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Historically, mental health has been viewed as
the absence of mental disorder, despite con-
cepts that health in general is something posi-
tive' or well-being,® and not merely the absence
of illness. Mental well-being (i.e., positive mental
health) is now a focus of policy and science. The
1999 US Surgeon General’s report was devoted
to mental health, defined as “a state of successful
performance of mental function, resulting in
productive activities, fulfilling relationships with
people, and the ability to adapt to change and to
cope with adversity.”3(p4) In 2004, the World
Health Organization highlighted the need to
promote good mental health, defined as

a state of well-being in which the individual
realizes his or her own abilities, can cope with the
normal stresses of life, can work productively
and fruitfully, and is able to make a contribution
to his or her community.2#?

Mental health has been operationalized un-
der the rubric of subjective well-being, or
individuals’ evaluations of the quality of their
lives. The nature of subjective well-being has
been divided into 2 streams of research. The
first of these streams equates well-being with
happiness or feeling good. The second ap-
proach to well-being focuses on human poten-
tial that, when cultivated, results in functioning
well in life. These 2 streams of subjective
well-being research grew from 2 distinct phil-
osophical viewpoints on happiness—1 reflecting
the hedonic tradition, which championed
positive emotions, and the other reflecting
eudaemonic tradition, which championed
striving toward excellence in functioning as
an individual and a citizen.

The hedonic tradition is reflected in research
on emotional well-being, where scholars use
measures of satisfaction with life and positive
affect (e.g., cheerfulness, happiness, and con-
tentment).* The tradition of eudaemonia is
reflected in research on psychological® and
social® well-being, Here, scholars use multi-
dimensional scales that ask individuals to evaluate
how well they see themselves functioning in life
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as they strive to achieve secular standards of
purpose, contribution, integration, autonomy,
intimacy, acceptance, and mastery in life.
When subjective well-being is measured com-
prehensively, studies support the tripartite
model consisting of emotional, psychological,
and social well-being among US adults,” college
students,® and adolescents.®

Existing literature on the genetic and envi-
ronmental etiology of subjective well-being has
focused on the emotional well-being compo-
nents of satisfaction with life,' positive affect ™5
or both aspects, with evidence suggesting that
a common set of genes underlies both life
satisfaction and positive affect.'® Broad herita-
bility estimates in those studies have ranged from
36% to 56%; no study has found evidence for
strong effects of the family environment. Only 1
study' found support for sex-specific effects,
with females reporting a slightly (8%) higher
heritability estimate than that reported by males.

Our purpose was to extend previous studies
by investigating the genetic and environmental
influences on the 3 components of subjective
well-being that comprise the assessment of the
mental health continuum.'” We also examined

Objectives. We sought to investigate the structure of the genetic and
environmental influences on 3 measures of mental well-being.

Methods. Analyses focused on the subsample of 349 monozygotic and 321
dizygotic same-sex twin pairs from a nationally representative sample of twins
who completed self-report measures of emotional, psychological, and social

Results. The best-fit model contained a common pathway to all 3 measures of
well-being, no shared environmental effects, and 1 set of parameters for men
and women. Heritability for the latent ““mental well-being” factor was high (72%)
and best indexed by psychological well-being. Moderate trait-specific genetic
effects were seen for emotional and social well-being. Nonshared environmental
effects for all measures were mostly trait specific.

Conclusions. Genetic influences on the measures of mental well-being reflect
a single, highly heritable genetic factor, although some trait-specific genetic
influences were seen for emotional and social well-being. Moderate proportions
of environmental influences were also shared, but the majority of unique
environment was trait-specific. (Am J Public Health. 2010;100:2379-2384. doi:

whether the structures of the genetic and envi-
ronmental influences on the components of
mental well-being are the same for men and
women. We conclude by discussing the public
health implications of the heritability of mental
well-being, or positive mental health, for pre-
vention of mental illness.

METHODS

Approximately 50 000 households that
were representative of the US population were
screened by telephone as part of the Midlife in
the US (MIDUS) study to determine if any
immediate relatives who were members of
intact twin pairs resided there. The original
MIDUS study took place in 1995; the follow-up
MIDUS 1I survey took place in 2005. Inclu-
sion criteria for MIDUS I included being first-
degree relatives of the original contact or the
contact’s partner, being aged between 25 and
74 years at the time of recruitment, living in the
continental United States, being reachable by
telephone, and being able to speak English. A
total of 14.8% of screened households had
twin pairs, of which 60% of this group gave
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permission for the twins to be contacted for
study recruitment—a response rate comparable
to that of other twin studies."®" Twins partici-
pating in the MIDUS I survey completed self-
report measures of emotional, psychological, and
social well-being. Zygosity was determined via
self-report questions about physical similarity
and confusion in identifying the twins by
family members, friends, and strangers. Pre-
vious studies have indicated that such mea-
sures have greater than 90% accuracy in
identifying the zygosity of twin pairs.2°

Our study examined self-report measures
from a subsample of 1386 twins from same-sex
twin pairs originally contacted as part of the
MIDUS I survey. Given the low power to detect
qualitative sex effects," we excluded opposite-
sex dizygotic twins from our analysis. With this
sample size, we had no realistic chance of
detecting qualitative sex effects had they been
present, as has been suggested in much larger
samples for major depression.?? Including op-
posite-sex dizygotic twins in the presence of such
effects can cause biases in estimation, particularly
an inflation of heritability. ** Our resulting sub-
sample contained 670 complete pairs (plus 46
individual twins without their co-twin). The
complete same-sex twin pairs were divided into
the following groups: 186 female monozygotic,
198 female dizygotic, 163 male monozygotic,
and 123 male dizygotic pairs. Compared with the
national MIDUS random digit dialing (RDD)
1995 sample, the composition of our same-sex
twin subsample was 57% female (RDD=44%),
93% White (RDD=84%), 72% married
(RDD=68%), and 57% reporting 13 or more
years of formal schooling (RDD=490%). The
mean age of our subsample was 44.6 years
(RDD=45.3 years).

Measures

We utilized 3 measures of mental well-
being, employing the terminology developed
by Keyes based on his and others’ studies®® of
the structure of well-being: emotional, psycho-
logical, and social well-being. The well-being
literature does not employ a common set of
terms for describing these dimensions. Although
many psychologists tend to refer to emotional
well-being as “subjective well-being,” Keyes ar-
gues that all 3 dimensions of mental well-being
are subjective assessments of well-being that are
more clearly identified by whether the measures
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focus on feeling states (i.e., hedonia) toward
one’s life or how well individuals see themselves
functioning in their lives (ie., eudaemonia),

with the latter being distinguished in terms of
whether the functioning is psychological (i.e.,
more private and personal) or social (i.e., more
public and communal). For consistency with the
past research, which involves the same model in
this article we employ Keyes’ terminology.

Factor analyses (principal components ex-
traction and oblimin rotation) replicated in the
same-sex twins the 3-factor structure; all items
that were used in previous studies to measure
each component of well-being in the national
RDD sample also loaded most strongly (0.40 or
higher) on its own factor as described next
(results not shown).

We assessed emotional well-being with a
6-item scale of positive affect (e.g., “During the
past 30 days, how much of the time did you
feel calm and peaceful?”) and a single item
measuring overall life satisfaction that reflects
emotional well-being. As part of the self-ad-
ministered questionnaire, respondents indi-
cated how much of the time during the past
30 days—"“none of the time,” “a little,” “some,”
“most,” or “all of the time” (scored from 1 to 5,
respectively)—they felt 6 symptoms of positive
affect. The signs of positive affect are (1)
cheerfulness, (2) being in good spirits, (3)
extreme happiness, (4) calmness and peaceful-
ness, (5) satisfaction, and (6) being full of
life.2>~2° Respondents also were asked to “rate
your life overall these days” on a scale from zero
to 10, where zero meant “the worst possible life
overall” and 10 meant “the best possible life
overall”?%27 The 6 items of positive affect were
summed together along with the single item
measuring best possible life to form the scale of
emotional well-being.

We assessed psychological well-being with 6
scales of 3 items each®® that asked respondents
to indicate how well each item described how
they generally functioned. The subscales in-
cluded self-acceptance (e.g., “I like most parts of
my personality”), positive relations with others
(e.g, “Maintaining close relationships has been
difficult and frustrating for me”), personal growth
(e.g, “For me, life has been a continual process of
learning, changing, and growth”), purpose in life
(e.g, “When I 'look at the story of my life, I am
pleased with how things have turned out so far”),
environmental mastery (e.g, “I am good at

managing the responsibilities of daily life”), and
autonomy (e.g., “I have confidence in my own
opinions, even if they are different from the way
most other people think”). Psychological well-
being items were based on a response scale from
1to 7 (with 4 as a middle category of “neither
agree nor disagree”), respondents indicated
whether they “agreed” or “disagreed” “strongly,”
“moderately,” or “slightly” that an item described
how they functioned. Negative items were re-
verse-coded, and all items were summed to-
gether to form the scale.

We assessed social well-being with 5 scales
of 3 items each® that asked respondents to
indicate how well each item described how they
generally functioned. The subscales included
social acceptance (e.g, “I believe that people are
kind”), social growth (e.g., “Society is becoming
a better place for everyone”), social contribution
(e.g, “T have something valuable to give the
world”), social coherence (e.g., “I try to think
about and understand what could happen nextin
our country”), and social integration (e.g, “I feel
close to other people in my community”). Social
well-being items were based on a response scale
from 1 to 7 (with 4 as a middle category of
“neither agree nor disagree”), and respondents
indicated whether they “agreed” or “disagreed”
“strongly,” “moderately,” or “slightly” that an
item described how they functioned. Negative
items were reverse-coded, and all items were
summed together to form the scale.

Statistical Methods

Our models divided the sources of individual
differences in the 3 forms of well-being into 3
classes: additive genetic effects (A), shared
family environment (C), and unique environ-
ment (E).?° Shared environment effects emanate
from family and community experiences that
increase similarity in twins who are raised
together. Unique environment effects include
conditions and experiences not shared by mem-
bers of a twin pair (as well as measurement error)
that increase individual differences between
twins.

The multivariate twin model was designed to
examine the amount of shared genetic and
shared environmental influences on emotional,
social, and psychological well-being. We began
with an independent pathway model,?® which
allowed the patterns of covariance resulting from
genetic and environmental factors to differ. We
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then tested whether the common pathway
model,?® in which the genetic and environmental
influences on the 3 dimensions of well-being
emanate from a single latent “mental well-being”
factor, provided a better fit. The full model
divided the genetic and environmental influ-
ences on emotional, social, and psychological
well-being into those influences resulting from
a common factor that influences all forms of
mental well-being versus influences that are
specific to each kind of mental well-being. (In
this model, measurement error would appear
largely in the trait-specific unique environmental
effects.)

By studying only the same-sex male and
female twins from the MIDUS subsample, we
could test for quantitative sex effects, allowing
us to determine if the magnitude of the genetic
and environmental parameters in our struc-
tural model differed between sexes. Twin
model fitting was performed by using the Mx
software package version 1.54a (Department of
Psychiatry, Virginia Commonwealth University
Medical School, Richmond, VA). The goal of
model fitting is to achieve an optimal balance
between explanatory power and simplicity.
This goal is best operationalized by the use of
Akaike’s information criterion (AIC),%%32
which equals %*~2(df), where dfis the model’s
degrees of freedom. We sought to minimize the
AIC value, because a lower AIC value reflects
amodel that optimizes the balance of complexity
(i.e., simplicity) and accuracy (i.e., explanatory
power). The model with the lowest AIC is the
best-fitting model.

RESULTS

Table 1 presents the phenotypic correla-
tions, internal reliabilities, and means of the 3
measures of well-being by gender. Correla-
tions between the well-being scales ranged
from 0.36 to 0.52 for female twins and from
0.43 to 0.59 for male twins, revealing com-
parable correlational structure by gender.
Estimates of scale reliabilities of well-being
were nearly identical for men and women,
and all estimates were above 0.77. Mean
levels of all 3 types of well-being were also the
same for men and women as determined by
nonsignificant F tests.

Our full independent pathway model (model
1 in Table 2) contained separately estimated
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parameters among both men and women for
class A, C, and E effects shared between the

3 measures of emotional, social, and psycho-
logical well-being and those specific to each
measure. In model 2, we simplified the in-
dependent pathway model by constraining to
equality all these parameter estimates among
men and women. As seen in Table 2, this
constraint resulted in a substantial improve-
ment in the AIC value (—15.1). In model 3,

we set to zero all of the class C parameters in
model 2, which further improved the AIC value
(—19.9). Model 4 set to zero all the class A
parameters in model 2, which produced an AIC
value inferior to that seen for model 3 (-15.4).
We then imposed on model 3 a common
pathway, constraining the genetic and envi-
ronmental pathways to the 3 forms of well-
being to pass through a latent construct of
mental well-being. Model 5 fit moderately
better than model 3 (—20.8), making it the best-
fitting model.

The parameter estimates with their 95%
confidence intervals (CIs) from this best-fit
model are shown in Figure 1; the results are
summarized in Table 3. The heritability of the
latent mental well-being factor was quite high
at 72.3%. The heritability estimates were
similar for the 3 kinds of mental well-being,
ranging from a low of 45.6% for social well-
being to a high of 52.3% for psychological well-
being. The 3 well-being measures differed in
the degree to which each measure reflected the
common genetic factor as its primary source.
Nearly all (i.e., 99%) of the genetic influences
on psychological well-being originated from the
common factor, compared with 65% for emo-
tional and 61% for social well-being. In turn,

Twin: Midlife in the US Survey, 1995

TABLE 1—Descriptive Statistics of Mental Well-Being Scales, by Gender of the Same-Sex

trait-specific genetic influences (i.e., the amount
of genetic influences attributable to other
sources besides the common factor) were low
and about equally important for social and
emotional well-being (39% and 35%, respec-
tively) and nearly nonexistent for psychological
well-being (<1%).

As seen in Table 3, three quarters or more of
the environmental influences—which included
measurement error—were trait specific for so-
cial and emotional well-being. Thus, most of
the environmental influences on social and
emotional well-being were attributable to
sources other than the latent common factor.
For psychological well-being, by contrast, more
than 40% of the environmental variance
resulted from the common factor rather than
from trait-specific effects.

DISCUSSION

Our goal was to understand the interrela-
tionships of the genetic and environmental
factors that have an impact on the 3 dimen-
sions of mental well-being: emotional, social,
and psychological. We emphasize 5 major
findings from our analyses.

First, we found that a common pathway model
fit our data best, suggesting the existence of
a latent propensity to mental well-being. This
latent factor was quite heritable at 72% among
the population. However, estimates of genetic
effects of latent factors in such models are
not directly comparable with estimates
obtained from single scales; latent factor esti-
mates are nearly always higher because errors
of measurement are nearly all contained in the
trait-specific environmental variance. Second,

Mental Well-Being Scales  Emotional Well-Being

Psychological Well-Being

Social Well-Being ~ Mean,omen (SE)

Emotional well-being 0.88 (0.89)
Psychological well-being 0.59
Social well-being 0.43
Scale score range 1-15
Meanen (SE) 11.4 (0.08)

0.52 0.36 11.5 (0.08)
0.7 (0.77) 0.48 33.7 (0.19)
0.53 0.79 (0.82) 23.2 (0.19)
16-42 9-35
333 (0.18) 23.4 (0.19)

in the diagonal, the men’s is in parentheses.

Note. Women’s correlations in the upper diagonal, men’s in the lower. The women'’s Cronbach o is the nonparenthetical value
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TABLE 2—Maodel Fitting Results for the 3 Measures of Mental Well-Being: Midlife in the US
Survey, 1995

Description Change in X2 Change in df Change in AIC
Model 1 Full-independent pathway
Model 2 All parameters equated in men and women 14.9 15 -15.1
Model 3 Model 2 plus all class C parameters” set to 0 221 21 -19.9
Model 4 Model 2 plus all class A parameters” set to 0 26.6 21 -154
Model 5° Model 3 constrained to common pathways 25.2 23 -20.8

Note. AIC=Akaike’s information criterion; df=degrees of freedom.
?Class C parameters are shared family environments.

®Class A parameters are additive genetic effects.

“The best-fit model.

our measures for the 3 individual components Fourth, consistent with all but 1 previous
of well-being—emotional, social, and psychologi-
cal—were all moderately heritable, with estimates
around 50%. Third, and consistent with the

116 we found no evidence for

previous studies,
shared (familial) environmental influences on the

measures of well-being.

of the latent propensity to mental well-being;
psychological well-being, however, loaded

N, o

0.85 0.52
(0.85,0.86) (0.48,0.58)

Mental
Well-Being

0.67 0.62 0.85
(0.64,0.68) (0.57,0.63) (0.82,0.87)
Emotional Social Psychological
Well-Being Well-Being Well-Being
1995 1995 1995
041 0.62 0.42 0.67 0.05 0.52
(0.34,0.49) (0.57,0.66) (0.31,0.46) (0.63,0.70) (-0.30,0.23) (0.42,0.55)

DO OO O

Note. MIDUS =Midlife in the US Survey. 95% confidence intervals in parentheses.

FIGURE 1—Parameter estimates of the additive genetic (class A) and unique environmental
(class E) influences on the common latent factor of mental well-being and on the 3 specific
measures of well-being: MIDUS, 1995.
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investigation,'* we found no evidence that the

magnitude of genetic and environmental effects
on any kind of well-being differed for men and
women. Fifth, all 3 measures were good indices

particularly highly on the common factor and
was therefore the best index of the 3 measures
of the propensity for mental well-being. Whereas
social and emotional well-being had considerable
trait-specific genetic effects in our best-fit model,
the genetic influence on psychological well-being
was virtually all attributable to the common
factor of mental well-being. This feature of the
model also explains why a greater proportion of
the environmental effects on psychological well-
being was shared with the common factor,
compared with environmental effects on social
and emotional well-being,

Limitations

The number of twins in the MIDUS study is
modest by modern standards and provides
limited power to detect differences between the
sexes or to discriminate between genetic and
environmental sources of twin resemblance
differences.>® Nonetheless, our modelitting re-
sults were quite clear, with at least moderate and
sometimes substantial differences in fit between
competing models. The sample size was not
sufficient to attempt to discriminate realistically
between additive and nonadditive genetic ef-
fects. 2

Conclusions

Compared with the independent pathways
model, the common pathway twin model is
more stringent because the covariation among
the 3 kinds of well-being is by definition
mediated by a single latent variable that in turn
results from genetic and environmental factors.
This latent variable in our model reflects
mental well-being (i.e., the presence and rela-
tive absence of good mental health). At the
phenotypic level, mental well-being is a syn-
drome, or a combination, of measures of
positive feelings toward life (i.e., emotional
well-being) and positive functioning in life
(i.e., psychological and social well-being). At the
genetic level, the latent construct of mental
well-being contributes strongly to each of the 3
forms of subjective well-being.

Our findings supporting the common path-
way model imply that the tripartite structure of
well-being observed at the phenotypic level is
caused by the latent, higher-order variable of
mental well-being that has its own genetic and
environmental influences. Because of the high
loadings of the individual forms of well-being
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Genetic Effects

TABLE 3—Decomposition of the Sources of Genetic and Environmental Variance in the Three
Measures of Mental Well-Being: Midlife in the US Survey, 1995

Unique Environmental Effects

on the common factor, the common pathway
model suggests that genetic influences operat-
ing on the latent variable will have a strong
influence on each kind of well-being. Although
emotional, social, and psychological well-being
share a common set of genes, the 3 types of
well-being are modestly correlated at the phe-
notypic level in large part because of environ-
mental influences unique to each measure.”®
Our findings support the validity of the diagnos-
tic model of positive mental health—the “mental
health continuum”—proposed by Keyes,'”
where mental health, like mental illness, is best
indicated by a syndrome of positive feelings
toward life—i.e., emotional well-being—and
functioning well in life in terms of psychological
and social well-being.

Our findings raise the empirical question as
to how mental well-being—the latent varia-
ble—differs from the lower-order facets of
emotional, social, and psychological well-being.
Moreover, support for the common pathway
model in this study raises the empirical ques-
tion as to how the higher-order construct of
mental well-being creates the tripartite struc-
ture of subjective well-being.

Our model suggests 2 major processes. First,
trait-specific genetic effects have moderate
impacts on emotional and social well-being.
Second, relatively substantial environmental
influences unique to those 2 forms of well-
being also have an impact on individuals. Quite
likely, such genetic and environmental influ-
ences act over developmental time and involve
effects of gene—environment correlations. For
example, individuals with a strong genetic
propensity for high levels of social well-being
may create for themselves positive social
environments that feed back, sustaining and
further increasing their sense of social well-
being. Future research should seek to identify
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Total Genetic Total Unique
Mental Well-Being Effect % Common % Specific ~ Environmental Effect % Common % Specific
Emotional 49.5 65 35 50.5 24 76
Social 45.6 61 39 55.4 19 81
Psychological 52.3 99 1 46.7 42 58

individual traits and qualities associated with
the genetic propensity for social well-being
(e.g., compassion, altruism, and extraversion)
that lead to the creation of positive social
environments. In turn, future research should
seek to identify the environmental qualities
(e.g., trust, cooperation, and openness) that are
conducive to well-being and that use this
knowledge to promote the well-being of those
with a lower innate propensity for well-being.
An important further research question is
the degree to which genetic and environmental
influences on well-being involve gene-by-envi-
ronment interactions. For example, might
a high genetic propensity for social or emo-
tional well-being buffer the pathogenic effects
of adverse environments (e.g., familial neglect)
or exposure to high levels of stress and trauma?
Conversely, might a low genetic predisposition
to social and emotional well-being make in-
dividuals vulnerable to develop psychopathol-
ogy in the face of mildly pathogenic or stressful
environments? Understanding of how the ge-
netic propensities to, and environmental in-
fluences on, mental well-being interrelate with
each other and over developmental time can
lead us to knowledge about how to create more
mentally healthy environments and how to
develop preventive efforts through promotion
of protective aspects of well-being. m
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