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Abstract

Objective: Older adults are at higher risk of experiencing social isolation, which has been linked
to impaired physical and mental health. The link between social isolation and health might be due
to objective deprivation of social network and/or subjective experience of loneliness. This
community-based cross-sectional study examined whether the associations between social
isolation and behavioral symptoms including sleep disturbance, depression, and fatigue are mostly
explained by its subjective component.

Methods: Randomly selected 2541 community-dwelling individuals in Los Angeles aged =60
years were telephone-interviewed regarding their objective and subjective social isolation
(respectively social network size and loneliness), sleep disturbance, depression, and fatigue.

Results: When objective and subjective social isolation were separately included in multivariate
regression models, both were significantly associated with behavioral symptoms. However, once
they were simultaneously included in the same multivariate models, while subjective social
isolation remained strongly associated (adjusted beta 0.24 for sleep disturbance [P<0.001], 0.44
for depression [P<0.001], 0.17 for fatigue [P<0.001]), objective social isolation was weakly or
non-significantly associated (—0.04 for sleep disturbance [P=0.03], —0.01 for depression [P=0.48],
-0.003 for fatigue [P=0.89]). Additionally, those with objective social isolation were found to have
worse symptoms mostly when they also experienced subjective social isolation.

Conclusions: Older adults with objective social isolation may experience sleep disturbance,
depression, and fatigue because they feel socially isolated, not just because they are deprived of
social networks. Interventions that target social isolation might serve as potential treatments for
improving behavioral health of older adults, especially by targeting its subjective component.
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INTRODUCTION

Older adults are at higher risk of experiencing social isolation; they are more likely to report
reduced social contact due to a loss of personal role in society, decreases in social network
ties, barriers to access (e.g., mobility problems), a decreased ability to engage in reciprocal
social relationships (e.g., increased frailty), and loneliness (Antonucci & Akiyama, 1987;
Bisconti & Bergeman, 1999; Victor & Yang, 2012). In turn, social isolation in aging has
been linked to not only impaired physical and mental health but also mortality (Holt-
Lunstad, Smith, & Layton, 2010; Seeman, 2000). The link between social isolation and
health might be due to objective deprivation of social network ties or subjective experience
of social isolation. While objective social isolation has been described as “lack of contact
with others due to situational factor, such as small size of social network, infrequent social
interaction, or lack of participation in social activity”, subjective social isolation has been
characterized as “perceived shortage in one’s social resources, such as companionship or
social support” (Cornwell & Waite, 2009).

Older adults with reduced social network ties may not necessarily feel socially isolated, and
thus objective and subjective social isolation may not necessarily co-exist. Indeed, the two
variables have not been highly correlated with each other and may be distinct constructs
(Coyle & Dugan, 2012; Perissinotto, Stijacic Cenzer, & Covinsky, 2012; Routasalo,
Savikko, Tilvis, Strandberg, & Pitkala, 2006). Distinguishing between objective and
subjective social isolation regarding their associations with health is important because
understanding their relative contribution to health may shed light into their independent or
dependent mechanisms and provide information on potential interventions (Holt-Lunstad,
Smith, Baker, Harris, & Stephenson, 2015).

Objective social isolation has been consistently associated with physical and mental health
and all-cause mortality—see Seeman (Seeman, 1996) and Nicholson (Nicholson, 2012) for
reviews. Likewise, it also seems that subjective social isolation is associated with physical
and mental health as well as mortality, although the existing evidence is more limited—see
Hawkley and Cacioppo (Hawkley & Cacioppo, 2010) and Seeman (Seeman, 1996) for
reviews. A few studies have concurrently examined objective and subjective social isolation
(Golden et al., 2009; Holwerda et al., 2012; Houtjes et al., 2014; Penninx et al., 1999;
Routasalo et al., 2006; Steptoe, Shankar, Demakakos, & Wardle, 2013; Tomaka, Thompson,
& Palacios, 2006). However, the available evidence is mixed, with one study reporting that
subjective social isolation had stronger effects on mortality than objective social isolation
(Holwerda et al., 2012), whereas the other found that objective social isolation was more
influential (Steptoe et al., 2013). A recent meta-analysis concluded that there is currently
insufficient empirical evidence to distinguish the effects of objective and subjective social
isolation on mortality (Holt-Lunstad et al., 2015).
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In the current study, we focused on behavioral health outcomes such as sleep disturbance,
depression, and fatigue, as these symptoms are highly prevalent among older adults and have
been reported to impair functioning, quality of life, and physical health (Barua, Ghosh, Kar,
& Basilio, 2011; Hardy & Studenski, 2010; Kamel & Gammack, 2006). Furthermore, while
these behavioral symptoms are separate constructs and may occur independently, they are
intimately related to one another. For example, sleep disturbance and fatigue are common
symptoms of and also risk factors for depression (Cho et al., 2008; Mattisson et al., 2009);
daytime fatigue is an obvious consequence of insomnia (Gradisar et al., 2007). Social
isolation has been positively correlated with sleep disturbance, depression, and fatigue. It is
thought that social isolation is associated with sleep disturbance through a disruption of
social zeitgebers (i.e., social cues that maintain the sleep-wake activity schedule), which are
increasingly viewed as being critical in the homeostatic regulation of sleep-wake activity
(Mistlberger & Skene, 2004). Social isolation may serve as a stressor that produces negative
affect (e.g., anxiety, depression), negative reactivity (e.g., irritability, hostility, mistrust), and
lowered feelings of self-worth (Cacioppo & Hawkley, 2003). Both size and quality of social
networks were associated with depressive symptoms in older adults (Litwin, Stoeckel, &
Schwartz, 2015). Both social network and social support—i.e., emotional support,
informational support, tangible support, positive social interaction, and affectionate support
—were associated with lower levels of fatigue in Hodgkin lymphoma survivors (Soares et
al., 2013). Breast cancer survivors who felt lonelier had more pain, depression, and fatigue
(Jaremka et al., 2014). Socially isolated individuals—either subjectively or objectively—
reported poorer sleep quality and had poorer sleep efficiency compared to those who were
not socially isolated (Cacioppo, Hawkley, Berntson, et al., 2002; Cacioppo, Hawkley,
Crawford, et al., 2002; Eshkoor, Hamid, Nudin, & Mun, 2014; Friedman et al., 2005;
Sinokki et al., 2010).

Our previous review—systematic but non-meta-analytic—found limited research that has
concurrently evaluated these two types of social isolation and their associations with these
behavioral symptoms, although limited evidence suggests a stronger association between
subjective social isolation and symptoms of sleep disturbance and depression in older adults
(Choi, Irwin, & Cho, 2015). Included in this review were the following studies examining
the contribution of subjective and objective social isolation to behavioral symptoms
simultaneously among older adults. In a prospective study focusing on sleep quality
conducted in Dublin, Ireland, with a convenience sample of patients attending a clinic
(N=447), subjective social isolation predicted poor sleep quality, but objective social
isolation did not (McHugh & Lawlor, 2013). A cross-sectional study conducted in a
Malaysian agricultural settlement (N=161) showed a stronger association between subjective
social isolation and depression compared to that between objective social isolation and
depression (Azam et al., 2013). A community-based study in Dublin assessed loneliness and
social network concurrently and their associations with mood and wellbeing (N=1299), and
again showed a stronger association of loneliness with depression compared to social
network (Golden et al., 2009). On the other hand, a recent prospective study conducted in
Taiwan (N=639) found a significant association between objective social isolation and poor
sleep quality, whereas loneliness was not significantly associated with sleep quality (Yu,
Steptoe, Niu, Ku, & Chen, 2018). Thus, most of the existing studies support a relatively
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stronger association of subjective social isolation with sleep disturbance and depression, but
an opposite pattern of findings has been reported as well.

The current study aimed to examine: 1) whether subjective social isolation is cross-
sectionally associated with behavioral symptoms including sleep disturbance, depression,
and fatigue among community-dwelling older adults; 2) whether objective social isolation is
associated with such symptoms; and 3) whether the association between social isolation and
such symptoms is mostly explained by its subjective component. We operationally defined
subjective social isolation as loneliness. Objective social isolation was defined as reduced
social network size using the reported number of close friends and relatives. We
hypothesized that: 1) Older adults who feel socially isolated are more likely to experience
sleep disturbance, depression, and fatigue; 2) Those who have small social networks are
more likely to experience sleep disturbance, depression, and fatigue; 3) The association of
subjective social isolation with these symptoms is relatively more significant compared to
objective social isolation.

METHODS

Participants

The population of interest for this cross-sectional study was community-dwelling individuals
aged 60 years or older in Los Angeles, CA. The study received oversight and approval from
the University of California Los Angeles Institutional Review Board (IRB#11-000656).
Given our focus on older adults, a telephone survey using age-targeted sampling methods
was conducted over 2 years in 2010 and 2011. This targeted approach has been shown far
more cost-effective than random digit dialing methods (Psaty et al., 1991). Lists of telephone
numbers and mailing addresses of households with at least one person aged 60 years or older
in Los Angeles, CA, were purchased from GENESYS Sampling Systems (Fort Washington,
PA), a company that maintains a bimonthly updated database of all available listed telephone
households in the US. Age information for each household was based on either known age-
related data or a statistical estimate of age, predicted on individual household characteristics
and Census demographic information. The actual age information was available for 95.9%
of the households that had at least one person aged 60 years or older, whereas statistically
inferred age was available for the remainder. Various national and regional surveys have
used the GENESY'S database for both random-digit-dial and targeted samplings (O’ Malley
& Forrest, 2002; Runyan et al., 2005). An advance letter was sent to 29,550 potential survey
participants, informing them of the purpose of the study and a follow up telephone call.
Individuals who did not return the refusal card within 2 weeks were contacted by telephone
to obtain oral consent for a telephone interview. Trained interviewers conducted the survey
using a computer-assisted telephone interview (CATI) methodology. A total of 2963
individuals were surveyed, thus 10.0% of all contacted individuals. These 2963 individuals
provided verbal informed consent. We excluded 422 individuals with missing values on any
of the independent, dependent, or confounding variables from the current analyses.
Compared to the final analytic sample (N=2541), excluded individuals were less educated:
although the actual difference was small (mean education 15.5 years vs. 15.3 years), it was
statistically significant due to the large sample size (t=2.46, P=0.01). Excluded individuals
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were also more likely to be retired (64.0% vs. 72.6%, X2=13.56, P=0.001). However, they
were not significantly different regarding age, sex, ethnicity, marital status, body-mass index
(BMI), medical comorbidity, alcohol consumption, smoking, physical activity level,
loneliness, social network size, sleep quality, depressive symptoms, or fatigue (P’s>0.05).

Independent Variables: Objective and Subjective Social Isolation

Social network size was assessed as an objective measure of social isolation. Social network
size reflects the mean of reported number of close friends and of close relatives (Seeman,
Gruenewald, Cohen, Williams, & Matthews, 2014). As available answer categories for the
numbers of close friends and of close relatives were intervals (0, 1-2, 3-5, 6-9, and 10+),
midpoint values (respectively 0, 1.5, 4, 7.5, and 12) were assigned to each category and then
summed up; thus social network size ranges from 0 to 24 and higher scores means larger
social networks. Loneliness, as a measure of subjective social isolation, was assessed using a
4-item questionnaire, which has been adapted from Seeman and Syme (Seeman & Syme,
1987) and used in several phases of the Coronary Artery Risk Development in Young Adults
(CARDIA) Study (Borrell et al., 2007; Cho, Seeman, Kiefe, Lauderdale, & Irwin, 2015).
The 4 items include “feel lonely”, “feel that other people really care for you”, “find yourself
wishing someone would comfort you”, and “wish you had more close friends”. Each item is
on a four-point scale (0-3), and the total score, which ranges from 0 to 12, is calculated in
such a way that higher scores reflect higher loneliness. Cronbach’s alpha assessed for
internal consistency was of 0.60. Social network size and loneliness were used as continuous
variables in their original format for most statistical analyses. In additional analyses
evaluating the findings in the clinical context, objective and subjective social isolation
variables were dichotomized using median splits.

Dependent Variables: Sleep Disturbance, Depressive Symptoms, and Fatigue

The Pittsburgh Sleep Quality Index (PSQI) was used to assess perceived sleep disturbance—
evaluating components such as subjective sleep quality, sleep latency and use of sleep
medications—during the past month (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989).
Global total scores (range 0-20) were used as a continuous variable for most statistical
analyses. The Center for Epidemiological Studies Depression Scale with 10 items (CES-D)
was used to assess depressive symptoms (Irwin, Artin, & Oxman, 1999). Total scores (range
0-10) were used as a continuous variable for most analyses. Fatigue was assessed with the
Chalder Fatigue Questionnaire (CFQ), an 11-item questionnaire widely used to measure
physical and mental fatigue (Chalder et al., 1993). Total scores by likert scoring (range 0-
33) were used as a continuous variable for most analyses. In additional analyses evaluating
the findings in the clinical context, sleep disturbance was dichotomized using the standard
PSQI cutoff (>5) (Buysse et al., 1989), depression using the validated CES-D cutoff in older
adults (=4) (Irwin et al., 1999), and fatigue using the standard cutoff (bimodal score =4)
(Chalder et al., 1993).

Potential Confounding Variables

Information on demographic variables including age, sex, ethnicity, education, marital
status, and employment status was obtained. Education was used as a measure of
socioeconomic status (Winkleby, Jatulis, Frank, & Fortmann, 1992). Biomedical and health-
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related variables including weight and height (hence BMI), alcohol consumption in the past
week, smoking, physical activity levels, and comorbid medical disorders using the Charlson
Comorbidity Index (CCI) (Charlson, Pompei, Ales, & MacKenzie, 1987) were assessed.

For the purpose of describing characteristics of 2541 participants, objective and subjective
social isolation were dichotomized using median splits, respectively social network size >12
vs <12 and loneliness score <4 vs. 24. Their characteristics were described in terms of
frequency or mean by levels of objective and subjective social isolation, using chi-square
tests or t-tests. Then the study hypotheses were tested by performing multivariate linear
regression analyses with standardized regression coefficients (beta), which facilitate
comparison across models. Both the independent and dependent variables were used as
continuous in their original formats. Selection of covariates for multivariate analyses relied
on empirical evidence rather than predetermined P-value criteria. The latter approach, which
selects factors for inclusion in a multivariate model only if the factors are *statistically
significant’ in bivariate screening, is considered less optimal; a factor can be a confounder
even if it is not statistically significant by itself because it changes the effect of the exposure
of interest when it is included in the model, or because it is a confounder only when
included with other covariates (Sun, Shook, & Kay, 1996). Thus, the following covariates
were selected and included in all multivariate models: age, sex, ethnicity, education, marital
status, employment status, BMI, medical comorbidity, smoking, alcohol consumption, and
physical activity. The first hypothesis tested was whether subjective social isolation was
associated with symptoms of sleep disturbance, depression, and fatigue; in which the
independent variable was subjective social isolation; and the dependent variable was sleep
disturbance, depressive symptoms, or fatigue. The second hypothesis, whether objective
social isolation was associated with these behavioral symptoms, was tested using the same
approach. To contextualize the findings for the clinical setting, the first and second
hypotheses were also tested using multivariate logistic regression analyses with binary
independent and dependent variables dichotomized based on clinical outpoints. The third
hypothesis tested was whether the association of subjective social isolation with these
behavioral symptoms was relatively more significant compared to objective social isolation.
To test this hypothesis, both measures of objective and subjective social isolation were
simultaneously included in the same multivariate linear regression models, in addition to the
dependent variables and all the covariates. Then, the adjusted betas and the respective
statistical significances were compared. Additionally, in order to assess the separate and
combined contribution of objective and subjective social isolation to behavioral symptoms,
providing further information on their relative contribution, a composite variable of these
two measures was generated with 4 categories (low/low, high/low, low/high, and high/high)
using the median splits. Given the large sample size, for the interpretation of the findings in
terms of their magnitude, statistical significance as well as effect size was taken into
consideration. Based on Cohen (Cohen, 1992), 0.10, 0.30, and 0.50 were considered
respectively small, medium, and large for standardized regression coefficient (beta) and
correlation coefficient (r). All analyses were performed using STATA 14.1 (StataCorp,
College Station, TX).
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RESULTS

Sample Characteristics

The mean age of the final analytical sample (N=2541) was 72.6 years (standard deviation
[SD] 8.4) and the age range was 60-103; 46.6% were females (Supplemental Table). Tables
1a and 1b describe participant characteristics according to the levels of subjective and
objective social isolation. The following variables were significantly associated with
subjective social isolation: younger age, being female, being non-partnered, being non-
retired, lower alcoholic consumption, being a current smoker, lower physical activity, worse
sleep quality, worse depressive symptoms, and worse fatigue. The following variables were
significantly associated with objective social isolation: younger age, lower education, being
non-partnered, lower alcoholic consumption, lower physical activity, worse sleep quality,
worse depressive symptoms, and worse fatigue. Besides behavioral symptoms, meaningful
differences beyond a statistical significance included younger age, non-partnered status, and
lower physical activity of isolated participants (either subjectively or objectively).

Subjective Social Isolation and Behavioral Symptoms

Main Analyses Using Continuous Variables: In unadjusted analyses, subjective
social isolation was associated with each of the behavioral symptoms (unadjusted beta: 0.27,
P<0.001 for sleep disturbance; 0.48, P<0.001 for depression; and 0.19, P<0.001 for fatigue).
Based on Cohen (Cohen, 1992), betas for sleep disturbance and depression were respectively
“medium” and “large”. As shown in Table 2, these associations remained statistically
significant after adjusting for all covariates including sociodemographic characteristics,
BMI, medical comorbidity, smoking, alcohol consumption, and physical activity (adjusted
betas: 0.25, P<0.001 for sleep disturbance; 0.44, P<0.001 for depression; and 0.17, P<0.001
for fatigue).

Additional Analyses Using Dichotomized Variables: To interpret the findings in a
clinical context expressing the magnitude of associations in odds ratios, dependent variables
—i.e., sleep disturbance, depression, and fatigue—were dichotomized using the standard
cutoff scores as described in the methods section. Objective and subjective social
improvement variables were dichotomized using median splits. In multivariate logistic
regression analyses adjusted for all the covariates, subjective social isolation was
significantly associated with behavioral symptoms (adjusted odds ratio [OR] 1.9, 95%
confidence interval [C1] 1.6-2.2, P<0.001 for sleep disturbance; 4.4, 3.4-5.7, P<0.001 for
depression; and 2.0, 1.6-2.4, P<0.001 for fatigue).

Objective Social Isolation and Behavioral Symptoms

Main Analyses Using Continuous Variables: In unadjusted analyses, objective social
isolation was associated with each of the behavioral symptoms (unadjusted beta: —0.12,
P<0.001 for sleep disturbance; —0.15, P<0.001 for depression; and —0.06, P=0.003 for
fatigue). Based on Cohen (Cohen, 1992), betas for sleep disturbance and fatigue were
“small”. As shown in Table 2, these associations remained statistically significant after
adjusting for all the covariates (adjusted betas: —0.10, P<0.001 for sleep disturbance; -0.11,
P<0.001 for depression; and —0.04, P=0.04 for fatigue).
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Additional Analyses Using Dichotomized Variables: In multivariate logistic
regression analyses adjusted for all the covariates, objective social isolation was significantly
associated with sleep disturbance and depression (adjusted OR 1.3, 95% CI 1.1-1.5,
P=0.002 for sleep disturbance; 1.5, 1.2-1.9, P=0.001 for depression; and 1.2, 1.0-1.5,
P=0.06 for fatigue).

Relative Contribution of Objective vs. Subjective Social Isolation to Behavioral Symptoms

Main Analyses Using Individual Social Isolation Variables: The magnitude of the
correlation between objective and subjective social isolation was medium (r = —0.25,
P<0.001). Objective and subjective social isolation were separately independent risk factors
for each of the behavioral symptoms as described above. However, once objective and
subjective social isolation were simultaneously included in the same multivariate models,
while subjective social isolation remained strongly associated with all of the behavioral
symptoms (adjusted beta 0.24 for sleep disturbance [P<0.001], 0.44 for depression
[P<0.001], 0.17 for fatigue [P<0.001]), objective social isolation was weakly or non-
significantly associated (—0.04 for sleep disturbance [P=0.03], —0.01 for depression
[P=0.48], —0.003 for fatigue [P=0.89]). In fact, the associations between subjective social
isolation and behavioral symptoms remained practically unchanged, whereas those between
objective social isolation and behavioral symptoms were substantially attenuated (Table 2).

Additional Analyses Using Composite Social Isolation Variables: Additional
analyses assessed the separate and combined contribution of categorically defined objective
and subjective social isolation to behavioral symptoms, providing further information on the
relative contribution of objective vs. subjective social isolation to behavioral symptoms.
Having both objective and subjective social isolation at low levels (“low/low”), i.e., below
the medians, was defined as the reference category. As shown in Table 3, having high
objective and high subjective social isolation (“high/high™) was robustly related to each of
the behavioral symptoms (betas ranging from 0.12 to 0.31 with Ps<0.001). Similarly, having
low objective yet high subjective social isolation (“low/high”) was also strongly associated
with behavioral symptoms (betas ranging from 0.10 to 0.19 with Ps<0.001). In contrast,
having high objective and low subjective social isolation (“high/low”) was non-significantly
or weakly associated with behavioral symptoms (betas ranging from —0.004 to 0.06). In
other words, the contribution of objective social isolation without subjective social isolation
was negligible to small, whereas the contribution of subjective social isolation to behavioral
symptoms was robust even without objective social isolation.

DISCUSSION

In this large sample of community-dwelling older adults, both objective and subjective
social isolation were cross-sectionally associated with symptoms of sleep disturbance,
depression, and fatigue. The associations between social isolation and these behavioral
symptoms were of a medium to large magnitude for depression and of a small to medium
magnitude for sleep disturbance and fatigue. Furthermore, these associations were
independent of various potential confounders such as sociodemographic characteristics,
BMI, medical comorbidity, smoking, alcohol consumption, and physical activity. Most
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importantly, when both objective and subjective social isolation were simultaneously
included in the analyses, the associations between objective social isolation and behavioral
symptoms were substantially attenuated. On the other hand, the associations between
subjective social isolation and behavioral symptoms remained strong and practically
unchanged, suggesting that those between objective social isolation and behavioral
symptoms may be mostly explained by subjective social isolation. Indeed, additional
analyses revealed that the separate contribution of objective social isolation to behavioral
symptoms was negligible, while the separate contribution of subjective social isolation was
almost comparable to the combined contribution of both measures. Older adults with
objective social isolation had worse sleep disturbance, depression, and fatigue mostly when
they also experienced subjective social isolation. In summary, older adults who either had
small social networks or felt lonely were more likely to be sleep disturbed, depressed, and
fatigued. Moreover, older adults with objective social isolation appeared to experience these
symptoms mostly when they also had the subjective feeling of social isolation, not just
because they were simply deprived of social networks.

Given the cross-sectional nature of the current study, however, the associations between
social isolation and behavioral symptoms could be bidirectional. Thus, it is also possible that
depressed, insomniac, or tired individuals become socially isolated and also poorly rate the
quality of their social relationships. Indeed, when we tested the models with sleep
disturbance, depression, and fatigue as independent variables and social isolation variables
as dependent variables, the results were similar (data not shown).

This study examined an important but poorly explored topic regarding the distinctive
contribution of objective vs. subjective social isolation to behavioral symptoms among older
adults using a large community sample. The current study extends the prior research—
reviewed in the introduction—Dby using multivariate regression in a large community sample
of older adults, and provides evidence on the relative contributions of objective vs.
subjective social isolation to sleep, depression, and fatigue. Additionally, the magnitude of
the correlation between objective and subjective social isolation was medium in this study, in
accordance with the extant literature, which reports that the two variables are not highly
correlated with each other and may be distinct constructs (Coyle & Dugan, 2012;
Perissinotto et al., 2012; Routasalo et al., 2006).

Of note, the associations between social isolation and behavioral symptoms were strong. For
example, adjusted OR for subjective social isolation and depression was almost 4.
According to a meta-analysis of older adult prospective studies, the most important risk
factors for depression including bereavement and sleep disturbance had smaller ORs
(respectively pooled OR 3.3 and 2.6) (Cole & Dendukuri, 2003). Furthermore, according to
a cross-sectional study of community-dwelling older adults using CES-D for depression
assessment, hence more comparable to the current study, insomnia was an important risk
factor for depression with a prevalence ratio 1.83 (Alcantara et al., 2016).

This community-based cross-sectional study overcomes the limitations of prior studies,
given the following strengths. First, the large sample of older adults randomly selected from
the community minimized selection bias and increased generalizability. While previous
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studies included 447 (McHugh & Lawlor, 2013), 161 (Azam et al., 2013), 639 (Yu et al.,
2018), and 1299 participants (Golden et al., 2009), the current study included 2541
participants. Second, the associations between social isolation and behavioral symptoms
were independent of a series of confounding variables such as sociodemographic
characteristics, obesity, medical comorbidity, and health-related behaviors. However, the
following limitations should be considered. First, the cross-sectional design of this study did
not allow any inference on the directionality of the associations between social isolation and
behavioral symptoms. Second, the assessment of sleep disturbance, depression, and fatigue
relied on self-report questionnaires in lieu of procedures such as polysomnography and
structured diagnostic interviews. However, assessment of these problems in clinical practice
primarily relies on patients’ self-report. Third, although we carefully performed multivariate
analyses considering a series of potential confounders, it is still possible that there is some
residual confounding since this was not a randomized controlled trial, the only approach that
can eliminate the confounding effect entirely. Fourth, out of 2963 respondents, 422 were
excluded due to missing values, hence about 14%, which could have introduced a selection
bias. However, an assuring aspect against the possibility of such a bias was that none of the
characteristics were significantly different between the included and excluded respondents
except for retirement status.

Prospective and intervention studies are needed to evaluate the temporal and causal links
between social isolation and behavioral symptoms. In particular, future studies should test
whether interventions that target social isolation might serve as potential treatments for
improving behavioral health of older adults. Furthermore, the findings of this study suggest
that interventions that target subjective social isolation, as opposed to objective social
isolation, may demonstrate greater trial efficacy as measured by improvements in sleep
disturbance, depression, and fatigue. Previous intervention efforts in reducing social
isolation have mostly focused on the objective components, e.g., by promoting networking
(Saito, Kai, & Takizawa, 2012) or socialization (Sheridan et al., 2015), and have had limited
success (Findlay, 2003). Thus, interventions focusing on social cognition (Masi, Chen,
Hawkley, & Cacioppo, 2011) or sense of social belonging (Walton & Cohen, 2011) may be
more useful in improving behavioral health outcomes.

In conclusion, while social isolation—either subjective or objective—was associated with
behavioral symptoms including sleep disturbance, depression, and fatigue, the association of
social isolation with these symptoms appears to be mostly explained by its subjective
component.
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L ow subjective social isolation

High subjective social isolation

*

Variable (N=1365) (N=1176) P
Age (60-103 years), mean + SD 73.3+8.3 71.7+84 <0.001
Sex (female), % 44.5 49.1 0.02
Ethnicity (non-Euro-American), % 23.1 20.6 0.13
Education (12-17 years), mean + SD 155+17 156+1.7 0.58
Marital status (non-partnered), % 475 60.5 <0.001
Employment status (retired), % 66.6 61.1 0.002
Body-mass index (10.8-94.6), mean + SD 26.2+4.8 26.6+5.2 0.08
Charlson Comorbidity Index (2-21), mean + SD 54+29 52+29 0.19
Number of alcoholic drinks per week (0-35), mean + SD 3.1+438 2744 0.03
Smoking (current smoker), % 45 6.5 0.03
Physical activity (less active than peers), % 11.7 20.0 <0.001
Sleep quality (PSQI: 0-20), mean + SD 48+33 6.2+3.6 <0.001
Depression (CES-D: 0-10), mean + SD 10+14 23+22 <0.001
Fatigue (CFQ: Likert score 0-33), mean + SD 12.0+3.2 13.0+3.6 <0.001
Sleep disturbance case (PSQI>5), % 34.1 50.0 <0.001
Depression case (CES-D24), % 6.4 25.3 <0.001
Fatigue case (CFQ bimodal score 24), % 16.4 29.5 <0.001

SD = standard deviation; PSQI = Pittsburgh Sleep Quality Index; CESD-D = 10-item Center for Epidemiological Studies Depression Scale; CFQ =

Chalder Fatigue Questionnaire

Subjective social isolation represents loneliness and was dichotomized using the median split (loneliness score <4 vs. 24).

*
P-value from chi-square tests (for categorical variables) or t-tests (for continuous variables)
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Characteristics of 2541 participants according to objective social isolation
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L ow objective social isolation

High objective social isolation

*

Variable (N=1169) (N=1372) P
Age (60-103 years), mean + SD 73.1+85 72283 0.006
Sex (female), % 46.7 46.5 0.92
Ethnicity (non-Euro-American), % 22.1 21.8 0.87
Education (12-17 years), mean (SD) 156+1.6 155+17 0.03
Marital status (non-partnered), % 50.3 56.3 0.003
Employment status (retired), % 63.8 64.2 0.07
Body-mass index (10.8-94.6), mean + SD 26.3+5.0 26.4+5.0 0.65
Charlson Comorbidity Index (2-21), mean + SD 53+28 53+29 0.98
Number of alcoholic drinks per week (0-35), mean + SD 32+438 2745 0.02
Smoking (current smoker), % 4.8 59 0.22
Physical activity (less active than peers), % 125 18.1 <0.001
Sleep quality (PSQI: 0-20), mean + SD 50+34 57+3.6 <0.001
Depression (CES-D: 0-10), mean + SD 14+17 18+21 <0.001
Fatigue (CFQ: Likert score 0-33), mean + SD 123+34 126 +35 0.04
Sleep disturbance case (PSQI>5), % 37.3 45.0 <0.001
Depression case (CES-D24), % 115 18.2 <0.001
Fatigue case (CFQ bimodal score 24), % 20.2 24.4 0.01

SD = standard deviation; PSQI = Pittsburgh Sleep Quality Index; CESD-D = 10-item Center for Epidemiological Studies Depression Scale; CFQ =

Chalder Fatigue Questionnaire

Objective social isolation was assessed using social network size and dichotomized using the median split (social network size 212 vs <12).

*
P-value from chi-square tests (for categorical variables) or t-tests (for continuous variables)
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Associations of objective and subjective social isolation with behavioral symptoms before and after adjusting

for each other (N=2541)

Table 2:

Dependent variable

Standardized beta” in separate models

Standar dized beta™™ in the same models adjusting for each other

Social network size Loneliness Social network size Loneliness
Sleep disturbance -0.10 (P<0.001) 0.25 (P<0.001) -0.04 (P=0.03) 0.24 (P<0.001)
Depressive symptoms -0.11 (P<0.001) 0.44 (P<0.001) -0.01 (P=0.48) 0.44 (P<0.001)
Fatigue -0.04 (P=0.04) 0.17 (P<0.001) -0.003 (P=0.89) 0.17 (P<0.001)

Objective social isolation was assessed using social network size and subjective social isolation represents loneliness.

*
Adjusted for age, sex, ethnicity, education, marital status, employment status, body-mass index, medical comorbidity, smoking, alcohol
consumption, and physical activity

*Kk
Adjusted for loneliness and social network size in addition to age, sex, ethnicity, education, marital status, employment status, body-mass index,

medical comorbidity, smoking, alcohol consumption, and physical activity
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Table 3:

Page 18

Associations of the composite variable of objective and subjective social isolation with behavioral symptoms

(N=2506)

Dependent variable

Standardized beta”

Low objective & low
subjectiveisolation

High objective & low
subjective isolation

L ow objective & high
subjectiveisolation

High objective & high
subjective isolation

(n=639) (n=575) (n=512) (n=780)
Sleep disturbance Reference 0.07 (P=0.002) 0.17 (P<0.001) 0.22 (P<0.001)
Depressive symptoms Reference 0.02 (P=0.42) 0.20 (P<0.001) 0.29 (P<0.001)
Fatigue Reference 0.01 (P=0.60) 0.10 (P<0.001) 0.13 (P<0.001)

Objective social isolation was assessed using social network size and subjective social isolation represents loneliness. Categories were defined

using median splits.

*
Adjusted for age, sex, ethnicity, education, marital status, employment status, body-mass index, medical comorbidity, smoking, alcohol
consumption, and physical activity
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