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Abstract

Background: Social support and social networks have long been postulated to impact health
outcomes but their impact on life expectancy and disability in older adults remains poorly
quantified.

Methods: As part of the Cardiovascular Health Study, we followed 5,749 adults aged 65 years
and older from 4 US field centers for 25 years. We assessed the Lubben social network score
[range 0-50] and a social support score [range 0-24] derived from the Interpersonal Support
Evaluation List (ISEL-12) in two consecutive years starting at study recruitment. We used
remaining years of life (YOL) from study enrollment to death to approximate life expectancy.
We defined years of active life (YAL) as the number of study years in which participants

lived without any difficulties in activities of daily living. We used compression of disability to
reflect the proportion of life lived able (YAL/YOL). We used linear regression to adjust for
socio-demographics and comorbidity.

Results: The mean (standard deviation [SD]) scores were 32.3 + 6.8 points for social network
score and 8.3 + 2.4 points for social support score. For every 1-SD increase in social network
score, adjusted participant life expectancy was 0.40 years higher (95% CI 0.22-0.58; p<0.0001)
and disability-free life expectancy 0.35 years higher (95% CI1 0.18-0.53; p<0.0001). The
association with life expectancy was modified by participant age (p<0.001), but it remained
significant even among participants aged =75 years (3 months per SD; 95% CI 0.1-6 months,
p= 0.04). Further adjustment for frailty did not attenuate the estimates. The social support scale
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was not significantly associated with YOL or YAL after adjustment for social network score, and
neither measure was associated with compression of disability.

Discussion: In older adults, higher social network scores are significantly associated with longer
life expectancy and disability-free life expectancy.

Keywords

healthy aging; social support networks; social determinants of health; longevity

INTRODUCTION

Since the 1970s, social networks, or the intricate web of relationships or connections
undertaken by an individual on a daily basis, have been postulated to affect the spectrum of
health.! Features of social networks including size,?3 frequency of contact with members,*
and network diversity® have all been implicated in modulating the health effects of social
networks. Less robust social networks, in particular, have been associated with more
frequent hospital visits, primary care visits, and higher health care costs.® Social networks
are also thought to be associated with lower risk of mortality,27-9 although characterizing
who benefits10.11 and the magnitude of the benefit12-15 remain actively debated. In addition,
stronger social networks have been thought to have a protective effect on development of
disability in older adults.16:17

Nonetheless, several issues remain to address. First, many prior studies reported unadjusted
results or null, imprecise estimates with wide confidence intervals.® Second, to our
knowledge, no prior studies have attempted to quantify absolute years of life lost or

gained associated with social networks in older adults; these require essentially complete
follow-up to death of most participants. Third, due to the complex interplay between
underlying physical health, comorbidity burden, and social isolation, the directionality
between underlying health and social networks, particularly in older adults, has been
difficult to establish. In addition, it is unknown if strong social networks or social support
systems can influence the relative compression of the disabled period, or the proportion of
life spent with ADL difficulties, as has been postulated with a healthy lifestyle.18 Thus, the
exact contributions of social support and social networks to life expectancy, disability-free
life expectancy, and compression of disability remain to be quantified.

To address these questions, we followed participants from the Cardiovascular Health Study
(CHS). This ongoing population-based cohort study has followed 5888 adults aged 65 and
older for over two decades and includes clinical, demographic, and sociological data. As a
result, we were able to quantify the association of these complex social constructs on the
most important of health outcomes — total and able years of life lived.

METHODS

Study participants

CHS is a longitudinal cohort study of 5,888 adults aged 65 years and older that was designed
to understand the risk factors associated with development of cardiovascular disease and
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stroke in older adults.19 Starting in 1989, 5201 participants were recruited from 4 diverse
field centers in the United States (Sacramento, CA; Hagerstown, MD; Winston-Salem,

NC; and Pittsburgh, PA) using a random sample of Medicare eligibility lists. A cohort of
687 predominantly African-Americans was recruited from three of the original centers in
1992-1993. Participants were eligible if they were 65 years of age or older, demonstrated
capacity for informed consent, were not wheelchair bound and were otherwise not receiving
any chemotherapy, radiation therapy, or hospice services. Recruitment and periodic follow
up efforts completed both by telephone and in person included health surveys, physical
examination, laboratory measurements, and selected imaging. For these analyses, mortality
ascertainment was complete through 25 years of follow-up.

All CHS participants provided written informed consent, and the study was approved by

all participating field centers and the coordinating center at the University of Washington
(approval numbers Johns Hopkins, 11007/CR811; University of Washington and ceded
review from UC Davis, University of Pittsburgh, and Wake Forest University, CR00006343).

Exclusion Criteria

We excluded participants who were missing baseline social network (n=17) or social support
scores (n=77) and excluded individuals who had missing data on underlying comorbidity
burden or sociodemographic factors (n=45), leaving 5,749 participants in our analytic
dataset (Supplementary Figure 1).

Social Support and Social Network Scores

Our primary exposures of interest were each participant’s social network and social support
scores. Upon enrollment, all participants completed two measures: the 10-item Lubben
Social Network Scale and the 6-item Interpersonal Support Evaluation List (detailed
instrument with questions provided in Supplemental Table 1).20.21

The Lubben scale screens for perceived social isolation and assesses social support in older
adults by evaluating kin and non-Kkin ties. It assesses the number of relatives/friends that
individuals feel close to, how frequently they see them, and overall the number of times they
have contact with close friends/relatives per month. Each item is scored from 0-5 for a total
score of 0-50.

The social support score for each participant was assessed using a survey adapted from

the Interpersonal Support Evaluation List.2! The instrument evaluates how well participants
feel supported by their family and friends in daily life in 3 different support spectrums:
belonging (i.e., “When | feel lonely, there are several people | can talk to”), appraisal (i.e.,
“When | need suggestions on how to deal with personal problem, | know someone | can turn
to”), and tangible support (i.e., “If I were sick, I could easily find someone to help me with
daily chores”). Items were rated on a 4-point scale from 1 (definitely false) to 4 (definitely
true). Total scores ranged from 0-24.

These two scales were collected for both cohorts of participants at their respective baseline
enrollment periods (1989/1990 or 1992/93) and at the field center visit the following year.
To minimize misclassification, we averaged scores for each measure from the first two
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consecutive years of follow-up for both cohorts; if the second score was missing, we used
only the baseline value. We repeated all analyses with each cohort’s baseline values only for
both social support and social network scores as a sensitivity analysis.

Years of Life, Years of Active Life, and Compression of disability

Life expectancy was calculated as the remaining Years of Life (YoL) for each participant,
which we defined as the time from study enrollment to death for each participant. At the
end of 25-year follow-up, 546 participants were still alive. For these participants, their YOL
beyond 24 years were imputed based on previous regression equations using factors such
as age, race, sex, and self-rated health,22 which have been widely used as outcomes in
other CHS studies; 1823 neither social support nor social network scores were part of the
imputation.

Participants were also surveyed on a semi-annual or annual basis throughout follow up about
any difficulty in completing activities of daily living (ADL) defined as: walking around the
home, getting out of bed, eating, dressing, bathing, using the toilet. We used years of able
life (YOAL) to depict the number of study years in which participants did not experience any
difficulties completing any of the ADL tasks described above, using methods to deal with
missing data as previously described elsewhere.18:23 We defined compression of disability as
the proportion of life lived without ADL disability (i.e., YOAL/YoL).

Statistical methods

We used a restricted cubic spline model2# to test for linearity between life expectancy

and social functioning and found no evidence of departure. We subsequently constructed
multivariable linear regression models to quantify the relationships of years of life, years of
able life, and compression of disability with social support and social networks, using the
latter both as linear variables (as appropriate) and in tertiles.

We used baseline covariates that have been previously associated with life expectancy and
are relevant in older adults, 18 including age, sex, education (< high school, high school,
some college), field center, marital status, income, smoking (never, former, current) and
alcohol use (any vs. no use). Clinical covariates included Digital Symbol Substitution
Test score (a measure of cognitive processing speed), depressive symptoms assessed with
the Center for Epidemiologic Studies-Depression Scale (CES-D), calculated body-mass
index derived from measured height and weight, hypertension (systolic blood pressure
>140/90 or use of antihypertensive medications), diabetes (fasting blood glucose =126

or use of antihyperglycemic medications), prevalent cardiovascular disease, and prevalent
cerebrovascular disease.2> In sensitivity analyses, we also adjusted for benzodiazepine use
as a surrogate for anxiety, which was not assessed in CHS in a manner comparable to
depressive symptoms.

We performed stratified analyses by age, sex, race, education, and frailty. The literature
suggests that the association of social networks on health outcomes including longevity may
be modified by an individual’s age, sex, race, and education, and considerable differences
exist in longevity by race.28 Prior studies have also highlighted that frailty is independently
associated with poor social functioning in older adults and that frail adults may have smaller
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social networks.?’ Frailty was assessed based on 5 items: weight loss, weak grip strength,
slow gait speed, exhaustion, and low energy expenditure.28 Participants were classified as
frail if they met 3 or more of the 5 criteria and as non-frail otherwise.

To better understand which of the individual items most strongly drove observed
associations, we also determined the associations of YoL and YOAL years with each
question of the social network and social support scales. However, because these scales
have been validated in total, and not as subscales, these analyses should be considered
exploratory.

SAS 9.4 was used for all analyses.

Baseline characteristics:

Of the 5,749 CHS participants included, the mean age was 73, 84% were white, and
two-thirds were married. The mean calculated social network score was 32.3 + 6.8 [range
2.5-48.5]. The mean calculated social support score was 8.3 + 2.4 [6-22.5]. Social network
and social support scores were moderately correlated (r=0.46, p<0.0001).

Participant characteristics overall and according to social network scores are shown in Table
1. In general, participants with higher social network scores were younger, reported more
years of schooling, and were more likely to be married. In contrast, baseline comorbidities,
including hypertension, diabetes, stroke, congestive heart failure, did not differ according to
social network tertile.

Associations with life expectancy:

The mean life expectancy was 14.1 (7.4) years, and the mean disability-free life expectancy
was 10.2 (7.3) years.

After adjustment for the covariates listed in the methods including participant demographic
factors and comorbidity burden, social network score was strongly associated with life
expectancy (Table 2) and disability-free life expectancy (Table 3). The relationship was
largely similar even with further adjustment for participant frailty and social support score.
Further adjustment for benzodiazepine use had no further effect on these estimates (data not
shown).

When examined in tertiles, individuals with the highest tertile of social network score had
an average life expectancy approximately 9 months higher (Table 2) and a disability-free

life expectancy of 8 months higher than those with the lowest tertile of social network score
(Table 3). We observed no association between higher social network score and compression
of disability (Table 3).

We did not find effect modification between social network score and life expectancy when
conducting interaction analyses by gender (p=0.73), race (p=0.45), education (p= 0.26),
and participant frailty (p=0.82). In contrast, we did observe statistically significant effect
modification by participant age (p<0.001). For every 1 SD increase in the social network
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score, participants aged 65-74 demonstrated 7 month longer life expectancy (95% CI 4
months-10 months, p<0.001), and participants aged 75+ demonstrated a 3 month longer life
expectancy (95% CI 0.1 month-6 months, p= 0.04).

In contrast to social networks, after adjustment, social support score was less strongly
associated with life expectancy and disability-free life expectancy compared to social
network score. For every 1 SD increase in social support score, life expectancy increased
by 2 months (95% CI 0.2 months-3 months, p=0.03), and disability-free life expectancy
increased by 3.5 months (95% CI 1.5-5.5 months, p=0.004). However, after adjusting for
social network score, the relationships between social support score and life expectancy
(p=0.85) and disability-free life expectancy (p=0.06) were not statistically significant.

Supplemental Table 2 provides the estimates for life expectancy and disability-free life
expectancy associated with specific questions in each scale. One item on the social support
scale was strongly associated with these outcomes (I often meet or talk with family or
friends), but it essentially duplicated similar questions in the social network scale. Two other
questions related to finding someone to help with chores or with house-sitting were also
associated at somewhat more modest levels of significance. Three social network questions
were particularly strongly associated with both outcomes, all related to family ties.

DISCUSSION

In a longitudinal cohort of 5,749 community dwelling older adults, we observed a clear
dose-response relationship between the strength of an older adult’s social network and
subsequent life expectancy, even after adjustment for comorbidities, education levels and
socioeconomic status. Higher social network scores were also associated with a higher
proportion of time participants lived “healthy and able”, i.e,. overall life years lived without
disabilities. Together, these results highlight the profound impact of social networks on older
adults.

In addition to the pronounced overall association of social network strength with longer

life expectancy, we noted significant effect modification by age. In particular, the effect of
social networks on life expectancy appeared to be the strongest for the “youngest old” (age
64-74) compared to those older than 75 years. This may be partially explained by our use
of remaining years of life as an endpoint in this cohort of older adults. Those at older ages
at recruitment into the study would by nature of these methods be subject to a ceiling effect
that may reduce the effect of social networks seen on years of life seen in this age group.
Nonetheless, our results do not suggest that social networks are unrelated to survival even
in the oldest old; specifically, those 75 years and older experienced approximately 3 months
longer life expectancy for every 1 SD increase in social network scores.

Compared to the social network score, perceived social support in our study had a relatively
weaker association with adjusted life expectancy. Although speculative, we can theorize
several explanations. First, as noted in the literature, social support is more likely to be
influenced by psychological well-being than are social networks, such that an anxious or
lonely individual may have adequate social support but report inadequate support due to
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their underlying psychological health.> Although we adjusted for depressive symptoms,

a lack of systematic anxiety screen in CHS limits our ability to account for the full
psychological health of our respondents, and this may have impacted our ability to discern
the true impact of social support on life expectancy. Third, some prior literature has found
that after controlling for predictors of cardiovascular disease, as we have done in our model,
social support was not significantly related to mortality. Thus, it may be that these factors,
including age, gender, BMI, and other comorbidities, explains the majority of the variability
in years of life between participants. Fourth, the social support scale does indeed capture
elements of the strength of quality of relationships to a greater degree (as reflected, for
example in its assessment of trust), while the social network scale reflects their quantity to a
greater degree. However, even this difference may have multiple explanations; quantity may
supersede quality because it is more important, or simply because it is easier to recall and
measure.

The exact mechanism driving the relationship between higher social networks score and
longer life expectancy is unclear, but several hypotheses spanning domains of psychosocial,
environmental, and biological factors exist. Social networks are thought to promote health
through a variety of mechanisms including: a) the provision of social support, or the degree
to which individuals perceive/are championed within relationships; b) social influence

(e.g. norms and social control); social engagement, d) interpersonal contact (critical for
transmission of pathogens/behaviors), and €) access to resources (e.g., information, jobs,
money).2% In addition, stronger social networks may reduce feelings of loneliness which are
thought to induce biological changes in cardiovascular, endocrine, and immune functioning
which may predispose to illness.3%31 Qur results confirm, for the first time, that social
networks are linked to absolute life expectancy and to disability-free life expectancy in
older adults; because these two outcomes increased roughly in proportion, however, social
network score was not associated with compression of disability.

There are several limitations to our study. First, although our cohort is biracial, the

numbers of African Americans were limited, and there were few members of other races

or ethnicities, thereby limiting our ability to test for effect modification. Second, not all
participants were followed to death, therefore requiring imputation of remaining years of
life. Third, although the specific scales we used to measure social networks and support
have been systematically used in the literature, these remain complex constructs, and we
may have misclassified the strength of an individual’s social network, hence underestimating
its effect. Finally, our ability to extrapolate the impact of social networks on engagement
with the healthcare system and other health behaviors aside from alcohol and tobacco use is
limited.

Despite these limitations, we are uniquely positioned to understand the impact of social
factors on life expectancy due to several factors. First, the study’s comprehensive follow up
over 25 years and limited censoring with regards to death allow us to robustly approximate
life expectancy in over 5000 individuals. Second, clinical data coupled with data collected
on social factors allow us to understand the impact of wide-ranging comorbidities on life
expectancy including some which have not been formally assessed in other analyses (e.g.,
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frailty). Third, we routinely and systematically collected data on ADLs, enabling us to test
not on the quantity but also the quality of life experienced by these participants.

CONCLUSION

In older adults, higher social networks scores are independently associated with higher life
expectancy and disability-free life expectancy in a linear dose response despite controlling
for age, race, sex, and comorbidity burden. How best to apply these results to improve the
breadth and strength of social networks in older adults, and thereby to translate this finding
into longer and healthier lives for older adults, will require future study.
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