ABSTRACT

Background: The prospective associations between social isolation, loneliness, and health
behaviors are uncertain, despite the potential importance of these relationships over time for
outcomes including mortality.

Purpose: To examine the associations between baseline social isolation, baseline
loneliness, and engagement in health behaviors over ten years among older adults.
Methods: Data were from 3,392 men and women aged 252 years in the English
Longitudinal Study of Ageing from 2004/05-2014/15. Modified Poisson regression was
specified to estimate RRs and 95% Cls for the associations between baseline social
isolation, baseline loneliness, and consistent weekly moderate-to-vigorous physical activity
(MVPA), consistent five daily fruit and vegetable servings, daily alcohol drinking at any time
point, smoking at any time point, and a consistently overweight/obese BMI over the follow-up
(all yes vs. no). Models were population weighted and adjusted for sociodemographic
factors, health indicators, and depressive symptoms, with mutual adjustment for social
isolation and loneliness.

Results: Socially isolated participants were less likely than non-isolated participants to
consistently report weekly MVPA (RR=0.86; 0.77-0.97) or five daily fruit and vegetable
servings (RR=0.81; 0.63-1.04). They were less likely to be consistently overweight or obese
(RR=0.86; 0.77-0.97) and more likely to smoke at any time point (RR=1.46; 1.17-1.82).
Loneliness was not associated with health behaviors or BMI in adjusted models. Among
smokers, loneliness was negatively associated with successful smoking cessation over the
follow-up (RR=0.31; 0.11-0.90).

Conclusions: Social isolation is associated with a range of health-related behaviors and
loneliness is associated with smoking cessation over a ten-year follow-up in older English
adults.
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INTRODUCTION

Social isolation and loneliness are problems frequently encountered by older adults,
increasing in prevalence as people age [1-3]. Social isolation can be defined as a paucity of
social contacts, while loneliness is described as the subjective experience of social isolation.
Both have been associated with increased risks for poor self-reported health [4—6],
depressive symptoms [7,8], cognitive decline [9—11], coronary heart disease and stroke
[12,13], and all-cause mortality [14—-16] among older men and women. Both are thought to
influence health outcomes through direct biological mechanisms, as evidenced by their
independent associations with increased inflammatory and stress biomarkers, as well as
through health-related behavioral mechanisms [1,17-22]. Their respective relationships with
the long-term persistence of health-related behaviors over time are less well understood,
particularly in the context of aging. Older age is a time period in life when maintaining
healthy lifestyle behaviors can become particularly challenging due to changing life
circumstances including increasing risks of physical and cognitive impairments [23]. At the
same time, healthy behaviors become increasingly important in later life for the maintenance
of quality of life and well-being [24].

Social isolation is thought to influence health-related behaviors through the lack of
social relationships that are maintained in situations of isolation [17,25,26]. Social
relationships can serve to inhibit harmful or deviant behaviors and promote healthy
behaviors through mechanisms of social control, engagement with others, and the provision
of social support [17]. In the present study, we are particularly concerned with the health-
related lifestyle behaviors of physical activity, fruit and vegetable intake, smoking, and
alcohol consumption, along with body mass index (BMI). In the context of these behaviors,
social control can act directly though encouragements or reminders from family and friends
to engage in desirable behaviors or to avoid deviant behaviors, and indirectly through
behavioral cues to adhere to group-based social norms [26,27]. Social engagement with
others can also directly affect behaviors when the engagements are health-promoting in
nature, such as exercise groups [17]. Social support could take the form of instrumental

2



assistance with activities of daily living such as healthy meal preparation, or, similar to social
control mechanisms, emotional and appraisal support for the maintenance of healthy
behaviors [17,28]. However, social influence over health-related behaviors may in fact
promote or damage health depending on the behavioral and leisure-time activity norms
prevalent within a particular social group, the constraints of the physical and economic
environments in which they operate, and the particular balance of demands and resources
that the group members present [17,26,27].

Loneliness, as an affective experience of isolation, is also thought to have negative
effects on health behaviors [29). Importantly, loneliness may occur absent of social isolation,
and socially isolated individuals do not always experience loneliness. This potential
decoupling of loneliness and social isolation may be particularly common for older adults as
reduced social network sizes are often expected and prepared for during aging [30]. There is
relatively less theory on the mechanisms relating loneliness to health behavior than those
relating social isolation to behavior, as much of loneliness’ effects on morbidity and mortality
are thought to be mediated by chronic stress, dysregulation of coping mechanisms, cognitive
dysfunction, and inflammation [2,29]. However, the negative effects of loneliness on mood
might mediate its effects on behavior [29]. The relationship between loneliness and
depression is generally accepted to be reciprocal [29,31], and social isolation may be a
sufficient, but not necessary of both [1]. There is a weak-to-moderate positive correlation
between social isolation and loneliness among older adults, indicating that they overlap
some but not all of the time [15,32]. Therefore, identifying the effects of social isolation and
loneliness independently of one another on health-related outcomes is required to assess
whether unique contributions are made by each, as well as the effects of each with and
without depression accounted for due its possible role on the causal pathway between both
constructs and health behavioral outcomes.

A body of cross-sectional literature demonstrates relationships between social
isolation, loneliness, and a range of health behaviors among older adults, although they are
rarely investigated in the same study or accounted for simultaneously in modelling. Among
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older adults, social isolation has been associated with having a poor diet [33,34], being
physically inactive [20,34—36], problematic consumption of alcohol [34,36,37], and smoking
[34,37]. In the Framingham Heart Study, obesity and heavy alcohol consumption have been
shown to spread through family and friend networks over time, but so have positive
behaviors related to substance use including smoking cessation and alcohol abstinence [38—
40]. Greater social connectedness has also been associated with being physically active
[37]. The empirical evidence for loneliness and health-related behaviors is more equivocal
than for social isolation, although loneliness has been associated with physical inactivity,
problematic alcohol consumption, overweight/obesity, and smoking [4,20,36,41-44].

Only one recent study, using data from adults aged =52 years in the English
Longitudinal Study of Ageing, has examined isolation and loneliness in concert in relation to
physical activity and smoking, finding that both were independently associated with physical
inactivity, but that isolation only was associated with smoking [20]. However, this study was
cross-sectional and did not present the relationships of each construct with the persistence
of health behaviors over time. The cross-sectional nature of existing evidence is a major
limitation in this research area, as the effects of health behaviors on clinically-defined
outcomes are largely dependent on the persistence of behaviors over time. If social isolation
or loneliness are associated with persistent engagement in behaviors such as physical
activity, diet, smoking, and drinking over long periods of time, then the implications for health
risks may be strong. However, the long-term associations between social isolation,
loneliness, and health behaviors are uncertain. Given these two key limitations of existing
literature, whether social isolation and loneliness represent independent risk factors for
health behaviors over long time periods is uncertain. The simultaneous and balanced
investigation of both constructs in relation to health is warranted to answer this question,
which has direct implications for the types of interventions that may be developed to mitigate
the effects of social isolation, loneliness, or both.

Assuming a normative regulatory role of social relationships over health behaviors,
we hypothesize that social isolation will be associated with a lower likelihood of engaging in
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health-promoting behaviors over time among older adults. We hypothesize that loneliness
will show associations in the same direction, although they may be of lesser magnitudes due
to the potential presence of social control, engagement, and support from friends and family
despite feelings of loneliness. The present paper therefore aims to investigate the
longitudinal and independent relationships between baseline social isolation, baseline
loneliness, and consistent weekly moderate-to-vigorous physical activity (MVPA), consistent
five daily fruit and vegetable servings, daily alcohol drinking at any time point, smoking at
any time point, and a consistently overweight/obese BMI over the follow-up over a ten-year

period in a nationally representative cohort of older English adults.

METHODS

Design

The English Longitudinal Study of Ageing (ELSA) is a population-based longitudinal cohort
study of adults aged =50 years in England [45]. The cohort began in 2002/03, with the
original study sample based on a random stratified sample of households in England who
participated in the Health Survey for England (n=12,100, response rate=66%). Data are
collected through in-person home-based interviews and self-completion questionnaires
every two years, and physical assessments with a trained nurse every four years. The study
was approved by the National Research Ethics Service. Presently, data are available up to

2014/15.

Sample

Eligible participants for this analysis were core ELSA participants who completed data
collection from 2004/05 through 2014/15 with non-proxy interviews, and had complete data
on social isolation, loneliness, and covariates. Proxy interviews were conducted for
participants who were cognitively impaired or institutionalized during data collection; these
participants were excluded from the present analysis. The final analytic sample included

3392 participants (Figure 1).



Measures

Social isolation

A five-item index of social isolation was computed [15,20]. Participants were assigned one
point if they had less than monthly contact with each of children, other family members, and
friends (any of meeting in person, speaking on the telephone, or writing/emailing), if they did
not belong to a social organization or club, or if they lived alone. Scores on the index ranged
from O to 5, with higher scores indicating a greater degree of social isolation. As with
previous ELSA analyses, scores were dichotomized at 22 vs. <2 points to indicate high vs.
low social isolation [15,20]. While previous ELSA analyses have used marital status rather
than living alone in the social isolation index, we exclude marital status to open up the
possibility that someone can be married but still be isolated. Our re-categorization may give

a more precise of isolation based on actual living conditions, rather than on marital status.

Loneliness

Loneliness was measured using a three-item short form of the Revised UCLA Loneliness
Scale [46]. Items were questions such as ‘How often do you feel you lack companionship?’
with response options of ‘hardly ever or never’, ‘some of the time’, and ‘often’. Scores ranged
from 3 to 9, with higher scores indicating greater loneliness. They were dichotomized at =6
vS. <6 to indicate high vs. low loneliness [15]. The scale showed good internal consistency,

with a Chronbach’s alpha of 0.81.

Health behaviors
All health behaviors were categorized in a binary fashion according to UK public health
recommendations and evidence on their associations with health outcomes in older adults,
including risks of cardiovascular disease, cancers, and all-cause mortality [47-58].

MVPA was assessed in the study interview, where participants were questioned
about the frequencies with which they participated in mild, moderate, and vigorous physical
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activities, with response options of ‘... more than once a week’, ‘once a week’, ‘one to three
times a month’, and ‘hardly ever or never’. Participants were presented with a card showing
examples of all three activity intensity levels. MVPA was coded dichotomously at each wave
as moderate or vigorous intensity activity 2once per week vs. <once per week [47-49]. This
MPVA measure has been validated in a subsample of ELSA participants against objective
accelerometer measurements (Spearman r=0.21; P=0.002) and is predictive of all-cause
mortality risk [48,52]. The outcome variable was maintaining weekly MVPA at all of six time
points from 2004/05 to 2014/15 (yes vs. no).

Fruit and vegetable intake was assessed in the self-completion questionnaire from
2006/07 onward. In 2006/07 and 2008/09, participants were asked to tick off the numbers of
various types of fruit and vegetable servings they had eaten in the past day. In 2010/11
through 2014/15, they were asked to write in a box the total numbers of fruit and of
vegetable servings they had eaten in the past day. At each time point, the total number of
fruit and vegetable servings consumed was calculated and dichotomized at <5 vs. 25 per
day, to reflect UK public health recommendations [51]. The median numbers of servings
consumed at each time point were: 4.3 (2006/07), 5.3 (2008/09), 5.0 (2010/11), 5.0
(2012/13), and 5.0 (2014/15). Hence, the 5 servings per day cut-off represents an
approximate median split in intake at each follow-up time point. The outcome variable was
consuming 25 servings daily at all of five time points from 2006/07 to 2014/15 (yes vs. no).

Alcohol consumption was assessed in the self-completion questionnaire as the
frequency of consuming an alcoholic drink in the past 12 months (‘almost every day’; ‘5 or 6
days a week’; ‘3 or 4 days a week’; ‘once or twice a week’; ‘once or twice a month’; ‘once
every couple of months’; ‘once or twice a year’; ‘not at all in the last 12 months’). Those who
reported drinking ‘almost every day’ in the past 12 months were coded as consuming alcohol
daily, in order to capture heavy alcohol consumption [58]. The outcome variable was
consuming alcohol daily at any time point from 2004/05 to 2014/15 (yes vs. no).

Smoking status was assessed in the study interview, where participants were asked
at each wave if they smoke cigarettes at all nowadays. Those who reported ‘yes’ to smoking
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nowadays were coded as smokers. Former smokers (prior to the study period) and never
smokers were grouped together. The outcome variable for smoking status was being a
smoker at any time point from 2004/05 to 2014/15 (yes vs. no). This variable captures long-
term smokers, and also ‘transitional’ smokers who intermittently made quit attempts followed
by relapses over the study follow-up period.

Trained nurses measured BMI at four-year intervals for a subset of the study
population. BMI was classified at each time point as overweight or obese (BMI 225), or
normal weight or underweight (BMI <25). Very few participants were underweight (BMI
<18.5; n=27). The outcome variable for BMI was consistently being overweight or obese in

2004/05, 2008/09, and 2012/13 (yes vs. no).

Covariates

Covariates, assessed in the study interview, were: age group (52-59, 60-69, 70-70, 280), sex
(male, female), marital status (single, married/living as married), net non-pension wealth in
quintiles stratified at age 65 to account for the effect of retirement on wealth, educational
attainment (no qualifications, some education, degree level), ethnicity (white, non-white),
limiting long-standing illness (yes, no), number of mobility impairments, presence of
depressive symptoms according to scoring 23 on the 8-item Centre for Epidemiologic
Studies Depression Scale (CES-D; yes, no) [15], and self-reported physician diagnosis of a
range of chronic conditions: cancer, diabetes, heart disease, chronic lung disease, stroke,
arthritis, depression (all yes, no). An item on loneliness was removed from the CES-D scale

to avoid overlap with the loneliness score, so that 7 items remained in the scale [15].

Statistical analysis

Characteristics of the sample were described according to baseline social isolation and
baseline loneliness. A modified Poisson regression for binary outcome data with a log link
function and robust error variance was used to estimate relative risks (RRs) and 95%
confidence intervals (CIs) for the associations between baseline social isolation, baseline
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loneliness, and consistent weekly MVPA, consistent intake of five daily fruit and vegetable
servings, daily alcohol drinking at any time point, smoking at any time point and consistent
overweight/obese BMI (all yes vs. no) over the follow-up [59]. Covariates were sequentially
entered into models: Model Set 1 adjusted for age and sex, Model Set 2 additionally
adjusted for sociodemographic factors (ethnicity, marital status, net non-pension wealth
guintile, and educational attainment), and Model Set 3 additionally adjusted for health
indicators (limiting long-standing illness, cancer, diabetes, heart disease, stroke, chronic lung
disease, mobility impairment, and arthritis). In Model Set 4, social isolation and loneliness
were mutually adjusted for. Model Set 5 additionally adjusted for depression and depressive
symptom (CES-D) score to assess the role of mental health status in the results.

A subgroup analysis was conducted among baseline smokers (n=383), where the
relationships between each of social isolation and loneliness and successful smoking
cessation (defined as reporting non-smoking from waves 2006/07 through 2014/15) were
estimated in models adjusted for the same factors as in Model Set 4. Statistical weights were
applied to all models to ensure that estimates represented the target general population. The
ELSA wave 7 longitudinal weights were calculated as the inverse of the estimated probability
of response to wave 7, multiplied by the wave 6 longitudinal weight and scaled to an average
of 1. This iterative weighting calculation process means that the wave 7 longitudinal weight
adjusts for non-response to the Health Survey for England and to each subsequent ELSA
wave [60].

Three post hoc sensitivity analyses were run to further assess the relationships
between social isolation, loneliness, and BMI: 1) removing all underweight participants (BMI
<18.5 and <20), 2) stratifying models by age group to examine for effect modification by age
(<65 vs. 265 and by decade), and 3) examining BMI at each time point to assess whether
any particular time point might be driving the results. Two post-hoc interaction analyses were
also conducted, on the recommendation of the peer reviewers. The first examined whether
an interaction existed between social isolation and loneliness, and the second examined
whether the results differed between men and women. A final sensitivity analysis was
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conducted, using marital status rather than living situation (alone vs. not alone) in the social
isolation index to be consistent with previous ELSA analyses [9,15,20]. All analyses were

conducted using StataSE 13.1 (College Station, TX).

RESULTS
Overall, 13% of participants (442/3392) were classified as socially isolated (Table 1). Those
who were socially isolated were more likely to be single, to have lower net non-pension
wealth, and to have lower educational attainment than those who were not isolated (Table
1). Social isolation did not vary according to age, gender, ethnicity, or most baseline health
conditions. However, compared to non-isolated participants, those who were socially
isolated had a higher prevalence of chronic lung conditions (3% vs. 1%; p<0.0001) and
depressive symptoms (22% vs. 15%; p<0.0001). In unadjusted chi-squared analyses,
socially isolated participants were less likely to consistently report engaging in MVPA at least
once weekly (41% vs. 53%; p<0.0001) or consuming five daily fruit and vegetable servings
(17% vs. 25%; p=0.002); they were less likely to consistently be overweight or obese (55%
VS. 66%; p<0.0001), less likely to consume alcohol daily at any time point (35% vs. 43%;
p=0.01), and more likely to report smoking at any time point (22% vs. 12%; p<0.0001).
Overall, 16% of participants (560/3392) were classified as having a ‘high’ degree of
loneliness. Social isolation and loneliness were weakly, but significantly correlated
(Spearman’s r=0.13; p<0.0001). Compared to those with ‘low’ loneliness, adults ‘high’ in
loneliness were more likely to be older, to be female, to be single, to have less net non-
pension wealth, to have lower educational attainment, and to be an ethnic minority (Table 2).
Baseline health conditions varied more with loneliness than they did with social isolation:
participants ‘high’ in loneliness had higher prevalence of limiting long-standing illnesses
(40% vs. 24%; p<0.0001), stroke history (3% vs. 1%; p=0.005), arthritis (42% vs. 30%;
p<0.0001), and depressive symptoms (40% vs. 11%; p<0.0001), and they had a greater
number of mobility impairments, on average (2.44 vs. 1.32; p<0.0001; Table 2). In
unadjusted chi-squared analyses, adults ‘high’ in loneliness were less likely than those ‘low’
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in loneliness to consistently report engaging in weekly MVPA (40% vs. 54%; p<0.0001), less
likely to be consistently overweight or obese (59% vs. 66%; p=0.02), less likely to report
drinking alcohol daily at any time point (34% vs. 43%; p=0.02), and more likely to report
smoking at any time point (16% vs. 13%; p=0.02).

Table 3 shows multivariable-adjusted associations between baseline social isolation
and health behaviors over the ten-year follow-up. After adjusting for age and sex in Model
Set 1, social isolation (high vs. low) was associated with reduced likelihoods of engaging in
weekly MVPA (RR=0.77; 95% CI: 0.68-0.87), consuming five daily fruit and vegetable
servings (RR=0.74; 95% CI: 0.58-0.95), being consistently overweight or obese (RR=0.84;
0.75-0.94), and consuming alcohol daily at any time point (RR=0.80; 95% CI: 0.68-0.95),
and increased likelihood of smoking at any time point (RR=1.84; 95% CI. 1.50-2.26). These
RRs were moderately attenuated with adjustment for sociodemographic factors in Model Set
2, but all remained statistically significant except for daily alcohol consumption and fruit and
vegetable intake, which was of borderline statistical significance (defined as upper limit of
95% CI between 1.00 and 1.05). Further adjustment for health indicators in Model Set 3,
loneliness in Model Set 4, and depression and depressive symptoms in Model Set 5
negligibly altered the remaining RRs, indicating that they minimally influenced the
relationship between social isolation and health behaviors reported over the follow-up (Table
3). The subgroup analysis of smokers showed that social isolation was not significantly
associated with successfully quitting smoking over the follow-up (fully adjusted RR=1.49;
95% ClI: 0.75-2.97), although this estimate is imprecise due to the small number of smokers
who successfully quit over the follow-up.

Table 4 shows multivariable-adjusted associations between baseline loneliness and
health behaviors over the ten-year follow-up. After adjusting for age and sex in Model Set 1,
loneliness was significantly associated with reduced likelihoods of engaging in weekly MVPA
(RR=0.75; 95% CI: 0.66-0.84), drinking alcohol daily (RR=0.83; 95% CI: 0.71-0.98), and
increased likelihood of smoking at any time point (RR=1.27; 95% CI: 1.02-1.58). It was
borderline statistically significantly associated with consumption of five daily fruit and
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vegetable servings (RR=0.82; 95% CI: 0.67-1.01), and being consistently overweight or
obese (RR=0.93; 95% CI: 0.85-1.02). After full adjustment for covariates, loneliness was not
significantly associated with any of the health behaviors (Table 4). In the subgroup analysis
of smokers, loneliness was negatively associated with successfully quitting smoking over the
follow-up (fully adjusted RR=0.31; 95% CI: 0.11-0.90).

The inverse relationships between social isolation, loneliness, and overweight/obesity
were unexpected. Given that age maodifies the relationship between BMI and health
outcomes in elderly adults, whereby low BMI among adults over age 65 is predictive of poor
health and increased mortality risk, we conducted three post hoc sensitivity analyses to
further examine the role of BMI dynamics in our results. As shown in the Supplementary
Material, removal of participants with low BMI (each of <18.5 and <20) did not affect the
results, indicating that the inverse relationship we observed was not due to isolated
participants being underweight. There was no evidence of effect modification by age group,
either stratified at age 65 or by decade of life, indicating that the inverse relationship
between BMI and health status in older adults did not influence the overall result. Finally,
BMI category at any single time point did not appear to drive the results, indicating that
potentially different trajectories of weight loss between the low vs. high isolation groups did
not affect the results. The sensitivity analyses for loneliness showed similar results
(Supplementary Material).

There were no indications of statistical interactions between social isolation and
loneliness in predicting the health behavior outcomes, with the following p-values for
multiplicative interaction terms in the final models: p=0.89 (MVPA), p=0.88 (fruit and
vegetable intake), p=0.39 (BMI), p=0.86 (alcohol consumption), and p=0.16 (smoking).
There was also no indication that gender moderated the relationships between either social
isolation or loneliness with the health behavior outcomes (all p-values >0.05). The results
were also not significantly altered when marital status, rather than living alone, was included

in the social isolation index (Supplementary Material). In this analysis, the RRs were
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somewhat smaller than in the original analysis, indicating that marital status may have a

weaker association with health behavior than does living alone.

DISCUSSION

In this longitudinal study of English adults aged =52 years over a ten-year period, social
isolation was negatively associated with consistent engagement in weekly MVPA, consistent
consumption of five daily fruit and vegetable servings, and being overweight or obese at any
time point. It was positively associated with smoking at any time point. There was no
association between social isolation and daily alcohol consumption over the ten-year follow-
up. These relationships indicate that social isolation is associated with less desirable and
inconsistent engagement in health-promoting behaviors over time among older adults.
Loneliness was not associated with any health behaviors or overweight/obesity over the ten-
year follow-up, although it was negatively associated with successful smoking cessation
among smokers. The implications of loneliness for older smokers require investigation in
other longitudinal studies with a greater number of smokers than were included in this study.
Overall, our findings indicate that, among the general population of older English adults,
social isolation, but not loneliness, might have consequences for longer-term patterns of
health-related behaviors.

Our findings are consistent with studies that have found relationships between social
isolation and physical activity, diet, smoking, and obesity [20,33—-35,37,39], but inconsistent
with those finding patterns of alcohol abuse and abstinence to be associated with isolation
[36,40]. Our results are also consistent with other findings using the ELSA data, which found
that social isolation (defined according to marital status, rather than living alone) was
prospectively associated with declines in physical mobility and cognitive function, and risk of
all-cause mortality [9,15,61]. The negative relationship with overweight/obesity that we
observed was unexpected, and may be due to uncaptured subclinical health conditions or
restricted eating behaviors that would cause lower BMI among isolated or lonely adults [62].
Our findings are also inconsistent with those observing relationships between loneliness and
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health behaviors [4,20,41-44], especially one observing that baseline loneliness predicted
reduced odds of physical activity over a two-year follow-up in 229 older American adults [43].
These previous studies were all cross-sectional except for one, and could not examine
whether the observed relationships persisted over time. Differing methods of physical activity
assessment across studies, such as differing scales of activity frequency, duration, or type
may also explain these inconsistent findings. No other studies have investigated social
isolation or loneliness in relation to smoking cessation, as none have been able to
longitudinally investigate smoking as an outcome. Only one other study has accounted for
both social isolation and loneliness, also using the ELSA data in a cross-sectional analysis of
the 2004/05 wave [20]. Our finding that smoking was associated with isolation, but not
loneliness, is consistent with theirs, although they found that both of loneliness and isolation
were associated with reduced odds of weekly physical activity [20]. Overall, our findings
indicate that longitudinal studies are necessary to understand the relationships between
affective states and health-related behaviors.

In this large, population-representative sample of older English adults, our results
support the notion that social isolation may lead to non-engagement in healthy behaviors
[17]. Social isolation may reduce or remove any direct sense of obligation to stay well for
loved ones, may exempt one from broader group-based social norms that promote health,
and result in a lack of instrumental or emotional social support that can help promote healthy
behaviors [17,25-28]. Future work should examine whether different modes of social
connections, such as face-to-face, over the telephone, or online have differential effects on
influencing health behaviors over time. For older adults who are lonely, social connections
may still be in place despite the unpleasant affective experience of feeling alone. Theoretical
work emphasizes that the clinical outcomes of loneliness, including increased mortality risk,
may be predominantly through non-behavioral mechanisms such as chronic stress,
dysregulation of coping mechanisms, cognitive dysfunction, and systemic inflammation
[2,29]. Among smokers, however, loneliness appeared to have a negative association with
smoking cessation. An important consideration is that we did not have measures of social
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isolation, loneliness, or health behaviors from earlier in life. From a life course perspective,
social relationships may influence health behaviors from childhood through older age, and
we may be observing long-term social behavioral processes set into motion in earlier life
[63]. Comparable evidence from early- and mid-life cohorts would help illuminate the
progressive links between social relationships and health behaviors across the whole life
course. For now, our results indicate that the health-related behavioral associations of social
isolation may remain in place for periods of at least ten years among older adults.

Although theoretical and empirical research in this area consistently point to social
isolation effects on health behavior, reverse causality is possible in our findings. This is
particularly true for smoking and alcohol consumption, due to their negative effects on social
integration. Smoking is typically initiated early in life, and it might lead to social withdrawal
and subsequent isolation over time through its adverse effects on mood [64]. Using data
from the Framingham Heart Study, Christakis and colleagues have found that as smoking
behavior has become less normative in the population over time, long-term smokers tend to
get pushed to the peripheries of social networks [39]. Our results may have in part captured
this reverse direction of association. We did observe that loneliness was negatively
associated with smoking cessation among baseline smokers, although the number of
participants who successfully quit without relapsing was small (n=40) and the finding for
social isolation was imprecise. Heavy alcohol consumption can also result in social
withdrawal, although our alcohol measure had poor sensitivity to capture true heavy drinking,
as it assessed frequency rather than volume of consumption. Further longitudinal research
should examine the temporal dynamics of social isolation, loneliness, smoking cessation,
and alcohol abuse in older adults.

A limitation of our study is that the health behaviors were assessed by self-report.
Recall error would bias the RRs in a direction that would depend on whether it was random
(bias towards the null) or differential according to loneliness or social isolation (bias in a
direction that would depend on the overall direction of under- or over-estimates of behaviors
in each group). Reassuringly, the overall frequencies of self-reported health behaviors in this
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study are similar to those reported in the population-representative Health Survey for
England [65—67]. We categorized the health behaviors according to UK public health
recommendations and evidence on their associations with health outcomes [47-58].
Although the response format for fruit and vegetable intake changed between 2008/09 and
2010/11, the median values at each time point were 5.0 or close to 5.0, meaning that the
outcome variable approximately represents a median split in intake at each follow-up time
point, regardless of the change in response format. Those who dropped out or died over the
follow-up were more likely to be socially isolated and lonely at baseline than those who
remained in the study (Supplementary Material). They were also more likely to be men, to
have lower net non-pension wealth, to have no educational attainment, to be non-white, and
to be in worse health than those who remained (Supplementary Material). This was
addressed through the use of population-based longitudinal weights that iteratively
accounted for non-response to the Health Survey for England and all waves of the ELSA in
all statistical models to ensure the sample was representative of the target general
population [60].

In conclusion, this study indicates that social isolation is associated with a range of
health-related behaviors over a ten-year follow-up period among older English adults.
Loneliness was not associated with any persistent health-related behaviors, although
loneliness was negatively associated with smoking cessation among smokers. These
findings require replication in other longitudinal cohorts of aging. These longitudinal findings
were independent of a range of sociodemographic factors and health indicators, including
functional mobility and depression. Our results support the notion that social isolation affects
health outcomes such as mortality through behavioral pathways. On balance, the consistent
evidence for poor health outcomes associated with social isolation and loneliness warrants
the development of psychosocial interventions to improve social engagement and reduce
feelings of loneliness among older adults. Future studies could examine the best possible
ways to help isolated and lonely older adults to connect and stay connected with others in
ways that help them to sustain health-promoting behaviors and overall health and wellbeing.
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Figure 1. Study flow diagram
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Table 1. Baseline participant characteristics according to social isolation, ELSA, n=3392

High social Low social
Overall
Baseline characteristic isolation isolation p-value
3392 (100%)
442/3392 (13%) 2950/3392 (87%)
Age group 0.39
52-59 1330 (39%) 162 (37%) 1168 (40%)
60-69 1299 (38%) 167 (38%) 1132 (38%)
70-79 661 (19%) 98 (22%) 563 (19%)
>80 102 (3%) 15 (3%) 87 (3%)
Male 1487 (44%) 207 (47%) 1280 (43%) 0.17
Marital status <0.0001
Unmarried 979 (29%) 266 (60%) 713 (24%)
Married/living as married 2413 (71%) 176 (40%) 2237 (76%)
Net non-pension wealth quintile <0.0001
1 (poorest) 449 (13%) 107 (24%) 342 (12%)
2 595 (18%) 89 (20%) 506 (17%)
3 683 (20%) 89 (20%) 594 (20%)
4 774 (23%) 74 (17%) 700 (24%)
5 (richest) 891 (27%) 83 (19%) 808 (27%)
Educational attainment <0.0001
No qualifications 907 (27%) 150 (34%) 757 (26%)
Some education 1386 (41%) 188 (43%) 1198 (41%)
Degree level 1099 (32%) 104 (24%) 995 (34%)
Ethnicity 0.83
Non-white 35 (1%) 5 (1%) 30 (1%)
White 3357 (99%) 437 (99%) 2920 (99%)
Limiting long-standing illness 905 (27%) 131 (30%) 774 (26%) 0.13
Cancer 81 (2%) 9 (2%) 72 (2%) 0.60
Diabetes 178 (5%) 31 (7%) 147 (5%) 0.07
Heart disease 75 (2%) 7 (2%) 68 (2%) 0.34
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Chronic lung disease

Stroke

No. mobility impairments (mean; SD)

Arthritis

Depression

Depressive symptoms

Health behaviors over the follow-up:2
Consistent weekly MVPA
Consistent five daily fruit & veg intake
Consistently overweight/obese BMI
Daily alcohol at any time point

Smoking at any time point

38 (1%)

48 (1%)

1097 (32%)
47 (1%)

540 (16%)

1746 (52%)
686 (24%)
1462 (65%)
1050 (42%)

449 (13%)

13 (3%)
6 (1%)
1.67 (2.36)
149 (34%)
6 (1%)

97 (22%)

181 (41%)
62 (17%)
154 (55%)
106 (35%)

96 (22%)

25 (1%)
42 (1%)
1.48 (2.1)
948 (32%)
41 (1%)

443 (15%)

1565 (53%)
624 (25%)
1308 (66%)
944 (43%)

353 (12%)

<0.0001

0.91

0.36

0.51

0.96

<0.0001

<0.0001

0.002

<0.0001

0.01

<0.0001

aNumbers in the rows for the health behaviors may not sum to 3392 due to missing outcome data
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Table 2. Baseline participant characteristics according to loneliness, ELSA, n=3392

Overall
High loneliness Low loneliness
Baseline characteristic 3392 p-value
560/3392 (16%)  2832/3392 (84%)
(100%)

Age group 0.06

52-59 1330 (39%) 212 (38%) 1118 (39%)

60-69 1299 (38%) 198 (35%) 1101 (39%)

70-79 661 (19%) 130 (23%) 531 (19%)

>80 102 (3%) 20 (4%) 82 (3%)
Male 1487 (44%) 192 (34%) 1295 (46%) <0.0001
Marital status <0.0001

Unmarried 979 (29%) 308 (55%) 671 (24%)

Married/living as married 2413 (71%) 252 (45%) 2161 (76%)
Net non-pension wealth quintile <0.0001

1 (poorest) 449 (13%) 115 (21%) 334 (12%)

2 595 (18%) 140 (25%) 455 (16%)

3 683 (20%) 120 (21%) 563 (20%)

4 774 (23%) 102 (18%) 672 (24%)

5 (richest) 891 (27%) 83 (15%) 808 (29%)
Educational attainment <0.0001

No qualifications 907 (27%) 205 (37%) 702 (25%)

Some education 1386 (41%) 226 (40%) 1160 (41%)

Degree level 1099 (32%) 129 (23%) 970 (34%)
Ethnicity 0.02

Non-white 35 (1%) 11 (2%) 24 (1%)

White 3357 (99%) 549 (98%) 2808 (99%)
Limiting long-standing illness 905 (27%) 223 (40%) 682 (24%) <0.0001
Cancer 81 (2%) 10 (2%) 71 (3%) 0.31
Diabetes 178 (5%) 33 (6%) 145 (5%) 0.45
Heart disease 75 (2%) 19 (3%) 56 (2%) 0.04
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Chronic lung disease

Stroke

No. mobility impairments (mean; SD)

Arthritis

Depression

Depressive symptoms

Health behaviors over the follow-up:2
Consistent weekly MVPA
Consistent five daily fruit & veg intake
Consistently overweight/obese BMI
Daily alcohol at any time point

Smoking at any time point

38 (1%)

48 (1%)

1097 (32%)
47 (1%)

540 (16%)

1746 (52%)
686 (24%)
1462 (65%)
1050 (42%)

449 (13%)

8 (1%)
15 (3%)
2.44 (2.71)
237 (42%)
11 (2%)

226 (40%)

221 (40%)
90 (21%)
208 (59%)
133 (34%)

91 (16%)

30 (1%)
33 (1%)
1.32 (1.99)
860 (30%)
36 (1%)

314 (11%)

1525 (54%)
596 (25%)
1254 (66%)
917 (43%)

358 (13%)

0.45

0.005

<0.0001

<0.0001

0.20

<0.0001

<0.0001

0.07

0.02

0.001

0.02

aNumbers in the rows for the health behaviors may not sum to 3392 due to missing outcome data
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Table 3. Population-weighted, multivariable-adjusted associations between social isolation and health

behaviors, ELSA, 2004 to 2015

Model

Longitudinal health behaviors

RR" (95% Cl)

High vs. low social isolation

Consistent weekly MVPA (n=3387)
Age + sex
Model 1 + sociodemographics”
Model 2 + health indicators®
Model 3 + loneliness

Model 4 + depression and CES-D score

Consistent five daily fruit & veg intake (n=2858)

Age + sex

Model 1 + sociodemographics”
Model 2 + health indicators®
Model 3 + loneliness

Model 4 + depression and CES-D score

Consistently overweight/obese BMI (n=2261)

Age + sex

Model 1 + sociodemographics”

Model 2 + health indicatorst

Model 3 + loneliness

Model 4 + depression and CES-D score
Daily alcohol at any time point (n=2524)

Age + sex

Model 1 + sociodemographics”

Model 2 + health indicators?

Model 3 + loneliness

Model 4 + depression and CES-D score
Smoking at any time point (n=3389)

Age + sex

Model 1 + sociodemographics”

Model 2 + health indicatorst

Model 3 + loneliness

28

0.77 (0.68, 0.87)
0.85 (0.76, 0.97)
0.86 (0.77, 0.97)
0.86 (0.77, 0.97)

0.86 (0.77, 0.97)

0.74 (0.58, 0.95)
0.79 (0.62, 1.02)
0.80 (0.62, 1.03)
0.80 (0.62, 1.04)

0.80 (0.62, 1.04)

0.84 (0.75, 0.94)
0.85 (0.76, 0.95)
0.86 (0.77, 0.96)
0.86 (0.77, 0.96)

0.86 (0.77, 0.97)

0.80 (0.68, 0.95)
0.91 (0.77, 1.08)
0.90 (0.76, 1.07)
0.90 (0.76, 1.07)

0.90 (0.76, 1.07)

1.84 (1.50, 2.25)
1.46 (1.18, 1.82)
1.46 (1.17, 1.82)

1.47 (1.18, 1.83)



5

Model 4 + depression and CES-D score

1.46 (1.17, 1.82)

*Sociodemographic factors are ethnicity, marital status, net non-pension wealth quintile, and
educational attainment

THealth indicators are limiting long-standing illness, cancer, diabetes, heart disease, stroke, chronic

lung disease, mobility impairment, and arthritis

Table 4. Population-weighted, multivariable-adjusted associations between loneliness and health behaviors,

ELSA, 2004 to 2015

Model

Longitudinal health behaviors

RR" (95% Cl)

High vs. low loneliness

Consistent weekly MVPA (n=3387)
Age + sex
Model 1 + sociodemographics”
Model 2 + health indicators®
Model 3 + social isolation

Model 4 + depression and CES-D score

Consistent five daily fruit & veg intake (n=2858)

Age + sex

Model 1 + sociodemographics”
Model 2 + health indicators’
Model 3 + social isolation

Model 4 + depression and CES-D score

Consistently overweight/obese BMI (n=2261)

Age + sex

Model 1 + sociodemographics”

Model 2 + health indicators?

Model 3 + social isolation

Model 4 + depression and CES-D score
Daily alcohol at any time point (n=2524)

Age + sex

Model 1 + sociodemographics”

Model 2 + health indicatorst

Model 3 + social isolation

29

0.75 (0.66, 0.84)
0.84 (0.75, 0.94)
0.94 (0.84, 1.04)
0.94 (0.84, 1.04)

0.97 (0.88, 1.09)

0.82 (0.67. 1.01)
0.88 (0.71, 1.08)
0.87 (0.70, 1.08)
0.87 (0.70, 1.08)

0.93 (0.75, 1.15)

0.93 (0.85, 1.02)
0.93 (0.85, 1.02)
0.92 (0.83, 1.01)
0.92 (0.83, 1.01)

0.92 (0.84, 1.02)

0.83 (0.71, 0.98)
0.97 (0.83, 1.13)
0.99 (0.84, 1.15)

0.99 (0.85, 1.16)



5 Model 4 + depression and CES-D score 1.01 (0.86, 1.18)

Smoking at any time point (n=3389)

1 Age + sex 1.27 (1.02, 1.58)
2 Model 1 + sociodemographics” 0.99 (0.78, 1.23)
3 Model 2 + health indicators® 0.93 (0.74, 1.17)
4 Model 3 + social isolation 0.91 (0.72, 1.15)
5 Model 4 + depression and CES-D score 0.88(0.69, 1.11)

*Sociodemographic factors are ethnicity, marital status, net non-pension wealth quintile, and
educational attainment

THealth indicators are limiting long-standing illness, cancer, diabetes, heart disease, stroke, chronic
lung disease, mobility impairment, and arthritis
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