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Abstract

Objective: Test the hypothesis that a higher level of purpose in life is associated with an older
age of Alzheimer’s dementia onset and later mortality.

Design: Prospective cohort studies of aging and Alzheimer’s dementia.
Setting: Community-based.

Participants: 2,558 older adults initially free of dementia underwent assessments of purpose

in life and detailed annual clinical evaluations to document incident Alzheimer’s dementia and
mortality. General accelerated failure time models examined the relation of baseline purpose in life
with age at Alzheimer’s dementia diagnosis and mortality.

Exposures: Purpose in life was assessed at baseline.

Main Outcomes: Alzheimer’s dementia diagnosis was documented annually based on detailed
clinical evaluations and mortality was documented via regular contacts and annual evaluations.

Results: During a mean of 6.89 years of follow-up, 520 individuals were diagnosed with incident
Alzheimer’s dementia at a mean age of 88 (SD = 6.7; range: 64.1 to 106.5). They had a mean
baseline level of purpose in life of 3.7 (SD = 0.47; range: 1 to 5). A higher level of purpose in

life was associated with a considerably later age of dementia onset (estimate = 0.044; 95% CI:
0.023, 0.065); specifically, individuals with high purpose (90th percentile) developed Alzheimer’s
dementia at a mean age of about 95 compared to a mean age of about 89 for individuals with low
purpose (10t percentile). Further, the estimated mean age of death was about 89 for individuals
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with high purpose compared to 85 for those with low purpose. Results persisted after controlling
for sex and education.

Conclusions and relevance: Purpose in life delays dementia onset and mortality by several
years. Interventions to increase purpose in life among older persons may increase healthspan and
offer considerable public health benefit.
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INTRODUCTION

Alzheimer’s dementia poses a formidable public health challenge, with more than 5 million
persons in the United States and 50 million worldwide currently affected, and these numbers
will increase dramatically in the coming years1~3. The associated costs are staggering,
exceeding $300 billion in the US and $1 trillion worldwidel. As disease-modifying therapies
have yet to be developed, identification of modifiable risk factors for dementia and

related health outcomes offers an important preventative strategy. One of the most robust
modifiable risk factors for Alzheimer’s dementia is purpose in life, the sense that one’s

life is meaningful and their behaviors goal directed®. Purpose in life is associated with

a substantially reduced risk of developing Alzheimer’s dementia, as well as mortality>-S.
Thus, purpose in life may delay the onset of Alzheimer’s dementia and confer additional
years of life; however, no prior studies have estimated the number of dementia-free years or
the specific longevity benefit associated with a high level of purpose in life.

In this study, we tested the hypothesis that purpose in life is associated with a later age

of onset of Alzheimer’s dementia and mortality among community dwelling older persons
from the Rush Memory and Aging Project and the Minority Aging Research Study®10,
Participants completed assessments of purpose in life and underwent detailed annual clinical
evaluations to document incident Alzheimer’s dementia and mortality. General accelerated
failure time models were used to examine the associations of baseline purpose with the
subsequent age of dementia onset and mortality.

METHODS

Participants

Participants were from 2 longitudinal epidemiologic studies of aging run by the Rush
Alzheimer’s Disease Center, the Rush Memory and Aging Project and the Minority Aging
Research Study?10, Both studies recruit older adults without known dementia from around
the greater Chicago metropolitan area and share nearly identical assessment protocols and
operations (see below). At the time of these analyses (January 2021), 2,978 older persons
were enrolled and had completed the baseline evaluation in these studies. Of those, 2899
individuals had a valid purpose in life measurement; the first visit with a valid purpose total
score was considered the analytic baseline. We excluded individuals who had Alzheimer’s
dementia at the analytic baseline (n = 126) or did not have at least one follow-up evaluation
(n = 215). The analyses were performed on the remaining 2,558 older persons.
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Assessment of purpose in life

Purpose in life was assessed using a 10-item rating scale derived from Ryff’s scales of
Psychological Well-Being*6:8. Participants rated their level of agreement with each item
(e.g., | have a sense of direction and purpose in life, | am an active person in carrying out
the goals | set for myself) on a five point scale, as previously described®8. Item scores
were averaged together to yield a total score for each participant (possible range=1-5), with
higher scores indicating greater purpose in life.

Clinical classification of dementia and AD

Participants underwent annual uniform structured clinical evaluations that included a
medical history, neurological examination, and administration of a battery of 19 cognitive
tests®10.11 Based on the clinical evaluation, an experienced clinician diagnosed Alzheimer’s
dementia using the guidelines of the joint working group of the National Institute of
Neurological and Communicative Disorders and Stroke and the Alzheimer’s and Related
Disorders Association12. Alzheimer’s dementia requires a history of cognitive decline and
impairment in memory and at least 1 other domain.

Determination of vital status

The Memory and Aging Project is a clinical-pathologic study and the autopsy rate exceeds
80%; thus, for most participants from the Memory and Aging Project, the exact date of death
is known by being the day an autopsy was performed. In addition, participants from both
studies are contacted quarterly to determine vital status and changes in health, and death

can be learned of during quarterly contacts or annual visits. Finally, research assistants for
both studies regularly search the Social Security Death Index via the internet for the small
number of persons we are unable to contact. At the time of these analyses, vital status was
known for all participants within the last 3 months.

Other covariates

First, because it is possible that depressive symptoms and medical conditions may confound
the association of purpose with adverse health outcomes, we adjusted for these variables in
supporting analyses. Depressive symptoms were assessed using a modified 10-item version
of the Center for Epidemiologic Studies Depression Scale, and chronic medical conditions
were assessed based on self-report of 8 common chronic conditions®. Second, because
socioeconomic status also may be important, we further adjusted for income based on
self-reported income using the show-card methodogy®.

Statistical Analysis
To examine bivariate associations of demographic variables with purpose in life,
Alzheimer’s dementia diagnosis and death, we used Spearman correlation coefficient, t-tests,
and Chi-square tests as appropriate. Then, to examine the effects of purpose in life on the
onset age of incident Alzheimer’s dementia and death, we used general accelerated failure
time (AFT) models!3. The general AFT model assumes the survival time T,, defined as the
onset age of each adverse event, given a covariate X (i.e. purpose-in-life) for individual i,
can be specified as
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logT; = fio+ pX; + exp(ro + yX;) X log(T),

where T, is the baseline survival time, g, is the baseline mean parameter, g is the coefficient
of X, on the mean parameter, , is the baseline scale parameter and y is the coefficient of X
on the scale parameter. The coefficient s charaterizes the main effect of purpose-in-life on
the mean of age at each adverse event; and y characterizes its effect on the variability of the
age at event. The distribution of T, was modelled by the general gamma distribution for its
flexibility, which included the commonly used Weibull, log-normal and gamma distributions
as special cases!4.

From this model, we can numerically derive the mean age at event given a particular value
of purpose in life, and thus quantify the effects of purpose by years of age postponed for
the adverse events!®. We adjusted for left-truncation in all analyses. Finally, in supporting
analyses, we further adjusted for education, sex, and potential confounders.

The general AFT models were fitted by R programs version 3.6.0 (R Core Team) using
package flexsurv13. Data preprocessing and descriptive analysis were performed using SAS
software, version 9.4 for Linux (SAS Institute, Cary, NC). Statistical significance was
determined at a level of 0.05.

Data availability

RESULTS

The data used in these analyses and a description of the studies can be accessed at the Rush
Alzheimer’s Disease Center Research Resource Sharing Hub at https://www.radc.rush.edu.
Qualified users can request de-identified data and obtain a Data Use Agreement.

Characteristics of study participants

Participants (n = 2,558) in these analyses had a mean age at baseline of 78.0 years (SD =

7.8 years, range: 53.4—- 100.5) and a mean of 14.98 years of education (SD = 3.32, range:

0 - 30); 622 (24.3%) were men, 1,635 were white and non-Latinx (63.9%), and 817 were
Black (31.9%). The mean purpose in life score at baseline was 3.74 (SD = 0.46), with higher
scores indicating a higher level of purpose. Younger age (correlation = —0.271, p<0.001),
higher education (correlation = 0.286, p<0.001) and male sex (mean difference = 0.06,
t-statistic = 3.08, df = 1103.5, p = 0.002) were associated with a higher level of purpose.

Purpose in life and age of Alzheimer’s dementia onset

During a mean of 6.89 years of annual follow-up evaluations (SD = 4.52; range: 0.44 to
18.83), 520 individuals (20.3% of the 2,558) developed incident Alzheimer’s dementia with
an average age at diagnosis of 88.0 years (SD = 6.71 years). Those who developed AD were
older at baseline (mean difference = 5.19, t-statistic = 15.45, df = 918.6, p < 0.001) and less
educated (mean difference = —0.42, t-statistic = —2.60, df = 822.7, p = 0.009) than those
who remained free of dementia; the proportion of participants who developed Alzheimer’s
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dementia were not significantly different for men (n = 134; 21.5%) and women (n = 386,
19.9%; Chi-square = 0.739, df = 1, p = 0.390).

To estimate the association of the starting level of purpose in life with age of incident
Alzheimer’s dementia diagnosis, we constructed a general accelerated failure time model. In
this analysis, a higher level of purpose was associated with an older mean age at diagnosis
(estimated mean parameter g = 0.044; 95% CI: 0.023, 0.065). Specifically, a 1-unit increase
in purpose in life prolonged the average age of Alzheimer’s dementia diagnosis by exp(p) —
1 = 4.4%, which translates to about 4 years. Figure 1, which is based on this analysis, shows
the dementia-free survival probabilities associated with different starting levels of purpose
(10th, 50t and 90th percentiles, scores = 3.1, 3.8, and 4.3, respectively). We estimated

that persons with a high level of purpose in life (score = 4.3, 90th percentile) developed
Alzheimer’s at a mean age of 95.0 years compared to a mean age of 92.5 for those with a
moderate level of purpose (score = 3.8, 50t percentile) and a mean age of 89.0 for persons
with a low level of purpose (score = 3.1, 90th percentile).

Because in prior work both education and sex have been associated with purpose and
Alzheimer’s dementia, we constructed an additional general accelerated failure time model
that included terms for education and sex. In this analysis, the association of purpose with
the mean age of Alzheimer’s dementia onset persisted (5 = 0.045; 95% CI: 0.024, 0.067),
and neither education (4 = 0.000007; 95% CI: —0.003, 0.003) nor sex (g = -0.017; 95%

Cl: —0.034, 0.002) were related to age of onset. Further, because depressive symptoms and
medical conditions may confound the association of purpose in life and dementia, we added
terms to control for them and the association of purpose with dementia remained essentially
the same (g = 0.040, p < 0.001, 95%CI = 0.018 to 0.061). Finally, we also adjusted for
income and again the finding persisted (4 = 0.030, 95% CI: 0.008 to 0.051).

Purpose in life and mortality

During follow-up, 1089 (42.6% of the total 2,558) persons died; the average age at death

was 89.2. Those who died were older at baseline (mean difference = 6.19, t-statistic = 21.9,
df = 2437.6, p < 0.001) and less educated (mean difference = —0.60, t-statistic = —4.62, df =
2475.0, p < 0.001) than those who did not die; the rate of death was significantly higher for
men (n = 310; 49.8%) than women (n = 779, 40.2%; Chi-square = 17.75, df = 1, p < 0.001).

In a general accelerated failure time model, a higher level of purpose was associated with an
older mean age at death (estimated mean parameter g = 0.024; 95% CI: 0.010, 0.038). Figure
2 shows the survival probabilities associated with different baseline levels of purpose in life
(10th, 50t and 90th percentiles). The estimated mean age at death for individuals with a
high level of purpose in life (score = 4.3, 90th percentile) was 88.9 compared to a mean age
of 87.3 for those with a moderate level of purpose (score=3.8, 50th percentile) and 85.1 for
those with a low level of purpose (score = 3.1, 10th percentile).

Finally, we repeated the above analysis controlling for education and sex. In this analysis,
the association of purpose with the mean age at death persisted (g = 0.021; 95% CI: 0.007,
0.036); education (g = 0.002; 95% CI: 0.0002, 0.004) and male sex (s = —0.036; 95%

Cl: -0.052, —0.021) were also related to age of death. Finally, the association of purpose
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with mortality persisted after adjustment for depressive symptoms, medical conditions, and
income (data not shown).

DISCUSSION

In a group of more than 2,500 older persons initially free of dementia who underwent annual
clinical evaluations for up to 19 years, we found that those with a high level of purpose in
life developed incident Alzheimer’s dementia about 6 years later than those with a low level
of purpose and about 3 years later than those with a moderate level of purpose. Further,

in a separate analysis, those with a high level of purpose in life died about 4 years later

than those with a low level of purpose. These findings suggest that having a high level of
purpose in life delays the onset of adverse health outcomes in old age by several years, thus
conferring considerable public health benefit.

The present findings are highly novel and build on the prior literature in several ways.

First, they provide an estimate of the number of years by which purpose in life delays the
onset of Alzheimer’s dementia in old age. We and others previously reported that purpose

in life is associated with a reduced risk of adverse health outcomes including dementia,
disability, and death68.17.17_ Moreover, in prior work, we reported that purpose in life is
not directly related to the pathology of AD but reduces its deleterious impact on cognitive
declinel8. Those findings suggest that purpose in life does not prevent the accumulation of
AD pathology but rather provides a buffer in the face of it. We conceptualize purpose in life
as a psychological factor that provides resilience, likely via complex mechanisms. Finding
purpose and developing meaning and intentionality requires self-reflection, synthesis of
diverse experiences, consideration of one’s potential within the broader social context, and
goal setting. The active development and pursuit of goals likely enhances the strength and
efficiency of neural systems and may promote compensatory mechanisms that can help stave
off dementia. Prior studies did not, however, examine whether purpose may delay the age of
dementia onset (i.e., the delaying hypothesis). The present results provide strong support for
the delaying hypothesis by showing that, among persons with a high level of purpose in life,
dementia-free life is prolonged by 6 years.

Second, these findings provide evidence that purpose in life confers several additional years
of life. Again, we and others previously reported that purpose was associated with a reduced
risk of mortality, but those findings did not inform on the specific longevity benefit>=7. The
analytic approach used here directly informs on this benefit and suggests that, remarkably,

a strong sense of purpose in life promotes longevity. Importantly, this longevity benefit not
only means for more time with family and friends but also more time for older adults to
remain active and productive members of society. For example, older adults are increasingly
engaging in “encore careers” (i.e., second careers initiated later in life). Encore careers allow
use of knowledge and experience developed over a lifetime and promote social and mental
engagement, all of which are critical for maintaining purpose and for successful aging more
generally26-28_ |n addition to the impact of encore careers on individuals’ sense of purpose
and utility, the potential economic impact is huge, as are the societal benefits that result from
increased participation by experienced workers.
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Third, and perhaps most importantly, these findings greatly extend our understanding of the
potential public health impact of increasing purpose in life among the older adult population.
A recent estimate suggests that an intervention that delays dementia onset by five years
could reduce the number of affected individuals in the US by 30-50% (about 2.5 million
fewer cases) in just over 5 years'9. A similar delay in dementia onset could reduce costs
associated with caring for dementia by more than 30%1%20, Further, even considerably
smaller delays (for example, a 1 year delay) would significantly reduce both the number

of persons affected with dementia and the associated costs1920, Here, we estimated that
persons with a high level of purpose have 6 additional dementia-free years compared to
those with low purpose and 3 additional years compared to those with moderate purpose.
Thus, increasing purpose in life among older adults will likely yield substantial public health
and economic benefit.

Fourth, the present study adds to the growing body of evidence suggesting that purpose in
life may be a unique and particularly promising target for intervention studies. Notably,

in this and our prior work, the associations of purpose with adverse health outcomes

were independent of psychological factors such as depressive symptoms, as well as

other experiential factors and medical conditions®16:18, This suggests that purpose is
relatively distinct from depressive symptoms and should be considered an independent
treatment target. Further, emerging research suggests that purpose in life is modifiable and
amenable to improvement via a variety of approaches including mindfulness and cognitive-
behavioral training?=24. Intervention studies have shown that purpose is protective against
psychological and physical morbidity in the settings of cancer, chronic pain and other health
conditions23-25, Here, we extend the potential impact of purpose-focused interventions

to include dementia and longevity. Purpose in life therefore holds promise for improved
outcomes across a variety of health conditions and should be prioritized as a treatment
target that may have wide reaching mental and physical health benefits. Purpose may be an
essential and important determinant of healthspan, the amount of time in life an individual
remains healthy, engaged and autonomous.

This study has strengths and limitations. First, the availability of data on a large group of
older persons who underwent detailed annual clinical evaluations for up to 19 years and
a very high rate of annual follow-up allowed us to accurately identify incident dementia
and carefully document vital status. It also minimized bias due to attrition. Second,
using incident rather than prevalent dementia in analyses allowed us to estimate age of
Alzheimer’s dementia onset from prospective observation rather than from retrospective
informant report; this reduces a major source of bias. A limitation is that analyses were
based on a selected group of relatively healthy older-old adults. Another is that other
potentially important factors such as occupational attainment were not examined, although
the findings persisted after controlling for related factors (i.e., income). Finally, although
this study shows associations between purpose and adverse outcomes, causality cannot
be established via this observational study. Future research is needed to determine the
generalizability of the findings, but this study provides compelling evidence that a focus
on purpose in life is warranted and that purpose should be immediately prioritized in
intervention research.
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Highlights
. This study addresses the question: does purpose in life delay the onset of
dementia and mortality?
. The main finding is that purpose in life delays the onset of these adverse
outcomes by several years.
. Purpose in life increases dementia-free years and longevity, suggesting that

interventions to improve purpose in life may increase healthspan and offer
considerable public health and economic benefit.
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Figure 1.
Alzheimer’s dementia-free probability curves estimated by the general AFT model: purpose

in life = 3.1 (10% quantile; Black), 3.8 (50% quantile; Red), and 4.3 (90% quantile; Green).
The solid blue curve is the Kaplan-Meier curve with 95% confidence intervals (dashed blue
curve).
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Figure 2.
Survival curves estimated by the general AFT model: purpose in life = 3.1 (10% quantile;

Black), 3.8 (50% quantile; Red), and 4.3 (90% quantile; Green). The solid blue curve is the
Kaplan-Meier curve with 95% confidence intervals (dashed blue curve).
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