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Empirical evidence suggests that there are marked associations between positive
psychological states and health outcomes, including reduced cardiovascular disease risk and
increased resistance to infection. These observations have stimulated the investigation of
behavioral and biological processes that might mediate protective effects. Evidence linking
positive affect with health behaviors has been mixed, though recent cross-cultural research
has documented associations with exercising regularly, not smoking, and prudent diet. At
the biological level, cortisol output has been consistently shown to be lower among
individuals reporting positive affect, and favorable associations with heart rate, blood
pressure, and inflammatory markers such as interleukin-6 have also been described.
Importantly, these relationships are independent of negative affect and depressed mood,
suggesting that positive affect may have distinctive biological correlates that can benefit
health. At the same time, positive affect is associated with protective psychosocial factors
such as greater social connectedness, perceived social support, optimism, and preference for
adaptive coping responses. Positive affect may be part of a broader profile of psychosocial
resilience that reduces risk of adverse physical health outcomes.

There is growing evidence that positive psychological well-being is associated with reduced
risk of physical illness and prolonged survival. In one sense this is not surprising, because
serious illness frequently leads to deterioration in mood or sense of vitality. The intriguing
issue is whether psychological well-being protects against future illness or inhibits the
progression of chronic disease. Central to this research is the question of whether positive
psychological factors simply reflect the absence of depression, anxiety, and other negative
states or contribute independently to health outcomes. Depression, stress, and anxiety are
known to be associated with health impairment and increased risk for a variety of physical
illnesses (Steptoe, 2006b), but there is growing evidence that the effects of positive affect
may be present even after depression and anxiety are taken into account.

The first aim of this article is to outline the evidence that positive affect and other positive
dispositions predict future health. A variety of different terms have been used to describe
positive states and traits in the literature, including happiness, positive affective style, and
emotional vitality (Lyubomirsky, King, & Diener, 2005). These are in turn related to traits
such as hopefulness, cheerfulness, and life satisfaction. Although there may be important
distinctions between these characteristics in terms of their duration and developmental
antecedents, in practice there is considerable overlap between the constructs (Kashdan,
Biswas-Diener, & King, 2008), and their associations with health outcomes are closely
correlated. The present article therefore addresses a broad range of positive affective states
and dispositions. Second, we address the behavioral and biological pathways through which
such effects may be mediated, highlighting recent research carried out by our group. We
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have placed particular emphasis on assessments of positive affect made using ecological
momentary assessment (EMA) techniques, because these relate to everyday life experiences
that may be particularly relevant to concepts of resilience in ordinary life. Third, we position
this research in the broader context of protective psychosocial factors that have been
identified as relevant to physical health outcomes. We conclude by addressing the question
of whether positive affect is likely to make an independent contribution to disease
prevention or whether it is a summary indicator of other protective and resilience factors
such social connectedness, social support, adaptive coping and high-esteem

POSITIVE AFFECT AND PHYSICAL HEALTH
The research literature relating positive affect and psychological well-being with physical
health is growing (Howell, Kern, & Lyubomirsky, 2007; Pressman & Cohen, 2005;
Veenhoven, 2008). The strongest research design definitively to establish causality is the
experimental study, in which participants are assigned at random to different levels of
positive affect and tracked for health outcomes. In its pure form, such a design is rarely
feasible or ethical, but a small number of quasi-experimental studies have been conducted.
Notably, S. Cohen, Doyle, Turner, Alper, and Skoner (2003) and S. Cohen, Alper, Doyle,
Treanor, and Turner (2006) have used experimental exposure to infectious organisms such
as rhinovirus (common cold) and influenza virus and analyzed responses to the virus in
relation to emotional state. In these studies, volunteers were administered standard doses of
virus and monitored in quarantine for the development of objective illness. Participants with
a more positive emotional style (those whose affect remained very positive over several
days) had reduced risk of developing upper respiratory illness (S. Cohen et al., 2006).
Interestingly, these effects were independent of optimism, extraversion, self-esteem, and
purpose in life, suggesting a rather specific association between positive affect and health
outcome.

The strongest population-based research design for studying factors predicting the
development of physical illness is the prospective epidemiological cohort study. This
involves recruiting a large sample of initially healthy individuals, assessing positive well-
being (along with traditional risk factors for disease), then tracking the cohort over several
years. The relationship between positive psychological factors and future illness can then be
investigated. Central to such design is as complete a census of participants as possible,
because loss to follow-up may distort the results, as well as adequate assessment of potential
confounders. For example, positive well-being could be associated with higher
socioeconomic status (SES) or cigarette smoking, both of which contribute to health risk.

Kubzansky and Thurston’s (2007) recent study of emotional vitality and coronary heart
disease (CHD) illustrates this method. A cohort of 6,025 men and women aged 25–75 years
who were free of CHD at baseline were followed for an average 15 years. Over this period,
1,141 developed CHD. A measure of “emotional vitality,” an amalgam of vitality (sense of
energy and pep), positive well-being (happiness and life satisfaction), and emotional self-
control (feeling emotionally stable and secure), was derived from the General Well-Being
Schedule (Fazio, 1977). Participants with greater emotional vitality were at markedly
reduced risk for CHD, and this effect remained significant after accounting statistically for
age, gender, ethnicity, marital status, educational attainment, blood pressure, cholesterol,
body mass index (BMI), smoking, alcohol use, physical activity level, diabetes,
hypertension, and psychological illness. All three components of the emotional vitality
construct appeared to contribute to the health outcomes in this study. In the model adjusting
for risk factors, the relative risk of CHD in the highest compared with lowest tertile of
emotional vitality was .74 (95% confidence intervals [C.I.] .64 to .85), indicating a 26%
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reduction in relative risk. To put this into perspective, the relative risk was increased by 33%
in the lowest compared with the highest physical activity category.

Chida and Steptoe (2008) recently conducted a meta-analysis of prospective studies relating
psychological well-being with mortality. Twenty-six studies of initially healthy populations
and 28 studies targeting people with an established illnesses such as HIV/Aids were
identified. Follow-up periods ranged between 2 and 44 years in the healthy population
studies and 1–20 years in studies of people with established illness. Positive affect and
positive traits such as optimism and hopefulness were associated with reduced mortality,
with stronger effects in healthy population (adjusted hazard ratio .82, 95% C.I. .76 to .89, p
< .001), than in those with existing illnesses (hazard ratio .98, C.I. .95 to 1.00, p = .03).
Effects persisted when negative affect was controlled and were as strong in studies that were
higher quality in terms of measurement of covariates and outcome ascertainment. However
there were indications of publication bias, implying that studies finding a positive
association were more likely to be published than those that did not. Nevertheless, the “fail-
safe” statistics were high and indicated that there would have to be 2,444 studies of healthy
populations and 1,397 studies of ill populations that were nonsignificant and unpublished to
be added to the meta-analyses to reduce the overall effects to nonsignificance. The evidence
to date, therefore, suggests that there are important associations between positive affect and
health outcomes.

Mediating Processes
A central issue is understanding what mediates the effects of positive affect on health. There
are at least four possibilities. The first is a common genetic substrate. Positive affect is
moderately heritable (Nes, Roysamb, Reichborn-Kjennerud, Harris, & Tambs, 2007), and
genetic factors also contribute to risk of common diseases such as CHD and type 2 diabetes.
Theoretically, there might be genetic factors common to positive affect and health risk. Such
genetic associations could be functional, reflecting, for example, the role of central
neurotransmitters both in mood regulation and physiological dysfunction, or might be due to
coaggregation of alleles. As far as we are aware, there is no direct evidence for such a
pathway at present. The second possibility is that lifestyle factors are responsible, with
happy individuals having more favorable health habits and making healthier behavioral
choices than less happy people. Numerous lifestyle factors, including smoking, alcohol
consumption, regular physical exercise, dietary choice, and sexual risk behavior are
potentially associated with positive affect. The third possible pathway is through
psychobiological activation and variation in neuroendocrine, autonomic, immune, and
inflammatory pathways. Finally, positive affect may be a marker of a broader set of
psychosocial factors that are independently related to health, including social support,
effective coping, optimism, and self-esteem.

PSYCHOLOGICAL WELL-BEING AND HEALTH BEHAVIORS
Associations between positive affect and healthy behavior choices are quite mixed.
Although relationships between positive affect or more enduring traits such as life
satisfaction and physical activity, smoking, and alcohol consumption have been documented
(Dear, Henderson, & Korten, 2002; Patterson, Lerman, Kaufmann, Neuner, & Audrain-
McGovern, 2004; Schnohr, Kristensen, Prescott, & Scharling, 2005), results have been
inconsistent (Diener & Seligman, 2002; Murphy, McDevitt-Murphy, & Barnett, 2005). Even
less is known about associations between well-being and other health behaviors such as
dietary choice. We therefore recently carried out a study of the relationship between life
satisfaction and seven health behaviors using data collected from more than 17,000 young
adults in 21 countries (Grant, Wardle, & Steptoe, 2009). A subsidiary aim was to test the
consistency of the association across cultures, because most research has been carried out in
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Western societies. The 21 countries in this study were therefore divided into three
categories: Western Europe and the United States (Belgium, England, France, Germany,
Greece, Iceland, Ireland, Italy, Netherlands, Portugal, Spain, and the United States), Central
and Eastern Europe (Bulgaria, Hungary, Poland, Romania, and Slovakia), and Pacific Asian
countries (Japan, Korea, Taiwan, and Thailand).

Results for four health behaviors are summarized in Figure 1. The sample was divided into
people who said they were very satisfied with their lives, moderately satisfied, neutral, or
dissatisfied. Greater life satisfaction was consistently associated with being less likely to
smoke and more likely to take regular exercise in all three regions of the world. These
patterns were confirmed by more formal statistical analyses that controlled for age, gender,
and clustering within countries. Effects were less consistent for daily fruit consumption,
being positive in some regions of the world but not in others.

Bidirectional processes are probably involved in many of these relationships. For example,
intervention studies have shown that increased physical activity has beneficial effects on
mood, whereas depressed people are typically sedentary but show increases in physical
activity as their depression lifts (Steptoe, 2006a). The evidence is therefore consistent with
the notion that lifestyle factors might partly mediate associations between positive
psychological state and health outcomes. However, it is striking that several of the studies of
positive affect and mortality alluded to earlier in this article controlled statistically for health
behaviors such as smoking and physical activity without compromising the effects of
positive affect from the model (e.g., Chida & Steptoe, 2008; Giltay, Kamphuis, Kalmijn,
Zitman, & Kromhout, 2006; Kubzansky & Thurston, 2007; Ostir, Markides, Black, &
Goodwin, 2000). Consequently, it is worth exploring whether more direct psychobiological
pathways are involved.

BIOLOGICAL CORRELATES OF POSITIVE AFFECT
Three distinct research methodologies can be used to examine the biological correlates of
positive affect, and each has strengths and limitations. The epidemiological or population
approach involves measuring biological functioning in large samples, allowing statistically
sophisticated adjustment for covariates and the possibility of tracking objective disease
endpoints. More fine-grained analyses of between- and within-person associations between
biology and positive affect are possible using naturalistic monitoring with methods such as
salivary cortisol sampling. The third technique is psychophysiological stress testing, in
which the influence of individual differences in positive affect on biological responses can
be examined under highly controlled conditions. All these methods have contributed to
understanding the nature of the biological correlates of positive affect.

A related issue is how positive affect is measured. Many studies have used questionnaire
measures such as the Positive and Negative Affect Schedule (PANAS; Watson, Clark, &
Tellegen, 1988), the General Well-Being Schedule, or a life satisfaction scale, asking
participants how they generally feel or have felt over a specific time period such as 1 week.
These methods have been criticized for recall bias, the influence of current mood states, and
focusing illusions (Kahneman & Krueger, 2006; Shiffman, Stone, & Hufford, 2008). They
also may miss important variables in affective state in everyday life. A second technique
used in this field is ecological momentary assessment (EMA), with periodic measures of
affective states within or between days. There are other variations, such as the repeated
administration of questionnaire measures on several days (S. Cohen et al., 2006) or the
newly developed Day Reconstruction Method (Kahneman, Krueger, Schkade, Schwarz, &
Stone, 2004; Krueger & Stone, 2008). There is now evidence that the strength of
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associations between positive affect and biology may vary across methods and that EMA is
particularly sensitive to biological correlates.

Cortisol Profiles
Cortisol is a well-established stress hormone, so relationships with affective state have been
studied for many years (Biondi & Picardi, 1999). Cortisol is involved in a range of chronic
diseases, including type 2 diabetes, hypertension, CHD, depression, and autoimmune
conditions (McEwen, 2007; Raison & Miller, 2003). The introduction of salivary cortisol
sampling has greatly facilitated investigations of cortisol profiles in everyday life. But
interpreting findings that positive well-being is associated with cortisol profiles over the day
is complicated by differences in the phase of cortisol profile that is examined. There is
marked diurnal variation in cortisol, with high levels early in the day declining into the
afternoon and evening. The day begins with the cortisol awakening response (CAR), the
change in levels (typically an increase) that takes place over the first 30–45 min following
waking in the morning. Its magnitude has been related to stress processes (Steptoe, 2007). It
is followed by a fall over the rest of the day, and both the rate of decline, or slope, and the
overall output appear to be significant. The CAR and cortisol output over the rest of the day
appear to be regulated differently, with distinctive genetic influences, and are poorly
intercorrelated (Schmidt-Reinwald et al., 1999; Wust, Federenko, Hellhammer, &
Kirschbaum, 2000). They may therefore show different associations with positive affect.

There have been two approaches to investigating positive affect and cortisol. The first is to
test within-person associations, or whether there are relationships between the periods of the
day during which people feel happy and their cortisol levels. Studies of this type involve
repeated assessment of mood and serial cortisol sampling, with analysis using multilevel
models. A number of studies of this type have shown that cortisol tends to be lower when
people have greater positive affect (Davydov, Shapiro, Goldstein, & Chicz-DeMet, 2005;
Hoppmann & Klumb, 2006; Jacobs et al., 2007; Smyth et al., 1998). However, evidence
regarding the extent to which associations between cortisol and positive affect are
independent of negative affect has been inconsistent (Hoppmann & Klumb, 2006; Jacobs et
al., 2007; van Eck, Berkhof, Nicolson, & Sulon, 1996).

The second approach, which is more relevant to the health outcomes being discussed here, is
whether happier individuals or people with greater trait positive affect differ in their cortisol
profile from others. Most studies have shown lower cortisol in people with higher levels of
positive affect, but there are variations depending on the time of the day, age, and the
method of measuring positive affect. In our studies, we have typically used EMA to measure
positive affect, aggregating ratings over several times of day or over several days to generate
an estimate of general positive affect. In our first study of just over 200 middle-aged
working men and women, we found an inverse association between positive affect and
cortisol output over the day that was independent of gender, age, grade of employment (a
marker of SES), BMI, and smoking (Steptoe, Wardle, & Marmot, 2005). Effects were
obtained both on working and nonworking days and persisted in a repeated assessment of
the same individuals after 3 years (Steptoe & Wardle, 2005). Effects were also independent
of psychological distress, suggesting protective responses that were not simply due to the
absence of negative affect.

We have recently replicated these findings in a large sample involving 2,873 healthy men
and women aged 60 years on average (Steptoe, O’Donnell, Badrick, Kumari, & Marmot,
2008). Cortisol declined as expected over the day, and output levels were again inversely
associated with positive affect. Mean values averaged 5.52 ± 2.7 nmol/l in the lowest
happiness third, 5.56 ± 2.5 nmol/l in the moderate happiness third, and 5.16 ± 2.4 nmol/l in
the happiest third of the sample after adjustment for age, gender, income, ethnicity, BMI,
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waist/hip ratio, smoking status, employment status, and time of waking. Additional control
for depression did not markedly alter these results.

In the only other large-scale study published to date, Polk, Cohen, Doyle, Skoner, and
Kirschbaum (2005) assessed trait positive affect in 334 adults by aggregating mood
measurements taken over 7 days. This study yielded slightly different findings from ours,
with high positive affect in men being associated with steeper cortisol slopes, whereas the
cortisol differences in women tended to be greater early in the day. We do not know what
accounts for these variations, but they may be related to the fact that participants were kept
in a hotel over the study period instead of going about their normal lives.

Our work with middle-aged and older adults has not found associations between positive
affect and the CAR. But Lai et al. (2005) showed that positive affect was associated with
reduced cortisol on waking and throughout the day in a sample of young Chinese adults. In a
study of young men, we also found that the CAR was heightened in those experiencing
lower positive affect, independently of negative affect (Steptoe, Gibson, Hamer, & Wardle,
2007). This is illustrated in Figure 2, with cortisol values adjusted for age, BMI, time of
waking in the morning, and negative affect. Participants who were either low and high in
positive affect showed the typical CAR, with values peaking at 30 min after waking up. But
the increase in cortisol was greater in the low positive affect group. Even 1 hr after waking,
cortisol remained elevated in the low positive affect group, whereas it had fallen to waking
levels in participants reporting high positive affect. Interestingly, we observed stronger
associations between cortisol and positive affect measured with EMA than with PANAS
assessments of how participants had been feeling over the past week.

Cardiovascular Function
Associations between positive affect and cardiovascular function can be studied both in the
psychophysiological laboratory and in everyday life, thanks to the development of
ambulatory blood pressure and Holter monitors. Studies of cardiovascular function are
complicated by the fact that positive affect may be accompanied by physical activation.
Physical activity itself increases heart rate and blood pressure, and this may be the
explanation of why happy moods in everyday life have been associated with slightly greater
blood pressure than neutral moods in within-person studies (Schwartz, Warren, & Pickering,
1994). Similarly, experimental studies have shown that the positive affect engendered by
interpersonal interaction stimulated heightened cardiovascular reactivity (Warner &
Strowman, 1995), whereas, in other studies, positive affect has been related to increased
cardiovascular responses because of greater engagement with challenge (Maier, Waldstein,
& Synowski, 2003).

In our first study of middle-aged adults, we measured blood pressure and heart rate every 20
min over a working day and evening using ambulatory blood pressure monitors. In men but
not women, we found a significant association between positive well-being and heart rate;
the higher the aggregate level of positive affect, the lower the heart rate over the day
(Steptoe et al., 2005). This association held after adjustment for physical activity, BMI, and
other factors that influence heart rate. Three years after the original ambulatory monitoring
phase, we collected the same measures on around 75% of the original sample (Steptoe &
Wardle, 2005). The association between heart rate and positive affect in men was replicated,
but, in addition, systolic blood pressure was inversely associated with positive affect after
controlling for age, gender, SES, smoking, and BMI.

Another interesting study of older adults (mean age 74 years) involved daily measurement of
blood pressure and positive and negative affect over 60 days (Ong & Allaire, 2005). The
results of multilevel modeling showed that, at the within-person level, daily positive well-
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being was associated with reduced cardiovascular reactivity to negative emotional arousal.
Further, feelings of positive well-being reduced the cardiovascular activation that followed
episodes of negative emotion, even after controlling for individual differences in mood
states. Rapid recovery, indexed either by heart rate variability or cortisol, from a stressful
experience has been conceptualized as an adaptive response built upon high levels of
positive affect and traits associated with positive affect such as benefit finding (Bower, Low,
Moskowitz, Sepah, & Epel, 2008).

An additional cardiovascular measure that provides important information about autonomic
regulation and health is heart rate variability. Heart rate variability is the short-term variation
in beat-to-beat interval and is controlled through the interplay between the sympathetic
nervous system (which increases heart rate) and the parasympathetic or vagal system (which
stimulates reduced heart rate). There is growing evidence that higher levels of
parasympathetic control are healthier, not only for the cardiovascular system, but also for
mood, stress regulation, and cognitive function (Rottenberg, 2007; Thayer & Sternberg,
2006). Our group recently carried out 24-hr monitoring of heart rate variability in a group of
patients with suspected coronary artery disease (Bhattacharyya, Whitehead, Rakhit, &
Steptoe, 2008). Positive affect was assessed retrospectively using the Day Reconstruction
Method, which guides individuals to systematically reconstruct their activities and
experiences of the preceding day with procedures designed to reduce recall biases. We
found that greater positive affect over the monitoring period was associated with a healthier
profile of heart rate variability assessed using power spectrum analysis. This is illustrated in
Figure 3, which shows power in the high frequency component (0.15–0.4 Hz) of the
spectrum, which is linked with parasympathetic activity. It can be seen that high frequency
heart rate variability increased from the daytime to nighttime, as sympathetic nervous
system withdrawal during sleep led to a dominance of parasympathetic tone. Throughout the
monitoring period, participants with higher positive affect had greater high frequency heart
rate variability, and this difference remained significant after controlling for age, gender,
cardiovascular disease status, and the use of medication. Ongoing studies are now
investigating whether similar relationships hold among healthy individuals.

There is also accumulating evidence from laboratory studies that cardiovascular reactivity to
challenge varies with levels of positive affect. A series of studies by Tugade and Fredrickson
(2004) examined the contribution of positive well-being to cardiovascular recovery from
negative emotion arousal states, including a deliberate manipulation of the degree of positive
affect engendered by negative circumstances. The results suggest that positive well-being
contributes to an accelerated cardiovascular recovery profile after the experience of negative
emotions.

This finding is consistent with our study of the relationship between positive well-being and
cardiovascular responses to laboratory mental stress tests in young men (Steptoe, Gibson, et
al., 2007). Positive affect was measured both by questionnaire and by aggregating EMA
assessments over 2 days. Blood pressure recovery following standard laboratory stress
challenges was more rapid among people with higher levels of positive affect, with stronger
associations emerging for aggregate EMA assessments than questionnaire measures of well-
being. Differences in poststress recovery may be important because they could be indicative
of chronic allostatic load (McEwen, 1998). Delayed recovery has been found to predict
increased levels of clinical blood pressure prospectively and are related to impaired
hemostatic (clotting) processes and to subclinical atherosclerosis (Steptoe, Donald,
O’Donnell, Marmot, & Deanfield, 2006; Steptoe & Marmot, 2006).
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Inflammatory Processes
The immune system is an important line of defense against infection and other external
threats to the organism, and inflammatory processes are increasingly recognized as central to
the development of chronic diseases such as CHD (Steptoe & Brydon, 2007). The
relationship between immune function and positive affect has recently been reviewed by
Marsland, Pressman, and Cohen (2007). Positive affect is associated with increased cellular
immune competence assessed in terms of natural killer cell cytotoxicity independently of
negative affect (Lutgendorf et al., 2001; Valdimarsdottir & Bovbjerg, 1997). More recently,
Marsland, Cohen, Rabin, and Manuck (2006) measured antibody responses following
vaccination for hepatitis B. Greater antibody responses indicate more effective immune
function in this model, and trait positive affect was associated with heightened antibody
responses independently of age, gender, health behavior, and negative affect.

Inflammatory pathways have not been extensively studied to date, but are potentially
important to understanding the relationship between positive affect and chronic disease. We
have recently investigated associations with interleukin 6 (IL-6), C-reactive protein, and
plasma fibrinogen. IL-6 is a cytokine that is relatively abundant in the circulation and is
crucial for leukocyte and endothelial cell activation. High levels of circulating IL-6 predict
future CHD and type 2 diabetes and are related to obesity, depression, and frailty in older
adults (Papanicolaou, Wilder, Manolagas, & Chrousos, 1998). IL-6 also promotes the
production of the acute phase protein C-reactive protein. C-reactive protein is a marker of
cardiovascular disease risk and is related to the metabolic syndrome and future CHD,
although there is controversy over whether its role is functional (Nilsson, 2005). IL-6 and C-
reactive protein are related to psychosocial factors such as chronic stress, social isolation,
and childhood adversity (Danese, Pariante, Caspi, Taylor, & Poulton, 2007; Kiecolt-Glaser
et al., 2003; Loucks, Berkman, Gruenewald, & Seeman, 2006; Ranjit et al., 2007). IL-6 also
increases in response to acute stress, although changes may take several hours to emerge
(Steptoe, Hamer, & Chida, 2007). In our study of nearly 3,000 healthy middle-aged adults,
we observed inverse associations between positive affect and both plasma IL-6 and C-
reactive protein concentration, but only in women (Steptoe, Gibson, et al., 2008). These
effects were independent of covariates such as age, ethnicity, SES, BMI, smoking, and
depressed mood. We do not know why effects were only present in women, although we
have previously found that women showed larger IL-6 responses to acute stress than men
(Steptoe, Owen, Kunz-Ebrecht, & Mohamed-Ali, 2002). Additionally, IL-6 was found to be
inversely associated with factors associated with other positive affective resources, such as
purpose in life and positive relationships, in a sample of elderly women (Friedman, Hayney,
Love, Singer, & Ryff, 2007).

Another biological measure that is relevant both to inflammation and hemostasis is
fibrinogen. Fibrinogen is a precursor of fibrin, one of the main constituents of vascular
thrombi, but is also relevant to cardiovascular disease through its influence on blood
viscosity, atherogenic cell proliferation, and platelet aggregation (Danesh, Collins, Appleby,
& Peto, 1998; Rauch et al., 2001). Unlike IL-6, fibrinogen responds rapidly to mental stress,
so it can be readily monitored in experimental settings. We found an inverse association
between positive affect and fibrinogen stress responsivity, with smaller stress responses in
happier individuals (Steptoe et al., 2005). This finding is illustrated in Figure 4, which
shows fibrinogen levels adjusted for covariates in participants in the highest and lowest
quintiles of positive affect. Fibrinogen concentrations did not differ at baseline, but the less
happy participants showed substantially larger fibrinogen stress responses than the happiest
group. Interestingly, plasma fibrinogen remained elevated 45 min poststress in the least
happy quintile, whereas it had fallen below baseline in the highest positive affect group.
This suggests not only that fibrinogen stress responsivity greater in people with low positive
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affect, but that their responses are more prolonged. This pattern is consistent with the
findings related to poststress cardiovascular recovery noted earlier.

SLEEP DISTURBANCE
Sleep occupies a special position in relation to health and biology, because it is both a
fundamental biologically driven process and a health behavior. Disturbances of sleep are
very common, with more than one quarter of adults complaining of insomnia, insufficient
sleep, or disturbed sleep (Foley, Ancoli-Israel, Britz, & Walsh, 2004; Strine & Chapman,
2005). Sleep problems are associated with reduced mental health, impaired cognitive
function, and chronic illness and have also been linked with premature mortality (Kripke,
Garfinkel, Wingard, Klauber, & Marler, 2002). Although there is extensive literature linking
sleep problems with anxiety and depression (Roberts, Shema, Kaplan, & Strawbridge,
2000), there has been surprisingly little work evaluating associations with positive affect.
However, a recent study of more than 3,500 adults from the National Survey of Mid-Life
Development in the United States (MIDUS) found that subjective well-being (an amalgam
of high positive affect, low negative affect, and life satisfaction) was inversely associated
with two questions concerning difficulty in sleeping (Hamilton et al., 2007). The
relationship was independent of age, gender, somatic symptoms, and emotional problems.
We carried out a study of 736 of men and women that involved the administration of a
standard sleep problems inventory. We found that positive affect, estimated by the
aggregation of four EMA ratings over a single day, was inversely related to sleep problems
independently of age, gender, SES, employment status, self-rated health, and reported
psychological distress (Steptoe, O’Donnell, Marmot, & Wardle, 2008b). These findings are
corroborated by another EMA study that showed lower levels of positive affect in people
suffering from primary insomnia compared with controls (Buysse et al., 2007). It would
therefore appear that positive affect is associated with good sleep in the general population,
at least as measured using self-report instruments. Because sleep patterns impact on
biological rhythms, this effect might contribute to some of the disturbances in diurnal
profiles of biological variables detailed earlier.

POSITIVE AFFECT AND OTHER PSYCHOSOCIAL FACTORS
The literature summarized in the previous sections indicates that positive affect is associated
with a potentially health protective biological profile in terms of neuroendocrine,
cardiovascular, and immunological function. However, positive affect does not exist in
isolation and is often included in theoretical models of resilience. Resilience is generally
regarded as a dynamic process of effective adaptation to adversity, resulting in thriving,
even flourishing, in the face of life’s challenges (Luthar, Sawyer, & Brown, 2006). It
incorporates the notion of rapid recovery following stress that may occur both at the
psychological and biological levels (Charney, 2004). Resilience is also aligned with
community- and population-level factors such as high SES, social capital, and social
connectedness and with psychological factors such as optimism, social support, coping
disposition, and extraversion. People with high resilience also report greater psychosocial
resources, and it has been argued that resilient individuals use positive affect to facilitate
adaptation to stress (Fredrickson, Tugade, Waugh, & Larkin, 2003; Ong, Bergeman,
Bisconti, & Wallace, 2006; Tugade & Fredrickson, 2007). The relationship between
potentially health protective psychosocial factors and positive affect is therefore important.

Positive Affect and Social Support
There is converging evidence that social support and social integration are strongly
associated with positive affect. Social support has multiple facets that can be measured
quantitatively, including a division of the support into types such as instrumental and
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emotional support, or by the appraisal of the quality of the connections. In an early study,
Baldassare, Rosenfield, and Rook (1984) obtained measures of both subjective and objective
social connectedness and also calculated social network density in a population of older
people. Even after controlling for health and demographic characteristics, connectivity to
others in the social network was associated with positive affect. In a similar study, Chan and
Lee (2006) examined positive affect in a group of older people in China and found that
social network support was a strong contributor to positive affect. These associations were
evident even after controlling for factors such as income and education, and the findings are
paralleled in other studies of older populations (Pinquart & Sorensen, 2000). Membership in
a social network has been shown to contribute to higher levels of positive well-being across
many domains of life (Helliwell, 2003), and overall these findings indicate that, at least in
older populations, positive affect tends to increase with the number of people available for
instrumental support and feelings of social connectivity.

Much of the work on positive affect and social support has focused on older individuals.
Social support and social connectedness appear to be important determinants of the
maintenance of a life free of disability in old age (Mendes de Leon et al., 1999). This group
may also constitute a population for whom instrumental support, as a component of social
connectedness, contributes directly to well-being. In a study of informal social support
networks, Taylor, Chatters, Hardison, and Riley (2001) reported that the association between
social support and positive well-being depended on the degree of need and availability of
instrumental support. The association between social support and positive affect in younger
people or those who have less need for instrumental support is limited, but both familial and
extrafamilial social connections are associated with positive affect in adolescence and early
adulthood (Lyubomirsky, Tkach, & DiMatteo, 2006).

It is plausible that positive affect and social support have a bidirectional association; those
with higher levels of positive affect may be more adept at eliciting positive emotions in
others. This, in turn, can actively influence social networks. It has not always been clear that
the association of positive affect and social support is independent of levels of negative
affect or socioeconomic status, but in a study of just over 700 middle-aged men and women,
we showed that positive affect was related to greater social connectedness and social support
after controlling for age, gender, household income, paid employment, and negative affect
(Steptoe, O’Donnell, Marmot, & Wardle, 2008a). Interestingly, people experiencing greater
negative affect reported more social conflict and had fewer social connections, but neither of
these factors detracted from the significant, positive association between social support and
positive affect.

Positive Affect and Personality
Positive affect is related to several fundamental personality dimensions, such as
extraversion, neuroticism, and conscientiousness (Steel, Schmidt, & Shultz, 2008).
Neuroticism is a close correlate of negative affect such that more neurotic people are likely
to report greater negative affect. There is debate about the extent to which positive and
negative affect are partly independent inversely correlated dimensions or polar opposites on
a single dimension (Russell & Carroll, 1999; Watson & Clark, 1997). But inasmuch as
positive and negative affect are inversely associated, neuroticism is related to positive affect
in a similar fashion. More interesting is the relationship with extraversion. One of the
defining features of extraversion is engagement with others and the external environment, so
it is not surprising that higher levels of extraversion are associated with higher levels of
positive affect. McNiel and Fleeson (2006) have demonstrated that deliberate adoption of a
state of extraversion has effects on positive affect such that the more extraverted a person
behaves, the higher the levels of subjective and objectively measured positive affect. This
association has also been demonstrated in other studies of personality traits and positive
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affect (Campbell-Sills, Cohan, & Stein, 2006; Shiota, Keltner, & John, 2006). However,
analyses of the association of extraversion with positive affect seldom incorporate controls
for negative affect, potentially overestimating the strength of the relationship (Vitterso &
Nilsen, 2002). Additionally, Steel et al. (2008) recently argued that much of the association
between extraversion and positive affect may be due to conceptual overlap and criterion
contamination because of common method variance. Without an expansion of research into
the association of affect and extraversion, it is difficult to determine the unique contribution
of extraversion to positive well-being. The relationship may be confounded further by
culture (Lynn & Steel, 2006) and gender (Schmitt, Realo, Voracek, & Allik, 2008).

Other personality traits may also be related to positive affect. In their recent meta-analytic
review, Steel et al. (2008) showed that positive affect is related to greater agreeableness,
greater conscientiousness, and greater openness to experience, but has inconsistent
associations with defensiveness. However, when different personality traits were examined
in multivariate analyses, the relationship between positive affect and agreeableness was no
longer significant, suggesting that it may have been confounded by neuroticism and
extraversion.

The association of positive affect with personality has often been examined within the
framework of the broad Five Factor model of personality. Dispositions, such as optimism
and coping style, may conceptually overlap the five-factor model of personality, but they are
discriminable, and are often considered as distinct in studies of positive affect (Fredrickson
& Joiner, 2002; O’Brien & DeLongis, 1996), so they are presented separately here.

Positive Affect and Optimism
The association between optimism and positive affect is less well understood than that
between other personality factors and positive affect, although there appear to be consistent
positive relationships (Diener, Suh, Lucas, & Smith, 1999; Lyubomirsky et al., 2005). One
problem with the findings that relate positive affect with personality is that many of the
studies parcel out the influence of pessimism but not of subclinical negative affect on the
association. But in our recent study, we showed that the association between positive affect
and optimism remained strong even after controlling for negative affect and other
demographic variables such as socioeconomic status (Steptoe et al., 2008a). Similar studies
of the general population are few in number compared with studies of optimism and affect in
clinical populations or in people experiencing serious life threat (e.g. Pinquart, Frohlich, &
Silbereisen, 2007; Riolli, Savicki, & Cepani, 2002).

Positive Affect and Coping Dispositions
Associations between coping dispositions and positive affect are often studied within a
framework of major life stress or challenge. They have been examined in people
experiencing stressors such as bereavement (Rogers, Hansen, Levy, Tate, & Sikkema,
2005), diagnosis of cancer (Chen et al., 1996; Pinquart et al., 2007), or long-term role
stressors such as caregiving (Folkman, 1997). In our study, active types of coping such as
problem engagement and solicitation of social support were associated with positive affect
as measured by EMA, whereas avoidant coping had little relationship with the level of
positive affect (Steptoe et al., 2008a). These results support the findings of earlier work that
postulate that a disposition to more action-oriented coping dispositions such as rational
action and seeking help are associated with higher levels of positive affect (Campbell-Sills
et al., 2006; McCrea & Costa, 1986; Salovey, Rothman, Detweiler, & Steward, 2000).
Interestingly, we have also found that coping by problem engagement and seeking social
support are associated with reduced cortisol output over the day (O’Donnell, Badrick,
Kumari, & Steptoe, 2008).
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Positive Affect, Biology, and Other Resilience Factors
Many of the biological parameters related to positive affect are also associated with other
resilience factors. For example, social support is related to changes in cardiovascular,
neuroendocrine and immune function (Uchino, 2006), optimism has been associated with
immune up-regulation (F. Cohen et al., 1999), and adaptive coping is linked with reduced
cortisol output (O’Donnell et al., 2008). The question therefore arises of whether the
biological correlates of positive affect are distinctive or whether positive affect is a marker
of a combination of protective resilience factors that, in turn, influence biology. There is
little evidence concerning this issue at present. As noted earlier, Marsland et al. (2006)
showed that positive affect predicted larger antibody responses to hepatitis B vaccination,
and this response was independent not only of negative affect but also of optimism and
extraversion. In our study of sleep disturbance, we found that the association with positive
affect was largely unchanged after we had controlled statistically for stress exposure, social
factors such as social support and conflicted social interactions, and negative affect (Steptoe
et al., 2008a). Unfortunately, this latter study was based on self-report rather than objective
biological indicators. It remains to be seen, therefore, whether other biological measures are
related to positive affect independently of social and personal resilience factors.

CONCLUSIONS
The burgeoning interest in positive psychology and in health protective factors in the
psychological and social environments has stimulated research linking positive affect with
healthy lifestyles and biological responses. Results are complex, but there is now some
evidence that positive affect is an independent predictor of health outcomes, that it may be
associated with positive health behaviors, and that it is correlated with health-protective
biological responses. These studies of behavioral and biological mediators have been largely
cross-sectional, so causal sequences have not been documented. It is possible that sustained
positive affect leads to reductions in neuroendocrine, autonomic, and immune activation
through deactivation of the prefrontal-limbic circuits responsible for stress reactivity
(Lovallo, 2004), or that some personality traits are associated with restorative processes after
stressful experiences (Epel, McEwen, & Ickovics, 1998), but these have not been
demonstrated directly. Interventions that are directly targeted at modifying positive affect
have not yet been used to modify these biological correlates, although cognitive behavioral
methods such as stress management and pharmacological treatments that indirectly
influence positive affect are known to influence neuroendocrine and immune parameters
(e.g., Antoni et al., 2000). Future research will therefore determine whether techniques for
enhancing positive well-being will have beneficial effects on biological and behavioral
mediators. Nonetheless, this is an exciting field of research that offers promise both in the
understanding of connections between the mind and body, and for the relief of suffering and
the postponement of ill health.
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Figure 1.
Proportion of young adults in Western Europe and the United States (solid line), Central and
Eastern Europe (dashed line), and Pacific Asian countries (dotted line) reporting not
smoking, using sunscreen, exercising regularly, and eating fruit daily in relation to life
satisfaction. Adapted from Grant et al. (2009).
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Figure 2.
Mean cortisol sampled on waking and 30 min and 60 min later in young men divided on the
basis of EMA assessments into low (solid line) and high (dotted line) positive affect groups.
Values are adjusted for age, BMI, time of waking, and negative affect. Error bars are
standard error of the mean. Adapted from Steptoe et al. (2007)
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Figure 3.
Mean power in the high frequency (0.15–0.40 Hz) waveband of the power spectrum of heart
rate variability in normalized units (nu) in patients reporting high (solid bars) and low
(stippled bars) positive affect. The 24-hr monitoring period began at 9:00 a.m. and is divided
into five time segments. Values are adjusted statistically for age, gender, cardiovascular
disease status, and use of medications, including beta-blockade. Error bars are standard error
of the mean. Adapted from Bhattacharyya et al. (2008).
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Figure 4.
Mean plasma fibrinogen sampled at baseline (base), immediately following challenging
behavioral tasks (tasks), and 45-min posttasks (recovery) in participants in the highest (solid
line) and lowest (dashed line) of a cohort of 209 individuals. Values are adjusted for age,
gender, grade of employment, smoking, BMI, and hematocrit. Adapted from Steptoe et al.
(2005).
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