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Abstract

Background—Psychological well-being is associated with mortality/survival. Although
cardiorespiratory fitness (CRF) is one of the strongest predictors of mortality, studies examining the
relationship between well-being and survival seldom account for the possible effects of CRF.

Purpose—This study examined the independent associations of psychological well-being
components (low level of negative emotion and high level of positive emotion) and CRF, as well as
their combined effects, with survival.

Methods—~Participants (N=4888) were examined in 1988-1997 and followed up for a median
period of ~15 years (212 deaths, 4.3%). CRF was assessed by a maximal exercise test on a treadmill.
Low-level negative emotion was defined as the minimum score of the negative emotion subscale of
the CES-D scale, and high-level positive emotion as the maximum score of positive emotion subscale.
Results are presented as hazard ratios (95% Cls). Data were analyzed in 2009.

Results—After adjustment for a set of established risk factors, men and women with low levels of
negative emotion had lower risk of death than those with higher levels of negative emotion, 0.66
(0.50, 0.87). The association persisted after additional adjustment for CRF and positive emotion.
High level of positive emotion was not associated with survival. A high level of CRF independently
predicted lower risk of death, 0.54 (0.37, 0.79), compared to a low level of CRF. The risk of death
in participants with both a low level of negative emotion and a high level of CRF was 0.37 (0.22,
0.63), compared to their peers with higher levels of negative emotion/low levels of CRF.

Conclusions—Low levels of negative emation and high levels of CRF are independent predictors
of long-term survival in men and women. A strong combined effect was observed, as individuals
with both a low level of negative emotion and a high level of CRF had a 63% lower risk of death
than those with higher levels of negative emotion and a low level of CRF.
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INTRODUCTION

Positive health, as opposed to mere absence of physical illness, has long been ignored
scientifically.! One component of positive health is psychological well-being, which can be
defined as a composite of relatively low levels of negative emotion, relatively high levels of
positive emotion, and life satisfaction. Psychological studies examining mortality mainly focus
on the negative spectrum of the psychological status (e.g., depression, anxiety, distress, and its
association with mortality/survival). Recently, an increasing number of studies have focused
on positive psychological well-being, supporting that it has a favorable effect on survival in
both healthy and diseased populations.?

It has been suggested that a high level of cardiorespiratory fitness (CRF) is associated with
better psychological well-being.3 In addition, CRF is one of the strongest predictors of all-
cause mortality in healthy and unhealthy men and women,*~8 and should therefore be
considered when studying mortality. It is possible that CRF interacts with emotion in the
prediction of mortality, such that CRF buffers the adverse effects of negative emotion or
enhances positive emotion. The prospective studies analyzing the associations between
positive well-being and mortality have been recently reviewed using meta-analytic methods,
2 however no studies took into account CRF. The Aerobics Center Longitudinal Study (ACLS)
provides an opportunity to comprehensively study both positive psychological well-being and
objectively measured CRF in relation to all-cause mortality in a cohort of U.S. men and women,
taking into account a complete set of relevant confounders.

Positive and negative emotion are usually independent or weakly correlated, and it is unknown
which of them is a stronger predictor of survival, after taking into account a set of established
risk factors, including CRF. The current study aimed to examine the independent associations
of well-being components (low level of negative emotion and high level of positive emotion)
and CRF, as well as their combined effects, with survival.

METHODS

Study Cohort

The ACLS is a prospective epidemiologic investigation of men and women.* 7 9 ACLS
participants were mostly Caucasian (98%), well-educated, and worked in executive or
professional positions.10 All participants completed a detailed questionnaire (including a self-
report physical activity measure) and underwent an extensive clinical evaluation, including a
physical examination, fasting blood chemistry analyses, personal and family health history,
anthropometry, smoking and alcohol use, and a maximal exercise treadmill test. All
participants gave written informed consent, and the study protocol was approved annually by
the IRB of the Cooper Institute.

A total of 5030 ACLS participants were examined and responded to a mail-back survey from
1988 to 1997. Participants were included in the study if they had complete and valid data for
all the main exposures (CRF, positive and negative emotion) and confounders studied: gender,
age, smoking, alcohol consumption, BMI, self-reported physical activity, healthy/unhealthy
index. The participants not achieving 85% or more of the individual’s age-predicted maximal
heart rate during the graded modified Balke treadmill exercise testing were excluded because
their test was not considered maximal (n=140). In addition, those participants were excluded
who died within 1 year of follow-up (n=2), because a low psychological well-being status
might be due to rapidly deteriorating health and be entirely secondary to the disease process.
After these exclusions, the final analytic data included 4888 men and women, aged 20-81 years
at the time of their clinical examination, and were followed up from the date of the baseline
examination until the date of death or 31 December 2003. Mortality surveillance was based on
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the National Death Index. Participants meeting all the inclusion criteria were younger, heavier,
taller, and had higher BMI and CRF level (P<0.05) than those not meeting the criteria.

Baseline Examination

Previous reports have described the baseline examination in detail.# Briefly, height and weight
were measured on a standard scale and stadiometer at the baseline clinic visit. BMI was
calculated as weight in kilograms divided by height in meters squared (kg/m?).
Cardiorespiratory fitness was defined as the total time of a symptom-limited maximal treadmill
exercise test, using a modified Balke protocol.* 11 Total time of the test on this protocol
correlates highly with measured maximal oxygen uptake (VOymax) in both men (r = 0.92) 12
and women (r = 0.94).13 The test endpoint was volitional exhaustion or when the physician
stopped it for medical reasons. VOoax Was calculated from the final treadmill speed and grade.
14 Gender- and age-specific CRF tertiles were computed and used in the analyses. The lower,
middle and upper tertiles are hereinafter referred to as low, moderate and high CRF,
respectively.

Information on leisure time physical activity (physically inactive or active), smoking (never,
ex-smoker, and current smoker), alcohol consumption (>5 drinks/week or <5 drinks/week),
and the presence of any major chronic disease was obtained from a standardized medical history
questionnaire. Participants were defined as physically inactive if they reported no leisure-time
physical activity in the 3 months before the baseline examination. An unhealthy index (ranging
from 0 to 6) was defined as the presence of one or more of the following disease/pathologic
conditions: cardiovascular disease, cancer, hypertension, diabetes, respiratory symptoms, or
abnormal electrocardiogram at rest or exercise. For certain analyses, this index was
dichotomized as the presence or absence of any of the mentioned diseases.

Psychological Well-Being Assessment

The psychological well-being components were ascertained by means of the 20-item version
of the Center for Epidemiologic Studies depression (CES-D) scale, included as part of the mail-
back survey. The aggregate survey response during the study period in the ACLS is ~65%.
Nonresponse bias is a concern in epidemiologic surveillance, and has been investigated in the
ACLS. No major source of bias was found.1° Baseline health histories and clinical measures
were similar between responders and nonresponders and between early and late responders.

The CES-D scale consists of four subscales, two of which were used in this study. The negative
and positive emotion subscales were used to assess negative emotion and positive emation,
respectively. The questions asked about how often the person experienced certain feelings
during the previous week. The negative affect subscale included the following 7 items: not
able to shake off the blues, depressed, my life had been a failure, fearful, lonely, crying spells
and sad. The positive affect subscale included the following 4 items: feeling as good as other
people, hopeful, happy, and joy. Response options ranged from 0 to 3, where 0 indicated <1
day, 1 indicated 1-2 days, 2 indicated 3—4 days, and 3 indicated 5-7 days. A negative emation
score was calculated by summing the 7 negative items, with the score ranging from 0 to 21.
The same procedure was followed to calculate a positive emotion score (sum of 4 items),
ranging from 0 to 12. A person was considered to have low levels of negative emotion if he/
she answered 0 to all the negative items (i.e., sum sre=0, called minimum score), and was
considered to have high levels of positive emotion if he/she answered 3 to all the positive items
(i.e., sum score=12, called maximum score). The four-item positive emotion CES-D subscale
has been widely used as a valid measure of positive emotion.16: 17 Factor analyses showed that
responses to these four questions are highly correlated with one another and therefore can be
treated as additive measures of a single positive emotion score.18: 17 An examination was made
of the internal consistency of the negative and positive subscales and the results showed an

Am J Prev Med. Author manuscript; available in PMC 2011 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ortega et al. Page 4

acceptable consistency among the items composing each subscale, (i.e., Cronbach’s alpha
coefficients were 0.80 and 0.70 for the negative and positive subscales, respectively).

Statistical Analysis

Basic descriptive statistics included means and frequencies of key study variables by gender

and for the total study population. Cox proportional hazards regression was used to estimate

hazard ratios (HRs), 95% Cls, and age-adjusted mortality rates (deaths per 10,000 person-years
of follow-up), according to exposure categories.

No significant interaction with gender was found; therefore analyses were performed for all
the participants together and gender was included as a covariate in all the models. First,
univariate associations of the main exposures (CRF, low-level negative emotion and high-level
positive emotion) and confounders were conducted with all-cause mortality, after adjusting for
age and gender. Next, a number of multivariate analyses were conducted. Model 1 adjusted
for BMI, physical activity, smoking and alcohol consumption. Model 2 additionally adjusted
for the healthy/unhealthy index, as mortality can be highly influenced by major chronic
diseases. Model 3 adjusted for the other main exposures, in an effort to test whether their
association with mortality was independent of the other. Since a significant interaction
(P=0.001) was found between CRF and negative emotion in relation to mortality, two more
analyses were performed. First, the association between negative emotion and mortality was
studied stratifying by levels of CRF. Second, CRF and negative emotion variables were
combined to test a possible additive effect on mortality. Survival curves were generated
according to categories of the exposures. Two-sided P values were calculated; those <0.05
were considered significant. Analyses were done in 2009 using SPSS statistical software,
version 17.0 (SPSS Inc, Chicago).

RESULTS

Over a median follow-up period of 14.8 years (251 and 75t percentiles= 13.6 and 15.4), 212
deaths occurred (4.3%). Baseline characteristics of the participants are shown in Table 1. Forty-
one percent of the men and 34% of the women had both low levels of negative emotion and
high levels of positive emotion (data not shown). The distribution of the psychological well-
being variables was positively skewed for negative emotion and negatively skewed for positive
emotion, indicating a healthy mental status for a majority of participants.

Association of CRF and Psychological Well-Being with Survival

Univariate associations (HR and 95% Cl) of CRF, psychological well-being components
(negative and positive emotion) and other potential predictors of all-cause mortality, after
adjusting for age and gender, are shown in Table 2.

The mortality rates (deaths per 10 000 person-years of follow-up) according to negative
emotion categories were calculated stratifying by age (i.e., aged <60 years and aged >60 years).
The mortality rates did not differ by age group. Mortality rates among those aged <60 years
and those aged >60 years were 1.5 (20.8/14.2) and 1.5 (143.5/94.9) times greater, respectively,
for individuals having low-level negative emotion compared to those with higher levels.

Multivariate associations (HR and 95% CI) of CRF and positive psychological well-being
components with all-cause mortality are shown in Table 3. After adjustment for demographic
factors (gender and age), BMI, and lifestyle factors such as physical activity, smoking and
alcohol consumption (Model 1), participants with high CRF had a lower risk of death compared
with low-CRF individuals, 0.54 (0.37 to 0.79). Individuals having low levels of negative
emotion had a lower risk of death than those having higher levels of negative emotion, 0.66
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(0.50 to 0.87). No association was observed for positive emotion. After additional adjustment
for the presence/absence of major pathologic conditions (Model 2), the results were unchanged.
When CRF was additionally adjusted for negative emotion and vice versa, the effect on
mortality was slightly reduced, but still significant (Model 3). Adjustment for the other main
exposures did not affect the results.

Negative Emotion x CRF interactions and combined effects

Because an interaction between negative emotion and CRF was found (P=0.001), stratified
analyses were performed. Low-level negative emotion was associated with a lower risk of
mortality in participants with high CRF (HR=0.51; 95% CI=0.28 to 0.91), whereas this
association was not significant in moderate- or low-CRF participants (data not shown). The
combined effect of having both high CRF and low levels of negative emotion on mortality was
also analyzed (Table 4). The HR of mortality was 0.37 (C1=0.22 to 0.63) in the high-CRF/low-
level negative emotion participants (named category “D”), compared with the opposite group
(i.e., low CRF/higher levels of negative emotion [named category “A”]). Figure 1 shows
survival curves according to levels of CRF, negative emotion and a combination of them, after
adjusting for all the variables indicated in Model 2, Table 3.

Additional Analyses (data not shown)

1. All the analyses were run for each single item included in the negative and positive
emotion subscales. After adjustment for the confounders, low levels (minimum score)
of “lonely feeling” were significantly associated with lower mortality, (0.67; 0.47 to
0.94), compared to higher levels (any other score). No association was found between
single positive emotion items and mortality.

2. When the individuals having major diseases (i.e., CVD and cancer) were excluded
from the analyses, the results did not change.

3. Partial correlations were run adjusted for gender and age, and found rather weak but
significant correlations of CRF with positive (r=0.07; P<0.001) and negative (r=
—0.05; P<0.001) emotion. Even weaker correlations were found between physical
activity and positive (r=0.03; P=0.02) or negative (r= —0.02; P=0.19) emotion.

DISCUSSION

Our results suggest that low-level negative emotion and high CRF are independently associated
with survival, after adjustment for important confounders such as age, BMI, physical activity,
smoking and alcohol consumption. Accounting for the presence/absence of any major disease/
pathologic condition did not affect these findings. To the best of our knowledge this is the first
study accounting for the potential effect of CRF in the relationship of positive and negative
emotions, as well as their combined effect, with mortality risk. The inclusion of this important
predictor of mortality,8 as well as a complete set of other established risk factors strengthens
the findings reported in this study.

The interaction analysis suggests that the effect of low-level negative emotion on survival does
not persist in participants with low or moderate CRF levels. Finally, an additive effect was
observed on survival in those individuals with high levels of CRF and low levels of negative
emotion. Compared with the low-CRF/higher level of negative emotion group, individuals
with high levels of CRF and low-level negative emotion had a 63% lower risk for all-cause
mortality, after controlling for a set of established risk factors, which is considered a large
effect. This finding suggest that simultaneous improvements of fitness and avoidance of
negative emotion might have a substantial impact on long-term survival. However, additional
research is needed to confirm or contrast these findings.
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The current data do not allow identification of the causal mechanisms of the association
between low-level negative emotion and survival, yet several physiologic pathways can be
considered. Low-level negative emotion could alter people’s disease susceptibility by
increasing the immune system activity and consequently decreasing the susceptibility to
infectious diseases and cancer. This effect can be mediated by the activity of the hypothalamic—
adreno—cortical axis leading to lower cortisol levels, preventing insulin resistance, overweight
and high blood pressure, among other consequences.1821 Likewise, it could enhance a variety
of capacities, like the ability to concentrate and problem solve or to mobilize social or other
resources.18

We examined whether psychological well-being was more strongly associated with survival
in older individuals (>60y), compared with younger individuals(<60y), as has been suggested
elsewhere.? The current results did not show any difference in the associations of low-level
negative emotion with survival among younger and older individuals. This finding suggests
that interventions that focus on psychological well-being enhancement in younger and older
people might be equally successful.

In the current study, additional adjustments for the presence of major diseases did not change
the results, suggesting that the main effects observed for the exposures do not substantially
differ between healthy and unhealthy people. Because of the small number of people in the
current study with chronic disease, it was not possible to run analyses separately for healthy
and diseased subgroups. Nevertheless, it was found that after excluding those individuals with
major mortality-related diseases from the analysis, the main effect of low-level negative
emotion on survival remained rather stable. This suggests that the effect of low-level negative
emotion on survival might be independent of the presence or absence of major diseases. It was
also hypothesized that lifestyle could explain, at least partially, the observed association
between low-level negative emotion and survival. However, the relationship between low-level
negative emotion and survival remained significant and was minimally affected when
controlling for a set of potentially relevant lifestyle confounders.

Low-level negative emotion was associated with survival independently of positive emotion
levels in this study. As expected, there was a modest correlation between positive and negative
emotion scores (Spearman’s correlation coefficient = —0.39). This indicates that people
reporting high levels of positive emotion do not necessarily have low levels of negative
emotion, and vice versa. In this context, Kubzansky et al. reached similar conclusions after
comparing optimism and pessimism.22 Positive and negative emotion should therefore be
considered as distinctive psychological dimensions that can affect behaviors, physical health
indices, and survival in unique ways.

Another major finding of this study is that high levels of positive emotion did not predict
survival in the men and women studied. Half of the published studies (48.6%) conducted on
healthy people concurred with the results from the present study, while the other half showed
a protective effect of measures of positive psychological health on survival.?

Our study must be considered in light of several potential limitations. Fewer women than men
were included in this study; however, a formal test was done on the interaction term between
gender and main exposures in the models and no significant interaction was observed. This
suggests that the associations between the main exposures and survival may not vary between
men and women, as previously reported.23 It is possible that there is residual confounding or
that some unmeasured variables (e.g., genetic factors) could account for both low-level
negative emotion and reduced all-cause mortality risk. Although an established set of risk
factors was controlled for, it is possible that other factors such as dietary intake are also relevant.
Unfortunately, such data are not available. The current study provides only a single assessment
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of negative and positive emotion; however, previous research has suggested that measures of
psychological well-being attributes are quite stable across years and even decades, regardless
of changes in life circumstances.24 Likewise, the CES-D subscales used in this study have
shown a high level of stability over time.2> The ACLS participants were mostly Caucasian,
well-educated, and from middle to high socioeconomic strata, € thereby future studies should
be conducted in other populations with varying background, ethnicity, or SES. Finally, the
distribution of the emotion variables showed that most of the participants were mentally
healthy. More heterogeneous study samples might find greater effect sizes in positive
psychological health components in relation to survival.

The strengths of the current study include its prospective design with events (deaths) quantified
via the National Death Index, which has shown to be an accurate method of ascertaining deaths
in observational studies, with high sensitivity (96%) and specificity (100%).26 This study also
had a long follow-up (average follow-up period of 15 years) in a relatively large sample of

U.S. men and women, with complete and valid data for all the variables included in the study.

Conclusion

The data analyzed indicate that low levels of negative emotion and high levels of CRF are
independent predictors of long-term survival in men and women followed up for 15 years,
regardless of other established risk factors of mortality. However, no association was found
between positive emotion and survival. A strong combined effect was observed, where
individuals with both low-level negative emotion and high CRF had a 63% lower risk of death
compared to those with higher negative emotion and low CRF.

Findings from this study suggest that it may be beneficial for health professionals to assess
their patient’s psychological health levels (i.e., emotion) in addition to performing a physical
examination. In addition to encouraging increased levels of physical activity for patients with
low CRF, health professionals may also be able to intervene so that improvements in negative
emotion (i.e., decrease levels of low negative emotion) can be realized. Improvements in both
may lead to the largest reductions in mortality risk.
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Figure 1.

Survival curves according to levels of cardiorespiratory fitness, negative emotion and a
combination of them, after adjusting for all the variables indicated in Model 2 (Table 3). See
A, B, C and D categories’ definitions in Table 4.

CREF, cardiorespiratory fitness
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Table 1

Baseline characteristics of the participants.

Men (n=3901) Women (n=987) All (n=4888)

Age (years) 49.1 (10.5) 47.0 (10.8) 48.7 (10.6)
Weight (kg) 82.3 (12.2) 61.4 (10.5) 78.1 (14.6)
Height (cm) 178.5 (6.9) 164.3 (6.5) 175.7 (8.9)
BMI 25.8 (3.6) 22.8(3.7) 25.2 (3.8)
BMI categories

<25 1823 (46.7) 797 (80.7) 2620 (53.6)

25.0 10 29.9 1666 (42.7) 133 (13.5) 1799 (36.8)

>30 412 (10.6) 57 (5.8) 469 (9.6)
VO,max (Ml/kg/min) 44.1 (8.9) 35.5 (7.9) 42.4(9.4)
Treadmill time (min) 19.9 (5.0) 14.8 (4.8) 18.8 (5.4)
Cardiorespiratory fitness levels

Low (lower tertile) 1352 (34.7) 330 (33.4) 1682 (34.4)

Moderate (middle tertile) 1266 (32.5) 330 (33.4) 1596 (32.7)

High (upper tertile) 1283 (32.9) 327 (33.1) 1610 (32.9)
Negative emotion

Any other score 1384 (35.5) 473 (47.9) 1857 (38.0)

Minimum score 2517 (64.5) 514 (52.1) 3031 (62.0)
Positive emotion

Any other score 1925 (49.3) 504 (51.1) 2429 (49.7)

Maximum score 1976 (50.7) 483 (48.9) 2459 (50.3)
Leisure time physical activity

Inactive 788 (20.2) 266 (27.0) 1054 (21.6)

Active 3113 (79.8) 721 (73.0) 3834 (78.4)
Smoking

Never 2094 (53.7) 647 (65.6) 2741 (56.1)

Ex-smoker 1471 (37.7) 292 (29.6) 1763 (36.1)

Current smoker 336 (8.6) 48 (4.9) 384 (7.9)
Alcohol consumption

<5 drinks/week 3306 (84.7) 970 (98.3) 4276 (87.5)

>5 drinks/week 595 (15.3) 17 (1.7) 612 (12.5)

Dichotomy unhealthy index *
Absence 2551 (65.4) 653 (66.2) 3204 (65.5)
Presence 1350 (34.6) 334 (33.8) 1684 (34.5)

Data are shown as M(SD) for continuous variables, and as frequency (percentage) for nominal variables. VO2max, maximal oxygen uptake.

*
The dichotomy unhealthy index was defined as the presence of one or more of the following pathologic conditions: cardiovascular disease, cancer,
hypertension, diabetes, respiratory symptoms and abnormal electrocardiogram at rest or exercise.
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Table 2

Univariate association of cardiorespiratory fitness, negative emotion, positive emotion and other factors with all-
cause mortality, after adjusting for age and gender.

Predisposing factors  No. of deaths (n)  Age and gender-adjusted HR (95% CI)

Cardiorespiratory fitness

Low 100 (1682) 1 (ref)

Moderate 65 (1596) 0.71 (0.52, 0.97)

High 47 (1610) 0.52 (0.36, 0.73)
Negative emotion

Any other score 83 (1857) 1 (ref)

Minimum score 129 (3031) 0.64 (0.48, 0.84)
Positive emotion

Any other score 101 (2429) 1 (ref)

Maximum score 111 (2459) 0.88 (0.66, 1.16)
Weight status: BMI groups

<25 100 (2620) 1 (ref)

25.0 10 29.9 85 (1799) 1.22 (0.91, 1.64)

>30 27 (469) 2.02 (1.31, 3.11)
Leisure time physical activity

Inactive 38 (1054) 1 (ref)

Active 174 (3834) 0.92 (0.65, 1.31)
Smoking

Never 95 (2741) 1 (ref)

Ex-smoker 101 (1763) 1.28 (0.96, 1.69)

Current smoker 16 (384) 1.43 (0.84, 2.44)
Alcohol consumption

<5 drinks/week 191 (4276) 1 (ref)

>5 drinks/week 21 (612) 0.95 (0.60, 1.50)

Dichotomy unhealthy index *
Absence 100 (3204) 1 (ref)
Presence 112 (1684) 1.83 (1.40, 2.40)

HR, hazard ratio;

*
Presence of one or more of the pathologic conditions indicated in Table 1
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Table 3

Multivariate associations of cardiorespiratory fitness and positive psychological well-being components with all-
cause mortality in men and women, after adjustment for demographic factors, lifestyle-related factors, presence
of pathologic conditions and main exposures.

Exposures Model 1* HR (95% CI)  Model 2T HR (95% CI)  Model 3FHR (95% CI)

Cardiorespiratory fitness

Low
Moderate
High
Negative emotion
Any other score
Minimum score
Positive emotion
Any other score

Maximum score

1 (ref)
0.74 (0.53, 1.02)
0.54 (0.37, 0.79)

1 (ref)
0.66 (0.50, 0.87)

1 (ref)
0.92 (0.70, 1.21)

1 (ref)
0.77 (0.56, 1.07)
0.59 (0.40, 0.88)

1 (ref)
0.69 (0.52,0.91)

1 (ref)
0.93 (0.71, 1.22)

1 (ref)
0.79 (0.57, 1.09)
0.60 (0.41, 0.89)

1 (ref)
0.70 (0.53, 0.94)

1 (ref)
0.94 (0.72, 1.23)

HR, hazard ratio

*
Model 1 adjusted for age, gender, BMI, physical activity, smoking (never, ex-smoker, current smoker) and alcohol consumption (> 5 drinks/week
or <5 drinks/week).

TModel 2 adjusted for all the variables in model 1 plus an unhealthy index (i.e., a summary score created from the following pathologic conditions:
cardiovascular disease, cancer, hypertension, diabetes, respiratory symptoms and abnormal electrocardiogram at rest or exercise).

iModeI 3 adjusted for all the variables in model 2 plus psychological well-being indices (negative and positive emotion) for cardiorespiratory fitness,

and cardiorespiratory fitness for negative emotion. Adjustment for other main exposures did not affect the results.
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