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Abstract The goals of the study were to determine the
extent to which the underlying structure of different types of
well-being was multidimensional and whether well- and ill-
being were influenced by similar or different genetic and
environmental factors. Participants were 1226 male twins
ages 51-60, from the Vietnam Era Twin Study of Aging.
Measures included: psychological well-being, Multidi-
mensional Personality Questionnaire Well-Being scale
(MPQWB), life satisfaction, self-esteem, and depressive
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symptoms. A two-orthogonal-factor common pathway
model fit the data well. Psychological well-being and
self-esteem loaded most strongly on Factor 1, which was
highly heritable (h* = .79). Life satisfaction loaded most
strongly on Factor 2, which was only moderately heritable
(h* = .32). Only MPQWB had measure-specific genetic
influences. Depressive symptoms loaded on both factors,
and only depressive symptoms had measure-specific com-
mon environmental influences. All measures had specific
unique environmental influences. Results indicate that well-
being is genetically and environmentally multidimensional
and that ill-being has partial overlap with both latent
factors.
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Introduction

An important public health goal, and one shared by the World
Health Organization, is to promote well-being and minimize
ill-being throughout the life course (Federal Interagency
Forum on Aging-Related Statistics 2004). Two schools of
thought dominate well-being research: one focused more on
hedonic/subjective well-being (i.e., evaluations of happiness,
life satisfaction); the other on eudaimonic/psychological well-
being (i.e. evaluations of self-realization, thriving, purposeful
life engagement)(Keyes et al. 2002; Ryan and Deci 2001).
(See “Method” section for more specific definitions). At
an empirical level, however, well-being measures are
often used and interpreted interchangeably because of
relatively high statistical associations among measures.
Adding to the complexity, several indicators of positive
functioning—self-esteem and optimism—are used as
indicators of well-being (Caprara et al. 2009; Diener et al.
2003; Sprangers et al. 2010) and low levels of depressive
symptoms are sometimes interpreted as the negative end
of well-being even though happiness or satisfaction and
ill-being likely do not represent the ends of a single
bipolar dimension (Diener et al. 2006; Keyes 2002; Keyes
et al. 2002; Ryff et al. 2006).

The current state of affairs raises concerns about the “jin-
gle” and “jangle” fallacies; that is, when characteristics
labeled similarly are actually different or when constructs with
different names turn out to be essentially the same (Block
1995; Kelley 1927). Twin studies and behavior genetics
research can illuminate ways in which various types of well-
and ill-being constructs can be “lumped” or “split” by
examining the extent to which different environmental and
genetic factors may explain the covariance among the mea-
sures, thereby addressing questions regarding their core
independence and/or bipolarity. Twin studies have shown
that—depending on the individual measure—20 to 73 % of
the variance in well-being is influenced by genetic factors
(Bartels and Boomsma 2009; Bartels et al. 2010; Bergeman
et al. 1991; Caprara et al. 2009; Kendler et al. 2011; Kessler
et al. 2004; Keyes et al. 2010; Mosing et al. 2009; Nes et al.
2008; Nes et al. 2010; Roysamb et al. 2002; Roysamb et al.
2003; Stubbe et al. 2005). To date, however, few twin or
family studies have used multivariate behavior genetic
approaches to examine the genetic and environmental multi-
dimensionality of different types of well-being or to differ-
entiate well- from ill-being.

Unidimensionality versus multidimensionality
The distinction between unidimensional and multidimen-
sional is as obvious as it would seem. Finding two or more

factors in a multivariate genetic analysis constitutes clear
evidence of multidimensionality, but a single common latent
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factor can be ambiguous with respect to multidimensional-
ity. For example, we would consider a single latent genetic
factor with no significant measure-specific genetic influ-
ences to constitute evidence of unidimensionality. However,
even with only a single latent genetic factor, if there were
some significant measure-specific genetic influences that
were independent of the common factor, we would argue that
this scenario is a form of multidimensionality. The presence
of independent genetic effects on a particular measure
indicates that there must be more than one underlying set of
genetic influences. Thus, we would consider this situation to
indicate multidimensionality at the genetic level. Accord-
ingly, although researchers who found only a single factor
are technically correct in suggesting unidimensionality, we
suggest below that some of those findings can actually be
interpreted as indicating multidimensionality.

Multivariate twin studies of well-being

Bartels and Boomsma (2009) found that approximately half
of the overlap among four measures of satisfaction and
happiness was accounted for by genetic influences in com-
mon whereas the patterns of associations among unique
environmental factors across measures were complex. We
list measures used in each study in Table 1 and list items in
Supplementary Material. Although there were common
additive genetic influences, Bartels and Boomsma also found
measure-specific non-additive/dominance effects on satis-
faction and happiness. Similarly, Caprara et al. (2009) found
that genetic influences were substantially shared among
three indicators of well-being (optimism, life satisfaction,
and self-esteem) whereas unique environmental influences
were partly common but largely measure-specific. Keyes
et al. (2010) conducted multivariate genetic analyses of
psychological, emotional and social well-being (Keyes et al.
2010; Snowden et al. 2010). They considered their emotional
well-being indicator to be a measure of hedonic well-being
(satisfaction, cheerfulness and happiness). The psychologi-
cal well-being indicator assessed eudaimonic well-being
(Kessler et al. 2004; Ryff 1989, 1995; Ryff and Keyes 1995).
A single latent genetic factor (called mental well-being)
emerged that accounted for 99 % of the genetic influences on
psychological well-being and 61/65 % of the genetic influ-
ences on social and emotional well-being, respectively.
There were also significant measure-specific additive
genetic influences on both emotional and social well-being.
These results, thus, suggest multidimensionality of the
underlying genetic influences on types of well-being.

Multivariate twin studies of both well- and ill-being

Several twin studies have simultaneously examined
the genetic and environmental architecture of well- and
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Table 1 Measures used in multivariate twin studies of well- and ill-being (items in Supplementary Material)

Comparisons of well-being measures
Bartels and Boomsma 2009

(1) Quality of Life [in general: 1 item] (Cantril 1965)

(2) Quality of Life [at moment of measurement: 1 item] (Cantril 1965)
(3) Satisfaction with Life Scale (Diener et al. 1985)
(4) Subjective Happiness Scale (Lyubomirsky and Lepper 1999)

Caprara et al. 2009

(1) Life Orientation Test of optimism and pessimism revised (Scheier et al. 1994)

(2) Self-esteem: 7 item (Rosenberg 1965)
(3) Satisfaction with Life Scale (Diener et al. 1985)

Keyes et al. 2010

Mental Well-being (latent factor):

(1) Psychological Well-being (Ryff and Keyes 1995)
(2) Emotional Well-being/Life Satisfaction (Cantril 1965; Gurin et al. 1960)
(3) Social Well-being (Keyes 1998)

Comparisons of well- and ill-being items
Kendler et al. 2011

(1) Mental Well-being (see Keyes et al. 2010)

(2) Internalizing Psychopathology: diagnosis of lifetime Major Depression,
Generalized Anxiety Disorder, Panic Attacks (Kessler et al. 1998)

Mosing et al. 2010, 2009

(1) Life Orientation Test of optimism and pessimism: 8§ items (Scheier and Carver 1985)
(2) Mental Health:

General Health Questionnaire (Goldberg and Williams 1988)
Center for Epidemiologic Studies-Depressive Scale (Radloff 1977)
(3) Self-rated Health (1-item) (Lundberg and Manderbacka 1996)

Nes et al. 2008

(1) Anxiety (SCL-5, 2 items) (Tambs and Moum 1993)

(2) Depression (SCL-5, 3 items) (Tambs and Moum 1993)

(3) Life Satisfaction (1-item: “When you think about your life at present,
would you say that you are mostly satisfied with your life or mostly dissatisfied”)

Plomin et al. (1992)

(1) Life satisfaction (Wood et al. 1969)

(2) Life Orientation Test: Optimism scale (Scheier and Carver 1985)
(3) Life Orientation Test: Pessimism scale (Scheier and Carver 1985)
(4) Center for Epidemiologic Studies-Depressive Scale (Radloff 1977)

ill-being. Substantial genetic and environmental overlap
between positive and negative orientations would provide
support for their bipolarity whereas greater differentiation of
genetic and environmental influences would provide support
for their independence. Findings are inconclusive. Two
studies provided some support for the view that, at a genetic
level, well- and ill-being are bipolar; that is, genes associated
with the propensity to feel positively about life also decrease
the likelihood of feeling depressed (Mosing et al. 2010, 2009;
Nesetal. 2008). In a study of young adult twins (ages 18-31),
ill-being was assessed with the anxiety and depression scales
from the abbreviated Symptom Checklist-25 (two items and
three items, respectively); well-being was assessed with a
single item which evaluated whether the twins were mostly
satisfied or dissatisfied with life overall (Nes 2008). It is
perhaps worth noting that with only five items on one mea-
sure and one on the other, the deck may have been somewhat
stacked against finding multidimensionality. Associations
between optimism, and a measure of mental health (pri-
marily depression and anxiety) were examined in a com-
bined sample of older Australian twins and Swedish twins

(Mosing et al. 2010, 2009). High scores on the optimism
scale reflected a positive orientation while low scores
reflected pessimism. In both studies, well- and ill-being
shared substantial common genetic influences but each
measure was also influenced by unique environmental
influences specific to the measure.

Associations between well- and ill-being were more
complex in two other twin studies. Plomin et al. (1992)
examined genetic overlap between life satisfaction, optimism,
pessimism, and depressive symptoms in older adult twins.
Life satisfaction was not heritable, but at the phenotypic level,
optimism was significantly associated with satisfaction
(r = .46). A common genetic factor significantly influenced
both pessimism and depressive symptoms, but not optimism
and depressive symptoms. Finally, Kendler et al. (2011)
examined associations between mental well-being (i.e. emo-
tional, psychological, and social well-being) and internalizing
psychopathology (i.e., depression, anxiety, panic) in adult
twins. When data from two time points were combined to
represent stable risks associated with mental well-being and
internalizing psychopathology, these two constructs shared
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substantial genetic influences (41-50 %) and modest, though
significant, environmental influences. In addition, there were
significant genetic influences specific to major depression,
anxiety disorder, and emotional well-being (1995) and unique
environmental influences specific to each measure. Based on
our conceptualization, both of the latter two studies suggest
multidimensionality of well- and ill-being.

Rationale for the present study

The extant literature suggests that more systematic behavior
genetic work is needed to clarify associations among well- and
ill-being constructs. The few twin studies that examine well-
and ill-being constructs have tended to use different measures
and samples with widely varying characteristics making cross-
study comparisons difficult. Few studies incorporated indica-
tors of both hedonic and eudaimonic well-being or indicators
of both well- and ill-being. The tendency in earlier studies has
been toward lumping and splitting measures due to theoretical
preconceptions (e.g., hedonic versus eudaimonic well-being)
or face validity rather than empirical reasons. Because mea-
sures in some studies were combined prior to multivariate
analysis, the possibility of observing multidimensionality may
be reduced. Thus studies used a proliferation of measures,
some of which were viewed as conceptually distinct, but most
of which were moderately-to-highly inter-correlated. Despite
these limitations, there was still evidence for multidimen-
sionality in the genetic and environmental influences under-
lying well-and ill-being. Therefore, there is good reason to
think that there is even greater complexity and multidimen-
sionality to these constructs than previously believed.

In the present study we assessed well- and ill-being in
middle-aged twin men ages 51-60 using four different
measures of well-being (including measures thought to
assess both hedonic, eudaimonic well-being) and a measure
of depressive symptoms as an indicator of ill-being. The
goal of the study was to determine the extent to which: (1)
the underlying structure of different types of well-being
were multidimensional; and (2) well- and ill-being were
influenced by similar or different genetic and environ-
mental factors (thus reflecting their bipolarity or indepen-
dence). Based on our interpretation of the results of prior
studies, we predicted that well- and ill-being would be
genetically and environmentally multidimensional.

Method
Participants
Participants in the Vietnam Era Twin Study of Aging

(VETSA) were recruited from 3322 twin pairs who par-
ticipated in a previous large-scale study (Tsuang et al.
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2001); all participants were part of the Vietnam Era Twin
Registry (Eisen et al. 1987). In order to be eligible, par-
ticipants had to be 51-59 years old when recruited and
both members of a twin pair had to agree to participate.
Participants averaged 55 years old at the time of the
VETSA assessment (mean age = 55.4; SD 2.47).

Most participants were married (79 %) and employed full-
time (78 %) with a median family income of 60-70 thousand
dollars per year. Average education was 13.9 years. One
quarter (25 %) of the men currently smoked and 59 %
reported having at least one alcoholic drink in the past
2 weeks. With regard to health and lifestyle factors, 56 % had
hypertension, 8 % diabetes, and about 16 % reported car-
diovascular disease. Health and lifestyle characteristics were
very comparable to those of the general population of men in
the United States in this age group (Centers for Disease
Control and Prevention 2003, 2007). Although all participants
were military veterans, the majority (62 %) did not serve in
combat or in Vietnam (Eisen et al. 1987).

Procedures and measures

Details of the data collection and sample are available in
previous publications (Franz et al. 201 1; Kremen et al. 2006).
Although the VETSA focuses on genetic and environmental
influences on cognitive aging, measures of well-being, sat-
isfaction, and depressive symptoms were included in the
assessment as important risk and preventive factors in aging
(Kremen et al. 2006). Participants completed questionnaires
at home and brought them to the test sites (University of
California, San Diego or Boston University) on the testing
day (99 % return rate). Of the 1237 VETSA participants,
1226 had questionnaire data (336 monozygotic [MZ] male—
male pairs; 277 dizygotic [DZ] male-male pairs). Institu-
tional Review Board approval was obtained at all sites; all
participants provided written informed consent.

Well-being measures (see Supplementary Material
for items on each measure)

Psychological well-being (PWB) Psychological well-
being was measured with the 18-item Psychological Well-
Being Scale (Ryff and Keyes 1995). The PWB has been
conceptualized as a measure of eudaimonic well-being and
delineates six dimensions of well-being: autonomy; envi-
ronmental mastery; personal growth; positive relations
with others; purpose in life; and self-acceptance (Ryff
1989, 1995; Ryff and Keyes 1995). Because of low alphas
for the individual dimensions (alphas ranged from .40 to
.50), we used the total score for the scale as an indicator of
general psychological well-being (¢ = .80). Items on the
PWB were worded both positively and negatively (e.g., “In
general I feel I am in charge of the situation in which I
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live,” “I like most aspects of my personality,” “In many
ways I feel disappointed about my achievements in life”).
Negatively worded items were reverse scored so that high
scores reflect well-being. Questions dealt with how the
participant felt about himself and his life; participants
responded to each item on a scale from one (strongly dis-
agree) to six (strongly agree).

Life satisfaction General life satisfaction was assessed
with a single item (“Using a scale from O to 10 where 0
means ‘the worst possible life overall’ and 10 means ‘the
best possible life overall,” how would you rate your life
overall these days?”). This item is commonly used and
viewed as valid in the epidemiological/survey literature
(Brim et al. 1996; Nes et al. 2008; Schaie et al. 2004). Life
satisfaction has been considered by some researchers to be
an index of hedonic/subjective well-being (Diener 2005;
Diener et al. 2003).

Rosenberg self-esteem scale We measured self-esteem
with the 10-item Rosenberg Self-Esteem Scale (Rosenberg
1965). Because of its emphasis on positive optimal func-
tioning, the Rosenberg likely reflects eudaimonic well-
being (Caprara et al. 2009; Schimmack et al. 2002). The
scale assesses both positive (“I feel that I have a number of
good qualities”) and negative (“All in all, I’m inclined to
think I’'m a failure”) general appraisals about one’s self
(o = 0.90). Participants indicated on a scale from one
(strongly disagree) to four (strongly agree) how the items
reflected their general feelings. The Rosenberg has been
used a measure of well-being in previous studies, is highly
correlated with other measures of well-being, and has
strong item overlap with PWB. In addition, conceptually it
fits Diener’s definition of well-being as “an umbrella term
for the different valuations people make regarding their
lives, the events happening to them, their bodies and
minds, and the circumstances in which they live” (Diener
2005).

Multidimensional Personality Questionnaire Well-Being
(MPOQWB) MPQWB was assessed using the 11-item
well-being scale (¢ = 0.80) from the Multidimensional
Personality Questionnaire-form NZ. The NZ version is
considered to be very similar to the Brief Form (Caspi
2000; Caspi et al. 1997; Krueger et al. 2000; Patrick et al.
2002; Tellegen 1985; Tellegen et al. 1988). Psychometric
properties and validity of the MPQ are well documented
(Lykken and Tellegen 1996; Patrick et al. 2002; Tellegen
1985). A person high in MPQWB is someone who has a
cheerful and happy disposition, feels good about himself
and his life, and is optimistic about the future. MPQWB
was intended as a trait-like measure of well-being. As
suggested by the description of a person high in MPQWB,

this measure includes elements of each of the other three
well-being measures (see Supplementary Material for
items). Thus, it does not fit neatly under the rubric or either
eudaimonic or hedonic well-being. There are no negatively
worded items on the scale. Participants responded whether
each statement was true or false about them.

Ill-being We assessed ill-being with the Center for Epi-
demiologic Studies Depression Scale (CESD; Radloff
1977). The CESD comprised 20 items involving an
appraisal of the frequency of specific moods and behaviors
during the past week; responses ranged from “rarely or
none of the time” to “most or all of the time.” It has good
reliability (¢« = 0.92) and is highly correlated with indi-
cators of major depression (Rush et al. 2006). Most items
on the CESD were worded negatively (“I felt sad”; “I was
bothered by things that usually don’t bother me”) but four
items were worded positively (“I was happy”, “I felt
hopeful about the future”). Depressive symptom scores for
the sample were comparable to other community-based
non-patient samples (Franz et al. 2011; Radloff 1977).

Zygosity Zygosity was determined using a combination
of DNA testing (examination of 25 satellite markers),
questionnaire, and blood group methods. There was 95 %
agreement between the DNA and questionnaire methods
(Eisen et al. 1989; Nichols and Bilbro 1966). Blood based
zygosity was available for 92 % of the sample and was
used as the gold standard when available.

Data analysis: multivariate statistical analysis methods

In order to elucidate the genetic and environmental relation-
ships among well-being phenotypes, we fit a series of multi-
variate twin models. As extensions of the traditional
univariate twin analysis, these models decomposed the vari-
ance of a phenotype, as well as the covariance between
phenotypes into proportions attributable to additive genetic
(A) influences, shared or common environmental (C) influ-
ences (i.e., environmental factors that make members of a twin
pair more similar to one another), and unique environmental
(E) influences (i.e., environmental factors that make twins
different from one another, including measurement error)
(Eaves et al. 1978; Neale and Cardon 1992). Non-additive
genetic influences (D) that are due to genetic dominance or
epistasis can also be quantified in these models; however, due
to issues of model identification D and C effects cannot be
simultaneously represented in the classical twin design. As
with all twin analyses, additive genetic influences are assumed
to correlate 1.0 between monozygotic (MZ) twins because
they share 100 % of their DNA. Dizygotic (DZ) twins share on
average 50 % of their segregating DNA, and are therefore
assumed to correlate .50 for additive genetic influences. The
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shared environment is assumed to correlate 1.0 between both
members of a twin pair, regardless of their zygosity.

A multivariate Cholesky decomposition was first fit to
the data in order to estimate the magnitude of genetic and
environmental covariance between the variables of interest.
These covariance estimates can then be used to calculate
genetic and environmental correlations. Conceptually,
genetic and environmental correlations represent the
degree to which genetic and environmental influences of
one phenotype are predictive of the influences for another
phenotype (Carey 1988). In statistical terms, the genetic
correlation (rg) between any two phenotypes is defined as
their genetic covariance divided by the square root of the
product of their individual genetic variances. Shared and
unique environmental correlations are calculated in the
same way utilizing the respective variance and covariance
estimates. In addition to the multivariate Cholesky we

fit independent pathway/biometric factors models (see
Fig. 1a) (McArdle and Goldsmith 1990) and common
pathway/psychometric factors models (see Fig. 1b) (Ken-
dler et al. 1987) in order to determine the degree to which
the genetic and environmental influences on our well-being
phenotypes stem from the same or different factors. The
independent pathway model imposes genetic and environ-
mental factors on the respective covariance estimates,
while also allowing for variable-specific genetic and
environmental influences. These latent factors then act on
each variable through separate, independent pathways and
allow for the determination of whether observed genetic
and environmental covariance is due to one or more
common genetic or environmental factors. In the common
pathway model, genetic and environmental influences act
directly on a latent phenotype, and then on the variables of
interest through a common pathway that is equivalent to a

a
Ryff Psychological MPQ Life CES-D
Well-Being Well-Being Satisfaction Self-Esteem Symptoms
Ryff Psychological MPQ Life CES-D
Well-Being Well-Being Satisfaction Self-Esteem Symptoms

506 000 b6 bed b

Fig. 1 a Independent pathway model. b Common pathway model
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factor loading. The model is akin to a principal factors
analysis in which genetic and environmental influences are
identified for each factor, as well as for the residual vari-
ance of each variable. The independent pathway models
were used to test for the presence of genetic and environ-
mental factors without imposing formal latent phenotypes
on the data. The common pathway model was then used to
test for the presence of global well-being factors.

Analyses were conducted using the raw data option of the
maximum-likelihood based structural equation modeling
software Mx (Neale et al. 2006). Prior to model fitting, all
variables were transformed to approximate normality, and
were then standardized to a mean of 0 and a variance of 1.0
in order to simplify the specification of start values and the
appropriate ranges for model parameters. Overall model fit
was determined using the likelihood-ratio Chi-square test
(LRT). Calculated as the difference in the —2 log likelihood
(—2LL) of two models, the LRT is distributed as a Chi-
square with degrees of freedom equal to the difference in the
number of parameters between the models. Non-significant
LRT values (p > .05) indicate that a model does not result in
a significant change in fit relative to the comparison model,
and can therefore be considered as an accurate representa-
tion of, or good fit to, the data. In addition to the overall fit,
models were compared using Akaike’s Information Crite-
rion (AIC) and the Bayesian Information Criterion (BIC)
(Akaike 1987; Schwartz 1978). Both statistics reflect the
balances between goodness-of-fit and model parsimony,
with the BIC also adjusting for sample size. Models with
smaller/more negative AIC and BIC values are preferred.
Based on Markon and Krueger (2004), when discrepancies
between the statistics are observed, preference should be
given to the BIC as it outperforms the AIC when dealing
with more complex models and in larger samples.

Results

Table 2 presents the raw means and standard deviations,
as well as the MZ and DZ cross-twin correlations for
each phenotype examined. In addition, we present the

standardized variance components (A, C, and E) for each
phenotype as derived from the full Cholesky decomposi-
tion. Heritability estimates ranged from .19 for Life
Satisfaction to .50 for PWB. Shared/common environ-
mental influences contributed little to each phenotype, with
the exception of the CESD total score (C = .13). In pre-
liminary analyses univariate ACE models for each pheno-
type were all shown to provide good fits relative to
saturated models, indicating that major assumptions of the
twin design (i.e., equality of means and variances) were not
in violation. Given that MZ correlations were more than
twice the magnitude of the DZ correlations for four of the
five phenotypes (which suggested the presence of non-
additive genetic effects) we also fit an ADE Cholesky
model to the data. Although some evidence for non-addi-
tive genetic effects was observed (estimates ranged from
.13 to .32) the resulting A and D variance components were
not significant based on 95 % confidence intervals for all of
the phenotypes examined. Moreover, the fit of the ADE
Cholesky relative to a multivariate saturated model was
noticeably poorer than the fit of the ACE Cholesky based
on LRT, AIC, and BIC values (results available upon
request). We concluded that we were underpowered to
adequately detect separate additive and non-additive
effects, and proceeded with ACE models for the remaining
analyses.

Multivariate twin analyses

Although the full ACE Cholesky was a good fit relative
to the multivariate saturated model (LRT g, = 98.33,
p = .080, AIC = —61.67, BIC = —2495.31), we were
able to improve substantially the fit of the model by con-
straining all common environmental influences to zero,
with the exception of the influences specific to the CESD
(Reduced Cholesky Model: LRT g4y = 104.29, p = .220,
AIC = —83.71, BIC = —2515.15). All subsequent mul-
tivariate models were therefore tested assuming only
additive genetic and non-shared environment covariance
between the phenotypes, as well as common environmental
influences limited to the CESD.

Table 2 Descriptive statistics and standardized variance components derived from the ACE Cholesky decomposition

Descriptive statistics

Cross-twin correlations

Standardized variance components

Mean (SD) MZ Dz A C E
Ryff psychological well-being 4.73 (0.64) 51 21 .50 (.34; .58) .01 (.00; .14) 49 (.42; 57)
MPQ well-being 7.72 (2.77) .38 12 .35 (.18; .45) .02 (.00; .15) .63 (.55; .72)
Life satisfaction 7.61 (1.58) 22 .06 .19 (.07; .28) .02 (.00; .13) .79 (.70; .88)
Self-esteem 3.40 (0.48) 40 18 .35 (.19; .47) .05 (.00; .19) .60 (.52; .68)
CES-D depression 8.30 (8.25) .38 24 26 (115 .41) .13 (01; .26) .61 (.53; .69)

A additive genetic variance component, C common/shared environment variance component, £ unique environment variance component
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Table 3 presents the phenotypic, genetic and non-shared
environmental correlations generated by the reduced Chole-
sky model for the five well- and ill-being measures. At the
phenotypic level all five phenotypes were significantly cor-
related with one another. The absolute magnitude of these
correlations (ignoring the sign) ranged from r = .70 between
PWB and Self-Esteem, to r = .41 between Life Satisfaction
and MPQWB. Genetic correlations among the measures were
substantial, ranging in absolute magnitude from .59 to .95 and
were all significant based on 95 % confidence intervals. The
genetic correlations between PWB and self-esteem, PWB and
the CESD, the CESD and self-esteem were particularly high
(rc = .95, —.89, —.91 respectively) which suggests nearly
complete genetic overlap among these three measures.
Unique environmental correlations tended to be somewhat
lower than genetic correlations, ranging in absolute magnitude
from .27 to .50. The strongest unique environmental correla-
tions were between PWB, self-esteem and the CESD. This
suggests that the same type of life events would influence
depressive symptoms, self-esteem and PWB.

Table 4 presents the model fitting results for all inde-
pendent pathway and common pathway models examined.
Independent pathway models (models 1-8) were used to
systematically test all possible variations in the genetic and
environmental factor structures. These models indicated
that the genetic covariance between the well-being phe-
notypes was best accounted for by two genetic factors,
whereas only one factor was observed for the unique
environmental influences (model 7). A model in which
only one genetic and environmental factor were allowed
(model 5) resulted in a significant reduction in fit relative to
the Reduced Cholesky. Common pathway models (models
9-13) confirmed that a two-factor solution provided the

best representation of the data. As with the independent
pathway models, a one-factor common pathway model
(model 9) resulted in a significant reduction in model fit
relative to the reduced Cholesky. In contrast, a two-factor
common pathway model (model 10) provided a good fit to
the data. Reducing this model by fixing at zero parameters
that accounted for less than 5 % of the variance in a phe-
notype (model 11) further improved the model fit, and
resulted in the most negative AIC and BIC values of all
models tested.

Standardized parameter estimates from model 11 are
shown in Fig. 2. Additive genetic influences accounted for
79 % of the variance in the first latent factor (P1), with
unique environmental influences accounted for the
remaining variance (21 %). Although four of the five
measures loaded significantly on this factor, it was most
strongly associated with PWB and self-esteem. The second
latent factor (P2) had a more modest heritability of .34;
unique environmental influences accounted for a large
amount of the variance (66 %). Life satisfaction and the
CESD loaded most strongly on the second latent factor.
Only MPQWB had significant specific residual genetic
influences—accounting for 16 % of the phenotypic vari-
ance—which were not attributable to the two factors. In
addition, all five measures had significant specific residual
unique environmental influences not accounted for by the
higher order factors; unique environmental influences
include measurement error. These influences ranged from
49 (MPQWB) to .22 (PWB).

In order to determine if a more simplified factor struc-
ture could be obtained, as well as if genetic and environ-
mental correlations could be imposed between the latent
phenotypes, we fit two additional variants of model 11. In

Table 3 Phenotypic, genetic, and environmental correlations from the reduced Cholesky model

Ryff psychological well-being

MPQ well-being

Life satisfaction Self-esteem

Phenotypic correlations

MPQ well-being .51 (.46; .55)

Life satisfaction .52 (.48; .56) 41 (.36; .45)

Self-esteem .70 (.67; .73) A7 (42; .51) 45 (.41; .50)

CES-D depression —.58 (—.62; —.54) —.41 (—.46; —.36) —.49 (—.54; —.45) —.53 (—.57; —.48)
Genetic correlations

MPQ well-being .72 (.61; .82)

Life satisfaction .73 (.58; .90) .79 (.59; .99)

Self-esteem .95 (.89; 1.0) .69 (.56; .81) 72 (.53;.91)

CES-D depression —.89 (—1.0; —.65) —.74 (—.94; —.50) —.80 (—.99; —.52) —.91 (—1.0; —.66)
Unique environment correlations

MPQ well-being .35 (.26; 43)

Life satisfaction 45 (.37; .53) 27 (.18; .35)

Self-esteem .50 (.42; .56) .33 (245 41) .36 (.28; .44)

CES-D depression —.48 (—.55; —.41) —.30 (—.39; —.22) —.45 (—.52; —=.37) —.40 (—.47, =.32)
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Table 4 Multivariate model fitting results

Model —2LL DF LRT ADF p AIC BIC

Independent pathway models
1. 1 Genetic factor 14911.04 6120 8.28 5 141 —-1.72 —2519.16
2. 2 Genetic factors 14902.85 6116 0.09 1 765 —1.91 —2516.73
3. 1 Unique environmental factor 14909.25 6120 6.50 5 261 —3.51 —2520.05
4. 2 Unique environmental factors 14902.81 6116 0.05 1 818 —-1.95 —2516.75
5. 1 Genetic & 1 unique env. factor 14924.83 6125 22.07 10 .015 2.07 —2520.41
6. 2 Genetic and 2 unique env. factors 14902.89 6117 0.12 2 942 —3.88 —2518.35
7. 2 Genetic factors & 1 unique env. factor 14909.62 6121 6.87 6 333 —5.13 —2521.49
8. 1 Genetic factor & 2 unique env. factors 14911.20 6121 8.45 6 207 —3.55 —2520.70

Common pathway models
9. 1 Factor 14959.91 6129 57.15 14 <.001 29.15 —2509.39
10. 2 Factors 14907.57 6123 4.81 8 1717 —11.19 —2525.78
11. 2 Factors—reduced 14911.03 6127 8.27 12 763 —15.73 —2530.57
12. 2 Factors simple structure 14927.67 6130 2491 15 .051 —5.086 —2527.14
13. 2 Factors modified simple structure 14919.95 6115 17.19 14 .246 —10.81 —2529.37

Best-fitting model appears in bold. All models are tested against the fit of the reduced multivariate Cholesky. Models 12 and 13 are similar to the
2 Factors Reduced model in that residual genetic contributions to four of the five well-being phenotypes have been fixed at zero

—2LL negative 2 log-likelihood, DF degrees of freedom, LRT likelihood ratio test, p significance value of the LRT, AIC Akaike information

criterion, BIC Bayesian information criterion, Env environmental

model 12, we fit a simple factor structure by constraining at
zero the smaller factor loading for each phenotype. Thus,
PWB and self-esteem were allowed to load on first factor
(P1), whereas MPQWRB, life satisfaction, and CESD were
allowed to load onto the second factor (P2). Genetic and
environmental correlations between P1 and P2 were also
freely estimated. These changes resulted in a substantial
reduction in overall model fit, as well as poorer AIC and
BIC values. In model 13, similar constraints and correla-
tions were imposed; however, MPQWB was allowed to
load onto both P1 and P2, given that these parameters were
roughly similar to one another in the full two-factor model.
This modified simple structure provided a good fit relative
to the reduced Cholesky. Nevertheless, AIC and BIC
values indicated that the model did not represent an
improvement over model 11.

Discussion

Our results indicate that well-being is genetically and
environmentally multidimensional, with two latent factors
emerging from the multivariate analyses. These findings
also provide evidence that ill- and well-being are not
simply at opposite ends of a continuum, neither are they
totally independent. The CESD loaded significantly on
both latent factors, indicating that it is associated with each
of these two dimensions of well-being in different ways.
PWB and self-esteem loaded most strongly on the first
factor, which also has the strongest genetic component

(h* = .79). This latent factor appears to involve predomi-
nantly self-appraisal (“I like most aspects of my person-
ality;” “I take a positive attitude toward myself”). This
first factor also seems to have a social comparative element
to it that involves gauging oneself according to some
yardstick for success or failure (e.g. “In many ways, I feel
disappointed about my achievements in life”). The second
latent factor had a modest but significant genetic compo-
nent (h* = .34) and was most strongly influenced by
unique environmental effects. The life satisfaction measure
loaded most highly on the second factor. We think of the
second latent factor as representing global satisfaction, the
feeling that the quality of one’s life on the whole is good.
The strong unique environmental component of the second
factor suggests that this component of well-being may vary
more in response to life events. It may be that character-
istics associated with the first factor, with its stronger
genetic component account for the stability of well-being.

At first glance, the final model could be partly charac-
terized in terms of the two dominant schools of thought
about well-being: eudaimonia (first factor) and hedonia
(second factor). However, with the exception of life satis-
faction, all of the measures are influenced by genes asso-
ciated with both latent factors. Thus, in keeping with
findings at the phenotypic level (Ryan and Deci 2001; Ryff
et al. 2006), the pattern of genetic and environmental
influences indicates that these different types of well-being
are connected but not entirely equivalent.

Evidence for multidimensionality was further supported
by the additional measure-specific genetic influences on
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(.61;.83)

Ryff Psychological MPQ Life CES-D
Well-Being Well-Being Satisfaction Self-Esteem Symptoms
.47 .40 .60
(.42;.52) (.30;.48) (.55;.64)

Fig. 2 Standardized parameter estimates for the best-fitting multi-
variate model (Model 14). Circles with P1 and P2 represent the 2
factors; Al, E1 and A2, E2 represent the genetic (A) and unique
environmental (E) influences (respectively) associated with each
factor. Unnumbered circles with A, C and E represent genetic,
common environmental and unique environmental influences specific

MPQWB and measure-specific common environmental
influences on the CESD. The MPQWB also had significant
loadings on both latent factors. This finding is consistent
with the view that the measure includes elements of each of
the other well-being measures. To our knowledge, some of
the earliest evidence for the heritability of well-being came
from a twin study of the MPQWB (Tellegen et al. 1988).
The MPQ was developed within the empirical personality
tradition as opposed to research focused specifically on
well-being per se. It has not generally been included in
multivariate studies of well-being, perhaps because its
conceptualization of well-being is somewhat different from
the constructs of hedonic or eudaimonic well-being. It does,
however, represent a meaningful well-being construct that
is likely to be useful in studies of well-being dimensions.
With regard to the jingle and jangle fallacies, given the
degree of item overlap in the different measures, devel-
opment of optimized well- and ill-being phenotypes would
likely be improved by genetically-informed item-response
theory analyses. A few examples of individual items
strongly support the need for item-level analysis: (1) PWB:
“I like most aspects of my personality”; Rosenberg Self-
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.70 .66 .61 .39
(.65;.75) (.47;.74) (.57;.64 (.33; .46)

to each measure. Standardized parameter estimates are beside each
path with confidence intervals in parentheses. Squaring the parameter
estimates yields the proportion of variance that is accounted for in
the relative phenotype. Parameter estimates leading from the latent
phenotypes to the measured variables are equivalent to factor loadings

esteem: “I feel that I have a number of good qualities’; (2)
PWB: “In many ways, [ feel disappointed about my
achievements in life”; CESD: “I thought my life had been
a failure”; Rosenberg Self-esteem: “All in all, I am
inclined to feel that I am a failure.” (3) PWB: “When I
look at the story of my life, I am pleased with how things
have turned out”; Rosenberg Self-esteem: “On the whole, I
am satisfied with myself”; Life Satisfaction: “Worst/best
possible life overall”.

Few genetic association studies have examined the
genetics of well-being. However, the strong evidence for
the heritability of well- and ill-being constructs does sug-
gest that it should be possible to identify genes associated
with well-being. A genome-wide linkage scan of 371
micro-satellite markers demonstrated a linkage signal for
subjective happiness at two regions: marker D19S254 at
110 cM on chromosome 19 and marker D1S534 at 153 cM
on chromosome 1q; these two linkage peaks did not
overlap with regions found for depressive symptoms
(Bartels et al. 2010). Our findings are consistent with the
conclusion of Bartels et al. that the positive and negative
spectrum of well-being may be influenced in part by
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independent genetic factors. Chakrabarti et al. found 4
SNPs in the cannabinoid receptor gene (CNR1) that mod-
ulate differential striatal responses to happy but not dis-
gusted faces, suggesting that CNR1 may play a role in
social reward responsivity, possibly influencing WB
(Chakrabarti et al. 2006). The dopaminergic system has
been linked with measures associated with both well- and
ill-being (Sprangers et al. 2010; Sprangers and Schwartz
2008). Associations of oxytocin receptor genes with both
positive and negative affect regulation have also been
reported (Kim et al. 2010; Lucht et al. 2009; Saphire-
Bernstein et al. 2011). Ill-being is often conceptualized as
involving gene variants that are associated with sensitivity
to stressful environmental conditions. However, the “dif-
ferential sensitivity” framework of Belsky and colleagues
(Belsky et al. 2009; Belsky and Pluess 2009) suggests that
those same genes could be “well-being” genes in the
presence of certain environments. In other words, greater
sensitivity to the environment could promote well-being in
supportive environments and ill-being under adverse con-
ditions. Thus, it appears that there is substantial room for
exploration of genes underlying well-being and this should
be enhanced by the development of genetically optimized
well-being phenotypes. Indeed, we suspect one impediment
to success in gene finding could be the lack of clarity
regarding the underlying genetic and environmental
architecture of different well- and ill-being phenotypes.

Some limitations of the study should be considered. This
sample included only middle-aged men from the United
States so the results may not generalize to women, other age
groups or other cultures (Oishi and Diener 2003). In addition,
because there is substantial item overlap among well- and ill-
being measures, further genetically-informative research is
needed at an item level in order to distinguish whether cor-
relations among measures reflect shared variances or tau-
tologies based on item redundancy. Life Satisfaction was
measured with one item only, and thus has unknown reli-
ability which may affect estimates of its heritability.

In conclusion, an early study of the genetics of well-
being (Lykken and Tellegen 1996) aroused concerns that
efforts to improve well-being would be futile if well-being
was “genetic.” Such nihilism is clearly unwarranted as
there are also substantial environmental—and therefore
potentially modifiable—environmental influences on these
measures of well-being. Further study is needed to identify
what genes and what kinds of environmental events most
strongly affect different types of well- and ill-being. Here
behavioral genetics studies (i.e. twin studies) can also make
unique contributions to understanding the association
between well- and ill-being because they allow us to dif-
ferentiate environmental influences from genetic ones.

The study of the dimensionality of well- and ill-being
has been limited in twin research on aging. The focus has

been on depression, anxiety and distress, rather than more
positive states. The paradox of well-being and the life
course is that there is evidence for a “U” shaped curve for
hedonic well-being across the life-course (Blanchflower
and Oswald 2008; Stone et al. 2010); older adults tend to
be higher in well-being than younger adults with the nadir
occurring around age 50 (close to the age of this sample)
for men in the United States (Yang 2008). One strength of
the VETSA project is that it assessed multiple indicators of
well-being in twin men starting right at this transitional
period. Although no age effects were found in our narrow
age range in these analyses, future VETSA longitudinal
assessments may illuminate whether well-being is “U”
shaped in this sample, what types of genetic factors and life
events are associated with different well- and ill-being
pathways, and the extent to which genetic and environ-
mental factors influence changes in different aspects of
well-being. Identification of the genetic and environmental
multidimensionality of these related measures should per-
mit the development of optimized measures of different
components of well-being, help to identify common items
or scales across studies allowing for improved analysis of
predictors and outcomes of different types of well-being,
and increase the likelihood of identifying genes and spe-
cific environmental influences associated with different
components of well-being, potentially facilitating inter-
ventions. Our multivariate genetic analysis constitutes a
step toward these goals.
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