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Abstract

Objectives: To evaluate temporal dynamics between loneliness and both objective and subjective health
(i.e., functional impairment and self-rated health) in mid- to late-adulthood.
Method: We applied Bivariate Dual-Change-Score Models to longitudinal data from 3 Swedish twin
studies (N = 1,939) to explore dynamic associations between loneliness and health across 3 age ranges
(50-70, 70-82, and >82 years) to investigate whether associations between loneliness and health change
with age due to increasing incidence of chronic health conditions and bereavement.
Results: Results showed bidirectional associations between loneliness and both objective and subjective
health, with adverse impacts of loneliness observed on subsequent subjective and objective health
beginning at age 70. Associations between health and subsequent loneliness were observed after age 82
and varied for subjective and objective health, with subjective health associated with less loneliness and
objective health associated with greater loneliness.
Conclusions: Our results indicate dynamic associations between loneliness and health with age in mid-
to late-adulthood, with earlier impacts of loneliness on health and later impacts of health on loneliness
that vary for objective and subjective measures of health. These findings suggest impacts of health on
loneliness may arise later in life when worsening health or mobility interfere with social interaction.

Keywords: Loneliness; self-rated health; functional impairment; dynamic associations; dual-

change-score model, age-based analysis, aging
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Longitudinal Analyses Indicate Bidirectional Associations between Loneliness and Health

Loneliness is a potent stressor that increases in prevalence in late life (Hajek & Konig, 2020;
Nicolaisen & Thorsen, 2014; Qualter et al., 2015) and has been associated with poorer self-rated health
and many adverse health outcomes including cardiovascular disease, lung disease, diabetes, and
functional limitations (Christensen et al., 2021; Jessen et al., 2018; Luo et al., 2012; Ong et al., 2015;
National Academies of Sciences, Engineering, and Medicine, 2020; Petitte et al., 2015; Richard et al.,
2017). Loneliness results from the perception that the quality or quantity of a person’s social
relationships does not adequately meet their social needs (Hawkley & Cacioppo, 2010). Older adults
may be increasingly vulnerable to experiencing feelings of loneliness as they get older due to
experiencing the death of family and friends that occurs with greater frequency in older age (Nicolaisen
& Thorsen, 2014; Pinquart, 2003; Qualter et al., 2015; Smith, 2012). Indeed, the prevalence of loneliness
has been shown to increase non-linearly with age after age 75 (Luhmann & Hawkley, 2016). The
association between loneliness and health appears to be bidirectional—loneliness may adversely impact
health through a variety of behavioral and physiological pathways (Hawkley & Cacioppo, 2003; Cacioppo
et al., 2014) while poor or worsening health may impose barriers to social interaction that lead to onset
or intensification of feelings of loneliness (Hajek & Konig, 2020; Havens et al., 2004; Ong et al., 2015;
Pinquart, 2003; Smith, 2012).

Stress associated with the experience of loneliness may result in physiological changes that
negatively impact health over time (Cacioppo et al., 2003; Christiansen et al., 2016). Indeed, loneliness
correlates with higher cortisol levels indicative of hypothalamic-pituitary-adrenal (HPA) axis
dysregulation, heightened inflammation, worse immune function, and an altered pattern of gene
expression in blood leukocytes characterized by increased expression of pro-inflammatory genes and
reduced expression of genes involved in the immune response (Cole et al., 2007; Cole, 2013; Creswell et

al., 2012; Hawkley & Cacioppo, 2010; Hawkley & Capitanio, 2015). Further, loneliness has been linked
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with reduced engagement in health behaviors (e.g., healthy diet; exercise) and reduced sleep quality
(Christiansen et al., 2016; Hawkley & Cacioppo, 2007; Hawkley & Cacioppo, 2010; Segrin & Passalacqua,
2010), which have both been observed to mediate the relation between loneliness and health outcomes
(Christiansen et al., 2016; Segrin & Passalacqua, 2010).

Worsening health or mobility may contribute to increases in loneliness in older adults by limiting
opportunities for social interaction (Hajek & Konig, 2020; Havens et al., 2004; Ong et al., 2015; Pinquart,
2003; Smith, 2012). Moreover, they may increase need for social support, but in ways that contravene
other social needs such as friendship and supporting others (Pinquart, 2003). Older adults with poor or
worsening health or mobility may also feel like a burden to members of their social network and
consequently withdraw from social interaction, increasing the likelihood of experiencing loneliness
(Pinquart, 2003).

Collectively, prior work on loneliness and both objective and subjective health outcomes has
indicated bidirectional association; however, little longitudinal work has examined temporal dynamics
between loneliness and health. Luo et al. (2012) used cross-lagged models to explore reciprocal
associations between loneliness and self-rated health and loneliness and functional limitations in adults
> 50 years of age across 3 time points/4 years of follow-up in the Health and Retirement Study and
found a reciprocal association between loneliness and functional limitations—higher baseline loneliness
predicted greater functional limitations after two years of follow-up, which in turn predicted higher
loneliness after four years of follow-up. More functional limitations at baseline also predicted greater
loneliness after two years of follow-up which then predicted more functional limitations after four years
of follow-up. Earlier self-rated health was more strongly associated with later loneliness than vice versa
and the association between earlier loneliness and later self-rated health only reached trend
significance. Tsur et al. (2019) used cross-lagged models to investigate associations between loneliness

and self-rated health across 3 time points/24 years of follow-up in a sample of war veterans and found
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that loneliness at baseline was associated with self-rated health at the second time point 17 years later
which in turn was associated with loneliness 7 years later. In contrast, self-rated health at baseline was
not associated with loneliness at the second time point which in turn was not associated with self-rated
health at the third time point.

Clarifying the directional relationship of health and loneliness requires longitudinal modeling of
repeated evaluations of the variables across the second half of the lifespan. To address the question of
cause and effect, it is necessary to evaluate the extent to which each component (health and loneliness)
predicts subsequent changes in the other component over age using structural equation models that
allow for dynamic interaction between the two components. The development of dual-change-score
models (DCSMs) to characterize age changes has facilitated specification and testing of dynamic age-
related hypotheses about temporal dynamics (McArdle, 2001; McArdle et al., 2000). There is consensus
that strong and often bidirectional associations are observed between loneliness and a number of
health outcomes (Blazer et al., 2020), albeit fewer findings are available with respect to functional
mobility. We address calls to advance understandings of the mechanisms by which loneliness and health
may be associated (Blazer et al., 2020) by evaluating how temporal dynamics between loneliness and
objective and subjective health unfold. Specifically, we explored dynamic associations between change
in loneliness and changes in self-rated health and functional impairment in mid- to late-adulthood. This
analysis enabled assessment of directionality of associations between loneliness and measures of both
objective and subjective health, and temporal dynamics of changes in loneliness and health with age
using data from 3 longitudinal studies of aging with up to 25 years of follow-up. As individuals tend to be
relatively healthier and experience less bereavement in mid-adulthood than in later life when chronic
health conditions and bereavement become increasingly common, we reasoned that dynamic

associations between loneliness and health may not be consistent across the second half of the lifespan
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and therefore explored changes in the bidirectional relationship across 3 age ranges or “contexts of
aging” (ages 50-70, 70-82, and >82).
Method

Participants

Data came from three studies: Swedish Adoption/Twin Study of Aging (SATSA; Finkel &
Pedersen, 1994), Origins of Variance in the Oldest Old (OCTO-Twin; McClearn et al., 1997), and Aging in
Women and Men: A Longitudinal Study of Gender Differences in Health Behavior and Health among the
Elderly (GENDER; Gold et al., 2002). Recruitment and testing procedures for the three studies have been
described previously. In brief, all three samples were drawn independently from the population-based
Swedish Twin Registry (Lichtenstein et al., 2002), resulting in non-overlapping samples that were
evaluated utilizing similar protocols. In-person testing (IPT) took place in locations convenient to
participants, such as district nurses' offices, health-care schools, long-term care clinics, or at the
participant’s home. IPT intervals across the studies ranged from two to four years. Both health and
loneliness data were available from at least one testing occasion for 1939 individuals: 799 from SATSA,
645 from OCTO-Twin, and 495 from GENDER. All participants were of European ancestry and 59.4% of
the sample was female. Although the proportion female was slightly higher for participants older than
65 (60.0%) versus younger than 65 (57.4%), the difference was not statistically significant. Three or more
waves of data were available for 76% of the sample. As shown in Table 1, the sample ranged in age from
40 to 98 at intake and mean age at intake was 74.6 (SD = 9.37). Longitudinal follow-up ranged from 0 to
25 years, with a mean of 7.6 years. Among the three studies, the shortest interval between testing
waves was 2 years. Therefore, to support statistical modeling and to maximize the age range available
for study inclusion, data were divided into 23 two-year age intervals from 50 to 96 years: e.g., everyone

with data (regardless of IPT wave) at ages 50 — 51.9 was included in the first age interval. Thus, each
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participant was included in as many different age intervals as possible, consistent with the number of
waves of data available for the participant (see Supplemental Table 1).

Institutional Review Board (IRB) approval was obtained for this research at the coordinating site
for the Consortium on Interplay of Genes and Environment across Multiple Studies (IGEMS), University
of Southern California (USC; project title: Gene-Social Environment Interplay; protocol number UP-16-
00315-CR003) and the institution of the corresponding author, University of California Riverside (UCR;
project title: Effects of Gene-Social Environment Interplay on Health; protocol number HS-11-004).
Original IRB approval for the SATSA, OCTO-Twin, and GENDER studies was obtained at Karolinska
Institutet (document numbers 84:61, 98:380, and 93:226, respectively).

Measures
Loneliness

As part of the Interplay of Genes and Environment across Multiple Studies (IGEMS) consortium
(Pedersen et al., 2013, 2019), a harmonized measure of loneliness was created (Phillips et al., 2019).
Nine items assessing loneliness were collected by at least one of the three studies included in the
current analyses: | feel/felt lonely, do you suffer from/are troubled by feelings of loneliness, have you
got friends you can talk to, do you feel part of a set of friends, do you lack company, do you feel
abandoned, and do you feel lonely even when with others. The SATSA, OCTO-Twin and Gender studies
administered 3, 6, and 7 of these items, respectively. Items were combined using Rasch measurement
analysis, for which data from the 3 studies were pooled with data from a crosswalk sample (n = 888)
who were given all study items and a 10-item version of the UCLA Loneliness Scale. The Rasch analysis
yielded a single loneliness score for each participant based on how they responded to each of the
loneliness items they were asked at each in-person testing wave (Phillips, 2020). Finally, the composite
was translated to the T-score metric (mean = 50, SD = 10); higher scores indicate more loneliness.

Self-Rated Health (SRH)
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The number of response options for the SRH item (how would you rate your overall health?)
varied among studies from 3 to 7 options. Based on an earlier analysis of various harmonization
methods within IGEMS (Gatz et al., 2015), the most parsimonious and effective approach to
harmonization was standardizing the variable within study, transforming to a T-score metric, and then
combining data across studies (Finkel et al., 2020). Higher scores indicated poorer subjective health.
Functional Aging Index (FAI)

We designed FAI to complement existing measures of biological aging and frailty indexes by
focusing on functional capacity (Finkel et al., 2019). We included measures of 5 functional biomarkers:
self-reported vision and hearing, peak expiratory lung flow, grip strength, and gait speed. Before
calculation of FAl, grip strength was regression-adjusted for sex and peak expiratory flow was adjusted
for body volume through dividing it by the individual’s squared height in meters. The five variables were
standardized separately based on intake means and standard deviations, and grip strength and peak
expiratory flow were reverse scored to ensure that higher scores indicated poorer performance. Finally,
the composite score was translated to the T-score metric; higher scores on FAI indicate poorer
functioning.

Statistical Method

We used age-based (rather than time-based) bivariate dual change score models (DCSM) to
examine the dynamic relationships between Loneliness (L) and the Health variables (H). DCSM models
have been well-characterized in previous work (McArdle, 2001; McArdle et al., 2004; Ghisletta &
deRibaupierre, 2005; Lévdén et al., 2005). As presented in Figure 1, the model is based on latent
difference scores that create a growth curve reflecting change from one age to another age (i.e., AL and
AH), rather than performance at a single age, which is modeled as a function of both constant change
(al and aH) that accumulates over time in an additive fashion as well as proportional change (BL and

BH) based on the previous score. In the full DCSM model, aL and aH are set to 1, reflecting the time



LONELINESS AND HEALTH 9

interval between assessments, and the magnitude of the BL and BH parameters reflect the extent to
which the longitudinal change is nonlinear. The bivariate DCSM allows for a coupling mechanism (yH)
where change in Loneliness depends on the previous value of the Health measures, and vice versa (yL).

A variety of hypotheses about the nature of changes with age can be tested. First, multiple
values of B can be estimated, testing for different rates of change at different age intervals. Previous
analyses in these samples indicated different rates of change in middle age (ages 50-70), early aging
(ages 70-82), and after age 82 (e.g., Emery et al., 2020). The correlations between Loneliness and the
Health variables were similar for SRH and FAI at ages 50-69 and 70-81, with slight increases in the
correlations from the first to second age range (see Table 2). However, the correlations differed after
age 82, with continued increase in correlation between Loneliness and SRH but a drop in correlation
between Loneliness and FAI. Therefore, we tested nested DCSMs that progressively added additional
complexity to the estimated aging trajectories: 1 beta across the entire age range, 1 flexion point
yielding 2 betas (ages 50-69, 70+), and two flexion points yielding 3 betas (ages 50-69, 70-81, 82+).
Additionally, the bivariate model evaluates dynamic hypotheses about temporal order of changes in
variables. As we added flexion points to estimated Loneliness and Health trajectories (betas), we also
tested models that recognized different dynamics between them at the flexion points (gamma
parameters). Having identified the best-fitting model within variables, additional models tested the
nature of the relationship between the two variables. In the most reduced model, we included no
dynamic coupling between Loneliness and Health (i.e., all g set to zero). Next, models of unidirectional
dynamic relation functions were tested, either with Loneliness as a leading indicator of change in the
Health variable (i.e., yu = 0), or with the Health variable as a leading indicator of change in Loneliness
(i.e., y.=0).

One of the fundamental assumptions of DCSM is that data are missing at random. In longitudinal

studies, drop-out is rarely random but results instead from increasing sample selectivity; in aging studies
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morbidity or mortality are common sources. In SATSA, a maximum of 8 waves of longitudinal
participation was possible, but on average individuals participated in 4 waves. SATSA participants aged
50 to 64 at intake participated in 4.5 waves on average, but participants aged 65 and older participated
in only 2.6 waves on average. The benefit of combining SATSA with OCTO-Twin (5 waves of data
collection) and Gender (3 waves of data collection) was to ensure sufficient waves of longitudinal data
after age 65 to model aging trajectories because they had older intake ages. Their sampling was
somewhat more selective, however, as they required that both members of twin pairs participate.

We fit DCSMs using Mplus (Muthén & Muthén, 2012-2015). Model fit was indicated by the log-
likelihood (-2LL), Akaike Information Criterion (AIC; Akaike, 1987), and the root mean square error of
approximation (RMSEA; Browne & Cudeck, 1993). Adequate fit of the model to the data is indicated
when the RMSEA is less than or equal to 0.10 and an RMSEA of .05 or less indicates “close” fit. We
tested hypotheses by comparing model fit indices and compared nested models using the likelihood
ratio test obtained by taking the difference between the obtained model -2LLs, and their degrees of
freedom difference. We controlled co-twin relationship in all models (i.e., co-twin status was coded and
models were bi-level).

Results

To investigate the longitudinal relationships between Loneliness and SRH and Loneliness and
FAI, we tested 5 bivariate DCSMs to estimate the shapes of the aging trajectories, followed by 3 models
to estimate the natures of the dynamic relations between variables. Table 3 presents the loglikelihood
fit statistics for each model and the likelihood ratio tests (LRT) comparing model fits. Model 1 was the
simplest model: 1 beta estimating nonlinear change for each variable and 1 gamma estimating cross-
variable cross-time dynamics over the entire age range. Model 2 included 2 betas to estimate Loneliness
and Health trajectories: 1 for ages 50-69 and 32 for ages 70 and over. LRT of model 2 vs. model 1

indicated a significantly improved fit to the data for both the Loneliness-SRH and the Loneliness-FAl
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relations. Model 3 included 2 betas and 2 gammas. LRT comparing model 3 to model 2 indicated that
adding additional complexity between variables did not improve model fit. Model 4 included 3 betas
within variables, modeling the three age ranges (50-69, 79-81, 82-96); comparison with model 2
indicated significantly improved fit for both Loneliness-SRH and Loneliness-FAl, suggesting different
rates of change with age in the three age ranges. Finally, model 5 added 3 gammas, which resulted in a
significant improvement in model fit for Loneliness-FAl, but not Loneliness-SRH. Moreover, model 5
minimized AIC and RMSEA for both pairs of variables. The RMSEA for model 5 was .015 for Loneliness-
SRH and .023 for Loneliness-FAI which suggests a close fit. Parameter estimates and estimated dynamic
trajectories differed little between models 4 and 5 for Loneliness-SRH; therefore, to support comparison
between Loneliness-SRH and Loneliness-FAl results, model 5 was selected to represent the shapes of
aging trajectories for both pairs of variables.

In the next phase of model fitting, we tested the directions of the relations between Loneliness
and the Health variables by dropping parameters instead of adding them. Model 6 dropped all coupling
parameters (y) between variables and resulted in a significantly reduced model fit for both Loneliness-
SRH and Loneliness-FAl, indicating significant dynamic coupling between variables. With models 7 and 8
we tested the directions of the dynamic relations by dropping the 3 gamma parameters from the Health
variable to Loneliness (model 7) and from Loneliness to the Health variable (model 8). Both models
resulted in significant reductions in model fit, indicating dynamic bidirectional relations for both
Loneliness-SRH and Loneliness-FAl.

Estimates of the coupling parameters (y) from model 5 are presented in Table 4 (see
Supplemental Table 2 for complete model parameters). All coupling parameters were significantly
different from zero. The impact of Loneliness on subsequent changes in both SRH and FAI tended to
diminish over the age ranges. In contrast, the impact of SRH and FAI on subsequent Loneliness varied

across age ranges, with the highest value for SRH=>Loneliness in the 82-96 age range and the highest
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value for FAI=>Loneliness in the 70-81 age range. The estimated bivariate trajectories for the full
coupling and no coupling models for Loneliness and the Health variables are presented in Figure 2. The
overall trajectories for subjective health (SRH) and FAI differed: poorer SRH ratings increased with age
up to age 82 and then either plateau or improve somewhat, whereas FAlI showed consistent increases
across the age range. When coupled with Loneliness, values for both SRH and FAI were higher (worse)
than in the non-coupling models and the difference between full-coupling and non-coupling trajectories
was evident beginning at age 70. Including the influences of previous scores on Loneliness in the model
resulted in a plateau for SRH after age 70 instead of improvement. FAIl values increased faster after age
70 in the full-coupling model than in the no coupling model, although trajectories converged somewhat
by age 94. The impact of Health on Loneliness differed in two ways from the impact of Loneliness on
Health. First, the impact was evident later: after age 82 instead of age 70. Second, the influences of
worse SRH and FAI on Loneliness differed. Including the influences of previous waves on SRH resulted in
less Loneliness whereas Including the influences of previous waves on FAI resulted in more Loneliness.
Discussion

This study provides an initial exploration of the temporal dynamics of loneliness and objective
and subjective health with age in mid and late adulthood. Bivariate dual change score models of
longitudinal data on loneliness and measures of health indicated that loneliness and health affect each
other in later adulthood, but their relative impacts vary with age with different associations for
subjective and objective health. Loneliness negatively influenced subsequent subjective and objective
health beginning at age 70. Poorer subjective health (SRH) was associated with less loneliness, but
poorer objective health (FAI) was associated with greater loneliness, but not until age 82.

Our results were consistent with existing research indicating associations between greater
loneliness and poor or worsening objective and subjective health in older age (Christensen et al., 2021;

Hawkley & Cacioppo, 2010; Jessen et al., 2018; Nummela et al., 2011; Ong et al., 2015; Petitte et al.,
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2015; Richard et al., 2017) and with work showing links between poor or worsening health and
loneliness (Nicolaisen & Thorsen, 2014; Smith, 2012). They suggested that stress associated with
loneliness may adversely impact both SRH and FAI beginning at age 70, while declining health after age
82 may reduce ability to participate in social activities, increasing perception of unmet social needs
(Pinquart, 2003). The plateau or improvement seen in the SRH trajectory after age 70 (refer to Figure 2)
may reflect sample attrition: adults who were still participating in this age range are likely to have been
healthier than adults who dropped out. FAI continued to deteriorate in the same age range, but this is
normal throughout the health distribution among older adults. It is also possible that those who were
still participating after age 70 perceived their health as relatively good because they compared
themselves to others their age who may be in poorer health (e.g., dead or disabled) as opposed to
general adult medical standards or comparisons younger adults make among their same-aged peers
(Andersen et al., 2007; Jylha, 2009). Evidence suggests that the discordance between objective and
subjective health increases in late adulthood (Henchoz, Cavalli, and Girardin, 2008), possibly as a result
of greater emphasis on psychological rather than physical components of subjective health assessments
by older adults (Araujo, Teixeira, Ribiero, & Paul, 2018).

Our observation that earlier loneliness predicted later FAIl and vice versa was consistent with
those from the only other study, to the best of our knowledge, to explore dynamic associations between
loneliness and objective health. Luo et al. (2012) similarly reported reciprocal dynamic associations
across a 4-year period for loneliness and functional limitations. For subjective health, our observation
that higher loneliness predicted worse SRH after age 70 while worse SRH predicted less loneliness after
age 82 only partially aligned with findings from prior studies of dynamic associations between loneliness
and subjective health. While we observed a significant association between earlier loneliness and later
SRH, Luo et al. (2012) found this association to be marginal and Tsur et al. (2019) found it to be

inconsistent over time (i.e., with significant associations between one set of adjacent time points and
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not another). Our observation that worse SRH predicted decreases in loneliness was inconsistent with
prior observations showing that worse SRH predicted later increases in loneliness (Luo et al., 2012; Tsur
et al., 2019) although this association has also been observed to be inconsistent across time (Tsur et al.,
2019). A partial explanation may be the apparent de-coupling of subject health assessments from
physical health, per se, with an increased emphasis on psychological aspects of experience (Araujo et al.,
2018; Henchoz et al., 2008). Older adults may normalize their current health status by shifting their
expectations of health, with an associated shift in their expectations of social interactions (Puvill,
Lindenberg, Gussekloo, de Craen, Slaets, & Westendorp, 2016).

Such inconsistent associations between loneliness and SRH over time suggest that modeling
dynamic associations between health and loneliness across age may aid in elucidation of how and why
loneliness and health affect each other throughout mid- and late-life. Age-based analyses using the
DCSM offer an advantage over the crossed-lagged approach used in previous research because both
cross-lagged relationships and longitudinal trajectories are modeled simultaneously, thus allowing
examination of impacts on change with age (McArdle, 2001). The three age ranges were selected based
on prior analyses in these samples that indicated different rates of change across age for related
measures of physical and emotional health: BMI and depression (Emery et al., 2020). However, these
age ranges can also be conceptualized as different contexts or phases of the lifespan, with 50-70 years
of age reflecting aging most people experience that does not tend to impact lifestyle very much, 70-82
years of age reflecting normally increasing physical limitations that increasingly intrude on lifestyle, and
82+ years of age reflecting selective survival, contrasting with mortality processes and terminal decline
(Birren & Cunningham, 1985). The relations between loneliness and health may require different
interpretations within these phases. For example, impacts of loneliness on health may be more
pronounced after age 82 when declining health is more common and financial, social, and physical

resources may be comparatively diminished relative to those at ages 50-70. Impacts of health on
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loneliness may also change with age, as health problems that do not drastically alter one’s lifestyle or
social relationships likely would not impact loneliness as much as health problems that do, and these
become increasingly prevalent with age in late life.

This study had several strengths including availability of a harmonized measure of loneliness
that used all available loneliness information for each participant in each subsample, inclusion of
measures of both objective and subjective health, use of longitudinal data with up to 25 years of follow-
up, and use of a pooled sample with data spanning a wide age range. Modeling associations with age
rather than assessment also allowed a novel exploration of how dynamic relations between loneliness
and health unfold across mid and late life. Limitations of this study included lack of inclusion of
potentially important covariates such as measures of objective social isolation and depressive symptoms
which may have roles in associations between loneliness and health, lack of ethnic diversity within the
primarily Caucasian sample, and sample selectivity in participation criteria. Moreover, no participant in
our pooled sample had data spanning the entire age range examined—the trajectories of loneliness and
health across age were determined by different individuals within the sample rather than within
individuals in the sample. The self-rated health measure also consisted of a single item and left the
reference base completely open to participant interpretation (e.g., past self, age peers, objective
standards, own expectations, etc.); however, single item measures of subjective health are used
extensively in research on aging. The self-rated health measure may also be limited in terms of
distribution, especially for the SATSA and OCTO-Twin studies which only offered 3 response options.

Overall, our observations indicate dynamic associations between loneliness and health with age
in mid- to late-life with loneliness predicting decline in both objective and subjective health after age 70,
and objective and subjective health predicting greater and less loneliness after age 82, respectively.
These observations, together with other work exploring temporal dynamics between loneliness and

health, suggest that it is important to consider the dynamic interplay between these variables over
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time/age in studies of loneliness and health in greater detail and other samples to understand these
associations more fully. Our observation that poorer objective health predicted greater loneliness after
age 82 supported the notion that worsening health or mobility with age in late life increases risk of
loneliness by restricting opportunities for social interaction (Hajek & Konig, 2020; Havens et al., 2004;
Ong et al., 2015; Pinquart, 2003; Smith, 2012). Further, our observations that loneliness predicted
poorer subsequent health beginning at age 70 support that at these ages, loneliness may have long-term
health effects that might occur via numerous pathways including but not limited to adverse
physiological changes (e.g., altered viral immune response, increased inflammation) and altered sleep
patterns/quality (Cole, 2013; Hawkley & Cacioppo, 2010). We advocate future research on loneliness
and health that explores dynamic associations between loneliness and measures of both objective and
subjective health given apparent bidirectional associations between these variables and our observed
differences in associations across age for loneliness and subjective versus objective health.
Investigations of how associations between loneliness, social isolation, depression and objective and
subjective health unfold across age in greater detail, especially within individuals, will be important for
furthering understanding of the dynamic relations between loneliness and health within the context of

aging over mid- and late-life and developing ways of remediating them.
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