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Objectives: Social isolation and loneliness are serious public health issues given
the association with negative physical, mental; and cognitive health outcomes and
increased risk for mortality. Due to changes in life circumstances many aging adults
are socially isolated and experience loneliness. We examined the relationships among
four correlated but distinct constructs: social network size, social support, social
isolation, and loneliness as they relate to indices of health and wellbeing among
diverse subpopulations of older adults. Guided by WHO’s International Classification of
Functioning, Disability and Health (ICF) we also examined factors that predict loneliness
and social isolation.

Methods: Analyses of baseline data from sample of older adults who participated in
an intervention trial that examined the beneficial effects of a software system designed
to support access to resources and information, and social connectivity. Participants
included 300 individuals aged 65–98, who lived alone, were primarily of lower socio-
economic status and ethnically diverse. Participants completed a demographics
questionnaire, self-report measures of health, depression, social network size, social
support, and loneliness.

Results: Loneliness was strongly associated with depression and self-ratings of health.
In turn, greater social isolation and less social support were associated with greater
loneliness. Social isolation was associated with depression and lower self-ratings of
health. The association between social isolation and health was mediated by loneliness.
Individuals in the older cohorts (80+) reported less social support. With respect to
loneliness, having a smaller social network, more functional limitations, and limitations
in engaging meaningful activities was associated with higher levels of loneliness and
greater social isolation.

Conclusion: The findings underscore the importance of social connectively to wellbeing
for older adults and suggest that those in the older cohorts, who have a small social
network, and with greater physical and functional impairments may be particularly
vulnerable to being socially isolated and lonely. The findings provide guidance for
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future interventions. In this regard, we discuss how Information and Communication
Technologies (ICTs) may be used to promote social connectivity and engagement.
Strategies to make the usability and availability of these applications for aging adults
are highlighted.

Keywords: social Isolation, loneliness, older adults, technology, health

INTRODUCTION

The number of people in the United States aged 65+ will
increase to about 98 million by 2060, with the fast-growing
cohort of the “oldest old” (85+) projected to number 14.6 million
by 2040 (Administration for Community Living, 2020). The
burgeoning population of older adults especially those in the
“oldest old” cohort (85+) has given rise to concern about the
need for strategies to maintain the health and independence of
this population.

Recently, increased attention has been directed toward social
isolation and loneliness as significant health risks for aging adults.
Changes in life circumstances, such as retirement, loss of partners
or friends, financial circumstances, health declines, and mobility
challenges make older people vulnerable to becoming isolated
and lonely. Current estimates suggest that approximately, one-
quarter of community dwelling adults aged 65 and older are
socially isolated (Anderson and Thayer, 2018) and that almost
half (43 percent) of those 60 and older reported feeling lonely
(Cudjoe et al., 2020). The growing concerns about social isolation
and loneliness among aging adults is underscored by the recent
consensus study by National Academies of Science Engineering
and Medicine (2020) that focused on social isolation and
loneliness in older adults. One conclusion was that social isolation
and loneliness play as large a role as other well-established risk
factors for negative health consequences such as obesity and
smoking (Donovan and Blazer, 2020).

Substantive results in the literature link social isolation and
loneliness to heightened risk for physical difficulties, mental
health problems, cognitive deficits, functional declines, and
mortality (e.g., Cacioppo et al., 2010; Holt-Lunstad et al., 2010;
Aylaz et al., 2012; Perissinotto et al., 2012; Valtorta et al., 2016;
Hakulinen et al., 2018; Jeuring et al., 2018; Domenech-Abella
et al., 2019; Read et al., 2020). Data from the English Longitudinal
Study of Aging indicated that loneliness is a significant,
independent predictor of dementia (Rafnsson et al., 2017).

Current models of “successful aging” (e.g., Rowe and Kahn,
1988; Kahana and Kahana, 1996, 2001) posit that engagement in
productive and social activities is key to successful aging. Social
engagement is multifaceted and includes personal relationships,
connections with the community (e.g., neighborhood), and
engagement with society. Personal relationships provide social
support and opportunities for reciprocal communication and
feeling valued or mattering. Connection with the community
fosters a sense of belonging; participation in society provides
opportunities to contribute and engage with ideas. Recently,
the term social capital has been used in discussions of social
engagement and generally refers to resources available to

individuals and groups through social connections and their
community (Cannuscio et al., 2003).

With the increasing number of adults in the older cohorts
and other demographic trends, such as geographical dispersion
of families and changes in family structures, social isolation
will continue to be an issue in the foreseeable future. This
is especially true in light of the COVID-19 pandemic where
stay-at-home requirements curtailed opportunities for face-to-
face interactions, participation in social activities, and access
to social networks and support. Much is being written about
the potential implications of the enforced social restrictions
on mental health and well-being (e.g., Armitage and Nellums,
2020; Wu, 2020). As noted by the NASEM report (2020) social
isolation and loneliness are modifiable risk factors for health and
although much has been written about the link between social
isolation and loneliness and health consequences, the literature
on effective interventions to remediate existing problems with
social isolation and loneliness and prevent further incidence
for vulnerable individuals is limited. Development of efficacious
intervention strategies requires understanding how to best assess
social isolation and loneliness; the prevalence and predictors of
isolation and loneliness; and variations within subpopulations.

Social isolation and loneliness are distinct constructs, which
are related but only moderately correlated. Social isolation can
be measured objectively and refers to social network size and
the existence and interconnections among different social ties.
Loneliness is subjective and refers to a person’s self-perceived
lack of social support and companionship. Social support refers
to the provision of emotional, instrumental, or informational
resources to help an individual cope with stress and life events
(Cohen, 2004) and is related to social connectivity. However,
the provision of support does not necessarily imply that an
individual is satisfied with the support received. There are various
measures of these constructs available, which contributes to the
inconsistencies among findings regarding the prevalence of social
isolation, loneliness, and social support among older people
and association of these variables with health and well-being
outcomes. Additionally, few studies have examined these factors
conjointly. Coyle and Dugan (2012) stressed that it is important
to distinguish between social isolation and loneliness when
examining health outcomes in older adults as they are different
constructs and may have differential impacts on indices of health.

In this study, we had the unique opportunity to examine
the relationships among aspects of social engagement and the
relationships of these factors to health outcomes among a
large and diverse sample of older adults who live alone in
the community. Although living alone has been associated
with higher rates of isolation and loneliness, the relationship
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between living alone and these factors is complex. As noted
by Perissinotto and Covinsky (2014), we cannot assume that
people who are living alone are lonely or lacking in social
connectivity and support. We examined how these relationships
vary among cohorts of older adults (younger-old and older-
old) as there is heterogeneity across older age cohorts on
numerous variables. For example, those in older cohorts are
more likely to have fewer social connections and greater role
limitations due to changes in life circumstances, health, and
mobility issues. In addition, we examined how social isolation
and loneliness influence physical and emotional health outcomes
and cognition. We examined these outcomes separately as
the literature suggests that the predictors of these outcomes
may vary. Understanding the unique factors associated with
distinct outcomes is important to the design of intervention
strategies. Finally, guided by the WHO Model of Functioning,
Disability, and Health (World Health Organization, 2002), we
examined personal (e.g., income, age), community (e.g., social
network), and health factors (e.g., health conditions) that are
associated with social isolation and loneliness. The WHO model
provides a framework for understanding health outcomes and
determinants. Based on the substantive literature, examining the
impacts of social isolation and loneliness, we hypothesized that
loneliness and social isolation would be independent predictors
of depressive symptoms, health, and cognition. We also wished to
examine if social support and loneliness impacted our outcomes
through different mechanisms. In addition, we hypothesized,
given that an important aspect of loneliness is a sense of not being
integrated into a social environment (Tiikkainen and Heikkinen,
2005), that social support would be related to loneliness such
that those with lower perceived social support would report
higher levels of loneliness. Further, as we had measures of both
the structural and functional aspects of social connectivity, we
hypothesized that social network size and social isolation would
be related to perceived social support.

MATERIALS AND METHODS

The sample for the analyses was comprised of participants in
the Personal Reminder, Information, and Social Management
(PRISM) randomized field trial (Czaja et al., 2015, 2018), which
examined the benefits of a computer system designed to support
access to social connectivity and support access to information,
and engagement among older people. We present a summary of
the PRISM trial as the methods and the main outcomes of the trial
have been previously reported (Czaja et al., 2015, 2018).

Protocol
Potential participants contacted the site study coordinator and
completed a telephone screening that assessed eligibility. For
those eligible, a home baseline assessment was scheduled. During
this assessment participants provided informed consent. An
assessor trained and certified in the study protocol administered
the assessment. Participants were compensated $25 for the
assessment. Participants were then randomly assigned to the
PRISM condition or a Binder Control condition. Those in the

PRISM condition received hardware and software training and
had the PRISM system installed their home for 12 months. Those
in the Binder Control condition received a binder containing
content that paralleled the PRISM system in a non-electronic
form (e.g., paper resource guides, paper calendar). PRISM
included Internet access (with vetted links to sites such as NIH
SeniorHealth.Gov); an annotated resource guide; a dynamic
classroom feature; a calendar; a photo feature; email; games; and
online help. Participants also completed 6- and 12-month follow-
up assessments administered by assessors blinded to treatment
condition. The Institutional Review Boards at the sites approved
the study and all participants provided informed written consent.
Here we report on data from the baseline assessment from all
study participants.

Sample
We recruited 300 older adults at risk for social isolation,
operationalized as: lived alone, did not spend more than 10 h each
week at a Senior Center, did not work or volunteer for more than
5 h per week, and had minimal computer and Internet experience
in the past 3 months. Eligible participants were 65 years of age
or older, spoke English, and could read at the 6th grade level.
Participants were recruited through advertisement and various
outreach methods [e.g., churches, community organizations from
the Atlanta (GA), Miami (FL), and Tallahassee (FL) regions of
the United States]. The sample was primarily female (78%) and
ranged in age from 65 to 98 years (M = 76.15, SD = 7.4);
33% of the sample was ≥80 years and 15% were 85+ years.
Participants were ethnically diverse (46% non-White), 89% had
annual household incomes <$30,000, and 39% had high school
or less education (Czaja et al., 2015).

Measures
The full list of measures collected in the trial is available in
Czaja et al. (2015). The present study focused on the indices of:
social isolation (Friendship Scale – Hawthorne, 2006; α = 0.75);
loneliness (The UCLA Loneliness Scale – Russell, 1996; α = 0.91);
social support (Interpersonal Support Evaluation List, ISEL;
Cohen et al., 1985); Social Network Size (Lubben Social Network
Index; Lubben, 1988; α = 0.85); depressive symptoms (20 item
Center for Epidemiological Depression Scale, CESD; Radloff,
1977; Irwin et al., 1999; α = 0.87); and a self-rating of overall
health. We used the common single item self-rating of health (“In
general, would you say your health is” with the response items
“excellent, very good, good, fair, or poor”), which has predictive
validity with respect to objective measures of health status such as
disease prevalence (i.e., Wu et al., 2013). Life Space was measured
by the Life Space Questionnaire [Stalvey et al., 1999; κ = 0.80 (as
cited by Stalvey et al., 1999)], wherein participants answer nine
questions related to their mobility during the past 3 days (e.g.,
travel, getting out and about on a daily basis to places such as
immediate neighborhood or town). Each item is rated “yes/no”
and a score is computed by summing across the items. A higher
score indicates greater mobility. Life Engagement was measured
by the Life Engagement Test (Scheier et al., 2006; α = 0.77), a six-
item scale, which measures that extent to which a person engages
in activities that are personally valued. A lower score indicates
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higher engagement. We created a variable to indicate functional
disabilities by summing responses to a question regarding activity
limitations (e.g., bathing, stair climbing, walking, engaging in
sports activities) due to health (range 0–10). We created a
variable to indicate health conditions by summing responses to
a question regarding the presence of a health condition (e.g.,
diabetes, arthritis, hypertension) (range = 0–11). Cognition was
measured by a latent construct (see section “Results”) comprised
of a measure of processing speed [Digits Symbol Substitution,
Weschler, 1981; α = 0.96 (as reported in Lövdén et al., 2005)],
reasoning [Letter Sets, Ekstrom et al., 1976; α = 0.77 (as reported
in Ekstrom et al., 1976)], and attention/executive function [Trail
Making Test A and B, Reitan, 1958; α = 0.84 (as reported in
Dikmen et al., 1999)].

ANALYSIS

For the structural equation models, we used Mplus, which by
default handles missing data using full information maximum
likelihood and uses all available raw data to estimate missing data
for a given case. This approach does well at retrieving correct
parameters in simulation (Enders and Bandalos, 2001). Social
isolation was assessed using the Friendship Scale and higher
scores mean less socially isolated. Model fit statistics are reported
using X2, root mean square error of approximation (RMSEA),
comparative fit index (CFI), Tucker-Lewis index (TLI), and the
standardized root mean residual (SRMR; Kline, 2011).

Each structural equation model included one latent variable
for social support, computed by combining the three subscales
of the ISEL scale. The model for cognition included a latent
variable formed from the Digit Symbol Substitution Test, the
Letter Sets Test, and the Trails A test. Trails B was considered for
model inclusion but was excluded because it was highly collinear
with Trails A. Thus, including both Trails A and Trails B would
damage model fit.

We used a path model to examine the extent to which
loneliness mediated the relationship between social support,
social network size, and social isolation with the dependent
variables of depressive symptoms, self-rated health, and latent
cognition. We examined whether social support mediated the
relationship between social isolation and social network size and
depression, health, and cognition. Indirect effects are reported
as well as the total indirect effect, which examines if the sum of
the indirect paths is statistically significant, and specific indirect
effects, where each individual path, is analyzed separately.
Significant specific paths are informative even in the absence of
a total effect (Rucker et al., 2011).

We then conducted a multiple group analysis of the structural
equation model, which involved testing the efficacy of adding
increasing levels of equality constraints on the parameters for
the younger-older adults and the older-old adults. We started
with a model where the groups were allowed to differ on most
parameters. Equality constraints were then added to various
families of parameters. This allowed us to sequentially test if
the means of the variables, the factors loadings, the paths, and
the residual errors of the groups differed. The change in X2 was
used to assess model fit. If the change in X2 was statistically

significant when a constraint forcing the two groups to be
equal was added, this would suggest the two groups differed
on a parameter (e.g., the mean of social support) or on a
set of parameters.

RESULTS

Table 1 provides the inter-correlations and descriptive statistics
for the variables included in the present analyses. The group
means for the older-old (defined as 80+ years) (n = 101) and
the younger-old (n = 199) samples as well as univariate contrasts
are provided in Table 2. We had incomplete data for some of the
variables: loneliness (n = 299), health (n = 298), social isolation
(n = 299), and social network size (n = 299).

Structural Equation Model of Depressive
Symptoms
As shown in the Table 3, model fits were generally excellent:
X2(8) = 11.00, p = 0.20, RMSEA = 0.04 90% CI (0.00, 0.08),
CFI = 1.00, TLI = 0.99, and SRMR = 0.02 for the model without
age analyzed as a grouping variable. Figure 1 shows the complete
model for depressive symptoms without the age groupings. As
shown, those with smaller social networks reported being more
socially isolated and having less perceived social support. In
turn, greater social isolation and less social support were related
to higher degrees of loneliness. Importantly, higher levels of
loneliness and greater social isolation independently predicted
higher levels of depressive symptoms.

We tested the mediation effects of social network size and
social isolation to depressive symptoms through social support
and loneliness. There was a significant direct effect of social
isolation (β = −0.14, z = −3.16, p = 0.002) on depressive
symptoms, meaning greater social isolation predicted more
depressive symptoms. The indirect effect of social isolation
on depressive symptoms through loneliness was significant
(β = −0.12, z = −3.52, p < 0.001). The path of social isolation to
depressive symptoms through social support and then loneliness
was also significant (β =−0.08, z =−2.99, p = 0.003).

The total indirect effect of social network size (β = −0.026,
z =−0.80, p = 0.43) on depressive symptoms was not significant.
However, the indirect effect of social network size on depressive
symptoms mediated through social support and then loneliness
was statistically significant (β =−0.05, z =−2.51, p = 0.01). Social
support had a statistically significant indirect effect on depressive
symptoms (β =−0.33, z =−3.10, p = 0.002) through loneliness.

Overall, social isolation and loneliness had significant direct
effects on depressive symptoms. In addition, the effects of social
isolation and social support on depression were mediated by
loneliness. Further, those with smaller social networks perceived
less social support, which was in turn related to greater loneliness.

Multiple Groups Analysis of Depressive
Symptoms
We replicated the previous structural equation model for
the two sub-groups of older adults (65–79 and 80–98).
Table 3 presents the full multiple group analyses that tests
measurement equivalence between the two groups of older
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TABLE 1 | Intercorrelations and descriptive statistics of study variables.

Variable Mean 1 2 3 4 5 6 7 8 9 10 11 12

1. ISEL appraisal 8.71 2.65

2. ISEL tangible 8.74 0.56** 2.77

3. ISEL belonging 7.66 0.54** 0.60** 2.75

4. Age 76.15 −0.10 −0.05 −0.16** 7.37

5. Social isolation 19.24 0.50** 0.47** 0.46** 0.07 3.93

6. Social network size 26.22 0.39** 0.42** 0.39** −0.06 0.37** 7.39

7. UCLA loneliness 39.51 −0.54** −0.57** −0.62** −0.01 −0.72** −0.44** 10.00

8. Health 3.03 0.16** 0.18** 0.22** 0.02 0.29** 0.18** −0.35** 0.86

9. CES-D 11.11 −0.34** −0.31 −0.33** −0.08 −0.65** −0.22** 0.57** −0.30** 9.03

10. Digit symbols 34.95 0.08 0.01 0.08 −0.14* 0.07 0.06 −0.06 0.05 −0.002 11.31

11. Letter sets 8.59 0.04 0.05 0.04 −0.16** 0.07 0.11 −0.09 0.01 −0.08 0.45** 5.23

12. Trails A 4.02 −0.06 −0.08 −0.11 −0.14* −0.03 −0.08 0.03 −0.11 −0.02 −0.60** −0.34** 0.37

Standard deviations are displayed on the diagonal (N = 300).
ISEL, Interpersonal Support Evaluation List; CES-D, Center for Epidemiologic Studies Depression Scale.
*p < 0.05, **p < 0.01.

TABLE 2 | Group means and standard deviations for the younger old (65–79) and the older old (80–98) participants (N = 300).

Younger old Older old

Variable Mean STD Mean STD t-test

Age 71.85 4.27 84.62 4.13 24.73**

Health 3.05 0.85 3.00 0.90 −0.47

Depression 11.36 8.86 10.62 9.40 −0.67

ISEL appraisal 8.89 2.56 8.35 2.80 −1.68

ISEL tangible 8.83 2.67 8.55 2.97 −0.83

ISEL belonging 7.94 2.73 7.10 2.70 −2.54*

Social isolation 19.06 4.07 19.59 3.64 1.19

Social network score 26.75 7.05 25.19 7.96 −1.80

UCLA loneliness 39.45 10.01 39.65 10.02 0.07

Digit symbol 35.01 10.73 34.85 12.45 −0.11

Letter sets 8.97 5.12 7.82 5.40 −1.72

Trails A 5.00 0.51 5.08 0.46 0.86

ISEL, Interpersonal Support Evaluation List; CES-D, Center for Epidemiologic Studies Depression Scale.
*p < 0.05, **p < 0.01.

adults. If measurement equivalence is not established no latent
comparison can be meaningfully made. The constraints tested
were path coefficients. We tested the means of the dependent
variable of depressive symptoms, the independent variables
(social isolation, social network size, and loneliness), and the
latent variable of social support, and compared the variances.
For depressive symptoms, constraining the latent variable of
social support to be equal and constraining depressive symptoms
to be equal significantly decreased model fit suggesting the
two groups varied significantly on those variables. As more
constraints were added such as fixing all paths and variances
to be equal, depressive symptoms became equivalent across the
two groups. This model with all paths equal, all variances equal,
and the independent variables equal showed good model fit
X2(44) = 68.97, p < 0.01, RMSEA = 0.07, 90% CI (0.04, 0.09),
CFI = 0.97, TLI = 0.97, and SRMR = 0.10. Those in older
age group had lower social support (M = −0.47, z = 2.43,
p = 0.02). In summary, the measurement invariance analysis
showed that a model constraining the two groups to be equal,

with the exception of the latent variable of social support, had
the best model fit.

Structural Equation Model for Health
The model tested for self-ratings of health was the same as for
depressive symptoms (Figure 2). The model fits were generally
excellent: X2(8) = 11.46, p = 0.18, RMSEA = 0.04 90% CI (0.00,
0.08), CFI = 1.00, TLI = 0.99, and SRMR = 0.01 (Table 4).
The interrelationships of social support, social isolation, social
network size, and loneliness were identical to those found for
depression. Health was predicted only by loneliness with greater
loneliness leading to worse self-ratings of health.

Social isolation was not directly related to ratings of health
(β = 0.09, z = 1.20, p = 0.23). However, there was a significant
total indirect effect of social isolation (β = 0.17, z = −3.11,
p = 0.002) on ratings of health through two paths: (1) through
loneliness (β = 0.13, z = 2.79, p = 0.005), and (2) through
social support and then through loneliness (β = 0.09, z = 2.36,
p = 0.02). The indirect effect of social isolation to ratings of health
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TABLE 3 | Results of structural equation models for depression.

Model df X2 SRMR RMSEA TLI CFI 1df 1X2

No age model 8 11.00 0.015 0.035 0.99 0.997

Multi-group factor analysis

Model 1. Paths, means (LV, IVs, DV), variances free 20 33.85* 0.044 0.068 0.97 0.99 – –

Model 1 vs. Model 2 – – – – – – 1 7.87**

Model 1 vs. Model 3 – – – – – – 3 6.96

Model 2. Paths, means (IVs, DV), variances free 21 41.72** 0.084 0.081 0.96 0.98 – –

Model 2 vs. Model 4 – – – – – – 3 4.34

Model 3. Paths, means (DV, LV), variances free 23 40.81* 0.049 0.072 0.97 0.98 – –

Model 3 vs. Model 4 – – – – – – 1 5.25*

Model 3 vs. Model 5 – – – – – – 1 8.29**

Model 3 vs. Model 6 – – – – – – 2 13.89**

Model 3 vs. Model 7 – – – – – – 10 15.10

Model 4. Paths, means LV, variances free 24 46.06** 0.049 0.078 0.97 0.98 – –

Model 5. Paths, means DV, variances free 24 49.10** 0.092 0.084 0.96 0.97 – –

Model 6. Paths variances free 25 54.69** 0.091 0.089 0.95 0.97 – –

Model 7. Variances, means (DV, LV) free 33 55.90** 0.096 0.068 0.98 0.94 – –

Model 7 vs. Model 8 – – – – – – 8 13.05

Model 8. Means (DV, LV) free 41 68.95** 0.10 0.067 0.97 0.97 – –

Model 8 vs. Model 9 – – – – – – 1 0.02

Model 9. Means (LV) free 24 68.97 0.10 0.065 0.97 0.97 – –

The first model is without age. The rest of the models are multiple group analyses testing measurement equivalence on different sets of parameters. The best fitting
multiple group model as determined by 1X2 is in italic.
SRMR, Standardized Root Mean Square Residual; RMSEA, Root Mean Square Error of Approximation; TLI, Tucker-Lewis Index; CFI, Comparative Fit Index; 1df, change
in df; 1X2, change in X2; LV, latent variable; IV, Independent Variable; DV, Dependent Variable.
*p < 0.05, **p < 0.01.

FIGURE 1 | SEM for depression for the full sample. All paths are denoted with the standardized beta. ∗p < 0.05, ∗∗p < 0.01.

through social support was not significant (β =−0.05, z =−0.70,
p = 0.48) nor was the total indirect effect of social network size
to social isolation (β = 0.04, z = 0.96, p = 0.34). However, the
indirect effect of social network size to self-ratings of health was

mediated through social support and then loneliness (β = 0.06,
z = 2.13, p = 0.03). Finally, social support had a significant positive
indirect effect on health through loneliness (β = 0.18, z = 2.55,
p = 0.01).
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FIGURE 2 | SEM for health for the full sample. All paths are denoted with the standardized beta. *p < 0.05, **p < 0.01.

TABLE 4 | Results of structural equation models for health.

Model df X2 SRMR RMSEA TLI CFI 1df 1X2

No age model 8 11.46 0.014 0.038 0.99 0.998

Multi-group factor analysis

Model 1. Paths, means (LV, IV, DV), variances free 20 33.38* 0.043 0.067 0.97 0.98 – –

Model 1 vs. Model 2 – – – – – – 1 7.78**

Model 1 vs. Model 3 – – – – – – 3 7.04

Model 2. Paths, means (IVs, DV), variances free 21 41.16** 0.082 0.080 0.95 0.97 – –

Model 3. Paths, means (LV, DV), variances free 23 40.42* 0.047 0.071 0.96 0.98 – –

Model 3 vs. Model 4 – – – – – – 1 0.58

Model 3 vs. Model 5 – – – – – – 1 8.21**

Model 4. Paths, mean LV, variances free 24 41.00* 0.047 0.069 0.96 0.98 – –

Model 4 vs. Model 6 – – – – – – 1 8.21**

Model 4 vs. Model 7 – – – – – – 10 9.46

Model 5. Paths, mean DV, variances free 24 48.63** 0.090 0.083 0.95 0.97 – –

Model 5 vs. Model 6 – – – – – – 1 0.58

Model 6. Paths variances free 25 49.21** 0.091 0.080 0.95 0.97 – –

Model 7. Variances, mean LV, free 34 50.46* 0.094 0.057 0.98 0.98 – –

Model 7 vs. Model 8 – – – – – – 8 13.40

Model 8. Mean LV Free 42 63.86* 0.10 0.059 0.97 0.97 – –

The first model is without age. The rest of the models are multiple group analyses testing measurement equivalence on different sets of parameters. The best fitting
multiple group model as determined by 1X2 is in italic.
SRMR, Standardized Root Mean Square Residual; RMSEA, Root Mean Square Error of Approximation; TLI, Tucker-Lewis Index; CFI, Comparative Fit Index; 1df, change
in df; 1X2, change in X2; LV, latent variable; IV, Independent Variable; DV, Dependent Variable.
*p < 0.05, **p < 0.01.

In summary, those with higher levels of loneliness report
worse health. In addition, the effect of social isolation on ratings
of health was mediated by loneliness and social support. Further,
social network size was significantly related to ratings of health
via social support and loneliness.

Multiple Groups Analysis of Health
We replicated the previous analysis with the two subgroups of
older adults (aged 65–79 and 80–98). Table 4 shows model fit for
all analyses, as with depression, the Table compares measurement
equivalence with different levels of strictness criteria to establish
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FIGURE 3 | SEM for latent Cognition for the full sample. All paths are denoted with the standardized beta. *p < 0.05, **p < 0.01.

both that the groups are comparable in terms of the structure
of the model and what differences in levels exist. For ratings of
health constraining the latent variable to be equal, significantly
decreased model fit suggesting the two groups varied on the
latent variable of social support. The model allowing the two
groups to have different means for social support showed
good fit X2(44) = 63.86, p = 0.02, RMSEA = 0.06, 90% CI
(0.03, 0.09), CFI = 0.97, TLI = 0.97, and SRMR = 0.10. As
observed for depression, the older group had lower scores
on the latent social support variable (M = −0.46, z = 2.43,
p = 0.02).

Structural Equation Model for Cognition
The model tested for cognition was the same as for depressive
symptoms and health (Figure 3). Model fit was excellent
[X2(20) = 25.91, p = 0.17, RMSEA = 0.03 90% CI (0.00, 0.06),
CFI = 0.99, TLI = 0.99, and SRMR = 0.03]. The interrelationships
of social support, social isolation, social network size, and
loneliness were identical to those found for depression. Cognition
was not significantly predicted by any of the social variables and
there were no significant indirect effects.

Multiple Groups Analysis of Cognition
We replicated the previous analysis with the two subgroups
of older adults (aged 65–79 and 80–98). Table 5 shows model
fit for all analyses conducted to establish to what degree the
groups are equivalent and sources of differences should they
exist. For ratings of cognition, constraining the latent variable
of social support to be equal, significantly decreased model fit
suggesting the two groups varied on the latent variable of social
support; however, this was not the case for the latent variable
of cognition. As observed for depressive symptoms and health,
the older group had lower social support (M = −0.47, z = 2.59,
p = 0.01). The best fitting model indicated the paths to depressive
symptoms to be significantly different between the two groups.
This model showed good fit [X2(69) = 93.37, p = 0.03, and

RMSEA = 0.049 90% CI (0.02, 0.07), CFI = 0.97, TLI = 0.97 and
SRMR = 0.14] (see Table 5 for complete results). Probing the
paths to cognition showed that the paths from social network size
and [X2(1) = 3.98, p = 0.03], and social isolation [X2(1) = 6.81,
p = 0.01] were significantly different between the two age groups if
tested separately or together [X2(2) = 10.94, p = 0.004]. However,
the parameter estimates for the individual group paths for social
isolation and cognition were not significant for the younger
group, (b = 0.29, z = 1.02, p = 0.31 or the older, b = −0.49,
z = −1.43, p = 0.15). For social network size the effect was
significant for the older group (b = 0.41, z = 2.27, p = 0.02), but not
significant for the younger group (b = 0.04, z = −0.63, p = 0.53).
For the older group a having a larger social network was related
to higher cognition.

Multiple Regressions Predicting
Loneliness and Social Isolation
As loneliness and social isolation were pivotal variables in our
model, we decided to more thoroughly test the factors that
predicted both constructs. Guided by the WHO’s international
Classification of Function, Disability, and Health (ICF; World
Health Organization, 2002) model, we included three sets
of potential predictors, personal factors (age, gender, income,
education, and race), environmental factors (life space, social
network size, and life engagement), and health (reported
number of functional limitations, and number of reported health
conditions) on the sample of 253 participants for whom we had
complete data. We eliminated 13 participants as they identified
their race/ethnicity as other than White, Hispanic, or African
American (e.g., Asian, Mixed Race) and there were too few
participants in the other categories for meaningful comparisons.
To confirm that each of these sets were important we ran
sequential hierarchical multiple regressions (Table 6).

The full model for loneliness was strongly significant
F(10,242) = 20.23, p < 0.001, R2 = 0.46. The step entering
personal factors explained the least variance and was not
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TABLE 5 | Results of structural equation models for cognition.

Model df X2 SRMR RMSEA TLI CFI 1df 1X2

No age model 20 23.15 0.021 0.023 0.994 0.997

Multi-group factor analysis

Model 1. Paths, means (LV, IV, DV), variances free 48 61.33 0.051 0.043 0.98 0.99 – –

Model 1 vs. Model 2 – – – – – – 1 7.70**

Model 1 vs. Model 3 – – – – – – 3 7.00

Model 2. Paths, means (IVs, DV), variances free 49 69.03* 0.076 0.052 0.97 0.98 – –

Model 3. Paths, means (LV, DV), variances free 51 68.33 0.055 0.048 0.98 0.98 – –

Model 3 vs. Model 4 – – – – – – 1 0.14

Model 3 vs. Model 5 – – – – – – 1 8.15**

Model 4. Paths, mean LV, variances free 52 68.47 0.055 0.046 0.98 0.98 – –

Model 4 vs. Model 6 – – – – – – 1 8.06**

Model 4 vs. Model 7 – – – – – – 10 19.21**

Model 4 vs. Model 8 – – – – – – 11 16.45

Model 5. Paths, mean DV, variances free 52 76.48* 0.083 0.056 0.97 0.97 – –

Model 5 vs. Model 6 – – – – – – 1 0.05

Model 6. Paths, variances free 53 76.53* 0.083 0.054 0.97 0.98 – –

Model 7. Variances, mean LV, free 62 87.68* 0.091 0.053 0.97 0.97 – –

Model 8. Paths, mean LV free 63 84.92* 0.133 0.048 0.97 0.98 – –

Model 8 vs. Model 9 – – – – – – 10 19.60**

Model 8 vs. Model 10 – – – – – – 6 8.44

Model 9. Mean LV free 73 104.52** 0.127 0.054 0.97 0.97 – –

Model 10. Cognitive paths, mean LV free 69 93.362* 0.14 0.05 0.97 0.97 – –

The first model is without age. The rest of the models are multiple group analyses testing measurement equivalence on different sets of parameters. The best fitting
multiple group model as determined by 1X2 is in italic.
SRMR, Standardized Root Mean Square Residual; RMSEA, Root Mean Square Error of Approximation; TLI, Tucker-Lewis Index; CFI, Comparative Fit Index; 1df, change
in df; 1X2, change in X2; LV, latent variable; IV, Independent Variable; DV, Dependent Variable in this case latent cognition.
*p < 0.05, **p < 0.01.

statistically significant [F(5,247) = 1.33, p = 0.25, R2 = 0.03],
and thus we do not discuss individual parameters (see Table 7).
In the second step, we entered the health variables and this
step was strongly statistically significant [F(2,245) = 19.18,
p < 0.001, 1R2 = 0.13]. The only significant variable was
functional limitations; having more limitations was associated
with higher degrees of loneliness [t(245) = 4.23, p < 0.001,
f 2 = 0.07]. In the third step, we entered the environmental
variables and this step also explained a great deal of variance
F(3,242) = 44.02, p < 0.001, 1R2 = 0.30. Having a larger social
network was associated with less loneliness [t(242) = −4.85,
p < 0.001, f 2 = 0.10], and higher reporting of engaging in valued
activities was also associated with less loneliness [t(242) =−8.34,
p < 0.001, f 2 = 0.29].

The full model for social isolation was also strongly significant
[F(10,242) = 12.53, p < 0.001, R2 = 0.34]. The step entering
personal factors explained the least variance and was not
statistically significant [F(5,247) = 1.42, p = 0.22, R2 = 0.03], thus
we do not discuss individual parameters (see Table 8). In the
second step, we entered the health variables and this step was
strongly significant [F(2,245) = 8.91, p < 0.001, 1R2 = 0.07].
Having more functional limitations with more limitations was
associated with greater social isolation [t(245) =−2.76, p < 0.001,
f 2 = 0.03]. In the third step, we entered the environmental
variables and this step also explained a great deal of variance
[F(3,242) = 30.25, p < 0.001, 1R2 = 0.25] in social isolation.

Again, having a large social network was associated with
less loneliness [t(242) = 3.56, p < 0.001, f 2 = 0.05], as did
higher reporting of engaging in valued activities [t(242) = 7.05,
p < 0.001, f 2 = 0.21].

DISCUSSION

The aging of the population generates a pressing need to develop
strategies to ensure that current and future cohorts of older
people are able to live as independently as possible and enjoy
a good quality of life. Recently, increased attention is being
directed toward social isolation and loneliness among older
people, as being isolated and lonely has a deleterious impact on
physical, emotional, and cognitive health. Current data indicate
that a large proportion of the aging population is socially
isolated and lonely (e.g., Anderson and Thayer, 2018; Cudjoe
et al., 2020). Strategies to prevent or remediate social isolation
and loneliness are predicated on understanding factors that are
related to being socially isolation and lonely. This is a complex
issue as social engagement has many components, which are
correlated but distinct.

In this study we had the unique opportunity to examine the
relationships among a number of constructs related to loneliness
and social isolation among a diverse sample of older adults living
alone in the community. We explored the relationships between
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TABLE 6 | Descriptive statistics for hierarchical variables included in the multiple
regression analyses (N = 253).

Variable Statistic

M (SD)

Loneliness 39.3 (9.7)

Friendship 19.3 (7.4)

Age 75.7 (7.4)

Functional limitations 5.6 (3.2)

Health conditions 3.3 (1.7)

Life space 5.7 (1.5)

Social network size 26.4 (7.3)

Life engagement 24.9 (4.0)

Functional limitations 5.6 (3.2)

Health conditions 3.3 (1.7)

n (%)

Gender

Female 196 (76.7%)

Male 59 (23.3%)

Income

<$30000 218 (86.2%)

$30000-$59999 31 (12.2%)

>$59999 4 (1.6%)

Race

African-American 92 (36.4%)

Hispanic 26 (10.3%)

White 135 (53.3%)

loneliness and isolation on depressive symptoms, health, and
cognitive outcomes. Our sample included both younger-old and
older-old individuals thus we could explore if these relationships
varied according to these subgroups of older people. Our findings
help to clarify the relationships among the various aspects of
social support, isolation, and loneliness, as well as the resultant
impacts on both mental health, physical health, and cognition.
Further, we evaluated personal, environmental, and health factors
that are associated with isolation and loneliness.

Consistent with models of successful aging (e.g., Rowe
and Kahn, 1988; Kahana and Kahana, 1996, 2001), our
findings indicated that social engagement is an important
aspect of what it means to age successfully. Overall, the
results underscored the findings of other investigators (e.g.,
Cacioppo et al., 2010; Aylaz et al., 2012; Valtorta et al.,
2016; Hakulinen et al., 2018; Jeuring et al., 2018; Domenech-
Abella et al., 2019; Read et al., 2020), that loneliness and
social isolation have a significant impact on emotional well-
being and health. Loneliness is particularly deleterious as it
has a direct impact on both emotional and physical health.
People who were lonely were more likely to report depressive
symptoms and rated their health as worse than those who were
not lonely. This has important implications for older adults
and society as a whole. The economic burden of depression
in the United States is about $210 billion annually, which
includes costs associated with the treatment of depression itself
as well as associated co-morbidities. In addition, those who
reported that they had limitations engaging in meaningful

activities and those with more functional limitations reported
greater loneliness.

Our results showed that that loneliness was significantly
related to symptoms of depression. There was also a significant
direct path between social isolation and depressive symptoms.
These findings suggest that isolation and loneliness are related
but distinct constructs. Not surprisingly, social isolation was
predicted by social network size. Social network size and social
isolation were also related to social support, which in turn was
related to loneliness. In general, older adults with larger social
networks were less likely to be isolated and had greater perceived
social support. They were also less likely to be lonely. Our
findings showed that among the older adults, social network
size was also related to cognition such that people in the
older cohort with larger social networks scored higher on the
composite measure of cognition. As noted, having a larger social
network likely provided more opportunities for engagement and
support. Alternatively, maintaining a social network may require
a certain amount of cognition and individuals with higher levels
of cognitive function may be better able to maintain those
relationships. Others have found that size of one’s social network
is also related to access to resources (e.g., Cannuscio et al., 2003).
The majority of individuals in our sample were in the lower
socio-economic strata.

With respect to self-ratings of health, we found slightly
different relationships. Specifically, loneliness had a direct
negative impact on health but the relationship between social
isolation and ratings of health was mediated by loneliness and
social support. Although our study was limited to a subjective
rating of health, others (i.e., Wu et al., 2013) have found that self-
ratings of health are predictive of objective indices of health and
mortality. Thus, our findings underscore the importance of social
engagement to health and well-being.

We did not find differences in the relationships among the
variables for depressive symptoms or ratings of health between
the younger-old and older-old adults. However, we did find that
perceived social support was lower among the older-old people
in our sample. This is important given the increasing number of
people in this cohort and the relationship between social support
and loneliness. People in the older age cohorts, especially older
women are more likely to live alone and have fewer sources of
support available due to changes in life circumstances.

The findings from our regression analyses also point to the
associations among individual and environmental variables and
social isolation and loneliness. We found, not surprisingly that
individuals with more functional limitations and those who
less engaged in rewarding activities reported higher levels of
loneliness. It is likely that functional limitations result in logistic
hindrances to activity engagement.

Our findings have important implications for the design of
interventions. Strategies to increase the social networks older
adults, enhance social support, and the ability to engage in
meaningful and enjoying activities would likely be beneficial
in terms of improving health outcomes, especially for those
with functional limitations. These interventions might include
creating affordable programs for older adults and connecting
individuals to these programs or venues for peer support. It
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TABLE 7 | Results of hierarchical regression predicting loneliness.

B SEM p f2 R2 1R2

Personal 0.03

Age 0.07 0.09 0.45 <0.01

Gender −2.07 1.48 0.16 0.01

Income −0.56 0.37 0.13 0.01

Hispanic 1.79 2.16 0.41 <0.01

African-American −1.69 1.50 0.26 <0.01

Health 0.16** 0.03**

Functional limitations 0.89 0.21 <0.001** 0.07

Health conditions 0.81 0.39 0.92 0.02

Environment 0.46** 0.30**

Life space −0.43 0.34 0.21 0.01

Social network size −0.35 0.07 <0.001** 0.10

Life engagement −1.03 0.12 <0.001** 0.29

The row in gray represents a set of variables with R2 being the variance explained by all variables in the model at the step and 1R2 being the change in variance explained
by the set of variables added in the step. Parameter estimates are for the step.
B, Unstandardized Beta; SEM, Standard error of measurement; f2, Cohen’s f2 a measure of effect size representing the signal to noise ratio.
*p < 0.05; **p < .01.

TABLE 8 | Results of hierarchical regression predicting social isolation.

B SEM p f2 R2 1R2

Personal 0.03

Age 0.02 0.04 0.65 <0.01

Gender 0.86 0.57 0.13 0.01

Income 0.25 0.14 0.08 0.01

Hispanic −0.17 0.83 0.84 <0.01

African-American 0.80 0.58 0.17 0.01

Health 0.09** 0.07**

Functional limitations −0.23 0.08 0.01** 0.03

Health conditions −0.24 0.15 0.12 <0.01

Environment 0.34** 0.25**

Life space 0.20 0.16 0.20 0.01

Social network size 0.17 0.03 <0.001** 0.05

Life engagement −1.03 0.12 <0.001** 0.21

The row in gray represents a set of variables with R2 being the variance explained by all variables in the model at the step and 1R2 being the change in variance explained
by the set of variables added in the step.
B, Unstandardized Beta; SEM, Standard error of measurement; f2, Cohen’s f2 a measure of effect size representing the signal to noise ratio.
*p < 0.05, **p < 0.01.

might also involve facilitating access to transportation services
and enhancing community safety.

Information and communication technologies offer vast
potential in terms of promoting social engagement (Bixter et al.,
2018). For example, social media platforms such as Facebook
and LinkedIn, offer opportunities to make new friends and
share information about life events with friends and family thus
promoting connectivity and a sense of belonging. Data from
the Pew Research Center (Anderson and Perrin, 2017) indicate
that older adults are increasingly using social media platforms
to share their experiences and connect with friends and family
(see also Bixter et al., 2019). Video chat platforms provide
an additional avenue for social communication and cognitive
enrichment (e.g., Nie et al., 2020) as well as physical activity
(Beer et al., 2015).

Access to the Internet and email can also foster social
connectivity. Findings from the PRISM trial (Czaja et al., 2018)
found that use of the PRISM software system resulted in
decreased loneliness among older people. One of the most used
PRISM features was the internet and one of the reported benefits
of PRISMs was the ability to communicate with families and
friends. Others have also found that having access to the Internet
benefits social engagement (e.g., Cotten et al., 2013; Morris et al.,
2014). A recent study (Wu, 2020) found that internet use was
associated with decreased loneliness over an 8-year period as it
was a vehicle for maintaining social contact.

Virtual reality (VR) applications are increasingly being
targeted toward older adults and provide a mechanism for
interacting with others in an individual or group format as well
as engaging in valuable activities. For example, one can engage
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in virtual travel or cultural events using a VR system. As
noted, our data indicate that lack of engagement in valued
activities is related to both social isolation and loneliness.
These applications may also be especially beneficial for
those with functional limitations who may have mobility
restrictions. Design recommendations for VR systems targeted
to older adults are being developed (e.g., McGlynn and
Rogers, 2017). Developments in robotics are being geared
toward enhancing social interactions among older adults
(Rogers and Mitzner, 2017).

However, although technology holds great potential in terms
of fostering social interactions and decreasing loneliness among
older adults it is important that technology applications are
designed using a user-centered design approach where diverse
and representative samples of older adult users are involved in
the design process. This approach helps to ensure that the needs,
preferences, and characteristics of aging adults are incorporated
into the design of the technology application. Aging adults
must be aware of technology developments and how various
technology applications may improve their well-being and
quality of life. Technology must be affordable and instructional
and technical support must be available. Finally, technology
cannot replace human contact, it provides a complementary
vehicle for social interaction.

Importantly, simply increasing social networks and social
engagement is not sufficient for decreasing loneliness. The
networks and engagement must be satisfying and result in
enhanced feelings of support. Activities must also be rewarding
and engaging. Finally, it is important to recognize that there is
no one-size-fits-all approach to addressing loneliness or social
isolation, and tailor interventions should be tailored to the needs,
preferences, and contexts of individuals.

Limitations of this study include the use of a self-report single
item measure of health. Although this measure is commonly used
and has been found to be related to objective health metrics. In
addition, the data were cross-sectional and from a single time
point which reduces the ability to make causal inferences. Our
sample was largely of lower socio-economic status and restricted
to individuals who lived alone in the community. Further, our
sample was a convenience sample, that agreed to participate
in a research trial. Thus, the findings may not generalize to
other subpopulations of older adults. Finally, although path
models are useful in conceptualizing interrelationships among
variables of interest, these models only present associations and
do not prove causal relationships. Despite these limitations the
present study adds to the growing body of literature examining
the important role of social engagement in promoting health
and well-being among older people. It clearly demonstrated
associations and pathways among social isolation, social support,
and loneliness. We recognize of course that these relationships

may be bi-directional or in the opposite direction hypothesize,
for example that social isolation may be affected by health, which
underscores the complexity of these relationships. Nonetheless,
these data provide valuable guidance for the development of
interventions to both prevent isolation and loneliness among
those who are at risk and remediate these problems for those who
are currently isolated and lonely. The findings also underscore
the importance of directing attention to the public health risk of
social isolation and loneliness especially in light of the COVID-
19 pandemic.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Miller School of Medicine IRB. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

SC and WR designed the study that is the source of the article.
SC drafted the manuscript. JM designed the analysis, conducted
and written in consultation with SC. All authors contributed to
editing the article.

FUNDING

The National Institute on Aging/National Institutes of
Health supported this work (NIA 3 PO1 AG017211).
Trail NCT01497613.

ACKNOWLEDGMENTS

We would like to acknowledge the contributions of Walter Boot,
Neil Charness, Dan Fisk, and Joseph Sharit to the design of the
PRISM trial. We would also like to acknowledge Chin Chin Lee
for her technical support for the trial and the preparation of
this manuscript. We appreciate the contributions of Akanksha
Prakash, who conducted preliminary analyses addressing these
research questions in her dissertation work that was supported
by CREATE (Prakash, 2016).

REFERENCES
Administration for Community Living (2020). 2019 Profile of Older Americans.

Washington, D.C: U.S. Government Printing Office.
Anderson, G. O., and Thayer, C. E. (2018). Loneliness and Social Connections: a

National Survey of Adults 45 and Older. Washington, DC: AARP Foundation.
Anderson, M., and Perrin, A. (2017). Tech Adoption Climbs Among Older Adults.

Washington, D.C: Pew Research Center.

Armitage, R., and Nellums, L. B. (2020). COVID-19 and the consequences of
isolating the elderly. Lancet Public Health 5:e256. doi: 10.1016/s2468-2667(20)
30061-x

Aylaz, R., Akturk, U., Erci, B., Ozturk, H., and Aslan, H. (2012). Relationship
between depression and loneliness in elderly and examination of influential
factors. Arch. Gerontol. Geriatr. 55, 548–554. doi: 10.1016/j.archger.2012.03.006

Beer, J. M., Mitzner, T. L., Stuck, R. E., and Rogers, W. A. (2015). Design
considerations for technology interventions to support social and physical

Frontiers in Psychology | www.frontiersin.org 12 October 2021 | Volume 12 | Article 728658

https://doi.org/10.1016/s2468-2667(20)30061-x
https://doi.org/10.1016/s2468-2667(20)30061-x
https://doi.org/10.1016/j.archger.2012.03.006
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-728658 September 29, 2021 Time: 17:46 # 13

Czaja et al. Psychosocial Variables and Well-Being

wellness for older adults with disability. Int. J. Autom. Smart Technol. 5,
249–264. doi: 10.5875/ausmt.v5i4.959

Bixter, M. T., Blocker, K. A., and Rogers, W. A. (2018). “Enhancing social
engagement of older adults through technology,” in Aging, Technology
and Health, eds R. Pak, and A. C. McLaughlin (Amsterdam: Elsevier),
179–214.

Bixter, M. T., Blocker, K. A., Mitzner, T. L., Prakash, A., and Rogers, W. A. (2019).
Understanding the use and non-use of social communication technologies
by older adults: a qualitative test and extension of the UTAUT model.
Gerontechnology 18, 70–88. doi: 10.4017/gt.2019.18.2.002.00

Cacioppo, J. T., Hawkley, L. C., and Thisted, R. A. (2010). Perceived social isolation
makes me sad: 5-year cross-lagged analyses of loneliness and depressive
symptomatology in the chicago health, aging, and social relations study. Psychol.
Aging 25, 453–463. doi: 10.1037/a0017216

Cannuscio, C., Block, J., and Kawachi, I. (2003). Social capital and successful aging:
the role of senior housing. Ann. Intern. Med. 139, 395–399. doi: 10.7326/0003-
4819-139-5_part_2-200309021-00003

Cohen, S. (2004). Social relationships and health. Am. Psychol. 59, 676–684. doi:
10.1037/0003-066X.59.8.676

Cohen, S., Mermelstein, R., Kamarck, T., and Hoberman, H. M. (1985).
“Measuring the functional components of social support,” in Social Support:
Theory, Research and Applications. NATO ASI Series (D: Behavioural and
Social Sciences), Vol. 24, eds I. G. Sarason and B. R. Sarason (Dordrecht:
Springer).

Cotten, S. R., Anderson, W. A., and McCullough, B. M. (2013). Impact of
internet use on loneliness and contact with others among older adults:
cross-sectional analysis. J. Med. Internet Res. 15:e39. doi: 10.2196/jmir.
2306

Coyle, C. E., and Dugan, E. (2012). Social isolation, loneliness and health
among older adults. J. Aging Health 24, 1346–1363. doi: 10.1177/089826431246
0275

Cudjoe, T. K. M., Roth, D. L., and Szanton, S. L. (2020). The epidemiology of social
isolation: national health and aging trends study. J. Gerontol. B Psychol. Sci. Soc.
Sci. 2020, 107–113. doi: 10.1093/geronb/gby037

Czaja, S. J., Boot, W. R., Charness, N., Rogers, W. A., and Sharit, J. (2018).
Improving social support for older adults through technology: findings from
the prism randomized controlled trial. Geron 58, 467–477. doi: 10.1093/geront/
gnw249

Czaja, S. J., Boot, W. R., Charness, N., Rogers, W. A., Sharit, J., Fisk, A. D., et al.
(2015). The personalized reminder information and social management system
(PRISM) trial: rationale, methods and baseline characteristics. Contemp. Clin.
Trials 40, 35–46. doi: 10.1016/j.cct.2014.11.004

Dikmen, S. S., Heaton, R. K., Grant, I., and Temkin, N. R. (1999). Test-
retest reliability and practice effects of the Expanded Halstead-Reitan
neuropsychological test battery. J. Int. Neuropsychol. Soc. 5, 346–356. doi:
10.1017/s1355617799544056

Domenech-Abella, J., Mundo, J., and Haro, J. M. (2019). Anxiety, depression,
loneliness and social network in the elderly: longitudinal associations from
The Irish Longitudinal Study on Ageing (TILDA). J. Affect. Disord 246, 82–88.
doi: 10.1016/j.jad.2018.12.043

Donovan, N. J., and Blazer, D. (2020). Social isolation and loneliness in older
adults: review and commentary of a national academies report. Am. J. Geriatr.
Psychiatry 28, 1233–1244. doi: 10.1016/j.jagp.2020.08.005

Ekstrom, R. B., French, J. W., Harman, H. H., and Derman, D. (1976). Manual
for Kit Factor-Referenced Cognitive Tests. Princeton, NJ: Educational Testing
Service.

Enders, C. K., and Bandalos, D. L. (2001). The relative performance of
full information maximum likelihood estimation for missing data in
structural equation models. Struct. Equ. Model. 8, 430–457. doi: 10.1207/
s15328007sem0803_5

Hakulinen, C., Pulkki-Raback, L., and Virtanen, M. (2018). Social isolation and
loneliness as risk factors for myocardial infarction, stroke and mortality: UK
Biobank cohort study of 479 054 men and women. Heart 104, 1536–1542.
doi: 10.1136/heartjnl-2017-312663

Hawthorne, G. (2006). Measuring social isolation in older adults: Development and
initial validation of the friendship scale. Soc. Indic. Res. 77:521. doi: 10.1007/
s11205-005-7746-y

Holt-Lunstad, J., Smith, T. B., and Layton, J. B. (2010). Social relationships and
mortality risk: a meta-analytic review. PLoS Med. 7:e1000316. doi: 10.1371/
journal.pmed.1000316

Irwin, M., Artin, K. H., and Oxman, M. N. (1999). Screening for depression in
the older adult: criterion validity of the 10-item Center for Epidemiological
Studies Depression Scale (CES-D). Arch. Intern. Med. 159, 1701–1704. doi:
10.1001/archinte.159.15.1701

Kahana, E., and Kahana, B. (1996). “Conceptual and empirical advances in
understanding aging well through proactive adaptation,” in Adulthood and
Aging: Research on Continuities and Discontinuities, ed. V. L. Bengtson
(New York NY: Springer), 18–40.

Kahana, E., and Kahana, B. (2001). Successful aging among people with HIV/AIDS.
J. Clin. Epidemiol. 54, S53–S56.

Kline, R. (2011). Principles and Practice of Structural Equation Modeling, 3 Edn.
New York NY: Guilford. Publications.

Jeuring, H. W., Stek, M. L., Huisman, M., Voshaar, R. C. O., Naarding, P., Collard,
R. M., et al. (2018). A six-year prospective study of the prognosis and predictors
in patients with late-life depression. Am. J. Geriatr. Psychiatry 26, 985–997.
doi: 10.1016/j.jagp.2018.05.005

Lövdén, M., Ghisletta, P., and Lindenberger, U. (2005). Social participation
attenuates decline in perceptual speed in old and very old age. Psychol. Aging
20, 423–434. doi: 10.1037/0882-7974.20.3.423

Lubben, J. E. (1988). Assessing social networks among elderly populations.
J. Health Promo. Maint. 11, 42–52. doi: 10.1097/00003727-198811000-
00008

Morris, M. E., Adair, B., Ozanne, E., Kurowski, W., Miller, K. J., Pearce, A. J.,
et al. (2014). Smart technologies to enhance social connectedness in older
people who live at home. Australas. J. Ageing 33, 142–152. doi: 10.1111/ajag.
12154

McGlynn, S. A., and Rogers, W. A. (2017). “Design recommendations to enhance
virtual reality presence for older adults,” in Proceedings of the Human Factors
and Ergonomics Society Annual Meeting, Vol. 61, (Los Angeles, CA: SAGE
Publications), 2077–2081.

National Academies of Science Engineering and Medicine (2020). Social Isolation
and Loneliness in Older Adults: Opportunities for the Health Care System.
Washington, D.C: The National Academies Press.

Nie, Q., Nguyen, L. T., Myers, D., Gibson, A., Kerssens, C., Mudar, R. A., et al.
(2020). Design guidance for video chat system to support social engagement for
older adults with and without mild cognitive impairment. Gerontechnology 20,
1–15. doi: 10.4017/gt.2020.20.398.08

Perissinotto, C. M., and Covinsky, K. E. (2014). Living alone, socially isolated or
lonely—what are we measuring? J. Intern. Med. 29, 1429–1431. doi: 10.1007/
s11606-014-2977-8

Perissinotto, C. M., Stijacic Cenzer, I., and Covinsky, K. E. (2012).
Loneliness in older persons: a predictor of functional decline and death.
Arch. Intern. Med. 172, 1078–1083. doi: 10.1001/archinternmed.2012.
1993

Prakash, A. (2016). Understanding Social Connectedness of Older Adults Who Live
Alone. Doctoral dissertation. Atlanta, GA: Georgia Institute of Technology.

Radloff, L. (1977). The CES-D scale: a self-report depression scale for research
in the general population. Appl. Psychol. Meas. 7, 385–401. doi: 10.1177/
014662167700100306

Rafnsson, S. B., Orrell, M., d’Orsi, E., Hogervorst, E., and Steptoe, A.
(2017). Loneliness, social integration, and incident dementia over 6
years: prospective findings from the english longitudinal study of ageing.
J. Gerontol. B Psychol. Sci. Soc. Sci. 75, 114–124. doi: 10.1093/geronb/
gbx087

Read, S., Comas-Herrera, A., and Emily Grundy, E. (2020). Social isolation and
memory decline in later-life. J. Gerontol. Ser. B 75, 367–376. doi: 10.1093/
geronb/gbz152

Reitan, R. M. (1958). Validity of the trail making test as an indicator of organic
brain damage. Perception and Motor Skills 1, 271–276. doi: 10.2466/pms.8.7.
271-276

Rogers, W. A., and Mitzner, T. L. (2017). Envisioning the future for older
adults: autonomy, health, well-being, and social connectedness with technology
support. Futures 87, 133–139.

Rowe, J. W., and Kahn, R. L. (1988). Successful aging. New York NY: Pantheon.

Frontiers in Psychology | www.frontiersin.org 13 October 2021 | Volume 12 | Article 728658

https://doi.org/10.5875/ausmt.v5i4.959
https://doi.org/10.4017/gt.2019.18.2.002.00
https://doi.org/10.1037/a0017216
https://doi.org/10.7326/0003-4819-139-5_part_2-200309021-00003
https://doi.org/10.7326/0003-4819-139-5_part_2-200309021-00003
https://doi.org/10.1037/0003-066X.59.8.676
https://doi.org/10.1037/0003-066X.59.8.676
https://doi.org/10.2196/jmir.2306
https://doi.org/10.2196/jmir.2306
https://doi.org/10.1177/0898264312460275
https://doi.org/10.1177/0898264312460275
https://doi.org/10.1093/geronb/gby037
https://doi.org/10.1093/geront/gnw249
https://doi.org/10.1093/geront/gnw249
https://doi.org/10.1016/j.cct.2014.11.004
https://doi.org/10.1017/s1355617799544056
https://doi.org/10.1017/s1355617799544056
https://doi.org/10.1016/j.jad.2018.12.043
https://doi.org/10.1016/j.jagp.2020.08.005
https://doi.org/10.1207/s15328007sem0803_5
https://doi.org/10.1207/s15328007sem0803_5
https://doi.org/10.1136/heartjnl-2017-312663
https://doi.org/10.1007/s11205-005-7746-y
https://doi.org/10.1007/s11205-005-7746-y
https://doi.org/10.1371/journal.pmed.1000316
https://doi.org/10.1371/journal.pmed.1000316
https://doi.org/10.1001/archinte.159.15.1701
https://doi.org/10.1001/archinte.159.15.1701
https://doi.org/10.1016/j.jagp.2018.05.005
https://doi.org/10.1037/0882-7974.20.3.423
https://doi.org/10.1097/00003727-198811000-00008
https://doi.org/10.1097/00003727-198811000-00008
https://doi.org/10.1111/ajag.12154
https://doi.org/10.1111/ajag.12154
https://doi.org/10.4017/gt.2020.20.398.08
https://doi.org/10.1007/s11606-014-2977-8
https://doi.org/10.1007/s11606-014-2977-8
https://doi.org/10.1001/archinternmed.2012.1993
https://doi.org/10.1001/archinternmed.2012.1993
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1093/geronb/gbx087
https://doi.org/10.1093/geronb/gbx087
https://doi.org/10.1093/geronb/gbz152
https://doi.org/10.1093/geronb/gbz152
https://doi.org/10.2466/pms.8.7.271-276
https://doi.org/10.2466/pms.8.7.271-276
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-728658 September 29, 2021 Time: 17:46 # 14

Czaja et al. Psychosocial Variables and Well-Being

Rucker, D. D., Preacher, K. J., Tormala, Z. L., and Petty, R. E. (2011). Mediation
analysis in social psychology: current practices and new recommendations.
Soc. Pers. Psychol. Compass 5, 359–371. doi: 10.1111/j.1751-9004.2011.
00355.x

Russell, D. (1996). UCLA Loneliness Scale (Version 3): reliability, validity,
and factor structure. J. Pers. Assess. 66, 20–40. doi: 10.1207/s15327752jpa
6601_2

Scheier, M. F., Wrosch, C., Baum, A., Cohen, S., Martire, L. M., Matthews, K. A.,
et al. (2006). The life engagement test: assessing purpose in life. J. Behav. Med.
29, 291–298. doi: 10.1007/s10865-005-9044-1

Stalvey, B. T., Owsley, C., Sloane, M. E., and Ball, K. (1999). The life
space questionnaire: a measure of the extent of the mobility of older
adults. J. Appl. Gerontol. 18, 460–478. doi: 10.1177/07334648990180
0404

Tiikkainen, P., and Heikkinen, R. L. (2005). Associations between loneliness,
depressive symptoms and perceived togetherness in older people. Aging Ment.
Health 9, 526–534. doi: 10.1080/13607860500193138

Valtorta, N. K., Kanaan, M., and Gilbody, S. (2016). Loneliness and social isolation
as risk factors for coronary heart disease and stroke: systematic review and
meta-analysis of longitudinal observational studies. Heart 102, 1009–1016. doi:
10.1136/heartjnl-2015-308790

Weschler, D. (1981). Manual for the Wechsler Adult Intelligence Scale – Revised.
New York NY: Psychological Services Corporation.

World Health Organization (2002). Towards A Common Language for
Functioning, Disability, and Health: The International Classification

of Functioning, Disability, and Health. Geneva: World Health
Organization.

Wu, B. (2020). Social isolation and loneliness among older adults in the context
of COVID-19: a global challenge. Global Health Res. Policy 5:27. doi: 10.1186/
s41256-020-00154-3

Wu, S., Wang, R., Zhao, Y., Ma, X., Wu, M., Yan, X., et al. (2013). The relationship
between self-rated health and objective health status: a population-based study.
BMC Public Health 13:320. doi: 10.1186/1471-2458-13-320

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Czaja, Moxley and Rogers. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 14 October 2021 | Volume 12 | Article 728658

https://doi.org/10.1111/j.1751-9004.2011.00355.x
https://doi.org/10.1111/j.1751-9004.2011.00355.x
https://doi.org/10.1207/s15327752jpa6601_2
https://doi.org/10.1207/s15327752jpa6601_2
https://doi.org/10.1007/s10865-005-9044-1
https://doi.org/10.1177/073346489901800404
https://doi.org/10.1177/073346489901800404
https://doi.org/10.1080/13607860500193138
https://doi.org/10.1136/heartjnl-2015-308790
https://doi.org/10.1136/heartjnl-2015-308790
https://doi.org/10.1186/s41256-020-00154-3
https://doi.org/10.1186/s41256-020-00154-3
https://doi.org/10.1186/1471-2458-13-320
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Social Support, Isolation, Loneliness, and Health Among Older Adults in the PRISM Randomized Controlled Trial
	Introduction
	Materials and Methods
	Protocol
	Sample
	Measures

	Analysis
	Results
	Structural Equation Model of Depressive Symptoms
	Multiple Groups Analysis of Depressive Symptoms
	Structural Equation Model for Health
	Multiple Groups Analysis of Health
	Structural Equation Model for Cognition
	Multiple Groups Analysis of Cognition
	Multiple Regressions Predicting Loneliness and Social Isolation

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


