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ARTICLE INFO ABSTRACT

Keywords: Greater levels of psychological well-being are associated with reduced disease and mortality risk, and lifestyle
Chronic disease habits may be potential mechanisms underlying these relationships. Prospective studies show that positive
Happiness psychological factors enhance the likelihood of adopting specific health behaviors; yet, whether they promote
Health the adoption of multiple healthy behaviors, which can have a multiplicative effect on disease and mortality risk
Health behavior PR . . . . . P

. compared to individual behaviors, is unknown. We investigated whether happiness and optimism were related to
Lifestyle . . . .
Optimism a healthy lifestyle (characterized by multiple health behaviors) over 10-22 years of follow-up; we also explored
Psychology bidirectional associations, assessing if a healthy lifestyle at baseline was related to greater likelihood of ex-
Prevention periencing higher happiness and optimism over time. Women reported levels of happiness in 1992 (N = 52,133)
Resilience and optimism in 2004 (N = 36,802). Health-related behaviors (physical activity, body mass index, diet, alcohol
Well-being and tobacco consumption) were self-reported and combined into a lifestyle score, every four years from baseline

until 2014. Multivariable generalized estimating equations with a Poisson distribution were used. Women with
moderate and higher (versus lower) happiness levels were more likely to report sustaining healthy lifestyles
(RR = 1.18, CI = 1.11-1.25; RR = 1.39, CI = 1.32-1.46, respectively). In secondary analyses, the magnitude of
the inverse association was somewhat smaller (likelihood of sustaining higher happiness levels for baseline
healthy versus unhealthy lifestyle, RR = 1.11, CI = 1.10-1.12). Results were similar when considering optimism
as the exposure and in other secondary analyses (e.g., across individual habits). While bidirectional associations
are apparent, these findings suggest pursuing happiness and optimism as modifiable determinants of lifestyle
deserves further consideration.

1. Introduction

Greater levels of psychological well-being (PWB), including opti-
mism and life purpose, are associated with reduced disease and mor-
tality risk (Boehm and Kubzansky, 2012; Martin-Maria et al., 2017),
and lifestyle habits have been proposed as potential mechanisms. Be-
haviors like physical activity, diet, and alcohol/tobacco consumption
tend to cluster (Spring et al., 2015), leading to a lifestyle that has a
multiplicative effect on the likelihood of mortality compared to in-
dividual behaviors (Loef and Walach, 2012). To date, studies revealing

associations between psychological factors and subsequent lifestyle
have almost exclusively focused on the detrimental role of anxiety/
depressive symptoms or medical populations (Murray et al., 2012;
Trudel-Fitzgerald et al., 2018; Sin et al., 2015). Yet, whether PWB re-
lates to lower likelihood of adverse outcomes by promoting a healthy
lifestyle, in disease-free populations is unknown. Moreover, PWB is
comprised of multiple dimensions (Boehm and Kubzansky, 2012) and
whether each are similarly linked with lifestyle has not been assessed.
Filling these knowledge gaps might broaden primary prevention stra-
tegies for targeting novel determinants. In fact, existing interventions,

Abbreviations: BMI, body mass index; CI, confidence interval; CV, coefficient of variation; GEE, generalized estimating equations; PWB, psychological well-being;

RR, relative risk; SD, standard deviation

* Corresponding author at: Department of Social and Behavioral Sciences, Harvard T.H. Chan School of Public Health, Landmark Center, 677 Huntington Avenue,

6th floor, Boston, MA, United States of America.
E-mail address: ctrudel@hsph.harvard.edu (C. Trudel-Fitzgerald).

https://doi.org/10.1016/j.ypmed.2019.105754

Received 22 February 2019; Received in revised form 11 June 2019; Accepted 16 June 2019

Available online 18 June 2019
0091-7435/ © 2019 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/00917435
https://www.elsevier.com/locate/ypmed
https://doi.org/10.1016/j.ypmed.2019.105754
https://doi.org/10.1016/j.ypmed.2019.105754
mailto:ctrudel@hsph.harvard.edu
https://doi.org/10.1016/j.ypmed.2019.105754
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ypmed.2019.105754&domain=pdf

C. Trudel-Fitzgerald, et al.

including brief self-administered exercises, have been shown to increase
PWB, including happiness (Bolier et al., 2013); such interventions may
in turn help alleviate chronic disease burden (Spring et al., 2015; Van
Cappellen et al., 2018) by potentially catalyzing improved lifestyle
behaviors.

Numerous prospective epidemiological studies have evaluated
whether PWB enhances the likelihood of adopting single health beha-
viors; these investigations mainly focused on optimism's potential role
in smoking cessation/abstinence or physical activity over <6 years of
follow-up, in non-medical samples (Progovac et al., 2017a; Hingle
et al., 2014; Kim et al., 2016; Progovac et al., 2017b; Giltay et al., 2007;
Haller, 2016; Baruth et al., 2011; Boehm et al., 2018a,b). Overall, re-
sults suggested higher optimism levels are related to greater likelihood
of engaging in healthy behaviors. Findings were maintained after ad-
justing for not only conventional risk factors but also depressive
symptoms, suggesting PWB may play a role beyond simply indicating
the absence of distress. While this work is informative, it remains un-
clear whether i) optimism is associated with the adoption/maintenance
of multiple concurrent health-related behaviors (hereafter, “lifestyle”),
including physical activity, diet, alcohol/tobacco consumption, and
weight, which synergistically impact morbidity and mortality (Loef and
Walach, 2012); ii) other PWB dimensions, including happiness, may
relate to future lifestyle; and iii) these relations persist over a decade
and beyond. Of particular interest is whether PWB might be associated
with greater ability to sustain a healthy lifestyle, rather than if it affects
average lifestyle scores over time.

In the current study, we investigated whether happiness and opti-
mism were related to subsequent healthy lifestyle over a 10-22 year
follow-up period in disease-free women. We considered happiness as it
is one of the most commonly assessed PWB indicators in epidemiologic
and surveillance research. We hypothesized that higher baseline levels
of happiness and optimism would relate to greater likelihood of sus-
taining a healthy lifestyle. Based on previous research (Progovac et al.,
2017a; Hingle et al., 2014; Kim et al., 2016; Progovac et al., 2017b;
Giltay et al., 2007; Haller, 2016; Baruth et al., 2011; Boehm et al.,
2018a,b), we considered relevant covariates, including depression,
previously identified as key potential confounders. While prior work
has shown that favorable behaviors (e.g., physical activity, healthy
diet) may also enhance PWB (White et al., 2017; Stevenson, 2017), to
our knowledge no prospective study has evaluated potential bidir-
ectionality between PWB dimensions and lifestyle. Thus, a secondary
analysis assessed if healthy lifestyle at baseline was related to a greater
likelihood of experiencing sustained higher PWB over time.

2. Methods
2.1. Participants

The Nurses' Health Study is an ongoing cohort comprised of 121,700
U.S. female nurses, aged 30-55 years at study inception in 1976 (Willett
et al., 1987), who completed biennial questionnaires on lifestyle,
medical history, and newly diagnosed medical conditions, with a
follow-up rate of > 85% (Bao et al., 2016). As shown in Fig. 1, the
present study excludes participants with missing baseline data on
happiness or optimism, the health-related behaviors of interest, or re-
levant covariates (see Supplemental Table S1 for characteristics of eli-
gible versus ineligible women). Those reporting cancer, diabetes, or
heart disease at the time PWB indicators were queried were also ex-
cluded, as chronic conditions may affect health behaviors (Newsom
et al., 2012), resulting in two analytic samples: Npappiness = 52,133,
Noptimism = 36,802. The study protocol was approved by the institu-
tional review board of Brigham and Women's Hospital.
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2.2. Measures

2.2.1. Psychological well-being (PWB) dimensions

To assess happiness, the following item from the Medical Outcomes
Study SF-36 (Ware and Sherbourne, 1992) was queried in 1992: “How
much of the time during the last month have you been a happy person?”
Women also responded to this item in 1996 and 2000; these data were
used for the secondary analyses described below. Response options
range from 1 “all the time” to 6 “none of the time,” and were reversed-
coded so that a higher score reflected higher happiness. While single-
item PWB measures are somewhat limited, they have demonstrated
predictive capacity with cardiometabolic-related outcomes, including
behaviors and mortality (Boehm and Kubzansky, 2012; Baruth et al.,
2011), and often perform similarly to multiple-item measures (Cheung
and Lucas, 2014). In this sample, happiness scores were modestly stable
across the three assessments (intra-class correlations coefficient
[ICC] = 0.44). This finding is consistent with recent evidence from
another study that used a similar happiness item and suggested that
~50% of the variance obtained was due to trait-like, stable processes
(Hudson et al., 2017).

Optimism was assessed in 2004 using the 6-item Life Orientation
Test-Revised (Scheier et al., 1994). It was also queried in 2008 and
2012, and these assessments were used for secondary analyses. This
scale has good validity and reliability (Scheier et al., 1994). Using a 5-
point Likert scale, women were asked the degree to which they agreed
with statements like “In uncertain times, I usually expect the best.”
After reverse coding negatively worded items, all items were summed
to create a composite score ranging from 6 to 30, with higher scores
indicating higher optimism. Internal consistency (a = 0.78) in the op-
timism analytic sample (2004 baseline) and overall stability across the
three assessments (ICC = 0.63) are moderate to high.

Happiness and optimism were first assessed at different times (1992
and 2004, respectively); therefore, the study baseline for each analytic
sample was different. As both measures are available in each analytic
sample, to assess the correlation between them, we considered happi-
ness taken from 1992 in relation to optimism from 2004: rhappiness
sample = 0.32, Toptimism sample = 0.33. To assess discontinuous or
threshold effects, following other studies (Hingle et al., 2014; Kim et al.,
2016) we created three categories of each PWB indicator based on the
score distribution in their respective analytic sample. Similar to other
cohorts (Boehm et al.,, 2015), most women in our sample reported
higher happiness levels in 1992, resulting in unevenly distributed
groups: low (14.62% of participants; score = 1-3), moderate (18.89%;
score = 4), high (66.49%; score = 5-6). For 2004 optimism, scores
were more evenly distributed: low (32.13% of participants;
score = 6-23), moderate (30.96%; score = 24-27), high (36.90%;
score = 28-30). To facilitate comparisons of effect size across in-
dicators and studies, we also considered standardized PWB scores
(M=0,SD =1).

2.2.2. Lifestyle score

The five health-related behaviors included in the lifestyle score
were: physical activity, body mass index (BMI; a behavior-related
factor), diet, alcohol and tobacco consumption. They were selected
based on a lifestyle index of multiple health behaviors commonly used
in prior studies (Trudel-Fitzgerald et al., 2018; Chiuve et al., 2008), as
well as cancer and cardiovascular prevention guidelines (Kushi et al.,
2012; Mosca et al., 2011). All individual behaviors were obtained via
self-report at baseline (1992 or 2004), and every four years until 2014.
We dichotomized each behavior according to whether women met re-
commended guidelines at each follow-up assessment (yes = 1, no = 0;
see Text S1 for details about each cutpoint). Binary scores from each
health behavior were then summed to create the lifestyle score, which
ranges from O “least healthy” to 5 “most healthy” and was updated
every four years. Because a score of 4 or 5 (healthy lifestyle) versus a
score of 0-3 (unhealthy lifestyle) was associated with ~50% decreased
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Women who completed the baseline measure of
happiness in 1992 (N=75,217)

Women who were free of cancer (except non-
melanoma skin cancer), diabetes, myocardial
infarction and angina in 1992 (N=59,657)

Women who completed the baseline assessment
of lifestyle in 1992 (N=54,947)

‘Women who had complete data on covariates in
1992 (i.e., age, race, education, marital status,
physical exam, depression) N=52,133
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Women who completed the baseline measure of
optimism in 2004 (N=73,536)

Women who were free of cancer (except non-
melanoma skin cancer), diabetes, myocardial
infarction and angina in 2004 (N=47,510)

Women who completed the baseline assessment
of lifestyle in 2004 (N=39,924)

‘Women who had complete data on covariates in
2004 (i.e., age, race, education, marital status,
physical exam, depression) N=36,802

Fig. 1. Flowchart of the two analytic samples.

risk of stroke in this cohort (Chiuve et al., 2008) and 66% decreased risk
of mortality in prior research (Loef and Walach, 2012), we defined a
healthy lifestyle using this cutpoint (endorsing =4 healthy behaviors;
yes/no). We further defined sustained healthy lifestyle as reporting a
healthy lifestyle score at least twice over the study period, including the
baseline assessment.

2.2.3. Covariates

Selected confounders and other covariates included age (con-
tinuous), race (White, non-White), marital status (married/in a re-
lationship, divorced/separated/widowed), education level (registered
nurse, bachelor, master's, doctorate), physical exam in the last two
years (yes, no), as receiving advice from a clinician is associated with
lifestyle changes (Rose et al., 2013), and depression status (i.e., anti-
depressant use or physician-diagnosed depression; yes, no). Age, mar-
ital status, and physical exam were self-reported at baseline for each
analytic sample, whereas depression was obtained from the closest
available assessment (happiness = 1996; optimism = 2004). Education
and race were reported in 1992.

2.3. Statistical analysis

To characterize the degree of change in lifestyle over time, within-
subject coefficients of variation (CVs) were computed (Hankinson et al.,
1995). Associations of baseline happiness and optimism levels with
likelihood of reporting a sustained healthy lifestyle over the follow-up
period was evaluated using generalized estimating equations (GEE)
which is robust to correlated observations; further a Poisson distribu-
tion was used to account for non-rare outcomes (Zou, 2004). In primary
models we evaluated PWB dimensions as categorical variables (lower,
moderate, higher levels) in relation to a sustained healthy lifestyle, with
a test for linear trend. In additional models, continuous (standardized;
per 1-SD) PWB variables were evaluated in relation to a sustained
healthy lifestyle.

To leverage the information captured by the lifestyle scores more
fully (i.e., ranging from O to 5) and assess change over time, we also
considered categorical PWB indicators in relation to continuous life-
style scores. In these models, a time X PWB interaction term was in-
cluded to evaluate whether the rate of change in lifestyle scores over
time differed depending on baseline PWB levels. All models controlled
for age, race, marital status, education level, recent physical exam and
depression.

We included secondary analyses. First, to explore the possible
harmful role of extreme optimism on lifestyle, we modeled the like-
lihood of sustained healthy lifestyle for extremely high versus lower
levels of optimism (extremely high = score of 30; 18.81% of the
sample). Second, to account for women's habits at study initiation and
reduce concerns about concurrent lifestyle habits influencing both PWB
levels and subsequent likelihood of sustained healthy lifestyle, we
stratified models by baseline lifestyle score (healthy versus unhealthy),
and used the likelihood ratio test. Third, to evaluate whether associa-
tions were consistent across habits, we investigated the likelihood of
sustaining a healthy level of each behavior (i.e., for at least two as-
sessments) separately.

Finally, we considered the inverse association, namely whether
baseline lifestyle scores (categorical = healthy/unhealthy; con-
tinuous = per 1-SD) were associated with the likelihood of reporting
sustained higher (versus moderate/lower) levels of happiness or opti-
mism, at least twice over the follow-up period. For these analyses, all
available PWB time points in the cohort were leveraged, including
baseline lifestyle and PWB scores (happiness = 1992; opti-
mism = 2004) and follow-up assessments (happiness = 1996, 2000;
optimism = 2008, 2012). Linear mixed models were also used to assess
whether PWB levels over time differed by baseline lifestyle levels
(healthy/unhealthy), and whether the rate of change in PWB levels
varied based by baseline lifestyle levels. Due to missing data on follow-
up PWB measures, these analyses were conducted in =95% of the main
samples (Nhappiness = 50,652; Noptimism = 35,043).
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To address potential selection bias (see Table S1 for differences),
person- and time-specific inverse probability weights were included in
the models (Hernan et al., 2004). Specifically, the probability of par-
ticipating at each time point was modeled based on the exposure and
covariates of interest among each analytic sample, and a weight that
corresponded to the inverse of the probability of participating was
created. Since results from age-adjusted models were similar to fully-
adjusted models, only the latter are presented. Analyses were con-
ducted using SAS 9.4 with a two-sided p-value of 0.05.

3. Results
3.1. Baseline characteristics

At the 1992 happiness baseline, women were 57.81 years old on
average (SD = 7.08; range = 45-72), mostly White (98.00%), married/
in a relationship (82.92%), registered nurses (RN = 69.19%), reported
a recent physical exam (87.37%) and not depressed (92.79%). The
majority were non-smokers (86.45%), while nearly half had a healthy
BMI (49.15%). Over one-third engaged in =150 min/week of mod-
erate-to-vigorous physical activity (39.55%), whereas fewer drank on
average 1 alcoholic drink/day (20.21%). Characteristics were com-
parable at the 2004 optimism baseline, with mean age = 68.70 years
(SD = 6.83; range = 57-84). Table 1 shows the distribution of covari-
ates and health behaviors across baseline PWB levels.

3.2. Relation of happiness with future lifestyle

Within individuals, lifestyle scores were stable over time, as in-
dicated by the fairly low within-subject variance (CV = 0.30, con-
fidence intervals: CI = 0.30-0.30). Almost a quarter of the sample
(24.07%) reported sustaining a healthy lifestyle (=2 healthy lifestyle
scores) over the study duration and among those, most (88.28%) did so
on two consecutive lifestyle assessments (e.g., maintained a healthy
lifestyle score in 1996 and 2000). Compared to women with lower
happiness (Fig. 2), those with moderate and higher levels were 18% and

Table 1
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39% more likely, respectively, to report sustaining a healthy lifestyle
over time, after adjusting for covariates. A dose-response relationship
was observed (p-trend < 0.0001), whereby the likelihood of adopting a
sustained healthy lifestyle increased monotonically as happiness levels
did. A similar pattern was evident across all individual health behaviors
(Table S2).

Findings were not altered substantially when evaluating happiness
measured continuously (per 1-SD change) in relation to a sustained
healthy lifestyle (relative risk: RRy_gp = 1.13, CI = 1.11-1.15). Results
were also maintained when evaluating associations of happiness levels
in relation to continuous lifestyles scores over time, with higher hap-
piness levels associated with healthier lifestyle scores at each time
point. While lifestyle scores generally decreased over time, they de-
creased slightly more rapidly for those with elevated happiness levels
(pinteraction < 00001: ﬁmoderate vs. lower happiness X time = —0001,
Cl= _0002’ 0001: ﬁhigher vs. lower happiness x time — _0006»
CI = —0.007, —0.005), perhaps because of regression to the mean.
Stratified analyses by initial lifestyle levels yielded a stronger associa-
tion among women with an initially unhealthy (versus healthy) lifestyle
score (likelihood ratio test: pPpappinessx baseline lifestyle < 0.0001; Table
S3).

3.3. Relation of optimism with future lifestyle

In the optimism analytic subsample, women's lifestyle scores were
also stable across assessments (within-subject CV = 0.25,
CI = 0.25-0.25); relatively few participants reported sustaining a
healthy lifestyle (i.e., =2 healthy lifestyle scores; 15.66%), but among
them, the majority (91.70%) did on two consecutive lifestyle assess-
ments. As shown in Fig. 2, moderate and higher (versus lower) opti-
mism levels at baseline were associated with 22% and 40% greater
likelihood of reporting a sustained healthy lifestyle throughout follow-
up. A dose-response association was evident (p-trend < 0.0001) and
similar patterns of association were observed for all individual beha-
viors (Table S2).

When considering optimism either as a continuous measure or at

Age-standardized®” distribution of covariates and health behaviors according to baseline happiness and optimism levels.

Happiness (1992)"

Optimism (2004)°

Lower (n = 7622) Moderate

Higher (n = 34,663) Lower (n = 11,826) Moderate

Higher (n = 13,581)

(n = 9848) (n = 11,395)
Age, mean (SD) 56.42 (7.05) 57.29 (7.11) 58.27 (7.04) 69.36 (7.07) 68.88 (6.82) 67.97 (6.55)
Non-Hispanic White, % 97.94 97.47 98.15 98.21 97.96 98.19
RN degree, % 70.87 69.47 68.67 73.37 67.59 62.59
Married/in a relationship, % 79.29 82.18 83.94 70.61 72.69 74.27
Physical exam in the last 2 years 87.31 87.61 87.31 94.87 95.14 95.60
BMI in kg/m?, mean (SD) 26.12 (5.19) 25.76 (4.80) 25.67 (4.71) 26.27 (5.20) 26.05 (4.97) 25.86 (4.78)
Current smoker, % 17.23 14.81 12.38 8.18 6.91 6.11
Former/never smoker, % 83.07 85.66 87.97 91.82 93.09 93.89
Cigarettes/day among smokers, mean (SD) 14.11 (9.84) 12.47 (9.09) 12.26 (9.21) 11.05 (8.59) 10.20 (7.73) 9.69 (7.40)
Physical activity in MET-hours/week, 2.06 (3.33) 2.47 (3.40) 3.05 (4.07) 2.15 (3.32) 2.56 (3.57) 2.91 (4.01)
mean (SD)

Alcohol intake of 1 drink/day, % 16.88 19.51 21.14 20.09 22.79 24.38
AHEI Diet score‘l, mean (SD) 47.14 (10.13) 47.88 (9.79) 48.83 (9.75) 53.75 (11.32) 55.36 (11.56) 56.95 (11.51)
Depressed (physician diagnosis or 17.04 8.49 4.60 17.61 10.64 7.50

antidepressant use), %

BMI = body mass index; MET = metabolic equivalent of task; RN = registered nurses; SD = standard deviation.
@ Values are means (SD) or percentages and are standardized to the age distribution of the study population (except age). Values of polytomous variables may not

sum to 100% due to rounding.

> Due to a skewed distribution of happiness measured in 1992, participants were categorized into the following different groups: low (14.62% of participants;

scores ranged from 1 to 3), moderate (18.89%; 4), high (66.49%; 5 to 6).

¢ For optimism, levels were more evenly distributed resulting in participants being categorized approximately into tertiles low (32.13% of participants; scores
ranged from 6 to 23), moderate (30.96%; 24 to 27), high (36.90%; 28 to 30) in 2004.

4 The AHEI diet score incorporates higher intake of vegetables, fruit, whole grains, nuts and legumes, long-chain (n-3) fatty acids, polyunsaturated fats; lower
intake of sugar-sweetened beverages and fruit juice, red/processed meat, saturated fats, sodium. The score for each dietary component ranges from 0 (worst) to 10

(optimal), and then scores were summed.
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1.40
(1.32-1.49)
1.22
(1.15-1.31)
1.00 (ref.)
|
Lower Moderate Higher
(n=11,826) (n=11,395) (0=13,581)

Optimism levels

Fig. 2. Generalized estimating equations with a Poisson distribution evaluating the association® of baseline happiness (1992) and optimism (2004) levels with

likelihood of reporting a sustained healthy lifestyle® over follow-up (until 2014).

?Fully-adjusted models, controlling for baseline age, race, marital status, education level, physical exam in the last 2 years, and depression.
"Dichotomized levels (healthy/unhealthy) of physical activity, diet, BMI, alcohol and tobacco consumption were summed to create the lifestyle score, ranging from 0
to 5 (most healthy) and updated at each follow-up assessment. The outcome was defined as reporting a healthy lifestyle score (i.e., =4 healthy behaviors) at least

twice over the study period.

extremely high levels (versus lower optimism), the relationship with
sustaining a healthy lifestyle was not substantially altered (RR;.
SD = 116’ Cl =1.13-1.19; RRextreme high vs. lower = 1.39,
CI = 1.30-1.49). Findings were also comparable when considering ca-
tegorical optimism with continuous lifestyle scores. As observed with
the happiness results, lifestyle scores decreased somewhat more rapidly
in women with elevated optimism levels (Pinteraction < 0-01; Bmoderate vs.
lower optimism x time = —0.002, CI = —0.004, 0.0002; ﬁhigher vs. lower op-
timism x time = —0.004, CI = —0.006, —0.002). In stratified models,
estimates were stronger among women with an initially unhealthy
(versus healthy) lifestyle score (likelihood ratio test: poptimism x baseline
lifestyle < 0.0001; Table S3).

3.4. Relation of lifestyle with future levels of PWB

Compared to women with an unhealthy lifestyle at baseline, those
with a healthy lifestyle were 11% more likely to report sustaining high
happiness levels (RR = 1.11, CI = 1.10-1.12), and 26% more likely to
report sustaining high optimism levels (RR = 1.26, CI = 1.22-1.31),
after controlling for covariates. Continuous baseline lifestyle scores (per
1-SD) yielded similar relationships with likelihood of sustaining higher
subsequent happiness and optimism levels (RRpappiness = 1.06,
CI = 1.06-1.07; RRopiimism = 1.14, CI = 1.12-1.16). Further, in-
vestigating baseline lifestyle levels with continuous PWB scores at each
follow-up assessments led to similar results. There was a slightly faster
decline in happiness scores for women reporting healthy versus un-
healthy lifeStyle at baseline (pinteraction = 00006’ ﬁhealthy vs. unhealthy
CI = —0.007, —0.002), whereas no
effect was noted with optimism

lifestyle X time = — 0.005,
time X lifestyle interaction

(pinteraction > 005)
4. Discussion

This study investigated whether happiness and optimism levels
were associated with subsequent likelihood of sustaining a healthy
lifestyle over 10-22 years in middle-aged and older women. Compared
to women with lower happiness and optimism levels, women with
moderate levels were 18-22% more likely to report a healthy lifestyle at
least twice throughout the study (with most of them being at two
consecutive time assessments); the estimates were even stronger among
women with higher happiness and optimism levels (i.e., 39-40%). A
greater likelihood of reporting a sustained healthy lifestyle over time
was also observed for every SD increase in both PWB dimensions,
suggesting that even smaller improvements in happiness and optimism
might potentially matter for lifestyle habits. Using prior findings from

this cohort (Trudel-Fitzgerald et al., 2016), we estimate that the dif-
ference in lifestyle scores evident for higher versus lower PWB levels
(up to 0.33 points) would translate into up to 5.35% decreased risk of
stroke (see Text S2 for calculations). Overall, our results are consistent
with previous findings on single behaviors assessed over shorter periods
(Progovac et al., 2017a; Hingle et al., 2014; Kim et al., 2016; Progovac
et al.,, 2017b; Giltay et al., 2007; Haller, 2016; Baruth et al., 2011;
Boehm et al., 2018a,b). For instance, among women participating in the
Women's Health Initiative observational study, those with higher versus
lower optimism scores at study initiation had a three-fold increase (i.e.,
improvement) in AHEI diet scores from baseline to one year later
(Hingle et al., 2014).

While happiness and optimism were assessed 12 years apart, which
precludes formal comparison about within-person effects, it is notable
that these modestly correlated constructs yielded comparable effect
estimates for the likelihood of sustaining a healthy lifestyle. This may
suggest that aspects of PWB common across the different dimensions
are the critical factor driving associations of interest. In fact, an ana-
logous phenomenon has been noted with psychological distress,
whereby multiple dimensions like anger, anxiety, and depression often
relate similarly with health outcomes (Suls, 2018; Suls and Bunde,
2005), and investigators have postulated that such associations could
be explained by common rather than unique dimensions of psycholo-
gical distress (Suls, 2018; Suls and Bunde, 2005). Or, it may be that
PWB dimensions are somewhat exchangeable with regard to effects on
lifestyle, perhaps in the way that different forms of physical activity
may similarly affect health.

Consistent with prior studies evaluating the association of PWB with
single behaviors (Progovac et al., 2017a; Hingle et al., 2014; Kim et al.,
2016; Progovac et al., 2017b; Baruth et al., 2011), analyses revealed
associations that were independent of traditional covariates and de-
pression. In stratified analyses, relationships of happiness and optimism
with future likelihood of sustaining a healthy lifestyle were obtained
among women with initially unhealthy versus healthy lifestyle scores,
potentially suggesting a greater role of PWB in adopting versus main-
taining a healthy lifestyle. However, approximately 65%-77% of
women with an initially healthy lifestyle maintained their favorable
habits subsequent to baseline, which could also have reduced our ca-
pacity to detect relations in this subgroup. Moreover, although prior
research has documented negative associations between extremely high
optimism levels and health-related outcomes (Shepperd et al., 2015),
we did not find evidence for such associations. Midlife and older female
nurses, due to both their maturity and knowledge about health, may be
less prone to systematic cognitive distortions about their own prob-
ability of encountering negative [health] events, a characteristic of
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“unrealistic optimism” (Shepperd et al., 2015) that may be more
common among younger adults or those who are not health profes-
sionals.

To our knowledge, no prospective study has specifically assessed the
bidirectional associations between PWB and lifestyle. Our results re-
vealed relationships in both directions; however, the lifestyle — PWB
association was of equal or smaller magnitude than the PWB — lifestyle
association, and due to data limitations, could only be evaluated over a
shorter period (8 versus 10-22 years). Given efforts aimed at changing
multiple behaviors have had limited success, especially in the long-term
(Spring et al., 2015), our findings suggest that targeting PWB might
prove to be a fruitful strategy for improving lifestyle. Accordingly, a
recent conceptual model illustrates how targeting PWB as an upstream
determinant may set in motion a cascade of positive changes, because
subsequent concurrent healthy behaviors may in turn lead to greater
PWB and, consequently, lower the risk of adverse health outcomes (Van
Cappellen et al., 2018).

This study has some limitations. Since findings were from a sample
of middle-aged and older health professionals free of chronic illnesses at
baseline, investigating these associations among other populations is
warranted. PWB levels might affect self-report of behaviors; however,
participants were not aware of our study hypotheses. Self-reported
habits may also be vulnerable to social desirability, which can lead to
biased estimation of health behaviors (Hebert et al., 2002). Yet, even if
absolute levels are not reported precisely, behaviors would likely still
be categorized appropriately as either healthy/unhealthy. Lastly, the 1-
item measure of happiness may not capture the construct comprehen-
sively, although single items have been shown to perform similarly to
multi-item measures in three large cohorts (Cheung and Lucas, 2014).
To date, few epidemiologic studies have included PWB measures; while
single items appear less-than-ideal, they may support further invest-
ment in multi-items measures for future research. Moreover, most
women in our study reported a healthy lifestyle at two consecutive
assessments; subsequent studies with more variability in lifestyle scores
across assessments (e.g., alternating between healthy and unhealthy)
should investigate whether PWB levels are associated with such varia-
tions. Strengths of the study include its prospective design over two
decades, among a large and richly characterized sample. Additionally,
repeated measures of both PWB and concurrent health behaviors al-
lowed the investigation of bidirectionality between psychological and
behavioral factors. To reduce concerns that initial lifestyle levels might
affect both baseline PWB and subsequent lifestyle habits we conducted
stratified analyses by baseline lifestyle levels. Lastly, the consideration
of two PWB dimensions and a lifestyle composite also permitted a
comprehensive perspective on how PWB indicators influence multiple
habits that are synergistically involved in health.

5. Conclusion

Results from this study suggest that greater happiness and optimism
levels might foster sustaining a healthy lifestyle over time, which could
contribute to lower disease/mortality risk. It is noteworthy that ele-
vated PWB may subsequently lead to the adoption of a healthy lifestyle
even in women with initially unhealthy habits. Over the past 20 years,
accumulating evidence has suggested that various interventions, from
brief self-administered exercises to professionally-delivered psy-
chotherapy, may increase diverse facets of PWB (Bolier et al., 2013). As
most U.S. adults exhibit suboptimal levels of physical activity and
weight, and a large proportion maintain a poor diet and smoking habits
(World Health Organization, 2014), considering happiness and opti-
mism as modifiable determinants of lifestyle deserves further con-
sideration, particularly in clinical trials.
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