteristics are shown in Table 1. In relation to all-cause mortality, there

was statistical significance for all variables except for alcohol consumption and loneliness.

All-cause mortality was higher in men and was associated with older age, less education and
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lower income. It was also associated with a range of health status and comorbid conditions.
Social isolation was associated with all-cause mortality; the absolute proportions of deaths

were 65.0 vs. 41.3% in the high and low isolation groups.

Table 2

The fully adjusted multivariable regression models (Table 2) show that patients with
CVD who had a higher level of social isolation had a significantly increased risk of all-cause
mortality, compared to individuals with a lower level of social isolation (HR=1.16; 95%
CI=1.06, 1.26) (Model 1). Loneliness by contrast was not associated with mortality among
participants with CVD (HR=0.95; 95% CI1=0.82, 1.09) (Model 2). Adding loneliness to the
model did not reduce the HR for social isolation (HR=1.16; 95% CI=1.07, 1.27). The
interaction terms between social isolation and loneliness were not statistically significant (P
for interaction=0.75), indicating that there was no synergistic effect between social isolation
and loneliness on mortality. Survival curves for all-cause mortality across categories of social
isolation are presented in Figure 2. Increasing social isolation was associated with increased

mortality risk (log-rank x* = 69.01, df = 1, P < 0.001).

Figure 2

We carried out a sensitivity analysis to test possible reverse causality, by repeating the
analysis after excluding death within 2 years of follow-up. The results are comparable to
those in the main analysis. The HR for social isolation remained significant in the fully
adjusted model (isolation: HR= 1.20, 95% CI= 1.09-1.32, P < 0.001; loneliness: HR= 0.99,

95% Cl=0.84-1.16, P = 0.86)
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Discussion
In this study of older adults aged =65 years in Taiwan, we found that social isolation

predicted mortality over a 10-year follow-up period in patients with CVD. The association
between social isolation and mortality was independent of demographic factors and baseline
health status. Our results suggest that loneliness, the subjective experience of social
disconnection, appears not be involved in the association between social isolation and
mortality. These findings expand our knowledge about the impact of social isolation on the
outcomes of CVD in populations other than in the Western countries. Previous studies have
indicated that both social isolation and loneliness are associated with increased all-cause and
cardiovascular disease mortality (6, 9), although there are variations in the extent to which
both factors are relevant. Differences between our findings and previous results could be
related to study design or to selective publishing of positive results, as has been suggested in
one meta-analysis (20). It is possible that loneliness is associated with other risk factors, so
that in multivariable analysis it does not emerge as an independent risk factor. Two studies
with older adults in Western countries both found that the associations between loneliness
and all-cause mortality were no longer significant after baseline health, functional limitations,
and depressive symptoms were taken into account (5, 39). Our results are consistent with
another recent report of a large population-based study in the UK, where results also
indicated that social isolation rather than loneliness predicted mortality in patients with Ml
and stroke (24). No significant interaction effects were detected between social isolation and
loneliness in our study, which was also consistent with previous findings in Western
countries (5, 24, 40). Taken together, these findings suggest that social isolation, along with
other risk factors such as depression and low physical activity, can be regarded as a risk

factor for poor prognosis of individuals with CVD.
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If the adverse effects of social isolation on the mortality of patients with CVD cannot be
explained by the psychological process integral to loneliness, alternative mechanisms must
exist. First, social contact itself may have specific biological consequences that are important
for health maintenance. A growing literature indicates that low-quality social relationships
are associated with poorer biological profiles, including elevated blood pressure, metabolic
dysfunction, and raised levels of inflammation and stress hormones (13, 41-43). Second,
social isolation may affect cardiac outcomes via promoting unhealthy lifestyles. In a recent
longitudinal study among older English adults, social isolation was found to be associated
with a wide range of health-damaging behaviors including smoking, low physical activity,
and poor dietary habit, while loneliness was not associated with any persistent health-related
behaviors (44). Third, people who live alone or lack social contacts may be at increased risk
of death because acute symptoms may develop when they are alone, or because they have

smaller networks of individuals who can help them secure prompt medical attention (45).

Although our study had a prospective design, the possibility of reverse causality deserves
attention. Social isolation may be more common in people who are seriously ill, so the
observation of greater mortality might reflect more serious illness rather than isolation per se.
This possibility cannot be ruled out completely, although we repeated the analysis by
excluding participants who died within 2 years of follow-up, and the results were very similar
to those for the full cohort. However, it is possible that some other unmeasured factors were

responsible for the findings.

The strengths of this analysis include the longitudinal design with a representative

population cohort in which it was possible to adjust for multiple health and demographic

factors. We were also able to construct a comprehensive social isolation index that included
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contacts with friends, relatives, and family as well as social participation. But there are
several methodological limitations worth noting. First, loneliness was assessed with only one
direct question regarding the perception of loneliness in the last week. Despite wide use in the
literature and strong correlations with several established multiple-item scales, this measure
may be less reliable than a composite measure that taps multiple aspects of loneliness (46-48).
Moreover, the single item loneliness measure might be more prone to social desirability bias
than more indirect questions about loneliness, because people may be unwilling to admit to
feeling “lonely” (49). This could be especially true for samples from collectivist cultures that
value interdependence, mutual support, and common goals. Although we measured loneliness
in a simple way, another study using a more complex measure have reported similar findings
(50). In this 25-year study, loneliness was assessed four times using a validated 11-item
questionnaire, but no independent association between loneliness and risk of all-cause,
cardiovascular and non-cardiovascular death was found. Second, although we adjusted for a
comprehensive set of variables, our study does not prove that social isolation contributes
directly to mortality. Future studies should test the possible mediating effects of variables
such as smoking, low physical activity and poor mental health on this association. There is
also a possibility that the outcomes may be accounted for in part by other confounding

variables which were not assessed, such as personality and coping styles.

The findings of this study confirm that social isolation is associated with higher mortality
in patients with CVD but indicate that this effect is independent of the emotional experience
of loneliness. Reducing both social isolation and loneliness are important for quality of life
and well-being, but efforts to reduce isolation would be likely to have greater benefits in

terms of mortality in patients with CVD.

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



Acknowledgments

The authors gratefully acknowledge all the participants involved in this study.

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



References

1. Cacioppo JT, Cacioppo S. Social relationships and health: The toxic effects of perceived
social isolation. Soc Personal Psychol Compass. 2014;8:58-72.

2. Peplau LA, Perlman D. Perspectives on loneliness. Loneliness: A sourcebook of current
theory, research and therapy. 1982:1-20.

3. McHugh J, Kenny R, Lawlor B, Steptoe A, Kee F. The discrepancy between social
isolation and loneliness as a clinically meaningful metric: findings from the Irish and English
longitudinal studies of ageing (TILDA and ELSA). International journal of geriatric
psychiatry. 2017;32:664-74.

4. Holwerda TJ, Beekman AT, Deeg DJ, Stek ML, van Tilburg TG, Visser PJ, Schmand B,
Jonker C, Schoevers RA. Increased risk of mortality associated with social isolation in older
men: only when feeling lonely? Results from the Amsterdam Study of the Elderly
(AMSTEL). Psychological medicine. 2012;42:843-53.

5. Steptoe A, Shankar A, Demakakos P, Wardle J. Social isolation, loneliness, and all-cause
mortality in older men and women. Proceedings of the National Academy of Sciences of the
United States of America. 2013;110:5797-801.

6. Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D. Loneliness and social
isolation as risk factors for mortality: a meta-analytic review. Perspectives on psychological
science. 2015;10:227-37.

7. O'Stilleabhain P, Gallagher S, Steptoe A. Loneliness, living alone, and all-cause
mortality: The role of emotional and social loneliness in the elderly during 19 years of
follow-up. Psychosomatic medicine. 2019.

8. Teguo MT, Simo-Tabue N, Stoykova R, Meillon C, Cogne M, Amiéva H, Dartigues J-F.
Feelings of loneliness and living alone as predictors of mortality in the elderly: the PAQUID

study. Psychosomatic medicine. 2016;78:904-9.

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



9. Holt-Lunstad J, Smith TB, Layton JB. Social relationships and mortality risk: a
meta-analytic review. PLoS medicine. 2010;7:e1000316.

10. Holt-Lunstad J, Robles TF, Sharra DA. Advancing social connection as a public health
priority in the United States. American Psychologist. 2017;72:517.

11. Cacioppo JT, Cacioppo S, Capitanio JP, Cole SW. The neuroendocrinology of social
isolation. Annual review of psychology. 2015;66:733-67.

12. Glei DA, Goldman N, Ryff CD, Lin YH, M. W. Social relationships and inflammatory
markers: An analysis of Taiwan and the U.S. Social Science & Medicine. 2012;74:1891-9.

13. Loucks EB, Berkman LF, Gruenewald TL, Seeman TE. Relation of social integration to
inflammatory marker concentrations in men and women 70 to 79 years. The American
journal of cardiology. 2006;97:1010-6.

14. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, Das SR, De
Ferranti S, Després JP, Fullerton HJ. Executive summary: heart disease and stroke
statistics-2016 update: a report from the American Heart Association. Circulation.
2016;133:447-54.

15. Law MR, Watt HC, Wald NJ. The underlying risk of death after myocardial infarction in
the absence of treatment. Archives of Internal Medicine. 2002;162:2405-10.

16. Eng PM, Rimm EB, Fitzmaurice G, Kawachi I. Social ties and change in social ties in
relation to subsequent total and cause-specific mortality and coronary heart disease incidence
in men. American journal of epidemiology. 2002;155:700-9.

17. Kawachi I, Colditz GA, Ascherio A, Rimm EB, Giovannucci E, Stampfer MJ, Willett
WC. A prospective study of social networks in relation to total mortality and cardiovascular
disease in men in the USA. Journal of Epidemiology & Community Health. 1996;50:245-51.

18. Hawkley LC, Thisted RA, Masi CM, Cacioppo JT. Loneliness predicts increased blood

pressure: 5-year cross-lagged analyses in middle-aged and older adults. Psychology and aging.

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



2010;25:132.

19. Thurston RC, Kubzansky LD. Women, loneliness, and incident coronary heart disease.
Psychosomatic medicine. 2009;71:836.

20. Valtorta NK, Kanaan M, Gilbody S, Ronzi S, Hanratty B. Loneliness and social isolation
as risk factors for coronary heart disease and stroke: systematic review and meta-analysis of
longitudinal observational studies. Heart. 2016;102:1009-16.

21. Lichtman JH, Froelicher ES, Blumenthal JA, Carney RM, Doering LV, Frasure-Smith N,
Freedland KE, Jaffe AS, Leifheit-Limson EC, Sheps DS. Depression as a risk factor for poor
prognosis among patients with acute coronary syndrome: systematic review and
recommendations: a scientific statement from the American Heart Association. Circulation.
2014:CIR. 00000000000000109.

22. Mons U, Hahmann H, Brenner H. A reverse J-shaped association of leisure time physical
activity with prognosis in patients with stable coronary heart disease: evidence from a large
cohort with repeated measurements. Heart. 2014:heartjnl-2013-305242.

23. Williams RB, Barefoot JC, Califf RM, Haney TL, Saunders WB, Pryor DB, Hlatky MA,
Siegler IC, Mark DB. Prognostic importance of social and economic resources among
medically treated patients with angiographically documented coronary artery disease. Jama.
1992;267:520-4.

24. Hakulinen C, Pulkki-Raback L, Virtanen M, Jokela M, Kiviméki M, Elovainio M. Social
isolation and loneliness as risk factors for myocardial infarction, stroke and mortality: UK
Biobank cohort study of 479 054 men and women. Heart. 2018:heartjnl-2017-312663.

25. Yang K, Victor CR. The prevalence of and risk factors for loneliness among older people
in China. Ageing & Society. 2008;28:305-27.

26. Shimada K, Yamazaki S, Nakano K, Ngoma AM, Takahashi R, Yasumura S. Prevalence

of social isolation in community-dwelling elderly by differences in household composition

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



and related factors: From a social network perspective in Urban Japan. Journal of aging and
health. 2014;26:807-23.

27. Jiang Y-D, Chang C-H, Tai T-Y, Chen J-F, Chuang L-M. Incidence and prevalence rates
of diabetes mellitus in Taiwan: analysis of the 2000-2009 Nationwide Health Insurance
database. Journal of the Formosan Medical Association. 2012;111:599-604.

28. Gersten O. Neuroendocrine biomarkers, social relations, and the cumulative costs of
stress in Taiwan. Social Science & Medicine. 2008;66:507-19.

29. Luo Y, Waite LJ. Loneliness and mortality among older adults in China. Journals of
Gerontology Series B: Psychological Sciences and Social Sciences. 2014;69:633-45.

30. Nummela O, Seppanen M, Uutela A. The effect of loneliness and change in loneliness on
self-rated health (SRH): a longitudinal study among aging people. Archives of gerontology
and geriatrics. 2011;53:163-7.

31. Tilvis RS, Pitkala KH, Jolkkonen J, Strandberg TE. Social networks and dementia.
Lancet. 2000;356:77-8.

32. Ku P-W, Steptoe A, Chen Y-H, Chen L-J, Lin C-H. Prospective association between
late-life physical activity and hospital care utilisation: a 7-year nationwide follow-up study.
Age and ageing. 2016;46:452-9.

33. Department of Health. Identification, evaluation, and treatment of overweight and
obesity in adults in Taiwan. Taiwan: Department of Health. 2003.

34. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi J-C, Saunders LD, Beck
CA, Feashy TE, Ghali WA. Coding algorithms for defining comorbidities in ICD-9-CM and
ICD-10 administrative data. Medical care. 2005:1130-9.

35. Boey KW. Cross-validation of a short form of the CES-D in Chinese elderly.
International Journal of Geriatric Psychiatry. 1999;14:608-17.

36. Chen L-J, Stevinson C, Ku PW, Chang Y-K, Chu D-C. Relationships of leisure-time and

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



non-leisure-time physical activity with depressive symptoms: A population-based study of
Taiwanese older adults. International Journal of Behavioral Nutrition and Physical Activity
2012;9:28:d0i:10.1186/479-5868-9-28.

37. Chou KL. Moderating effect of apolipoprotein genotype on loneliness leading to
depressive symptoms in Chinese older adults. American Journal of Geriatric Psychiatry.
2010;18:313-22.

38. Hosmer Jr DW, Lemeshow S, Sturdivant RX. Applied logistic regression: John Wiley &
Sons; 2013.

39. Luo Y, Hawkley LC, Waite LJ, Cacioppo JT. Loneliness, health, and mortality in old age:
A national longitudinal study. Social science & medicine. 2012;74:907-14.

40. Pantell M, Rehkopf D, Jutte D, Syme SL, Balmes J, Adler N. Social isolation: a predictor
of mortality comparable to traditional clinical risk factors. American journal of public health.
2013;103:2056-62.

41. Shankar A, McMunn A, Banks J, Steptoe A. Loneliness, social isolation, and behavioral
and biological health indicators in older adults. Health Psychology. 2011;30:377.

42. Grant N, Hamer M, Steptoe A. Social isolation and stress-related cardiovascular, lipid,
and cortisol responses. Annals of Behavioral Medicine. 2009;37:29-37.

43. Coan JA, Schaefer HS, Davidson RJ. Lending a hand: social regulation of the neural
response to threat. Psychological science. 2006;17:1032-9.

44. Kobayashi LC, Steptoe A. Social Isolation, Loneliness, and Health Behaviors at Older
Ages: Longitudinal Cohort Study. Annals of Behavioral Medicine. 2018;52:582-93.

45. Udell JA, Steg PG, Scirica BM, Smith SC, Ohman EM, Eagle KA, Goto S, Cho JI, Bhatt
DL, Investigators ROAfCHR. Living alone and cardiovascular risk in outpatients at risk of or
with atherothrombosis. Archives of internal medicine. 2012;172:1086-95.

46. Holwerda TJ, Deeg DJ, Beekman AT, van Tilburg TG, Stek ML, Jonker C, Schoevers RA.

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



Feelings of loneliness, but not social isolation, predict dementia onset: results from the
Amsterdam Study of the Elderly (AMSTEL). Journal of neurology, neurosurgery, and
psychiatry. 2014;85:135-42.

47. Petersen J, Kaye J, Jacobs PG, Quinones A, Dodge H, Arnold A, Thielke S. Longitudinal
Relationship Between Loneliness and Social Isolation in Older Adults: Results From the
Cardiovascular Health Study. Journal of Aging and Health. 2016;28:775-95.

48. Victor C, Grenade L, Boldy D. Measuring loneliness in later life: A comparison of
differing measures. Reviews in Clinical Gerontology. 2005;15:63-70.

49. Dykstra PA. Older adult loneliness: myths and realities. European journal of ageing.
2009;6:91-100.

50. Julsing JE, Kromhout D, Geleijnse JM, Giltay EJ. Loneliness and all-cause,
cardiovascular, and noncardiovascular mortality in older men: the Zutphen Elderly Study.

The American Journal of Geriatric Psychiatry. 2016;24:475-84.

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



Captions for the figures

Figure 1 Flow chart of the selection of analytical sample

Figure 2 Survival curve for all-cause mortality in patients with cardiovascular disease

(n=1,267) according to social isolation categories: National Health Interview Survey (NHIS)

in Taiwan, 2005-2015

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



Figure 1

Participants engaging in 2005 Taiwan National Health
Interview Survey (NHIS) (n= 24,726)

Participants aged under 65 were excluded (n=
21,999)

Participants aged 65+ engaging in 2005 Taiwan NHIS
(n=2,727)

Participants who did not consent to link their
survey data to NHIS claimed data (n= 967)

Participants consented to link their survey data to
National Health Insurance claimed data (n= 1,760)

Those who did not meet the criteria for CVD at
baseline were excluded (n=493)

Analytical sample (n=1,267)
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Figure 2
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Table 1. Characteristics and mortality in Taiwan-based sample of patients with cardiovascular disease (n=1,267)

All-cause mortality

a

Variables in 2005 p-value
n %

Sex <0.001
Female 622 259 (41.6)
Male 645 334 (51.8)

Age <0.001
65-74 719 230 (32.0)
75+ 548 363 (66.2)

Education <0.001
No formal schooling 453 246 (54.3)
Elementary school+ 811 344 (42.4)

Body mass index (kg/m?) <0.001
<18.5 65 45 (69.2)
27+ 268 111 (41.4)
24-26.99 345 133 (38.6)

Copyright © 2019 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.



18.5-23.99
Smoker
Current
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Never
Alcohol consumer
Yes
No

Total PA energy expenditure
(kcal/week)

0

1-999
1000-1999
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Charlson comorbidity index

1A%
w

547

184

162

896

230

1037

462

354

190

261

305

270

108

90

382

99

494

285

160

60

88

196

(49.4)

(58.7)
(55.6)

(42.6)

(43.0)

(47.6)

(61.7)
(45.2)
(31.6)

(33.7)

(64.3)

<0.001

0.207

<0.001

<0.001
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1-2

Depressive symptoms (10-item
CES-D)

<10

210

Social Isolation
No(<4)
Yes(24)

Loneliness

No

Yes

580

382

926

225

973

294

844

306

260

137

380

114

402

191

350

143

(44.8)

(35.9)

(41.0)

(50.7)

(41.3)

(65.0)

(41.5)

(46.7)

0.009

<0.001

0.111

a: Chi-square tests
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Table 2. Results of Cox proportional hazards model for estimating the multivariable association of social isolation and loneliness with

all-cause mortality in patients with cardiovascular disease (n=1,097)

All-cause mortality

Variables Model 1 Model 2 Model 3
Social isolation Loneliness Social isolation+loneliness
HRs 95% ClI p HRs 95% ClI p HRs 95% ClI p
Social isolation 1.16 (1.06-1.26) 0.001 - - - 1.16 (1.07-1.27) 0.001
Loneliness - - - 0.95 (0.82-1.09) 0.428 0.92 (0.80-1.06) 0.240
Sex
Female 1.00 — — 1.00 — — 1.00 - —
Male 1.56 (1.21-2.00) 0.001 1.55 (1.20-1.99) 0.001 1.57 (1.22-2.01)  <0.001
Age
65-74 1.00 - - 1.00 - - 1.00 — -
75t 2.16 (1.78-2.64) <0.001 2.32 (1.91-2.82) <0.001 2.17 (1.78-2.64)  <0.001
Education
No formal schooling 1.00 — — 1.00 — — 1.00 - —
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Depressive symptoms scores®
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ClI: confidence intervals; PA: physical activity

% Depressive symptoms scores were computed based on the 9 items of CES-D without including the loneliness question.
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