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Being Happy and Becoming Happier as Independent
Predictors of Physical Health and Mortality
Emily C. Willroth, PhD, Anthony D. Ong, PhD, Eileen K. Graham, PhD, and Daniel K. Mroczek, PhD

ABSTRACT

Objective: The present study tested preregistered predictions regarding the prospective associations between level and change in subjec-
tive well-being (SWB) and physical health.
Methods: In two large longitudinal panel studies conducted in the United States (N = 3294) and Japan (N = 657), we used multilevel
growth curve models to estimate level and change in components of SWB (i.e., life satisfaction, positive affect, and negative affect). Next,
we used random intercepts and slopes to predict subsequent self-reported general health and number of chronic health conditions (in the
United States and Japan) and mortality risk (in the United States).
Results: Greater life satisfaction, higher positive affect, and lower negative affect were associated with better health (0.22 < |β
values| < 0.46) and longer survival. Above and beyond SWB level, longitudinal increases in life satisfaction and positive affect and lon-
gitudinal decreases in negative affect were associated with better health (0.06 < |β values| < 0.20). Moreover, all three SWB components
independently predicted health, and life satisfaction and negative affect independently predicted survival. The preregistration and analysis
scripts are available at osf.io/mz9gy.
Conclusions: The present findings suggest that being happy and becoming happier across time are independently associated with better
physical health in the United States and Japan.
Key words: subjective well-being, affect, life satisfaction, physical health, mortality.

INTRODUCTION

Happy people tend to live healthier, longer lives compared
with unhappy people. Subjective well-being (SWB)—people’s

cognitive and affective evaluations of their lives (1)—is an impor-
tant indicator of overall happiness and has been robustly linked to
better physical health (for recent reviews, see Refs. (2,3)). How-
ever, several open questions remain. SWB comprises positive af-
fect (PA), low negative affect (NA), and life satisfaction (LS)
(4), but the unique associations of each component with physical
health are poorly understood (3). Moreover, SWB is moderately
stable across the life-span (5,6) but is also characterized by
within-person change (7–10), yet little is known about the relation-
ship between SWB change and physical health. In two longitudi-
nal panel studies conducted in the United States and Japan, we
examined level and change in components of SWB in relation to
self-reported general health, number of chronic health conditions,
and mortality risk.

SWB Level and Physical Health
Higher SWB is theorized to confer benefits for physical health,
by promoting positive health behaviors, directly influencing
physiological processes (e.g., neuroendocrine, cardiovascular,
and immune systems), and by buffering the harmful effects of
stress on these physiological processes (1,11). Physical health

also influences SWB, with better physical health leading to higher
well-being and worse physical health leading to lower well-being
(12). A large body of evidence has linked higher SWBwith sev-
eral aspects of general health, including less self-reported pain,
fewer self-reported illness symptoms, and better self-reported
health (e.g., Refs. (13,14)). In the US sample used in the present
research, greater PA and lower NA have been prospectively
linked with fewer chronic health conditions and better self-reported
general health (15,16). SWB has also been associated with lower
disease incidence, although evidence is more mixed. For example,
SWB has been prospectively associated with lower risk for coro-
nary heart disease (17) and cancer incidence (18) in some studies,
but not in others (19,20). Despite mixed evidence and null associ-
ations within some chronic diseases, several studies have found
that higher SWB is associated with reduced risk for arthritis
(21), diabetes (for a review, see Ref. (22)), hypertension (e.g.,
Ref. (23)), stroke (e.g., Ref. (24)), and cold and flu viruses (e.g.,
Ref. (25)). Taken together, SWB seems to be protective against
morbidity and disease prognosis, but associations differ across
preexisting diseases states.
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In addition, all three components of SWB are generally associ-
ated with lower mortality risk, especially in initially healthy popula-
tions (for reviews, see Refs. (26,27)). The protective effects of SWB
have been found for PA (for a review, see Ref. (26)), low NA (e.g.,
Ref. (28)), and LS (e.g., Ref. (29)). In the US sample used in the
present research, greater positive mental health (a composite of
PA, LS, and other aspects of well-being) was associated with lower
mortality risk in the first 10 years of follow-up (30). SWB has also
been associated with reduced mortality in people who have been di-
agnosed with a disease (e.g., Refs. (31–33)); however, the associa-
tions tend to be smaller and findings are more mixed (26).

Previous research has shown that SWB is linked with physical
health in Western and non-Western samples (e.g., Refs. (29,34)).
However, there may be cultural differences in well-being–health
links for specific types of well-being. For example, the relationship
between NA and biological markers of health has been shown to
differ in the United States compared with Japan, possibly because
of culturally divergent beliefs about NA (35,36). Cultural differ-
ences in well-being-health links may also depend on the type of
health outcome. For example, a study of 11 European countries
found that well-being had weaker associations with self-reported
health in less individualistic cultures; however, individualism did
not moderate the link between well-being and all-cause mortality
(37). Thus, it is important to examine the unique relationships be-
tween SWB components and multiple physical health outcomes
across cultures.

SWB Change and Physical Health
On average, SWB has been shown to change modestly across the
life-span (7–10). Although age-related patterns of SWB have been
observed (12,38), longitudinal changes in SWB seem to differ across
well-being components and across individuals. A key unanswered
question concerns how individual differences in SWB change are re-
lated to health outcomes. Although research on change in SWB and
physical health is limited (2), a handful of studies have examined links
between longitudinal characteristics of SWB andmortality. One study
found a graded relationship between repeated assessments of enjoy-
ment of life and mortality, such that the greater number of occasions
onwhich participants reported enjoying their life, the lower their mor-
tality risk (39). Similarly, greater stability in LS across time has been
associated with lower mortality risk (40).

Indirect evidence for associations between longitudinal change
in SWB and physical health also comes from research linking person-
ality change to physical health. Personality—particularly extraversion
and neuroticism—is one of the strongest predictors of SWB because,
in part, of conceptual similarities and shared heritability between the
two sets of constructs (41–44). Given that personality has been shown
to explain approximately half of the variance in SWB (44), research
on personality change and health associations may provide insight
into SWB change and health associations. Longitudinal change in
personality has been linked to several health outcomes, including
self-rated health (45), health-related risk factors (46), and mortality
(47). Thus, longitudinal change in SWB may be a key predictor of
physical health as well.

The Present Research
The present research used data from the Midlife in the United
States (MIDUS) (48) and Midlife in Japan (MIDJA) (49) studies

to examine the associations of SWB level and SWB change with
self-reported general health, number of chronic health conditions,
and mortality. This research builds on previous research in the
MIDUS and MIDJA and tests several independent predictions.
First, the present study examined associations between level and
change in the three SWB components and physical health out-
comes. We preregistered the following predictions. We predicted
that higher PA, lower NA, and higher LS would be associated with
better self-reported general health, fewer chronic health condi-
tions, and lowermortality risk. Moreover, we predicted that greater
longitudinal increases in PA, decreases in NA, and increases in LS
would be associated with better self-reported general health, fewer
chronic health conditions, and lower mortality risk.

Second, the study examined the unique associations of the
three SWB components (i.e., PA, NA, and LS) with physical
health outcomes, above and beyond one another. We did not
make specific predictions regarding the unique associations of
the three SWB components. Many studies of the links between
PA and physical health have adjusted for NA (e.g., Ref. (50)).
However, less is known about whether LS and affect have inde-
pendent associations with health (3). The few studies that have
examined LS with one or both affective components have pro-
duced conflicting results (e.g., Refs. (29,51)).

Third, we tested whether links between SWB and physical
health differed in the United States (MIDUS) compared with
Japan (MIDJA). We did not make specific predictions regard-
ing similarities or differences between results in the MIDUS
and MIDJA samples.

METHODS

Samples and Longitudinal Study Design
The MIDUS is a large publicly available data set aimed at collecting a rep-
resentative sample of participants from the United States assessed during
midlife (starting N = 7108 in MIDUS 1; age, 24–74 years at baseline).
The MIDUS uses a longitudinal panel design in which participants com-
plete comprehensive questionnaires about their well-being and health ap-
proximately every 9 years. In the present study, we used SWB data from
MIDUS 1 (collected in 1995–1996), MIDUS 2 (collected in 2004–2006),
and MIDUS 3 (2013–2015) to predict self-reported general health and
chronic health conditions in MIDUS 3 and mortality through 2018. The
MIDJA is a probability sample of Japanese adults (starting N = 1027 in
MIDJA 1; age, 30–79 years at baseline) from the Tokyo metropolitan area.
MIDJA participants completed the same questionnaires as MIDUS partic-
ipants in 2008 (MIDJA 1) and in 2012 (MIDJA 2). In the present research,
participants who had SWB data at one or more time points were included in
mortality analyses (N = 6462 in MIDUS). Because we were interested in
prospectively predicting self-reported general health and chronic health
conditions, only participants with data in MIDUS 3 (N = 3294) or MIDJA
2 (N = 657) were included in the primary analyses for those outcome vari-
ables. Because of the large percentage of missingness for the analyses
predicting general health and chronic health conditions, we also conducted
sensitivity analyses using predictive mean matching in five imputed data
sets using the mice package in R (52).

Measures
Descriptive statistics are shown in Table 1.

Positive Affect
Participantswere asked to rate howmuch of the time during the past 30 days
they felt each of six PA items: cheerful, in good spirits, extremely happy,
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calm and peaceful, satisfied, and full of life. Response options ranged from
1 (all of the time) to 5 (none of the time). Responses were recoded such that
higher values reflected greater experienced affect. Finally, a mean score
was computed. Cronbach α ranged from .90 to .93 across time points
and samples.

Negative Affect
Participantswere asked to rate howmuch of the time during the past 30 days
they felt each of six NA items: so sad nothing could cheer you up, nervous,
restless, nervous, everything was an effort, and worthless. Response op-
tions ranged from 1 (all of the time) to 5 (none of the time). Like with
PA, responses were recoded such that higher values reflected greater expe-
rienced affect. Finally, a mean score was computed. Cronbach α ranged
from .85 to .87 across time points and samples.

Life Satisfaction
Participants rated their satisfaction with their lives overall on a scale from 0
(the worst possible) to 10 (the best possible). We preregistered that we
would assess LS using a five-item composite measure. However, we later
learned that the five-item measure includes satisfaction with one’s health.
To avoid including subjective health as both an independent and a depen-
dent variable, we decided to deviate from the preregistration and use a
single-item LS measure. Results using the full five-item measure are avail-
able at osf.io/frx4a.

Subjective Well-Being
An SWB composite was formed from PA, NA, and LS variables. First, PA,
NA, and LSwere z-scored within time points. Next, NAwas reverse-scored
such that high values reflected greater SWB for all three indicators. Finally,
a mean composite was calculated from z-scored PA, z-scored NA, and
z-scored LS. Cronbach α ranged from .74 to .78 across time points
and samples.

Self-Reported General Health
Participants were asked “Using a scale from 0 to 10 where 0 means ‘the
worst possible health’ and 10 means ‘the best possible health,’ how would
you rate your health these days?”

Chronic Health Conditions
Participants were asked to report any chronic health conditions that they ex-
perienced in the past 12 months.

Mortality
Data on mortality were collected using several methods, including National
Death Index reports conducted in 2006, 2009, and 2016; tracing; and lon-
gitudinal sample maintenance through October 2018. Survival time was
calculated by subtracting the baseline interview month and year from the
month and year of death.

Covariates
Self-reported sex (male or female) was collected at baseline. Chronological
age in years was computed by subtracting birthdate from the baseline inter-
view date. Missing ages were found using a combination of public and pro-
prietary databases. Education was assessed on a 12-point scale ranging from
1 (no school/some grade school ) to 12 (PhD, MD, JD, or other professional
degree) in MIDUS and an 8-point scale ranging from 1 (8th grade graduate)
to 8 (graduate school ) in MIDJA. For comparability across samples, both
scales were converted to a 0–10 scale in Table 1.

Analytic Strategy
The analytic strategy was preregistered (osf.io/ntqd7). All analyses were con-
ducted in R version 3.6.1 andR Studio version 1.2.1335.We used the follow-
ing R packages: nlme (53), survival (54), and survminer (55) to conduct
primary analyses. First, we used four separate growth curve models to esti-
mate level and change for SWB, PA, NA, and LS, respectively, within each
sample. We modeled fixed and random effects for both intercept and slope,
using time-in-study as the time metric, or temporal axis. Discrete time-in-
study was modeled in years since baseline (MIDUS I/MIDJA I) and
grand-mean-centered. Random intercepts and slopes were extracted and
stored from each model for each participant. Next, the random intercepts
and slopes from the growth curve models were used in subsequent regres-
sion models as predictors of physical health outcomes.

To predict self-reported general health and chronic health conditions (in
MIDUS 3 and MIDJA 2), we used a separate regression model for each
SWB component within each sample. In each model, SWB level and SWB

TABLE 1. Participant Characteristics

MIDUS (Full Sample), Mean
(SD) or N/% (Total N)

MIDUS (Sample With MIDUS 3 Data),
Mean (SD) or N/% (Total N)

MIDJA (Sample With
MIDJA 2 Data), Mean (SD)

or N/% (Total N)

Age, y 46.38 (12.98) (n = 7105) 45.61 (11.41) (n = 3294) 54.92 (13.58) (n = 657)

Male 3440/48.41% (n = 7106) 1484/45.05% (n = 3294) 309/47.03% (n = 657)

Education 5.25 (2.26) (n = 7095) 5.73 (2.22) (n = 3290) 5.05 (2.94) (n = 651)

Time 1 positive affect 3.39 (0.73) (n = 6306) 3.41 (0.70) (n = 3159) 3.28 (0.77) (n = 654)

Time 1 negative affect 1.54 (0.62) (n = 6299) 1.51 (0.58) (n = 3159) 1.66 (0.64) (n = 653)

Time 1 life satisfaction 7.76 (1.63) (n = 6236) 7.85 (1.48) (n = 3151) 7.26 (2.02) (n = 657)

Time 2 positive affect 3.43 (0.71) (n = 4023) 3.45 (0.69) (n = 2895) 3.26 (0.72) (n = 653)

Time 2 negative affect 1.52 (0.58) (n = 4003) 1.48 (0.54) (n = 2888) 1.70 (0.64) (n = 649)

Time 2 life satisfaction 7.88 (1.53) (n = 3987) 7.94 (1.46) (n = 2875) 7.36 (2.02) (n = 652)

Time 3 positive affect 3.43 (0.72) (n = 2904) 3.43 (0.72) (n = 2904) —

Time 3 negative affect 1.47 (0.58) (n = 2886) 1.47 (0.58) (n = 2886) —

Time 3 life satisfaction 7.90 (1.60) (n = 2834) 7.90 (1.60) (n = 2834) —

General health 7.33 (1.60) (n = 2912) 7.33 (1.60) (n = 2912) 7.23 (2.05) (n = 657)

Chronic conditions 3.26 (3.15) (n = 2861) 3.26 (3.15) (n = 2861) 2.13 (1.88) (n = 657)

Mortality 1302/20.05% (7108) 1154/4.68% (n = 3294) —

MIDUS = Midlife in the United States; MIDJA = Midlife in Japan Study.
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change were entered as predictors, and age, sex, and education were included
as covariates. In a separate set of models, all six SWB predictors (PA level,
PA change, NA level, NA change, LS level, and LS change) were entered
as simultaneous predictors to evaluate the unique associations of each
SWB component above and beyond the other components.

To predict mortality risk (in MIDUS only), we used a separate Cox re-
gression model for each SWB component. Mortality risk was modeled as a
function of mortality status (deceased or alive) and survival time (in months
since MIDUS 1). Survival time was right-censored for participants who
were still living in October 2018. In each model, SWB level and change
were entered as predictors and age, sex, and education were included as co-
variates. In a separate model, all six SWB predictors (PA level, PA change,
NA level, NA change, LS level, and LS change) were entered as simulta-
neous predictors to evaluate the unique associations of each SWB compo-
nent above and beyond the other components.

RESULTS
R code to reproduce all results is available at osf.io/mz9gy. Data
are publicly available online at the Inter-university Consortium
for Political and Social Research. Table S1, Supplemental Digital
Content, http://links.lww.com/PSYMED/A641, shows zero-order
correlations among study variables.

SWB Growth Curve Models
Table S2, Supplemental Digital Content, http://links.lww.com/
PSYMED/A641, shows fixed effects from growth curve models
predicting level and change in the three SWB components from
discrete time. On average, PA and LS increased and NA decreased
in MIDUS. In MIDJA, we did not find evidence for group-level
change in any of the SWB components, perhaps because of the
shorter follow-up period.

Self-Reported General Health
Table 2 displays standardized regression coefficients, t statistics,
and 95% confidence intervals (CIs) from multiple regressions
predicting self-reported general health from SWB level and change.
Variance inflation factors were lower than 4 for all models, suggest-
ing acceptable levels of multicollinearity.

In the model for PA, higher PA level (MIDUS: β = 0.34, 95%
CI = 0.30–0.37; MIDJA: β = 0.40, 95% CI = 0.33–0.47) and
greater increases in PA (MIDUS: β = 0.15, 95% CI = 0.11–0.18;
MIDJA: β = 0.12, 95% CI = 0.05–0.19) were associated with bet-
ter self-reported general health. In the model for NA, lower NA
level (MIDUS: β = −0.33, 95% CI = −0.36 to −0.30; MIDJA:
β = −0.36, 95% CI = −0.43 to −0.29) and greater decreases in
NA (MIDUS: β = −0.16, 95% CI = −0.19 to −0.13; MIDJA:
β = −0.14, 95% CI = −0.21 to −0.07) were associated with better
self-reported general health. In the model for LS, higher LS level
(MIDUS: β = 0.29, 95% CI = 0.26–0.33; MIDJA: β = 0.41, 95%
CI = 0.34–0.48) and greater increases in LS (MIDUS: β = 0.16,
95% CI = 0.13–0.20; MIDJA: β = 0.20, 95% CI = 0.13–0.27) were
associated with better self-reported general health. Effect sizes were
large for PA, NA, and LS level. In contrast, effect sizes ranged from
medium to small for PA, NA, and LS change (56).

When all three SWB components were included as simulta-
neous predictors in a single model, level and change in all three
components were uniquely associated with better self-reported
health in MIDUS. In MIDJA, PA level, NA level, LS level, NA
change, and LS change remained unique predictors of self-reported

health. We did not find evidence for unique associations between
PA change and self-reported health in MIDJA (CIs contained 0).

Chronic Health Conditions
Table 3 displays standardized regression coefficients, standard er-
rors, t statistics, and 95% CIs from multiple regressions predicting
number of chronic health conditions from SWB level and change.
Variance inflation factors were lower than 4 for all models, sug-
gesting acceptable levels of multicollinearity.

In the model for PA, lower PA level (MIDUS: β = −0.31, 95%
CI = −0.33 to −0.27; MIDJA: β = −0.31, 95% CI = −0.38 to
−0.23) and greater decreases in PA (MIDUS = −0.06, 95%
CI = −0.10 to −0.03; MIDJA: β = −0.11, 95% CI = −0.18 to
−0.03) were associated with more chronic health conditions. In
the model for NA, higher NA level (MIDUS: β = 0.38, 95%
CI = 0.35–0.42; MIDJA: β = 0.39, 95% CI = 0.32–0.46) and
greater increases in NA (MIDUS: β = 0.12, 95% CI = 0.09–0.15;
MIDJA: β = 0.13, 95% CI = 0.06–0.20) were associated with
more chronic health conditions. In the model for LS, lower LS
level (MIDUS: β = −0.22, 95% CI = −0.26 to −0.18; MIDJA:
β = −0.26, 95% CI = −0.33 to −0.18) and greater decreases in
LS (MIDUS: β = −0.10, 95% CI = −0.14 to −0.16; MIDJA:
β = −0.13, 95% CI = −0.20 to −0.05) were associated with more
chronic health conditions. Effect sizes were large for PA and NA
level. In contrast, effect sizes ranged from medium to small for
LS level and PA, NA, and LS change (56).

When all three SWB components were included as simulta-
neous predictors in a single model, lower PA level, higher NA
level, greater increases in NA, and greater decreases in LS were
uniquely associated with more chronic health conditions in both
MIDUS and MIDJA. We did not find evidence for unique associ-
ations between PA change or LS level and chronic health condi-
tions in MIDUS or MIDJA (CIs contained 0).

Mortality
Table 4 displays hazard ratios (HRs; exponentiated coefficients), z
statistics, and 95% CIs from Cox regressions predicting morality
risk from SWB level and change. The associations between the
scaled Schoenfeld residuals and time were statistically significant
in all models, indicating that the proportional hazard assumption
was violated. To correct this, we used the timeSplitter function in
R to split time into 6-month intervals and added interactions be-
tween time and violating predictors in all models (57). After
adding these interaction terms, the associations between the scaled
Schoenfeld residuals and time were statistically nonsignificant, in-
dicating that the proportional hazards assumption was met.

Note that two aspects of the time variable complicate the inter-
pretation of the interaction terms reported in this section and
shown in Table 4. First, the coefficient for SWB change reflects
the associations of SWB change with mortality risk as the begin-
ning of the study period (0 months). This is not a meaningful value
because no SWB change could have occurred at 0 months. Instead,
the coefficient for SWB change by time shows whether SWB
change becomes associated with increasing or decreasing risk with
each additional month. Interaction coefficients of 0.99 or smaller
indicate that the predictor was increasingly protective across time,
whereas interaction coefficients of 1.00 or greater indicate that the
predictor was associated with increasing risk across time. Second,
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TABLE 3. Regression Models Prospectively Predicting Number of Chronic Health Conditions

MIDUS MIDJA

DV = Chronic Health Conditions β t 95% CI β t 95% CI

SWB

SWB level −0.37 22.13 −0.41 to −0.34 −0.38 10.26 −0.45 to −0.30
SWB change −0.12 7.71 −0.16 to −0.09 −0.16 4.56 −0.23 to −0.09

PA

PA level −0.31 17.10 −0.33 to −0.27 −0.31 7.91 −0.38 to −0.23
PA change −0.06 3.70 −0.10 to −0.03 −0.11 2.86 −0.18 to −0.03

NA

NA level 0.38 22.91 0.35 to 0.42 0.39 10.88 0.32 to 0.46

NA change 0.12 7.45 0.09 to 0.15 0.13 3.65 0.06 to 0.20

LS

LS level −0.22 10.98 −0.26 to −0.18 −0.26 6.63 −0.33 to −0.18
LS change −0.10 5.01 −0.14 to −0.06 −0.13 3.41 −0.20 to −0.05

Unique associations

PA level −0.07 2.99 −0.12 to −0.03 −0.11 2.09 −0.21 to −0.01
PA change 0.00 0.11 −0.04 to 0.04 −0.03 0.64 −0.10 to 0.05

NA level 0.30 13.22 0.25 to 0.34 0.32 7.48 0.24 to 0.41

NA change 0.10 5.52 0.07 to 0.14 0.10 2.60 0.02 to 0.17

LS level −0.04 1.46 −0.08 to 0.01 −0.04 0.74 −0.13 to 0.06

LS change −0.06 3.08 −0.10 to −0.02 −0.09 2.39 −0.17 to −0.02

Age, sex, and education were included as covariates.

DV = dependent variable; MIDUS =Midlife in the United States; MIDJA =Midlife in Japan Study; CI = confidence interval; SWB = subjective well-being; PA = positive affect;
NA = negative affect; LS = life satisfaction.

TABLE 2. Regression Models Prospectively Predicting Self-Reported General Health

MIDUS MIDJA

DV = General Health β t 95% CI β t 95% CI

SWB

SWB level 0.41 24.78 0.38 to 0.44 0.46 13.30 0.39 to 0.53

SWB change 0.21 13.13 0.18 to 0.24 0.21 6.16 0.14 to 0.27

PA

PA level 0.34 19.39 0.30 to 0.37 0.40 10.69 0.32 to 0.47

PA change 0.15 8.84 0.11 to 0.18 0.12 3.24 0.05 to 0.19

NA

NA level −0.33 19.09 −0.36 to −0.30 −0.36 9.90 −0.43 to −0.29
NA change −0.16 9.62 −0.19 to −0.13 −0.14 3.80 −0.21 to −0.07

LS

LS level 0.29 14.91 0.26 to 0.33 0.41 11.49 0.34 to 0.48

LS change 0.16 8.71 0.13 to 0.20 0.20 5.79 0.13 to 0.27

Unique associations

PA level 0.14 5.59 0.09 to 0.18 0.14 2.92 0.05 to 0.24

PA change 0.07 3.56 0.03 to 0.10 0.01 0.32 −0.06 to 0.09

NA level −0.12 5.47 −0.17 to −0.08 −0.18 4.32 −0.26 to −0.10
NA change −0.10 5.69 −0.14 to −0.07 −0.09 2.57 −0.17 to −0.02
LS level 0.17 6.99 0.12 to 0.22 0.24 5.07 0.15 to 0.33

LS change 0.10 4.87 0.06 to 0.14 0.17 4.67 0.10 to 0.24

Age, sex, and education were included as covariates.

DV = dependent variable; MIDUS =Midlife in the United States; MIDJA =Midlife in Japan Study; CI = confidence interval; SWB = subjective well-being; PA = positive affect;
NA = negative affect; LS = life satisfaction.
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the time variable is in units of months (over a 282-month period),
resulting in small coefficient values and CIs that are relatively un-
informative at two decimal places for the interaction term. Instead,
statistical significance at the α = .05 level is indicated by a z statis-
tic of 1.96 or larger.

In the model for PA, higher PA level (HR = 0.86, 95%
CI = 0.78–0.88), but not PA change (HR = 1.13, 95% CI = 0.96–1.08),
was associated with lower mortality risk. In the model for NA,
higher NA level was associated with higher mortality risk
(HR = 1.16, 95% CI = 1.17–1.32). In addition, there was an
interaction between NA change and time (HR = 1.00, 95%
CI = 1.00–1.00), such that increases in NA were associated
with increasingly greater mortality risk across the study period.
In the model for LS, higher LS level (HR = 0.83, 95% CI = 0.73,–
0.93), but not LS change (HR = 1.05, 95% CI = 0.93–1.88), was

associated with lower mortality risk. When all three SWB compo-
nents were included as simultaneous predictors in a single model,
the same pattern of results was observed with one exception. The
association between PA level and mortality risk was no longer ob-
served (i.e., the 95% CI contained 1).

Sensitivity Analyses
We conducted four sets of sensitivity analyses. First, we repeated
the analyses adjusting for time 1 health. Results were largely the
same as those reported in primary analyses (Tables S3–S5, Supple-
mental Digital Content, http://links.lww.com/PSYMED/A641).
Second, we repeated the analyses predicting self-reported general
health and number of chronic health conditions using multiple im-
putation. Results were largely the same as those reported in pri-
mary analyses, with two exceptions (Tables S6–S7, http://links.
lww.com/PSYMED/A641). When using multiple imputation, there
was a modest unique association of LS level with chronic health
conditions inMIDUS, which was not observed in primary analyses.
Moreover, when using multiple imputation, there was not an associ-
ation between PA level and chronic health conditions in MIDJA,
which was observed in primary analyses.

Third, to evaluate the influence of outliers on results, we calcu-
lated DFBETAS, which indicates the difference between the re-
gression coefficient estimated from all of the data and the
regression coefficient estimated from all of the data minus one
case. In line with our preregistration, we reran all of the analyses
excluding cases with DFBETA values greater than 2/sqrt(N) for
any of the SWB parameters (58). The pattern of results and mag-
nitude of effect sizes were largely the same for models predicting
self-reported general health and number of chronic health condi-
tions when outliers were excluded (Tables S8 and S9, Supplemen-
tal Digital Content, http://links.lww.com/PSYMED/A641). When
outliers were excluded, PA level was not associated with mortality
at baseline but became increasingly protective across time. Like-
wise, NA level was not associated with mortality at baseline but
became increasingly associated with greater risk across time. All
other mortality results remained the same when outliers were ex-
cluded (Table S10, http://links.lww.com/PSYMED/A641).

Fourth, to examine whether the observed results were driven
by changes in SWB near the end of life, we excluded participants
who died during the follow-up period from the analyses predicting
self-reported general health and number of chronic health conditions
inMIDUS. The pattern of results andmagnitude of effect sizes were
largely the same when excluding participants close to the end of
life (Tables S11 and S12, Supplemental Digital Content, http://links.
lww.com/PSYMED/A641).

Comparing Effect Sizes Across MIDUS and MIDJA
Samples
Effect sizes were largely similar acrossMIDUS andMIDJA. In ad-
dition to evaluating the overall pattern of results, we examined
whether the 95%CIs overlapped between theMIDUS andMIDJA
samples. CIs did not overlap for the association of LS level with
self-reported general health, indicating a statistically different
effect size in the MIDUS compared with the MIDJA. The asso-
ciation between LS level and self-reported general health was
slightly larger in MIDJA (95% CI = 0.34–0.48) compared with
MIDUS (95% CI = 0.26–0.33); however, the effect size was large

TABLE 4. Cox Regression Models Predicting Mortality Risk

MIDUS

DV = Mortality HR z 95% CI

SWB

SWB level 0.79 3.91 0.71–0.89

SWB change 1.16 2.41 1.03–1.32

SWB level by time 1.00 0.35 0.99–1.00

SWB change by time 0.99 2.90 0.99–0.99

PA

PA level 0.86 2.40 0.78–0.88

PA change 1.13 1.81 0.96–1.08

PA level by time 0.99 0.51 0.99–1.00

PA change by time 0.99 2.01 0.99–1.00

NA

NA level 1.16 2.38 1.17–1.31

NA change 0.84 2.77 0.93–1.04

NA level by time 1.00 1.12 0.99–1.00

NA change by time 1.00 3.05 1.00–1.00

LS

LS level 0.83 3.10 0.73–0.93

LS change 1.05 0.80 0.93–1.19

LS level by time 0.99 0.70 0.99–1.00

LS change by time 0.99 0.99 0.99–1.00

Unique associations

PA level 1.02 0.38 0.94–1.10

PA change 0.99 0.19 0.93–1.06

NA level 1.17 4.26 1.09–1.25

NA change 0.86 2.49 0.76–0.97

NA change by time 1.00 2.81 1.00–1.00

LS level 0.85 4.75 0.80–0.91

LS change 0.99 0.25 0.94–1.05

Age, sex, and education were included as covariates.

DV = dependent variable; MIDUS = Midlife in the United States; HR = hazard ratio;
CI = confidence interval; SWB = subjective well-being; PA = positive affect; NA =
negative affect; LS = life satisfaction.

Time is in units of months. All other predictors are in standard deviation units.
Interactions with time were included only for predictors that violated the proportional
hazards assumption.
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in both samples. In sum, effect sizes were generally consistent
across MIDUS and MIDJA.

DISCUSSION
The present research offers evidence that higher SWB and longitu-
dinal increases in SWB independently predict better physical health
in the United States and Japan. In two longitudinal cohort studies,
greater PA, lower NA, and higher LS were associated with better
self-reported general health, fewer chronic health conditions, and
lower mortality risk. Above and beyond SWB level, longitudinal
increases in PA and LS and longitudinal decreases in NAwere as-
sociated with better self-reported general health and fewer chronic
health conditions. Across time, longitudinal increases in NA also be-
came increasingly associated with higher mortality risk. These find-
ings are consistent with previous research linking greater SWB to
better physical health and longer survival (2). Extending previous re-
search, the present findings suggest that increases in SWBacross time
independently predict better physical health, beyond SWB level.

SWB level had large associations with all three physical health
outcomes. In contrast, the associations between SWB change and
self-reported general health and number of chronic health condi-
tions were generally medium to small, and there were limited asso-
ciations between SWB change and mortality risk. The absence of
an association between PA change and LS change with mortality
risk may be explained by characteristics of the study design. Most
participants with SWBdata at the final time pointwere still alive at the
end of follow-up. Additional research with a greater number of SWB
measurements and/or a longer follow-up period is needed to provide
a stronger test of the link between SWB change and mortality risk.

In addition to examining the simple associations between each
SWB component on the one hand and physical health and mortal-
ity on the other hand, we also tested the unique associations of
each SWB component with physical health and mortality, above
and beyond the other SWB components. All three components
had unique associations with self-reported general health and num-
ber of chronic health conditions, whereas only NA and LS had
unique associations with mortality risk. This is generally consis-
tent with previous research, which has found independent associa-
tions with positive aspects of well-being (LS and PA) and NA
(11,25,29). The present findings build on this previous research
by demonstrating independent associations of LS and PA above
and beyond one another. These findings are also consistent with re-
search on eudaimonic well-being (e.g., Ref. (59)), as well as re-
search on optimism (e.g., Ref. (60)), which combines elements of
both subjective and eudaimonic well-being (61). These related types
of well-being have been associated with healthier life-styles (62),
better physical health (63), and lower all-cause mortality (60).

Several limitations of the present research should be consid-
ered. First, SWB was only assessed at three measurement occa-
sions in MIDUS and two measurement occasions in MIDJA.
Additional time points may provide a more nuanced understand-
ing of the relationship between SWB change and physical health,
including associations with nonlinear change (38). Second, we
assessed disease incidence as total number of chronic health con-
ditions. Future research should compare associations between
SWB change and the incidence of specific diseases, given hetero-
geneous findings in the literature across diseases (18). Third, this is
an observational study, so strong causal conclusions cannot be
drawn. It is possible that observed patterns result from reverse

causality. However, associations between self-reported general
health and number of chronic health conditions were largely main-
tained when excluding participants who died during the study pe-
riod, arguing against the possibility that terminal decline processes
led to lower SWB. Finally, PA and NAwere assessed using a com-
posite measure that did not distinguish between arousal level or
discrete emotions, and LSwas assessed using a single item. An im-
portant aim for future research will be to investigate whether cer-
tain discrete emotions or satisfaction with specific life domains
drive the observed relationships between SWB and physical health
(e.g., Ref. (64)).

CONCLUSIONS
The present research replicated previous findings that happier people
tend to have better physical health and longer survival. Extending our
understanding of the happiness-health link, the present research found
that becoming happier across time was independently associated with
better physical health, above and beyond average happiness level.
These results were observed in the United States and Japan, suggest-
ing that both being happy and becoming happier are associated with
health benefits across cultures.
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