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Policy Points:

� Several intergovernmental organizations (Organisation for Economic
Co-operation and Development, World Health Organization, United
Nations) are urging countries to use well-being indicators (e.g., life sat-
isfaction) in addition to traditional economic indicators when making
important policy decisions.

� As the number of governments implementing this new approach grows,
so does the need to continue evaluating the health and well-being out-
comes we might observe from policies aimed at improving life satisfac-
tion.

� The results of this study suggest that life satisfaction is a valuable target
for policies aiming to enhance several indicators of psychosocial well-
being, health behaviors, and physical health outcomes.

Context: Several intergovernmental organizations (Organisation for Economic
Co-operation and Development, World Health Organization, United Na-
tions) are urging countries to use well-being indicators (e.g., life satisfac-
tion) in addition to traditional economic indicators when making impor-
tant policy decisions. As the number of governments implementing this new
approach grows, so does the need to continue evaluating the health and
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well-being outcomes we might observe from policies aimed at improving life
satisfaction.

Methods: We evaluated whether positive change in life satisfaction (between
t0;2006/2008 and t1;2010/2012) was associated with better outcomes on 35
indicators of physical, behavioral, and psychosocial health and well-being (in
t2;2014/2016). Data were from 12,998 participants in the University of Michi-
gan’s Health and Retirement Study—a prospective and nationally representa-
tive cohort of US adults over age 50.

Findings: Participants with the highest (versus lowest) life satisfaction had bet-
ter subsequent outcomes on some physical health indicators (lower risk of pain,
physical functioning limitations, and mortality; lower number of chronic con-
ditions; and higher self-rated health) and health behaviors (lower risk of sleep
problems and more frequent physical activity), and nearly all psychosocial in-
dicators (higher positive affect, optimism, purpose in life, mastery, health mas-
tery, financial mastery, and likelihood of living with spouse/partner; and lower
depression, depressive symptoms, hopelessness, negative affect, perceived con-
straints, and loneliness) over the 4-year follow-up period. However, life satis-
faction was not subsequently associated with many specific health conditions
(i.e., diabetes, hypertension, stroke, cancer, heart disease, lung disease, arthri-
tis, overweight/obesity, or cognitive impairment), other health behaviors (i.e.,
binge drinking or smoking), or frequency of contact with children, family, or
friends.

Conclusions: These results suggest that life satisfaction is a valuable target for
policies aiming to enhance several indicators of psychosocial well-being, health
behaviors, and physical health outcomes.

Keywords: life satisfaction, psychological well-being, outcome-wide epidemi-
ology, public health.

Three factors converge to underscore the heightened
importance of evaluating the potential health and well-being
effects of intervening on life satisfaction—a topic of growing in-

terest among policymakers. First, several prominent intergovernmental
organizations, including the Organisation for Economic Co-operation
and Development, the World Health Organization, and the United
Nations, are urging countries to use well-being indicators such as life
satisfaction in addition to traditional economic indicators (e.g., gross
domestic product) when making important policy decisions.1–3 Many
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countries are adopting this paradigm shift.4,5 As the number of gov-
ernments implementing this new approach grows, so does the need
to continue evaluating the health and well-being outcomes we might
observe from policies that aim to improve life satisfaction. Second,
emerging evidence indicates that changing levels of life satisfaction
is an important determinant of voting behavior.6,7 Thus, it is in the
interest of policymakers’ election and reelection campaigns to consider
how life satisfaction can be improved, as well as understanding the
downstream effects of doing so. And third, populations are rapidly
aging in many countries throughout the world.8 For example, in the
United States, the number of people aged 65 years or older is pro-
jected to increase nearly 50% in the next 15 years.9 As populations
age, identifying factors that foster health and well-being is critical
for stemming the growing wave of chronic conditions and mount-
ing health care costs.10,11 Although traditional biomedical efforts
have focused on identifying risk factors of disease, researchers and
policymakers are increasingly seeking potentially modifiable health
assets that uniquely enhance a person’s ability to foster health and
well-being.10,12

Life satisfaction, a person’s evaluation of his or her own life based on
factors that the person deems most relevant,13 is one promising health
asset. It is shaped by genetics, social structural factors, and changing
life circumstances3,14,15; however, it is modifiable through a range of in-
terventions that can be applied among individuals (e.g., therapy, online
exercises, expressing gratitude, physical activity)19,20 and across nations
(e.g., policies targeting social determinants of health).3,19,21,22

Mounting research also observes that high life satisfaction is associ-
ated with better health outcomes, such as reduced risk of chronic disease
(e.g., heart disease, diabetes)23–25 and reduced mortality.26 When con-
sidering the potential biobehavioral pathways through which life satis-
faction might influence health outcomes, there are at least three to con-
sider: (1) enhancement of other psychological and social resources that
buffer against the toxic effects of overwhelming stress; (2) indirect ef-
fects through health behaviors, and (3) direct effects through biological
pathways. Researchers have begun documenting these potential path-
ways, and growing work indicates that life satisfaction is associated with
better health behaviors (e.g., increased physical activity, healthier diets,
and higher use of preventive health services; lower levels of smoking and
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alcohol misuse)27–32 and healthier biologic function (e.g., more favorable
inflammation levels [fibrinogen, c-reactive protein, interleukin-6] and
less hypertension).31,33–35

These existing studies have been seminal and contributed substan-
tially to the literature, but they remain limited from a causal inference
point of view. First, many studies are cross-sectional, making it chal-
lenging to assess causality. Second, some studies use data from small and
specific subpopulations (e.g., college students and patient groups), thus
we do not know whether results generalize to older adults or healthy
populations. Third, many studies do not account for important poten-
tial confounders such as depressive symptoms or baseline health. Fourth,
most longitudinal studies have not controlled for life satisfaction in the
pre-baseline wave (nor pre-baseline outcomes, and a range of other co-
variates), which allows researchers to ask a slightly different question—
one that is particularly important in this era of translational research.
What health and well-being outcomes might we observe within a rel-
atively short time horizon (four-year follow-up) if life satisfaction were
increased?

We evaluated a four-year follow-up period for several reasons. First
is a very practical reason: most of our outcomes were assessed every
four years. Second, many election cycles in the United States as well
as in other nations occur approximately every four years; thus, it rep-
resents a reasonable window of time that a policymaker has to make
positive change in order to be reelected. Our study illuminates what
health and well-being outcomes we might expect to observe four years
later if effective life satisfaction interventions and policies were imple-
mented. Third, a four-year window is a reasonable amount of time in
which life satisfaction could impact a variety of health and well-being
outcomes.

In our research, we used a new outcome-wide analytic approach, which
is described further in the statistical analysis section.36 Using this ap-
proach, we tested whether changes in life satisfaction were associated
with better subsequent health and well-being across 35 separate out-
comes, including indicators of physical health, health behaviors, and
psychosocial well-being. These outcomes were chosen because they are
frequently included in the conceptualization of seminal gerontological
models that characterize the antecedents, processes, and outcomes that
foster people’s ability to age well.37–40
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Methods

Study Population

We used data from the University of Michigan Health and Retirement
Study (HRS), a nationally representative panel study of adults over age
50. Starting in 2006, the HRS provided mail-in questionnaires to study
participants and began assessing a range of psychosocial factors in a ran-
domly selected 50% of HRS participants. The other 50% of HRS partic-
ipants completed the questionnaire in the next wave, in 2008. Each sub-
cohort alternates reporting so that each participant reports psychosocial
data every four years. In 2006, the psychosocial questionnaire response
rate was 88%, and in 2008 it was 84%.41 To increase sample size and
power, we combined data from both subcohorts.

Our study used data from three time points (t0, t1, t2). All covari-
ates were assessed in the pre-baseline wave (t0;2006/2008). The expo-
sure, life satisfaction, was assessed four years later in the baseline wave
(t1;2010/2012). Finally, all outcomes were assessed another four years
later in the outcome wave (t2;2014/2016). We restricted the sample to
individuals who completed the psychosocial questionnaire at baseline
because nearly half of our study outcomes were included in this psy-
chosocial assessment, resulting in a final analytic sample size of 12,998.

The University of Michigan’s Institute of Social Research is respon-
sible for the study and provides extensive documentation about the
protocol, instrumentation, sampling strategy, and statistical weighting
procedures.41–44 This study used de-identified and publicly available
data; therefore, the Harvard T.H. Chan School of Public Health’s In-
stitutional Review Board exempted it from human subjects review.

Measures

Life Satisfaction. Life satisfaction was assessed using the Satisfaction
with Life Scale, a measure with good discriminant and convergent valid-
ity, as well as good reliability.13 On a seven-point Likert scale, respon-
dents rated the degree to which they endorsed five items, such as, “In
most ways my life is close to ideal.” The mean of all items was taken
to create a scale, with higher scores indicating higher life satisfaction
(Cronbach α = 0.88). To examine threshold effects, we created tertiles
based on the baseline distribution of life satisfaction scores in the sample.
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Covariates. All covariates were assessed in the pre-baseline wave
(t0;2006/2008) by self-report. Covariates included (1) demographics
(age, sex, race/ethnicity [White, Black, Hispanic, Other]), (2) marital
status (married/not married), (3) annual household income (<$50,000,
$50,000-$74,999, $75,000-$99,999, ≥$100,000), (4) total wealth
(quintiles of the score distribution in this sample), (5) educational attain-
ment (no degree, GED/high school diploma, college degree or higher),
(6) employment (yes/no), (7) health insurance (yes/no), (8) geographic re-
gion (Northeast, Midwest, South,West), (9) religious service attendance
(none, less than once a week, one or more times per week), (10) person-
ality (openness, conscientiousness, extraversion, agreeableness, neuroti-
cism), and (11) childhood abuse (yes/no).
Outcomes. We considered 35 outcomes in 2014/2016 (t2), includ-

ing dimensions of physical health factors, health behaviors, psycho-
logical well-being, psychological distress, and social factors. Physical
health factors included all-cause mortality, number of chronic condi-
tions, diabetes, hypertension, stroke, cancer, lung disease, arthritis, over-
weight/obesity, physical functioning limitations, cognitive impairment,
chronic pain, and self-rated health. Health behaviors encompassed binge
drinking, smoking, physical activity, and sleep problems, while psycho-
logical well-being included positive affect, life satisfaction, optimism,
purpose in life, mastery, health mastery, and financial mastery. Psycho-
logical distress comprised depression, depressive symptoms, hopeless-
ness, negative affect, and perceived constraints; and social factors in-
cluded loneliness, living with spouse/partner, and frequency of contact
with children, other family, or friends—each assessed separately. The
HRS guides and eText 1 provide further details about each assessment
(see online Appendix).41–44

Statistical Analysis

We took an outcome-wide analytic approach,36 which features several
analytic decisions not widely used in disciplines outside of biostatistics
and causal inference. Thus, we summarize these analytic decisions here.
First, if covariates are assessed at the same time point as the exposure
(t1), it remains unclear if the covariates are confounders or mediators;36

thus, we adjust for covariates in the pre-baseline wave (t0), which helps
reduce this worry and also allows for a very rich set of control variables to



Life Satisfaction and Outcome-Wide Analysis 215

address confounding. Second, we adjust for all outcome variables in the
pre-baseline wave (t0) in each model to reduce potential reverse causal-
ity. We also further adjust for a wide range of other covariates in order to
adjust for potential confounding variables.45 Third, to evaluate change
in life satisfaction we adjust for life satisfaction in the pre-baseline wave
(t0). This helps us hold constant the pre-baseline levels of life satisfac-
tion. Those who are in the highest life satisfaction tertile in the pre-
baseline wave (t0) and continue being in that group in the baseline wave
(t1) contribute to the final estimate. However, the estimate produced
from this analysis also corresponds to people in our sample who were
in the lowest life satisfaction tertile in t0 and move to the highest life
satisfaction tertile in t1. The model effectively assumes that the coef-
ficient for the highest life satisfaction tertile is constant across past life
satisfaction levels (i.e., no interaction between past and current life satis-
faction). Thus, based on the model, we are able to evaluate how change in
life satisfaction (between t0 and t1) is associated with subsequent health
and well-being outcomes (at t2; see eText 2 in the online Appendix for
further details). Controlling for pre-baseline life satisfaction levels (t0)
also has several other advantages, including helping reduce risk of re-
verse causality by removing the potential accumulating effects that life
satisfaction might have already had on health and well-being outcomes
in the past (“prevalent exposure”), and allowing us to instead focus on the
effects of change in life satisfaction (“incident exposure”) on outcomes.
Further discussion and methodological detail are given elsewhere.36

We ran separate models for each outcome. Depending on the nature of
the outcome, we ran (1) logistic regression models for binary outcomes
with <10% prevalence; (2) generalized linear models (with a log link
and Poisson distribution) for binary outcomes with ≥10% prevalence;
or (3) linear regression models for continuous outcomes. We standard-
ized all continuous outcomes (mean = 0, standard deviation = 1) so
their effect size can be interpreted as a standard deviation change in the
outcome. In our tables, wemarkedmultiple p-value cutoffs because prac-
tices for multiple testing vary widely and this is an active and evolving
area of research.46

Additional Analyses. We ran several additional analyses. First, to
evaluate the robustness of our results to unmeasured confounding, we
conducted E-value analyses to assess the minimum strength of associa-
tion (on the risk ratio scale) that an unmeasured confounder must have
with both the exposure and the outcome to explain away the observed
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association.47 Second, to evaluate if any item of the Satisfaction with Life
Scale was more strongly associated with outcomes, we sequentially eval-
uated each of the 5 items in relation to each of the 35 outcomes. If any
item emerged as more strongly associated with outcomes, the content
within that item might be a more important intervention target than
other dimensions. Third, some research suggests that declining levels of
life satisfaction exert a stronger effect on outcomes than increasing levels
of life satisfaction.48 Thus, we first reran analyses among only those study
participants displaying increasing life satisfaction between t0 and t1. In
a subsequent analysis, we reran analyses among only participants dis-
playing decreasing life satisfaction between t0 and t1. In these analyses,
the exposure was a difference score between t0 and t1. Fourth, while our
primary analyses used multiple imputation to handle missing data, we
reanalyzed all models using only complete cases. Fifth, to evaluate how
our findings might compare to past research, we reanalyzed all models
using a more conventional set of covariates (e.g., sociodemographics and
depression, but no control for life satisfaction or outcomes, in the pre-
baseline wave). This analytic approach asks a different question: What
are the potential long-term cumulative effects that the whole history of
life satisfaction (approximated by its current measure but not control-
ling for the past) has on outcomes? Sixth, we reanalyzed the main models
but removed people who had any history of a given physical condition
at baseline. Seventh, we reanalyzed the main models but treated life sat-
isfaction as a continuous variable. To facilitate comparison of effect size
across studies, we standardized the life satisfaction score (mean= 0, stan-
dard deviation = 1).
Multiple Imputation. We imputed all missing exposures, covariates,

and outcomes using an imputation by chained equations approach and
generated five data sets because it provides a potentially more accurate
approach than other methods of handling missing data and helps address
problems that arise due to attrition.49–51

Results

In the covariate wave (t0;2006/2008), the average age of participants
was 66 years old (standard deviation [SD] = 10) and they were pre-
dominantly women (59%), married (67%), and high school educated
(55%). Table 1 provides the distribution of covariates by categories of
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life satisfaction. ETable 1 describes the change in life satisfaction from
the pre-baseline wave (t0) to the baseline wave (t1) (see online Appendix).

When evaluating physical health outcomes over the four-year follow-
up period, respondents in the highest (versus lowest) tertile of life
satisfaction, conditional on prior life satisfaction, subsequently had
26% reduced risk of mortality (95% confidence interval [CI]: 0.63,
0.88), 25% reduced risk of physical functioning limitations (95%
CI: 0.67, 0.83), 12% reduced risk of chronic pain (95% CI: 0.81,
0.95), higher self-rated health (β = −0.23, 95% CI: 0.19, 0.28), and
a slightly smaller number of chronic conditions (β = −0.06, 95%
CI: −0.09, −0.03; see Table 2). However, there was no evidence of
such an association with a range of other physical health outcomes,
including diabetes, hypertension, stroke, cancer, heart disease, lung
disease, arthritis, overweight/obesity, or cognitive impairment. When
evaluating health behaviors, respondents in the highest (versus lowest)
tertile of life satisfaction, conditional on prior life satisfaction, subse-
quently had 8% higher likelihood of frequent physical activity (95%
CI: 1.01, 1.16) and 14% reduced risk of sleep problem onset (95% CI:
0.79, 0.93), but there was no evidence of associations with other health
behaviors, including binge drinking or smoking.

Finally, when evaluating psychological and social outcomes, those in
the highest (versus lowest) tertile of life satisfaction, conditional on prior
life satisfaction, subsequently had better indicators across nearly all psy-
chological well-being, psychological distress, and social well-being fac-
tors. For example, respondents in the highest (versus lowest) tertile of life
satisfaction subsequently reported a higher sense of purpose (β = 0.20,
95% CI: 0.16, 0.25) and optimism (β = 0.28, 95% CI: 0.23, 0.33), as
well as lower hopelessness (β = −0.23, 95% CI: −0.29, −0.17), neg-
ative affect (β = −0.29, 95% CI: −0.35, −0.23), and loneliness (β =
−0.33, 95% CI: −0.40, −0.26). They also had 46% reduced risk of de-
pression (95%, CI: 0.45, 0.64). There was no association, however, with
frequency of contact with children, other family, or friends.

Additional Analyses

We conducted several additional analyses. First, E-values suggested that
many of the observed associations weremoderately robust to unmeasured
confounding (Table 3). For example, an unmeasured confounder that was



224 E.S. Kim et al.
T
ab
le
2.
Li
fe
Sa
ti
sf
ac
ti
on

an
d
Su
bs
eq
ue
nt

H
ea
lt
h
an
d
W
el
l-
be
in
g
(H

ea
lt
h
an
d
R
et
ir
em

en
t
St
ud

y
[H

R
S]
:N

=1
2,
99
8)

a,
b,
c

L
if
e
Sa
ti
sf
ac
ti
on

T
er
ti
le
1d

(n
=

4,
66
6)

(R
ef
er
en
ce
)

T
er
ti
le
2d
(n

=
4,
32
1)

R
R
/O
R
/β

(9
5%

C
I)

T
er
ti
le
3d
(n

=
4,
01
1)

R
R
/O
R
/β

(9
5%

C
I)

P
h
ys
ic
al
H
ea
lt
h

A
ll
-c
au
se
m
or
ta
li
ty

1.
00

0.
84

(0
.7
3,

0.
95
)*
*

0.
74

(0
.6
3,

0.
88
)*
**

N
um

be
r
of
ch
ro
ni
c

co
nd
it
io
ns

0.
00

−0
.0
4
(−

0.
07
,0

.0
1)
*

−0
.0
6
(−

0.
09
,-

−0
.0
3)
**

*

D
ia
be
te
s

1.
00

0.
97

(0
.8
9,

1.
06
)

0.
94

(0
.8
4,

1.
05
)

H
yp
er
te
ns
io
n

1.
00

0.
98

(0
.9
3,

1.
04
)

1.
00

(0
.9
4,

1.
06
)

St
ro
ke

1.
00

0.
93

(0
.8
1,

1.
06
)

0.
88

(0
.7
5,

1.
04
)

C
an
ce
r

1.
00

0.
95

(0
.8
6,

1.
05
)

0.
93

(0
.8
3,

1.
05
)

H
ea
rt
di
se
as
e

1.
00

0.
97

(0
.8
9,

1.
05
)

0.
93

(0
.8
3,

1.
01
)

Lu
ng

di
se
as
e

1.
00

0.
90

(0
.7
9,

1.
03
)

0.
90

(0
.7
7,

1.
04
)

A
rt
hr
it
is

1.
00

1.
00

(0
.9
4,

1.
05
)

0.
97

(0
.9
1,

1.
03
)

O
ve
rw

ei
gh

t/
ob
es
it
y

1.
00

1.
01

(0
.9
6,

1.
07
)

1.
02

(0
.9
6,

1.
08
)

P
hy
si
ca
lf
un
ct
io
ni
ng

li
m
it
at
io
ns

1.
00

0.
85

(0
.7
8,

0.
92
)*
**

0.
75

(0
.6
7,

0.
83
)*
**

C
og
ni
ti
ve

im
pa
ir
m
en
t

1.
00

1.
01

(0
.9
2,

1.
11
)

1.
03

(0
.9
3,

1.
15
)

C
hr
on
ic
pa
in

1.
00

0.
92

(0
.8
5,

0.
99
)*

0.
88

(0
.8
1,

0.
95
)*
*

Se
lf
-r
at
ed

he
al
th

0.
00

0.
13

(0
.0
9,

0.
16
)*
**

0.
23

(0
.1
9,

0.
28
)*
**

H
ea
lt
h
B
eh
av
io
rs

B
in
ge

dr
in
ki
ng

1.
00

1.
19

(0
.9
4,

1.
50
)

1.
08

(0
.7
3,

1.
60
)

Sm
ok
in
g

1.
00

1.
00

(0
.7
0,

1.
42
)

0.
90

(0
.5
7,

1.
42
)

Fr
eq
ue
nt

ph
ys
ic
al

ac
ti
vi
ty

1.
00

1.
06

(1
.0
0,

1.
13
)

1.
08

(1
.0
1,

1.
16
)*

Sl
ee
p
pr
ob
le
m
s

1.
00

0.
93

(0
.8
5,

1.
01
)

0.
86

(0
.7
9,

0.
93
)*
**

C
on
ti
nu
ed



Life Satisfaction and Outcome-Wide Analysis 225

T
ab
le
2.
C
on
ti
nu
ed

L
if
e
Sa
ti
sf
ac
ti
on

T
er
ti
le
1d

(n
=

4,
66
6)

(R
ef
er
en
ce
)

T
er
ti
le
2d
(n

=
4,
32
1)

R
R
/O
R
/β

(9
5%

C
I)

T
er
ti
le
3d
(n

=
4,
01
1)

R
R
/O
R
/β

(9
5%

C
I)

P
sy
ch
ol
og
ic
al

W
el
l-
b
ei
n
g

P
os
it
iv
e
af
fe
ct

0.
00

0.
17

(0
.1
2,

0.
21
)*
**

0.
30

(0
.2
5,

0.
35
)*
**

Li
fe
sa
ti
sf
ac
ti
on

0.
00

0.
48

(0
.4
4,

0.
52
)*
**

0.
79

(0
.7
3,

0.
86
)*
**

O
pt
im

is
m

0.
00

0.
14

(0
.1
0,

0.
18
)*
**

0.
28

(0
.2
3,

0.
33
)*
**

P
ur
po
se
in

li
fe

0.
00

0.
08

(0
.0
5,

0.
12
)*
**

0.
20

(0
.1
6,

0.
25
)*
**

M
as
te
ry

0.
00

0.
15

(0
.0
9,

0.
21
)*
**

0.
28

(0
.2
3,

0.
34
)*
**

H
ea
lt
h
m
as
te
ry

0.
00

0.
09

(0
.0
5,

0.
14
)*
**

0.
19

(0
.1
2,

0.
25
)*
**

Fi
na
nc
ia
lm

as
te
ry

0.
00

0.
13

(0
.0
7,

0.
19
)*
*

0.
23

(0
.1
6,

0.
29
)*
**

P
sy
ch
ol
og
ic
al
D
is
tr
es
s

D
ep
re
ss
io
n

1.
00

0.
71

(0
.6
2,

0.
81
)*
**

0.
54

(0
.4
5,

0.
64
)*
**

D
ep
re
ss
iv
e
sy
m
pt
om

s
0.
00

−0
.1
8
(−

0.
22
,−

0.
14
)*
**

−0
.2
2
(−

0.
27
,−

0.
17
)*
**

H
op
el
es
sn
es
s

0.
00

−0
.1
3
(−

0.
17
,−

0.
09
)*
**

−0
.2
3
(−

0.
29
,−

0.
17
)*
**

N
eg
at
iv
e
af
fe
ct

0.
00

−0
.1
7
(−

0.
22
,−

0.
13
)*
**

−0
.2
9
(−

0.
35
,−

0.
23
)*
**

P
er
ce
iv
ed

co
ns
tr
ai
nt
s

0.
00

−0
.1
1
(−

0.
17
,−

0.
06
)*
*

−0
.1
9
(−

0.
26
,−

0.
12
)*
**

So
ci
al
F
ac
to
rs

Lo
ne
li
ne
ss

0.
00

−0
.2
1
(−

0.
27
,−

0.
15
)*
**

−0
.3
3
(−

0.
40
,−

0.
26
)*
**

Li
vi
ng

w
it
h

sp
ou
se
/p
ar
tn
er

1.
00

1.
09

(1
.0
2,

1.
17
)*

1.
17

(1
.0
9,

1.
25
)*
**

C
on
ti
nu
ed



226 E.S. Kim et al.

T
ab
le
2.
C
on
ti
nu
ed

L
if
e
Sa
ti
sf
ac
ti
on

T
er
ti
le
1d

(n
=

4,
66
6)

(R
ef
er
en
ce
)

T
er
ti
le
2d
(n

=
4,
32
1)

R
R
/O
R
/β

(9
5%

C
I)

T
er
ti
le
3d
(n

=
4,
01
1)

R
R
/O
R
/β

(9
5%

C
I)

C
on
ta
ct
w
it
h
ch
il
dr
en

<
1x
/w
ee
k

1.
00

1.
04

(0
.9
5,

1.
14
)

1.
01

(0
.9
1,

1.
12
)

C
on
ta
ct
w
it
h
ot
he
r

fa
m
il
y

<
1x
/w
ee
k

1.
00

0.
97

(0
.9
0,

1.
04
)

0.
97

(0
.8
9,

1.
06
)

C
on
ta
ct
w
it
h
fr
ie
nd
s

<
1x
/w
ee
k

1.
00

0.
95

(0
.8
8,

1.
02
)

0.
93

(0
.8
6,

1.
01
)

A
bb

re
vi
at
io
ns
:C

I,
co
nf
id
en
ce

in
te
rv
al
;O

R
,o
dd

s
ra
ti
o;
R
R
,r
is
k
ra
ti
o.

∗ p
<

0.
05

be
fo
re
B
on
fe
rr
on
ic
or
re
ct
io
n;

**
p
<

0.
01

be
fo
re
B
on
fe
rr
on
ic
or
re
ct
io
n;

**
*
p
<

0.
05

af
te
r
B
on
fe
rr
on
ic
or
re
ct
io
n.
T
he

p
-v
al
ue

cu
to
ff
fo
r
B
on
fe
rr
on
i

co
rr
ec
ti
on

is
p
=

0.
05
/3
5
ou
tc
om

es
=
p
<

0.
00

1.
a
T
he

an
al
yt
ic
sa
m
pl
e
w
as

re
st
ri
ct
ed

to
th
os
e
w
ho

ha
d
pa
rt
ic
ip
at
ed

in
th
e
ba
se
li
ne

w
av
e
(t
1
;2
01

0
or

20
12

).
M
ul
ti
pl
e
im

pu
ta
ti
on

w
as

pe
rf
or
m
ed

to
im

pu
te

m
is
si
ng

da
ta
on

th
e
ex
po
su
re
,c
ov
ar
ia
te
s,
an
d
ou
tc
om

es
.A

ll
m
od
el
s
co
nt
ro
ll
ed

fo
r
so
ci
od
em

og
ra
ph
ic
ch
ar
ac
te
ri
st
ic
s
(a
ge
,s
ex
,r
ac
e/
et
hn
ic
it
y,
m
ar
it
al
st
at
us
,

an
nu
al

ho
us
eh
ol
d
in
co
m
e,
to
ta
l
w
ea
lt
h,

le
ve
l
of

ed
uc
at
io
n,

em
pl
oy
m
en
t
st
at
us
,
he
al
th

in
su
ra
nc
e,
ge
og
ra
ph
ic

re
gi
on
),
pr
e-
ba
se
li
ne

ch
il
dh
oo
d
ab
us
e,
pr
e-

ba
se
li
ne

re
li
gi
ou
s
se
rv
ic
e
at
te
nd
an
ce
,p
re
-b
as
el
in
e
va
lu
es
of
th
e
ou
tc
om

e
va
ri
ab
le
s
(d
ia
be
te
s,
hy
pe
rt
en
si
on
,s
tr
ok
e,
ca
nc
er
,h
ea
rt
di
se
as
e,
lu
ng

di
se
as
e,
ar
th
ri
ti
s,

ov
er
w
ei
gh
t/
ob
es
it
y,
ph
ys
ic
al
fu
nc
ti
on
in
g
li
m
it
at
io
ns
,c
og
ni
ti
ve

im
pa
ir
m
en
t,
ch
ro
ni
c
pa
in
,s
el
f-
ra
te
d
he
al
th
,b
in
ge

dr
in
ki
ng
,c
ur
re
nt

sm
ok
in
g
st
at
us
,p
hy
si
ca
l

ac
ti
vi
ty
,s
le
ep

pr
ob
le
m
s,
po
si
ti
ve

af
fe
ct
,l
if
e
sa
ti
sf
ac
ti
on
,o
pt
im

is
m
,p

ur
po
se

in
li
fe
,m

as
te
ry
,h

ea
lt
h
m
as
te
ry
,f
in
an
ci
al
m
as
te
ry
,d

ep
re
ss
iv
e
sy
m
pt
om

s,
ho
pe
-

le
ss
ne
ss
,n
eg
at
iv
e
af
fe
ct
,p
er
ce
iv
ed

co
ns
tr
ai
nt
s,
lo
ne
li
ne
ss
,l
iv
in
g
w
it
h
sp
ou
se
/p
ar
tn
er
,c
on
ta
ct
w
it
h
ch
il
dr
en

<
1x
/w
ee
k,
co
nt
ac
t
w
it
h
ot
he
r
fa
m
il
y

<
1x
/w
ee
k,

co
nt
ac
t
w
it
h
fr
ie
nd
s
<
1x
/w
ee
k)
,p
er
so
na
li
ty

fa
ct
or
s
(o
pe
nn
es
s,
co
ns
ci
en
ti
ou
sn
es
s,
ex
tr
av
er
si
on
,a
gr
ee
ab
le
ne
ss
,n
eu
ro
ti
ci
sm

),
an
d
th
e
pr
e-
ba
se
li
ne

va
lu
e
of
th
e

ex
po
su
re
.T

he
se
va
ri
ab
le
s
w
er
e
co
nt
ro
ll
ed

fo
r
in

th
e
pr
e-
ba
se
li
ne

(t
0
;2
00

6
or

20
08

).
b
W
e
us
ed

an
ou
tc
om

e-
w
id
e
an
al
yt
ic
ap
pr
oa
ch

an
d
ra
n
a
se
pa
ra
te
m
od
el
fo
r
ea
ch

ou
tc
om

e.
W
e
ra
n
a
di
ff
er
en
t
ty
pe

of
m
od
el
de
pe
nd
in
g
on

th
e
na
tu
re
of
th
e

ou
tc
om

e:
(1
)f
or

ea
ch

bi
na
ry

ou
tc
om

e
w
it
h
a
pr
ev
al
en
ce

of
≥1

0%
,w

e
us
ed

a
ge
ne
ra
li
ze
d
li
ne
ar
m
od
el
(w
it
h
a
lo
g
li
nk

an
d
P
oi
ss
on

di
st
ri
bu
ti
on
)t
o
es
ti
m
at
e

a
R
R
;(
2)

fo
r
ea
ch

bi
na
ry

ou
tc
om

e
w
it
h
a
pr
ev
al
en
ce

of
<
10
%
,w

e
us
ed

a
lo
gi
st
ic
re
gr
es
si
on

m
od
el
to

es
ti
m
at
e
an

O
R
;a
nd

(3
)f
or

ea
ch

co
nt
in
uo
us

ou
tc
om

e,
w
e
us
ed

a
li
ne
ar
re
gr
es
si
on

m
od
el
to

es
ti
m
at
e
a
β
.

c
A
ll
co
nt
in
uo
us

ou
tc
om

es
w
er
e
st
an
da
rd
iz
ed

(m
ea
n

=
0;

st
an
da
rd

de
vi
at
io
n

=
1)
,a
nd

β
w
as
th
e
st
an
da
rd
iz
ed

ef
fe
ct
si
ze
.

d
If
th
e
re
fe
re
nc
e
va
lu
e
is
1,

th
e
ef
fe
ct
es
ti
m
at
e
is
O
R
or

R
R
;i
ft
he

re
fe
re
nc
e
va
lu
e
is
0,

th
e
ef
fe
ct
es
ti
m
at
e
is

β
.



Life Satisfaction and Outcome-Wide Analysis 227

Table 3. Robustness to Unmeasured Confounding (E-Values) for the As-
sociations Between Life Satisfaction (Third Tertile vs. First Tertile) and
Subsequent Health and Well-being (N =12,998)

a

Effect Estimate
b

Confidence
Interval Limit

c

Physical Health
All-cause mortality 2.02 1.54
Number of chronic
conditions

1.29 1.18

Diabetes 1.32 1.00
Hypertension 1.06 1.00
Stroke 1.52 1.00
Cancer 1.35 1.00
Heart disease 1.41 1.00
Lung disease 1.48 1.00
Arthritis 1.20 1.00
Overweight/obesity 1.17 1.00
Physical functioning
limitations

2.00 1.69

Cognitive impairment 1.22 1.00
Chronic pain 1.55 1.28
Self-rated health 1.77 1.66
Health Behaviors
Binge drinking 1.37 1.00
Smoking 1.47 1.00
Frequent physical
activity

1.38 1.11

Sleep problems 1.60 1.35
Psychological
Well-being

Positive affect 1.96 1.66
Life satisfaction 3.54 3.31
Optimism 1.91 1.78
Purpose in life 1.70 1.58
Mastery 1.90 1.76
Health mastery 1.66 1.50
Financial mastery 1.76 1.59
Psychological Distress
Depression 3.14 2.48
Depressive symptoms 1.74 1.61
Hopelessness 1.77 1.62

Continued
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Table 3. Continued

Effect Estimate
b

Confidence
Interval Limit

c

Negative affect 1.93 1.78
Perceived constraints 1.66 1.50
Social Factors
Loneliness 2.04 1.87
Living with
spouse/partner

1.61 1.40

Contact with children
<1x/week

1.12 1.00

Contact with other
family <1x/week

1.20 1.00

Contact with friends
<1x/week

1.36 1.00

a
See VanderWeele and Ding (2017)47 for the formula for calculating E-values.

b
The E-values for effect estimates are the minimum strength of association on the risk ratio

scale that an unmeasured confounder would need to have 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 for the limit of the 95% confidence interval (CI) closest to the null denote
the minimum strength of association on the risk ratio scale that an unmeasured confounder
would need to have with both the exposure and the outcome to shift the confidence interval
to include the null value, conditional on the measured covariates.

associated with both life satisfaction and mortality by risk ratios of 2.02,
each, above and beyond the large array of covariates already adjusted
for, could explain the association, but weaker confounding could not.
Further, to shift the CI to include the null, an unmeasured confounder
associated with both life satisfaction and mortality by risk ratios of
1.54, each, could suffice, but weaker confounding could not. Second,
when comparing associations between each item of the Satisfaction with
Life Scale with our outcomes, we observed a similar pattern of estimates
in all the items except for “If I could live my life again, I would change
almost nothing.” This item had the weakest associations with the
outcomes (eTables 2-6 in the online Appendix). Third, when evaluating
only the subsets of study participants that displayed either increasing
or decreasing levels of life satisfaction, the strength of estimates were
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generally similar in both subsets except for one difference: the mag-
nitude of association with mortality was stronger among partici-
pants displaying declining life satisfaction (eTables 7 and 8). Fourth,
complete-case analyses produced similar estimates when compared
against estimates from multiple imputed estimates (eTable 9). Fifth,
conventionally adjusted covariate models generally showed larger coeffi-
cients than fully adjusted models (eTable 10). These analytic differences
might emphasize the effect of short-term change in life satisfaction
versus accumulating effects over time or might reflect residual con-
founding in conventional analyses. Sixth, when reevaluating the fully
adjusted models after removing anyone with a history of a given physical
condition at baseline (t1), the coefficients were generally larger (eTable
10). Seventh, when evaluating results after treating life satisfaction as
a continuous variable, instead of tertiles, the overall trend of results in
the study were largely similar (eTable 11).

Discussion

In a large, diverse, prospective, and nationally representative sample of
people aged over 50, we observed that people in the highest (versus
lowest) tertile of life satisfaction, even conditional on prior life satis-
faction, subsequently had better physical health outcomes (reduced risk
of mortality, chronic pain, physical functioning limitations, self-rated
health, and number of chronic conditions) and health behaviors (re-
duced risk of sleep problems and higher likelihood of frequent physi-
cal activity), as well as better outcomes on a broad range of psychosocial
factors (increased positive affect, life satisfaction, optimism, purpose in
life, mastery, health mastery, financial mastery, and likelihood of living
with spouse/partner; decreased depression, depressive symptoms, hope-
lessness, negative affect, perceived constraints, and loneliness) over the
four-year follow-up period. Notably, we also observed that high cur-
rent life satisfaction, conditional on past life satisfaction, was not subse-
quently associated with specific physical health outcomes (e.g., diabetes,
hypertension, stroke, cancer, heart disease, lung disease, arthritis, cogni-
tive impairment, overweight/obese), many health behaviors (e.g., binge
drinking or smoking), or frequency of contact with children, other fam-
ily, or friends over the four-year follow-up period.
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Our analyses were intended to be conservative. By controlling for a
robust array of covariates, pre-baseline levels of life satisfaction, and all
the outcomes, we effectively evaluated change in life satisfaction (condi-
tioned on the past)—for example, a change in life satisfaction from the
bottom tertile to the top tertile. It is conservative to evaluate change
in life satisfaction (“incident exposure”) instead of “prevalent exposure”
because the latter potentially incorporates the lifelong effects of past
life satisfaction on health and well-being outcomes. By evaluating only
incidence of life satisfaction, we essentially focused on how short-term
changes in the exposure were associated with short-term changes in the
outcomes. This method helps remove the potential accumulating ef-
fects that past life satisfaction had on health and well-being over the
life course. This analysis is likely of greater policy relevance because it
helps policymakers estimate what short-term (i.e., over a four-year time
horizon) outcomes they might expect to see if policies that improve life
satisfaction were enacted.

To evaluate if certain dimensions of the life satisfaction scale might be
superior to target via policy, our secondary analyses observed that most
of the items in the scale showed a relatively equal magnitude of associa-
tion with outcomes, except for one, namely “If I could live my life again,
I would change almost nothing.” This suggests that living with no re-
grets is not preferable to a more reflective approach to past successes and
failures. Analyses that evaluated whether it might be wiser to allocate
resources toward increasing life satisfaction or helping stem decreasing
life satisfaction both appeared to have roughly equal magnitudes of asso-
ciation with outcomes. Thus, we did not observe evidence of a negativity
bias on outcomes, except for mortality.

In our study, people with high (versus low) life satisfaction, even con-
ditional on prior life satisfaction, had a substantially reduced risk of
mortality, yet such high life satisfaction was not associated with spe-
cific physical health indicators. Several factors might explain this seem-
ingly perplexing observation. First, life satisfaction was associated with
several mechanisms that past research has identified as independent
risk/protective factors for mortality, including reduced loneliness and
elevated purpose in life. Second, although data on incidence of chronic
conditions was captured by HRS, causes of death were not captured in
our study. A study participant could have been free of stroke their en-
tire life but died suddenly from stroke and such information was not
captured. HRS collects information about some causes of death, but the
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categories do not map cleanly onto the chronic condition categories that
we evaluated; thus, we did not create composite variables simultaneously
capturing incidence of disease and death due to disease (see eText 3 in the
online Appendix for further details). Third, when considering the top
causes of death among older adults (e.g., injury, pneumonia/influenza,
or suicide), some are not well captured in the HRS assessments of health
conditions. However, in light of the present evidence, it may be that life
satisfaction helps less with preventing the incidence of disease than it
does with survival from disease.

Results in the Context of Past Research

Our results converge with past research on topics such as enhanced psy-
chosocial outcomes and reduced risk of mortality; yet they diverge in
other important areas, such as health behaviors and other physical health
outcomes.23–31,31–35 These differences may stem from methodological
differences, including differences in (1) study design, (2) how life satis-
faction and/or the outcomes were measured, (3) the number and types of
covariates controlled for, (4) sample composition, and (5) adjustment for
pre-baseline life satisfaction and all outcomes. When evaluating results
from conventionally adjusted models (i.e., a reduced list of covariates
and not adjusting for pre-baseline levels of life satisfaction or outcomes),
many associations observed in the life-satisfaction health literature were
also observed in our results. This suggests that our analyses emphasize
short-term change in life satisfaction versus accumulating effects over
longer durations of time.

Mechanisms

When considering potential biobehavioral pathways between life satis-
faction and health outcomes,10 there are at least three to consider: (1) en-
hancement of other psychological and social resources that buffer against
the toxic effects of overwhelming stress; (2) indirect effects through
health behaviors, and (3) direct effects through biological pathways.
When considering psychosocial resources, people with high stress ex-
posure often develop chronic psychological distress, which in turn is
associated with elevated risk of mortality. Thus, high life satisfaction
might theoretically blunt the deteriorative effects of stress exposure on
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the body because it fosters resilience. For example, when people experi-
ence stressors throughout the day, high life satisfaction might foster ac-
celerated recovery. Illustrative experimental studies have demonstrated
that people with high positive affect, a conceptual cousin of life sat-
isfaction, display accelerated cardiovascular recovery after exposure to
stressful stimuli52—but more research is needed. When theoretically
considering the intersection of psychosocial resources and health behav-
iors, people with higher life satisfaction expect and seek favorable life
outcomes, and therefore they might be more likely to persist at goals,
plan for future challenges, and cope more effectively with difficulties.
Through these psychological processes and assets, life satisfaction might
lead to better health behaviors because they influence key psychologi-
cal processes (e.g., self-efficacy, motivation, goal setting, self-regulation)
that impact whether individuals engage in healthy behaviors.53 Inter-
estingly, we only observed associations between life satisfaction physi-
cal activity and sleep problems, but no associations with binge drink-
ing or physical activity. Thus, there might be other health behaviors
through which life satisfaction works to reduce mortality risk that we
did not have measures for, such as diet. Or, life satisfaction might work
through biological processes, such as reduced inflammation and lower
risk of hypertension.31,33–35

Limitations and Strengths

Only four years of follow-up data were available, and this is likely not
enough follow-up time for a psychological factor to influence chronic
diseases, which often take decades to develop. Future research should
reevaluate the associations in this study using data with longer follow-
up times. Another limitation is that our primary analysis assumes that
the effects of change in life satisfaction from the lowest tertile in t0to
the highest tertile in t1is of the same magnitude but opposite sign as
the effects of a change from the highest tertile in t0to the lowest tertile
in t1. Future research could further evaluate this assumption, but the
fact that our analyses evaluating only increases, versus only decreases,
in life satisfaction (eTables 7 and 8 in the online Appendix) gave similar
results suggests that this assumption may have been reasonable. Another
limitation is that the exposure and all of the outcomes (except mortality)
were self-reported; thus, self-report bias is a potential concern. Future
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research that uses objective health outcome assessments can address this
potential bias.

Unmeasured third variables could have confounded our results. How-
ever, our study design and several of our analyses aimed to reduce these
concerns. These included robust covariate adjustment, the prospective
nature of the data, control for prior life satisfaction and prior out-
comes, and E-value analyses for robustness to unmeasured confound-
ing. Our study evaluated associations in only one cultural context and
important life satisfaction differences between countries exist; such dif-
ferences might have important implications for health and well-being
outcomes.54,55 Thus, future work should evaluate these associations in
different cultural contexts. Our study also featured several strengths,
including the use of a large, diverse, prospective, and nationally repre-
sentative sample of older adults. Further, we were able to attain stronger
evidence of causality for our question of interest because we adjusted
for pre-baseline values of the exposure, a robust range of covariates and
outcomes, and sensitivity analysis for unmeasured confounding.36,56

Conclusion

In the past several decades, nations have largely fixated on economic
growth as the overarching aim. This focus has provided an array of so-
cietal benefits, but we have now long recognized the limits of this ap-
proach. As our nations pause and reevaluate our priorities in light of
the widespread change that COVID-19 and its downstream effects have
caused, our policymakers have a rare opportunity to courageously pur-
sue another overarching aim in our postpandemic world—well-being for
all.

A growing number of countries have already adopted well-beingmea-
sures as metrics and decision-making tools to guide policy decisions, and
several others are on the horizon.1–3 In addition to recognizing this as an
important goal in and of itself, another partial reason for this change is
that emerging evidence indicates that changing levels of life satisfaction
is an important determinant of voting behavior.6,7 Further, countries are
seeking innovative and cost-effective methods of enhancing the health
and well-being trajectories of our swiftly aging populations. Both ran-
domized controlled trials (aimed at individuals)19,20 and case studies of
successful policies (aimed at populations)1–3 suggest that life satisfaction
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can be enhanced through a variety of intervention programs and policies.
Findings from our study suggest that continuously iterating and ap-
plying existing assessments,57–59interventions,19,20 and policies3,19,21,22

that target life satisfaction is a promising method of enhancing several
other aspects of health and well-being for our rapidly aging population.
If we take effective steps in this direction, our study illuminates some
of the short-term health and well-being benefits that might result. Life
satisfaction specifically, and well-being more generally, is, and should
be, an important policy goal.
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