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The Associations Between Psychological Well-Being, Physical Functioning, and

Immunosenescence in Aging

ABSTRACT

With the global population aging at an unprecedented rate, there is mounting concern
regarding the increasing burden of chronic diseases and physical disability among older adults.
Identifying factors that promote healthy aging is a critical public health priority. This dissertation
investigates the associations between psychological well-being and various aspects of healthy
aging, including physical functioning, progressive parkinsonism, and immune aging.

In Study 1, I examined whether higher levels of optimism are associated with sustained
levels of performance-based measures of physical function over 6 years of follow-up. Using a
longitudinal cohort of women from the Women’s Health Initiate, I assessed physical function
using three different performance-based measures (i.e., grip strength, walking speed, and chair
stands). In Study 2, I evaluated whether higher levels of purpose in life are associated with lower
levels of parkinsonian signs, lower increase of parkinsonian signs over follow-up, and lower
incidence of parkinsonism over an average of 7 years follow-up. I used longitudinal data from
the Memory and Aging Project (MAP) and Minority Aging Research Study (MARS) to assess
these associations in White and Black women and men. In Study 3, I investigated whether higher
levels of optimism and purpose in life are associated with indicators of the immune function that
are indicative of decelerated immune aging. With data from the Health and Retirement Study, I

assessed the cross-sectional association for T cell subsets and cytomegalovirus IgG antibodies.
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Across the three studies, I considered a range of potential confounders including
sociodemographic factors, baseline health conditions, and depressive symptoms. In particular,
because depression is an important potential confounder, I assessed associations between
psychological well-being and the respective health outcomes independent of depression to
investigate if the benefits of psychological well-being may be seen beyond the absence of
depression.

Across the three studies, I found that having higher levels of psychological well-being
were associated with maintaining higher levels of physical function (i.e., assessed by
performance-based measures of physical functioning and parkinsonian signs) over time among
older adults, and that immunosenescence may be one mechanism underlying the link between
some of these facets of psychological well-being and healthy aging. These findings offer novel
insights into the role of psychological well-being across various aspects of healthy aging,
encompassing both mechanistic and outcome-oriented processes. Future research should explore

whether interventions targeting psychological well-being result in healthy aging.
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INTRODUCTION

The global population is aging at an unprecedented rate, with the proportion of adults age
65 years or older projected to rise from 10% in 2022 to 16% in 2050.! Chronic disease burden
rises with age, and physical disability is becoming an increasingly large component of morbidity
and disease burden.? Declines in physical function are significant barriers to healthy aging,
causing substantial deterioration in quality of life, and linked to worse physical health, increased
mortality, and increased medical expenditures.®>= In particular, progressive parkinsonism is
increasingly recognized as a highly prevalent indicator of physical functioning that is associated
with a wide range of adverse health outcomes. Therefore, identifying factors that promote
sustained physical functioning into later adulthood, offer resilience against progressive
parkinsonism, and may contribute to other aspects of healthy aging is a critical public health
priority. Furthermore, exploring the underlying mechanisms through which psychological well-
being promotes better health may deepen our understanding of the associations and may also
inform future interventions for healthy aging.

To date, research in medicine and public health has focused heavily on identifying factors
that increase the risk of disease and deficits that lead to poor health. However, recent work
suggests that there are also positive factors that provide benefits to health. There is now
increasing interest in identifying modifiable positive social or psychological factors that could be
leveraged for better health. Facets of psychological well-being, such as optimism and sense of
purpose in life, have been identified as particularly relevant for public health, as studies have
found them to be associated with improved subsequent health outcomes including reduced
mortality and lower risks for cardiometabolic diseases.® Optimism is the generalized tendency to

expect good outcomes,’ while purpose in life refers to the extent to which individuals feel their



lives have meaning, purpose, and direction.® A growing body of evidence suggests that these
facets of well-being may also be related to greater longevity and healthier aging, but limited
work has evaluated if they may play a role in a key aspect of healthy aging; sustained physical
functioning. In addition, a number of mechanisms are posited to underlie the link between
positive psychological well-being and better health, including neurobiological processes, health
behaviors, and other psychosocial resources that are protective for health or buffer the effect of
harmful factors.® While numerous studies have identified age-related changes in the immune
system (i.e., immunosenescence)’ that contribute to the etiology of various age-related diseases,
including neurodegenerative diseases, rheumatoid arthritis, cancer, cardiovascular disease, type 2

10.1relatively few studies have investigated the

diabetes mellitus, and infectious diseases,
association between psychological well-being and the aging of the immune system. Thus, an
outstanding question is whether it could be a potential underlying mechanism linking
psychological well-being and health. This dissertation research aimed to assess whether
optimism and purpose in life are associated with changes in physical functioning with age,
whether they offer resilience to progressive parkinsonism, and whether immunosenescence could
be a potential underlying mechanism linking psychological well-being and better health. Given
prior work suggesting the modifiability of positive psychological well-being,'? looking at these
associations may help inform novel interventions to reduce the individual and societal burden of
aging.

An important question that was explored across the three studies was whether the
associations between psychological well-being and the different measures of health are seen

across diverse groups. A growing consensus of evidence suggests there are social disparities in

positive psychological well-being where individuals who are White, highly educated, and have



higher incomes tend to have higher levels of psychological well-being.!3 However, research also
suggests that the benefits of psychological well-being may be seen across diverse groups.'*
Exploring whether psychological well-being is associated with sustained levels of physical
functioning and decelerated immune aging may inform our understanding of the interplay
between psychological well-being and these social structural factors in relation to healthy aging,
as well as inform effective approaches for interventions in diverse populations.

In order to guide the understanding of the associations between psychological well-being,
physical functioning, as well as the underlying pathways between psychological well-being and
health, I have adapted Boehm and Kubzansky’s theoretical model of psychological well-being
and cardiovascular disease (Figure 1).%!> This framework posits that the presence of restorative
processes as well as the absence of deteriorative processes mediate the effect of psychological
well-being on improved health outcomes. These processes include health behaviors,
neurobiological processes, and other psychosocial resources. The adapted model considers the
racial and ethnic differences in psychological well-being and healthy aging, and that the

mediating pathways may be modified by race and ethnicity.



Figure 0.1. Adapted conceptual model linking positive psychological well-being and healthy

aging.
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To address the gaps in the literature and deepen our understanding of the associations
between psychological well-being and healthy aging and its underlying mechanisms, I conducted
three studies. Study 1 examined whether higher levels of optimism are associated with sustained
levels of performance-based measures of physical function over 6 years of follow-up. Using a
longitudinal cohort of women, the Women’s Health Initiate, I assessed physical function using
three different performance-based measures (i.e., grip strength, walking speed, and chair stands).
Study 2 evaluated whether higher levels of purpose in life are associated with lower levels of
parkinsonian signs, lower increase of parkinsonian signs over follow-up, and lower incidence of
parkinsonism over an average of 7 years follow-up. I used longitudinal data from the Memory
and Aging Project (MAP) and Minority Aging Research Study (MARS) to assess these
associations in White and Black women and men. Study 3 investigated whether higher levels of
optimism and purpose in life are associated with indicators of the immune function that are

indicative of decelerated immune aging. With data from the Health and Retirement Study, I



assessed the cross-sectional association for T cell subsets and cytomegalovirus IgG antibodies.
Together these three studies will offer novel insights into the role of psychological well-being
across various aspect of healthy aging, encompassing both mechanistic and outcome-oriented
processes. Due to data availability, I was only able to assess associations for either optimism or
purpose in life for Study 1 and Study 2. However, as prior research has demonstrated that these
facets of psychological well-being show similar associations with health outcomes, I anticipate
similar associations across optimism and purpose in life.

In this dissertation, I assessed physical function using two objective measures of physical
function; performance based objective measures of physical function (i.e., grip strength, walking
speed, and chair stands), and clinically assessed parkinsonism. The benefits of using
performance based objective measures of physical function include the ability to assess physical
function with less concerns about common method bias when considering them in relation to
self-reported exposures, and the ability to differentiate gradients in physical function, even
among those who self-report having no specific limitation or disability.!®!8 In addition to this
quantitative assessment of physical function, I also focused on parkinsonism —a clinical
syndrome presenting with any combination of the symptoms seen in Parkinson’s disease (PD)
but not meeting the threshold for a diagnosis of PD— as a particular measures of physical
function that is associated with increased risk of a wide range of adverse health outcomes
including mortality, developing mild cognitive impairment, Alzheimer’s disease, and physical
disability.!” Importantly, parkinsonism is increasingly recognized as a highly prevalent indicator
of declining physical functioning in older adults without PD."

Although no prior work has directly assessed the association between psychological well-

being and immune function measures related to immune aging, prior studies that investigated the



association between psychological well-being and immune cells (e.g., CD4" T cells) were
conducted in special populations including students and patient populations, were limited in
sample size, and were only able to assess limited aspects of the immune function that are not
necessarily relevant to the aging process. In paper 3, using a cross-sectional study design I
examined the different measures of immune functioning that have been associated with
immunosenescence (i.e., naive and terminally differentiated T cell subsets, CD4+: CD8+ ratio,
and cytomegalovirus IgG antibodies). I used newly released data on immune cell subsets that are
more relevant for the aging process in a large-scale epidemiologic cohort of older adults that has
allowed to investigate these associations in a more comprehensive way than has previously been
possible.

Across the three studies, I considered a range of potential confounders including
sociodemographic factors, baseline health conditions, and depressive symptoms as they have
been previously associated with both psychological well-being and health outcomes.!32%22 In
particular, because depression is an important potential confounder, I assessed associations
between psychological well-being and the respective health outcomes independent of depression

to investigate if the benefits of psychological well-being may be seen beyond the absence of

depression.



STUDY 1

Optimism and Objective Measures of Physical Function



ABSTRACT
Background: Identifying factors that contribute to sustained physical function is critical for the
health and well-being of the aging population especially as physical function may be an earlier
indicator of health down the road. Limited studies have investigated whether optimism is
associated with objective measures of physical functioning as individuals age.
Objective: To evaluate the longitudinal association between optimism and measures of physical
function over 6 years of follow-up.
Design: Prospective cohort study
Setting: Women’s Health Initiative (WHI) conducted in 40 clinical centers in the United States.
Participants: 5,962 postmenopausal women >65 years old from the dietary modification and

hormonal trial.

Measurements: Optimism was assessed via the Life Orientation Test Revised. Physical function
was measured by study staff evaluating performance in grip strength, timed walk, and chair
stands.

Results: Linear mixed-effects models controlling for demographics, depressive symptoms, health
status, and health behaviors showed higher optimism levels were associated with higher baseline
grip strength (f = 0.36, 95%CI=0.21, 0.50) and ability to perform chair stands (f =

0.05, 95%CI=0.01, 0.10) but not timed walk. Higher optimism was also associated with slower
rates of decline in the timed walk and ability to perform chair stands but not grip strength. For
example, a 1-SD increase in optimism levels was associated with a slower rate of decline by 43%
for the timed walk and 9% for ability to perform chair stands.

Limitation: This study was limited to postmenopausal women.



Conclusion: Higher optimism was associated with better performance for grip strength and chair
stand and with slower rates of decline over 6 years in timed walk and chair stand. Optimism may

be a promising target for interventions to slow aging-related declines in physical functioning.



Introduction

In 2019, the global population of adults over age 65 was 703 million and this number is
expected to reach 1.5 billion in 2050.2 Along with the increase in life expectancy, the number of
years living with disability has also increased.?* In 2016, 25.7% of noninstitutionalized adults in
the US reported having a disability, and impaired mobility was the most prevalent disability type.
25 Declines in physical function are prominent barriers to healthy aging, causing significant
deterioration in quality of life, and linked to worse physical health, increased mortality, and
increased medical expenditures.>~> Physical function may also act as an early indicator of health
down the road.?® Therefore, identifying factors that contribute to sustained physical function is
critical for the health and well-being of the aging population.

Research in medicine and public health has focused heavily on identifying factors that
increase the risk of disease and poor health. However, recent research focuses on identifying
modifiable positive social or psychological factors that could be leveraged to increase physical
activity and performance. Evidence to date indicates optimism — the generalized tendency to
expect good outcomes — may be one such factor.?” Optimism is associated with improved
subsequent health outcomes including reduced risk of cardiovascular diseases and greater
longevity.5?® A critical next question is whether optimism is associated with trajectories of
physical functioning with age. A study of 73,485 women in the Women’s Health Initiative
(WHI) found optimism was associated with sustained levels of vigorous physical activity 2 and a
study of 33,326 healthy women in the Nurses’ Health Study found optimism was associated with
healthier aging according to a composite measure that included self-reported measures of
physical function.’® However, few studies have evaluated whether optimism is associated with

objective measures of physical function. Importantly, research suggests optimism can be
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modified using cognitive-behavioral therapy-based approaches as well as less intensive
approaches.!23!

Although self-reported and performance-based measures complement each other in
understanding an individual’s functional status, evidence suggests performance-based measures
more strongly predict major health outcomes including mortality and hospitalizations,!®*? and
may provide higher validity, reproducibility, and sensitivity to change compared to self-reported
measures. 333 Further, performance-based measures are less susceptible to concerns about
common method bias when considering them in relation to self-reported exposures and can
differentiate gradients in physical function, even among those who self-report having no specific
limitation or disability.!"'® Among the performance-based measures of physical function, grip
strength has been widely used to assess muscle strength in the upper body and timed walk and
chair stand have been used to assess muscle strength and physical performance in the lower
body.?* Studies have found low correlations between measures for the upper and lower body,
and evidence suggests muscle mass and strength are more affected by age in the lower compared
to the upper body.?” Assessing motor function using multiple performance-based measures may
more accurately evaluate physical function and its change over time especially in those who
present with no specific physical limitation or disability.

Prior cross-sectional research of the association between optimism and performance-
based measures of physical function have reported mixed findings.*®3° To our knowledge, no
studies have assessed the longitudinal association between optimism and performance-based
physical function measures. We used data from the WHI to investigate the association of
optimism with trajectories of physical function measured objectively and repeatedly over time.

We tested whether higher optimism levels would be associated with sustained grip strength,

11



timed walk, and chair stands over 6 years of follow-up. We considered a range of potential
confounders including baseline physical health and depression, as they have previously been
associated with both optimism and physical function.***? We also evaluated if optimism was
associated with time to decline from healthy to unhealthy functioning in each outcome. Research
has suggested the health benefits of optimism may apply to diverse groups of individuals.*
Therefore, we also examined if associations with physical function were similar across racial and
ethnic groups.

Methods
Study population

The WHI is a study of postmenopausal women in the U.S. aged 50-79 at enrollment that
included a set of randomized clinical trials and an observational study that enrolled women who
were ineligible or unwilling to be randomized.** The current study included a random sample of
5,962 (25%) women in the dietary modification and hormonal trial >65 years old who completed
performance-based physical function tests during clinic visits.*> Women were excluded if they
were missing > 3 of the 6-items on the optimism measure (N=30) or were missing the
corresponding outcome measure at baseline (N=65 for grip strength, N=120 for timed walk,
N=153 for chair stands). All participants provided informed consent using materials approved by
institutional review board at each clinical center.

Measures

Optimism. Baseline optimism was assessed via the Life Orientation Test Revised (LOT-R),
which has good discriminant and convergent validity, and reliability.*¢ Participants reported the
degree to which they agreed with each of 6 items on a 5-point Likert scale. The 3 negatively
framed items were reverse-coded, and all 6 items were summed to create a score ranging from 6

to 30, with higher scores indicating greater optimism. For those missing <3 items (N=162;

12



2.7%), missing values were replaced with the mean of the existing items.*’ Internal consistency
reliability in the current sample was 0=0.73. We considered optimism as a standardized
continuous measure (z-score), and also categorized it as quartiles based on the score distribution
in our sample to assess potential discontinuous or threshold effects. In addition, we created
subscales for optimism and pessimism from the LOT-R and conducted separate analyses for the
subscales.*® For the optimism subscale we summed the three positively worded items; for the
pessimism subscale we summed the three negatively worded items with higher scores indicating
higher optimism or pessimism levels, respectively. Each subscale score ranged 3 to 15 with
Cronbach’s a=0.61 for the optimism and 0.73 for the pessimism subscale.

Physical function. Measures of physical function were assessed at study baseline and
then again at follow-up years 1, 3, and 6. Grip strength, timed walk, and chair stand are standard
measures of physical function that are reliable and sensitive to change.*->° During clinic visits,
trained staff followed standardized protocols and measured each of the measures twice.
Following previous work in the WHI,! the mean of the two assessments at any given time
period was used for the current study.

Grip strength was measured on the dominant hand using a hydraulic hand grip
dynamometer. Participants were instructed to squeeze the handle of a dynamometer as hard as
possible. For observations missing due to safety or health reasons (N=114 observations over
follow-up) or attempted but not completed (N=7 observations over follow-up), the minimum
value of 0 kg was imputed.

Timed walk was assessed by measuring time in seconds taken to complete a 6-meter
walk, performed at usual pace, using ambulatory aids as needed. For observations missing due to

safety or health reasons (N=255 observations over follow-up) or attempted but not able to

13



complete (N=8 observations over follow-up), the maximum value of 60 seconds was imputed.
Following WHI recommendations,* observations with <2 seconds for both measurements were
considered as missing (N=214).

Chair stand performance was assessed in participants who were able to stand at least once
without using hands or arms from a straight-backed, non-padded, flat-seated, armless chair. The
number of chair rises performed in 15 seconds was recorded. Two 15-second trials of repeated
chair stands were performed with arms folded across the chest, with a 1-to-2-minute rest between
trials. For observations missing due to safety or health reasons (N=759 observations over follow-
up) or attempted but not able to complete (N= 173 observations over follow-up), the minimum
value of 0 was imputed.

Covariates. At baseline, participants self-reported demographic and health information.
Demographics include age (years), race and ethnicity (non-Hispanic White, Black,
Hispanic/Latina, Asian, Other), marital status (married or marriage-like relationship, divorced or
single, widowed), education (< high school, some high school, some college or associate degree,
college graduate or more), income (< $20,000, $20,000 to $49,999, $50,000 to $74,999, $75,000
or more), and occupation (managerial/professional, technical/sales/admin, service/labor,
homemaker only). Trained study staff assessed baseline body mass index (BMI; measured height
and weight used to derive kg/m?). We assessed baseline health conditions using a modified
version of the Charlson Index.>® Depressive symptoms were assessed with the validated Burnam
Screening Algorithm questionnaire.*® Relevant health behaviors including smoking, diet quality,
alcohol consumption, and physical activity were also examined as covariates (Supplemental
Material 1).3%33

Statistical Analysis

14



We first examined the distribution of covariates by optimism levels. To evaluate whether
higher optimism levels were associated with sustained levels of each of the physical function
measures over time, we used generalized linear mixed models. We used three sets of models for
each of the physical function measures. Model 1 adjusted for baseline demographics; Model 2
added other potential confounders including the Charlson index, depressive symptoms, and BMI.
Model 3 additionally included health behaviors. Due to data availability, we used health behavior
information from baseline to account for potential confounding but were unable to examine
potential mediating effects of these behaviors. We also tested for interaction between optimism
and each race and ethnic category for all models.

As secondary analysis we used Cox proportional hazards models to assess the difference in
time to reach pre-defined thresholds of impairment in physical function across each performance
measure by baseline optimism levels. Following recommendations, thresholds for impairment
were defined as reaching <16kg for grip strength, >7.5 seconds to walk 6 meters for timed walk,
and <5 times in 15 seconds for chair stands.>*>” For each outcome, we incorporated the same sets
of covariates in increasingly adjusted models as described for the analyses above. We examined
the proportional hazards assumption by Schoenfeld residuals, and included relevant interaction
terms with time where the assumption was violated.

As sensitivity analyses, we used inverse probability weights (IPW) for censoring to account
for potential bias that may arise if those who died or were lost to follow-up were systematically
different than those who remained in the sample (Supplemental Material 1). In addition, as
depression is an important potential confounder, we conducted sensitivity analyses by excluding

those reporting depressive symptoms at baseline. We also tested for interaction between
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optimism and baseline physical activity levels as well as stratified analyses by these levels
(high/low at the median value).
Results

The final analytic sample included 5,930 for grip strength, 5,875 for timed walk, and
5,842 for chair stands. Those included versus excluded in the study were largely similar although
slight differences in several factors were observed (Supplementary Table S1.1). The number of
participants with follow-up measures from 4, 3, 2, and 1 time points were 3,844, 1,252, 553, and
281 for grip strength; 3,753, 1,284, 561, and 277 for timed walk; and 3,619, 1,311, 597, and 295
for chair stand, respectively. At baseline, the mean age was 70 years (standard deviation
[SD]=4.0), and the mean optimism score was 23 (SD=3.0). The distribution of baseline
covariates by quartiles of optimism are shown in Table 1.1. Women with higher optimism levels

had more education, higher income, and were more likely to have managerial/professional jobs.
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Table 1.1. Baseline characteristics by quartiles of optimism in the Women’s Health Initiative.

Optimism
(Q1= least optimistic)
Overall Ql Q2 Q3 Q4
(n=5,930) (m=1,589) (n=1,460) (n=1,424) (n=1,457)
Mean (SD) optimism 23 (3) 19 (2) 23 (1) 24 (0) 27 (1)
Demographics
Mean (SD) age 70 (4) 70 (4) 70 (4) 70 (4) 70 (4)
Race/Ethnicity
White (%) 86 80 88 87 89
Black (%) 8 10 7 7 7
Hispanic/Latina (%) 3 5 2 2 2
Asian (%) 2 4 2 2 1
Other (%) 1 1 1 2 1
Married/marriage-like relationship 56 52 58 55 59
(%)
Education
< high school graduate (%) 18 25 19 17 11
High school graduate (%) 19 23 21 18 15
Some college or assoc degree 28 26 29 30 28
(%)
College or more (%) 33 24 30 35 45
Income
< $20,000 (%) 22 31 23 20 15
$20,000 to $49,000 (%) 49 46 51 51 48
$50,000 to $74,999 (%) 14 10 13 16 17
>$75,000 (%) 9 6 8 8 13
Occupation
Managerial/professional (%) 36 26 36 38 45
Technical/sales/admin (%) 31 34 32 30 27
Service/labor (%) 19 24 17 17 16
Homemaker only (%) 12 11 12 12 11
Health conditions
Depression (%) 8 16 7 4 3
Charlson Index (M, SD) 0.97 (1) 1.07 (1) 0.93(1) 097(1) 0.89(1)
BMI (M, SD) 29(6) 29 (6) 29 (6) 29 (5) 28 (6)
Health behaviors
Smoking
Never smoked (%) 54 54 52 54 55
Past smoker (%) 40 39 41 39 38
Current smoker (%) 5 7 5 5 5
Exercise (METs/week) 11 10 11 11 13
Alcohol
Nondrinker (%) 12 14 11 11 12
Past drinker (%) 20 22 20 19 17
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Table 1.1 (Continued)
Current drinker

<1 drink per month (%) 13 14 13 13 11

<1 drink per week (%) 21 22 22 20 20

1 to <7 drinks per week (%) 23 19 23 25 27

7+ drinks per week (%) 11 8 10 11 13
Mean AHEI 47 (9) 46 (9) 47 (10) 47 (9) 48 (9)
Note: Optimism was categorized into the following quartiles: 6<Q1<21, 21<Q2<23,
23<Q3<25, 25<Q4<30

Assoc=associate
BMI=Body mass index

Optimism and Grip Strength

On average, grip strength declined at a rate of 0.57 kg per year over the 6 years of follow-
up. In all models, higher optimism levels were associated with stronger grip strength at baseline.
For example, after adjusting for demographics, Charlson index, depressive symptoms, BMI, and
health behaviors (Model 3), a 1-SD increase in optimism was associated with 0.36 kg (95%CI
0.21, 0.50) stronger grip strength (Table 1.2). However, rate of decline in grip strength was not
associated with optimism levels (Table 1.2, “Time x Optimism”). We observed no evidence of a
threshold effect in optimism levels categorized into quartiles and also no evidence for an
interaction between optimism and any category of race and ethnicity (p-values >0.05 for all

models).
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Table 1.2. Associations between baseline optimism and grip strength, timed walk, and chair stand

over follow-up using generalized linear mixed models.

Model 1
B (95% CI)

Model 2
B (95% CI)

Model 3
B (95% CI)

Grip Strength (N=5930)

Optimism 0.43 (0.28, 0.57)**

Time (years) -0.57 (-0.60, -0.54)**

Time*Optimism 0.00 (-0.03, 0.03)
Timed Walk (N=5875)

Optimism 0.03 (-0.12, 0.17)

Time (years) 0.20 (0.16, 0.25)**

Time*Optimism -0.08 (-0.13, -0.04)**
Chair Stand (N=5842)

Optimism 0.10 (0.05, 0.15)**

Time (years) -0.11 (-0.12, -0.10)**

Time*Optimism 0.01 (0.00, 0.02)*

0.37 (0.22, 0.51)**
20.57 (-0.60, -0.54)**
0.00 (-0.03, 0.03)

0.09 (-0.05, 0.24)
0.21 (0.16, 0.25)**
-0.08 (-0.13, -0.04)**

0.07 (0.02, 0.12)**
20.11 (-0.12, -0.10)**
0.01 (0.00, 0.02)*

0.36 (0.21, 0.50)**
20.57 (-0.60, -0.54)**
0.00 (-0.03, 0.03)

0.10 (-0.05, 0.25)
0.21 (0.16, 0.25)**
20.09 (-0.13, -0.04)**

0.05 (0.01, 0.10)*
20.11 (-0.12, -0.10)**
0.01 (0.00, 0.03)*

Note: Higher numbers for grip strength and chair stand and lower numbers for timed walk indicate better

physical function.

Model 1 adjusted for baseline age, race and ethnicity, education, income, occupation, and marital status.
Model 2 further adjusted for baseline chronic health condition, depressive symptoms, and BMI.
Model 3 additionally included smoking status, diet quality, alcohol consumption, and physical

activity.
*p<0.05
*#p<0.01

Optimism and Timed Walk

On average, the time it took to walk 6 meters increased at a rate of 0.21 seconds per year

over the 6 year follow-up. Higher optimism levels were not associated with timed walk in any

models at baseline (Table 1.2, “Optimism”). However, higher optimism levels were associated

with a slower rate of decline in timed walk over follow-up (Table 1.2, “Time x Optimism”). In

the fully adjusted model (Model 3), for each 1-SD increase in baseline optimism, decline in

walking time for 6 meters was reduced by 43% (or an additional 0.09 seconds) each year. We

found no evidence of a threshold effect in optimism levels categorized into quartiles nor any

evidence for an interaction between optimism and any category of race and ethnicity (p-values

>(0.05 for all models).
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Optimism and Chair Stands

On average, the number of chair stands completed in 15 seconds declined at a rate of 0.11
stands per year over follow-up. In all models, higher optimism levels were associated with
performing more chair stands at baseline (Table 1.2, “Optimism”). For example, in the fully
adjusted model (Model 3), each 1-SD higher baseline optimism score was associated with 0.05
(95%CI10.01, 0.10) more chair stands. Higher optimism levels were also associated with a slower
rate of decline in chair stands over time (Table 1.2, “Time x Optimism”). That is, for each 1-SD
increase in optimism, the decline in the average number of chair stands performed was reduced
by 9% (or an additional 0.01 times) per year in all models. There was no evidence of a threshold
effect across quartiles of optimism, and we found no evidence of an interaction between
optimism and any category of race and ethnicity (p-values >0.05 for all models).

Secondary analysis

Over follow-up, 850 (15.5%), 869 (16.4%), and 876 (17.2%) participants reached pre-
defined thresholds for impairment for grip strength, timed walk, and chair stand respectively. We
report results for Cox proportional hazards models with no interaction terms for time in Table
1.3, as the main effect for optimism did not change after including them. Higher optimism was
associated with lower hazards of reaching levels for impairment in grip strength, timed walk, and
chair stand assessments over follow-up. For example, in the fully adjusted model (Model 3), for
a 1-SD increase in optimism, the hazards ratio (HR) for reaching threshold for impairment was
0.86 (95%CI 0.80, 0.92) for grip strength, 0.94 (95%CI 0.88, 1.01) for timed walk, and 0.91
(95%CI 0.85, 0.98) for chair stands. Secondary analysis separating the optimism measure into

optimism and pessimism subscales showed similar findings with optimism generally associated
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with sustained physical function and pessimism generally associated with declines in physical
function (Supplementary Table S1.2).
Table 1.3. Hazards ratios for the association between baseline optimism (z score)

and reaching impaired levels of grip strength, timed walk, and chair stand, using
Cox proportional hazards models.

Grip Strength Timed Walk Chair Stand

HR (95% CI) HR (95% CI) HR (95% CI)
Model 1 0.84 (0.79, 0.90)** 0.90 (0.84, 0.96)** 0.89 (0.83, 0.95)**
Model 2 0.85 (0.80, 0.92)** 0.92 (0.86,0.99)*  0.91 (0.85, 0.98)**
Model 3 0.86 (0.80, 0.92)** 0.94 (0.88, 1.01) 0.91 (0.85, 0.98)**

Note:
Model 1 adjusted for baseline age, race and ethnicity, education, income,
occupation, and marital status.
Model 2 further adjusted for baseline chronic health condition, depressive
symptoms, and BMI.
Model 3 additionally included smoking status, diet quality, alcohol consumption,
and physical activity.
*p<0.05
**p<0.01

Sensitivity analyses

Findings did not meaningfully change when incorporating the IPW for censoring
(Supplementary Table S1.3). In analysis excluding those reporting depressive symptoms at
baseline (N=457), findings were comparable to initial findings (Supplementary Table S1.4). We
found no evidence for an interaction between optimism and baseline levels of physical activity.
Results stratified by baseline levels of physical activity are shown in Supplementary Table S1.5.
Discussion

In a longitudinal sample of post-menopausal women, higher optimism was generally
associated with better functional status across all physical performance measures. Findings

varied somewhat, with optimism associated with stronger grip strength and increased chair

stands but not timed walking at baseline. Furthermore, higher optimism was associated with
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slower rates of decline for timed walking and chair stands but not grip strength over follow-up.
Sensitivity analysis revealed that higher optimism was associated with lower hazards of reaching
substantial levels of impairment for all performance measures. Together, these findings suggest
that women with higher optimism have higher physical function in older age as well as slower
rates of decline, resulting in extended time with healthy levels of physical functioning.
Particularly notable, these associations were observed after adjusting for a broad range of
demographics, health conditions, and depressive symptoms as potential confounders.
Associations were also observed even after including health behaviors into the models as
potential confounders or factors that lie on the mediating pathway from optimism to physical
function, suggesting that other mediating pathways may link optimism and physical function.
Further, we found no evidence of interactions between optimum and categories of race and
ethnicity. However, it is important to note that sample sizes were limited for the race and ethnic
categories other than White women, which may have made detecting possible interactions more
difficult.

Our results confirm and extend previous work examining the association between
optimism and performance-based physical function measures. For example, in a study of
community-dwelling older adults with knee pain, an optimism subscale including only positively
framed items was associated with better performance in a walking task but not with lifting an
object, climbing stairs, and getting in and out of a car, while a pessimism subscale including only
negatively framed items was associated with worse performance in all tasks.?%*°

Studies evaluating the prospective changes in physical function measures over time have
reported more pronounced changes in lower versus upper body measures.>® This may partly

explain why we found optimism was associated with rate of decline for lower body (i.e., timed
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walk and chair stand) but not grip strength measures. In addition, evidence from intervention
studies suggests changes in physical function are more likely to be seen in more complex tasks.
For example, physical activity intervention studies have shown greater improvements in more
complex measures, such as chair stands and fast or longer walking tasks, compared to simpler
tasks like grip strength and shorter walking tasks.>>

Although the association between optimism and health behaviors appears to be
bidirectional,®® evidence suggests that higher levels of optimism precede and predict healthier
behaviors including increased physical activity, healthier diet, and not smoking.>* Thus,
investigators have posited health behaviors may mediate the association between optimism and
health,?®%! and this may also be a plausible mechanism driving linkages between optimism and
physical function. However, our findings were independent of these factors, suggesting that other
pathways also contribute.

Social connections and social activities that are more regularly engaged by those who are
optimistic (e.g., religious gatherings and volunteering) may contribute in sustaining levels of
physical function. Several neurobiological pathways are also possible, including healthier
immune or autonomic function, or neuroendocrine changes,®!*> which in turn may promote
sustained levels of physical function. For example, studies have linked higher optimism with
lower likelihood of higher inflammation or overactivity of the HPA axis.®*%* Cross sectional and
longitudinal studies have suggested higher levels of pro-inflammatory biomarkers are associated
with worse performance on performance-based physical function measures, which may partly be
explained by the catabolic effects of inflammatory cytokines on muscles, leading to loss of
muscle mass and strength.#1:42-64-67 Furthermore, studies have found that hyperactivity of the

42,68

hypothalamic pituitary adrenal (HPA) axis is associated with worse physical function.*~*° Future
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research should directly assess if optimism’s effects on physical function could be due to these
neurobiological processes or if it may buffer effects of psychological stress that dysregulates
these physiological systems.

This study has several limitations. First, participants in this study were postmenopausal
women,%’ which may limit generalizability of findings. Second, we had limited power to detect
interactions by race and ethnic categories. Third, 6 years of follow-up may be too short to
observe meaningful changes in physical function, especially in grip strength. Fourth, bias may
arise due to censoring for death and loss of follow-up. However, we conducted sensitivity
analysis using IPW for censoring to mitigate this concern and found associations were
unchanged.

This study also has important strengths. We used data from a large diverse sample of U.S.
women with performance-based physical function measures that yield objective assessments of
physical function and are sensitive to gradients in physical function, even among those who
might otherwise self-report having no functional limitations or disability. The longitudinal design
with multiple assessments of physical function over time allowed us to assess changes in
physical function as well as time to reach impaired functioning. We also included a broad range
of covariates that could be confounders for the association between optimism and physical
function.

We observed that optimism was associated with objective measures of physical
functioning among postmenopausal women. In the same way that depression and anxiety can be
screened in clinical practice, clinicians may also consider assessing levels of optimism when
evaluating risks for less healthy aging.”® As experimental studies indicate the modifiability of

12,31

optimism,'“°" our findings suggest that optimism may be a valuable target for such interventions.
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STUDY 2

Purpose in Life and its Association to Parkinsonism
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ABSTRACT

Background and Objectives: While purpose in life has been associated with diverse adverse

health outcomes, few studies have examined its associations with progressive motor decline in
older adults. Parkinsonism is a clinical syndrome characterized by a combination of symptoms
related to poor physical function including parkinsonian gait, bradykinesia, tremor, and rigidity,
which is highly prevalent and is also associated with a range of adverse health outcomes
including mortality, physical disability, and Alzheimer’s dementia. We tested if a higher sense of
purpose in life would be associated with lower likelihood of incident parkinsonism (i.e., the first
time participants exhibited signs in 2 or more of the 4 domains of parkinsonian signs) as well as
with lower levels and slower rates of increase in parkinsonian signs among older adults.
Methods: Participants were 2626 older adults from the Rush Memory and Aging Project and
Minority Aging Research Study followed for an average of 7.3 years. Purpose in life was
measured using a continuous score derived from a modified subscale of Ryff’s and Keyes’s
measure of psychological well-being. Parkinsonian signs in 4 domains were assessed annually in
participants’ homes by trained nurse clinicians using relevant subsets of 26 motor-related items
from the United Parkinson’s Disease Rating Scale. The continuous scores reflected levels of
parkinsonian signs in each domain and the global parkinsonian summary score was calculated by
averaging the four domain scores. Incident parkinsonism (yes/no) was categorized according to
whether individuals were scored as positive for having parkinsonian signs in 2 or more of the 4
domains. We examined purpose with risk of developing incident parkinsonism using Cox
proportional hazards models (n=1839, 610 cases). For the global parkinsonian summary score,
parkinsonian gait, and bradykinesia, we square root transformed these scores and used linear

mixed effect models (n=2626) to assess the association between purpose and parkinsonian sign
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trajectories. adjusting for a wide range of covariates including health conditions, depressive
symptoms, and health behaviors. For tremor and rigidity, we used mixed effects logistic
regression to assess the odds of having any versus none of these signs over follow up.

Results: For incident parkinsonism, after including demographics, health conditions, and health
behaviors in the model, the hazard ratio was 0.88 [95%CI 0.80, 0.98]) for a 1-SD increase in
purpose in life. For the global parkinsonian summary score, a 1-SD increase in purpose in life
was associated with a -0.19 (95%CI -0.24, -0.14) point lower score at baseline after including
demographics, health conditions, and health behaviors in the model. For parkinsonian gait and
bradykinesia, this association was -0.25 (95% CI -0.33, -0.17) and -0.21 (95% CI -0.28, -0.13)
respectively. For tremor and rigidity, a 1-SD increase in purpose was associated with 0.79 times
(95%C10.71, 0.88) and 0.70 times (95%CI 0.60, 0.82) the odds of having any versus no signs
respectively. No differences in rate of change were evident for any of the domain scores.
Conclusions: Higher sense of purpose in life was associated with lower hazards of incident
parkinsonism and lower levels of parkinsonian signs at baseline. Associations were seen even
after adjustment for a wide range of covariates. Findings suggest higher purpose may contribute
to maintenance of healthy physical function among older adults. Future work may investigate

potential underlying mechanisms linking purpose in life and parkinsonian signs/parkinsonism.
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Introduction

Parkinsonism, a clinical syndrome characterized by a combination of symptoms
including parkinsonian gait, bradykinesia, tremor, and rigidity, is increasingly recognized as a
highly prevalent indicator of declining physical functioning in older adults.”-’? Studies have
shown that this heterogenous disorder impacts 50% or more of adults by age 857 and is
associated with increased risk of a wide range of adverse health outcomes such as mortality,
Alzheimer’s dementia, mild cognitive impairment, and physical disability.” In addition,
cerebrovascular disease pathologies either individually or in combination appear to play a role in
the development of parkinsonism and its progression.” A greater accumulation of mixed-brain
pathologies, particularly cerebrovascular disease pathologies that tend to accumulate in brains of
older adults, is linked to faster progressive parkinsonism.’® Individuals differ in their ability to
tolerate accumulating brain pathologies, and this capacity has been previously referred to as
resilience or neural reserve.””’8 Given the high prevalence of parkinsonism and the increased risk
of adverse health outcomes with which the syndrome is associated, it is important to identify
protective factors that may confer greater resilience to progressive parkinsonism .

There is significant heterogeneity in the age-related declines in motor function, with
some individuals experiencing little loss of function while others display rapid functional
decline.” Recent work has found that while almost all older adults exhibit some brain
pathologies, the degree to which these pathologies contribute to motor impairment differs
significantly among individuals.”>7® This suggests that certain factors may offer resilience by
offsetting the negative effects of accumulating brain pathologies that contribute to motor decline.
Studies have identified biological and behavioral factors such as motor resilience proteins and

increased physical activity as examples of resilience factors against motor and cognitive
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decline.”-#Further studies have investigated higher-order factors such as educational attainment
and social connections as potential sources of resilience.®**> While various facets of
psychological well-being have been linked with greater likelihood of healthy aging and health
span,'+835 few studies have directly assessed whether psychological well-being may serve as a
resilience factor in the context of physical function and motor decline.

Purpose in life is a component of psychological well-being that refers to the extent to
which individuals feel their lives have meaning, purpose, and direction.®%637 It has been
associated with a range of health outcomes including better cardiovascular health, reduced risk of
mortality, and sustained physical functioning as measured by walking speed.>” A prior
longitudinal study in the Rush Memory and Aging Project (MAP) also found higher levels of
purpose in life modified the association between Alzheimer’s dementia pathologic changes and
cognition. Participants with higher levels of purpose exhibited better cognitive function despite
the burden of the disease, suggesting purpose in life may provide resilience against these
pathologies.®® Given cognitive and motor declines share risk factors and common biology such
as brain pathologies,® prior research suggests that a higher sense of purpose in life may increase
resilience to potential negative effects of brain pathologies. However, few studies have examined
the association between purpose in life and motor decline or progressive parkinsonism in
particular. As research increasingly suggests that sense of purpose and meaning in life (a closely

related concept to purpose in life) can be altered with active interventions,?®!

investigating
whether a higher sense of purpose in life is prospectively associated with incident parkinsonism
and trajectories of parkinsonian signs may inform future interventions to support healthy aging.

To our knowledge, no studies have investigated whether purpose in life is associated with slower

rate of parkinsonism progression.

29



We used longitudinal data from Rush Memory and Aging Project (MAP) and Minority
Aging Research Study (MARS), which are ongoing epidemiologic studies of older adults, to test
the following hypotheses: (1) higher sense of purpose in life at baseline would be associated with
lower incidence of parkinsonism over follow-up; (2) higher sense of purpose in life at baseline
would be associated with lower levels of parkinsonian signs at baseline; (3) higher sense of
purpose in life at baseline would be associated with slower rates of increase in parkinsonian
signs over follow-up. In order to ease comparisons across studies, we assessed parkinsonian
signs using a global summary score and also using separate domain scores. Following prior
work, we also considered a range of potential confounders including sociodemographic factors,
health conditions, and depressive symptoms as they have been associated with both sense of
purpose in life and parkinsonism.’*92:%3
Methods

Study population

Participants were older adults without known dementia at baseline from the Rush
Memory and Aging Project (MAP) and Minority Aging Research Study (MARS). These are
ongoing longitudinal studies with similar data collection procedures and measures, allowing for
pooled analyses.”**> The MAP consists of predominantly White individuals with diverse
socioeconomic backgrounds, and enrollment began in 1997. Participants were recruited from
approximately 40 continuous care retirement communities and senior subsidized housing
facilities in and around the Chicago metropolitan area (n=2252 at baseline). The MARS is a
cohort of Black individuals that started enrollment in 2004. Participants were recruited from
community-based organizations, churches, and senior-housing facilities in the metropolitan

Chicago area and outlying suburbs (n=809 at baseline). All measures were collected at annual
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visits at participant homes.** Details of the recruitment method and study protocol have been
described in detail elsewhere.”*7 Participants were excluded from the analytic sample if they
were missing the purpose in life measure at baseline (N=243), missing data about parkinsonian
signs at all time points (N=21), missing data on more than 4 of the 7 health condition measures at
baseline (N=0), if they reported using Parkinson’s disease medication at baseline (N=62; in order
to reduce concerns about reverse associations between purpose and risk of Parkinsonism) or if
they were missing information about use of Parkinson’s disease medication (N=1), if they had
Parkinson’s disease at baseline (N=67), or if they were missing information about Parkinson’s
disease at baseline (N=12). For incident parkinsonism analyses, participants were additionally
excluded if they had parkinsonism at baseline (n=564), had no data on parkinsonism at baseline
(n=13), or had no follow-up data on parkinsonism (n=273). The final analytic sample was 1839
and 2626 for incident parkinsonism and parkinsonian signs analysis respectively. The study was
approved by the Institutional Review Board of Rush University Medical Center and informed
consent was obtained from all participants.

Measures

Purpose in life. Purpose in life was assessed at the baseline interview using a modified
measure derived from Ryff’s and Keye’s scales of psychological well-being (see Supplemental
Materials 2 for items). Participants were asked to rate their level of agreement with each of the
10 items on a 5-point Likert scale. Negatively worded items are reversed so that higher scores
indicated greater purpose in life. Following other work with these cohorts,’® item scores were
averaged to create a total score ranging from 1 to 5. We considered the purpose in life score as a
standardized continuous measure (z-score) and also categorized in quartiles based on the score

distribution in this sample to assess potential discontinuous threshold effects.
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Parkinsonian signs. At the annual clinical evaluation, trained nurse clinicians scored each
of the 26-items of the previously validated modified motor portion of the United Parkinson’s
Disease Rating Scale (mUPDRS)” (see Supplemental Materials 2 for items) over up to 20 years
of follow-up.”®!%° Each item was scored on a scale from 0 to 4 or 0 to 5, where 0 indicate
normal or healthy functioning and higher scores indicate increasing dysfunction. Following prior
work in these cohorts,’*!°! four parkinsonian sign domain scores were derived from the 26 items,
including Parkinsonian gait (6 items), rigidity (5 items), bradykinesia (8 items), and tremor (7
items). Each domain score was calculated by summing scores assigned to each relevant
individual item, divided by the maximum possible score for that domain, and then multiplied by
100 to create a score ranging from 0 to 100, with a higher score indicating more severe
dysfunction in that domain. A global parkinsonian summary score was derived by averaging
scores of the four domains and used as a composite measure of dysfunction. Prior work suggests
parkinsonian signs evaluated using this method closely correspond to evaluations obtained from
neurologists with expertise in movement disorders,” and the measure has high inter-rater
reliability, short-term temporal stability and reproducibility in men and women in a variety of
cohorts.?”-190:192 Dye to the positively skewed distributions, following prior work,”® we square
root transformed the global parkinsonian summary score and the parkinsonian gait and
bradykinesia domain scores and these were analyzed as continuous measures. We categorized
the domain scores for tremor and rigidity as 0 or >0 and analyzed these scores as binary
measures.

Incident parkinsonism. Parkinsonism was considered present if two or more of the four
parkinsonian domains were rated as positive for parkinsonian signs. Each domain was

considered positive if 2 or more of the items in that specific domain were scored > 1, indicating
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mild abnormality.!°! The first occurrence of parkinsonism was considered as incident
parkinsonism.

Covariates. At baseline, study participants self-reported sociodemographic information
including age (years), sex (male/female), race (White, Black, American Indian or Alaskan
Native, Native Hawaiian or Other Pacific Islander, Asian, Other, or Unknown) and ethnicity (yes
or no for Spanish/Hispanic/Latino), education (years of education), and marital status (never
married, married, widowed, divorced, separated). Due to limited sample size in some racial and
ethnic categories, we re-categorized the participants based on race only to White, Black, and
Other (all individuals who reported as identifying in the other categories).

Based on prior work in this cohort, we assessed health conditions at baseline via a
composite measure of 7 medical conditions.!® Conditions queried included diabetes, heart
disease, hypertension, thyroid disease, cancer, head injury, and stroke. All conditions except for
stroke and diabetes were assessed via self-report of a clinician’s diagnosis of specific conditions.
For stroke, neurological examination by clinicians and review of prior brain scans (if available)
were additionally incorporated. Diabetes was assessed based on self-report of diagnosis by a
clinician or the use of relevant medication for the condition (participants supplied all medications
taken in the 2 weeks prior to the evaluation).!®* The total count of conditions present in this
sample ranged from 1 to 7 and was used as a continuous measure. For those missing information
on > 4 conditions, the score was considered as missing. Parkinson’s disease was also assessed
based on self-reported history for which dopaminergic medication was received. The use of
medication for Parkinson’s disease was also assessed via inspection of medications taken in the 2
weeks prior to the evaluation. Trained staff measured body mass index (BMI; assessed height

and weight to derive kg/m?) at the baseline visit.
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Depressive symptoms were assessed with the modified 10-item version of the self-report
Center for Epidemiologic Studies Depression Scale (CES-D).!% Participants were asked if they
experienced each of the ten symptoms in the past week (yes/no). A total score is derived by
summing total number of symptoms reported. For participants missing < 5 items, the score was
rescaled to be out of 10 by averaging the non-missing item values and multiplying by 10. For
those missing more than 5 items, the score was considered as missing.

Relevant health behaviors including smoking and alcohol consumption were also
assessed by self-report at baseline. Never smoker, former smoker, and current smoker status was
categorized based on the answer to the following two questions: “Do you smoke cigarettes
now?” and “Did you ever smoke cigarettes regularly?”” Alcohol consumption was assessed first
by asking participants if they had consumed at least 12 drinks ever and in the last 12 months.
Individuals who answered no to both questions were given a total alcohol consumption of 0
grams. Those who responded yes were then asked to estimate the quantity of beer, wine, and
liquor consumed and the frequency of consumption. The total grams of alcohol consumed per
day was calculated based on these responses. Dummy variables for missingness were created for
missing categorical covariates.

Statistical Analysis

First, we examined the distribution of baseline covariates by quartiles of purpose in life.
To assess whether higher levels of purpose in life were associated with lower risk of incident
parkinsonism, we used Cox proportional hazards models. We examined proportional hazards
assumption by Schoenfield residuals and the assumption was upheld for purpose in all models
(p>0.05). We employed the following sets of models for the analysis. Model 1 included baseline

sociodemographic factors (i.e., age, race, education, marital status) and cohort information (MAP
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or MARS); Model 2 added further potential confounders to the model including baseline health
conditions and depressive symptoms. Model 3 additionally included BMI, alcohol consumption,
and smoking status that could be potential confounders or lie on the pathway from purpose in life
to parkinsonian signs. Next, for the global parkinsonian summary score, parkinsonian gait, and
bradykinesia, we used linear mixed effect models with random intercepts and random slopes to
test whether the rate of increase in parkinsonian signs over time was slower with higher levels of
purpose in life,. These models used the residual maximum likelihood method and a compound
symmetry covariance structure. For tremor and rigidity, we employed mixed effects logistic
regression to test whether higher levels of purpose were associated with higher odds of having
any sign for these two domains. We incorporated the same sets of covariates in increasingly
adjusted models as described for the above analyses. We first assessed associations with the
standardized continuous measures of purpose and then the measure categorized in quartiles. All
analyses were conducted in R 4.2.2.

As sensitivity analyses, we excluded those with clinical diagnosis of major depressive
disorder at baseline based on criteria of the Diagnostic and Statistical Manual of Mental
Disorders, 3" Edition, Revised (DSM-III-R). To assess potential similarity in associations across
groups, we also stratified analyses by race and looked at associations within White and Black
individuals. Those categorized as “Other” for race were dropped from this analysis due to small
sample size in this category. We did not test for interaction by race due to age differences by race
of the participants.

Results
The mean and maximum follow up time was 7.3 and 20 years respectively. On average,

participants had 4 clinic-based assessments of parkinsonian signs over follow up. Notably, the
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majority of the sample was female (75%), and 66% were White individuals. The mean purpose
in life score at baseline was 3.7 (standard deviation [SD]=0.5; range=2 to 5), and the mean age at
baseline was 78 years (SD=7.9). The distribution of baseline covariates by quartiles of sense of
purpose in life are shown in Table 2.1. Participants with higher purpose in life were younger, had
higher levels of education, were more likely to be married, less likely to have health conditions,
and had fewer depressive symptoms at baseline.

Table 2.1. Baseline characteristics by quartiles of sense of purpose in life.

Baseline Sense of Purpose in Life

(Q1=low)
Characteristic Overall, Q1 Q2 Q3 Q4
N=2,626 N =785 N=765 N=573 N=503
Demographics
Age (M, SD) 78.0 (7.9) 80.8(7.9) 78.4(7.6) 77.1(7.6) 74.2(7.0)
Female (%) 1,977 (75%) 624 (79%) 580 (76%) 410 (72%) 363 (72%)
Race
White (%) 1,733 (66%) 596 (76%) 513 (67%) 355 (62%) 269 (53%)
Black (%) 865 (33%) 179 (23%) 244 (32%) 211 (37%) 231 (46%)
Other (%) 28 (1.1%) 10 (1.3%) 8 (1.0%) 7(1.2%) 3 (0.6%)
Education years (M, SD) 14.9 (3.4) 13.8(3.1) 14.6(3.3) 153((3.3) 16.6(3.4)
Marital Status
Never Married (%) 162 (6.2%) 66 (8.4%) 45(5.9%) 21 (3.7%) 30(6.0%)
Married (%) 971 (37%) 218 (28%) 264 (35%) 252 (44%) 237 (47%)
Widowed (%) 1,065 (41%) 392 (50%) 330 (43%) 204 (36%) 139 (28%)
Divorced/Separated (%) 426 (16%) 109 (14%) 126 (16%) 96 (17%) 95 (19%)
Health related factors
CES-D (M, SD) 1.2 (1.7) 2.0 (2.1) 1.1 (1.6) 0.8(1.3) 0.6(1.0)
BMI (M, SD) 28.2 (5.8) 28.0(6.1) 28.3(6.0) 27.9(5.2) 28.6(5.8)
Health conditions (M, SD) 2.5 (1.0) 2.6 (1.1) 2.5(1.0) 25(1.1) 24(1.0)
Health behaviors
Alcohol (g/day) (M, SD) 4.9 (13.0) 4.1(11.2) 4.7(10.8) 5.6(18.1) 5.7(11.8)
Smoking
Never (%) 1,444 (55%) 422 (54%) 423 (55%) 325 (57%) 274 (54%)
Former (%) 1,076 (41%) 331 (42%) 307 (40%) 227 (40%) 211 (42%)
Current (%) 105 (4.0%) 32 (4.1%) 35(4.6%) 21 (3.7%) 17 (3.4%)

Note:

Purpose in life was categorized into the following quartiles 2<Q1<3.5, 3.5<Q2<3.8, 3.8<Q3<4,

4<Q4<S.
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Abbreviations: Q=quartile, CES-D=10-item modified version of the Center for Epidemiologic
Studies Depression Scale, BMI=Body mass index

Purpose in life and incident parkinsonism

Over follow-up, 610 out of 1839 participants (33.2%) developed parkinsonism.
Unadjusted Kaplan-Meir curves are shown in Figure 2.1. After adjusting for baseline
sociodemographic factors (Model 1), a 1-SD increase in purpose in life was associated with a
15% decrease in the hazards of incident parkinsonism (HR=0.86 [95%CI 0.78, 0.94]). After
additional adjustment for covariates, this association was maintained (Model 2 HR=0.89 [95%CI
0.80, 0.98) and Model 3 HR=0.88 [95%CI 0.80, 0.98]). There was no evidence of a threshold
effect for sense of purpose in life categorized in quartiles in relation to incident parkinsonism
(Supplementary Table S2.1).

Figure 2.1. Unadjusted Kaplan-Meir survival curves for the global parkinsonian summary score,
stratified by quartiles of sense of purpose in life at baseline.
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Note: Q=quartiles, Q1=lowest quartile of purpose in life, Q4=highest quartile of purpose in life.
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Note:

Purpose in life with levels and changes in global parkinsonian summary score over time

On average, the global parkinsonian summary score increased by 0.08 points per year
over follow up (Time, Table 2.2, Model 3). In all models, higher sense of purpose was associated
with lower scores for the global parkinsonian summary score at baseline. For example, after
including demographics, health conditions, and health behaviors in the model, a 1-SD increase in
purpose in life was associated with a -0.19 (95%CI -0.24, -0.14) point lower global parkinsonian
summary score (Purpose, Table 2.2, Model 3). Higher sense of purpose was not associated with
the rate of change in the global parkinsonian summary score (Purpose X Time, Table 2.2, Model
3).

Table 2.2. Associations of baseline sense of purpose in life with the global parkinsonian
summary score and domain-specific scores for parkinsonian gait and bradykinesia (N=2626).

Model 1 Model 2 Model 3

Characteristic Beta 95% CI Beta 95% CI Beta 95% CI
Global summary

Purpose -0.25*%* -0.30, -0.20 -0.20*%* -0.25,-0.15 -0.19%* -0.24, -0.14

Time 0.08** 0.07, 0.09 0.08** 0.07, 0.09 0.08** 0.07, 0.09

Purpose * Time 0.00 -0.01, 0.01 0.00 -0.01, 0.01 0.00 -0.01, 0.01
Gait

Purpose -0.35%* -0.43,-0.27 -0.27** -0.35,-0.19 -0.25*%* -0.33,-0.17

Time 0.18** 0.17,0.19 0.18** 0.17,0.19 0.18** 0.17,0.19

Purpose * Time -0.01 -0.02, 0.01 -0.01 -0.02, 0.00 -0.01 -0.02, 0.00
Bradykinesia

Purpose -0.26*%* -0.34,-0.19 -0.21** -0.29, -0.14 -0.21*%* -0.28, -0.13

Time 0.08** 0.07, 0.09 0.08** 0.07, 0.09 0.08** 0.07, 0.09

Purpose * Time 0.00 -0.01, 0.01 0.00 -0.01, 0.01 0.00 -0.02, 0.01

Model 1 adjusted for baseline age, sex, race, education, marital status, and cohort.

Model 2 further adjusted for baseline health conditions and CES-D score.

Model 3 further added BMI, alcohol consumption, and smoking to Model 2.

Abbreviations: Global Summary= global parkinsonian summary score, CI= confidence interval
*p<0.05

**p<0.01
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Table. 2.3 Associations of baseline sense of purpose in life with the domain-specific scores for tremor
and rigidity (N=2626).

Model 1 Model 2 Model 3

Characteristic OR 95% CI OR 95% CI OR 95% CI
Tremor
Purpose 0.79*%* 0.71, 0.88 0.80** 0.71, 0.89 0.79*%* 0.71, 0.88
Time 1.04** 1.02, 1.06 1.04*%* 1.02, 1.06 1.04** 1.02, 1.06
Purpose * Time 1.01 0.99, 1.03 1.01 0.99, 1.03 1.01 0.99, 1.03
Rigidity

Purpose 0.66** 0.57,0.77 0.66** 0.57,0.78 0.70** 0.60, 0.82

Time 0.96 0.92, 1.00 0.96 0.92, 1.00 0.95*%* 0.93, 0.98

Purpose * Time 1.01 0.98, 1.03 1.01 0.98, 1.03 1.00 0.98, 1.03
Note:

Model 1 adjusted for baseline age, sex, race, education, marital status, and cohort.
Model 2 further adjusted for baseline health conditions and CES-D score.

Model 3 further added BMI, alcohol consumption, and smoking to Model 2.
Abbreviations: OR= odds ratio, CI= confidence interval

*p<0.05
**p<0.01
Purpose in life with levels and changes in parkinsonian domain scores over time
Parkinsonian gait and bradykinesia increased by 0.18 and 0.08 per year respectively
(Time, Table 2.2, Model 3). For tremor and rigidity, a one-year increase in time was associated
with 1.04 and 0.95 times the odds of having any versus no signs respectively (Time, Table 2.3,
Model 3). As shown in Table 2.2 and Table 2.3, in all models, higher sense of purpose was
associated with lower domain scores at baseline across domains. For example, after including
demographics, health conditions, and health behaviors in the model, a 1-SD increase in purpose
in life was associated with 0.25 (95% CI -0.33, -0.17) point lower parkinsonian gait score and
0.21 (95% CI -0.28, -0.13) point lower bradykinesia score. For tremor and rigidity, a 1-SD
increase in purpose was associated with 0.79 times (95%CI 0.71, 0.88) and 0.70 times (95%CI

0.60, 0.82) the odds of having any versus no signs respectively. No differences in rate of change

were evident for any of the domain scores. There was no evidence of a threshold effect for sense
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of purpose in life categorized in quartiles either in relation to the global summary score or for
specific domain scores (Supplementary Table S2.2, Supplementary Table S2.3).
Secondary analyses

Findings were similar after excluding those with highly probable, probable, and possible
clinical diagnosis of depressive disorder at baseline (N=160) (Supplementary Table S2.4,
Supplementary Table S2.5). When evaluating associations separately by race for White and
Black individuals, mean baseline scores for the global summary score and the four domain
scores were higher for White individuals compared to Black individuals, likely due to difference
in the age range in the two groups (mean age was 80.3 for White individuals and 73.5 for Black
individuals). The associations between purpose in life and the scores were generally similar
across race (Supplementary Table S2.6, Supplementary Table S2.7).
Discussion

In a sample of older adults, having a higher sense of purpose was associated with lower
hazards of developing parkinsonism. A higher sense of purpose in life was also associated with a
lower baseline global parkinsonian summary score but not the rate of change in this score over
an average of 7.3 years of follow-up. Considering specific domains, a baseline association with
purpose was evident in all domains, but we found no associations with rate of change in these
scores over time. Notably, these associations were observed even after adjusting for a broad
range of potential confounders including baseline sociodemographic factors, health conditions,
and health behaviors. Associations were also robust to adjustment for depressive symptoms,
suggesting that purpose in life may confer benefits beyond the absence of depression. Although

further work is needed to explore potential mechanisms, these findings suggest purpose in life
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may confer resilience to progressive parkinsonism by contributing to a slower rate of motor
decline.

Our findings extend previous work finding an association between purpose in life and
physical functioning assessed more generally in later life. For example, in a study of older men
and women in the Health and Retirement study, higher sense of purpose in life was associated
with decreased risk of developing slow walking speed.”? Further, a study using data from MAP
found that a higher sense of purpose was associated with reduced risk of self-reported measures
of disability including basic activities of daily living, instrumental activities of daily living, and
mobility disability (i.e., walking up and down a flight of stairs, walking half a mile, and doing
heavy housework).!% In contrast to self-reported measures of disability that could be influenced
by a range of factors including physical, cognitive, and psychological functioning as well as
living environments, the present study focused on parkinsonian signs, a particular phenotype of
motor functioning that is evaluated by a clinician using a measure demonstrated to have high
validity and reliability. Further, in the current study, these relationships were evident in both
White and Black older adults.

We investigated links between purpose in life and the separate domains of parkinsonism
in addition to the global summary score to allow for more meaningful comparisons of findings
across studies. Because parkinsonism has been defined and evaluated in various ways,
comparisons across studies assessing parkinsonism can be difficult and content of the measures
may vary.”?> For example, MAP and MARS operationalize parkinsonism using a 26-item
modified version of the Unified Parkinson’s Disease Rating Scale (UPDRS) Part III (motor
scale; UPDRS-III). This modified measure includes a subset of items from the UPDRS and adds

an additional item that assesses the capacity to turn 350 degrees.”** In comparison, the
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Washington Heights-Inwood Columbia Aging Project (WHICAP) operationalizes parkinsonism
using 10 items from the UPDRS and excludes several features that are core features of PD, such
as limb bradykinesia and gait.!”” Considering specific domains permits comparisons with studies
that may have measured some but not all domains included in the UPDRS.

Our findings suggested that higher levels of purpose in life were associated with lower
incidence of parkinsonism over time however, we found no longitudinal association for the rate
of change in the global parkinsonian summary score or the domain-specific scores. This could
suggest that purpose in life plays a more significant role in preventing the more extreme end of
the distribution of parkinsonian signs, rather than providing benefits across the entire
distribution. Future research should investigate this further to understand the role of purpose in
life on the progression and manifestation of parkinsonism.

The etiology of parkinsonism is heterogeneous, suggesting that the mechanisms
underlying the link between purpose in life and parkinsonism may vary depending on the
etiology of parkinsonism. However, as many of the risk factors and pathologies of diseases
causing parkinsonism are shared, the mechanisms proposed to underly the link between
psychological well-being and various health outcomes may apply to parkinsonism as well. These
include pathways through health behaviors, neurobiological processes, and psychosocial
resources.® Evidence from longitudinal studies suggest that those with higher sense of purpose in
life are more likely to engage in healthier behaviors like staying more physically active!*® and
having better sleep.!?®!1° Healthy levels of physical activity, diet, and sleep have also been
associated with lower levels of parkinsonism.!!!~11¢ Therefore, having a higher sense of purpose
in life may increase the likelihood of engaging in healthier behaviors that reduce the risk and

progression of parkinsonism. A higher sense of purpose in life has also been associated with

42



better cardiovascular health.”® As studies suggest that vascular risk factors including diabetes,
heart disease, higher BMI, and stroke are associated with parkinsonism,’? it is possible that these
conditions could mediate the association between purpose and parkinsonism. Prior work has also
identified genes and proteins as resilience factors for parkinsonism.® Future work should
investigate these factors further to explore biological mechanisms linking purpose in life and
parkinsonism.

This study has several limitations. As the MAP and MARS cohorts had different age
distributions, we were not able to test formally for interaction by race. However, the sample had
a good representation of Black individuals with a larger proportion of Black individuals
compared to other epidemiologic cohorts (32% of the sample were Black men and women). We
were unable to assess the associations for purpose and parkinsonism separated by the different
etiologies for parkinsonism. Future studies can investigate if differences are seen depending on
the etiology of parkinsonism. This study also has several strengths. Parkinsonism was assessed
repeatedly over time by trained nurse clinicians using a measure that closely correspond to
evaluations by neurologists with expertise in movement disorders.” This allowed for a
longitudinal assessment of parkinsonism over time with high reliability and validity. Also, we
considered a broad range of covariates including depressive symptoms and health conditions at
baseline that could be confounders for the association between sense of purpose in life and
parkinsonism.

In conclusion, we found that higher sense of purpose in life was associated with lower
parkinsonian scores at baseline and longer time free of developing parkinsonism in older women
and men. Although more work is needed to investigate whether purpose causally contributes to

parkinsonism, the associations observed in this study were present even after adjusting for a wide
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range of potential confounders.”® Evidence from randomized controlled trials suggest the
modifiability of purpose and meaning in life.!!” Future research can investigate whether
modifying levels of purpose in life will directly translate to changes in parkinsonism. As
parkinsonism is highly prevalent and is associated with a wide range of health outcomes,
investigating its association with modifiable factors like purpose in life may help inform future

interventions for healthy aging.
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STUDY 3

Relations of Optimism and Purpose in Life to Immune Markers in Aging
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ABSTRACT
Background: Psychosocial factors, such as optimism and purpose in life, are associated with
improved health outcomes, including greater longevity and healthier aging. More information is
needed on biologic mechanisms, including immunosenescence (i.e., age-related changes in the
immune system). We investigated if psychological well-being is associated with healthier
immune function characterized by immunosenescence-related measures including naive and
terminally differentiated CD4" and CD8" T cell percentages, the ratio of CD4* to CD8" cells, and
cytomegalovirus (CMV) IgG response.
Methods: Participants were adults over age 50 from the Health and Retirement Study. Optimism
was measured using the Life Orientation Test Revised in 2014 or 2016. Purpose in life was
assessed using the subscale from the Ryff psychological well-being measure in 2014 or 2016. T
cell subsets were assessed by flow cytometry and CMV IgG response was assessed using the
Roche e411 immunoassay analyzer in 2016 from venous blood draw samples. We examined the
cross-sectional associations of optimism and purpose in life with measures of T cell subsets
using linear regression and with CMV IgG using ordered logit regression, controlled for potential
confounding factors.
Results: The final analytic sample ranged from 7,250 to 7,870 depending on which immune
measure was used. After adjusting for sociodemographic factors, a 1-SD increment in optimism
was associated with 0.6% (95%CI 0.2%, 1.0%) higher naive CD4" T cell percentages.
Associations were not significant after further adjustment for health conditions, depression, and
health behaviors. A 1-SD increment in purpose in life was associated with a 0.9% (95%CI 0.5%,
1.3%) higher naive CD4" T cell percentages after adjusting for sociodemographic factors and the

association was maintained after further adjustments for health conditions, depression, and health

46



behaviors. For naive CD8" T cell percentages, CD4:CDS ratios, and CMV IgG antibodies,
associations were seen only in models that adjusted for age. No significant associations were
seen in any models for the terminally differentiated CD4" and CD8" T cells.

Conclusions: Optimism and purpose in life were not robustly associated with most measures of
immunosenescence assessed. However, associations were seen for naive CD4" T cell
percentages, suggesting a possible role of psychological well-being in immunosenescence.
Future studies should investigate the longitudinal association between psychological well-being

and immunosenescence processes.
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Introduction

The proportion of the world’s population aged 65 and over increased from 6% in 1990 to
9% in 2019, and is projected to reach 16% by 2050.!'® As the population ages, the burden of
chronic diseases is also expected to increase for individuals and society as a whole. Various
factors contribute to the rise in diseases in older adults, including physiological dysfunction in
various tissues, organs, and systems that occur with age.!!? In particular, age-related changes in
the immune system (i.e., immunosenescence),” contribute to the etiology of various age-related
diseases, including neurodegenerative diseases, rheumatoid arthritis, cancer, cardiovascular

disease, type 2 diabetes mellitus, and infectious diseases.!%!!

Identifying modifiable factors that
may decelerate the aging of the immune system could inform future interventions to lower the
risk of diseases that occur with age.

Societies are increasingly interested in strategies to promote healthy aging and delay the
onset of age-related diseases. However, the majority of research has focused on identifying risk
factors for disease and ill-health, such as genetics, smoking and sedentary behaviors.!2-122
Recent studies suggest that positive psychosocial factors like positive psychological well-being,
are associated with better health.%!23 Optimism and purpose in life are two distinct facets of
psychological well-being that have consistently demonstrated associations with better health, as
measured by decreased cardiovascular disease risk, mortality, and longer life.® Optimism is the
generalized tendency to expect good outcomes,’ while purpose in life refers to the extent to
which individuals feel their lives have meaning, purpose, and direction.® As research suggests

psychological well-being can be modified with active interventions,!?!24

investigating its
association with immunosenescence may inform future interventions aimed at promoting healthy

aging. Understanding the link between psychological well-being and immunosenescence may
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also provide insight into the mechanisms underlying observed linkages between psychological
well-being and better physical health outcomes.

Immunosenescence impacts both the innate and adaptive immune system, and in
particular, functional changes in T cells are observed. Age-related changes in T cells signifying
deteriorative processes include a decrease in naive T cells, an increased pool of effector memory
T cells, and an inversion in the CD4*: CD8" ratio.?!2>-127 These changes can be attributed to
thymic involution (i.e., progressive shrinkage of the thymus with age), which leads to a reduced
frequency of naive T cells, and also to exposure to immunological insults, which result in the
accumulation of memory T cells.!?813% Furthermore, prior work suggests that antigenic
stimulation throughout the life course can lead to the expansion of memory and effector T cell
subsets, resulting in an increase in pathogen-specific highly differentiated T cells.!3!
Investigators have further speculated that infection to cytomegalovirus (CMV), a highly
prevalent latent and persistent S herpesvirus, may be a major factor contributing to
immunosenescence.!3213% Multiple studies have shown CMV seroprevalence is associated with
an increased risk of various age-related diseases including cardiovascular diseases!* and all-
cause mortality.2%-136.137

Accumulating evidence suggests that psychological well-being is associated with
improved subsequent health outcomes including greater longevity and healthier aging,®!?
however, limited studies have investigated the role of immunosenescence in these associations.
When prior work has investigated the association between psychological well-being and immune
cell numbers (e.g., CD4" T cells, CD8" T cells, and natural killer cells), they have generally been

138—

assessed in young populations with small sample sizes.!*¥140 Although no prior work has

directly assessed the association of CMV IgG response with psychological well-being, studies
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investigating the association with negative psychological factors show higher levels of
depression, anxiety, perceived stress, and post-traumatic stress disorder (PTSD) are associated
with increased CMV IgG levels.!#!"14* Prior research has also found socioeconomic and racial
ethnic differences in T cell subsets and CMV IgG antibodies. For example, several studies using
data from the Health and Retirement Study found lower socioeconomic status and minoritized
racial ethnic status were associated with higher CMV IgG response.?"!43 To our knowledge, no
studies have investigated the association between psychological well-being and T cell subsets,
and CMV IgG antibodies, and whether these associations are seen across socioeconomic and
racial and ethnic diverse groups.

Using data from the Health and Retirement Study (HRS) 2016 Venous Blood Study, we
investigated the cross-sectional association between psychological well-being (i.e., optimism and
purpose in life) and markers of immunosenescence. Following prior work,?"!26 we focus on T
cell subsets and CMV IgG response as measures associated with immunosenescence. We tested
the following hypotheses; (1) higher levels of psychological well-being would be associated with
higher percentages of naive CD4" and naive CD8" T cells, lower percentages of terminally
differentiated effector memory CD4" T and CD8" T cell percentages (TemRA), and higher
proportion of CD4" T cells relative to CD8" T cells (CD4:CDS ratio); (2) higher levels of
psychological well-being would be associated with lower levels of CMV IgG antibodies.
Following prior work, we considered a wide range of potential confounders including
sociodemographic factors, baseline health conditions, and depressive symptoms as they have
been previously associated with psychological well-being, T cell subsets, and CMV IgG
antibodies.!3?922 As prior research suggests that the benefits of psychological well-being are

seen across diverse populations, we investigated these associations across different
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socioeconomic and racial and ethnic groups. Given prior research has demonstrated that the
various facets of psychological well-being are similarly associated with health outcomes, we
anticipate no differences in the associations we observe for optimism and purpose in life.
Methods

Study population

Data are from the Health and Retirement Study (HRS), a nationally representative cohort
of men and women in the U.S. aged 50 years and older. In 2014, a random 50% of the cohort had
the enhanced face-to-face interview and the remaining 50% had the interview in 2016. We
combined the data from 2014 and 2016 to assess psychological well-being and other covariates.
At the end of the interview, participants were given a self-administered survey on psychosocial
topics (i.e., the Leave-Behind Questionnaire) that they complete and returned by mail to the
University of Michigan. In 2016, all respondents who completed an interview wave were asked
to consent to a venous blood draw with the exception of proxy respondents and nursing home
residents.!#¢ Trained phlebotomists made separate visits to the participants” homes and collected
blood samples. Additional detailed information on HRS data collection procedures can be found
on their website (http://hrsonline.isr.umich.edu/).!*’ Participants were excluded from the current
analysis if they were cohort ineligible or in nursing homes (N=200), had no assessment of
optimism or purpose in life (N=1688 had no assessment on either of the measures), missing 4 or
5 (out of 6) items on the optimism measures for analyses for optimism (N=23), missing 4 to 6
(out of 7) items on the purpose in life measure for analyses for purpose in life (N=22), missing
on one or more of the T cell subsets (N=670) for analyses of T cell subsets, and missing
information on CMV IgG antibodies (N=67) for analyses for CMV IgG. The final analytic

sample was 7250 for optimism and T cell subset analyses, 7853 for optimism and CMV
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analyses, 7262 for purpose in life and T cell subset analyses, and 7870 for purpose and CMV
analyses. The study used de-identified data and was determined as exempt for institutional
review board review by Harvard T.H. Chan School of Public Health. Informed consent was
obtained from all HRS participants.

Measures

Optimism was assessed in 2014 or 2016 using the 6-item Life Orientation Test Revised
(LOT-R), a measure shown to have good discriminant and convergent validity, and reliability.!4
Participants were asked to indicate the degree to which they agreed with each item, ranging from
1 (strongly disagree) to 5 (strongly agree). Optimism can be represented by endorsing positively
worded statements while rejecting the negatively worded statements.'*’ Therefore, the 6 items
were summed to obtain a total optimism score ranging from 6 to 30. Negatively framed items
were reverse-coded such that higher scores reflected higher levels of optimism. The measure had
high internal consistency reliability in the current sample (overall score Cronbach’s a=0.75). For
those missing <3 items (N=356), missing values were replaces with the mean of the existing
items.*” We considered optimism as a standardized continuous measure (z-score) and also
categorized it as quartiles based on the distribution in the sample to assess potential
discontinuous threshold effects.

Purpose in life was assessed in 2014 or 2016 using the 7-item subscale from the Ryff
Measures of Psychological well-being which has been previously validated.!*° Participants were
asked to rate their level of agreement on a 6-point Likert scale ranging from 1 (strongly disagree)
to 6 (strongly agree). The 7 items were summed for a total score ranging from 7 to 42.
Negatively framed items were reverse coded such that higher scores reflected higher levels of

purpose. The measure had high internal consistency reliability in the current sample (overall
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score Cronbach’s a=0.76). For those missing <3 items (N=252), missing values were replaces
with the mean of the existing items.*’ The purpose in life score was also considered as a
standardized continuous measure (z-score) and a quartile score to assess potential discontinuous
threshold effects.

T lymphocyte distributions were assessed in 2016 via the proportion (range 0 to 1) of
naive CD4" and CD8" T cells (CD3"/CD19/CD45RA*/CCR7*/CD28"), terminally differentiated
(TemRA) CD4" and CD8" T cells (CD3*/CD19/CD45RA/CCR7/CD28), and the ratio of
CD4" to CD8" T cell counts (CD4" T cells divided by the count of CD8" T cells). Proportions
were calculated using the corresponding parent population as denominators (e.g., naive CD4" T
cells= naive CD4" T cells/total CD4" T cells). The immune cell subsets were identified using
minor modifications to the standardized protocol by the Human Immunology Project. All flow
cytometry measurements were performed on an LSRII flow cytometer or Fortessa X20
instrument (BD Biosciences).

CMYV seropositivity. In many cases, primary infection with CMV occurs early in life, and
thereafter, the virus undergoes cycles of reactivation throughout the life course. However, both
the primary infection and reactivation of CMV are usually asymptomatic in healthy
individuals.!>""132 As a significant proportion of the adaptive immune system is required to keep
the virus in a quiescent state, chronic CMV infection likely contributes to deteriorative age-
related changes in the immune system.!*° An elevated level of CMV IgG antibodies among
seropositive individuals indicates an initial response to primary infection, or the inability to
maintain the virus latent after the primary infection.?:!?* CMV seropositivity was assessed in
2016 using IgG antibodies to CMV in the serum using a Roche e411 immunoassay analyzer

(Roche Diagnostics Corporation). The lower limit of detection was 0.015 antibody units per
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milliliter (U/mL). Following prior work, we categorized individuals with CMV-IgG <0.5 U/mL
as seronegative, and those > 0.5 U/mL as seropositive. We then categorized the seropositive
individuals into tertiles according to the distribution in this sample and considered those who
were seronegative as the reference group as this group indicates never infection with CMV 2!

Covariates were all self-reported in 2014 or 2016. They include sociodemographic
factors including age (continuous), sex (male, female), race and ethnicity (non-Hispanic White,
Black, Hispanic/Latino, Other), education (less than high school, some high school, some college
or associate degree, college graduate or more), total wealth (in U.S. dollars), and marital status
(married or committed relationship, divorced or single, widowed). We assessed health conditions
via a count of the number of conditions reported, which included hypertension, cancer, stroke,
type 2 diabetes, cardiovascular disease, lung disease, and arthritis. Depressive symptoms were
assessed using a summary score from the modified 8-item Center for Epidemiologic Studies
Depression Scale. For secondary analyses, depression was dichotomized using >4 cut point prior
work has suggested indicated probable depression.!>3 Health behaviors, including smoking
(never, former, current smoker), alcohol consumption (non-drinker, 1-4 drinks/day, 5+
drinks/day), and frequency of exercise (never, 1-3 times per month, 1 time a week, > once per
week, every day) were also assessed by self-report in 2014 or 2016. Body mass index (BMI) was
calculated from self-reported height and weight in kg/m?.
Statistical analysis

First, we examined the distributions of covariates by level of optimism and purpose in
life separately. To evaluate the optimism and purpose in life’s cross-sectional association with T
cell subsets, we used linear regression. Due to the non-normal residuals of some of the T cell

subsets (i.e., CD4" TemRA and CD4:CD8 ratio), standard errors were obtained via bootstrapping
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with 1000 replications. We used four sets of models for each of the outcome measures. Model 1
adjusted for age; Model 2 additionally adjusted for other sociodemographic factors (i.e., sex, race
and ethnicity, education, wealth, and marital status); Model 3 additionally adjusted for other
potential confounders including health conditions, depressive symptoms, and CMV-IgG; Model
4 additionally included health behaviors (i.e., smoking, exercise, and alcohol consumption) and
BMI, which could be confounders or factors that lie on the pathway between psychological well-
being and T cell subsets. As CMV infection plays an important role in determining the
distribution of T cell subsets, CMV seropositivity was also included in Models 3 and 4 for the
analyses of T cell subsets. To evaluate the optimism and purpose in life’s cross-sectional
association with CMV IgG response, we used ordered logit regression to estimate the relative
odds of being in a higher category of CMV IgG by levels of psychological well-being. We again
used four sets of models. Model 1 adjusted for age; Model 2 additionally adjusted for other
sociodemographic factors; Model 3 additionally adjusted for other potential confounders
including health conditions and depressive symptoms; Model 4 additionally included health
behaviors and BMI that could be confounders or lie on the pathway from psychological well-
being to CMV seropositivity.

As secondary analyses, we tested for interactions by race and ethnicity (i.e., White,
Black, Hispanic/Latino), education and wealth. As depression is also an important potential
confounder, we also investigated the associations among those with no depression. All analyses
were conducted using R version 4.2.2.
Results

On average, the participants were 70 years old (standard deviation [SD]=10), and the age

range was 51 to 107 years. The mean optimism score was 27 (SD=6) and the mean purpose in
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life score was 32 (SD=7). The distributions of covariates by quartiles of optimism and purpose in
life are presented in Table 3.1. The sample was 59% female, 70% White individuals, 16% Black
individuals, and 12% Hispanic individuals. Participants with higher levels of optimism and
purpose in life had higher levels of education and wealth, and were less likely to have health

conditions and depression.
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Table 3.1. Sample characteristics by quartiles of optimism and purpose in life in
the Health and Retirement Study

Optimism
Q1 Q2 Q3 Q4
N=2,104 N=1,617 N =12,036 N =1,493
Optimism (M, SD) 19.9 (3.2) 25.5(1.1) 30.0(1.3) 345(1.2)
Demographics
Age (M, SD) 69 (10) 70 (10) 70 (10) 70 (10)
Female 1,207 (57%) 932 (58%) 1,236 (61%) 932 (62%)
Race
White 1,377 (65%) 1,085 (67%) 1,493 (73%) 1,088 (73%)
Black 351 (17%) 256 (16%) 297 (15%) 220 (15%)
Hispanic 309 (15%) 219 (14%) 193 (9.5%) 151 (10%)
Other 66 (3.1%) 56 (3.5%) 50 (2.5%) 33 (2.2%)
Married 1,175 (56%) 996 (62%) 1,303 (64%) 986 (66%)
Education
<High School 491 (23%) 291 (18%) 177 (8.7%) 104 (7.0%)
High School 1,174 (56%) 879 (54%) 1,098 (54%) 715 (48%)
>=College 417 (20%) 436 27%) 745 (37%) 653 (44%)
Wealth (per US $1000s) 290 (666) 395 (907) 538(1,052) 642 (1,114)
Health conditions
CESD (M, SD) 2.2(2.3) 1.4 (1.9) 0.9 (1.5) 0.6 (1.3)
Health conditions (M, SD) 2.1(1.2) 2.0(1.2) 1.8 (1.2) 1.6 (1.2)
BMI (M, SD) 29.5(6.4) 29.0 (6.5) 28.6 (5.8) 28.3(5.7)
Health behaviors
Currently smoking 323 (15%) 183 (11%) 167 (8.2%) 89 (6.0%)

Moderate alcohol intake (1-4 drinks/day) 665 (32%)
Healthy physical activity (>1x per week) 744 (35%)

566 (35%)
638 (43%)

851 (42%)
1,044 (51%)

663 (44%)
835 (56%)

Purpose in life

Q1 Q2 Q3 Q4
N=1,897 N=2,041 N=1,608 N=1,716
Purpose (M, SD) 24 (3) 31(2) 36 (1) 40 (1)
Demographics
Age (M, SD) 71 (10) 70 (10) 70 (9) 69 (9)
Female 1,130 (60%) 1,198 (59%) 951 (59%) 1,029 (60%)
Race
White 1,290 (68%) 1,477 (72%) 1,131 (70%) 1,161 (68%)
Black 238 (13%) 282 (14%) 256 (16%) 335 (20%)
Hispanic 303 (16%) 213 (10%) 187 (12%) 175 (10%)
Other 61 (3.2%) 69 (3.4%) 34 (2.1%) 44 (2.6%)
Married 1,057 (56%) 1,226 (60%) 1,044 (65%) 1,147 (67%)
Education
<High School 469 (25%) 285 (14%) 176 (11%) 133 (7.8%)
High School 1,030 (54%) 1,126 (55%) 840 (52%) 872 (51%)
>=College 380 (20%) 616 (30%) 574 (36%) 691 (40%)
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Table3.1. (Continued)

Wealth (per US $1000s) 285(746)
Health conditions

CESD (M, SD) 23(2.3)

Health conditions (M, SD) 2.2(1.2)

BMI (M, SD) 29.5(6.7)
Health behaviors

Currently smoking 285 (15%)

Moderate alcohol intake (1-4 drinks/day) 572 (30%)
Healthy physical activity (>1x per week) 619 (33%)

436 (863)

1.3 (1.8)
2.0 (1.2)
29.0 (6.1)

193 (9.5%)
791 (39%)
905 (44%)

536(1,090)

0.9 (1.5)
1.8(1.2)
28.6 (6.0)

151 (9.4%)
657 (41%)
837 (52%)

605 (1,203)

0.7 (1.3)
1.6 (1.1)
28.4 (5.6)

130 (7.6%)
737 (43%)
962 (56%)

Note:

Optimism was categorized into the following quartiles: 6<Q1<23, 23<Q2<27, 27<Q3<32,

32<Q4<36

Purpose in life was categorized into the following quartiles: 7<Q1<27, 27<Q2<33,

33<Q3<37, 37<Q4<42
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Facets of psychological well-being and T cell subsets

The mean proportions for the T cell subsets were 0.44 (SD 0.18) for naive CD4" T cells,
0.23 (SD 0.16) for naive CD8" T cells, 0.04 (SD 0.06) for CD4" TemRA cells, and 0.46 (SD
0.22) for CD8" TemRA cells. The mean CD4:8 ratio was 3.86 (SD 2.98). Results from
regressing T-cell subsets on optimism and purpose in life are shown in Figure 3.1 and 3.2,
respectively. For optimism, after adjusting for age (Model 1) a 1-SD increment in optimism was
associated with 1.4% higher levels of CD4" naive T cells (8=0.014, 95%C1=0.010, 0.018), 0.5%
higher levels of CD8" naive T cells (8=0.005, 95%C1=0.002, 0.009), and a 0.12 unit higher
levels of the ratio of CD4" to CD8" T cells (=0.124, 95%CI=0.054, 0.194,). This association
remained significant after additionally adjusting for sociodemographic factors (Model 2) for
CD4" naive T cells (=0.006, 95%CI=0.002, 0.010) but not for the other immune cell
parameters. When we additionally included health conditions, depression, CMV IgG (Model 3),
health behaviors, and BMI (Model 4) in the models, associations were substantially attenuated.
Further, we did not find significant associations for any of the models for CD4" and CD8"
TemRA cells. For purpose in life, after adjusting for age (Model 1) a 1-SD increment in purpose
in life was associated with a 1.4 % higher levels of CD4" naive T cells (8=0.014, 95%CI=0.010,
0.018), a 0.7% higher levels of CD8" naive T cells (=0.007, 95%C1=0.003, 0.011), and a 0.12
unit higher levels of the ratio of CD4" to CD8" T cells (8 =0.121, 95%CI1=0.055, 0.191). For
CD4" naive T cells, associations remained significant in all subsequent models (Model 2
[£=0.009, 95%CI=0.005, 0.013], Model 3 [=0.005, 95%CI=0.001, 0.009], and Model 4
[$=0.005, 95%CI=0.000, 0.009). Significant associations were not evident after further
adjustments for covariates for CD8" naive T cells and the CD4:8 ratio. For CD4" and CD8"

TemRA, we observed no significant associations for any of the models (Model 1 for CD4"
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TemRA [$=-0.001, 95%CI=-0.002, 0.000] and CD8" TemRA [£=-0.005, 95%CI=-0.010,

0.0007).

Figure 3.1. Regression coefficients and 95% Cls for the association between optimism and T
cell subsets (N=7250).
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Note:
Model 1 adjusted for age.
Model 2 additionally adjusted for sex, race, marital status, education, and wealth.
Model 3 additionally added health conditions, depressive symptoms, and CMV IgG.
Model 4 additionally included smoking, exercise, alcohol consumption, and BMI.
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Figure 3.2. Regression coefficients and 95% Cls for the association between purpose in life and
T cell subsets (N=7262).

CD4N CD8N CD4TemRA CD8TemRA CD4:8 Ratio
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Note:
Model 1 adjusted for age.

Model 2 additionally adjusted for sex, race, marital status, education, and wealth.
Model 3 additionally added health conditions, depressive symptoms, and CMV IgG.
Model 4 additionally included smoking, exercise, alcohol consumption, and BMI.
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Facets of psychological well-being and CMV IgG

The mean CMV IgG level was 325 antibody U/mL (SD 363) for the full sample, and the
majority of the participants (N=5500, 70%) were seropositive for CMV. Among seropositive
individuals, the mean CMV IgG levels in each tertile was 109, 399, and 883 antibody U/mL. The
results of the ordered logit regression for optimism, purpose in life, and CMV IgG are shown in
Figure 3.3. For optimism, a 1-SD increment in optimism was associated with a 9% lower odds of
being in a higher category of CMV-IgG (odds ratio [OR]=0.91 [95%CI 0.87, 0.94]) after
adjusting for age. For purpose in life, a 1-SD increment in purpose in life was associated with an
8% lower odds of being in a higher category of CMV-IgG (OR=0.92 [95%CI 0.88, 0.95)) after
adjusting for age. Further adjustment in subsequent models attenuated all associations for
optimism and purpose.

Figure 3.3. Odds ratios for the association between optimism/purpose in life and being in a
higher category of CMV-IgG (N=7853 for optimism, N=7870 for purpose).
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Note:

Model 1 adjusted for age.

Model 2 additionally adjusted for sex, race, marital status, education, and wealth.
Model 3 additionally added health conditions and depressive symptoms.

Model 4 additionally included smoking, exercise, alcohol consumption, and BMI.
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Secondary analysis

We found no evidence for interactions between optimism/purpose in life and race and
ethnicity, education and wealth (p>0.05). In analyses excluding those with depression (N=6288
for optimism, N=6299 for purpose), the findings were comparable to the initial findings. Given
the different pattern of findings across subsets of T cells, and based on prior work suggesting
differential rates of decline with age in naive CD4" and naive CD8" T cells, we examined how T
cell subsets were distributed with age in this cohort. Supplementary Figure S3.1 shows the
distributions of the different T cell subsets by age. We found that the distribution of CD8* T cells
is especially strongly patterned by age, such that those who are older have lower proportions of
naive CD8" T cells.
Discussion

In this national sample of US adults over age 50, with cross-sectional analyses we found
higher levels of optimism and purpose in life were not robustly associated with most of the
immune measures evaluated after adjustment for age. However, associations were seen for naive
CD4" T cell percentages and they were maintained even after adjustments for a wide range of
covariates. We found associations of optimism and purpose with lower CMV IgG antibodies
were not evident after adjusting for multiple covariates. We found no evidence of interactions by
race and ethnicity, and socioeconomic differences; however, socioeconomic factors were
important confounders for the association between psychological well-being and measures of
immunosenescence, suggesting future research should carefully account for these factors when
investigating these associations.

To our knowledge, no prior study has investigated the association between psychological

well-being and indicators of immunosenescence. However, our findings are in line with prior
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work that investigated the cross-sectional associations between psychological well-being and
immune cells, and found generally consistent associations for CD4"* T cells.!3%13%134 Ag the
current study investigated the cross-sectional association, further research using longitudinal data
is needed to investigate the prospective associations between facets of psychological well-being
and indicators of immunosenescence.

The different associations with psychological well-being for naive CD4" T cells and
CD8" T cells may be due to the age range of this sample. Prior research indicates that the decline
in naive CD8" T cell numbers with thymic involution starts earlier than naive CD4" T cells, with
a significant decrease in the naive CD8" T cell compartment observed in most individuals by age
65.15° In contrast, naive CD4" T cell subsets show a more modest decline where the percentage
of naive CD4" T cells is sufficiently sustained at ages 65-75 and maintained for another two to
three decades with homeostatic proliferation (i.e., a compensatory mechanism for the decline in
thymic output) of the cells.!> Given that the participants in this study had an average age of 70
years, it is possible that many of them had already experienced declines in CD8" T cells, while
the CD4" T cells remained relatively stable, which may explain the patterning by age in the
distribution of CD8" T cells seen in Appendix Figure 1. The limited variability in the CD8" T
cells may have made it harder to observe associations for CD8" T cells. Future studies should
investigate these associations in other age groups to see if there are differences in the
associations according to age.

We observed no significant associations for optimism or purpose with the terminally
differentiated cells. One possible explanation is the secondary nature of the process by which
these cells begin to proliferate. Although the accumulation of terminally differentiated T cells

may signal immunosenescence, evidence suggests that the invasion of these cells is a secondary
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phenomenon to fill space left by reduction of the naive T cells.!>®> Thus, concentrations of these
cells may be more variable in an older population with a broad range of ages and thereby harder
to observe in relation to psychological or other more distal factors. Some researchers have
further suggested the changes in the memory T cell pool may not necessarily offer a direct
evidence or explanation for decline in cellular immune function per se and that it is the naive T
cell compartment that holds the key to our understanding of cellular immune decline with old
age.!56

The mechanisms that underlie the link between psychological well-being and changes in
the immune system are not yet known, but several plausible processes can be considered. These
include direct biological effects, the moderating effect of psychological well-being on stress and
biological responses to stress, and changes in health behaviors that promote healthier immune
function. One potential biological process that may play a role is oxidative stress which can
affect the functions and differentiation of T cells.!>” T cell survival, for instance, depends on low
concentrations of reactive oxygen species (ROS) and the accumulation of ROS can lead to T cell
apoptosis or necrosis.!>” Research suggests that higher levels of psychological well-being are

associated with higher levels of serum antioxidants, !

which in turn can contribute to reducing
the harmful effects of oxidative stress and thereby play a protective role in the immune system.
Prior research has linked facets of psychological well-being with autonomic function'*® and
separately identified a close relationship between the autonomic nervous system and the immune
system. Neurotransmitters such as catecholamines (i.e., dopamine, norepinephrine and

epinephrine) have potent immunomodulating properties.'®® For example, naive CD4" T cells

strongly express high affinity saturable 5,-adrenergic receptors, which are regulated as T-
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lymphocytes differentiate.'®! Future research should assess more directly whether psychological
well-being is associated with these processes.

Several studies also suggest optimism or purpose can moderate the effect of
psychological stress on the immune system, by reducing levels of stress experienced or
mitigating the severity of the experience.!*3140 Additional mechanisms could operate through
downstream effects on health behaviors including diet, exercise, and sleep. For example, studies
have shown diet affects immune function, with fiber-rich diets associated with better immune

162 Exercise has been shown to modulate both the

response compared to high-fat, low-fiber diets.
number and activity of CD4" T cells, with an increase in CD4" T cells observed in the blood of
athletes after training.!®® These health behaviors have also been associated with psychological
well-being.>* For example higher levels of optimism and purpose in life have been associated
with healthier diets and healthier levels of physical activity.>%-164165

This study has several limitations. This study employed a cross-sectional design due to
data availability. However, as optimism and purpose in life are relatively stable traits, 617 it is
plausible that optimism and purpose in life preceded the measures of immune function. Future
research should investigate the longitudinal associations between psychological well-being and
indicators of immunosenescence. Although the HRS oversampled racial and ethnic minorities for
study recruitment, the racial and ethnic minority groups were less represented in this sample.
Therefore, we were not able to use more detailed categorizations of race and ethnicity. This
study also has several strengths. This study was conducted in a national sample of older adults in
the U.S. with a large sample size that enabled us to adjust for a broad range of potential

confounders for the associations we investigated. With the rich data on the different measures of

immunosenescence, we were able to assess multiple indicators of immunosenescence. We were
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also able to investigate two different facets of psychological well-being and its link to
immunosenescence.

In conclusion, we found associations of two facets of psychological well-being, optimism
and purpose in life, with naive CD4" T cell percentages. Future research should explore whether
immunosenescence may be a potential mechanism underlying the link between psychological
well-being and physical health. As prior work has suggested that optimism and purpose in life
are modifiable with active intervention,'?!2* they may be novel targets for intervention that aim

to decelerate immune aging and promote healthy aging.
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CONCLUSION

Across three studies, I explored the association between psychological well-being and
healthy aging and the potential underlying mechanisms. These studies produced several
important findings and insights regarding directions for future research. First, optimism and
purpose in life are two facets of psychological well-being that appear to be associated with
higher levels of physical functioning assessed via performance-based measures and slower
progression of clinically evaluated parkinsonism over time. With respect to the performance-
based measures of physical function, in Study 1, I found cross sectional associations between
higher levels of optimism and higher levels of grip strength and the ability to perform chair
stands at baseline. I also found longitudinal associations between higher levels of optimism at
baseline and slower rates of decline in timed walks and the ability to perform chair stands over 6
years of follow up. Higher optimism was also associated with lower hazards of reaching
substantial levels of impairment for all performance measures. Together, these findings suggest
that women with higher optimism had higher physical function in older age as well as slower
rates of decline, resulting in extended time with healthy levels of physical functioning and we
found no evidence of interaction by race and ethnicity. With respect to parkinsonism in Study 2, 1
found higher sense of purpose in life was associated with lower hazards of incident parkinsonism
over follow up and lower levels of parkinsonian signs at baseline, but no significant associations
with the rate of increase in parkinsonian signs over follow-up. When assessed separately by
parkinsonian sign domains, I found cross sectional associations between higher levels of purpose
in life and lower scores for the domain scores at baseline, but no longitudinal associations. We
found generally similar associations across White and Black individuals. As studies have shown

that cerebrovascular disease pathologies, either individually or in combination, are the most
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common pathologies associated to progressive parkinsonism,’® these findings suggest purpose in
life may offer resilience against progressive parkinsonism by offsetting the negative effects of
the brain pathologies that are associated with parkinsonism.

Second, inconsistent with my initial hypotheses in Study 3, optimism and purpose in life
were not robustly associated with most of the immune measures associated with
immunosenescence that we assessed once we adjusted for age. However, associations were seen
for naive CD4" T cell percentages, where higher optimism and purpose were associated with
higher naive CD4" T cell percentages. I also found no evidence of interaction by race and
ethnicity in the associations. These findings suggest optimism and purpose in life may be
associated with decelerated immune aging in older adulthood. Although this study employed a
cross-sectional design, it is plausible that optimism and purpose in life, being relatively stable
traits, preceded the assessment of immune function. This suggests that naive CD4" T cells may
play a mediating role in the association between psychological well-being and health. Of note, I
found significant associations in all three studies across a range of outcomes that were robust to
adjustments for a broad range of potential confounders including other relevant health
conditions, depressive symptoms, and sociodemographic factors. In particular, these associations
were robust to adjustment for depression, suggesting the benefits of psychological well-being
may be seen beyond the absence of depression.

These studies have several strengths. First, I utilized three separate large-scale
epidemiologic cohort data for each of the three studies, employing the most comprehensive data
available to address the respective research questions. This made it possible to account for a wide
range of covariates that could confound any associations observed between psychological well-

being and each health outcome. Second, I assessed multiple aspects of physical function in
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relation to psychological well-being by utilizing different measures of physical function. In
addition to the performance-based measures of grip strength, chair stands and walking speed, I
was able to assess progressive parkinsonism, a particular phenotype of physical function that is
predictive of a wide range of adverse health outcomes, with cerebrovascular disease pathologies
being the most commonly associated pathology. Further, I was able to assess these physical
function measures using objective or clinically assessed measures, which reduced concern for
self-report bias. Third, the rich data in the immune function measures allowed for a broad
assessment of the multiple indicators associated with immunosenescence. Fourth, the association
between psychological well-being and health was assessed in older individuals, a critical period
when physical and immune function decline.

These studies also have several limitations. First, although all three studies utilized data
with racial and ethnic diversity, the sample sizes were smaller for the racial and ethnic minority
groups that were assessed. While the findings suggest no significant difference in the
associations by race and ethnic groups, future studies should examine these associations in
populations with larger sample sizes to support these findings. Second, generalizability of the
findings beyond the U.S may be limited, as all three studies used data from the U.S. Third,
although we assessed longitudinal associations between optimism and performance-based
physical function measures over follow-up in Study 1, longer follow-up may be needed as we
had only 6-years to observe meaningful changes in physical function; some aspects of physical
function such as in grip strength, may decline at a slower rate. Optimal duration of follow-up
may depend on the specific indicator of interest and future studies should employ longer follow
up data. Fourth, we could only assess cross-sectional associations between psychological well-

being and the immune measures associated with immunosenescence, limiting the ability to make
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inferences about directionality of the relationships. It is possible for reverse causation to occur,
where the immune measures affect levels of psychological well-being.

These findings suggest several important avenues for future research. First, although we
assessed associations between psychological well-being and health in older ages, understanding
this association in other age groups may deepen our understanding of the role of psychological
well-being on health across the life course. Future studies can look in younger populations to
identify when these associations start to appear and whether there are any differences by age
group. Second, as prior research has indicated cultural differences in the nature of psychological

well-being as well as its association with health,!68

future research should investigate potential
cultural differences in the associations examined in the three studies. Third, future studies
examining the association between psychological well-being and immunosenescence should
employ data and methods that assess causal relationships to build a more robust case for
psychological well-being as a contributing factor to slower immune aging. Examples of such
studies could include those with prospective or experimental designs.

Although additional research is necessary to determine the practical implications of these
findings, the preliminary evidence could have significant relevance for public health practice.
Existing research in psychology has identified individual-level interventions that can increase
levels of psychological well-being, suggesting that it is likely modifiable through targeted
interventions.'? However, whether changes in psychological well-being translates to changes in
health remains a separate question that warrants further investigation both in the U.S. and across
diverse populations and cultures. If data continue to support a causal relationship, our findings

suggest that psychological well-being may be a novel target of intervention for sustaining

physical functioning with age. It is also important to note that the majority of the existing
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interventions are focused on the individual level, relying on individuals to make continued effort
(e.g., engaging in daily writing tasks) to improve their well-being. These individual-level
interventions may inadvertently increase disparities in well-being, as those with higher initial
levels of well-being may be more likely to engage in such interventions. Therefore, future work
should investigate population-level approaches to improving psychological well-being, such as
organizational and community-level interventions, to more effectively and efficiently decrease
disparities in well-being and health. One promising avenue for such population-level approaches
involves interventions at the workplace,!®® which may offer opportunities to address structural
factors that contribute to psychological well-being.

The preliminary evidence suggesting immunosenescence as a potential pathway linking
psychological well-being and health not only strengthens the biological plausibility of the
associations observed between psychological well-being and health, but also helps to better
understand the nature of the changes psychological well-being may induce that can affect
physical health. Although further studies with stronger causal inference would be necessary to
make a case, examining likely biological pathways may help us understand the specific aspects
of biological function that are associated with psychological well-being, and thereby provide a
better understanding of the durability of health changes and the types of diseases that are likely
to be influenced by psychological well-being. Future research should also explore other potential
biological mechanisms underlying the link between psychological well-being and health and if
data allows, causal mediation analyses should be employed to test the mediating effect of these
processes.

In conclusion, across three studies, this research suggest that higher levels of

psychological well-being are associated with maintaining higher levels of physical function over
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time among older adults, and that immunosenescence may be one mechanism underlying the link
between some of these facets of psychological well-being and healthy aging. Maintaining
physical function with age is crucial for maximizing the time lived with physical independence,
which in turn can lead to reduced medical expenditures, decreased utilization of long-term care,
and improved quality of life for individuals. Although further work is needed to investigate
whether similar associations are seen in other populations, these findings hold significant
relevance for all aging societies. Future research should not only explore whether interventions
targeting psychological well-being result in better health outcomes, but also consider
implementing population-level approaches to enhance psychological well-being and promote

healthy aging globally.
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APPENDIX
Study 1 Supplementary Materials

Supplementary Table S1.1. Comparison of participants included and excluded in the analyses for grip
strength, timed walk, and chair stand.

Grip Strength Timed Walk Chair Stand
Included Excluded Included Excluded Included Excluded
N=5930 N=95 N=5875 N=150 N=5842 N=183

Demographics

Mean (SD) age 70 (4) 71 (4) 70 (4) 70 (4) 70 (4) 71 (4)
Race/Ethnicity
White (%) 86 78 86 80 86 81
Black (%) 8 14 8 11 8 13
Hispanic/Latina (%) 3 4 3 3 3 4
Asian (%) 2 1 2 3 2 1
Other (%) 1 3 1 3 1 2
Married/marriage-like relationship 56 51 56 45 56 47
(%)
Education
< high school graduate (%) 18 22 18 18 18 25
High school graduate (%) 19 17 20 15 20 16
Some college or assoc degree (%) 28 31 29 27 28 29
College or more (%) 33 30 33 39 33 30
Income
< $20,000 (%) 22 27 22 27 22 25
$20,000 to $49,000 (%) 49 42 49 41 49 47
$50,000 to $74,999 (%) 14 15 14 15 14 11
>$75,000 (%) 9 5 9 9
Missing 4 6 4 5 4 6
Occupation
Managerial/professional (%) 36 25 36 37 36 27
Technical/sales/admin (%) 31 23 31 23 31 31
Service/labor (%) 19 28 19 23 19 25
Homemaker only (%) 12 12 12 11 12 10
Missing 3 12 3 7 3 7

Health conditions

Depression (%) 8 7 8 7 8 8
Charlson Index (M, SD) 097 (1) 1.05(1) 0.97 (1) 1.03 (1) 096 (1) 1.23(1)
BMI (M, SD) 29 (6) 29 (6) 29 (6) 29 (6) 29 (6) 30 (6)
Health Behaviors
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Supplementary Table S1.1.(Continued)

Smoking
Never smoked (%) 54 52 54 51 54 51
Past smoker (%) 39 35 39 38 39 40
Current smoker (%) 5 5 5 5 6 3
Missing 1 4 2 5 1 6
Exercise (METs/week) (M, SD) 11(13) 13 (14) 11 (13) 12 (13) 11 (13) 10 (12)
Alcohol
Nondrinker (%) 12 10 12 10 12 11
Past drinker (%) 20 18 20 16 20 22
Current drinker
<1 drink per month (%) 13 13 13 15 13 13
<1 drink per week (%) 21 21 21 23 21 20
1 to <7 drinks per week (%) 23 25 23 23 23 22
7+ drinks per week (%) 11 10 11 9 11 9
Missing 1 4 1 4 1 3
Mean AHEI (M, SD) 47 (9) 47 (9) 47 (9) 47 (10) 47 (9) 46 (9)

Note: M=mean, SD=standard deviation
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Supplementary Table S1.2. Associations between baseline optimism and pessimism subscales

and grip strength, timed walk, and chair stand over follow up using generalized linear mixed

models.

Model 1
B (95% CI)

Model 2
B (95% CI)

Model 3
B (95% CI)

Grip Strength (N=5930)

Optimism subscale

Optimism

Time (years)

Time*Optimism
Pessimism subscale

Pessimism

Time (years)

Time*Pessimism
Timed Walk (N=5875)
Optimism subscale

Optimism

Time (years)

Time*Optimism
Pessimism subscale

Pessimism

Time (years)

Time*Pessimism
Chair Stand (N=5842)
Optimism subscale

Optimism

Time (years)

Time*Optimism
Pessimism subscale

Pessimism

Time (years)

Time*Pessimism

0.28 (0.14, 0.43)**
-0.57 (-0.60, -0.54)**
0.02 (-0.01, 0.05)

-0.42 (-0.56, -0.28)**
20.57 (-0.60, -0.54)**
0.01 (-0.02, 0.04)

0.08 (-0.07, 0.22)
0.20 (0.15, 0.25)**
-0.09 (-0.14, -0.04)**

0.02 (-0.12, 0.17)
0.20 (0.15, 0.25)**
0.05 (0.01, 0.10)*

0.06 (0.02, 0.11)**
20.11 (-0.12, -0.10)**
0.00 (-0.01, 0.02)

20.11 (-0.16, -0.06)**
20.11 (-0.12, -0.10)**
-0.02 (-0.03, -0.01)**

0.23 (0.09, 0.37)**
20.57 (0.60, -0.54)**
0.02 (-0.01, 0.05)

20.37 (-0.52,-0.22)**
20.57 (-0.60, -0.54)**
0.01 (-0.02, 0.04)

0.11 (-0.03, 0.26)
0.20 (0.16, 0.25)**
-0.09 (-0.14, -0.05)**

-0.05 (-0.20, 0.09)
0.20 (0.16, 0.25)**
0.06 (0.01, 0.10)*

0.05 (0.00, 0.10)*
~1.07 (-0.12, -0.10)**
0.005 (-0.01, 0.02)

20.07 (-0.11,-0.02)**
20.11 (-0.12, -0.10)**
-0.02 (-0.03, -0.01)**

0.22 (0.08, 0.36)**
20.57 (0.60, -0.54)**
0.02 (-0.01, 0.05)

20.36 (-0.51,-0.21)**
20.57 (-0.60, -0.54)**
0.01 (-0.02, 0.04)

0.12 (-0.03, 0.27)
0.20 (0.16, 0.25)**
20.09 (-0.14, -0.05)**

-0.06 (-0.21, 0.09)
0.20 (0.16, 0.25)**
0.05 (0.01, 0.10)*

0.03 (-0.01, 0.08)
20.11 (-0.12, -0.10)**
0.01 (-0.01, 0.02)

-0.06 (-0.11,-0.01)*
-0.11 (-0.12, -0.10)**
-0.02 (-0.03,-0.01)**

Note: higher numbers for grip strength and chair stand and lower numbers for timed walk indicate better

physical function.

Model 1 adjusted for baseline age, race and ethnicity, education, income, occupation, and marital status.
Model 2 further adjusted for baseline chronic health condition, depressive symptoms, and BMI.
Model 3 additionally included smoking status, diet quality, alcohol consumption, and physical activity.

*p<0.05
*#p<0.01
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Supplementary Table S1.3. Inverse probability weighted associations between baseline

optimism (z score) and grip strength, timed walk, and chair stand over follow up using
generalized linear mixed models.

Model 1
B (95% CI)

Model 2
B (95% CI)

Model 3
B (95% CI)

Grip Strength (N=5930)
Optimism
Time (years)
Time*Optimism
Timed Walk (N=5875)
Optimism
Time (years)
Time*Optimism
Chair Stand (N=5842)
Optimism
Time (years)
Time*Optimism

0.42 (0.28, 0.56)**
-0.56 (-0.59, -0.53)**
0.00 (-0.02, 0.03)

0.03 (-0.12, 0.18)
0.19 (0.14, 0.24)**
-0.08 (-0.13, -0.03)**

0.11 (0.06, 0.16)**
20.11 (-0.12, -0.10)**
0.01 (0.00, 0.02)*

0.37 (0.22, 0.51)**
20.56 (-0.59, -0.54)**
0.01 (-0.02, 0.03)

0.09 (-0.06, 0.25)
0.19 (0.14, 0.24)**
20.08 (-0.13, -0.04)**

0.07 (0.02, 0.12)**
20.11 (-0.12, -0.09)**
0.01 (0.00, 0.02)*

0.35 (0.21, 0.50)**
20.56 (0.59, -0.54)**
0.01 (-0.02, 0.03)

0.10 (-0.05, 0.25)
0.19 (0.15, 0.24)**
20.08 (-0.13, -0.04)**

0.06 (0.01, 0.11)*
20.11 (-0.12, -0.10)**
0.01 (0.00, 0.02)*

Note: higher numbers for grip strength and chair stand and lower numbers for timed walk
indicate better physical function.
Model 1 adjusted for baseline age, race and ethnicity, education, income, occupation, and marital

status.

Model 2 further adjusted for baseline chronic health condition, depressive symptoms, and BMI.
Model 3 additionally included smoking status, diet quality, alcohol consumption, and physical

activity.
*p<0.05
**p<0.01
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Supplementary Table S1.4. Associations between baseline optimism and grip strength, timed

walk, and chair stand over follow up using generalized linear mixed models excluding those with

depression at baseline.

Model 1
B (95% CI)

Model 2
B (95% CI)

Model 3
B (95% CI)

Grip Strength (N=5270)
Optimism
Time (years)
Time*Optimism
Timed Walk (N=5253)
Optimism
Time (years)
Time*Optimism
Chair Stand (N=5229)
Optimism
Time (years)
Time*Optimism

0.40 (0.24, 0.55)**
-0.57 (-0.60, -0.54)**
0.01 (-0.03, 0.04)

0.04 (-0.12, 0.19)
0.20 (0.15, 0.25)**
20.07 (0.12, -0.02)**

0.12 (0.06, 0.17)**
-0.11 (-0.12, -0.09)**
0.01 (-0.00, 0.02)

0.38 (0.22, 0.54)**
20.57 (-0.60, -0.54)**
0.01 (-0.03, 0.04)

0.08 (-0.08, 0.23)
0.20 (0.15, 0.25)**
20.07 (0.12, -0.02)**

0.09 (0.04, 0.14)**
20.11 (-0.12, -0.09)**
0.01 (-0.00, 0.02)

0.37 (0.21, 0.53)**
20.57 (-0.60, -0.54)**
0.01 (-0.03, 0.04)

0.08 (-0.07, 0.24)
0.20 (0.15, 0.25)**
-0.07 (-0.12, -0.02)**

0.08 (0.03, 0.13)**
-0.11 (-0.12, -0.09)**
0.01 (-0.00, 0.02)

Note: higher numbers for grip strength and chair stand and lower numbers for timed walk
indicate better physical function.
Depressive symptoms at baseline were assessed with the validated Burnam Screening Algorithm

questionnaire.

Model 1 adjusted for baseline age, race and ethnicity, education, income, occupation, and marital

status.

Model 2 further adjusted for baseline chronic health condition, and BMI.
Model 3 additionally included smoking status, diet quality, alcohol consumption, and physical

activity.
*p<0.05
**p<0.01
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Supplementary Table S1.5. Associations between baseline optimism and grip strength, timed walk, and

chair stand over follow up using generalized linear mixed models stratified by physical activity (PA)
levels at baseline (high: >7.5 MET hours per week, low: <7.5 MET-hours per week).

Model 1
B (95% CI)

Model 2
B (95% CI)

Model 3
B (95% CI)

Grip Strength

High PA
Optimism
Time
Optimism*time

Low PA
Optimism
Time
Optimism*time

Timed Walk

High PA
Optimism
Time
Optimism*time

Low PA
Optimism
Time
Optimism*time

Chair Stand

High PA
Optimism
Time
Optimism*time

Low PA
Optimism
Time
Optimism*time

0.46 (0.25, 0.66)**
-0.57 (-0.38, -0.28)**
0.00 (-0.04, 0.04)

0.38 (0.18, 0.58)**
-0.57 (-0.61, -0.53)**
0.00 (-0.04, 0.05)

0.03 (-0.17, 0.23)
0.14 (0.09, 0.20)**
-0.07 (-0.13, -0.01)*

0.02 (-0.19, 0.23)
0.26 (0.18, 0.33)**
20.09 (-0.17, -0.02)**

0.12 (0.05, 0.19)**
20.10 (-0.07, -0.04)**
0.01 (-0.01, 0.02)

0.06 (-0.00, 0.13)
20.12 (-0.13, -0.10)**
0.02 (0.00, 0.03)*

0.44 (0.23, 0.64)**
-0.57 (-0.61, -0.52)**
0.00 (-0.04, 0.04)

0.35 (0.15, 0.55)**
-0.57 (-0.61, -0.53)**
0.01 (-0.04, 0.05)

0.07 (-0.13, 0.27)
0.15 (0.09, 0.21)**
-0.07 (-0.12, -0.01)*

0.06 (-0.15, 0.28)
0.26 (0.19, 0.33)**
20.10 (-0.17, -0.02)**

0.09 (0.02, 0.16)*
20.10 (-0.12, -0.09)**
0.01 (-0.01, 0.02)

0.05 (-0.02, 0.11)
20.11 (-0.13, -0.10)**
0.02 (0.00, 0.03)*

0.43 (0.23, 0.64)**
-0.57 (-0.61, -0.53)**
0.00 (-0.04, 0.04)

0.34 (0.14, 0.54)**
-0.57 (-0.61, -0.53)**
0.01 (-0.03, 0.05)

0.07 (-0.13, 0.27)
0.15 (0.09, 0.21)**
-0.07 (-0.13, -0.01)*

0.06 (-0.15, 0.28)
0.26 (0.19, 0.33)**
20.10 (-0.17, -0.02)**

0.08 (0.01, 0.15)*
20.10 (-0.12, -0.08)**
0.01 (-0.01, 0.02)

0.04 (-0.03, 0.10)
20.11 (-0.13, -0.10)**
0.02 (0.00, 0.03)**

Note: Higher numbers for grip strength and chair stand and lower numbers for timed walk indicate better

physical function.

Model 1 adjusted for baseline age, race and ethnicity, education, income, occupation, and marital status.
Model 2 further adjusted for baseline chronic health condition, depressive symptoms, and BMI.
Model 3 additionally included smoking status, diet quality, and alcohol consumption.

*p<0.05
**p<0.01
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Supplementary Materials 1
1. Modified version of the Charlson Index

To characterize baseline health status, we followed prior work in the WHI > and used the
modified version of the Charlson Index. We included the following 12 diseases from the health
history surveys: myocardial infarction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, chronic pulmonary disease, connective tissue disease, ulcerative
disease, liver disease, diabetes, leukemia, lymphoma/multiple myeloma, and solid tumor. Each
disease is assigned a score of 1 except for leukemia, lymphoma/multiple myeloma, and solid
tumor, which are assigned a score of 2. Although the original Charlson Index gives different
scores for mild and moderate/severe levels for some diseases (e.g., liver disease and diabetes),
we assumed women enrolling in the WHI had only mild cases of these diseases if any were
present at baseline because the WHI had several exclusion criteria based on health status at
enrollment (i.e., alcoholism, drug dependency, mental illness, dementia, or conditions predictive
of less than 3 years’ survival). The score range for the modified index was 0 to 15. When
individuals had missing data on any components of the index, we divided the score by the
number of components for which data were available. As age was included in all analytic

models, we followed prior work in WHI >3

and did not add a score of 1 for every decade of age
as recommended by the original study for the index !7°.
2. Depressive symptoms assessment
Depressive symptoms at baseline were assessed with the validated Burnam Screening

Algorithm questionnaire, which included 6 items from the Center for Epidemiologic Studies

Depression Scale and 2 items from the Diagnostic Interview Scale 71172, The score ranged from
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0 to 1 with higher score indicating a greater likelihood of depression. A cut-off value of 0.06 was
used to identify women experiencing depressive symptoms 7!,
3. Health behavior assessment

On the baseline personal habits questionnaire, women self-reported if they ever smoked
>100 cigarettes and if they smoke cigarettes now. We then categorized them as current, former,
or never smokers. Dietary intake was assessed using a self-reported validated food-frequency
questionnaire (FFQ), completed by WHI participants during the screening period 7. Diet quality
was characterized using the Alternate Healthy Eating Index (AHEI) 74, a composite measure
derived from the FFQ, linked to reduced chronic disease risk !”> and previously used in this
population 76, Scores were summed across 10 components (excluding alcohol) and the total
score ranged from 0 (poorest diet) to 100 (healthiest diet). Alcohol consumption was reported as
past and current use, and for those reporting current consumption, number of current servings per
week was derived from the FFQ. Physical activity was derived from self-reported frequency of
recreational physical activity including walking, mild, moderate and strenuous physical activity,
and measured with the total metabolic equivalent (MET) hours/week of energy expenditure '77.

3. Inverse probability weighting for censoring

Following prior work !, probability of censoring were modeled at each follow up using
logistic regression. Censoring due to death and due to loss of follow up were modeled separately
resulting in 6 probabilities over the 3 follow up times. The covariates in these models included
baseline optimism, age, race and ethnicity, education, income, marital status, Charlson index,
depression and physical function measures at the previous visit. The inverse of the probability of
being censored were calculated at each time point and were multiplied to create one censoring

weight per person. The weights were stabilized using methods used in previous work 7.
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Study 2 Supplementary Materials

Supplemental Table S2.1. Hazards ratios for the association between baseline purpose
in life in quartiles and hazards of incident parkinsonism. (N=1839)

Model 1 Model 2 Model 3
Characteristic HR 95% CI HR 95% CI HR 95% CI
Purpose
Ql — — — — — —
Q2 0.75*%* 0.61,0.92 0.79*%* 0.64, 0.97 0.78* 0.64,0.97
Q3 0.63** 0.50, 0.80 0.66%* 0.52,0.84 0.68** (.53, 0.87
Q4 0.73* 0.57,0.95 0.79* 0.61,1.0 0.79 0.60, 1.0
Note:

Model 1 adjusted for baseline age, sex, race, education, marital status, and cohort.
Model 2 further adjusted for baseline health conditions and CES-D score.

Model 3 further added BMI, alcohol consumption, and smoking to Model 2.
Abbreviations: HR=hazard ratio, CI= confidence interval,

Q=quartile (Q1 is the reference group)

2 <Q1<3.5,3.5<0Q2<3.8, 3.8 <Q3<4, 4 <Q4<5
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Supplemental Table S2.2. Associations of baseline sense of purpose in life in quartiles with the

global parkinsonian summary score, and the domain scores parkinsonian gait, bradykinesia,
tremor, and rigidity (N=2626).

Model 1 Model 2 Model 3
i(c?haracterlst Beta 95% CI  p-value Beta 95% CI  p-value Beta 95% CI  p-value
Global
summary
Purpose <0.001 <0.001 <0.001
Ql — — - — —
Q2 -0.34-0.46, -0.23 -0.34 -0.45,-0.22 -0.32-0.43, -0.21
Q3 -0.59-0.71, -0.46 -0.60 -0.72,-0.47 -0.56-0.68, -0.43
Q4 -0.61-0.75, -0.48 -0.60 -0.74,-0.47 -0.58-0.71, -0.44
Time 0.08 0.06,0.09 <0.001 0.08 0.06,0.09 <0.001 0.08 0.06,0.09 <0.001
Purpose * 0.44 0.42 0.47
Time
Q2 * Time 0.01 -0.01, 0.03 0.01 -0.01,0.03 0.01 -0.01, 0.03
Q3 * Time 0.00 -0.02, 0.02 0.00 -0.02,0.02 -0.01-0.03, 0.02
Q4 * Time 0.00 -0.02, 0.03 0.00 -0.02,0.03 0.00 -0.02, 0.02
Parkinsonia
n gait
Purpose <0.001 <0.001 <0.001
Ql — — - — — —
Q2 -0.57-0.76, -0.38 -0.57 -0.75,-0.38 -0.54-0.72, -0.36
Q3 -0.86-1.1, -0.66 -0.88 -1.1,-0.68 -0.80-1.0, -0.60
Q4 -0.85-1.1, -0.62 -0.84 -1.1,-0.61 -0.78 -1.0, -0.56
Time 0.18 0.15,0.20 <0.001 0.18 0.16,0.20 <0.001 0.18 0.16,0.20 <0.001
Purpose * 0.34 0.31 0.28
Time
Q2 * Time 0.01 -0.02, 0.05 0.01 -0.02,0.05 0.01 -0.02, 0.04
Q3 * Time -0.01-0.05, 0.02 -0.01 -0.05,0.02 -0.01-0.05, 0.02
Q4 * Time -0.02 -0.05, 0.02 -0.02 -0.05,0.02 -0.02-0.06, 0.02
Bradykinesi
a
Purpose <0.001 <0.001 <0.001
Ql — — - — — —
Q2 -0.34-0.51, -0.17 -0.33 -0.50,-0.16 -0.31-0.48,-0.13
Q3 -0.69-0.88, -0.50 -0.69 -0.88,-0.50 -0.67-0.86, -0.48
Q4 -0.61-0.82,-0.41 -0.60 -0.81,-0.39 -0.58-0.79, -0.37
Time 0.09 0.07,0.11 <0.001 0.09 0.07,0.11 <0.001 0.09 0.07,0.11 <0.001
Purpose * 0.65 0.63 0.65
Time
Q2 * Time 0.00 -0.04, 0.03 0.00 -0.03,0.03 -0.01-0.04, 0.03
Q3 * Time -0.02-0.06, 0.01 -0.02 -0.06, 0.01 -0.02-0.06, 0.01
Q4 * Time -0.01-0.04, 0.03 -0.01 -0.04, 0.03 -0.01-0.04, 0.03

83



Note:

Model 1 adjusted for baseline age, sex, race, education, marital status, and cohort.

Model 2 further adjusted for baseline health conditions and CES-D score.

Model 3 further added BMI, alcohol consumption, and smoking to Model 2.

Abbreviations: Global Summary= global parkinsonian summary score, CI= confidence interval,
Q=quartile (Q1 is the reference group)

2 <Q1<3.5,3.5<Q2<3.8, 3.8 <Q3<4, 4 <Q4<5

Supplemental Table S2.3. Associations of baseline sense of purpose in life in quartiles with the domain
scores for tremor and rigidity (N=2626).

Mode
11

Characteristic OR 95% CI  p-value OR 95% CI p-value OR  95% CI  p-value
Tremor

Model 2 Model 3

Purpose <0.001 0.001 <0.001
Ql —  — — — —
Q2 0.83 0.65,1.1 0.86 0.68, 1.1 0.85 0.66, 1.1
Q3 0.72 0.55,0.94 0.75 0.57,0.99 0.73  0.55,0.97
Q4 0.50 0.37,0.68 0.54 0.39,0.73 0.50 0.36,0.69
Time 0.45 0.48 0.31
Purpose * 0.99 0.95,1.0 0.98 0.94,1.0 0.99 0.94,1.0
Time
Q2*Time 1.0 0095,1.1 1.0 0.95,1.0 1.0 0.95, 1.1
Q3*Time 1.0 0098, 1.1 1.0 097,1.1 1.0 0.98, 1.1
Rigidity
Purpose <0.001 <0.001 <0.001
Ql —  — — — —
Q2 -0.92 -1.4,-0.39 -0.75-1.3,-0.21 -0.71 -1.2,-0.17
Q3 -1.5 -2.1,-0.94 -1.3 -1.9,-0.72 -1.3 -1.8,-0.66
Q4 -1.6 -2.2,-0.92 -1.3 -2.0,-0.65 -1.2 -1.9,-0.57
Time 0.00 -0.08,0.08>0.99 0.00 -0.07,0.080.95 0.02 -0.05,0.10 0.55
Purpose * 0.81 0.81 0.70
Time
Q2 *Time 0.01 -0.09,0.11 0.01 -0.09,0.11 -0.01 -0.11,0.10
Q3 *Time -0.04 -0.15,0.07 -0.04-0.15, 0.07 -0.06 -0.18,0.05
Q4 * Time 0.00 -0.11,0.12 0.00 -0.11,0.12 -0.02 -0.14,0.10
Note:

Model 1 adjusted for baseline age, sex, education, marital status, and cohort.
Model 2 further adjusted for baseline health conditions and CES-D score.
Model 3 further added BMI, Alcohol consumption, and smoking to Model 2.
Abbreviations: OR=o0dds ratio, CI= confidence interval

*p<0.05

*#p<0.01
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Supplemental Table S2.4. Associations of baseline sense of purpose in life with the global
parkinsonian summary score, and the domain scores parkinsonian gait and bradykinesia, only
among participants reporting less than 3 depressive symptoms at baseline (N=2251).

Model 1 Model 2 Model 3
Characteristic Beta 95% CI! Beta 95% CI! Beta 95% CI!
Global summary
Purpose -0.25*%* -0.30,-0.20 -0.21** -0.26,-0.16 -0.19** -0.24,-0.14
Time 0.08** 0.07,0.09  0.08** 0.07,0.09 0.08** 0.07,0.09
Purpose * Time 0.00 -0.01,0.01 0.00 -0.01,0.01 0.00 -0.01, 0.01
Parkinsonian Gait
Purpose -0.35*%* -0.43,-0.27 -0.26** -0.34,-0.17 -0.23** -0.32,-0.15
Time 0.18** 0.17,0.19  0.18** 0.17,0.19  0.18** 0.17,0.19
Purpose * Time -0.01 -0.02,0.00 -0.01 -0.02,0.00 -0.01 -0.03, 0.00
Bradykinesia
Purpose -0.27** -0.34,-0.19 -0.22** -0.30,-0.14 -0.21** -0.29,-0.13
Time 0.08** 0.07,0.09  0.08** 0.07,0.09 0.08** 0.07,0.09
Purpose * Time 0.00 -0.01,0.01 0.00 -0.01,0.01 0.00 -0.01, 0.01

Note:

Model 1 adjusted for baseline age, sex, education, marital status, and cohort.

Model 2 further adjusted for baseline health conditions and CES-D score.

Model 3 further added BMI, Alcohol consumption, and smoking to Model 2.

Abbreviations: Global Summary= global parkinsonian summary score, CI= confidence interval
*p<0.05

**p<0.01
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Supplemental Table S2.5. Associations of baseline sense of purpose in life with the domain

scores tremor and rigidity, only among participants reporting less than 3 depressive symptoms at
baseline (N=2251).

Model 1 Model 2 Model 3

Characteristic OR' 95% CI! OR' 95% CI! OR! 95% CI'
Tremor

Purpose 0.79*%* 0.71, 0.88 0.79*%* 0.71, 0.89 0.79*%* 0.71, 0.88
Time 1.0*¥* 1.0, 1.1 1.0** 1.0,1.1 1.0** 1.0,1.1
Purpose * Time 1.0 0.99,1.0 1.0 0.99,1.0 1.0 1.0,1.0
Rigidity

Purpose 0.66** 0.57,0.77 0.66%* 0.57,0.78 0.70** 0.60, 0.82
Time 0.96 0.92,1.0 0.96 0.92,1.0 0.95*%* 0.93,0.98
Purpose * Time 1.0 0.98,1.0 1.0 0.98,1.0 1.0 0.98,1.0
Note:

Model 1 adjusted for baseline age, sex, education, marital status, and cohort.
Model 2 further adjusted for baseline health conditions and CES-D score.
Model 3 further added BMI, Alcohol consumption, and smoking to Model 2.
Abbreviations: OR=o0dds ratio, CI= confidence interval

*p<0.05

**p<0.01
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Supplemental Table S2.6. Associations of baseline sense of purpose in life with the global

parkinsonian summary score and specific domain scores, parkinsonian gait and bradykinesia
stratified by race (N=1789 for White participants, and N=883 for Black participants).

Model 1 Model 2 Model 3
Characteristic Beta 95% CI Beta 95% CI Beta 95% CI
Global summary
White
Purpose -0.30** -0.36, -0.24 -0.26*%* -0.32,-0.20 -0.25*%* -0.31, -0.19
Time 0.08** 0.07, 0.09 0.08** 0.07, 0.09 0.08** 0.07,0.09
Purpose * Time 0.00 -0.01, 0.01 0.00 -0.01, 0.01 0.00 -0.01, 0.01
Black
Purpose -0.15*%* -0.23, -0.07 -0.08 -0.16, 0.00 -0.06 -0.14, 0.02
Time 0.08** 0.06, 0.09 0.08** 0.07, 0.09 0.08** 0.06, 0.09
Purpose * Time 0.00 -0.02, 0.01 0.00 -0.02, 0.01 0.00 -0.02, 0.01
Parkinsonian gait
White
Purpose -0.41** -0.51,-0.32 -0.36*%* -0.46, -0.25 -0.34*%* -0.44, -0.24
Time 0.18*%* 0.16,0.19 0.18** 0.16,0.19 0.18*%* 0.16, 0.19
Purpose * Time 0.00 -0.02, 0.01 0.00 -0.02, 0.01 -0.01 -0.02, 0.01
Black
Purpose -0.22*%* -0.35, -0.09 -0.07 -0.20, 0.07 -0.03 -0.16, 0.11
Time 0.19*%* 0.16,0.21 0.19*%* 0.16, 0.21 0.18*%* 0.16, 0.21
Purpose * Time -0.02 -0.04, 0.01 -0.02 -0.04, 0.01 -0.02 -0.04, 0.01
Bradykinesia
White
Purpose -0.31*%* -0.40, -0.22 -0.26** -0.35,-0.17 -0.26*%* -0.35,-0.16
Time 0.09*%* 0.07,0.10 0.09*%* 0.07,0.10 0.09*%* 0.07, 0.10
Purpose * Time 0.00 -0.02, 0.01 0.00 -0.02, 0.01 0.00 -0.02, 0.01
Black
Purpose -0.17** -0.30, -0.04 -0.11 -0.25, 0.02 -0.10 -0.24, 0.03
Time 0.07** 0.04, 0.09 0.07** 0.04, 0.09 0.07** 0.05, 0.09
Purpose * Time 0.01 -0.02, 0.03 0.01 -0.02, 0.03 0.00 -0.02, 0.03

Note:

Model 1 adjusted for baseline age, sex, education, marital status, and cohort.
Model 2 further adjusted for baseline health conditions and CES-D score.

Model 3 further added BMI, Alcohol consumption, and smoking to Model 2.
Abbreviations: Global Summary= global parkinsonian summary score, CI= confidence interval

*p<0.05
**p<0.01
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Supplemental Table S2.7. Associations of baseline sense of purpose in life with the specific
domain scores tremor and rigidity stratified by race (N=1789 for White participants, and N=883
for Black participants).

Model 1 Model 2 Model 3
Characteristic OR 95% CI OR 95% CI OR 95% CI
Tremor
White
Purpose 0.81*%* 0.72,0.091 0.82*%* 0.72,0.93 0.81** 0.72,0.92
Time 1.0* 1.0, 1.1 1.0* 1.0,1.1 1.0* 1.0,1.0
Purpose * Time 1.0 0.98,1.0 1.0 0.98,1.0 1.0 0.98,1.0
Black
Purpose 0.75* 0.58,0.96 0.75* 0.57,0.97 0.75*%* 0.59, 0.96
Time 1.12** 1.1,1.2 1.11** 1.1,1.2 1.08** 1.0, 1.1
Purpose * Time 1.05*% 1.0,1.1 1.05*% 1.0,1.1 1.05*% 1.0,1.1
Rigidity
White
Purpose 0.59*%* 0.49,0.71 0.60** 0.50,0.72 0.65*%* 0.54,0.77
Time 0.97 0.93,1.0 0.97 0.93,1.0 0.95* 0.91,0.99
Purpose * Time 1.0 0.92,1.16 1.02*%* 1.02, 1.02 1.00 0.90,1.11
Black
Purpose 0.82 0.61,1.12 0.87** 0.87,0.87 0.98 0.70, 1.38
Time 0.75*%* 0.68, 0.84 0.69*%* 0.68, 0.69 0.83** (.75,0.92
Purpose * Time 1.03 0.92,1.16 1.02*%* 1.02, 1.02 1.00 0.90,1.11
Note:

Model 1 adjusted for baseline age, sex, education, marital status, and cohort.
Model 2 further adjusted for baseline health conditions and CES-D score.
Model 3 further added BMI, Alcohol consumption, and smoking to Model 2.
Abbreviations: OR=o0dds ratio, CI= confidence interval

*p<0.05

**p<0.01
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Supplemental Materials 2
1. Purpose in life assessment (modified measure derived from Ryff’s and Keyes’s scale of
psychological well-being)
a. [ feel good when I think of what I’ve done in the past and what I hope to do in the
future.
b. Ilive life one day at a time and don’t really think about the future. (reverse)
c. Itend to focus on the present, because the future nearly always brings me problems.
(reverse)
d. Thave a sense of direction and purpose in life.
e. My daily activities often seem trivial and unimportant to me. (reverse)
f. Tused to set goals for myself, but that now seems like a waste of time. (reverse)
g. 1 enjoy making plans for the future and working them to a reality.
h. Tam an active person in carrying out the plans I set for myself.
i.  Some people wander aimlessly through life, but I am not one of them.
j. I'sometimes feel as if I’ve done all there is to do in life. (reverse)
2. Parkinsonism assessment (26-items of the modified motor portion of the United
Parkinson’s Disease Rating Scale)

Parkinsonian gait was characterized by 6 items: arising from a chair, shuffling gait, body

bradykinesia, turning, posture and postural stability. Rigidity was characterized by 5 items: one
for neck and each of the four extremities. Bradykinesia was characterized by 8 items: right and
left finger taps, fist clench, pronation-supination, and leg agility. Tremor was characterized by 7
items: resting tremor of chin-jaw and all four extremities, and action-postural tremor of both

hands.
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Supplementary Figure S3.1. Distributions of T sell subsets by age
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