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Abstract

Research into the relationship between happiness and health is developing
rapidly, exploring the possibility that impaired happiness is not only a con-
sequence of ill-health but also a potential contributor to disease risk.Happi-
ness encompasses several constructs, including affective well-being (feelings
of joy and pleasure), eudaimonic well-being (sense of meaning and purpose
in life), and evaluative well-being (life satisfaction). Happiness is generally
associated with reduced mortality in prospective observational studies, al-
beit with several discrepant results. Confounding and reverse causation are
major concerns. Associations with morbidity and disease prognosis have also
been identified for a limited range of health conditions. The mechanisms
potentially linking happiness with health include lifestyle factors, such as
physical activity and dietary choice, and biological processes, involving neu-
roendocrine, inflammatory, and metabolic pathways. Interventions have yet
to demonstrate substantial, sustained improvements in subjective well-being
or direct impact on physical health outcomes. Nevertheless, this field shows
great potential, with the promise of establishing a favorable effect on popu-
lation health.
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INTRODUCTION

Happiness, or more broadly subjective well-being, has become a major topic in public policy, eco-
nomics, and psychology over the past decade. Ten years ago, the landmark Stiglitz-Sen-Fitousi
Commission on the Measurement of Economic Performance and Social Progress was pivotal in
bringing the issue of happiness to public attention (136). This inquiry, led by economists, co-
gently exposed the limitations of conventional indicators of economic performance as measures
of social progress and argued that subjective well-being should be taken into account as well. The
United Nations (UN) General Assembly resolved in 2011 to invite all member countries to mea-
sure happiness and use it to help guide public policy; the Assembly initiated theWorld Happiness
Report, which provides an annual league table of happiness across countries and stimulates much
competitive interest in national mass media (54). Positive psychology has become a recognized
subdiscipline, with professional learned societies, journals, and postgraduate degrees from uni-
versities in the United States, the United Kingdom, Canada, Australia, Denmark, Singapore, and
other countries. Numerous general interest books by economists and psychologists have extolled
the value of happiness (33, 36, 48, 80, 84), and life coaching for happiness is a thriving industry.
This attention has, in turn, led to skeptical reactions from many quarters (32, 41). Nowhere has
the controversy been greater than in the health arena: Barbara Ehrenreich’s Bright-Sided. How the
Relentless Promotion of Positive Thinking Has Undermined America (tellingly retitled Smile or Die in
the United Kingdom) took particular aim at claims that happiness is related to physical health
(38).

Common experience tells us that when people suffer from a serious illness or are in pain, their
capacity for happiness is impaired. But beyond this, why is it interesting or useful to study hap-
piness and health? A substantial body of evidence relating depression and distress with ill-health
already exists. Longitudinal population studies have documented associations between these neg-
ative psychological states and incident coronary heart disease (CHD) (24), stroke (82) and type
2 diabetes (50), whereas depression predicts increased mortality among people with documented
chronic obstructive pulmonary disease, diabetes, CHD, stroke, and some cancers (3, 5, 89, 106,
109). If positive well-being merely reflects the absence of depression and distress, do studies of
happiness break any new ground?

This review proposes two major reasons for taking happiness seriously in the context of health.
The first reason is that the absence of negative states such as depression and distress does not mean
that a person is happy. The individual might be in an affectively neutral state, perhaps not experi-
encing distress but not feeling particularly happy either. Additionally, moods fluctuate rapidly, and
many experiences are bittersweet, eliciting both positive and negative feelings (78). Several stud-
ies have documented links between happiness and health that are maintained even after negative
emotions are taken into account, which implies that associations between happiness and health
may be distinctive.

The second reason for investigating happiness and health is because of the potential for inter-
vention. Techniques are being developed to improve positive well-being and cultivate happiness
that are different from those used to combat depression and distress. If happiness is protective,
then interventions targeting well-being may have a favorable impact on public health.

This article summarizes the epidemiological evidence for the relationship between happiness
and mortality and morbidity, focusing particularly on physical health outcomes. The behavioral
and biological pathways that may link happiness with health are outlined, and interventions de-
signed to promote happiness are reviewed. I argue that although the wilder claims of happiness
gurus should be treated with suspicion, genuine associations between happiness and good health
need to be unpacked and evaluated in the context of individual and population health.
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Table 1 Taxonomy of subjective well-beinga

Type Description
Affective well-being Experience of positive feelings such as happiness, joy, elation, vitality,

pleasure, cheerfulness
Eudaimonic well-being Evaluations of meaning and purpose in life, including flourishing, sense

of autonomy, personal growth, environmental mastery, positive
relations with others, and self-acceptance

Evaluative well-being Appraisals of how satisfied people are with their quality of life

aTable adapted from Reference 128.

CONCEPTUALIZATION OF HAPPINESS

Happiness is used in the health literature to denote a number of different constructs (137).The dis-
tinction between affective well-being (the attainment of pleasure and avoidance of suffering) and
eudaimonia or eudaimonic well-being (meaning and purpose in life) has been recognized since
ancient times (116). In his Nicomachean Ethics, Aristotle favored eudaimonia, or living well and
purposefully, over the vulgar pleasure seeking of hedonism. By contrast, the nineteenth-century
utilitarians such as Jeremy Bentham argued that pleasure is intrinsically good and pain is bad and,
therefore, that decisions about policy should be made on the basis of the greatest pleasure for
the greatest number.More recent formulations have proposed the tripartite taxonomy outlined in
Table 1. Affective (hedonic) well-being represents positive feelings andmood states such as happi-
ness, joy, and elation, along with the avoidance of distress and depression. Eudaimonic well-being
encompasses judgments about the realization of personal potential and the fulfillment of life goals.
One influential taxonomy of eudaimonic well-being delineated several aspects that are detailed in
Table 1 (118). The third component is evaluative well-being, which reflects people’s judgments
about the quality and goodness of their lives and is often operationalized as satisfaction with life.

A construct that is related to subjective well-being is optimism, the general expectation of pos-
itive outcomes in life. A growing literature relates optimism with disease risk, prognosis, health
behaviors, and biological processes (65, 85, 114). Unfortunately, space limitations prohibit discus-
sion of optimism in this article.

Measurement is an important issue in health research. Affective well-being and positive feel-
ings may fluctuate, and responses to simple questions such as “How happy are you?” are difficult to
interpret because they are open to widely different interpretations. Simple ratings of happiness on
a single occasion are the least robust, and associations with health outcomes have been inconsis-
tent (83). Researchers have developed multi-item questionnaires that approach the concept with
a range of wordings (137). But retrospective ratings may not accurately reflect actual experience
because of failures in recall, recency biases, and other factors (62). Alternative methods based on
ecological momentary assessment (EMA), diary methods, and the Day Reconstruction Method
(a technique for measuring the moods associated with recent activities) have been applied in the
health context (28, 133). Such methods have improved the precision of measuring affective well-
being by asking people to report about brief recent periods, exploring emotional states directly
without the overlay of retrospective evaluation (73).

The assessment of eudaimonic well-being requires more extensive cognitive processing than
do ratings of current feelings and involves relatively complex introspection about attributes ag-
gregated over time. The same applies to measures of evaluative well-being. Investigators have
developed several questionnaire measures of these aspects of subjective well-being, some with
fixed time frames (e.g., the past few weeks), whereas others are more open-ended (34, 118). It is
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often difficult to know how respondents are interpreting these measures, for example, when asked
about how satisfying one’s life is, compared with what or with whom.

The different types of subjective well-being are positively intercorrelated on average (63),
even though there appear to be many instances of people who have achieved meaning and ful-
fillment in their lives without being particularly joyful and vice versa. Some researchers argue
that single measures, such as assessments of life satisfaction, are sufficient for the investigation of
happiness (26, 80). However, there are potentially important differences in the biological corre-
lates of the three dimensions of subjective well-being, and implications for intervention may also
differ. So, in the context of health studies, consideration of distinct types of well-being may be
important.

A wide array of factors appears to contribute to subjective well-being. Some of the principal
elements that have been identified are summarized in Figure 1, and an extensive literature has
been devoted to these associations (4, 26, 35). The various factors may not impact on the different
types of well-being equally. For example, income and socioeconomic resources are strongly linked
with evaluative well-being, but less so with affective well-being (60, 61). Pronounced variations
have also been identified in the correlates of subjective well-being across the life course; social
relationships figure more prominently for older individuals than for younger individuals (130).
From the perspective of research on health, many of the factors listed in Figure 1 are themselves
related to health outcomes, which raises the question of whether links between happiness and
health are independent of these factors or whether happiness is merely a convenient aggregate
measure.

Happiness

Genetics

Education

Socioeconomic
status

Social
network

Time use
and activities

Stress
exposure

Marital status,
family

Personality

Figure 1

Summary of factors contributing to happiness.
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HAPPINESS AND MORTALITY: LONGITUDINAL
OBSERVATIONAL STUDIES

A substantial number of prospective observational studies have related subjective well-being to re-
ducedmortality in both general populations and individuals with diagnosed illness at baseline (25).
A meta-analysis in 2017 identified 62 general population studies involving more than 1,250,000
participants (87). After adjustment for confounders, these analyses showed a pooled hazard ratio
(HR) of 0.920 [95% confidence interval (CI) 0.908–0.934] for people with higher subjective well-
being at baseline, compared with those who were lower in well-being, indicating that happiness
may be a protective force in relation to all-cause mortality. These results are corroborated by a
separate meta-analysis of studies focused on purpose in life (27). Associations have been reported
both in men and women and in samples recruited in the United States and Canada, in several
countries in Europe, and in Pacific Asian countries, including Japan, South Korea, and Taiwan
(29, 45, 70–72). Follow-up periods have ranged from 2 years to more than 20 years. Most mor-
tality research has inevitably involved tracking middle-aged and older people; studies of younger
individuals have limited power because of lower event rates. Some investigations have involved
younger as well as older individuals, however, and have shown protective associations (55); effects
are also present in the very old (39).

Many analyses have involved aggregate measures that incorporate different aspects of well-
being (64, 74, 145), and few have directly contrasted different types of subjective well-being (45,
86). Nonetheless, associations with mortality have been observed with distinct measures of af-
fective and evaluative well-being (17, 75, 125, 134) and with various aspects of eudaimonic well-
being (55, 128, 139). Most researchers have assessed happiness by questionnaire, asking respon-
dents about their experiences over the past week or month or more generally. Evidence has also
indicated that more positive mood states measured through EMA are associated with reduced
mortality (133). The vast majority of studies have assessed well-being on a single occasion, which
could be affected by transient recent experiences. But duration of effects has been investigated as
well: Individuals who report greater well-being on repeated measures over four years have lower
mortality than do those who report greater well-being on only one occasion (149).

An important issue explored in some of these studies is whether the protective effect of greater
subjective well-being is independent of negative emotional states of depression or distress. This
concern has been addressed by adding baseline measures of depression or negative affect to the re-
gression models to determine whether the strength of the association is diminished or disappears
altogether. Although some studies indicate that depression appears to account for associations be-
tween well-being and survival (53), other studies have shown that depression and other negative
states do not markedly alter the well-being/survival link (119, 134, 149). A particularly striking
instance is the EMA study noted earlier, in which associations between repeated momentary as-
sessments of positive affect and survival were independent of simultaneous assessments of negative
affect (133).

INCONSISTENCIES AND EXPLANATIONS OF ASSOCIATIONS

Despite this extensive body of evidence, several large-scale studies have failed to confirm an associ-
ation between happiness and survival (83, 104).Case ascertainment is unlikely to be an explanation
of variations in results because most studies have used medical registers to measure mortality out-
comes. Problems with the measurement of happiness may be relevant; however, publication bias
has also been identified in this literature (25, 87), which suggests that analyses with null results
are less likely to be published. Two other major threats to validity are confounding and reverse
causation.
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Although almost all investigations account for demographic factors, adjustment for baseline
health status—both the presence of clinical disease and perceptions of ill-health—has been less
consistent. The extent to which associations between subjective well-being and mortality disap-
pear (72, 143), or survive after adjustment for covariates (19, 134), varies across analyses. In the
2017 meta-analysis (87), the relationship between greater subjective well-being and lower mortal-
ity in the studies with the lowest risk of bias (including adjustment for baseline health status) was
slightly stronger (HR 0.881, 95% CI 0.829–0.936) than for studies with moderate or serious risk
of bias (HR 0.928, 95% CI 0.913–0.944). However, confounding can seldom be completely elimi-
nated, and unmeasured variables may contribute to greater subjective well-being predicting lower
mortality. One study used a twin design to address potential confounding of subjective well-being
and outcome by genes and environmental factors (119). Associations between affective and evalu-
ative well-being and all-cause mortality over a median 9 years in nearly 4,000 twins were present
not only in the complete sample but also in adjusted within-pair analyses of dizygotic andmonozy-
gotic twin pairs; this finding indicates that well-being was associated with mortality independently
of genetic and shared environmental factors. But observational studies need to be complemented
by other methodologies such as Mendelian randomization and regression discontinuity designs
to strengthen causal inference.

The reverse causality argument is that individuals who are at greater risk of dying have preexist-
ing health problems at the time of happiness assessment. These could contribute to lower levels of
well-being, which may result in a spurious association between well-being and subsequent mortal-
ity. Statistical adjustment for ill-health at the time of the happiness assessment may be insufficient
because such measures often do not take account of the severity of preexisting disease states or
covert health problems. A strategy for addressing this issue is to exclude deaths occurring within
a few years of baseline assessment, the rationale being that people with serious illness at baseline
will not survive beyond a limited period.

The impact of these different factors is illustrated in Table 2, which summarizes the results
of an analysis by Zaninotto and colleagues of sustained subjective well-being on survival (149).
The exposure in this study was the number of reports of higher versus lower enjoyment of life on
three occasions between 2002 and 2006 and mortality up to seven years later. Participants could
report between zero and three instances of higher enjoyment. The HRs for two or three reports
of higher enjoyment were 0.73 and 0.60, respectively, in the model adjusted for age and sex only.
The HRmoved toward 1 following adjustment for sociodemographic factors, baseline health, and
baseline depression, though associations remained significant in the fully adjusted model. The
covariates accounted for about 40% of the relationship between duration of enjoyment of life
and survival. The lower section ofTable 2 indicates that patterns were little changed when deaths
within two years of the last measure of enjoyment were excluded, suggesting that reverse causation
was unlikely to be responsible for the findings.

HAPPINESS AND MORBIDITY

Research on happiness and survival has been complemented by work on the incidence and prog-
nosis of a range of illnesses. Findings relating happiness with incident CHD are somewhat incon-
sistent (13, 37), but a number of studies from the United Kingdom,Canada, and Japan have shown
associations for both hedonic and eudaimonic well-being and CHD incidence that were indepen-
dent of covariates including health behaviors and negative affect (14, 31, 138). Some investigations
have shown no association at all (42, 96), whereas others have observed relationships in simple
analyses but not after covariates have been taken into account (101, 149). There may be varying
associations for different manifestations of CHD. For example, an analysis of the Whitehall II
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Table 2 Enjoyment of life over four years and subsequent mortality (N = 9,365)a,b

Number of reports of high enjoyment of life between 2002 and 2006

None One Two Three
Per 1 report
increase

All-cause mortality: N (%) 400 (31%) 298 (23%) 283 (22%) 329 (25%)
Statistical models
Age, sex (model 1) 1 (ref ) 0.87 (0.73, 1.03) 0.73 (0.62, 0.87) 0.60 (0.51, 0.70) 0.84 (0.80, 0.89)
+ baseline demographic
factorsc (model 2)

1 (ref ) 0.88 (0.74, 1.05) 0.76 (0.64, 0.90) 0.64 (0.55, 0.75) 0.86 (0.82, 0.91)

+ baseline health
indicatorsd (model 3)

1 (ref ) 0.93 (0.78, 1.11) 0.83 (0.70, 0.99) 0.75 (0.64, 0.87) 0.91 (0.86, 0.95)

+ baseline depressione

(model 4)
1 (ref ) 0.89 (0.75, 1.06) 0.76 (0.64, 0.91) 0.63 (0.54, 0.74) 0.86 (0.82, 0.90)

Fully adjusted (model 5) 1 (ref ) 0.93 (0.78, 1.12) 0.83 (0.70, 0.99) 0.76 (0.64, 0.89) 0.91 (0.86, 0.96)
Excluding deaths before 2008
All-cause mortality: N (%) 355 (30%) 279 (24%) 262 (22%) 283 (24%)
Fully adjusted (model 5) 1 (ref ) 0.94 (0.78 to 1.13) 0.84 (0.70 to 1.01) 0.72 (0.61 to 0.86) 0.90 (0.85 to 0.95)

Abbreviation: ref, reference category.
aHazard ratios with 95% confidence intervals.
bResults based on 10 imputed data sets.
cWealth, education, ethnicity, marital status, employment.
dFair/poor self-rated health, limiting long-standing illness, coronary heart disease, cancer, stroke, chronic lung disease, diabetes, arthritis, and impaired
mobility and activities of daily living.
eDepressive illness and current symptoms of depression.

cohort showed stronger effects for angina incidence than for fatal CHD and nonfatal myocardial
infarction, and the latter were not significant after health behaviors and cardiovascular risk factors
had been taken into account (15).

Prospective studies indicate that emotional vitality (a combination of eudaimonic and affec-
tive components), positive affect, and purpose in life have all been associated with reduced risk of
incident stroke independently of covariates, including sociodemographic factors, cardiovascular
disease history, blood pressure, smoking and other health behaviors, and emotional distress (69,
76, 105). Studies of diabetes, cardiometabolic illness in general, and hypertension have also doc-
umented reduced incidence among people with greater well-being, though effects are attenuated
after behaviors such as smoking, physical activity, and alcohol consumption are taken into account
(12, 16, 140). The development of arthritis was inversely associated with eudaimonic well-being
over a 9-year period in the Survey of Health and Retirement in Europe (SHARE), a study involv-
ing participants from 11 countries (100). Studies involving experimental administration of viruses
indicate that greater positive affect predicts reduced vulnerability to the development of upper
respiratory illness independently of relevant covariates (28).

In addition to investigations of chronic disease, research on physical capability and disability
has been carried out. One study of affective well-being (enjoyment of life) showed that inci-
dent impaired activities of daily living (ADLs) over an eight-year period were reduced among
those reporting greater enjoyment independently of sociodemographic factors, baseline health,
mobility impairment, health behavior, and depressive symptoms (127). These findings were
corroborated with objective measures of walking speed because the decrease in walking speed
over years was smaller in people reporting greater well-being at baseline. Purpose in life was also
protective against decline in walking speed over four years in the Health and Retirement Study
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(66). Similarly, an analysis of the Rush Memory and Aging Project found that incident disability
in basic and instrumental ADLs and mobility was reduced among older people who reported
greater purpose in life at baseline, independently of cognitive factors, depressive symptoms, social
networks, frailty, and vascular disease (21).

There is also much interest in whether subjective well-being predicts cognitive decline and
dementia risk among older people. Studies in the United States and Singapore have suggested
that reports of high eudaimonic and affective well-being predict reduced risk of dementia and
mild cognitive impairment after controlling for relevant covariates (20, 115). In contrast, a 12-
year follow-up of the Maastricht Aging Study showed no association between positive affect and
decline in memory, executive function, or processing speed (8). These results are tantalizing, but
more evidence is required before any firm conclusions can be drawn. The situation is further
complicated by indications that cognitive decline in later life leads to reduced happiness and loss
of purpose in life (144), implying that relationships are bidirectional.

Happiness may be relevant not only to the incidence of disease and disability, but also to prog-
nosis. A substantial literature has related depression with poor prognosis for a number of serious
illnesses (3, 5, 89, 106, 109), but evidence for the protective effect of subjective well-being is less
clear. A meta-analysis of studies on a range of conditions, including spinal cord injury, coronary
artery disease, and heart failure, documented a small protective effect of hedonic and eudaimonic
well-being on recovery and survival (77). For example, an analysis of the National Health and
Nutrition Epidemiologic Follow-Up Study found that enjoyment of life was associated with re-
duced all-cause mortality over 10 years among individuals with diabetes after adjusting for age,
ethnicity, self-rated health, and physical activity (94). Nonetheless, prognostic studies are difficult
to interpret in the absence of strong measures of baseline illness severity. Sicker people are more
likely to have a poor prognosis and may also report less happiness, perhaps because they have
more severe symptoms or have more pessimistic communication with health professionals. This
scenario could lead to spurious associations between happiness and prognosis. Such processes are
difficult to evaluate in the absence of detailed evidence of health status and patient perceptions.

PATHWAYS RELATING HAPPINESS WITH HEALTH

Assuming that robust links exist between happiness and health, two pathways have been proposed.
The first is that habitual behavioral practices link the two and that people with greater subjective
well-being have healthy lifestyles that reduce their risk of morbidity and premature mortality. The
second is that biological correlates of happiness can mediate the association with health outcomes.

Behavioral Processes

As will be apparent from earlier sections, associations between happiness and health are frequently
somewhat attenuated when health behaviors are taken into account, implying that these factors
play an important mediating role. But how much evidence is there that favorable health behaviors
are associated with happiness? One might imagine the opposite to be the case and that someone
who eats and drinks to excess and does little exercise is happier than one who austerely maintains
healthful habits.

The behavior that has been studied most extensively in this context is physical activity. The
bidirectional association between physical inactivity and depression has been recognized for many
years, and this literature has now been supplemented by work on subjective well-being. Cross-
sectional analyses using objective indicators of activity (accelerometers) have shown positive asso-
ciations between different indices of well-being and light and moderate/vigorous physical activity
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among older adults (10, 23). The context of physical activity is relevant; a meta-analysis of nearly
100 studies found that mental health was positively associated with leisure time and transport
physical activity but negatively related to occupational activity (142). Longitudinal studies assess-
ing physical activity and subjective well-being over a number of years have shown both that greater
well-being predicts maintained or increased activity over time (6, 67, 123), and that changes in
leisure-time physical activity predict changes in happiness (141). Evidence also shows that phys-
ical activity mediates, in part, the association between positive affect and survival. A study from
Denmark followed 607 patients with CHD over 5 years (57). Positive affect predicted lower all-
cause mortality, as did greater physical activity. Positive affect was also associated with physical
activity, and when activity was entered into the statistical models, the relationship between well-
being and mortality was no longer significant. Similarly, an analysis of the Heart and Soul Study of
patients with stable CHD found that greater positive affect was associated with reduced all-cause
mortality over an average of seven years (56). This relationship remained significant after con-
trolling for cardiac disease severity and depression but was eliminated by accounting for physical
activity.

Links between diet and subjective well-being have also been explored, given longitudinal evi-
dence that poor diets are associated with future depression (81). Intriguing associations between
the consumption of fruit and vegetables and subjective well-being have been reported in both
cross-sectional and longitudinal population studies (11, 95). But a short-term intervention trial of
enhancing fruit and vegetable intake was inconclusive (30).

There has also been work relating low life satisfaction to excessive alcohol consumption, smok-
ing, and failure to use sun protection (49), though the importance of these associations to health
outcomes is unclear. Another facet of health behavior that may be relevant is the use of preventive
care services. An analysis of the Health and Retirement Study demonstrated that greater eudai-
monia (purpose in life) was associated with an increased likelihood of having cholesterol tests,
colonoscopy, mammograms, and Papanicolaou tests (women) and prostate examinations (men)
(68). These associations were independent of age, ethnicity, marital status, education, wealth, in-
surance states, and chronic illness. Greater purpose in life was associated with fewer nights spent
in the hospital as well. These findings point to potentially important ways in which the lifestyle
correlates of subjective well-being may contribute to positive health outcomes.

Happiness and Biological Processes

Early studies relating happiness with biological processes relevant to health often involved college
students and small sample sizes (112). Table 3 summarizes evidence from population and com-
munity samples with at least 100 participants. It does not include experimental studies, within-
person association studies of variations in mood and biology (1, 59, 121), studies of students (43,
126), work with chronic disease patients (9, 22), or reports that presented findings unadjusted for
covariates (117). The most consistent evidence relates affective well-being with cortisol output,
showing lower cortisol levels and steeper salivary decline over the day [a marker of reduced disease
vulnerability (2)] in people reporting greater well-being. Associations have been observed using a
variety of measures of affective well-being, including questionnaires and EMA, and these associa-
tions remain significant after statistical adjustment for covariates, including demographic factors,
depression, and distress. Most studies have been cross-sectional, though one report showed that
positive affect measured with EMA predicted lower cortisol output three years later (132).

Evidence relating happiness with lower inflammation has been less consistent. All three types
of subjective well-being have been evaluated, but associations with C-reactive protein and inter-
leukin 6 (IL-6) have varied across studies, some showing inverse relationships in men and others
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Table 3 Associations between subjective well-being and biomarkers

Biomarker Sample

Subjective
well-being
measure

Association with
well-being Adjustment

Neuroendocrine
Cortisol 216 men and women,

45–59 years (135)
PA (EMA) Output over the day

inversely ∝ PA
Age, sex, SES, BMI, smoking,

time of waking, distress

334 men and women,
18–54 years (110)

PA (daily ratings) Men: steeper decline over
the day ∝ PA

Women: flatter decline over
the day ∝ PA

Age, ethnicity, time of year,
time of waking

4,474men and women,
50–74 years (131)

PA (EMA) Output over the day
inversely ∝ PA

Age, sex, SES, ethnicity, BMI,
waist/hip ratio, smoking,
paid employment, time of
waking, depression

490 men and women,
30–54 years (91)

PA (questionnaire) Steeper decline over the day
∝ PA

Age, sex, race

DHEAS 6,309men and women,
50–90 years (129)

Affective and
eudaimonic
well-being
(questionnaire)

Men: higher level ∝ affective
and eudaimonic well-being

Women: no association

Age, SES, marital status,
smoking, chronic illness,
depression

1,040men and women,
mean 55 years (147)

PA (questionnaire) No association Age, sex, education, smoking,
alcohol, waist/hip ratio,
chronic illness, NA

Inflammation
C-reactive

protein
2,853men and women,

50–74 years (131)
PA (EMA) Women: levels inversely ∝

PA
Men: no association

Age, SES, ethnicity, BMI,
waist/hip ratio, smoking,
paid employment, time of
waking, depression

797 men and women,
mean 51 years (52)

Life satisfaction
rating

Levels inversely ∝ life
satisfaction, but not
significant after adjustment
for depression and anxiety

Age, sex, education, BMI,
anxiety, and depressive
symptoms

6,335men and women,
50–90 years (129)

Affective and
eudaimonic
well-being
(questionnaire)

Men: no association
Women: higher level
inversely ∝ affective and
eudaimonic well-being

Age, SES, marital status,
smoking, chronic illness,
depression

1,946men and women,
18–96 years (58)

PA and life
satisfaction
(questionnaire)

Levels inversely ∝ PA and
life satisfaction after
adjustment for
demographics and
depression, but not health
behaviors. Physical activity
particularly relevant

Age, sex, ethnicity, education,
physical activity, smoking,
alcohol, BMI, depression.

C-reactive protein from
dried blood spots

(Continued)
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Table 3 (Continued)

Biomarker Sample

Subjective
well-being
measure

Association with
well-being Adjustment

IL-6 146 men and women,
30–54 years (111)

PA (questionnaire) Lipopolysaccharide
-stimulated IL-6 inversely
∝ PA

Age, sex, race, BMI, white
blood cell count

2,519men and women,
50–74 years (131)

PA (EMA) Men: no association
Women: levels inversely ∝
PA

Age, SES, ethnicity, BMI,
waist/hip ratio, smoking,
paid employment, time of
waking, depression

135 women,
61–91 years (44)

PA (questionnaire)
Eudaimonic scales
(questionnaire)

Levels inversely ∝ positive
relationships, not any
other scales

Age, education, SES, marital
status, health, medication,
smoking, alcohol,
depression

Cardiovascular
Blood
pressure

162 men and women,
45–59 years (132)

PA (EMA) Ambulatory systolic pressure
measured 3 years later
inversely ∝ PA

Age, sex, SES, paid
employment, BMI,
smoking, medication,
distress

Heart rate 216 men and women,
45–59 years (135)

PA (EMA) Men: ambulatory heart rate
inversely ∝ PA

Women: no association

Age, sex, SES, BMI, smoking,
physical activity, distress

HRV 967 men and women,
34–83 years (124)

PA (questionnaire)
Eudaimonic scales
(questionnaire)

HRV not ∝ well-being in
unadjusted or adjusted
analyses

Age, sex, BMI, smoking,
physical activity, chronic
illness, medication,
menstrual status

Metabolic
HDL
cholesterol

6,381men and women,
50–90 years (129)

Affective and
eudaimonic
well-being
(questionnaire)

Men: no association
Women: higher level ∝
affective and eudaimonic
well-being

Age, SES, marital status,
smoking, chronic illness,
depression

1,017 American and
374 Japanese men
and women, mean
54–55 years (146)

PA (questionnaire) HDL positively ∝ PA in US
but not Japanese sample

Age, sex, education, chronic
illness, medication, NA

Triglycerides 6,386men and women,
50–90 years (129)

Affective and
eudaimonic
well-being
(questionnaire)

Higher level inversely ∝
affective and eudaimonic
well-being

Age, sex, SES, marital status,
smoking, chronic illness,
depression

HbA1c 3,907men and women,
mean 67 years (51)

Purpose in life Greater HbA1c measured
four years later ∝ purpose
in life

Age, sex, education, SES,
marital status, BMI,
physical activity, self-rated
health, disability, baseline
HbA1c, depression

(Continued)
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Table 3 (Continued)

Biomarker Sample

Subjective
well-being
measure

Association with
well-being Adjustment

General
Allostatic

load
45,225 men and

women, mean
45 years (120)

PA (questionnaire) Greater allostatic load
inversely ∝ PA

Age, sex, smoking, physical
activity, alcohol use, NA

898 men and women,
mean 46 years (150)

Purpose in life Greater allostatic load
measured 4 years later
inversely ∝ purpose in life

Age, sex, ethnicity, education,
PA, NA

Abbreviations: BMI, body mass index; DHEAS, dehydroepiandrosterone sulfate; EMA, ecological momentary assessment; HbA1c, glycated hemoglobin;
HDL cholesterol, high-density lipoprotein cholesterol; HRV, heart rate variability; IL, interleukin; NA, negative affect; PA, positive affect; SES,
socioeconomic status (income, wealth, occupational grade); ∝, significant association.

in women. Effects in some studies have become nonsignificant after health behaviors and distress
are included as covariates, indicating confounding. Research on the cardiovascular correlates of
affective well-being has also been inconclusive. There do, however, appear to be associations be-
tween different aspects of subjective well-being and metabolic parameters such as plasma choles-
terol and glycated hemoglobin after controlling for a range of covariates, including adiposity and
distress (51, 129). Additionally, two large-scale analyses of allostatic load, an aggregate measure of
physiological dysfunction across multiple biological systems, have shown inverse associations with
affective and eudaimonic well-being after controlling for age, sex, health behavior, and negative
affect (120, 150). Greater subjective well-being has also been associated with better self-reported
sleep (103).

There is a dearth of longitudinal research relating happiness with biological processes. Many
associations may be bidirectional because inflammatory and neuroendocrine processes have an
impact on subjective states (90). Additionally, few studies have yet established a link between
happiness, biological dysfunction, and health. One exception is a study that investigated associa-
tions between eudaimonic well-being and arthritis incidence over a 10-year period in the English
Longitudinal Study of Ageing (102). Greater well-being predicted reduced incidence of arthritis,
whereas C-reactive protein measured two years later was also associated with increased risk of
arthritis. Mediation analysis indicated that C-reactive protein accounted for a significant propor-
tion of the association between well-being and arthritis incidence.

INTERVENTION STUDIES

Interventions that are potentially relevant to happiness and health are of two types. First are pos-
itive psychology interventions (PPI) that are focused directly on happiness. These include pro-
grams involving mindfulness, counting one’s blessings, focusing on signature strengths, positive
psychotherapy, savoring positive experiences, and other procedures (18, 122). Second are inter-
ventions that impact happiness but not necessarily as the primary outcome and that may have
independent effects on health. Examples include enhancing physical activity or increasing social
activity (40, 97). The issue of whether associations between happiness and health are indepen-
dent of depression and distress is difficult to address in intervention studies because effective PPI
and other interventions are likely to reduce depressive symptoms as well as enhance subjective
well-being.
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No happiness interventions have yet been shown to prevent illness onset or improve prognosis
in people with existing physical illness in a scientifically robust study, but this field is relatively
new. To have an impact on health, interventions likely need to increase happiness over a sustained
period of months or years. To date, many PPI have focused on short-term effects. A meta-analysis
in 2013 of 39 trials in which subjective well-being was monitored up to 6 months following in-
tervention showed small but significant mean differences between individuals randomized to PPI
and comparison conditions (18). Proyer et al. (113) evaluated changes in well-being up to 3.5 years
after online PPI and found sustained effects, but only for individuals who liked the interventions
to which they were assigned and continued to use them; loss to follow-up was more than 70%. In-
terventions have been tested in patients with a range of illnesses, focusing primarily on reducing
psychological distress. An overview of more than 100 trials involving patients with cancer, car-
diovascular disease, and other conditions concluded that mindfulness improved depressive symp-
toms, anxiety symptoms, and self-reported stress compared with control conditions, though with
substantial heterogeneity and risk of publication bias (46). But results have been variable. For
example, a five-session individually delivered intervention with people newly diagnosed as HIV
positive showed no significant impact on the primary positive affect outcome (93). Several studies
of mindfulness for patients with chronic pain have demonstrated favorable effects on distress and
quality of life without reducing reports of pain (7).

The effects on happiness of a range of interventions that are not based on positive psychology
have been examined as well. These include social activity and social support groups, memory
training, exercise classes, and multicomponent programs. A meta-analysis of 44 trials involving
participants aged 65 and older found beneficial effects on quality of life, positive mental health
and life satisfaction, and reduced depressive symptoms, particularly with programs that lasted at
least threemonths (40). Although significant, effects were generally small, and few studies involved
follow-up measures.

It is not yet known whether the effects of either PPI or other interventions on happiness are
large enough to impact physical health outcomes. But some evidence has indicated that happiness
interventions can have an effect on behavioral and biological processes relevant to health. For ex-
ample, a positive affect intervention involving self-affirmation and thinking about the good things
in life led to greater self-reported physical activity at 12-month follow-up among patients who
had undergone percutaneous coronary intervention, compared with patient education (108). A 12-
week Web-based mindfulness intervention stimulated increased physical activity in heart disease
patients, even though there were no significant effects on psychological well-being or physiolog-
ical parameters (148). At 12 months, the physical activity differences were largely maintained, but
there were still no differences from the comparison group in well-being or biology (47).

Several randomized controlled trials have also been conducted on the effects of PPI on inflam-
matory biomarkers. A meta-analysis of 19 trials involving mindfulness-based methods, cognitive-
behavioral therapy, or relaxation reported significant reductions in C-reactive protein concentra-
tion when comparing levels before and after intervention, though differences were not sustained at
follow-up (99). Effects were more marked among individuals who reported psychological distress
at baseline. Results for other inflammatory biomarkers such as IL-6 were not significant. The ef-
fects of mindfulness interventions on cortisol have largely been negative to date (98), though other
forms of meditation appear to lead to short-term reductions in cortisol and various cardiovascular
parameters (107).

Work on interventions targeting happiness is evolving rapidly, and researchers can hope that
larger, more rigorous studies that adhere to good trials practice will emerge in the future. But an
issue of growing concern to many investigators is whether it is appropriate to encourage people
to pursue happiness in order to improve health. There are, of course, many other motives that
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stimulate the search for well-being, but placing a high value on happiness can have detrimental
effects when experience does not match up to expectations (88). Even if happiness is beneficial for
health, it is only one of many influences on disease incidence or prognosis and is almost certainly
less important than other biological and behavioral processes. There is a risk that feelings of guilt
and failure will arise when health deteriorates even in the presence of striving for happiness. A
sense of proportion is needed when judging the benefits of enhancing happiness in the health
context.

CONCLUSIONS

Many questions remain unresolved in this fast-moving field. Fully understanding the bidirec-
tional associations between happiness and health involves the integration of epidemiological
research with clinical, biobehavioral, and experimental work. Research on health outcomes has
been dominated by observational epidemiological studies, and these can never convincingly
establish causality, even when multiple covariates are taken into account. This limitation to
observational studies is particularly relevant for happiness, which is embedded in a matrix of other
health-related phenomena (Figure 1). Firm conclusions would be strengthened by controlled
intervention studies demonstrating that changes in happiness result in changes in health, but such
a program would require longitudinal trials involving robust methods of modifying subjective
well-being over prolonged periods. In the meantime, research on causality has not yet exploited
methods such as instrumental variable approaches, natural experiments, and negative control
studies that might produce more compelling findings than those emerging from observational
work (79). New discoveries, such as the influence of the gut microbiome on brain function and
emotional states, are also likely to be relevant (92). Issues that are not yet settled include, among
others, the extent to which variability in happiness levels needs to be addressed (17) and how best
to disentangle low happiness from negative affective states (78). Interventions in the health arena
depend on devising generalizable and cost-effective methods of inducing sustained improvements
in subjective well-being so that impacts on healthy populations and people with chronic illness
can be assessed. Enhancing the well-being of the population is a laudable societal aim; whether
this translates into improvements in health has yet to be proven.
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22. Brouwers C,Mommersteeg PM,Nykliček I, Pelle AJ,Westerhuis BL, et al. 2013. Positive affect dimen-
sions and their association with inflammatory biomarkers in patients with chronic heart failure. Biol.
Psychol. 92:220–26

23. BumanMP,Hekler EB,HaskellWL,Pruitt L,ConwayTL, et al. 2010.Objective light-intensity physical
activity associations with rated health in older adults. Am. J. Epidemiol. 172:1155–65

24. Carney RM, Freedland KE. 2017. Depression and coronary heart disease.Nat. Rev. Cardiol. 14:145–55
25. Chida Y, Steptoe A. 2008. Positive psychological well-being and mortality: a quantitative review of

prospective observational studies. Psychosom. Med. 70:741–56
26. Clark AE, Flèche S, Layard R, Powdthavee N, Ward G. 2018. The Origins of Happiness: The Science of

Well-Being Over the Life Course. Princeton, NJ: Princeton Univ. Press

www.annualreviews.org • Happiness and Health 353



PU40CH19_Steptoe ARjats.cls February 25, 2019 12:18

27. Cohen R, Bavishi C, Rozanski A. 2016. Purpose in life and its relationship to all-cause mortality and
cardiovascular events: a meta-analysis. Psychosom. Med. 78:122–33

28. Cohen S,Alper CM,DoyleWJ,Treanor JJ,Turner RB. 2006. Positive emotional style predicts resistance
to illness after experimental exposure to rhinovirus or influenza A virus. Psychosom. Med. 68:809–15

29. Collins AL, Glei DA, Goldman N. 2009. The role of life satisfaction and depressive symptoms in all-
cause mortality. Psychol. Aging 24:696–702

30. Conner TS, Brookie KL, Carr AC,Mainvil LA, Vissers MC. 2017. Let them eat fruit! The effect of fruit
and vegetable consumption on psychological well-being in young adults: a randomized controlled trial.
PLOS ONE 12:e0171206

31. Davidson KW, Mostofsky E, Whang W. 2010. Don’t worry, be happy: positive affect and reduced 10-
year incident coronary heart disease: the Canadian Nova Scotia Health Survey.Eur. Heart J. 31:1065–70

32. Davies W. 2015. The Happiness Industry: How the Government and Big Business Sold Us Well-Being. New
York: Verso Books

33. Diener E, Biswas-Diener R. 2008.Happiness: Unlocking the Mysteries of Psychological Wealth.Hoboken,NJ:
Wiley-Blackwell

34. Diener E, Emmons RA, Larsen RJ, Griffin S. 1985. The satisfaction with life scale. J. Personal. Assess.
49:71–75

35. Diener E, Oishi S, Tay S, eds. 2018.Handbook of Well-Being. Salt Lake City, UT: DEF
36. Dolan P. 2014.Happiness by Design: Change What You Do, Not How You Think. London: Penguin Books
37. DuBois CM, Lopez OV, Beale EE, Healy BC, Boehm JK, Huffman JC. 2015. Relationships between

positive psychological constructs and health outcomes in patients with cardiovascular disease: a system-
atic review. Int. J. Cardiol. 195:265–80

38. Ehrenreich B. 2009.Bright-Sided. How the Relentless Promotion of Positive Thinking Has Undermined Amer-
ica. New York: Metropolitan

39. EngbergH, Jeune B, Andersen-Ranberg K,Martinussen T,Vaupel JW,Christensen K. 2013.Optimism
and survival: Does an optimistic outlook predict better survival at advanced ages? A twelve-year follow-
up of Danish nonagenarians. Aging Clin. Exp. Res. 25:517–25

40. Forsman AK, Nordmyr J, Wahlbeck K. 2011. Psychosocial interventions for the promotion of men-
tal health and the prevention of depression among older adults. Health Promot. Int. 26(Suppl. 1):i85–
107

41. Frawley A. 2015. Happiness research: a review of critiques. Sociol. Compass 9:62–77
42. Freak-Poli R, Mirza SS, Franco OH, Ikram MA, Hofman A, Tiemeier H. 2015. Positive affect is not

associated with incidence of cardiovascular disease: a population-based study of older persons. Prev.
Med. 74:14–20

43. Fredrickson BL, Joiner T. 2002. Positive emotions trigger upward spirals toward emotional well-being.
Psychol. Sci. 13:172–75

44. Friedman EM,Hayney M, Love GD, Singer BH, Ryff CD. 2007. Plasma interleukin-6 and soluble IL-6
receptors are associated with psychological well-being in aging women.Health Psychol. 26:305–13

45. Gana K, Broc G, Saada Y, Amieva H, Quintard B. 2016. Subjective wellbeing and longevity: findings
from a 22-year cohort study. J. Psychosom. Res. 85:28–34

46. Gotink RA, Chu P, Busschbach JJ, Benson H, Fricchione GL, Hunink MG. 2015. Standardised
mindfulness-based interventions in healthcare: an overview of systematic reviews and meta-analyses of
RCTs. PLOS ONE 10:e0124344

47. Gotink RA, Younge JO, Wery MF, Utens EMWJ, Michels M, et al. 2017. Online mindfulness as a
promising method to improve exercise capacity in heart disease: 12-month follow-up of a randomized
controlled trial. PLOS ONE 12:e0175923

48. Graham C. 2009. Happiness Around the World: The Paradox of Happy Peasants and Miserable Millionaires.
New York: Oxford Univ. Press

49. Grant N, Wardle J, Steptoe A. 2009. The relationship between life satisfaction and health behavior: a
cross-cultural analysis of young adults. Int. J. Behav. Med. 16:259–68

50. Hackett RA, Steptoe A. 2017.Type 2 diabetes mellitus and psychological stress—amodifiable risk factor.
Nat. Rev. Endocrinol. 13:547–60

354 Steptoe



PU40CH19_Steptoe ARjats.cls February 25, 2019 12:18

51. Hafez D, Heisler M, Choi H, Ankuda CK, Winkelman T, Kullgren JT. 2018. Association between
purpose in life and glucose control among older adults. Ann. Behav. Med. 52:309–18

52. Hamer M, Chida Y. 2011. Life satisfaction and inflammatory biomarkers: the 2008 Scottish Health
Survey. Jap. Psychol. Res. 53:133–39

53. Haukkala A, Konttinen H, Lehto E, Uutela A, Kawachi I, Laatikainen T. 2013. Sense of coherence,
depressive symptoms, cardiovascular diseases, and all-cause mortality. Psychosom. Med. 75:429–35

54. Helliwell J, Layard R, Sachs J. 2018.World Happiness Report 2018. New York: Sustain. Dev. Solut. Netw.
55. Hill PL, Turiano NA. 2014. Purpose in life as a predictor of mortality across adulthood. Psychol. Sci.

25:1482–86
56. Hoen PW,Denollet J, de Jonge P,WhooleyMA. 2013. Positive affect and survival in patients with stable

coronary heart disease: findings from the Heart and Soul Study. J. Clin. Psychiatry 74:716–22
57. HoogwegtMT,Versteeg H,Hansen TB,Thygesen LC, Pedersen SS, Zwisler AD. 2013. Exercise medi-

ates the association between positive affect and 5-year mortality in patients with ischemic heart disease.
Circ. Cardiovasc. Qual. Outcomes 6:559–66

58. Ironson G, Banerjee N, Fitch C, Krause N. 2018. Positive emotional well-being, health behaviors, and
inflammation measured by C-reactive protein. Soc. Sci. Med. 197:235–43

59. Jacobs N,Myin-Germeys I, Derom C, Delespaul P, van Os J, Nicolson NA. 2007. A momentary assess-
ment study of the relationship between affective and adrenocortical stress responses in daily life. Biol.
Psychol. 74:60–66

60. Kahneman D, Deaton A. 2010. High income improves evaluation of life but not emotional well-being.
PNAS 107:16489–93

61. Kahneman D, Krueger AB, Schkade D, Schwarz N, Stone AA. 2006.Would you be happier if you were
richer? A focusing illusion. Science 312:1908–10

62. Kahneman D, Tversky A. 1999. Evaluation by moments: past and future. In Choices, Values and Frames,
ed. D Kahneman, A Tversky, pp. 2–23. New York: Cambridge Univ. Press

63. Kashdan TB, Biswas-Diener R, King LA. 2008. Reconsidering happiness: the costs of distinguishing
between hedonics and eudaimonia. J. Posit. Psychol. 3:219–33

64. Keyes CLM, Simoes EJ. 2012. To flourish or not: positive mental health and all-cause mortality. Am. J.
Public Health 102:2164–72

65. Kim ES, Hagan KA, Grodstein F, DeMeo DL, De Vivo I, Kubzansky LD. 2017. Optimism and cause-
specific mortality: a prospective cohort study. Am. J. Epidemiol. 185:21–29

66. Kim ES, Kawachi I, Chen Y, Kubzansky LD. 2017. Association between purpose in life and objective
measures of physical function in older adults. JAMA Psychiatry 74:1039–45

67. Kim ES, Kubzansky LD, Soo J, Boehm JK. 2017. Maintaining healthy behavior: a prospective study of
psychological well-being and physical activity. Ann. Behav. Med. 51:337–47

68. Kim ES, Strecher VJ, Ryff CD. 2014. Purpose in life and use of preventive health care services. PNAS
111:16331–36

69. Kim ES, Sun JK, Park N, Peterson C. 2013. Purpose in life and reduced incidence of stroke in older
adults: ‘The Health and Retirement Study.’ J. Psychosom. Res. 74:427–32

70. KimmH, Sull JW,Gombojav B, Yi S-W,Ohrr H. 2012. Life satisfaction and mortality in elderly people:
the Kangwha Cohort Study. BMC Public Health 12:54

71. Koivumaa-Honkanen H, Honkanen R, Viinamäki H, Heikkilä K, Kaprio J, Koskenvuo M. 2000. Self-
reported life satisfaction and 20-year mortality in healthy Finnish adults. Am. J. Epidemiol. 152:983–
91

72. Koopmans TA, Geleijnse JM, Zitman FG, Giltay EJ. 2010. Effects of happiness on all-cause mortality
during 15 years of follow-up: The Arnhem Elderly Study. J. Happiness Stud. 11:113–24

73. Krueger AB, Stone AA. 2014. Psychology and economics. Progress in measuring subjective well-being.
Science 346:42–43

74. Kubzansky LD, Thurston RC. 2007. Emotional vitality and incident coronary heart disease: benefits of
healthy psychological functioning. Arch. Gen. Psychiatry 64:1393–401

www.annualreviews.org • Happiness and Health 355



PU40CH19_Steptoe ARjats.cls February 25, 2019 12:18

75. LacruzME,Emeny RT,Baumert J,Ladwig KH.2011.Prospective association between self-reported life
satisfaction and mortality: results from the MONICA/KORA Augsburg S3 survey cohort study. BMC
Public Health 11:579

76. Lambiase MJ, Kubzansky LD, Thurston RC. 2015. Positive psychological health and stroke risk: the
benefits of emotional vitality.Health Psychol. 34:1043–46

77. Lamers SM, Bolier L,Westerhof GJ, Smit F, Bohlmeijer ET. 2012. The impact of emotional well-being
on long-term recovery and survival in physical illness: a meta-analysis. J. Behav. Med. 35:538–47

78. Larsen JT, Hershfield HE, Stastny BJ, Hester N. 2017. On the relationship between positive and nega-
tive affect: their correlation and their co-occurrence. Emotion 17:323–36

79. LawlorDA,TillingK,Davey SmithG.2016.Triangulation in aetiological epidemiology. Int. J.Epidemiol.
45:1866–86

80. Layard R. 2011.Happiness: Lessons from a New Science. London: Penguin. 2nd revis. ed.
81. Le Port A, Gueguen A, Kesse-Guyot E, Melchior M, Lemogne C, et al. 2012. Association between

dietary patterns and depressive symptoms over time: a 10-year follow-up study of the GAZEL cohort.
PLOS ONE 7:e51593

82. Li M,Zhang X-W,HouW-S,Tang Z-Y. 2015. Impact of depression on incident stroke: a meta-analysis.
Int. J. Cardiol. 180:103–10

83. Liu B, Floud S, Pirie K, Green J, Peto R, et al. 2016. Does happiness itself directly affect mortality? The
prospective UK Million Women Study. Lancet 387:874–81

84. Lyubomirsky S. 2010.TheHow of Happiness: ANewApproach to Getting the Life YouWant. London: Piatkus
Books

85. Malouf JM, Schutte NS. 2017. Can psychological interventions increase optimism? A meta-analysis.
J. Posit. Psychol. 12:594–604

86. Martín-María N, Caballero FF, Olaya B, Rodriguez-Artalejo F, Haro JM, et al. 2016. Positive affect is
inversely associated with mortality in individuals without depression. Front. Psychol. 7:1040

87. Martín-MaríaN,MiretM,Caballero FF,Rico-Uribe LA,Steptoe A, et al. 2017.The impact of subjective
well-being onmortality: ameta-analysis of longitudinal studies in the general population.Psychosom.Med.
79:565–75

88. Mauss IB, Tamir M, Anderson CL, Savino NS. 2011. Can seeking happiness make people unhappy?
Paradoxical effects of valuing happiness. Emotion 11:807–15

89. Meijer A,ConradiHJ,Bos EH,AnselminoM,Carney RM,et al. 2013.Adjusted prognostic association of
depression following myocardial infarction with mortality and cardiovascular events: individual patient
data meta-analysis. Br. J. Psychiatry 203:90–102

90. Miller AH, Raison CL. 2016. The role of inflammation in depression: from evolutionary imperative to
modern treatment target.Nat. Rev. Immunol. 16:22–34

91. Miller KG,Wright AGC,Peterson LM,Kamarck TW,Anderson BA, et al. 2016.Trait positive and neg-
ative emotionality differentially associate with diurnal cortisol activity. Psychoneuroendocrinology 68:177–
85

92. Mohajeri MH, La Fata G, Steinert RE, Weber P. 2018. Relationship between the gut microbiome and
brain function.Nutr. Rev. 76:481–96

93. Moskowitz JT, Carrico AW, Duncan LG, Cohn MA, Cheung EO, et al. 2017. Randomized controlled
trial of a positive affect intervention for people newly diagnosed with HIV. J. Consult. Clin. Psychol.
85:409–23

94. Moskowitz JT,Epel ES,AcreeM.2008.Positive affect uniquely predicts lower risk ofmortality in people
with diabetes.Health Psychol. 27:S73–82

95. Mujcic R, Oswald AJ. 2016. Evolution of well-being and happiness after increases in consumption of
fruit and vegetables. Am. J. Public Health 106:1504–10

96. Nabi H, Kivimaki M, De Vogli R, Marmot MG, Singh-Manoux A. 2008. Positive and negative affect
and risk of coronary heart disease: Whitehall II prospective cohort study. BMJ 337:a118

97. Netz Y, Wu MJ, Becker BJ, Tenenbaum G. 2005. Physical activity and psychological well-being in ad-
vanced age: a meta-analysis of intervention studies. Psychol. Aging 20:272–84

356 Steptoe



PU40CH19_Steptoe ARjats.cls February 25, 2019 12:18

98. O’Leary K, O’Neill S, Dockray S. 2016. A systematic review of the effects of mindfulness interventions
on cortisol. J. Health Psychol. 21:2108–21

99. O’Toole MS, Bovbjerg DH, Renna ME, Lekander M, Mennin DS, Zachariae R. 2018. Effects of psy-
chological interventions on systemic levels of inflammatory biomarkers in humans: a systematic review
and meta-analysis. Brain Behav. Immun. https://doi.org/10.1016/j.bbi.2018.04.005

100. Okely JA, Cooper C, Gale CR. 2016. Wellbeing and arthritis incidence: the Survey of Health, Ageing
and Retirement in Europe. Ann. Behav. Med. 50:419–26

101. Okely JA, Gale CR. 2016.Well-being and chronic disease incidence: the English Longitudinal Study of
Ageing. Psychosom. Med. 78:335–44

102. Okely JA, Weiss A, Gale CR. 2017. Well-being and arthritis incidence: the role of inflammatory
mechanisms. Findings from the English Longitudinal Study of Ageing. Psychosom. Med. 79:742–
48

103. Ong AD, Kim S, Young S, Steptoe A. 2017. Positive affect and sleep: a systematic review. Sleep Med. Rev.
35:21–32

104. Ortega FB, Lee DC, Sui X, Kubzansky LD, Ruiz JR, et al. 2010. Psychological well-being, cardiorespi-
ratory fitness, and long-term survival. Am. J. Prev. Med. 39:440–48

105. Ostir GV, Markides KS, Peek MK, Goodwin JS. 2001. The association between emotional well-being
and the incidence of stroke in older adults. Psychosom. Med. 63:210–15

106. Park M, Katon WJ, Wolf FM. 2013. Depression and risk of mortality in individuals with diabetes: a
meta-analysis and systematic review.Gen. Hosp. Psychiatry 35:217–25

107. Pascoe MC, Thompson DR, Ski CF. 2017. Yoga, mindfulness-based stress reduction and stress-related
physiological measures: a meta-analysis. Psychoneuroendocrinology 86:152–68

108. Peterson JC,CharlsonME,Hoffman Z,Wells MT,Wong SC, et al. 2012. A randomized controlled trial
of positive-affect induction to promote physical activity after percutaneous coronary intervention.Arch.
Intern. Med. 172:329–36

109. Pinquart M, Duberstein PR. 2010. Depression and cancer mortality: a meta-analysis. Psychol. Med.
40:1797–810

110. Polk DE, Cohen S, Doyle WJ, Skoner DP, Kirschbaum C. 2005. State and trait affect as predictors of
salivary cortisol in healthy adults. Psychoneuroendocrinology 30:261–72

111. Prather AA,Marsland AL,Muldoon MF,Manuck SB. 2007. Positive affective style covaries with stimu-
lated IL-6 and IL-10 production in a middle-aged community sample. Brain Behav. Immun. 21:1033–37

112. Pressman SD, Cohen S. 2005. Does positive affect influence health? Psychol. Bull. 131:925–71
113. Proyer RT, Wellenzohn S, Gander F, Ruch W. 2015. Toward a better understanding of what makes

positive psychology interventions work: predicting happiness and depression from the person × inter-
vention fit in a follow-up after 3.5 years. Appl. Psychol. Health Well Being 7:108–28

114. Rasmussen HN, Scheier MF, Greenhouse JB. 2009. Optimism and physical health: a meta-analytic re-
view. Ann. Behav. Med. 37:239–56

115. Rawtaer I, Gao Q, Nyunt MS, Feng L, Chong MS, et al. 2017. Psychosocial risk and protective factors
and incident mild cognitive impairment and dementia in community dwelling elderly: findings from the
Singapore Longitudinal Ageing Study. J. Alzheimers Dis. 57:603–11

116. Ryan RM, Deci EL. 2001. On happiness and human potentials: a review of research on hedonic and
eudaimonic well-being. Annu. Rev. Psychol. 52:141–66

117. Ryff CD,Dienberg Love G, Urry HL,Muller D, Rosenkranz MA, et al. 2006. Psychological well-being
and ill-being: Do they have distinct or mirrored biological correlates? Psychother. Psychosom. 75:85–95

118. Ryff CD, Keyes CL. 1995. The structure of psychological well-being revisited. J. Personal. Soc. Psychol.
69:719–27

119. Sadler ME, Miller CJ, Christensen K, McGue M. 2011. Subjective wellbeing and longevity: a co-twin
control study. Twin Res. Hum. Genet. 14:249–56

120. SchenkHM, Jeronimus BF, van der Krieke L,Bos EH,de Jonge P,Rosmalen JGM.2018.Associations of
positive affect and negative affect with allostatic load: a Lifelines Cohort Study.Psychosom.Med. 80:160–6

www.annualreviews.org • Happiness and Health 357

https://doi.org/10.1016/j.bbi.2018.04.005


PU40CH19_Steptoe ARjats.cls February 25, 2019 12:18

121. Schwartz JE, Warren K, Pickering TG. 1994. Mood, location and physical position as predictors of
ambulatory blood pressure and heart rate: application of a multi-level random effects model.Ann. Behav.
Med. 16:210–20

122. Sin NL, Lyubomirsky S. 2009. Enhancing well-being and alleviating depressive symptoms with positive
psychology interventions: a practice-friendly meta-analysis. J. Clin. Psychol. Sess. 65:467–87

123. Sin NL, Moskowitz JT, Whooley MA. 2015. Positive affect and health behaviors across 5 years in pa-
tients with coronary heart disease: The Heart and Soul Study. Psychosom. Med. 77:1058–66

124. Sloan RP, Schwarz E, McKinley PS, Weinstein M, Love G, et al. 2017. Vagally-mediated heart rate
variability and indices of well-being: results of a nationally representative study. Health Psychol. 36:73–
81

125. St John PD, Mackenzie C, Menec V. 2015. Does life satisfaction predict five-year mortality in
community-living older adults? Aging Ment. Health 19:363–70

126. Stellar JE, John-HendersonN,AndersonCL,GordonAM,McNeilGD,KeltnerD.2015.Positive affect
and markers of inflammation: discrete positive emotions predict lower levels of inflammatory cytokines.
Emotion 15:129–33

127. Steptoe A, de Oliveira C, Demakakos P, Zaninotto P. 2014. Enjoyment of life and declining physical
function at older ages: a longitudinal cohort study. CMAJ 186:E150–56

128. Steptoe A, Deaton A, Stone AA. 2015. Subjective wellbeing, health, and ageing. Lancet 385:640–48
129. Steptoe A, Demakakos P, De Oliveira C, Wardle J. 2012. Distinctive biological correlates of positive

psychological well-being in older men and women. Psychosom. Med. 74:501–8
130. Steptoe A, Lassale C. 2018. Happiness at older ages. See Ref. 26, pp. 129–49
131. Steptoe A, O’Donnell K, Badrick E, Kumari M,Marmot MG. 2008.Neuroendocrine and inflammatory

factors associated with positive affect in healthy men and women: Whitehall II study. Am. J. Epidemiol.
167:96–102

132. Steptoe A, Wardle J. 2005. Positive affect and biological function in everyday life. Neurobiol. Aging
26(Suppl. 1):108–12

133. Steptoe A,Wardle J. 2011. Positive affect measured using ecological momentary assessment and survival
in older men and women. PNAS 108:18244–48

134. Steptoe A,Wardle J. 2012. Enjoying life and living longer. Arch. Intern. Med. 172:273–75
135. Steptoe A,Wardle J,MarmotM. 2005.Positive affect and health-related neuroendocrine, cardiovascular,

and inflammatory processes. PNAS 102:6508–12
136. Stiglitz J. 2009. Report by the Commission on the Measurement of Economic Performance and Social Progress.

Rep., Stiglitz-Sen-Fitoussi Comm., Paris. http://ec.europa.eu/eurostat/documents/118025/118123/
Fitoussi+Commission+report

137. Stone AA, Mackie C, eds. 2013. Subjective Well-Being: Measuring Happiness, Suffering, and Other Dimen-
sions of Experience. Washington, DC: Natl. Acad. Press

138. Surtees PG, Wainwright NW, Luben R, Wareham NJ, Bingham SA, Khaw KT. 2010. Mastery is as-
sociated with cardiovascular disease mortality in men and women at apparently low risk.Health Psychol.
29:412–20

139. Tilvis RS, Laitala V, Routasalo P, Strandberg TE, Pitkala KH. 2012. Positive life orientation predicts
good survival prognosis in old age. Arch. Gerontol. Geriatr. 55:133–37

140. Trudel-Fitzgerald C, Boehm JK, Kivimaki M, Kubzansky LD. 2014. Taking the tension out of hyper-
tension: a prospective study of psychological well being and hypertension. J. Hypertens. 32:1222–28

141. Wang F, Orpana HM, Morrison H, de Groh M, Dai S, Luo W. 2012. Long-term association between
leisure-time physical activity and changes in happiness: analysis of the Prospective National Population
Health Survey. Am. J. Epidemiol. 176:1095–100

142. White RL,BabicMJ,Parker PD,LubansDR,Astell-Burt T,LonsdaleC.2017.Domain-specific physical
activity and mental health: a meta-analysis. Am. J. Prev. Med. 52:653–66

143. Wiest M, Schüz B,Webster N,Wurm S. 2011. Subjective well-being and mortality revisited: differential
effects of cognitive and emotional facets of well-being on mortality.Health Psychol. 30:728–35

144. Wilson RS, Boyle PA, Segawa E, Yu L, Begeny CT, et al. 2013. The influence of cognitive decline on
well-being in old age. Psychol. Aging 28:304–13

358 Steptoe

http://ec.europa.eu/eurostat/documents/118025/118123/Fitoussi+Commission+report


PU40CH19_Steptoe ARjats.cls February 25, 2019 12:18

145. Xu J, Roberts RE. 2010. The power of positive emotions: It’s a matter of life or death—subjective well-
being and longevity over 28 years in a general population.Health Psychol. 29:9–19

146. Yoo J,Miyamoto Y, Rigotti A, Ryff CD. 2017. Linking positive affect to blood lipids: a cultural perspec-
tive. Psychol. Sci. 28:1468–77

147. Yoo J, Miyamoto Y, Ryff CD. 2016. Positive affect, social connectedness, and healthy biomarkers in
Japan and the U.S. Emotion 16:1137–46

148. Younge JO, Wery MF, Gotink RA, Utens EM, Michels M, et al. 2015. Web-based mindfulness inter-
vention in heart disease: a randomized controlled trial. PLOS ONE 10:e0143843

149. Zaninotto P,Wardle J, Steptoe A. 2016. Sustained enjoyment of life and mortality at older ages: analysis
of the English Longitudinal Study of Ageing. BMJ 355:i6267

150. Zilioli S, Slatcher RB, Ong AD, Gruenewald TL. 2015. Purpose in life predicts allostatic load ten years
later. J. Psychosom. Res. 79:451–57

www.annualreviews.org • Happiness and Health 359


