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Abstract
IMPORTANCE Researchers and policy makers are expanding the focus from risk factors of disease
to seek potentially modifiable health factors that enhance people’s health and well-being.
Understanding if and to what degree aging satisfaction (one’s beliefs about their own aging) is
associated with a range of health and well-being outcomes aligns with the interests of older adults,
researchers, health systems, and politicians.

Key Points
Question Is aging satisfaction (one’s
beliefs about their own aging)
associated with physical, behavioral,
and psychosocial outcomes?
Findings In this nationwide cohort
study of US adults older than 50 years,

OBJECTIVES To evaluate associations between changes in aging satisfaction and 35 subsequent

being in the highest (vs lowest) quartile

health and well-being outcomes.

of aging satisfaction was associated with
improvements in some health behaviors

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from the Health and

(eg, increased likelihood of engaging in

Retirement Study, a national, diverse, and longitudinal sample of 13 752 US adults older than 50

frequent physical activity), physical

years, to evaluate if changes in aging satisfaction (between combined cohorts from 2008 and 2010

health conditions (eg, reduced risk of

and 4 years later, in 2012 and 2014) were subsequently associated with 35 indicators of physical,

mortality), and psychosocial well-being

behavioral, and psychosocial health and well-being in 2016 and 2018. Statistical analysis was

factors (eg, reduced risk of depression)

conducted from July 24, 2020, to November 6, 2021.

4 years later, conditional on prebaseline
aging satisfaction.

EXPOSURE Aging satisfaction.

Meaning This study suggests that
higher aging satisfaction is associated

MAIN OUTCOMES AND MEASURES A total of 35 physical (eg, stroke), behavioral (eg, sleep
problems), and psychosocial (eg, depression) outcomes were evaluated using multiple linear and
generalized linear regression models. Data from all participants, irrespective of how their levels of
aging satisfaction changed from the prebaseline to baseline waves, were incorporated into the
overall estimate, which was conditional on prior satisfaction.
RESULTS During the 4-year follow-up period, participants (N = 13 752; 8120 women [59%]; mean
[SD] age, 65 [10] years; median age, 64 years [IQR, 56-72 years]; 7507 of 11 824 married [64%]) in
the highest (vs lowest) quartile of aging satisfaction had improved physical health (eg, 43% reduced
risk of mortality [risk ratio, 0.57; 95% CI, 0.46-0.71]), better health behaviors (eg, 23% increased
likelihood of frequent physical activity [risk ratio, 1.23; 95% CI, 1.12-1.34]), and improved psychosocial

with improved subsequent health and
well-being and highlights potential
outcomes if scalable aging satisfaction
interventions were developed and
deployed at scale.
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well-being (eg, higher positive affect [β = 0.51; 95% CI, 0.44-0.58] and lower loneliness [β = −0.41;
95% CI, −0.48 to −0.33]), conditional on prebaseline aging satisfaction.
CONCLUSIONS AND RELEVANCE This study suggests that higher aging satisfaction is associated
with improved subsequent health and well-being. These findings highlight potential outcomes if
scalable aging satisfaction interventions were developed and deployed at scale; they also inform the
efforts of policy makers and interventionists who aim to enhance specific health and well-being
outcomes. Aging satisfaction may be an important target for future interventions aiming to improve
later-life health and well-being.
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Introduction
Several prominent intergovernmental organizations (eg, World Health Organization) are urging
countries to go “Beyond GDP (gross domestic product),” and use well-being indicators (eg, life
satisfaction) in addition to traditional economic indicators when making important policy decisions.
Many countries are adopting this paradigm shift.1,2 As populations age, identifying factors that foster
health and well-being is critical for stemming the growing wave of chronic conditions and mounting
health care costs.3,4 Researchers and policy makers are increasingly shifting from focusing on risk
factors of disease to potentially modifiable health assets that enhance people’s health and
well-being.3-7 One health asset of increasing interest to older adults, researchers, and health care
systems (who seek enhanced health and well-being in our rapidly aging population) is aging
satisfaction.
Aging satisfaction refers to self-reported beliefs that people have about their own aging8 (ie,
quality of life, energy, happiness, and feelings of usefulness)9; aging satisfaction has been linked with
better physical health (eg, reduced risk of physical functioning limitations, cognitive impairment, and
mortality),8,10-15 health behaviors (eg, increased use of preventive health services, increased
medication adherence, and better diet),16-21 psychological well-being (eg, higher life satisfaction and
fewer depressive symptoms),22,23 and social outcomes (eg, higher social involvement, perceived
support availability, and numbers of new friends).24,25 According to stereotype embodiment theory
(which states that age stereotypes are internalized, activated, and then work through multiple
pathways to influence people’s health and well-being),26 aging satisfaction might be associated with
physical health via psychological pathways (eg, if people believe poor health is inevitable with age,
self-fulfilling prophecies prevent them from engaging in healthy behaviors),27,28 physiologic
pathways (eg, exposure to negative stereotypes heightens cardiovascular stress responses),29 and
behavioral pathways (eg, poorer sleep quality and decreased use of preventive health care
services).21,30
Past studies on this topic have broken new ground in observing associations between aging
satisfaction and health and well-being outcomes, but remain somewhat limited in terms of potential
utility for interventionists and policy makers. For example, many prior studies evaluated 1 outcome
or a limited range of outcomes, rather than evaluating a large number of outcomes simultaneously.
Assessing many outcomes within the same study allows us to directly compare the effect sizes of
multiple outcomes, which allows interventionists and policy makers to better understand specific
changes to health and well-being outcomes that might be observed if interventionists and policy
makers intervened on aging satisfaction. Furthermore, almost no longitudinal studies have adjusted
for aging satisfaction in the prebaseline wave, which allows researchers to ask a slightly different
question: what health and well-being outcomes might we observe within a relatively short time
horizon (4-year follow-up) if aging satisfaction was increased?
We evaluated a 4-year follow-up period for several reasons. First, a practical reason, most of our
outcomes were assessed every 4 years. Second, many election cycles in the US (as well as in other
nations) occur approximately every 4 years; thus, the 4-year time frame represents a reasonable
window of time in which a policy maker has to make positive change to be reelected. Our study
suggests the health and well-being outcomes that we might expect to observe 4 years later if
effective aging satisfaction interventions and policies (prior work suggests that aging satisfaction can
be intervened on31) were implemented. Third, 4 years is a reasonable amount of time in which aging
satisfaction could affect a variety of health and well-being outcomes.
We used the new outcome-wide analytic approach (see Statistical Analysis)32 to examine if
changes in aging satisfaction were associated with better subsequent health and well-being across
physical, behavioral, and psychosocial factors. These outcomes were chosen because they are
frequently included in the conceptualization of seminal gerontologic models that characterize the
antecedents, processes, and outcomes that foster aging well.33-37
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Methods
Study Population
Participants were from the Health and Retirement Study (HRS), a national sample of US adults older
than 50 years. Approximately 50% of HRS respondents were randomly selected for an enhanced
face-to-face interview in 2008 when the aging satisfaction measure was first implemented. The
other half of respondents were assessed in 2010. After the interview, participants completed a
psychosocial questionnaire (response rates were 84% in 2008 and 73% in 2010).38 These
subcohorts report psychosocial factors every 4 years. Data from 2008 and 2010 were combined to
increase the sample size and statistical power; the 2 cohorts were comparable on all study measures.
We restricted the sample to people who completed the psychosocial data at baseline because more
than half the study outcomes were included in this assessment, resulting in a final sample of 13 752
participants. We used publicly available, deidentified data from the HRS, and were therefore exempt
from additional review by the institutional review board at the University of British Columbia. This
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.
This study used data from 3 time points. Covariates were assessed in the prebaseline wave
(2008 and 2010), the exposure was assessed in the baseline wave (2012 and 2014), and outcomes
were assessed in the outcome wave (2016 and 2018). Further study documentation can be found on
the HRS website.39

Measures
Aging Satisfaction
Aging satisfaction was measured in the baseline wave (2012 and 2014) using an 8-item scale. Five
items came from the Attitude Toward Own Aging subscale of the Philadelphia Geriatric Center Morale
Scale9,40 and 3 others came from the Berlin Aging Study.41 Participants answered questions such as,
“So far, I am satisfied with the way that I am aging,” on a 6-point Likert scale (where 1 indicates
strongly disagree and 6 indicates strongly agree). Negatively worded items were reverse coded and
all items were averaged to create an overall score (higher values indicated more positive aging
satisfaction; Cronbach α = 0.81). For complete-case analyses, the final score was set to missing if
more than 4 items had missing values. To examine potential threshold effects, we created quartiles
of the exposure based on the baseline distribution of aging satisfaction.
Covariates
We adjusted for a wide range of covariates in the prebaseline wave (2008 and 2010), including: age
(continuous), sex (male or female), self-reported race and ethnicity (White, African-American,
Hispanic, and other [“other” category taken from a data set with no further breakdown available]),
marital status (married or not married), income (<$50 000, $50 000-$74 999, $75 000-$99 999,
and ⱖ$100 000), total wealth (based on quintiles of the score distribution for total wealth in this
sample), educational attainment (no degree, GED [General Educational Development certificate] or
high school diploma, or ⱖ college degree), employment status (yes or no), health insurance (yes or
no), geographical region (Northeast, Midwest, South, or West), religious service attendance (none, <1
time/week, or ⱖ1 time/week), personality (openness, conscientiousness, extraversion,
agreeableness, neuroticism; continuous variables), and childhood abuse (yes or no). To evaluate
changes in aging satisfaction (conditional on the past), we also adjusted for aging satisfaction in the
prebaseline wave (2008 and 2010) because doing so helps reduce the risk of reverse causation and
potential unmeasured confounding.42
Outcomes
We evaluated 35 outcomes in the outcome wave (2016 and 2018) including: physical health (allcause mortality, number of chronic conditions, diabetes, hypertension, stroke, cancer, heart disease,
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lung disease, arthritis, overweight or obesity, physical functioning limitations, cognitive impairment,
chronic pain, and self-rated health), health behaviors (heavy drinking, smoking, physical activity, and
sleep problems), psychological well-being (positive affect, life satisfaction, optimism, purpose in life,
mastery [beliefs about one’s ability or self-efficacy], health mastery, and financial mastery),
psychological distress (depression, depressive symptoms, hopelessness, negative affect, and
perceived constraints), and social factors (loneliness, living with a spouse or partner, and frequency
of contact with children, other family, and friends). eMethods 1 in the Supplement and HRS materials
provide further details about these variables.38,43,44

Statistical Analysis
Statistical analysis was conducted from July 24, 2020, to November 6, 2021. We used the outcomewide analytic approach32 to assess whether changes in aging satisfaction between the prebaseline
wave and the baseline wave were associated with subsequent health and well-being outcomes in the
outcome wave. This approach uses several analytic decisions not yet widely used outside of causal
inference in biostatistics; thus, we summarize its key features here. First, if covariates are assessed at
the same time point as the exposure (baseline wave), it remains unknown if the covariates are
confounders or mediators.32 Thus, we adjusted for a rich set of covariates in the prebaseline wave to
reduce this concern and also help address confounding. Second, we adjusted for all outcomes in the
prebaseline wave to reduce risk of reverse causality. Third, to evaluate changes in aging satisfaction,
we adjusted for aging satisfaction in the prebaseline wave. This helps hold constant prebaseline aging
satisfaction. Data from all participants, irrespective of how their levels of aging satisfaction changed
from the prebaseline to baseline waves, were incorporated into the overall estimate. For example,
those who were in the highest aging satisfaction quartile in the prebaseline wave and remained there
in the baseline wave contributed to the final estimate. However, the estimate produced from this
analysis also corresponds to those who were in the lowest aging satisfaction quartile at prebaseline
and moved to the highest aging satisfaction quartile at baseline. The model assumes that the highest
aging satisfaction quartile coefficient is constant across past aging satisfaction levels (ie, no
interaction between past and current aging satisfaction). Thus, we can evaluate how changes in aging
satisfaction between the prebaseline wave and the baseline wave are associated with later health
and well-being in the outcome wave (eMethods 2 in the Supplement). Adjusting for prebaseline
aging satisfaction has other advantages: (1) it reduces the risk of reverse causality by removing the
potential accumulating association that aging satisfaction might have had with health and well-being
in the past (prevalent exposure) and (2) it allows us to focus on how short-term changes in aging
satisfaction (incident exposure) are associated with short-term changes in health and well-being
outcomes.
We ran separate models for each outcome, using different models depending on the nature of
the outcome: (1) logistic regression for each binary outcome with a prevalence less than 10%, (2)
generalized linear models (with a log link and Poisson distribution) for each binary outcome with a
prevalence of 10% or more, and (3) linear regression for each continuous outcome.45-47 We
standardized all continuous outcomes (mean = 0 and SD = 1) so their effect sizes can be interpreted
as an SD change in the outcome variable. We marked multiple P value cutoffs in our tables (including
Bonferroni correction) and 95% CIs, because practices for multiple testing vary widely and are
continuously evolving.48,49 Analyses were conducted in STATA, version 16.1 (StataCorp LLC).
Additional Analyses
We conducted several additional analyses, including: (1) E-value analyses to assess the minimum
strength that unmeasured confounding must have on the risk ratio scale (with both the exposure and
the outcome) to explain away the association between the exposure and outcome, and to evaluate
the robustness of our results to potential unmeasured confounding50; (2) reanalysis of all models
using a reduced list of conventional covariates (eg, sociodemographic factors); (3) reanalysis of all
models after removing people with history of a given physical condition at baseline; (4) reanalysis of
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all models using only complete cases to assess the influence of multiple imputation on results; (5)
reanalysis of all models using only the 5 items from the Philadelphia Geriatric Center Morale Scale; (6)
reanalysis of all models among only participants displaying increasing aging satisfaction or (7)
decreasing aging satisfaction between the prebaseline wave and the baseline wave (the exposure
was a difference score between the prebaseline wave and the baseline wave); and (8) reanalysis of all
models among only participants displaying minimal changes in aging satisfaction (no movement
between quartiles).
Multiple Imputation
All missing exposures, covariates, and outcomes were imputed using imputation by chained
equations, and 5 data sets were created. This method provides a more flexible approach than other
methods of handling missing data51 and addresses problems that arise from attrition.52,53

Results
At prebaseline, the mean (SD) age of the 13 752 participants was 65 (10) years (median age, 64 years
[IQR, 56-72 years]), and participants were predominantly women (8120 [59%]) and married (7507
of 11 824 [64%]). Table 1 provides the distribution of covariates by quartiles of aging satisfaction.
eTable 1 in the Supplement describes changes in aging satisfaction from the prebaseline wave to the
baseline wave.
During the 4-year follow-up period, participants in the highest (vs lowest) quartile of aging
satisfaction had better physical health across several indicators, including all-cause mortality, number
of chronic conditions, diabetes, stroke, cancer, heart disease, lung disease, arthritis, physical
functioning limitations, cognitive impairment, chronic pain, and self-rated health, conditional on
prebaseline aging satisfaction (Table 2). For example, participants in the highest (vs lowest) quartile
of aging satisfaction had a 43% reduced risk of all-cause mortality (risk ratio, 0.57; 95% CI, 0.46-0.71)
(eMethods 3 in the Supplement), conditional on prebaseline aging satisfaction. There was less
evidence of associations with other physical health outcomes, such as hypertension and overweight
or obesity.
When considering health behaviors, participants in the highest (vs lowest) quartile of aging
satisfaction had a 23% increased likelihood of subsequent engagement in frequent physical activity
(risk ratio, 1.23; 95% CI, 1.12-1.34) and 23% reduced risk of sleep problems (risk ratio, 0.77; 95% CI,
0.69-0.86), conditional on prebaseline aging satisfaction (Table 2). However, there was little
evidence of associations between aging satisfaction and either heavy drinking or smoking.
For psychosocial factors, participants in the highest (vs lowest) quartile of aging satisfaction,
conditional on prior aging satisfaction, had better subsequent outcomes for all psychological wellbeing indicators (ie, higher positive affect [β = 0.51; 95% CI, 0.44-0.58], life satisfaction [β = 0.45;
95% CI, 0.36-0.55], optimism [β = 0.33; 95% CI, 0.26-0.40], purpose in life [β = 0.46; 95% CI, 0.370.55], mastery [β = 0.44; 95% CI, 0.34-0.54], health mastery [β = 0.44; 95% CI, 0.34-0.53], and
financial mastery [β = 0.37; 95% CI, 0.30-0.44]) and psychological distress indicators (ie, lower
depression [risk ratio, 0.45; 95% CI, 0.35-0.58], depressive symptoms [β = –0.35; 95% CI, –0.42 to
–0.28], hopelessness [β = –0.36; 95% CI, –0.42 to –0.30], negative affect [β = –0.42; 95% CI, –0.49
to –0.36], and perceived constraints [β = –0.42; 95% CI, –0.49 to –0.35]), conditional on prebaseline
aging satisfaction (Table 2). Participants also had decreased loneliness (β = −0.41; 95% CI, −0.48 to
−0.33), conditional on prebaseline aging satisfaction. However, there was little evidence of
associations with other social factors (ie, living with a spouse or partner, or contact with children,
other family, or friends).

Additional Analyses
First, E-values suggested that many of the observed associations were moderately robust to
unmeasured confounding (Table 3).50 For example, for depression, an unmeasured confounder
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Table 1. Characteristics of Participants at Prebaseline by Categories of Aging Satisfactiona,b,c
Aging satisfaction, No. (%)
Participant characteristics
Sociodemographic factors

Quartile 1 (n = 2654)

Quartile 2 (n = 2918)

Quartile 3 (n = 2587)

Quartile 4 (n = 2316)

68.5 (60-75)

68.0 (60-75)

67.0 (59-73)

65.0 (58-71)

Female

1649/2654 (62.1)

1698/2918 (58.2)

1556/2587 (60.2)

1388/2316 (59.9)

Male

1005/2654 (37.9)

1220/2918 (41.8)

1031/2587 (39.9)

928/2316 (40.1)
287/2315 (12.4)

Age (range, 48-96 y), median (IQR), y
Sex

Race and ethnicity
Black

359/2653 (13.5)

392/2918 (13.4)

353/2586 (13.7)

Hispanic

295/2653 (11.1)

277/2918 (9.5)

196/2586 (7.6)

161/2315 (7.0)

White

1927/2653 (72.6)

2170/2918 (74.4)

1985/2586 (76.8)

1815/2315 (78.4)

Otherd

72/2653 (2.7)

79/2918 (2.7)

52/2586 (2.0)

52/2315 (2.3)

1526/2654 (57.5)

1824/2917 (62.5)

1760/2587 (68.0)

1610/2314 (69.6)

Married
Annual household income
<$50 000

1876/2654 (70.7)

1719/2918 (58.9)

1270/2587 (49.1)

1002/2316 (43.3)

$50 000-$74 999

358/2654 (13.5)

510/2918 (17.5)

439/2587 (17.0)

401/2316 (17.3)

$75 000-$99 999

181/2654 (6.8)

255/2918 (8.7)

304/2587 (11.8)

283/2316 (12.2)

≥$100 000

239/2654 (9.0)

434/2918 (14.9)

574/2587 (22.2)

630/2316 (27.2)

1st

703/2654 (26.5)

560/2918 (19.2)

377/2587 (14.6)

297/2316 (12.8)

2nd

612/2654 (23.1)

640/2918 (21.9)

465/2587 (18.0)

326/2316 (14.1)

3rd

525/2654 (19.8)

599/2918 (20.5)

546/2587 (21.1)

452/2316 (19.5)

4th

492/2654 (18.5)

554/2918 (19.0)

575/2587 (22.2)

544/2316 (23.5)

5th

322/2654 (12.1)

565/2918 (19.4)

624/2587 (24.1)

697/2316 (30.1)

<High school

568/2650 (21.4)

529/2909 (18.2)

320/2580 (12.4)

202/2308 (8.8)

High school

1562/2650 (58.9)

1624/2909 (55.8)

1411/2580 (54.7)

1199/2308 (52.0)

≥College

520/2650 (19.6)

756/2909 (25.0)

849/2580 (32.9)

907/2308 (39.3)

Employed

809/2654 (30.5)

1177/2916 (40.4)

1226/2587 (47.4)

1204/2316 (52.0)

Health insurance

2455/2650 (92.6)

2700/2917 (92.6)

2469/2585 (95.5)

2183/2315 (94.3)

Northeast

372/2648 (14.1)

414/2916 (14.2)

389/2584 (15.1)

338/2315 (14.6)

Midwest

693/2648 (26.2)

790/2916 (27.1)

646/2584 (25.0)

621/2315 (26.8)

South

1089/2648 (41.1)

1181/2916 (40.5)

1004/2584 (38.9)

863/2315 (37.3)

West

494/2648 (18.7)

531/2916 (18.2)

545/2584 (21.9)

493/2315 (21.3)

261/2612 (10.0)

199/2882 (6.9)

184/2565 (7.2)

156/2303 (6.8)

Diabetes

709/2651 (26.7)

636/2914 (21.8)

412/2583 (16.0)

267/2315 (11.5)

Hypertension

1717/2650 (64.8)

1711/2916 (58.7)

1382/2585 (53.5)

1042/2314 (45.0)

Stroke

242/2650 (9.1)

184/2916 (6.3)

145/2585 (5.6)

52/2313 (2.3)

Cancer

414/2646 (15.7)

404/2911 (13.9)

351/2581 (13.6)

262/2315 (11.3)

Heart disease

786/2651 (29.7)

640/2914 (22.0)

454/2585 (17.6)

304/2313 (13.1)

Lung disease

349/2652 (13.2)

255/2916 (8.7)

148/2584 (5.7)

84/2314 (3.6)

Arthritis

1880/2653 (70.9)

1790/2916 (61.4)

1415/2580 (54.8)

989/2312 (42.8)

Overweight or obesity

2029/2620 (77.4)

2168/2877 (75.4)

1835/2561 (71.7)

1513/2297 (65.9)

Physical functioning limitations

1129/2654 (42.5)

575/2918 (19.7)

257/2587 (9.9)

103/2316 (4.5)

Cognitive impairment

514/2606 (19.7)

486/2888 (16.8)

291/2563 (11.4)

199/2297 (8.7)

Chronic pain

1486/2653 (56.0)

1089/2917 (37.3)

710/2586 (27.5)

371/2315 (16.0)

Self-rated health (range, 1-5), mean (SD)

2.6 (1.0)

3.2 (0.9)

3.5 (0.9)

3.9 (0.8)

Heavy drinking

134/2157 (6.2)

184/2371 (7.8)

196/2088 (9.4)

162/1877 (8.6)

Smoking

427/2625 (16.3)

361/2904 (12.4)

274/2573 (10.7)

246/2304 (10.7)

Frequent physical activity

1575/2651 (59.4)

2139/2914 (73.4)

2048/2585 (79.2)

1995/2315 (86.2)

Sleep problems

820/1481 (55.4)

680/1643 (41.4)

510/1444 (35.3)

343/1261 (27.2)

Total wealth, quintile

Educational level

Geographical region

Childhood abuse
Physical health

Health behaviors

(continued)
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Table 1. Characteristics of Participants at Prebaseline by Categories of Aging Satisfactiona,b,c (continued)
Aging satisfaction, No. (%)
Participant characteristics
Religious service attendance

Quartile 1 (n = 2654)

Quartile 2 (n = 2918)

Quartile 3 (n = 2587)

Quartile 4 (n = 2316)

Never

806/2651 (30.4)

698/2913 (24.0)

555/2586 (21.5)

532/2316 (23.0)

<1 time/wk

858/2651 (32.4)

922/2913 (31.7)

854/2586 (33.0)

731/2316 (31.6)

≥1 time/wk

987/2651 (37.2)

1293/2913 (44.4)

1177/2586 (45.5)

1053/2316 (45.5)

Psychological well-being, mean (SD)
Positive affect (range, 1-5)

3.0 (0.7)

3.4 (0.7)

3.9 (0.6)

4.2 (0.6)

Life satisfaction (range, 1-7)

3.9 (1.6)

4.9 (1.4)

5.4 (1.3)

5.8 (1.2)

Optimism (range, 1-6)

3.9 (1.0)

4.3 (0.9)

4.8 (0.8)

5.1 (0.8)

Purpose in life (range, 1-6)

4.1 (0.9)

4.6 (0.8)

5.0 (0.8)

5.3 (0.7)

Mastery (range, 1-6)

4.2 (1.1)

4.7 (1.0)

5.0 (0.9)

5.4 (0.9)

Health mastery (range, 1-10)

6.1 (2.6)

7.3 (2.1)

7.9 (1.8)

8.5 (1.5)

Financial mastery (range, 1-10)

6.1 (3.0)

7.1 (2.5)

7.6 (2.2)

8.2 (1.9)

Depression

781/2653 (29.4)

345/2918 (11.8)

141/2587 (5.5)

88/2316 (3.8)

Depressive symptoms (range, 0-8), mean (SD)

2.5 (2.4)

1.3 (1.7)

0.7 (1.3)

0.5 (1.0)

Hopelessness (range, 1-6), mean (SD)

3.1 (1.3)

2.5 (1.1)

1.9 (1.0)

1.6 (0.8)

Negative affect (range, 1-5), mean (SD)

2.1 (0.7)

1.8 (0.6)

1.6 (0.5)

1.4 (0.4)

Perceived constraints (range, 1-6), mean (SD)

2.9 (1.2)

2.3 (1.1)

1.8 (0.9)

1.5 (0.8)

Loneliness (range, 1-3), mean (SD)

1.8 (0.6)

1.5 (0.5)

1.3 (0.4)

1.2 (0.4)

Not living with spouse or partner

1003/2544 (39.4)

933/2788 (33.5)

702/2494 (28.2)

592/2245 (26.4)

Children

700/2593 (27.0)

752/2835 (26.5)

618/2533 (24.4)

541/2263 (23.9)

Other family

1222/2611 (46.8)

1297/2865 (45.3)

1140/2566 (44.4)

1030/2294 (44.9)

Friends

1071/2617 (40.9)

989/2882 (34.3)

780/2563 (30.4)

643/2303 (27.9)

Openness (range, 1-4)

2.7 (0.6)

2.9 (0.5)

3.0 (0.5)

3.2 (0.5)

Conscientiousness (range, 1-4)

3.2 (0.5)

3.3 (0.5)

3.5 (0.4)

3.6 (0.4)

Extraversion (range, 1-4)

2.9 (0.6)

3.1 (0.5)

3.3 (0.5)

3.5 (0.5)

Agreeableness (range, 1-4)

3.4 (0.5)

3.5 (0.5)

3.6 (0.5)

3.7 (0.4)

Neuroticism (range, 1-4)

2.3 (0.6)

2.1 (0.6)

1.9 (0.5)

1.7 (0.5)

Psychological distress

Social factors

Contact <1 time/wk

Personality, mean (SD)

a

This table was created based on nonimputed data.

c

The percentages in some sections may not add up to 100% due to rounding.

b

All variables in the table were used as covariates and assessed in the prebaseline wave
(2008 and 2010).

d

“Other” category taken from a data set with no further breakdown available.

would have to be associated with both aging satisfaction and depression by risk ratios of 3.85 each
(above and beyond the covariates already adjusted for) to explain away the association.
Furthermore, to shift the 95% CI to include the null, an unmeasured confounder would have to be
associated with both aging satisfaction and depression by risk ratios of 2.85. Second, adjustment for
conventional covariates (compared with fully adjusted models) and analyses removing anyone with
a history of a given physical condition at baseline showed mostly similar, or larger, estimates (eTable 2
in the Supplement). Third, complete-case analyses showed similar results with results from the main
imputed analyses (eTable 3 in the Supplement). Fourth, analyses using only the 5 items from the
Philadelphia Geriatric Center Morale Scale Aging Satisfaction subscale showed similar results to the
full 8-item measure used in our main analyses (eTable 4 in the Supplement). Fifth, when evaluating
only the subsets of participants who displayed increasing or decreasing aging satisfaction, there were
fewer associations with physical health conditions (eg, there was less evidence of an association with
mortality in participants with increasing aging satisfaction) and those who maintained the same aging
satisfaction showed the strongest associations with improved subsequent health and well-being
(eTables 5, 6, and 7 in the Supplement).
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Table 2. Aging Satisfaction and Subsequent Health and Well-being (Health and Retirement Study)a,b,c,d
Aging satisfaction effect estimate, RR, OR, or β (95% CI)
Quartile 1
(n = 3468)

Quartile 2
(n = 3942)

Quartile 3
(n = 3226)

Quartile 4
(n = 3116)

All-cause
mortality

1 [Reference]

0.72 (0.63 to 0.82)e

0.65 (0.55 to 0.77)e

0.57 (0.46 to 0.71)e

No. of chronic
conditions

0 [Reference]

−0.05 (−0.08 to −0.02)f

−0.11 (−0.15 to −0.08)e

−0.18 (−0.21 to −0.14)e

Diabetes

1 [Reference]

0.97 (0.89 to 1.06)

0.94 (0.85 to 1.04)

0.88 (0.78 to 0.99)g

Abbreviations: OR, odds ratio; RR, risk ratio.

Hypertension

1 [Reference]

1.00 (0.95 to 1.06)

0.97 (0.91 to 1.04)

0.94 (0.87 to 1.01)

a

Stroke

1 [Reference]

0.85 (0.73 to 1.00)g

0.79 (0.66 to 0.94)f

0.68 (0.54 to 0.84)e

Cancer

1 [Reference]

0.94 (0.85 to 1.05)

0.89 (0.78 to 1.00)

0.86 (0.74 to 0.99)g

Heart disease

1 [Reference]

0.98 (0.90 to 1.06)

0.92 (0.84 to 1.01)

0.81 (0.72 to 0.90)e

If the reference value is 1, the effect estimate is RR,
with the exception of the heavy drinking category,
which is OR; if the reference value is 0, the effect
estimate is β.

1 [Reference]

0.93 (0.83 to 1.04)

0.82 (0.69 to 0.96)g

0.74 (0.60 to 0.91)f

b

Lung disease
Arthritis

1 [Reference]

1.00 (0.94 to 1.06)

0.96 (0.89 to 1.02)

0.92 (0.85 to 0.99)g

Overweight
or obesity

1 [Reference]

1.01 (0.95 to 1.07)

1.02 (0.95 to 1.10)

1.01 (0.94 to 1.09)

Physical
functioning
limitations

1 [Reference]

0.84 (0.77 to 0.91)e

0.68 (0.61 to 0.75)e

0.53 (0.44 to 0.64)e

Cognitive
impairment

1 [Reference]

0.92 (0.83 to 1.03)

0.88 (0.76 to 1.01)

0.83 (0.70 to 0.98)g

Chronic pain

1 [Reference]

0.95 (0.88 to 1.01)

0.84 (0.77 to 0.91)e

0.73 (0.65 to 0.80)e

e

The analytic sample was restricted to those who had
participated in the baseline wave (2012 and 2014).
Multiple imputation was performed to impute
missing data on the exposure, covariates, and
outcomes. All models adjusted for sociodemographic
characteristics (age, sex, race and ethnicity, marital
status, annual household income, total wealth,
educational level, employment status, health
insurance, and geographical region), prebaseline
childhood abuse, prebaseline religious service
attendance, prebaseline values of the outcome
variables (diabetes, hypertension, stroke, cancer,
heart disease, lung disease, arthritis, overweight or
obesity, physical functioning limitations, cognitive
impairment, chronic pain, self-rated health, heavy
drinking, current smoking status, physical activity,
sleep problems, positive affect, life satisfaction,
optimism, purpose in life, mastery, health mastery,
financial mastery, depressive symptoms,
hopelessness, negative affect, perceived constraints,
loneliness, living with spouse or partner, contact with
children <1 time/week, contact with other family <1
time/week, and contact with friends <1 time/week),
personality factors (openness, conscientiousness,
extraversion, agreeableness, and neuroticism), and
the prebaseline value of the exposure (coded in
quartiles). These variables were adjusted for in the
wave prebaseline to the exposure assessment (2008
and 2010).

c

An outcome-wide analytic approach was used, and a
separate model for each outcome was run. A
different type of model was run depending on the
nature of the outcome: (1) for each binary outcome
with a prevalence of 10% or more, a generalized
linear model (with a log link and Poisson distribution)
was used to estimate an RR; (2) for each binary
outcome with a prevalence of less than 10%, a
logistic regression model was used to estimate an
OR; and (3) for each continuous outcome, a linear
regression model was used to estimate a β.

d

All continuous outcomes were standardized
(mean = 0; SD = 1), and β was the standardized
effect size.

e

P < .05 after Bonferroni correction (the P value
cutoff for Bonferroni correction is P = .05/35 and
P < .001 for outcomes).

Outcomes
Physical health

0 [Reference]

0.19 (0.15 to 0.23)

0.34 (0.28 to 0.39)

0.46 (0.41 to 0.51)e

Heavy drinking

1 [Reference]

1.15 (0.82 to 1.62)

1.38 (0.95 to 2.00)

1.19 (0.71 to 2.00)

Smoking

1 [Reference]

1.03 (0.87 to 1.21)

1.04 (0.83 to 1.29)

1.04 (0.82 to 1.32)

Frequent
physical activity

1 [Reference]

1.13 (1.05 to 1.22)f

1.18 (1.09 to 1.28)e

1.23 (1.12 to 1.34)e

Sleep problems

1 [Reference]

0.90 (0.83 to 0.98)g

0.86 (0.78 to 0.95)f

0.77 (0.69 to 0.86)e

Self-rated
health

e

Health behaviors

Psychological
well-being
Positive affect

0 [Reference]

0.18 (0.13 to 0.23)e

0.35 (0.30 to 0.39)e

0.51 (0.44 to 0.58)e

Life satisfaction

0 [Reference]

0.19 (0.12 to 0.25)e

0.33 (0.27 to 0.39)e

0.45 (0.36 to 0.55)e

Optimism

0 [Reference]

0.12 (0.07 to 0.17)e

0.22 (0.17 to 0.28)e

0.33 (0.26 to 0.40)e

Purpose in life

0 [Reference]

0.17 (0.11 to 0.22)e

0.31 (0.26 to 0.36)e

0.46 (0.37 to 0.55)e

Mastery

0 [Reference]

0.18 (0.14 to 0.22)e

0.32 (0.26 to 0.39)e

0.44 (0.34 to 0.54)e

Health mastery

0 [Reference]

0.19 (0.12 to 0.26)e

0.34 (0.25 to 0.43)e

0.44 (0.34 to 0.53)e

Financial
mastery

0 [Reference]

0.19 (0.14 to 0.23)e

0.29 (0.24 to 0.34)e

0.37 (0.30 to 0.44)e

Psychological
distress
Depression

1 [Reference]

0.77 (0.67 to 0.88)e

0.54 (0.45 to 0.66)e

0.45 (0.35 to 0.58)e

Depressive
symptoms

0 [Reference]

−0.20 (−0.24 to −0.16)e

−0.31 (−0.37 to −0.26)e

−0.35 (−0.42 to −0.28)e

Hopelessness

0 [Reference]

−0.16 (−0.21 to −0.12)e

−0.27 (−0.32 to −0.22)e

−0.36 (−0.42 to −0.30)e

0 [Reference]

e

e

−0.42 (−0.49 to −0.36)e

e

Negative affect
Perceived
constraints

−0.17 (−0.21 to −0.12)

e

−0.29 (−0.34 to −0.24)

0 [Reference]

−0.17 (−0.23 to −0.12)

−0.30 (−0.39 to −0.22)

−0.42 (−0.49 to −0.35)e

0 [Reference]

−0.18 (−0.22 to −0.14)e

−0.28 (−0.34 to −0.23)e

−0.41 (−0.48 to −0.33)e

Social factors
Loneliness
Not living with
a spouse or
partner

1 [Reference]

g

0.92 (0.86 to 0.99)

g

0.89 (0.81 to 0.99)

0.89 (0.79 to 1.01)

Contact <1
time/wk
Children

1 [Reference]

1.02 (0.93 to 1.12)

1.00 (0.89 to 1.13)

0.98 (0.85 to 1.13)

Other family

1 [Reference]

0.99 (0.91 to 1.07)

0.97 (0.88 to 1.06)

0.94 (0.85 to 1.05)

f

P < .01 before Bonferroni correction.

Friends

1 [Reference]

1.00 (0.90 to 1.10)

0.95 (0.86 to 1.06)

0.96 (0.83 to 1.11)

g

P < .05 before Bonferroni correction.
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Discussion
In this large, longitudinal, and national sample of US adults older than 50 years, those in the highest
(vs lowest) quartile of aging satisfaction had improved: physical health (eg, reduced risk of stroke),
health behaviors (eg, more frequent physical activity), and psychosocial well-being (eg, lower
loneliness). However, there was not substantial evidence of associations with other physical health
indicators (eg, hypertension), health behaviors (eg, smoking), and social factors (eg, frequency of
contact with friends).

Table 3. E-Values for the Associations Between Aging Satisfaction and Subsequent Health and Well-being
(N = 13 752)a
Effect estimateb

CI limitc

All-cause mortality

2.88

2.15

No. of chronic conditions

1.63

1.53

Outcomes
Physical health

Diabetes

1.54

1.09

Hypertension

1.33

1.00

Stroke

2.32

1.65

Cancer

1.61

1.12

Heart disease

1.79

1.45

Lung disease

2.05

1.44

Arthritis

1.40

1.08

Overweight or obesity

1.13

1.00

Physical functioning limitations

3.17

2.52

Cognitive impairment

1.70

1.17

Chronic pain

2.10

1.79

Self-rated health

2.41

2.26

Heavy drinking

1.66

1.00

Smoking

1.25

1.00

Frequent physical activity

1.75

1.49

Sleep problems

1.90

1.58

Positive affect

2.57

2.38

Life satisfaction

2.38

2.14

Optimism

2.03

1.86

Purpose in life

2.41

2.18

Mastery

2.34

2.09

Health mastery

2.35

2.11

Financial mastery

2.15

1.97

Depression

3.85

2.85

Depressive symptoms

2.10

1.92

Hopelessness

2.12

1.97

Negative affect

2.30

2.12

Constraints

2.29

2.11

Health behaviors

Psychological well-being

Psychological distress
a

See VanderWeele and Ding50 for the formula for
calculating E-values.

b

The E-values for effect estimates are the minimum
strength that unmeasured confounding may have on
the risk ratio scale with both the exposure and the
outcome to fully explain away the observed
association between the exposure and outcome,
conditional on the measured covariates.

c

The E-values (fourth vs first quartile) for the limit of
the 95% CI closest to the null denote the minimum
strength that unmeasured confounding may have on
the risk ratio scale with both the exposure and the
outcome to shift the CI to include the null value,
conditional on the measured covariates.

Social factors
Loneliness

2.25

2.06

Not living with a spouse or partner

1.49

1.00

Contact <1 time/wk
Children

1.16

1.00

Other family

1.31

1.00

Friends

1.25

1.00
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Our findings converge with those of other studies that observed that aging satisfaction is
associated with some physical (eg, reduced risk of mortality, physical and cognitive functioning
problems, higher self-rated health),8,10,12,15,22,54,55 behavioral (eg, physical activity, sleep
problems)20,30 psychological well-being (eg, higher life satisfaction),23 and psychological distress
(eg, lower depressive symptoms)22 factors. Our findings further converge with those of previous
studies that did not observe associations with some health behaviors such as smoking.19 Conversely,
our findings diverge from those of previous studies that observed associations between aging
satisfaction and some physical conditions (eg, obesity),16 health behaviors (eg, heavy drinking),19
and social integration.24,25 There are several potential reasons for diverging results. First, prior
studies often used different measures to assess the exposure and outcomes (eg, health behavior
composite scores rather than individual behaviors).17 However, to help evaluate what impact using a
different exposure measure (ie, the 5-item Attitude Toward Own Aging subscale of the Philadelphia
Geriatric Center Morale Scale) might have, we conducted additional analyses with this scale and
results were similar to results using our full 8-item version. Second, we adjusted for an extensive set
of covariates in our study, while most other studies used a more limited set of covariates. Third, a
4-year follow-up period may not be long enough for changes in some health outcomes. However, we
were unable to use a longer follow-up period because of the data points available. Fourth, we
assessed changes in aging satisfaction (prebaseline adjustment for aging satisfaction), rather than
aging satisfaction at one time point. Future studies may benefit from assessing important candidate
factors (eg, age, socioeconomic status) that might moderate associations between aging satisfaction
and health and well-being, mechanistic pathways underlying the aging satisfaction and health and
well-being associations with formal mediation methods, and candidate antecedents of aging
satisfaction to identify what factors might modify aging satisfaction.56

Limitations
This study has some limitations. First, nearly all physical health outcomes and health behaviors were
self-reported, and thus may be susceptible to self-report bias. However, some outcomes were
objective (eg, mortality) and many prior studies have observed links between aging satisfaction and
objectively measured health outcomes (eg, C-reactive protein, blood pressure).15,29,55,57 In addition,
study participants were blinded to this study’s hypotheses and reported aging satisfaction before the
outcomes were assessed. Second, there is potential for confounding by third variables. However, we
addressed this concern by implementing a longitudinal study design, robust covariate adjustment,
and E-value analyses. Third, because the aging satisfaction measure was first introduced to HRS in
2008, we were limited to a 4-year follow-up period (shorter than many prior longitudinal studies on
aging satisfaction).15,54

Conclusions
As we aim to recover from the COVID-19 pandemic, a comprehensive and multidisciplinary effort is
needed to meet the unique needs of our rapidly aging population, including policy and intervention
targets that promote aging well via physical, behavioral, and psychosocial health and well-being.
Previous studies have documented that aging satisfaction can potentially be improved,31 but further
work is needed to develop scalable interventions. These findings highlight the outcomes that we
might observe if scalable aging satisfaction interventions were developed and deployed at scale;
these findings can inform the efforts of policy makers and interventionists who aim to enhance
specific health and well-being outcomes (through direct comparisons of effect sizes between
outcomes). Thus, the purpose of our study was to draw attention to specific physical, behavioral, and
psychosocial factors that might improve as a result of changes in aging satisfaction in older adults.
We aimed to explore a more comprehensive pool of outcomes, within the same study, that
investigators should further evaluate deeply in future studies. With further work, macro-level policies
and individual-level interventions aimed at improving aging satisfaction may have the potential to
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enhance a wide range of health and well-being outcomes for the rapidly growing population of older
adults in the US.
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