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Abstract

Objectives: To model the relationship between loneliness and sleep disturbance over time.

Method: Data came from the Health and Retirement Study (2006, 2010, 2014 waves; age ≥ 65 

years; n = 5,067). Loneliness was measured via the Hughes Loneliness Scale and sleep 

disturbance via a four-item scale assessing sleep and restedness. Cross-lagged panel modeling 

(path analysis) was used to jointly examine reciprocal effects between loneliness and sleep 

disturbance.

Results: Higher loneliness correlated with higher sleep disturbance at baseline. There was 

evidence of reciprocal effects between loneliness and sleep across timepoints. These associations 

overall remained when accounting for demographics, objective isolation, and depression.

Discussion: Although causality cannot be established, the findings indicate that the relationship 

between loneliness and sleep disturbance is bidirectional. This requires revision to the current 

theory on sleep disturbance as a mechanism for the relationship between loneliness and health and 

indicates that effective treatment of sleep disturbance may reduce loneliness.
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There is a growing body of evidence documenting the health sequelae of loneliness, yet how 
loneliness affects health remains unclear. Cacioppo and Hawkley (2003, 2009) proposed a 

model of the relationship between loneliness and health that identified sleep disturbance as a 

mechanism underlying the connection between loneliness and health, based on a study 

showing that lonely participants showed lower sleep efficiency and higher levels of wake 

time after sleep onset than non-lonely participants (Cacioppo et al., 2002). Cacioppo and 

Hawkley (2003) argued that this sleep disturbance marks the loss of a fundamentally 

restorative behavior, thus affecting metabolic, neural, and hormonal processes. The study did 

not control for measures of objective isolation, nor did it assess for the effects of sleep 

quality on loneliness.
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Although numerous studies have shown that loneliness is associated with sleep disturbance 

across a wide range of samples and measures (Aanes et al., 2011; Cacioppo et al., 2002; 

Cheng et al., 2015; Chu et al., 2016; Hom et al., 2017; McHugh et al., 2011; Segrin & 

Burke, 2015; Stickley et al., 2015), the majority of these studies have not controlled for 

potential confounds. Moreover, studies differ in terms of which factors they controlled for, 

which have included a range of demographics, health behaviors, health factors, mental 

health factors, and social factors. One of the most commonly included potential confounds is 

depression, which attenuated the relationship between loneliness and sleep disturbance 

across all relevant studies (Cheng et al., 2015; Hayley et al., 2017; Hom et al., 2017; Kurina 

et al., 2011; Matthews et al., 2017; McHugh et al., 2011; Yu et al., 2017).

The longitudinal research on loneliness as a risk factor for sleep disturbance is smaller and 

less conclusive than the cross-sectional literature. Only a handful of empirical, longitudinal 

studies have evaluated loneliness as a risk factor for sleep disturbance in adults, with 

differing conclusions: some studies found that loneliness predicted sleep disturbance (Hom 

et al., 2017; Jacobs et al., 2006; Jaremka et al., 2014; McHugh & Lawlor 2013; Zawadzki et 

al., 2013), whereas others did not (Hom et al., 2017; Jaremka et al., 2014; Yu et al., 2017). 

These studies differed in terms of their outcome of interest (to include insomnia symptoms, 

sleep quality, sleep satisfaction, and sleep adequacy), in addition to other key 

methodological factors, such as length of follow-up (3 months to 7 years), measures, 

samples, analyses, attrition rates (5.5%–56.1%), and potential confounds, making it difficult 

to draw conclusions across studies.

Two papers report on sleep problems as a risk factor for loneliness in adults (Hom et al., 

2017; Simon & Walker, 2018). These papers provide preliminary support for sleep 

disturbance as a risk factor for loneliness: across all studies, sleep disturbance predicted 

subsequent loneliness. However, the duration of follow-up across studies was limited 

(follow-up ranged from 2 days to 6 months across studies). Examination of the day-to-day 

relationship between fluctuations of loneliness and sleep is critical, but it is also important to 

look at their long-term relationship to understand how effects may accumulate to produce 

enduring changes in health. Moreover, none of the samples are representative of—or even 

resemble—the U.S. population.

Sleep disturbance is a correlate of loneliness across multiple studies using a range of 

measures and samples, but there is insufficient evidence to determine whether loneliness 

precedes sleep disturbance or vice versa, and therefore, the direction of causal dominance 

between loneliness and sleep disturbance remains obscure. It is possible that the correlation 

between sleep disturbance and loneliness is due, at least in part, to the effect of sleep 

disturbance on loneliness (Simon & Walker, 2018). Moreover, it is unclear how other factors

—such as objective isolation and depression—are contributing to the relationship between 

loneliness and sleep disturbance.

The present study aimed to examine causal dominance in the relationship between loneliness 

and sleep disturbance in older Americans over an 8-year span using a cross-lagged panel 

model. The model allowed for the joint examination of the baseline association between 

loneliness and sleep disturbance and their longitudinal prediction of one another. A second 
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cross-lagged panel model was run to control for potential confounds, including 

demographics, objective isolation (limited contact with social network), and depression. We 

hypothesized that (a) higher levels of loneliness would be associated with greater sleep 

disturbance and (b) loneliness would be a stronger predictor of subsequent sleep disturbance 

than the reverse, based on the model developed by Cacioppo and Hawkley (2003).

Method

Data

Data for this study came from the Health and Retirement Study (HRS), a panel study of 

Americans over the age of 50 years and their spouses (Sonnega et al., 2014). Data collection 

occurs every 2 years and covers a wide array of domains, including income, employment, 

assets, pension plans, health care expenditures, health insurance, physical health, mental 

health, physical functioning, and cognitive functioning.

This study used data from the 2006, 2010, and 2014 waves of the HRS. The HRS initiated a 

mixed-mode follow-up in 2006, whereby 50% of the sample was randomly assigned to in-

person follow-up and the remaining 50% of the sample was randomly assigned to telephone 

follow-up; the method of follow-up then alternated across the following waves. The half of 

the sample assigned to in-person follow-up were left with a questionnaire (the Participant 

Lifestyle Questionnaire, also known as the Leave-Behind Questionnaire) to complete and 

return by mail. The loneliness measure was collected via this questionnaire. Data from the 

half of the sample that completed Psychosocial and Lifestyle Questionnaire in the 2006, 

2010, and 2014 waves were used for the current study.

Sample

Sample characteristics are summarized in Table 1. Only participants aged 65 years and 

above were included in this study; 5,067 participants returned the Participant Lifestyle 

Questionnaire in 2006, 2010, or 2014. All of these participants completed the sleep 

disturbance scale, though only 4,624 of these participants completed the Hughes Loneliness 

Scale in 2006. In 2010, these numbers dropped to 4,111 completing the sleep disturbance 

scale and 3,424 completing the Hughes Loneliness Scale. In 2014, 3,121 participants 

completed the sleep disturbance scale and 2,608 participants completed the Hughes 

Loneliness Scale. Table 1 provides the characteristics of participants who completed the 

measure of sleep disturbance in 2014 (n = 3,121) versus those who did not (n = 1,946) to 

address the possibility of attrition bias. Participants who were lost to follow-up were on 

average lonelier, older, lower socioeconomic status (SES), and less educated and were more 

likely to be male and widowed or separated/divorced.

Measures

Loneliness.—Loneliness was measured via the Hughes Loneliness Scale, which consists 

of the questions: “How often do you feel that you lack companionship?,” “How often do you 

feel left out?” and “How often do you feel isolated from others?” (Clarke et al., 2008). 

Responses included “Often,” “Some of the time,” and “Hardly ever or never.” If more than 

one item was missing, the scale score was set to missing (Clarke et al., 2008). Hughes et al. 
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(2004) have demonstrated that the Hughes Loneliness Scale has satisfactory concurrent 

validity, discriminant validity, and reliability in older adult samples.

Sleep disturbance.—Sleep disturbance was measured as a modified version of the 

Jenkins sleep scale (Jenkins et al., 1988) that included the following four items: “How often 

do you have trouble falling asleep?,” “How often do you have trouble with waking up during 

the night?,” “How often do you have trouble with waking up too early and not being able to 

fall asleep again?” and “How often do you feel really rested when you wake up in the 

morning?.” Responses included “Rarely or never,” “Sometimes,” and “Most of the time.” 

The sleep items were reverse coded, and then, all four items were averaged to create the total 

score; this approach is consistent with past uses of this scale in the literature (Lee et al., 

2017).

Demographics.—Demographics included age, sex (male, female), education (less than 

high school, GED, high-school graduate, some college, college and above), race (White/ 

Caucasian, Black/African American, and other), ethnicity (Hispanic, not Hispanic), marital 

status (married, single, separated/divorced, widowed), and SES. SES was gauged using the 

net worth variable (Chien et al., 2013) or the sum of all wealth components (e.g., salary, 

house, automobile) minus total debt. This variable was converted into an ordinal scale 

whereby participants were divided into quintiles according to net worth representing lower, 

lower middle, middle, upper middle, and upper SES. Categorical variables were dummy 

coded, with the following reference categories: White/Caucasian for race, married for 

marital status, middle net worth quintile for SES, high school graduate for education, not 

Hispanic for ethnicity, and male for sex.

Isolation.—Objective isolation was defined as the frequency of contact with social 

network. Participants reported how often they “Meet up (includes both arranged and chance 

meetings),” “Speak on the phone,” and “Write or email” their children, other family 

members, and friends. Responses consisted of “Three or more times a week,” “Once or 

twice a week,” “Once or twice a month,” “Every few months,” “Once or twice a year,” and 

“Less than once a year or never.” Values were reverse coded and averaged across all items to 

create an overall measure of objective isolation; if more than one item was missing, the total 

score was set to missing (Smith et al., 2013).

Depression.—Depression was measured using the Center for Epidemiologic Studies 

Depression Scale—Revised (CESD-R). Participants were asked if (yes/no) they had 

experienced the following over the past week: “I felt depressed,” “I felt that everything I did 

was an effort,” “My sleep was restless,” “I was happy,” “I felt lonely,” “I enjoyed life,” “I 

felt sad,” and “I could not get going.” The items “My sleep was restless” and “I felt lonely” 

were excluded from the total scale score for this study, as they tap into sleep and loneliness, 

respectively. A composite score of the remaining items was created by summing all items 

(with the items “I was happy” and “I enjoyed life” reverse coded).
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Analyses

A cross-lagged panel model was run to examine the relationship between loneliness and 

sleep disturbance in 2006, 2010, and 2014. A second cross-lagged panel model was then 

run, controlling for demographics, depression, and objective isolation. To create the first 

cross-lagged panel model, the model began with all of the direct paths drawn (i.e., fully 

saturated), then paths with p < .01 were trimmed successively following a procedure by 

Meyers, Gamst, and Guarino (2013). The final model was then used as the foundation for 

the second cross-lagged panel model, which additionally controlled for demographics, 

depression, and objective isolation.

Expectation maximization (EM) was used to account for missing data, as data were not 

missing completely at random (MCAR), per examination of the data and significant findings 

on Little’s MCAR test (p < .001). EM is an algorithm that computes maximum likelihood 

estimates based on the existing data through the iteration of the expectation step and the 

maximization step (Dempster et al., 1977). Data preparation (including descriptive statistics) 

was conducted in SAS 9.4, EM was conducted in IBM SPSS Statistics 25, and path analysis 

was conducted in IBM SPSS AMOS 25. Raw materials (code and output files) for this study 

are available on the Open Science Framework (https://osf.io/tv2dg/?

view_only=bcd61924a7604c8ab642f4d31ac3576e).

Results

See Figure 1 for the cross-lagged panel model fit using time points 2006, 2010, and 2014 

with standardized estimates. The path between loneliness in 2006 and sleep disturbance in 

2014 was trimmed (p = .036) to generate the model presented in Figure 1. The chi-square 

(χ2) goodness-of-fit test was significant, which typically indicates poor model fit, χ2(1) = 

4.380, p = .036. However, χ2 statistics are sensitive to large sample size (Bowen & Guo, 

2011), rendering this test uninformative in the present study. The root mean square of 

approximation (RMSEA) was .03 (wherein .08 or lower is reflective of adequate fit and .05 

or lower of good fit), comparative fit index (CFI) was 1.00, goodness-of-fit index (GFI) was 

1.00, all of which met criteria for adequate fit (≥.90).

All paths in this model were significant (ps < .001). The effect sizes of the paths from 

loneliness to sleep disturbance (2006 to 2010: β = .10, B = .09, standard error (SE) =.01; 

2010 to 2014: β = .06, B = .05, SE = .01) and sleep disturbance to loneliness (2006 to 2010: 

β = .05, B = .05, SE = .01; 2010 to 2014: β = .08, B = .08, SE= .01) were small. There was 

an additional path between sleep disturbance in 2006 and loneliness in 2014 (β = .05, B 
= .04, SE = .01). This pattern of cross-lag path estimates suggested that initially loneliness 

was more causally dominant in its relationship with sleep disturbance, but the reverse was 

true in the second part of the model. This is reflective of likely reciprocal causality between 

loneliness and sleep disturbance.

See Figure 2 for the cross-lagged panel model (2006, 2010, 2014; standardized regression 

weights) with adjustments for age, gender, education, race, ethnicity, objective isolation, 

depression, marital status, and SES. The χ2 goodness-of-fit test was significant, χ2(506) = 

64,327.72, p < .001. The RMSEA was .16, CFI was .17, and GFI was .61. None of these 
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indices reflected adequate fit, which would be expected with a model that includes potential 

confounds.

The paths from loneliness to sleep disturbance (2006 to 2010: β = .07, B = .06, SE = .01, p 
< .001; 2010 to 2014: β = .05, B = .06, SE = .01, p < .001) and sleep disturbance to 

loneliness (2006 to 2010: β = .01, B = .01, SE = .01, p = 61; 2010 to 2014: β = .07, B = .06, 

SE = .01, p < .001; 2006 to 2014: β = .04, B = .04, SE = .01, p < .001) were attenuated by 

the inclusion of adjustments in the model, though the majority of paths remained significant.

Discussion

Loneliness was positively associated with sleep disturbance at baseline; this association 

remained significant but was attenuated in subsequent waves after taking into account 

previous loneliness and sleep disturbance. Loneliness and sleep disturbance predicted one 

another over time, suggesting reciprocal causality between loneliness and sleep disturbance, 

but effect sizes were small (ranging from β = .05 to .09). Controlling for potential confounds

—namely demographics, objective isolation (limited contact with social network), and 

depression—weakened the size of effects, yet findings remained with the exception of 2006 

sleep disturbance no longer predicting 2010 loneliness.

The detection of a bivariate association between loneliness and sleep disturbance is 

consistent with the prior literature, which has demonstrated a correlation between loneliness 

and sleep problems across a wide array of measures and samples (Aanes et al., 2011; 

Cacioppo et al., 2002; Cheng et al., 2015; Chu et al., 2016; Hom et al., 2017; McHugh et al., 

2011; Segrin & Burke, 2015; Stickley et al., 2015). This study built upon this literature by 

replicating this finding in a sample that is better equipped to speak to the experience of older 

Americans. Furthermore, this study extends the previous literature by finding evidence to 

suggest that these variables likely operate in a reciprocal feedback loop.

This is the first study to examine the reciprocal effects of loneliness and sleep disturbance 

using a cross-lagged panel model, which allows for the joint examination of effects to speak 

to causal dominance. Through mapping how change in each variable predicts the subsequent 

change in the other variable across multiple time points, cross-lagged models provide unique 

insight onto the directionality of effect. These findings are consistent with previous findings 

in the literature identifying loneliness as a risk factor for sleep disturbance and vice versa 

(Hom et al., 2017; Jacobs et al., 2006; Jaremka et al., 2014; McHugh & Lawlor, 2013; 

Simon & Walker, 2018; Zawadzki et al., 2013), but is one of the first studies to examine 

these effects jointly to identify reciprocal effects.

The present study found that loneliness and sleep were bidirectionally related. The 

reciprocal nature of this relationship requires revision to the Cacioppo and Hawkley (2003, 

2009) model, which posited that loneliness disrupts sleep but not the reverse. Importantly, 

cross-lagged panel modeling cannot establish causality, but it can infer causality via the 

comparative size of effects—that is to say, if one variable predicts another more strongly 

than the reverse across multiple intervals, it indicates that this variable is causally dominant. 

Therefore, although the current study indicates that the direction of effects is reciprocal, it 
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remains unclear whether these reciprocal effects are causal, as third variables not controlled 

for in the current study could still be accounting for this relationship. Future research should 

evaluate whether outside factors are driving the fluctuations in both loneliness and sleep 

disturbance. However, the present study provides evidence of reciprocal causality between 

loneliness and sleep disturbance, requiring that the Cacioppo and Hawkley (2003, 2009) 

model be revised to include joint effects between loneliness and sleep disturbance and 

suggesting that treatment efforts aimed at sleep disturbance may indirectly improve 

loneliness.

It remains unclear how loneliness may exacerbate sleep disturbance and vice-versa. The 

seminal work on sleep disturbance as a mechanism for the relationship between loneliness 

and health did not speculate as to how loneliness would disrupt sleep (Cacioppo et al., 2002; 

Cacioppo, Hawkley, Crawford, et al., 2002). One way in which loneliness could affect sleep 

is through increased physiological arousal, whereby a person who feels lonely constantly 

feels more vulnerable than others. Cacioppo and Hawkley (2003, 2009) identified 

hypothalamic-pituitary-adrenal (HPA) axis activation as a separate mechanism underlying 

loneliness and health. However, it is likely that increased arousal is entangled with the 

relationship between loneliness and sleep. The HPA axis controls the output of 

glucocorticoids, which are integral to the sleep-wake cycle in humans (Oster et al., 2016). 

Moreover, experimental research indicates that sleep deprivation and restriction impair HPA 

functioning. Collectively, these findings suggest HPA axis involvement in the reciprocal 

effects between loneliness and sleep disturbance, but research is necessary to more closely 

examine this possibility. Furthermore, it is important to elucidate how sleep disturbance may 

elicit loneliness. Two possibilities are that (a) the time spent awake while trying to sleep 

fosters distress about perceived isolation and that (b) sleep deprivation hinders a person’s 

ability to connect with others. Further research is necessary to test these hypotheses as well 

as other potential ways in which sleep disturbance may worsen loneliness.

The effects detected in these models, though statistically significant, are small. However, the 

small effect sizes may be attributable to evaluating these variables over the course of years. 

It would be surprising to detect large effects, given that loneliness and sleep disturbance both 

fluctuate over time. As a result, it is possible that a person who is lonely at baseline may no 

longer be lonely 4 years later. The detection of very small reciprocal effects across the span 

of years may reflect larger reciprocal effects that are occurring day to day between 

loneliness and sleep disturbance.

Strengths, Limitations, and Future Directions

The present study must be interpreted in the context of its strengths and limitations. A 

strength of the present study is its sample. The HRS sample draws from a wide range of 

Americans across the country and is thus better able to speak to older Americans than the 

previous literature which was limited by the use of convenience samples (e.g., residents of a 

Chicago condominium) in the studies conducted in the United States. Moreover, there was 

sufficient statistical power to assess effects that may have otherwise been undetected due to 

the 4-year lag between measurements. A second strength of the study is that it controlled for 

potential confounds, to include demographics, objective isolation, and depression, and was 
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thus able to rule out the possibility that findings were entirely attributable to any of the 

factors included in the model. A third strength of the study is its longitudinal design, which 

allowed for the determination of the direction of relationships. Furthermore, the use of a 

cross-lagged panel model allowed for the joint examination of loneliness and sleep 

disturbance.

However, the study also has several limitations which underline the need for future research 

to better understand the connection between loneliness and sleep. First, though this study 

used scales rather than single measurement—a strength relative to much of the literature in 

the area thus far—these scales were not the best measurement of loneliness and sleep 

disturbance available. The Hughes Loneliness Scale is an abbreviated version of the 

University of California, Los Angeles (UCLA) loneliness scale and has been assessed for 

psychometric properties, but the sleep scale has not been validated. It is critical that future 

studies replicate the present findings using a sleep scale that has been shown to have 

adequate validity and reliability.

Second, there was a high rate of attrition in the present study. By 2014, there were data on 

the Hughes Loneliness Scale for only 51% of the original sample. Moreover, this attrition 

did not appear to be MCAR, but rather selective whereby certain participants were more 

likely to be lost to follow-up than others. Participants who were lost to follow-up were on 

average lonelier, older, lower SES, and less educated and were more likely to be male and 

widowed or separated/divorced. It is possible that selective attrition obscured effects: if 

participants suffering from loneliness were less likely to remain in the study, then the 

connection between loneliness and sleep disturbance over time would be more difficult to 

detect. However, the current study sought to mitigate the potential of attrition bias through 

the use of EM to account for missing data.

Third, the present study did not examine the interplay between potential confounds and the 

variables of interest. Controlling for other factors, though critical, does not shed light on how 

these factors are involved. Loneliness, sleep disturbance, and health do not occur in a 

vacuum, but rather are facets of a broader human experience. Further research is necessary 

to understand how other factors—such as age, demographics, and depressive symptoms—

shape the relationship between loneliness and sleep. Moreover, additional research is 

necessary to examine other components of the Cacioppo and Hawkley (2003, 2009) model

—for example, the role of hypervigilance for social threats, attentional and memory biases, 

negative affect, and HPA activation—and assess other models seeking to explain how 

loneliness could damage health.

Fourth, it is important to disentangle the effects of different social factors on health (Beller 

& Wagner, 2018). For example, loneliness and social isolation are comparable risk factors 

for mortality (Holt-Lunstad et al., 2015), yet only modestly correlated, suggesting that 

different mechanisms are involved. Further research is necessary to identify overlapping and 

discrete mechanisms across specific social factors, for example, loneliness versus isolation. 

Furthermore, future research is necessary to examine how health factors (e.g., chronic pain, 

functional limitations, medical conditions) tie into the relationship between sleep 

disturbance and health. Specifically, it is critical that future studies assess whether sleep 
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disturbance mediates the relationship between loneliness and health, as hypothesized by 

Cacioppo and Hawkley (2003, 2009). This line of research is also necessary to establish that 

health factors are not driving the connection between loneliness and sleep disturbance.

Conclusion

The present study represents an important step in uncovering the mechanisms underlying the 

association between loneliness and health in older Americans. Understanding the 

biopsychosocial interactions shaping the health and well-being of older Americans enables 

the development of prevention and intervention strategies, which in turn promise to improve 

quality of life, health outcomes, and longevity for this rapidly growing population. Older 

adults possess both strengths and vulnerabilities for weathering loneliness (Charles, 2010). 

On one hand, older adults generally enjoy improved emotion regulation, present awareness, 

and positivity bias, in conjunction with a preference for emotionally fulfilling relationships 

(Carstensen et al., 1999), all of which could protect against loneliness. On the other hand, 

older adults are at greater risk for certain events that may trigger loneliness (Charles, 2010). 

In addition, older adults are at greater risk for health conditions that may hinder their ability 

to spend time with others and are also at increased risk of sustaining major changes to their 

social network, as friends, siblings, and partners die. These changes in social network may 

be particularly destructive in older adults, who per the Socioemotional Selectivity Theory 

have trimmed their social networks to prioritize meaningful relationships (Carstensen et al., 

1999). As members of this smaller inner circle die, the potential for subsequent loneliness 

thus may be higher. Moreover, if chronic loneliness occurs, ensuing arousal is likely to 

precipitate greater health consequences due to age-related changes in cardiovascular 

functioning, neuroendocrine functioning, and sleep architecture (Charles, 2010; Miner & 

Kryger, 2017; Ohayon et al., 2004).

This heightened vulnerability makes research examining interactions across biological, 

psychological, and social factors particularly vital for prevention and intervention. The 

present study identified sleep as a risk factor for loneliness, suggesting that improving sleep 

could have cascading benefits on loneliness. This finding is promising in light of the success 

of behavioral sleep medicine interventions for insomnia (Dzierzewski et al., 2018; Qaseem 

et al., 2016). Furthermore, this study illustrates how the heightened level of influence 

between biological, psychological, and social factors in older adults (Garroway & 

Rybarczyk, 2015) is not unidirectional but rather reciprocal. Further research to 

understanding these interactions is critical to improve the health and quality of life for the 

rising number of older Americans.
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Figure 1. 
Bivariate (unadjusted) cross-lagged panel model (2006, 2010, 2014), with standardized 

regression weights. All paths are significant (p < .001).
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Figure 2. 
Adjusted cross-lagged panel model (2006, 2010, 2014), with standardized regression 

weights for paths of interest. All paths are significant (p < .001) with the exception of the 

path from 2006 sleep disturbance to 2010 loneliness.
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