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3. Timeline:Data analysis to being immediately, anticipated draft completion Winter 2023

4. Rationale: Average life expectancy of the population is increasing worldwide, especially
in developed countries, and burden of death due to aging-related diseases is increasing. Healthy
aging, which is a continuous process of optimizing opportunities to maintain and improve
physical and mental health, independence, and quality of life throughout the life course?, is an
area of priority for individuals and the broader society. Chronological age relates to the length of
time a person has lived. People, however, age differently, and the construct of biological age has
been developed as an indicator of how old an individual’s body and cells are based on various
factors, such as genetics, lifestyle, and environment. Biological age is correlated with
chronological age?, but accruing research reports that in the absence of disease biological age
"better predicts functional capacity at later ages than chronological age."® In recent years, aging
clocks have been developed to define an individual's biological age from a set of molecules, such
as DNA methylation and proteomics biomarkers.

Aging clocks make it possible to provide specific information about how old an
individual is biologically, independent of chronological age®. Several aging clocks have been
created. The most recognized is the epigenetic clock®®, based on a set of biomarkers based on
DNA methylation in blood and/or tissue, that has been reported to predict health outcomes such
as cardiovascular disease, cancer, and mortality. However, the underlying mechanisms of age-
related changes in DNA methylation sites are unclear. Recently, there is increasing interest in
developing aging clocks from proteomic biomarkers. Proteomic biomarkers are promising
because they, as intermediate phenotypes, may be a more accurate indicator of aging-related
pathologies’.

Social support is associated with positive health outcomes, while social isolation has been
linked to adverse health.®-*'Studies using ARIC data have reported associations of social
isolation and low social support with increased risk of heart disease!? and stroke!3. Although it is
not entirely clear how social networks and social support are associated with cardiovascular
disease and mortality, it has been speculated that psychological stress related to social isolation
may affect the cardiovascular system through mental and physical changes*, and that people
with greater social networks and support may be more likely to engage in behaviors that promote
health'®. Greater social contacts may be associated with reduced biological age via
psychophysical factors, which in turn may prevent cardiovascular disease, dementia, etc. Very
few studies have explored associations between social support and biological aging. In one of the
few studies that exists, conducted among U.S. children, childhood police encounters (and
loneliness and community isolation resulted from the encounter) was associated with epigenetic
age acceleration adulthood®®. Association of social participation and isolation after midlife with
biological age has not yet been reported, and whether social isolation in midlife negatively
affects epigenetic aging acceleration, or whether midlife adversity may also enhance resilience to
biological aging, is not known. Thus, the relationship between social support in midlife and
biological aging needs to be examined in more detail. Therefore, using ARIC data we will test
the hypotheses that larger social networks and greater social support are associated with lower
biological age (estimated using proteomic aging clocks (PACs)) in midlife. We also hypothesize
that the association will be stronger for women compared to men, since the association between
social isolation and all-cause mortality in the US is stronger for women compared to men*’ and
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for older compared to younger age groups. We also check interaction of other characteristics
such as race or SES. In exploratory analyses we will also evaluate social networks and support
and change in PACs from midlife to later life..

5. Main Hypothesis/Study Questions

: Primary Hypothesis

- People who are less socially isolated (10-item Lubben Social Network Scale, 4 levels) and
have more social support (a modified version of the Interpersonal Support Evaluation List-
Short Form, 4 levels) will have a younger biological age (estimated using PACs) than those who
are more socially isolated and have lesser social support, respectively.

Secondary Hypotheses

- The associations between social networks and support with PACs will be stronger in older
compared to younger adults (we will use median age for cutoff point), and in men compared to
women.

Exploratory Hypothesis

-People with larger social networks and more social support will experience less biological aging
from midlife to late life than those with lesser social networks and support, respectively.

6. Design and analysis

a) study design
Primary analysis: Cross sectional study using visit 2 (1990-1992) data, when social
support and isolation was measured, and when the SomaScan assay was conducted.
Exploratory prospective analysis: longitudinal study of change using SomaScan data
fromvisit 2 (1990-1992) and Visit 5 (2011-2013) data.

b) inclusion/exclusion
We include those who have the measurement of proteins at Visit 2 using the SomaScan
assay and information on social networks and support. Per standard ARIC practice, due
to small numbers we will exclude participants who self-reported a race/ethnicity other
than white or Black, as well as Blacks participants from the MN and MD study centers.

c) outcome and other variables of interest with specific reference to the time of their
collection
Exposures: Social networks will be calculated by using the Lubben Social Network
Scale 819, This 10-item scale assesses the size of the participant’s active social network
and the perceived social support received by family, friends, and neighbors. The total
score is an equally weighted sum, with scores ranging from 0-50; the higher the score, the
greater the level of social support. The score is frequently interpreted as follows: <20=
isolated; 21-25= high risk for isolation; 26-30=moderate risk for isolation; >3 1= low risk
for isolation.
The Interpersonal Support Evaluation List-Short Form (ISEL-SF) will also be used
to calculate perceived social support?°. This 16-item scale was constructed by the original
ARIC investigators from the original 40-item full scale?!, and assesses perceived social
support with four subscales in the scale; (a) appraisal support, (b) tangible assets support,
(c) belonging support, and (d) self-esteem support. The total score is an equally weighted
sum, with scores ranging from 0-48; the higher the score, the greater perceived social
support. The score is interpreted as follows: the score as follows: <l6=lack of social
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support; 17-23=low social support; 24-31=moderate social support; >32=high social
support.
Outcome: For the biological age assessment, we will employ ARIC PACs, which were
developed in a previous paper?2. In brief, using the SomaLogic platform there was
measurement of over 5000 plasma proteins in frozen plasma samples collected during
Visit 2 (1990-1992, N=12,589) and Visit 5 (2011-2013, N=6538). The Bland-Altman
coefficient of variation (CVBA) for split samples was 6% for Visit 2 and 7% for Visit 5.
The proteins comprising the ARIC proteomic aging clock “ARICPAC”were created
during Visit 2 (midlife) and updated during Visit 5 (late-life) 22. Using ARICPAC from
visit 2, Wang et al. calculated age acceleration, the deviation of PAC from chronological
age, for each PAC. Age acceleration for each PAC will be calculated as residuals after
regressing PAC on age. This variables will be used as a continuous variable and/or likely
as a categorical variable as well (e.g., define the first quartile (greatest acceleration)
versus upper 3quartiles, or an age acceleration of -2.0 or lower as indicative of younger
biological age). Also, in exploratory analyses we will evaluate the change of age
acceleration between the midlife and late-life ARICPACs. We will carefully evaluate the
distributions of the PAC and their difference to guide decisions regarding how to model
change.
Potential effect modifiers and/or mediators: Race, sex, and age groups (median split of
chronological age).
Covariates: chronological age, race, gender, marital status, lifestyle behaviors (smoking
status, alcohol use, exercise, sleep, BMI), hypertension, diabetes, dyslipidemia,
socioeconomic status (education, income, and occupation).

d) summary of data analysis
Characteristics of participants will be described using means and proportions stratified by
the strata of social networks and social support. Logistic analysis (cross-sectional, Visit 2
PAC for outcome) Linear model will be used when PACs are modeled continuously.
Analyses models are as follows.
Model 1 adjusted for sex and race-center,
Model 2a additionally adjusted for socioeconomic status, marital status, and
Model 2b additionally eGFR (to evaluate the influence of kidney function, which is known to
influence proteomic markers, on our findings).
Model 3 (mediation model) further adjusted for lifestyle related factors (smoking status,
alcohol use, sleep quality, and physical activity, and BMI).
We will conduct the same analysis stratified by Race, sex, and age groups (median age as a
cut-point), and examine whether those factors modified the relationships of social
networks and support with biological age, by including cross-product terms in the models.
As an exploratory analysis, we will also evaluate change of the midlife and late-life
ARICPACs as an outcome.
In sensitivity analyses we will exclude participants with evidence of kidney disease.

e) Any anticipated methodologic limitations or challenges if present

f) Will the author need Limited data to complete the proposed manuscript? ]D \Yes,
Limited data is needed. X No, De-identified data will be sufficient.
*Please note, Limited dataset access is strict and rarely provided. Limited data includes
identifiable information such as dates (birthdays, visit dates, etc.). CMS, Genomic, Geocoded,
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and Proteomics/Somalogic data all fall under the limited data category. De-identified data does
not include dates. All dates are date adjusted to "Days since Visit 1".
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