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Abstract

Background: Social isolation is prevalent and associated with dementia, yet the directionality and mechanisms are less understood. This study
examined the association between social isolation and cognitive functioning and explored the mediating role of sleep disturbance on the social
isolation—cognition relationship.

Methods: Data from 5 753 dementia-free Americans aged =50 of 2006 (T1), 2010 (T2), and 2014 (T3) waves of the Health and Retirement
Study. Social isolation was measured by the Steptoe Social Isolation Index. Cognitive functioning was measured by the Telephone Interview of
Cognitive Status. Sleep disturbance was measured with the modified Jenkins Sleep Scale. We used cross-lagged panel models to determine the
associations between social isolation, sleep disturbance, and cognitive functioning.

Results: Social isolation is significantly associated with subsequent cognitive functioning (T1 to T2: = =0.0535, standard error [SE] = 0.014,
p <.001; T2 to T3: § = -0.044, SE = 0.016, p < .001). Lower cognitive functioning is significantly associated with greater subsequent social
isolation (T1 to T2: § = -0.101, SE = 0.020, p < .001; T2 to T3: § = -0.058, SE = .011, p < .001). Sleep disturbance at T2 partially mediated
the effect of social isolation (T1) on cognitive functioning (T3), accounting for 6.2% of the total effect ( = -0.003, SE = 0.001, p < .01).
Conclusions: Social isolation may deteriorate cognitive functioning and vice versa. The association between social isolation and cognition is
partially explained by sleep disturbance.
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Dementia is a neurodegenerative disease characterized by a pro-
gressive decline in cognitive functioning that severely affects daily
life activities and social functioning. In 2021, over 6.2 million older
adults in the United States were living with Alzheimer’s disease, and
the total cost for all individuals with Alzheimer’s disease and related
dementias (ADRD) is $355 billion (1). As the world population aged
65 years and older continues to grow in size, so will the number and
percentage of individuals with ADRD. It is estimated that a total of
153 million people will be living with ADRD by 2050 (2). However,
current dementia-modifying medications have only limited efficacy
(3). Risk factors and pathways for diminished cognitive functioning
need to be identified so that interventions to prevent and/or manage
dementia can be further developed.

Being socially connected is a fundamental drive and core human
need (4). Social isolation is defined as having few social relationships
or infrequent social contact with others, while loneliness is identified

as the mismatch between actual and desired social relationships.
Social isolation and loneliness are distinct constructs that differen-
tially relate to health outcomes such as psychological well-being,
physical and cognitive decline, dementia, and mortality (5-13).
Individuals with frequent social contact with others may feel lonely;
conversely, socially isolated individuals can be satisfied with their
social relationships. Several studies have shown that social isolation
increases the risks for cognitive decline, cognitive impairment, and
ADRD (9,10,14,15). It is estimated that 24% of older adults (esti-
mated 11.0 million) in the United States are socially isolated (16).
The Lancet Commission on dementia prevention, intervention, and
care estimated that social isolation is associated with a 4% reduction
in dementia prevalence if addressed in later life (17).

The stress-buffering theory (18) has been proposed to explain the
association between social isolation and diminished cognitive func-
tioning. This theory posits that social relationships are beneficial in
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mitigating the negative impacts of stressful situations (18). Stress is
well-recognized to be associated with cognitive decline due to neur-
onal structural changes in the hippocampus (19). Social relationships
may prevent or modify responses to stressful life events that are
damaging to cognitive health. Other than the psychological distress
mechanism, it is also speculated that social isolation affects cognitive
functioning through health-related behavioral changes and physio-
logical dysregulation. For example, social isolation may promote
unhealthy lifestyles such as smoking and physical inactivity (20), as
well as upregulate neuroinflammatory responses and increase oxi-
dative stress (21). Although these mechanisms/pathways have been
proposed, few empirical studies have tested these hypotheses. The
mechanism by which social isolation impacts cognitive functioning
is still not fully understood (21).

Social isolation could also be a consequence of diminished
cognitive functioning. For example, individuals with cognitive im-
pairment may have difficulties with their engagement in social and
leisure activities and communication with family, relatives, and
friends (22). Negative feelings brought by dementia or cognitive
impairment, such as shame and embarrassment, will lead to social
withdrawal (23). In addition, synapse loss and neurodegeneration
in the entorhinal cortex, a part of the affiliation network that is dis-
rupted by Alzheimer’s disease, could lead to social and emotional
withdrawal from other individuals, aggravating social isolation (24).
However, existing studies usually focus on unidirectional associ-
ations between social isolation and cognitive functioning. There is
a need to disentangle the temporal nature of the isolation—cognition
relationship.

Poor sleep quality is one of the most common symptoms in
older adults. It is estimated that insomnia symptoms increase with
advancing age, with prevalence rates of approximately 50% in older
adults (25). Social isolation is identified as a risk factor for poor
sleep quality (26,27). For example, using nationally representative
data from National Social Life, Health and Aging Project, Benson
and colleagues (26) found that social isolation was associated with
actigraphy measures of disrupted sleep. Additionally, a 6-year pro-
spective study conducted in Taiwan found a significant association
between social isolation and sleep disturbance (27). Sufficient,
high-quality sleep is essential for brain health. According to the
restorative theory, sleep enables the body to replenish and repair
cellular components needed for psychological functions that get
exhausted during an awake day (28). Sleep disturbance might af-
fect cognitive function through several pathways, including growing
amyloid-f (a trigger and marker of the progression of Alzheimer’s
disease), neuroinflammation, and modifications in specific neuro-
transmitter systems (29,30). Additionally, individuals with clinically
diagnosed insomnia and long-term hypnotics use have been twice as
likely to develop dementia than those without insomnia (31). These
lines of evidence suggest that sleep disturbance may be a risk factor
for cognitive impairment (30) and mediate the isolation—cognition
relationship.

Given the crucial role that social connection plays in overall psy-
chosocial adjustment across the life span, it is imperative to examine
the pathways by which social isolation relates to diminished cogni-
tive functioning. However, little is known about the complex associ-
ations between sleep, social isolation, and cognitive functioning. The
conceptual model outlined by Hawkley and Cacioppo (4) suggests
that through maladaptive hypervigilance, the poor social relation-
ship may influence cognitive functioning by affecting the physio-
logical repair and maintenance process (eg, sleep). As such, sleep
disturbance may constitute a possible pathway through which social

isolation impacts cognitive functioning. Nevertheless, the nature
and directionality of the associations between social isolation, sleep,
and cognitive functioning have not been clarified because most rele-
vant research has been based on cross-sectional data or one-time
assessments of social isolation (32), and very few studies have ex-
plored their reciprocal relationship and mechanisms underlying such
relationships.

We aim to address these gaps in the literature by examining the
directionality of the longitudinal association between social isolation
and cognitive functioning as well as the potential mediating effect
of sleep disturbance among adults aged 50 years and older in the
United States. We hypothesize that (i) there is a bidirectional negative
association between social isolation and cognitive functioning and
(ii) sleep disturbance mediates the association between social isola-
tion and cognitive functioning.

Method

Data Set and Working Sample

Data came from the 2006 (T1), 2010 (T2), and 2014 (T3) waves
of the Health and Retirement Study (HRS), a nationally representa-
tive biennial panel study of noninstitutionalized adults aged 50 years
and older. The HRS collects information on health characteristics,
well-being, family, employment, and assets. The study oversampled
Black and Hispanics and provided sampling weights to account for
the differential probabilities of selection and nonresponse in the
study (33). More details about the study design, sampling, and meas-
ures of the HRS are available elsewhere (34). Since 2006, the psycho-
social and lifestyle questionnaire (PLQ) has been administered to a
random half of the core panel participants. This results in 50% of
the sample completing the survey on a rotating basis every 4 years.
The PLQ is a self-administered questionnaire that includes ques-
tions about lifestyle, psychological well-being (eg, stress, loneliness),
and social relationships. We merged the 2006 (T1), 2010 (T2), and
2014 (T3) waves of PLQ modules with the RAND HRS longitudinal
data file and generated the working data set. Given the longitudinal
nature of the analysis, we excluded the subsample recruited at T2/
T3 from the working data set for these analyses. Participants with
self- or proxy-reported having diagnosed dementia in any of the 3
waves were excluded from the analysis. The analytic sample for this
study included 5 753 participants at T1, 4 615 participants at T2
(19.8% attrition rate), and 3 711 participants at T3 (19.6% attrition
rate). The sample selection flowchart is shown in Figure 1. The HRS

2006 participants (aged > 50)
(n=6,563)

Aged below 50 (n =73)

Self- or proxy- reported dementia (n = 312)
Missing data in social isolation, sleep disturbance,
or cognitive functioning (n = 425)

2006 participants (aged > 50)
(n=5,753)

Lost to follow-up (n = 816)
Died between 2006 and 2010 (n = 322)
Self- or proxy- reported dementia in 2010 (n = 102)

.

2010 participants (aged > 50)
(n=4,513)

.

Lost to follow-up (n = 726)
Died between 2006 and 2010 (n = 178)
Self- or proxy- reported dementia in 2014 (n = 59)

2014 participants (aged > 50)
(n=3,550)

Figure 1. Flowchart of study sample inclusion and follow-up.
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has received approval from the University of Michigan Institutional
Review Board, and all participants provided informed consent.

Measures

Social isolation

There is no golden standard for measuring social isolation (5).
However, the consensus in the field is that scales should include mul-
tiple items and measure interpersonal relationships with individuals,
groups, and communities (5,35). We used a 5-item Steptoe Social
Isolation Index meeting these criteria. This index was first valid-
ated in the English Longitudinal Study of Aging (6) and has been
adapted to the HRS (36). We assigned the social isolation score to
each participant based on whether they (i) were unmarried/living
alone; (ii) had less than monthly contact with children (all contact
including face-to-face, by telephone, or writing/e-mail); (iii) had less
than monthly contact with other family members; (iv) had less than
monthly contact with friends; and (v) did not participate monthly
in any groups, clubs, or other social organizations. For items 2, 3,
and 4, participants with no children, family members, or friends
were coded “1” (positive response) for less social contact. This index
yielded scores from 0 to 5, with a higher score indicating a higher
level of social isolation.

Sleep disturbance

Sleep disturbance was measured using a modified version of the
Jenkins Sleep Scale (37) and included 4 items that assessed parti-
cipants’ frequency of reporting: (i) difficulty falling asleep; (ii) diffi-
culty staying asleep; (iii) waking up too early during the night; and
(iv) feeling rested when waking up in the morning. Responses in-
clude “1 = rarely or never,” “ 2 = sometimes,” and “3 = most of the
time.” We reverse-coded the last item and summed the score of the
4 items (38). The total score ranged from 3 to 12, with a higher
score indicating a higher level of sleep disturbance. The overall
measure of sleep disturbance was internally consistent at all 3 waves
of the survey (Cronbach’s a = 0.75 [T1], 0.72 [T2], and 0.75 [T3],
respectively).

Cognitive functioning

HRS assessed cognitive functioning via the modified version of the
Telephone Interview for Cognitive Status (TICS). TICS is a 27-item
global cognition scale, which includes immediate and delayed recall
of 10 words from a word list randomly assigned for each participant
(0-20 points), backward counting (0-2 points), and serial-7 subtrac-
tion (0-5 points) (39). The scores ranged from 0 to 27, with a higher
score indicating better cognitive functioning in episodic memory, at-
tention, and working memory domains (39).

Covariates

We selected several covariates based on their associations with so-
cial relationships and cognitive decline (9,10,15). The covariates
included age (years), sex (0 = men, 1 = women), race/ethnicity
(0 = non-Hispanic White, 1 = non-Hispanic Black, 2 = Hispanics,
and 3 = others), education levels (0 = less than college education,
1 = some college or associate degree, 2 = college degree or above),
annual household income (0 = <$49,999, 1 = $50,000-$99,999,
2 = $100,000-$199,999, 3 = $200,000), smoking (0 = no,
1 = former, and 2 = current), loneliness, depressive symptoms, and
the number of comorbidities. Loneliness was assessed with a modi-
fied 3-item version of the UCLA Loneliness Scale (40). Specifically,
participants were asked, “How much of the time do you feel

(i) lack companionship, (ii) left out, and (iii) isolated from others?
Participants rated each item on a scale of “1 = often,” “2 = some of
the time,” and “3 = hardly ever or never.” Items were reversely coded,
with a higher value indicating a higher level of loneliness (total score
ranged from 3 to 9) (40). The Cronbach’s « was 0.88 at T1,0.86 at T2,
and 0.90 at T3, respectively. Depressive symptoms were measured by
the Center for Epidemiologic Studies Depression scale (CESD-8). We
removed the items on unrested sleep and feeling lonely to avoid po-
tential overlap. The depressive symptoms measurement in this study
was based on how frequently in the past week the respondent felt:
(i) depressed, (ii) everything was an effort, (iii) happy, (iv) life was
enjoyable, (v) sad, and (vi) unable to get going. We reverse-coded the
items on “happy” and “life was enjoyable”; a higher score indicates
a higher level of depressive symptoms. Comorbidities were measured
using the sum score of 7 self-reported physician-diagnosed chronic
conditions: type 2 diabetes, stroke, hypertension, heart disease,
chronic lung disease, arthritis, and cancer.

Statistical Analysis

We summarized the characteristics of our participants across T1, T2,
and T3. We used frequencies/proportions for categorical variables
and means = standard deviations for normally distributed variables.
Pearson correlation analysis examined the collinearity between so-
cial isolation, sleep disturbance, and cognitive functioning in 3
waves. Estimates were weighted to adjust for differential probabil-
ities of selection and nonresponse of HRS participants.

Structural equation modeling (SEM) was used to test the study’s
hypotheses. The cross-lagged panel model (CLPM), a form of SEM,
is widely used for describing reciprocal relationships, or directional
influences, between variables over time. Researchers use CLPM to
examine how well different variables associate future iterations
of each other, helping to make more substantial causal claims by
establishing temporal precedence (41). A CLPM approach was used
to examine the interrelationship between social isolation and cogni-
tive functioning at T1, T2, and T3. In CLPM, change in each vari-
able over time is modeled using the stability coefficients between
time-adjacent measures of each variable (eg, T1 social isolation is
associated with T2 social isolation, and T2 social isolation, in turn,
is associated with T3 social isolation), and the cross-lagged asso-
ciations between social isolation, sleep disturbance, and cognitive
functioning are captured by the cross-lagged effects between two
variables (eg, T1 social isolation is associated with T2 sleep dis-
turbance, and T2 sleep disturbance is associated with T3 cognitive
functioning).

The first set of unadjusted models examined linkages of social
isolation, sleep disturbance, and cognitive functioning without con-
trolling for covariates. Fully-adjusted models tested those same asso-
ciations by adding the complete set of covariates described above. In
the fully-adjusted model, demographics that include age, sex, race/
ethnicity, and education were treated as time-invariant variables,
whereas all other covariates were time-varying variables. Although
we calculated the chi-square ()?) statistic, we did not rely on it to
assess model fit because it is sensitive to sample size (42). Instead,
we used standard fit indices, including the root mean square error of
approximation (RMSEA), comparative fit index (CFI), and Tucker-
Lewis Index (TLI) (43). An RMSEA of <0.06, CFI of >0.90, and TLI
of >0.90 indicated a good model fit (43).

Full information maximum likelihood (FIML) estimation was
used to handle missing data in the models. FIML is a single-step
maximum likelihood approach for missing data that has been widely
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used in SEM (44). For the attrition analysis, inverse-probability
weighting was used (45), with analysis limited to those participating
in all waves. Total attrition over the 2006-2014 period amounted to
38.29%. Multivariable logistic regression was first used to fit pre-
dictive models for any attrition. Covariates included participants’
socio-demographic and health characteristics: age, sex, race/ethni-
city, education, income, smoking, loneliness, depressive symptoms,
and the number of comorbidities. Based on predicted probabil-
ities from these analyses, stabilized inverse-probability-of-attrition
weights (IPAWs) were created (45). Models were then weighted by
the cumulative product of the IPAWs using the sampling weight from
the HRS 2006 psychosocial leave-behind questionnaire. Standard
errors were adjusted for sample stratification (sampling strata) and
clustering (individuals within primary sampling units). Descriptive
analysis and the construction of weights were conducted with the
Stata MP version 17.0 (StataCorp LLC, College Station, TX), and
Mplus version 8.0 was used for all other analyses.

Results

Descriptive Statistics

Table 1 contains sample characteristics for all 3 waves. The mean
age of the participants was 65.1 (standard deviation [SD] = 9.5) at
T1. More than half of the participants were women, and 51.3%
had at least a college education. About 81.4% self-identified as

non-Hispanic White, 10.3% as non-Hispanic Black, 6.7% as
Hispanic, and 1.6% as other. On a scale ranging from 0 to 5, the
mean social isolation score was 1.9 (SD = 1.0) at T1. The score
did not significantly change in the following 3 waves (F = 2.324,
p =.511). The average sleep disturbance score was 6.5 (range 3-12)
at baseline, indicating a moderate level of sleep disturbance (46).
A slight increase in loneliness levels was observed in the subse-
quent waves (T2 mean score = 6.6, T3 mean score = 6.7). The mean
cognitive functioning score at T1 was 16.4 and declined slightly
at T2 (mean = 15.9) and T3 (mean = 15.7) but indicated normal
cognitive functioning (39). Multicollinearity in linear models was
checked using variance inflation factor (VIF) (VIF > 4 indicates
multicollinearity) (47). The VIFs of all variables ranged from 1.01 to
2.12, indicating no multicollinearity issue was identified. The results
in Table 2 indicate that social isolation was correlated with higher
sleep disturbance and poorer cognitive functioning at all time points.

Bidirectional Association Between Social Isolation

and Cognitive Functioning

The unadjusted CLPM on the association between social isolation
and cognitive functioning with standardized path estimates is pre-
sented in Supplementary Figure S1 and Supplementary Table S1.
The statistically significant cross-lagged paths illustrate the longi-
tudinal bidirectional association between social isolation and cog-
nitive functioning. In the fully-adjusted model that controlled for

Table 1. Sample Characteristics of Participants from Health and Retirement Study (HRS, n=5 753)

Time

Variables 2006 (n=5753) 2010 (n =4 513) 2014 (n = 3 550)
Age (in years), M = SD 65.1+9.5 63.7 =+ 8.4 62.7+7.8
Sex (women), % 57.8 57.6 59.5
Race/ethnicity, %

Non-Hispanic White 81.4 84.6 83.7

Non-Hispanic Black 10.3 8.6 8.8

Hispanic 6.7 5.2 5.9

Non-Hispanic others 1.6 1.6 1.6
Education (school years), %

Less than college education 13.9 10.6 10.0

Some college or associate degree 34.8 35.0 33.6

College degree or above 51.3 54.4 56.4
Annual household income ($), %

<49,999 49.7 50.4 48.0

50,000-99,999 27.7 28.4 30.1

100,000-200,000 16.6 15.3 15.6

>200,000 6.0 5.9 6.3
Smoking, %

No 43.8 44.4 45.9

Former 43.2 45.0 44.8

Current 14.0 10.6 9.3
Loneliness*, M = SD 44 =16 43 =15 43=1.5
CESD*t, M = SD 09=14 0.8+1.3 0.8=1.3
Number of chronic conditions, M = SD 2.1+0.5 1.9+0.6 2.0 = 0.6
Social isolation*, M + SD 1.9+1.0 1.9=+1.0 1.9=1.1
Sleep disturbance*, M = SD 6.5+2.1 6.6 2.0 6.7 2.1
Cognitive functioning?, M = SD 16.4 = 3.8 15.9 +4.0 15.7 + 4.1

Notes: CESD = Center for Epidemiological Studies Depression scale; M + SD = mean = standard deviation. Estimates were weighted to adjust for differential

probabilities of selection and nonresponse of HRS participants.

*Higher scores indicate higher levels of loneliness, depressive symptoms, social isolation, and sleep disturbance.

"Based on the CESD-8 scale that excluded the loneliness and sleep items.
*A higher score indicates better cognitive functioning.
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Table 2. Pearson Correlation Matrix of Baseline Social Isolation, Sleep Disturbance, and Cognitive Functioning

Variables 1 2 3 4 5 6 7 8 9
1. Social isolation in 2006 ---

2. Social isolation in 2010 0.48"" -

3. Social isolation in 2014 0.44"" 0.49"" ---

4. Sleep disturbance in 2006 0.05"" 0.04™" 0.07"" -

5. Sleep disturbance in 2010 0.08"" 0.05™ 0.07"" 0.50"" -

6. Sleep disturbance in 2014 0.07""" 0.04™" 0.06™" 0.46""" 0.50"" -

7. Cognitive functioning in 2006 -0.14"" -0.17"" -0.14" -0.04" -0.04* -0.07""" -

8. Cognitive functioning in 2010 -0.13" -0.20"" -0.16""" -0.04" -0.06* -0.08""" 0.45" -

9. Cognitive functioning in 2014 -0.10""" -0.18"" -0.17""" -0.05"" -0.07""" -0.07""" 0.47° 0.48"" -

Note: *p < .03, 'p < .01, "'p < .001.

Social Isolation

Cognitive
Functioning

2010 (T2)

2006 (T1) 2014 (T3)

Figure 2. Cross-lagged panel model for social isolation with cognitive
functioning. Note: All path coefficients were standardized, and all models
controlled for age, sex, race/ethnicity, education, smoking,
loneliness, depressive symptoms, and the number of comorbidities.
Estimates were weighted to adjust for differential probabilities of selection
and nonresponse of Health and Retirement Study participants. Longitudinal
attrition was handled through inverse-probability-of-attrition weights.
Single-headed arrows represented regression paths. Double-headed arrows
represented correlations.The solid lines indicate paths statistically significant
at p < .05. Dashed lines are nonsignificant. Model fit: CFl = 0.934, TLI = 0.905,
RMSEA = 0.048 (90% Cl, 0.036-0.060), Chi2 (4) = 410.211. *p < .05, **p < .01,
***p <.001. CFl = comparative fit index; RMSEA = root mean square error of
approximation; TLI = Tucker-Lewis Index.

income,

all covariates (see Figure 2), social isolation still had a significant
bidirectional negative association with cognitive functioning: social
isolation is associated with poor cognitive functioning in the next
wave (T1 to T2: f = -0.045, standard error [SE] = 0.014, p < .001;
T2 to T3: p = -0.037, SE = 0.013, p < .05), and a lower level of
cognitive functioning is associated with higher social isolation in the
next wave (T1 to T2: § = -0.051, SE = 0.011, p < .01; T2 to T3:
B = -0.060, SE = 0.025, p < .05). This result supports our first hy-
pothesis, namely that social isolation is associated with poorer cog-
nitive functioning, and lower cognitive functioning is associated with
more social isolation. The RMSEA was 0.048 (<0.06 is reflective of
good fit); the CFI was 0.934, and the TLI was 0.905 (20.90 is re-
flective of good fit). Overall, these indices are consistent with a good
model fit. Supplementary Table S2 summarizes all standardized path
estimates and model fit indices.

The Mediation Effect of Sleep Disturbance

The results of the unadjusted CLPM that examined the mediating
effect of sleep disturbance are presented in Supplementary Figure
S2 and Supplementary Table S3. In the fully-adjusted model, path
a (from social isolation at T1 to sleep disturbance at T2) and
path b (from sleep disturbance at T2 to cognitive functioning
at T3) were significant and divergent in direction (f = 0.054,
SE=0.016,p <.01;=-0.052,SE = 0.017, p < .01, respectively).

Social Isolation

0.03"

v 0.04 X v
Sleep S e <
ol 057 006"
- disturbance 1N\ , : o0
f -0.02" 005" f

-0.04

010" -0
Cognitive
Functioning

Cognitive
Functioning

2010 (12)

Cognitive
Functioning

2014 (13)

Figure 3. Cross-lagged panel model for social isolation, sleep disturbance,
and cognitive functioning. Notes: All path coefficients were standardized,
and all models controlled for age, sex, race/ethnicity, education, income,
smoking, loneliness, depressive symptoms, and the number of comorbidities.
Estimates were weighted to adjust for differential probabilities of selection
and nonresponse of Health and Retirement Study participants. Longitudinal
attrition was handled through inverse-probability-of-attrition weights.
Single-headed arrows represented regression paths. Double-headed arrows
represented correlations. Solid line: p <.05. Dashed lines are nonsignificant.
Model fit: CFl = 0.903, TLI = 0.827, RMSEA = 0.057 (90% Cl, 0.044-0.070), Chi?
(69) = 1,726.885. *p < .05, **p < .01, ***p < .001. CFl = comparative fit index;
RMSEA = root mean square error of approximation; TLI = Tucker-Lewis Index.

This result supports the second hypothesis that sleep disturbance
mediates the relationship between social isolation and cognitive
functioning.

Bias-corrected bootstrapping with 5,000 resamples (48) was used
to determine the indirect effect of social isolation at T1 on cognitive
functioning at T3 through sleep disturbance at T2. The indirect ef-
fect was significant (§ = -0.003, 95% CI [-0.004, -0.002], p < .01):
social isolation at T1 is associated with greater sleep disturbance
at T2, which in turn associated with worse cognitive functioning
at T3 (Figure 3). The effect size of the longitudinal mediation was
calculated using MacKinnon’s formula for obtaining the mediated
percentage, which is the indirect effect divided by the total effect
(49). On average, the indirect effect accounted for 6.2% of the total
effect demonstrated. The effect size fell in the low range according
to Cohen’s guidelines (50), suggesting that the mediation captured
relatively small covariation over time.

Notably, the indirect effects of prior cognitive functioning on
social isolation via sleep disturbance were insignificant across the
3 time intervals (T1 to T2: § = -0.029, SE = 0.018, p = .125; T2
to T3: B = 0.026, SE = 0.023, p = .363). For the model fit indices,
the RMSEA was 0.057, the CFI was 0.903, and the TLI was 0.827.
Overall, these indices are consistent with the adequate model fit.
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Supplementary Table S4 summarizes all standardized path estimates
and model fit indices.

Discussion

This is one of the first large-scale 8-year panel studies in the
U.S. population that examined the bidirectional association between
social isolation and cognitive functioning. Our findings strengthen
existing evidence that social isolation has an adverse impact on cog-
nitive functioning but also indicate that diminished cognitive func-
tioning exacerbates social isolation. The indirect effect of social
isolation on cognition through sleep disturbance is small, but the
statistically significant supports a pathway through which social iso-
lation affects cognitive functioning via its effect on sleep disturbance.

The bidirectional social isolation—cognition association over
time remained significant after accounting for sociodemographic
characteristics, lifestyle, loneliness, depressive symptoms, and
comorbidities, indicating that these covariates do not fully explain
the bidirectional associations. The significant direct effects of social
isolation on cognitive functioning, and vice-versa the direct effects
of worse cognitive functioning on social isolation, are in accordance
with previous research (9,10). Similarly, the significant direct effect
of worse cognitive functioning on social isolation is consistent with
previous studies reporting that diminished cognitive functioning af-
fects various aspects of social disconnection (22,23,51). A longitu-
dinal study found that lower baseline cognitive performance was
associated with a decline in social engagement independent of the
B-amyloid level in community-dwelling older Americans (51). The
finding extends previous studies by demonstrating that less social
contact with others may also result from cognitive impairment.

Sleep disturbance has been associated with daytime impairments,
such as physical and intellectual fatigue, anxiety and depression
disorders, and cognitive and/or memory problems (30,52). The sig-
nificant association between social isolation and sleep disturbance
found in our study can be explained from an evolutionary perspec-
tive (53). A safe environment during sleep had been needed to pro-
tect life from danger throughout human history, and this need has
traditionally been met by co-sleeping. Socially isolated individuals
may not benefit from this process since being disconnected from
others does not provide a safe environment needed for salubrious
sleep (4). Sleep disturbance in socially isolated individuals is driven
by elevated feelings of vulnerability and implicit vigilance for social
threats (53). Previous studies further demonstrate that poor social
relationships have been associated with sleep fragmentation (54) and
poor sleep efficiency (time asleep/time in bed) (55). As noted earlier,
the stress-buffering theory suggests that exposure to stressful life
events precedes and increases the risk for various health problems.
Sleep offers physiological restoration to counter the physiological
effects of stressful situations and, therefore, may prevent or modify
responses to situations damaging to cognitive health (4). This model
has been supported by previous studies revealing that sleep quality
mediates the effects of depressive symptoms and low-level social
capital on cognitive functioning in older adults (56,57).

It is important to note that we only tested one potential mech-
anism and found the mediating effect of sleep disturbance on the
unidirectional effect of social isolation on cognitive functioning.
Although statistically significant, sleep disturbance only explained a
small portion (6.2%) of the direct effect of social isolation on cogni-
tive functioning. The small effect size could be due to the 4-year lag
across 3 waves: large effect sizes would be unlikely even if sleep dis-
turbance were a major mechanism underlying the isolation—cognition

relationship because of the assessment of these variables over the
years (38). It is worth noting that cognitive functioning was not as-
sociated with subsequent waves of sleep disturbance in this study.
Cross-sectional data suggest an association between individual cog-
nition and sleep disturbance (30), which indicates that individuals
with cognitive impairment or dementia have sleep disturbance at the
same time. However, the evidence does not provide causal implica-
tions for the association between cognitive functioning and sleep dis-
turbance. Moreover, we have excluded participants who were self- or
proxy-reported having dementia during the study period. Previous
research suggests that lower cognitive performance does not neces-
sarily cause insomnia symptoms using data from UK Biobank (58).

Notably, the pathway that went from sleep disturbance (T1) to
cognitive functioning (T2) and then to social isolation (T3) was also
significant. In our study, sleep disturbance was linked to worse sub-
sequent cognitive functioning, which subsequently leads to more so-
cial isolation. This finding accords with research showing that sleep
disturbance is associated with a higher risk of cognitive impairment
(59), all of which are associated with social withdrawal and social
disengagement among older adults (22,23). We are mindful that the
process of a bidirectional isolation—cognition relationship might
involve a “mediator chain” that includes many biological, psycho-
social, and clinical markers. The mediating effect of sleep disturb-
ance identified in the present study may be only one of the many
steps between social isolation and cognitive functioning. Further re-
search is necessary to assess other potential mediators to develop
a comprehensive understanding of how social isolation shapes
cognitive health.

Both social isolation and dementia are major global public
health challenges (2,60). Given their reciprocal relationships, multi-
disciplinary interventions that attempt to alleviate social isolation
and maintain or delay the progression of cognitive decline, or their
associated risk factors, may be helpful for the cognitive health of
middle-aged and older adults. Targeting these pathways could inter-
rupt the possible vicious cycle between social isolation and cognitive
decline. Sleep disturbance could be a treatment target to mitigate the
potential effect of social isolation on cognitive decline, given prom-
ising evidence in light of the efficacy of behavioral sleep medicine
interventions for late-life insomnia (61). Interventions targeted at re-
ducing social isolation may help address underlying causes of sleep
disturbance and cognitive decline. More studies are needed to reveal
the underlying pathways between isolation and cognition. Public
health initiatives could reduce sleep disturbance by facilitating so-
cial network integration and participation in community activities,
thereby protecting against cognitive decline.

Several limitations should be noted in this study. First, although
this study’s longitudinal design and use of cross-lagged panel models
allow for the careful examination of the direction of effects, causal
inference cannot be made due to unavoidable omitted-variable
bias. Second, the measurement of sleep disturbance is a composite
of self-reported sleep items rather than objective sleep measures (eg,
actigraphy, polysomnography). Although self-reported measurement
may be affected by measurement error and recall bias, evidence sug-
gests that self-reported sleep parameters are reliable and are closely in
accordance with objective measures of sleep assessed using actigraphy
(62). Furthermore, the measure of sleep disturbance used in this study
was unable to differentiate the subtypes of sleep disturbance (eg, in-
somnia, sleep-disordered breathing, and other sleep problems). Future
research is needed to replicate the analysis using objective sleep meas-
urements such as actigraphy or polysomnography. Finally, the HRS
sample comprises primarily non-Hispanic Whites (81.4% at baseline)
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and relatively well-educated individuals. Our findings might not be
generalizable to racial/ethnic underrepresented adults and those with
a disadvantaged socioeconomic status.

Conclusion

In summary, 8-year cross-lagged longitudinal data from the HRS
suggest a bidirectional association between social isolation and di-
minished cognitive functioning, with sleep disturbance partially me-
diates the effect of social isolation on cognitive functioning. Both
social isolation and dementia are major global public health chal-
lenges. Public health initiatives could help address the issue of sleep
disturbance by promoting social connection and social engagement.
These measures could help improve or maintain cognitive health
among middle-aged and older adults in the United States.
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