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Abstract
Mental health is increasingly defined not only by the absence of illness but by the presence of
subjective well-being (SWB). Previous cohort studies have consistently shown that indicators of
SWB predict favorable life outcomes including better mental and somatic health, including
longevity. The favorable effects associated with SWB have prompted new research aimed at
raising happiness and well-being through individual interventions and public health initiatives.
Standard observational studies of individual-level associations, however, are subject to potential
confounding of exposure and outcome by shared genes and environment. The present study
explored the association between SWB and increased longevity, using twin pair analyses to
determine whether the association is consistent with causality or is due to genetic or environmental
confounding. The study sample of 3,966 twins aged 70 or older followed for a median time period
of 9 years was drawn from the population-based Longitudinal Study of Aging Danish Twins
(LSADT). The association between the exposure of subjective wellbeing, operationalized as affect
and life satisfaction, and the outcome of all-cause mortality risk, was examined using between-
individual and within-pair survival analyses. As expected, at the individual level (without regard
to twin pair membership), SWB predicted increased longevity. Exposure effects were also present
in unadjusted and adjusted within-pair analyses of 400 dizygotic (DZ) pairs and 274 monozygotic
(MZ) pairs, indicating that SWB is associated with increased longevity independent of familial
factors of genes and shared environment.
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Subjective well-being (SWB) is a broad construct generally considered to include positive
and negative affect and a cognitive evaluation of one’s life (Lucas et al., 1996). Measures of
the emotional and cognitive components of SWB show discriminant validity (Lucas et al.,
1996). Yet distinct measures of SWB, such as quality of life, life satisfaction, happiness, and
optimism are moderately to highly correlated at the phenotypic level, with much of the
overlap among similar constructs accounted for by genetic effects (Bartels & Boomsma,
2009; Mosing et al., 2009). Distinct measures of phenotypic SWB used in different studies
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reflect the same latent genetic factors and yield results that can be meaningfully compared
(Bartels & Boomsma, 2009; Mosing et al., 2010).

The association between SWB and reduced morbidity and mortality is well established
although the underlying explanatory mechanisms are not understood (Collins et al., 2009;
Lyubomirsky et al., 2005; Pitkala, et al., 2004; Pressman & Cohen, 2005). Prospective
cohort studies have consistently shown that SWB predicts favorable life outcomes including
better mental and somatic health and longevity in samples with identified disease and in
generally healthy samples (Chida & Steptoe, 2008). The effect of SWB on mortality risk is
similar for measures of positive affect (Koopmans et al., 2010; Pitkala et al., 2004), life
satisfaction (Chida & Steptoe, 2008; Collins et al., 2009), negative affect, overall affect, and
quality of life (Steel et al., 2008). Variously operationalized, SWB has been consistently
related to better somatic and psychological health, and a range of positive life outcomes
(Diener, 2000; Lyubomirsky et al., 2005). Conversely, it has been shown that low well-
being, dissatisfaction with life (Koivumaa, et al., 2000), negative affect, and depression are
associated with morbidity (Schoevers et al., 2000; Schulz et al, 2000), functional disability
(Oldehinkel et al., 2001), and mortality (Schoevers et al., 2000; Schulz et al., 2000).

Given the favorable outcomes associated with SWB, there have been calls for interventions
to raise happiness at the individual level (Diener, 2000; Lyubomirsky, 2007; Wood &
Tarrier, 2010) and at the population level through manipulation of social and environmental
conditions (Diener & Seligman, 2004). Successful interventions could be particularly
important for the elderly. The oldest-old is the fastest growing segment of the population
(Christensen et al., 2009; Vaupel et al., 1998), the most susceptible to disease and disability,
and may be increasingly vulnerable to depressive symptoms with age (McGue &
Christensen, 2003; Takkinen et al., 2004). Efforts directed at promoting and even raising
psychological well-being imply that associations with positive outcomes are causal. Yet
without an understanding of the causal mechanisms underlying the association between
SWB and longevity interventions may be largely ineffective. Determining whether SWB is a
cause of longevity is therefore an important practical and theoretical research question.

Prospective cohort studies provide some evidence of causality through the sequencing of
exposure and outcome. However twin survival models are unique in that they provide
powerful control for genetic and shared environmental confounding (McGue et al., 2010).
The LSADT, one of the largest genetically informative investigations of longitudinal aging,
provided a reasonably large and unselected sample with sufficient mortality data for the
present investigation.

The method used in this study requires that twins differ on a heritable exposure. Twin
studies have shown that SWB is a stable and moderately heritable trait, with about 50% of
the variance attributable to stable genetic influences (Lykken & Tellegen, 1996; McGue et
al., 1993; Nes et al., 2006; Røysamb et al., 2002; Stubbe et al., 2005; Tellegen et al., 1988).
Human lifespan is modestly heritable, with approximately 20–30% of the variance in
lifespan attributable to genetic factors (Christensen & Vaupel, 1996; Herskind et al., 1996;
Hjelmborg et al., 2006; Martin et al., 2007). The heritability of both SWB and longevity
raises the possibility that the association is confounded by shared genes and therefore not
causal.

The two members of a twin pair share aspects their environments, especially experiences
shared due to their common rearing. In addition, dizygotic (DZ) twins inherit 50% of their
segregating genes whereas monozygotic (MZ) twins inherit all of their segregating genes.
Therefore within-DZ pair analyses control for common environmental influences and
partially for genetic influences, and within-MZ pair analyses control for both shared genes
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and environment; the within-pair effect of SWB on mortality is independent of the familial
factors shared by twins. Thus, if SWB is causal of increased longevity, we expect to find an
exposure effect within both DZ and MZ twin pairs. We expected to confirm an association
at the individual level, and we explored potential confounding of this association by familial
factors, using within-pair analyses in a sample of elderly twins.

Materials and Methods
Sample

The Longitudinal Study of Aging Danish Twins (LSADT) based on the Danish Twin
Registry (Kyvik et al., 1996) is a cohort-sequential study begun in 1995 with twins aged 75
or older, followed at 2-year intervals. The LSADT assessment is conducted in participants’
homes by trained interviewers. The survey encompasses demographic background and
measures of medical health, physical and cognitive functioning and depression; cotwins are
assessed separately by different interviewers. Zygosity in same sex pairs is determined by a
self-report questionnaire concerning the similarity between cotwins, a procedure validated
by genetic testing, with error rates less than 5% (Hauge, 1981). Information on survival
status through January 1, 2010 was obtained from the Danish Central Population Register,
which is continuously updated (Pedersen et al., 2006). The ascertainment and sampling of
these cohorts has been described in detail by Christensen et al. (1999).

The sample for the present study was based on the 4,731 twins who entered the LSADT
between 1995 and 2001. Twins were included if they participated in an intake assessment,
had complete data on the depression section of the interview, and survived at least 18
months post-intake. An 18 month lag was introduced to exclude participants who died
shortly after intake and whose self-report of well-being at that time may have been
influenced by ill health or terminal decline. This left 3,966 twins of whom 2,054 were
singletons (whose cotwin did not participate), and 1,912 were members of complete twin
pairs (800 DZ, 548 MZ). This sample of 3,966 participants followed for 35,270 person-years
(median = 9 years) was used for individual-level analyses.

Informative within-pair analyses could include only those pairs in which one or both twins
died before the last follow-up in January, 2010. Excluding doubly-censored twin pairs left
1,348 twins, 548 MZ (274 pairs) and 800 DZ (400 pairs) followed for 11,725 person-years
(median = 9 years). Figure 1 illustrates the selection process.

Measures
We measured SWB using a modified version of the depression scale from the Cambridge
Mental Disorders in the Elderly (CAMDEX; Roth et al., 1986). McGue and Christensen
(1997) factor analyzed the 21-item CAMDEX depression section to construct affective and
somatic subscales. The somatic scale indexes primarily psychomotor slowing and loss of
energy, while the affective scale reflects negative affect and lack of well-being. Items on the
affective scale are rated on a mostly 3-point scale with responses options 1 = no, 2 =
sometimes, and 3 = most of the time. Two items have a dichotomous response format, 1= no,
2 = yes (items 8 and 6, Table 1), and item 3 has a 5-option response format as described
below for the life satisfaction item (see Table 1 for scale items). Internal consistency for the
affective scale was reported to be 0.78 and two-year stability 0.64 (McGue & Christensen,
1997). We used the affective scale to operationalize psychological well-being on two
continuous scales: the absence of depressive affect (the affective scale reversed) and the
presence of life satisfaction. Life satisfaction was indexed by a single item from the affective
scale, “Are you happy and satisfied with your life at present?” rated from 1, “yes, always”
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to 5, “no, never.” Both measures were scaled so that higher scores reflected greater SWB.
The two measures were correlated at 0.72.

In multivariable analyses, we controlled for standard measures of health and cognitive
functioning used in several previous LSADT studies. Morbidity was assessed with the
number of self-reported present illnesses from a list of 31 health conditions, and the number
of medications taken regularly at the time of assessment. Cognitive functioning was assessed
with a composite of 5 brief cognitive measures designed to tap age-related cognitive changes
including tests of verbal fluency, digit span, and immediate and delayed recall (McGue &
Christensen, 2001). The cognitive composite has shown an internal consistency of 0.75 and
a 2-year stability coefficient of 0.60.

Data Analysis
Cox proportional hazards models were used to analyze our survival data with age as the
underlying time scale. To facilitate comparison of estimates across measures, affect, life
satisfaction, and cognitive composite scores were standardized with a mean of 0 and
standard deviation of 1. Survival time was measured beginning 18 months post-intake with
follow-up terminated either at death or censoring in January, 2010. We calculated hazard
ratios (HR) and 95% confidence intervals (CI) for mortality risk which may be interpreted as
the multiplicative effect on mortality risk associated with a one standard deviation (SD)
increase in the exposure. A hazard ratio < 1 indicates a protective effect of exposure on
mortality risk. The proportional hazards assumption was tested by examination of scaled
Schoenfeld residuals plots and by including an interaction term between SWB covariates
and log-transformed follow-up time.

To determine the population (between-individual) effects we used standard proportional
hazards regression in the unpaired sample composed of singletons and all like-sex DZ and
MZ twins (without regard to twin-pair membership), with age and sex as covariates. Models
were estimated using correlated-cluster variance estimates to control for the dependence of
observations within twin pairs. Within-pair analyses were conducted using stratified
proportional hazards models, which estimate distinct baseline hazards for each twin pair and
common values for the hazard ratios across all pairs (Holt & Prentice, 1974). In this way the
effect parameter for SWB could be estimated controlling for genetic and environmental
factors shared by cotwins. We also modeled the within-pair analyses using shared gamma
frailty models, however the results were essentially unchanged and thus are not reported.
Statistical tests were made on the two-sided 5% significance level unadjusted for multiple
comparisons. All analyses were conducted in Stata 10.1 (StataCorp, College Station, TX).

Results
The individual-level sample had a higher proportion of women than men (p = 0.01) and less
mortality over the follow-up period (p < 0.001) than the MZ and DZ twin samples. In the
paired samples, mean intrapair death dates were more similar for MZ than DZ twins (p =
0.006). Intrapair affect was also more similar for MZ than DZ twins (intraclass correlation
[ICC] = 0.31 vs. 0.12, p < 0.001) however the correlation coefficients for life satisfaction did
not differ significantly (ICC = 0.12 vs. 0.08, p = 0.54) (Table 2).

The complete set of HRs and confidence intervals (CI) are shown in Table 3. In the unpaired
sample of 3,966 individuals 2,439 died during follow-up. As expected, at the individual
level of analysis, controlling for age and sex, positive affect was associated with a reduction
in mortality risk (HR = 0.82, 0.79 – 0.86; adjusted HR [AHR] 0.91, 0.86 – 0.95) as was life
satisfaction (HR 0.80, 0.77 – 0.83; AHR 0.87, 0.83 – 0.91). In the unadjusted analyses a one
SD increase in positive affect was associated with an 18% reduction in mortality risk and a
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one-SD increase in life satisfaction was associated with a 20% reduced mortality risk.
Adjusting for number of illnesses, number of medications, and cognitive composite score
attenuated the effects for positive affect and life satisfaction to 9% and 13% respectively
(Table 3).

Results of within-pair DZ and MZ analyses were similar to the individual-level unadjusted
and adjusted estimates for affect and life satisfaction. In fact, the point estimates were
consistently stronger in the within-pair analyses than in the unpaired analyses. In the DZ
sample positive affect and life satisfaction were associated with reduced mortality risk (HR
0.71, 0.61 – 0.83) and (HR 0.68, 0.58 – 0.80) respectively. Unadjusted within-pair MZ
results were similar for affect (HR 0.76, 0.61 – 0.94) and life satisfaction (HR 0.78, 0.65 –
0.94). The adjusted estimates were attenuated, however the exposure-outcome associations
remained significant (Table 3).

The proportional hazards assumption was met for affect and life satisfaction with one
exception in the individual-level analyses. A significant interaction with log-follow-up time
in the unadjusted model suggested that the effect of positive affect on mortality decreased as
a function of time (p = 0.01) although this trend was not present in the adjusted model.

Discussion
The main finding of this study is that the association between SWB and longevity is
independent of familial factors such as shared genes and common environment, consistent
with a causal link between SWB and longer lifespan. To our knowledge this is the first study
to test the association between SWB and longevity for genetic confounding.

We used a multistep method of analysis with a sample of 3,966 elderly Danish twins in
order to separate associations among all twins (treated as individuals) from within-pair
associations (Dwyer & Blizzard, 2005). An unpaired analysis was conducted to determine if
an association between SWB and longevity existed when the twins were treated as
individual participants. We found significant associations at the individual-level of analysis,
consistent with many previous findings indicating that SWB is associated with reduced risk
of all-cause mortality (Chida & Steptoe, 2008; Schoevers et al., 2000; Schulz et al., 2000).
Intra-pair differences in exposure and outcome were consistent with the heritability of both
factors. MZ twins showed significantly smaller intrapair differences in affect and age at
death than DZ pairs. Intrapair life satisfaction did not differ by zygosity, possibly due to the
restricted range of possible scores on this single-item measure.

Within-pair analyses in the MZ sample showed that SWB was associated with increased
longevity in genetically identical individuals, indicating that the association is not explained
by familial factors. The association within DZ pairs was similar, indicating that genetic
selection does not even partly explain the association between SWB and longevity. Our
findings are consistent with the alternative explanation, that distinct genetic pathways
underlie SWB and longevity. While our findings do not establish causality they are
consistent with a causal effect of SWB on increased longevity.

Measures of affect and life satisfaction performed similarly in this study, as would be
expected because of their strong correlation and previous findings on affect (Koopmans et
al., 2010; Pitkala et al., 2004) and life satisfaction (Chida & Steptoe, 2008; Collins et al.,
2009). A single-item index of life satisfaction may be a crude index of the experience of
SWB. However, despite the simplicity of the measure, life satisfaction was strongly
associated with longevity. Single-item measures of quality of life (Zimmerman et al., 2006),
life satisfaction (Schimmack & Oishi, 2005), and self-esteem (Robins et al., 2001) have
shown acceptable reliability and validity.
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Although the association between SWB and longevity is not due to shared genes and
environment, the relation between SWB and longevity may be confounded or mediated by
other covariates. The relationship between SWB and longevity may be physiological. For
example, psychological well-being may directly enhance the functioning of neuroendocrine,
immune, and cardiovascular systems (Martin et al., 2007; Ryff et al., 2004; Steptoe et al.,
2005) or indirectly by buffering the effects of stress (Pressman & Cohen, 2005).

The association between SWB and longevity may be mediated behaviorally. Individuals
higher in well-being may be more socially active and successful at establishing and
maintaining social support. Social activity then would confound the association because it
may be causal of health and longevity and correlated with SWB (McGue & Christensen,
2007). Individuals reporting more positive affect may be more likely to engage in physical
activity and exercise (Carlsson et al., 2007; Stubbe et al., 2007) and avoid smoking and
excessive alcohol consumption (Dear et al., 2002; Kujala et al., 2002), which may affect
subsequent morbidity and life expectancy. It may be that happier individuals tend to be those
with secure access to healthcare and greater education (Rowe & Kahn, 1999; Vaillant &
Mukamal, 2001). Both measured and unmeasured (nonshared experience) covariates may
underlie the exposure of SWB. Further study should be directed toward determining the
“active ingredients” of SWB.

Several limitations must be noted. Our outcome was all-cause mortality. We expect to see a
fairly low rate of accidental death in elderly patients, however exclusion of adventitious
deaths would be desirable. To be informative, only twin pairs in which one or both twins
died could be included in the twin-pair samples, reducing sample size by 29%. Analysis of a
larger sample might yield more precise point estimates of associations between
psychological well-being and longevity in within-pair analyses and would permit additional
analyses by sex.

Our findings may not extend to other countries and cultures. Twin cohorts are similar to
their background population with respect to health, even when considering cause of death
(Christensen et al., 1995, 2001). The LSADT sample is relatively homogeneous with respect
to ethnicity, socioeconomic status, and access to health care, and levels of life satisfaction in
Denmark are the highest in the European Union (Christensen et al., 2006).

The strengths of this study include the use of national register-based data to minimize
selection bias. The longitudinal design and use of an 18-month lag between exposure and
outcome help to rule out reverse causation.

This study should be replicated in different samples using different measures. However the
findings provide encouraging evidence for those in the applied areas of psychology,
psychiatry, and public health, working to promote SWB. An important focus for further
research concerns the extent to which positive psychological well-being can be changed
among those who do not posses the “genetic talent for happiness” (Lykken, 1999, p. 246).
The efficacy of such interventions remains to be shown, however the present evidence
supports further investigation of exposures, not related to familial factors, that may promote
and maintain SWB into old age.
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Figure 1.
Study population
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Table 1

Affect scale items (adapted from the CAMDEX depression section)

1 How often do you feel happy?

2 Do you feel sad, depressed, or miserable?

3 Are you happy and satisfied with your life at present?

4 Do you feel lonely lately?

5 How do you feel about your future?

6 Do you sometimes feel that life is not worth living?

7 Do you feel tense and do you worry more than usual?

8 Do you consider yourself a nervous person?

9 Do you feel worthless?

From McGue and Christensen (1997). CAMDEX = Cambridge Mental Disorders in the Elderly Examination.
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