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a b s t r a c t

Mental health is not simply the absence of mental illness; rather it is a distinct entity representing
wellness. Models of wellbeing have been proposed that emphasize components of subjective wellbeing,
psychological wellbeing, or a combination of both. A new 26-item scale of wellbeing (COMPAS-W) was
developed in a cohort of 1669 healthy adult twins (18–61 years). The scale was derived using factor
analysis of multiple scales of complementary constructs and confirmed using tests of reliability and
convergent validity. Bivariate genetic modeling confirmed its heritability. From an original 89 items we
identified six independent subcomponents that contributed to wellbeing. The COMPAS-W scale and its
subcomponents showed construct validity against psychological and physical health behaviors, high
internal consistency (average r¼0.71, Wellbeing r¼0.84), and 12-month test–retest reliability (average
r¼0.62, Wellbeing r¼0.82). There was a moderate contribution of genetics to total Wellbeing
(heritability h2¼48%) and its subcomponents: Composure (h2¼24%), Own-worth (h2¼42%), Mastery
(h2¼40%), Positivity (h2¼42%), Achievement (h2¼32%) and Satisfaction (h2¼43%). Multivariate genetic
modeling indicated genetic variance was correlated across the scales, suggesting common genetic factors
contributed to Wellbeing and its subcomponents. The COMPAS-W scale provides a validated indicator of
wellbeing and offers a new tool to quantify mental health.

& 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Psychiatric research has been driven by an illness ideology; a
focus on identifying risk markers for mental illness, their under-
lying mechanisms and appropriate treatment strategies. In com-
parison, much less focus has been given to mental health and
wellbeing and ways to promote it. This is because of the common
misconception that the absence of mental illness is the equivalent
to mental health (Keyes, 2005; Slade, 2010). However, only one
quarter of the factors that define mental health and mental illness
are shared in common (Kendler et al., 2011; Keyes, 2005; Slade,
2010). This suggests that the genetic, environmental and biological
markers that underlie mental illness differ substantially from those
that underlie mental health. Accordingly we are witnessing a
paradigm shift towards mental health or wellbeing (Maddux,
2008), in which the focus is on defining optimal wellbeing and on

the emerging science of resilience (Russo et al., 2012; Southwick
and Charney, 2012).

Existing definitions of wellbeing have tended to emphasize
concepts of subjective wellbeing, psychological wellbeing, or their
combination. “Subjective wellbeing” reflects hedonia (Andrews
and Withey, 1976; Bradburn and Caplovitz, 1965; Diener et al.,
1995, 1999; Wilson, 1967) and has been quantified by measures of
positive and negative affect (Diener et al., 2010) and satisfaction
with life (Diener et al., 1985). “Psychological wellbeing” is tied to
the concept of eudaimonia, which is focused on the development
of human potential (Broadie and Rowe, 2002; Ryff, 1989). For
instance, Ryff (1989) defined psychological wellbeing as a compo-
sition of autonomy, positive relations with others, purpose in life,
self-acceptance, environmental mastery and personal growth,
which was later quantified by the Ryff Scales of Psychological
Well-Being (Ryff and Keyes, 1995). Only recently has a distinction
been drawn between subjective and psychological wellbeing (Ryff
and Singer, 1998) whereas early theorists never made such a
distinction (Argyle, 1987; Brickman and Campbell, 1971; Wilson,
1967). There is much to be gained in the empirical study of both the
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subjective and psychological aspects of wellbeing as demonstrated
by accumulating evidence from composite indices of wellbeing (e.g.,
the Mental Health Continuum, MHC-LF; Keyes, 2007); both con-
structs are strongly associated with each other with factor analytic
studies showing shared variance of 49–74% (Keyes et al., 2002;
Waterman, 1993). Other studies suggest that psychological well-
being directly influences subjective wellbeing (Kasser and Ryan,
1996; Ryan and Deci, 2001; Sheldon, 2002). The direction of
causation of these effects however is unclear, as many of these
studies were correlational (Kashdan et al., 2008). In any case, each
construct of wellbeing –whether correlated or causal – accounts for
notable variance inwellbeing that would otherwise be unaccounted
for if focusing only on one aspect (Kashdan et al., 2008). Recently,
the PERMA theory of wellbeing, has attempted to encompasses
aspects of both subjective wellbeing (positive emotion, meaning)
and psychological wellbeing (engagement, relationships, accom-
plishment) (Seligman, 2011). This theory is a central component of
The Positive Health Initiative (http://www.authentichappiness.sas.
upenn.edu/) which aims to understand what defines wellbeing,
how to determine its underlying neural circuitry and ways to
promote it in the general population.

A composite measure of wellbeing may assist in assessing
functional status in clinical and population cohorts. Functional
correlates of wellbeing include enhanced cognitive functioning,
increased marital satisfaction, and higher income and economic
flourishing (Diener and Chan, 2011; Seligman, 2008). Wellbeing is
also associated with physiological correlates of neuroendocrine
level, cardiovascular and inflammatory activity (effect sizes of .38)
(Brummett et al., 2009; Fredrickson and Levenson, 1998;
Lyubomirsky et al., 2005; Steptoe et al., 2005). In addition, the
measurement of wellbeing may be useful as a prognostic indicator
of long-term health, disease outcomes and health behaviors. For
instance, evidence from longitudinal studies shows that wellbeing
is significantly predictive of longevity and ill-health (with effect
sizes of .14–.18) (Diener and Chan, 2011; Howell et al., 2007;
Lyubomirsky et al., 2005), as well as lower mortality in both
healthy and diseased populations (Chida and Steptoe, 2008).
In other studies, measures of wellbeing have been related to
improved health behaviors such as non-smoking, physical exer-
cise, healthy diets and use of sun protection (Grant et al., 2009).

In this study, we combine this theoretical background with a
focus on heritability in order to address the questions of whether we
have an innate disposition towards wellbeing or whether it is
something we can modulate and elevate through personal life
experience. Twin studies comparing monozygotic (MZ) to dizygotic
(DZ) twins allow the contributions of genetics versus environment to
wellbeing to be determined. In terms of hedonic (subjective) well-
being, twin studies suggest additive genetics contributes 0% (Baker
et al., 1992; Gatz et al., 1992) to 33% (Silberg et al., 1990) variance in
positive affect, up to 46% in hedonia (Bogdan and Pizzagalli, 2009)
and 48% for optimism (Schulman et al., 1993). In comparison, larger
heritability estimates have been reported for eudaimonic (psycholo-
gical) aspects of wellbeing. In young adult twins (23–24 years),
additive genetics is reported to contribute from 37% variance in
personal growth up to 64% in positive relations (Gigantesco et al.,
2011), with estimates of 41% (autonomy), 47% (purpose in life), 58%
(self-acceptance) and 62% (mastery) also reported (Gigantesco et al.,
2011) for Ryff's psychological wellbeing scale. In contrast, in older
twins (51–60 years), additive genetics contributes smaller estimates
of 30% for locus of control (an element of mastery) and 41% for flow
proneness (an element of engagement) (Mosing et al., 2012).
Together, these findings suggest that some aspects of wellbeing
may be more heritable than others; however they could also simply
reflect differences between the twin cohorts. Each of these twin
studies varied considerably in age of the cohort: all of the twin
studies focusing on hedonia were based in twins across multiple

decades, whereas the eudaimonic studies were within very specific
age groups.

In this study, we first aim to derive a valid self-report measure
of wellbeing that includes both hedonic and eudaimonic aspects of
wellbeing and quantifies these individual differences in an over-
arching construct of wellbeing, along with sub-constructs that
contribute to it, using a multifactorial approach. Our second aim is
to evaluate the contributions of genes and environment to well-
being (both hedonic and eudaimonic aspects), and how this may
be shared or unique to specific subcomponents. In this study, we
report the development and heritability of the COMPAS-W index
of wellbeing in 1669 healthy adult twins ranging in age from
18–61 years from the TWIN-E study (Gatt et al., 2012).

2. Methods

2.1. Participants

Healthy same-sex monozygotic (MZ) and dizygotic (DZ) twins from the TWIN-E
study (the Twin study in Wellbeing using Integrative Neuroscience of Emotion)
conducted at the University of Sydney, Australia (see Gatt et al., 2012 for the
complete study protocol) participated in this study. The study received approval
from the Human Research Ethics Committees of the University of Sydney (03-2009/
11430) and Flinders University (FCREC#08/09). All participants provided written
informed consent prior to participation and after receiving a complete written
description of the study.

Twins were recruited from the Australian Twin Registry. Eligible participants were
same-sex, healthy, adult twin pairs, with English as primary language, and of pure
European ancestry. From initial screens conducted by the Australian Twin Registry,
participants were excluded from the study if they reported current or lifetime
psychiatric illness, history of stroke or neurological disorder, genetic disorder, brain
injury (causing loss of consciousness for more than 10 min), chronic and serious
medical conditions (e.g., cancer or heart disease), blood-borne illnesses (e.g., HIV,
hepatitis), drug/alcohol substance abuse, and sensory impairments to hearing, hand
movement or vision not corrected by glasses/lenses. However, of those participants
who passed the screening criteria and participated in the study, 3.6% (n¼60) later
reported a current or past psychiatric, neurological or chronic illness (n¼18 for
psychiatric illness in particular) on online questionnaires. These participants were not
excluded from analysis. Zygosity in 51 twin pairs (6.8% of sample) was determined
using results from previous DNA tests conducted by the Australian Twin Registry. For
remaining participants, zygosity was confirmed using the twin's responses to a 12-
item questionnaire we developed (Gatt et al., 2012) using validated items from
previously established questionnaires (Eisen et al., 1989; Magnus et al., 1983), shown
to have 95% convergence with DNA results (Jackson et al., 2001).

The study recruited 2262 twins eligible to participate in the study. One thousand
six hundred and sixty nine twins successfully completed Phase I baseline testing of
web-based questionnaires. Total mean age of the sample was 39.64712.73 (18–62
years, with 686 males and 983 females, and mean education of 14.34 years73.00).
This included 966 MZ twins (445 males, 521 females; mean age¼40.04712.44) and
677 DZ twins (227 males, 450 females, mean age¼39.17713.05), and birth order
distributions of 846 twin 1 (345 males, 501 females, mean age¼39.54712.74) and
823 twin 2 (341 males, 482 females, mean age¼39.75712.73).

2.2. Measures and procedures

The methodology used in the current study is standardized across testing sites
and has been previously validated in healthy and clinical populations (Paul et al.,
2007; Paul et al., 2005; Silverstein et al., 2007; Williams et al., 2005). In this study,
we report on the heritability of a new composite measure of wellbeing, the
COMPAS-W index of wellbeing, derived from the following measures:

2.2.1. Self-report measures
The self-report measures were assessed using the WebQ online test battery

(Gatt et al., 2012). These measures included: (1) the World Health Organization
Quality of Life scale (WHOQOL-BREF) (World Health Organization (WHO), 1998)
which measures overall perceptions of quality of life and health and the sub-
domains of Physical Health, Psychological Health, Social Relationships and Envir-
onment; (2) the Satisfaction With Life Scale (SWLS) (Diener et al., 1985) which
measures overall perceptions of life satisfaction relative to one's own circumstances
and standards; (3) the Internal Control Index (ICI) (Duttweiler, 1984) which
measures the degree to which one believes they can control events that affect them,
and provides scores for overall Internal Control and sub-domains of Self-Confidence
and Autonomy; (4) the Emotion Regulation Questionnaire (ERQ) (Gross and John,
2003) which measures both reappraisal and suppression strategies used to deal with
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subjective experiences of negative emotion; and (5) the NEO Five-Factor Inventory
(NEO-FFI) (McCrae and Costa, 2004) which provides a measure of the five major
personality traits of Neuroticism, Extraversion, Openness, Agreeableness and Con-
scientiousness. Each scale was selected to measure different aspects of wellbeing: the
WHOQOL-BREF to assess life satisfaction, negative affect and positive relationships, the
SWLS scale to assess life satisfaction, the ICI to assess autonomy, the ERQ to assess
positive and negative affect, and the NEO-FFI to assess different aspects of positive and
negative affect, life purpose, self-acceptance and personal growth.

2.2.2. Functional outcome measures
The validity of the new COMPAS-W scale was evaluated against several

measures of functional outcomes collected during the WebQ online test battery.
These measures included an assessment of “psychological health” using the
Depression, Anxiety, Stress Scale (DASS-42) (Lovibond and Lovibond, 1995), the
Modified Differential Emotions Scale (mDES) (Fredrickson et al., 2003) and the
Somatic and Psychological Health Report (SPHERE) (Hickie et al., 1998), “physical
health” using measures of nutrition, drug and alcohol use, nicotine use, sleep and
physical activity (Gatt et al., 2012), and “social lifestyle” using measures of leisure
and social activities (Gatt et al., 2012).

2.3. Analyses

Details for all analyses are described in the Supplementary Methods.

2.3.1. Development and construct validation of the COMPAS-W scale
An exploratory factor analysis (EFA) of 89 items selected from the five self-

report measures was first conducted using SPSS software (Version 21) in twin 1.
Items were removed if inter-item correlations were 40.90, if they did not
significantly correlate with the majority (at least 75%) of other items or if they
cross-loaded on factors. The final EFA model was confirmed in twin 2.

A confirmatory factor analysis (CFA) of the reduced model was then conducted
using AMOS (version 20) in twin 1. The comparative fit of four models was tested: a
first-order common factor model, with one common latent factor that loaded on all
items (model A), a first-order 6-factor model, with each latent factor corresponding
to the factors identified in the EFA (model B), a second-order hierarchical model
with one common factor of “wellbeing” loading onto the six latent factors and their
subsequent items (model C), and a first-order 7-factor model with the seventh
latent factor representing “total wellbeing” which loads on all items (model D). The
fit of the final model was confirmed in twin 2. Model fit was assessed using the log
likelihood chi-square difference test between nested models and overall goodness-
of-fit indices.

Internal reliability of the total COMPAS-W scale and subscales was evaluated
using Cronbach alpha. The test–retest reliability of each scale over 12-months was
evaluated using intra-class correlations (mixed effects model).

The validity of the continuous wellbeing subscales was derived by examining
correlations with independent functional outcome indicators of psychological health
status (DASS-42, mDES, SPHERE) and the scales from which they were derived.

The validity of a categorical scoring procedure of the COMPAS-W scale using standar-
dized cut-offs of �1 and 1 (“flourishing”¼4þ1, “moderate”¼�1 to þ1 and
“languishing”¼o�1) was also evaluated using a nonlinear canonical correlation
analysis (OVERALS) in SPSS. This categorization provides a distribution of responses
consistent with previously reported distributions of mental health scores in the general
population (Keyes, 2005). The goal of this analysis is to get maximal variance with
minimal dimensional space from sets of categorical variables (Yazici et al., 2010). The
analysis included six sets of variables: (1) COMPAS-W total Wellbeing categorical scores,
(2) demographics (age, sex, education, marital status), (3) psychological status (DASS-42
scores split into tertiles), (4) physical health indicators (BMI, sleep, work absenteeism
and presenteeism), (5) health behaviors (frequency of use of caffeine, nicotine, alcohol,
marijuana, exercise, consumption of red meat, fish, fast foods, fruit and vegetables,
vitamin supplements), and (6) social lifestyle and social support (time engaged in
reading, mentally challenging tasks, leisure activities, visiting family, socializing with
friends, attending sport events and volunteering in community events).

2.3.2. Genetic modeling
Genetic analyses for each scale using standardized z scores were conducted using

OpenMx version 1.7 (Neale et al., 2003) on R version 2.13.2 (R Development Core Team,
2011). Univariate genetic modeling using the classic twin design (Neale and Maes,
1998) was used to estimate the genetic and environmental contributions to variance
for each of the COMPAS-W. Full ACE and ADE models were fitted to each variable
individually using maximum likelihood estimation, and model fit was assessed by
dropping parameters. Covariates included age, sex and education. Multivariate genetic
models were then fit to all COMPAS-W scales to assess shared and unique genetic and
environmental variance between total Wellbeing and the subscales. A saturated model
(Model 1) was tested and compared for comparative fit to three models: a Correlated
Factors model (Model 2) to estimate the overall underlying genetic and environmental
variance/covariance matrix, an Independent Pathways model (Model 3) to test
whether a single set of genetic and environmental factors influences covariation
among the wellbeing scales directly through independent pathways, and a Common
Pathways model (Model 4) to test whether a single underlying latent phenotype is
solely responsible for the covariation among the wellbeing scales.

3. Results

3.1. Demographic characteristics

There were no significant differences between MZ and DZ
twins, or twin 1 and 2 groups for age and education (p40.05).
There were proportionally more female DZ than male DZ twins,
compared to MZ twins (po0.001). Age, education and gender
were included as covariates in analysis. Sample distribution
information for the self-report measures between MZ and DZ
twin pairs and twins 1 and 2 is presented in Table 1. No significant

Table 1
Means (7S.D.) for self-report measures in twins (N¼1669).

Scale Dimension MZ (N¼966) DZ (N¼677) Twin 1 (N¼846) Twin 2 (N¼822)

COMPAS-W Composure 14.372.5 14.172.4 14.272.5 14.372.5
Own-Worth 34.974.5 34.674.6 34.974.6 34.674.5
Mastery 22.874.0 22.673.9 22.774.0 22.773.9
Positivity 19.472.9 19.572.9 19.572.8 19.473.0
Achievement 11.671.8 11.471.8 11.571.8 11.571.8
Satisfaction 35.474.7 35.174.8 35.474.7 35.274.8
Wellbeing 100.2710.5 99.6710.5 100.1710.6 99.8710.4

WHOQOL-BREF Psychological 74.7712.9 73.7713.3 74.4713.1 74.4713.2
Physical 82.8711.7 82.7711.2 82.7711.5 82.8711.6
Social 70.6718.6 70.1719.0 70.8719.0 70.1718.7
Environment 80.8711.8 80.3711.6 81.0711.9 80.4711.5

SWLS Satisfaction with Life 26.975.5 26.575.7 27.075.3 26.575.8
ICI Internal Control 101.3710.1 100.5710.1 101.179.8 100.8710.4

Self-confidence 52.477.8 52.177.6 52.577.6 52.177.8
Autonomy 44.674.6a 44.174.9a 44.374.8 44.474.7

ERQ Reappraisal 5.07 .9 5.17 .9 5.07 .9 5.17 .9
Suppression 3.571.2 3.471.2 3.571.2 3.571.2

NEO-FFI Neuroticism 16.177.7b 17.077.9b 16.477.7 16.577.9
Extraversion 29.376.1 29.376.3 29.476.2 29.476.2
Openness 27.576.1 27.876.3 27.676.2 27.676.1
Agreeableness 34.375.1 34.475.4 34.375.2 34.475.2
Conscientiousness 34.776.0 34.475.7 34.576.0 34.675.7

a p¼0.032.
b p¼0.028.
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differences were found for the WHOQOL scales, SWLS, ERQ, ICI or
NEO-FFI (p40.05), with the exception of differences between MZ
and DZ twins for neuroticism (p¼0.028) and autonomous beha-
vior (p¼0.032) with MZ twins showing fractionally less neuroti-
cism and more autonomous behavior.

3.2. COMPAS-W: a new composite measure of wellbeing

The Appendix presents the new COMPAS-W scale (Appendix 1)
and scoring instructions for use (Appendix 2). The wording of items
was altered from the original scales to aid the use of a common
5-point response scale of Strongly Disagree to Strongly Agree.
The norms for the COMPAS-W scale including raw scores, standar-
dized z-scores and percentiles for twin 1 are provided in Appendix 3.

3.2.1. Exploratory factor analysis
We conducted a series of exploratory factor analyses (EFA) with

oblimin rotation on the 89 selected items in twin 1. We first removed
38 items with high correlation (40.90) or low correlation (o75%)
with other items. A further nine items were then removed due to
estimates of o0.50 on the anti-image matrices. High cross-loadings
across factors suggested a further 16 items to be removed. We
retained one item (WHOQOL-BREF item “How would you rate your
quality of life?”) as a measure of life satisfaction. The resulting EFA
model included 26 items with factor loadings 40.30 and an 8-factor
solution. To minimize factors, we tested reduced EFA solutions of
7-, 6- and 5-factors. The scree plot suggested a 6-factor solution
was optimal, accounting for over 50.521% of the variance (KMO¼
0.847, Bartlett's Test of Sphericity chi-square¼5013.63, po .0001,
determinants¼ .002, residuals¼40%). The 6-factor EFA solution was
confirmed in twin 2 to assess replication of item loadings to the six
factors (50.777% variance accounted, KMO¼0.837, Bartlett's Test of
Sphericity chi-square¼5003.79, po0.0001, determinants¼0.002,
residuals¼40%). Items were converted to a common 5-point dimen-
sion scale and a Cronbach alpha analysis was conducted. The cross-
loadings of 2 items were removed for optimal reliability of each
subscale, but all 26 items remained in the model. Any other cross-
loadings were reserved in the subscales to maintain high internal
consistency of the scale.

The final 6-factor solution comprised the following six factors of
the COMPAS scale: Composure, competency and adaptability in
stressful situations (four items); Own-worth, autonomy and inde-
pendent self-worth (nine items); Mastery, self-confidence and
perceived control over one's environment (six items); Positivity,
optimism and positive outlook (five items); Achievement, goal
orientation and striving (three items); and Satisfaction, satisfaction
with life, health, work, personal relationships and emotions (nine
items) (see Supplementary Table 1 for original items and factor
loadings and Appendix 1 for the new COMPAS-W scale of wellbeing
instrument). Sample means by zygosity and birth order for these six
factors and total wellbeing are provided in Table 1.

When stratified by past/current psychiatric illness, the illness group
(n¼18) scored significantly lower than the non-illness group
(n¼1651) for Wellbeing (illness: 90.28713.75; non-illness: 100.067
10.41, po0.0001), Satisfaction (illness: 29.3375.67; non-illness:
35.3974.69, po0.0001), Positivity (illness: 17.0674.02; non-illness:
19.4772.88, po.0001), Composure (illness: 12.5072.94; non-illness:
14.2972.45, p¼0.002) and Own-worth (illness: 31.6174.85; non-
illness: 34.8074.52, p¼0.003). The illness group also scored lower for
Mastery and Achievement, but not significantly (p40.05).

3.2.2. Confirmatory factor analysis
Confirmatory factor analysis of the final 6-factor solution was

tested in twin 1 using structural equation modeling. We evaluated
the comparative fit of four models to understand the underlying

latent factor structure of the COMPAS scale (see Supplementary
Table 2). Model A tested a first-order common factor structure,
with one common latent factor loading on all items instead of the
6-factor solution; Model B tested the 6-factor solution derived
from the EFA analysis (including all item cross-loadings); Model C
tested a hierarchical model with a common latent factor of “total
wellbeing” which loaded onto the six latent factors; and Model D
tested a first-order 7-factor model with the seventh factor repre-
senting “total wellbeing” which loads onto all of the items, in
addition to the original six factors and their specific item loadings.
Model D demonstrated the best fit in twin 1 as indicated by
optimal goodness-of-fit indices (χ2(248)¼634.640, po0.001, RMR¼
0.031, AGFI¼0.924, CFI¼0.917, RMSEA¼0.043, AIC¼840.640). This
optimal fit of Model D was confirmed in twin 2 (χ2(2491)¼668.366,
po0.001, RMR¼0.033, AGFI¼0.916, CFI¼0.910, RMSEA¼0.045,
AIC¼872.366). The first-order 7-factor Model D (Fig. 1) was therefore
considered the optimal model in both cohorts, suggesting a total
score of wellbeing in addition to the six sub-factors best encapsulated
the COMPAS-W scale (W¼Wellbeing).

3.2.3. Reliability and validity
Internal reliability estimates suggested moderate to strong

reliability across the COMPAS-W scales (N¼846, twin 1): Well-
being (0.838), Composure (0.545), Own-worth (0.689), Mastery
(0.710), Positivity (0.691), Achievement (0.716) and Satisfaction
(0.755). The test–retest reliability (ICC) showed moderate to strong
stability over 12 months (N¼543, twin 1): Wellbeing (0.818),
Mastery (0.829), Own-worth (0.733), Positivity (0.710), Satisfac-
tion (0.658), with more variability in scores for Composure (0.373)
and Achievement (0.185).

The validity of the continuous COMPAS-W scales was first
evaluated by correlating the scales with independent indicators of
psychological health status (DASS-42, mDES, SPHERE), as well as the
original scales fromwhich they were derived (WHOQOL-BREF, SWLS,
ICI, ERQ, NEO-FFI) in twin 1 (see Supplementary Table 3). Each
COMPAS-W scale showed an independent and different set of
associations with the other scales at a corrected po0.0003. Total
wellbeing correlated significantly with all scales, with strongest
correlations found with reduced depression scores and neuroticism.
Composure correlated most strongly with reduced SPHERE Axis I
symptoms and neuroticism. Own-worth correlated most strongly
with reduced depression and increased internal control. Mastery
correlated most strongly with increased self-confidence, but also
internal control and conscientiousness. Positivity correlated most
strongly with the mDES positivity scale and extraversion. Achieve-
ment correlated most strongly with conscientiousness, as well as
internal control. Satisfaction correlated most strongly with reduced
depression scores and neuroticism.

The OVERALS analysis identified two dimensions which sig-
nificantly accounted for 36% of the variance. The eigenvalue of
each dimension was moderate (0.385 and 0.335) with total actual
fit of 0.720. Total wellbeing loaded significantly on both dimen-
sions, but most strongly on the first dimension (0.365 vs 0.162,
respectively). The component loadings are presented in Supple-
mentary Table 4. Centroids supported a linear trend of Flourishing,
Moderate and Languishing total Wellbeing with the other func-
tional outcome indicators (Fig. 2a), emphasizing the significance of
the upper left and lower right quadrants (Fig. 2b). Significant
component loadings (40.1) for these two quadrants highlighted
the health profiles of Flourishing vs Languishing levels of Well-
being (Fig. 2c): Flourishing Wellbeing was associated with optimal

1 The extra degree of freedom in the model for twin 2 was due to the needed
variance constraint (0.05) for a residual factor to achieve a non-positive definite
solution.
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functional indicators such as low DASS-42 scores, 6–8 hours sleep,
and exercise 3–6 times/week; in contrast, Languishing Wellbeing
was associated with poor functional indicators such as high DASS-
42 scores, less than 5 h sleep/night, low work productivity, and
fast foods 3–5þ times/week.

3.3. Genetic modeling

3.3.1. Univariate modeling
Intra-class correlation coefficients are presented in Supplemen-

tary Table 5. Assumption tests confirmed that means and variances
could be constrained across twin 1 and twin 2, and across MZ
and DZ participants for all scales without any significant decline
in fit. Fit statistics for all models are presented in Supplementary
Table 6. For each ADE model or ACE model, a drop of the
parameter D or C did not result in a significant deterioration in
model fit, suggesting that D or C did not contribute to variance in
the model. Therefore, the best model across all scales was the AE
model, indicating a significant contribution of additive genetics
and unique environment.

The final heritability (A) and unique environment (E) values for all
scales are presented in Table 2. For the COMPAS-W subscales,
heritability ranged from small (Composure: 24%) to moderate
(Satisfaction: 43%) with the highest heritability reported for Total
Wellbeing (48%). Unique environment contributed more to variance
than additive genetics to each of these scales. These estimates were
on par with the heritability of the other quality of life and emotion
regulation scales, which ranged from 19% for the ERQ reappraisal
scale up to 56% for the NEO-FFI openness scale.

3.3.2. Multivariate modeling
The fit statistics for the different multivariate models of the

COMPAS-W scale are presented in Supplementary Table 7. Ana-
lyses suggested the Correlated Factors model (Model 2) did not
show a significant decrement in fit relative to the saturated model
(Model 1), and showed an improvement in AIC values and
more degrees of freedom and was therefore considered a more
parsimonious model (AIC¼�1055.71). The Independent Pathways
model (Model 3) was then compared to the Correlated Factor

Fig. 1. Final confirmatory factor model (CFA) model for the 26-item COMPAS-W scale and corresponding univariate heritability estimates. (a) A flowchart of analyses
conducted to establish the psychometric properties of the COMPAS-W scale. The darker blue box indicates the step in analysis represented in Fig. 1b (“CFA”) in twin 1. (b) The
CFA results for the final 7-factor model (Model D) confirmed in both twins 1 and 2. The scale contains a total factor scale of Wellbeing and six subfactor scales of Composure,
Own-worth, Mastery, Positivity, Achievement and Satisfaction. Each of these scales are represented as latent factors within the ellipses. The items for which each scale loads
are represented in the rectangular boxes and residual errors (“r”) are represented in the small circles. The univariate heritability estimates for each scale are also shown.
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model (Model 2), which showed a significant decrement in model
fit as indicated by a significant change in chi-square likelihood
(po0.05) and an increase in AIC (1125.83). The Common Pathways
model (Model 4) was then compared to the Correlated Pathways
model (Model 2), which similarly showed a significant decrement
in model fit (po0.05, AIC¼1704.05). The Correlated Pathways
model (Model 2) was therefore considered the best model fit to
the data (Fig. 3, displaying correlated path estimates 40.30). This
model suggests that each COMPAS-W scale is modulated by inde-
pendent genetic and environmental contributors, but which are
largely correlated between factors. Wellbeing showed strong genetic
correlations with each of the other scales (range 0.66–0.92); indicat-
ing genetic factors that influence wellbeing may be shared to a large
extent. All other subfactors also showed shared genetic correlations
with the other scales suggesting additional unique genetic factors
contributing to these relationships. Wellbeing also showed the
stronger correlations with the other scales in terms of unique
environment (range 0.48–0.77); suggesting specific unique environ-
ments have a common impact across the wellbeing measures. There
were also separate and more specific correlated relationships of
unique environment between the subscales, including Mastery with
Own-Worth (0.58), and Positivity with Satisfaction (0.59), Own-
Worth (0.50) and Composure (0.31).

4. Discussion

We validated a new 26-item measure of wellbeing called COM-
PAS-W, which provides an assessment of total Wellbeing as well as
six subcomponents: Composure during stress, Own-worth, Mastery
over environment, Positivity, Achievement and goal orientation and
Satisfaction with physical, psychological health and social relation-
ships. We tested the reliability of this scale in 846 first twins, and
then independently confirmed it in 823 second twins. Good internal
consistency and test–retest reliability over 12-months was demon-
strated. Validity was confirmed using both continuous and catego-
rical scoring methods. Heritability estimates suggested a moderate
role of genetics in determining Wellbeing (48%) and each subcom-
ponent: Composure (24%), Own-worth (42%), Mastery (40%), Posi-
tivity (42%), Achievement (32%) and Satisfaction (43%). The smaller
role of genetics in Composure and Achievement in particular high-
lights the dominant role of unique environment in contributing
towards these constructs, and could also perhaps explain their lower
test–retest reliability over 12 months (due to varying influences of
unique environment at different time points). The multivariate
genetic modeling suggested common genetic and unique environ-
ment contributions accounted for the variance in total wellbeing
which was shared across all subfactors. There was also evidence of

Fig. 2. Association between COMPAS-W Total Wellbeing and health outcome indicators using OVERALS nonlinear canonical correlation analysis. (a) A flowchart of analyses
conducted to establish the psychometric properties of the COMPAS-W scale. The darker blue box indicates the step in analysis represented in Fig. 2b–d (“Validity”) in twin 1.
(b) The OVERALS centroid plot for total wellbeing, highlighting the importance of the upper left quadrant (yellow) for “flourishing” and the lower right quadrant (beige) for
“languishing”. (c) The OVERALS component loadings of all variables including wellbeing, and their placement into the upper left and lower right quadrants. (d) The profile of
typical characteristics of participants who scored within the “Flourishing” or “Languishing” groups of total wellbeing derived from the OVERALS centroid plot for all variables
combined. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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more specific genetic and unique environment contributors that
were shared between specific subfactors.

Our COMPAS-W measure of wellbeing assesses six core attri-
butes of wellbeing, as previously proposed. Consistent with Diener
et al. (1999), Ryff (1989), Ryff and Keyes (1995), Keyes (1998),
(2005) and Seligman (2011), we identified a separate subfactor for
positivity (or positive emotion or affect), as well as a separate
subfactor for satisfaction (or purpose in life, or meaning). Mea-
sures of mastery and own-worth (or self-acceptance) as contended
by Ryff and Keyes were also identified, as well as a measure of
achievement which assesses similar qualities to personal growth
or accomplishment as suggested by Ryff and Seligman. We did not
identify a separate subfactor for negative emotion as proposed by
Diener, but instead used a new scale of composure to assess
negativity as well as an individual's coping style during stressful
situations. Negativity was also assessed within the satisfaction
subfactor. We did not identify a separate subfactor for relation-
ships which was encapsulated within the measures of own-worth
and positivity.

The reliability of the COMPAS-W scale was robust and often
superseded the reliability of previously established scales of
similar constructs. COMPAS-W provides a measurement of total
Wellbeing which evidenced strong internal reliability (0.838) and
strong test–retest reliability over 1 year (0.818). Further, the test–
retest reliability of each of the COMPAS-W subscales over 1 year
was comparable or superceded the reliability of similar published
scales and which were assessed using shorter time frames. Some
examples include a high test–retest reliability of 0.66 over 1 year
for COMPAS-W Satisfaction versus .50 over 10 months for Diener's
Satisfaction with Life Scale (Pavot and Diener, 1993; Yardley and
Rice, 1991), a high test–retest reliability of 0.83 for COMPAS-W
Mastery over 1 year versus 0.81 over 6 weeks for Ryff's Mastery
scale (Ryff, 1989), and a high test–retest reliability of 0.71 for

COMPAS-W Positivity versus .62 for Diener's Positive affect scale
over 1 month (Diener et al., 2010). Further, the internal reliability
of the COMPAS-W subscales were robust in comparison to these
other scales even though the COMPAS-W subscales were com-
prised of less than half the items of these other scales (e.g., 0.72 for
COMPAS-W Achievement with three items, versus 0.87 for Ryff's
analogous Personal Growth scale with 20 items (Ryff, 1989), and
.69 for COMPAS-W Positivity with five items, versus 0.87 for
Diener's Positive Affect Scale with 12 items (Diener et al., 2010)).
We recognize that it would be useful in future research to test the
utility of the COMPAS-W in longitudinal research predicting health
outcomes following adverse life events (including at least three
assessment points) because previous research has identified a
subgroup of people who follow a resilient trajectory over time
(Bonanno et al., 2012; deRoon-Cassini et al., 2010; Norris et al.,
2009; Pietrzak et al., 2013); the extent to which the COMPAS-W
discriminates this group from other trajectories would further
validate the scale.

We evaluated the heritability of each dimension of wellbeing in
the largest twin study to date (n¼1669) in both male and female
twins that ranged in age from 18–61 years, with heritability
estimates of the COMPAS-W scales being mostly moderate in size.
These estimates were comparable to previous twin studies which
have reported heritability of 41–52% for both broad constructs of
wellbeing (e.g., psychological wellbeing), and more specific con-
structs including flow, optimism and hedonic capacity (Bogdan
and Pizzagalli, 2009; Keyes et al., 2010; Mosing et al., 2012;
Schulman et al., 1993), and were higher than other studies which
reported no genetic contribution to positive affect (Baker et al.,
1992; Gatz et al., 1992). While using a similar age and sex
distribution to the current study, these latter studies were based
on smaller numbers of twin pairs (100–200 pairs versus �800
pairs in the current study) which could have accounted for these
non-significant results. The only other larger twin study evaluated
the heritability of locus of control to be 30% in 3375 twin pairs, but
in a restricted age group of 51–66 years (Mosing et al., 2012). We
found a similar estimate of 39% for internal control.

Possible genes that may influence wellbeing and resilience are
yet to be confirmed. Research suggests that genetic factors may
exert an effect on wellbeing either via an inert “protective” effect,
or via a “plasticity” effect in the context of sensitivity to positive or
negative environments (Belsky et al., 2009). Relevant hormones
and neurotransmitters that are implicated in stress and resilience
include dopamine, serotonin and noradrenaline systems which are
activated in response to reward or threat cues; corticotrophin-
releasing hormone (CRH) which impacts hypothalamus-pituitary-
adrenal (HPA) axis function; neuropeptide Y (NPY) which has
anxiolytic-like effects during stress; and, brain derived neuro-
trophic factor (BDNF) which promotes neural functioning and
plasticity (Feder et al., 2009). The COMT Met variant is an example
of a protective variant as it is associated with reduced dopamine
catabolism in the prefrontal cortex (Egan et al., 2001). In contrast,
the DRD4 Long variant is considered a sensitive plasticity variant,
associated with positive health outcomes only in those individuals
exposed to secure parenting but negative outcomes in uncaring
environments (Schmidt et al., 2009). Other genes hypothesized to
be involved in resilience include FKBP5, CRHR1, SLC6A4 and NPY
(Russo et al., 2012). In isolation, however, each gene will probably
contribute only a small fraction towards the symptom measure
(�1% variance) (Ferreira et al., 2008), such that approaches other
than candidate gene association studies including endophenotype
studies (Gottesman and Gould, 2003) or polygenic risk studies
(Purcell et al., 2009) may prove more fruitful in understanding the
genes involved in wellbeing.

Together, these findings suggest that wellbeing or mental
health is a stable construct that can be reliably measured, and is

Table 2
Univariate heritability estimates in MZ and DZ twins (N¼1502).

Measure a2 (95% CI) e2 (95% CI)

COMPAS-W Scales
Wellbeing 0.48 (0.41,0.55) 0.52 (0.45,0.59)
Composure 0.24 (0.16,0.32) 0.76 (0.68,0.84)
Own-worth 0.42 (0.34,0.49) 0.58 (0.51,0.66)
Mastery 0.40 (0.32,0.47) 0.60 (0.53,0.68)
Positivity 0.42 (0.34,0.49) 0.58 (0.51,0.66)
Achievement 0.32 (0.24,0.39) 0.68 (0.61,0.76)
Satisfaction 0.43 (0.36,0.50) 0.57 (0.50,0.64)

WHOQOL-BREF Scales
Psychological 0.40 (0.32,0.47) 0.60 (0.53,0.68)
Physical 0.39 (0.32,0.46) 0.61 (0.54,0.68)
Social 0.23 (0.14,0.31) 0.77 (0.69,0.86)
Environment 0.41 (0.33,0.47) 0.59 (0.53,0.67)

SWLS Scale
Satisfaction with life 0.31 (0.23,0.38) 0.69 (0.62,0.77)

Internal Control Index
Internal Control 0.39 (0.32,0.46) 0.61 (0.54,0.68)
Self-Confidence 0.40 (0.32,0.47) 0.60 (0.53,0.68)
Autonomy 0.28 (0.20,0.36) 0.72 (0.64,0.80)

Emotion Regulation Questionnaire
Suppression 0.34 (0.26,0.42) 0.66 (0.58,0.74)
Reappraisal 0.19 (0.11,0.27) 0.81 (0.73,0.89)

NEO-FFI Personality Scale
Neuroticism 0.39 (0.31,0.39) 0.61 (0.54,0.61)
Extraversion 0.45 (0.38,0.45) 0.55 (0.48,0.55)
Openness 0.56 (0.49,0.56) 0.44 (0.39,0.44)
Agreeableness 0.38 (0.31,0.38) 0.62 (0.55,0.62)
Conscientiousness 0.41 (0.34,0.41) 0.59 (0.52,0.59)

Note. Heritability¼a2; Unique Environment¼e2. The best fit model for each
measure was the AE model.
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modulated by both genetics and unique environment. Further,
aspects of either hedonic or eudaimonic wellbeing show similar
levels of heritability (e.g., hedonic “satisfaction”¼43% vs eudai-
monic “mastery”¼40%), suggesting either component of wellbeing
is not dissimilar in genetic contribution. Indeed, our multivariate
results suggest that these two components of wellbeing share a
common genetic basis of 48% (e.g., rA¼0.48 between Satisfaction
and Mastery), indicating some of the same genes or genetic
variants may influence these traits.

Heritability is not static, and can vary significantly across the
life span (Carlson and Iacono, 2006; Viken et al., 1994). The strong
common genetic basis for total wellbeing shared across its sub-
factors suggests its utility in genetic research examining variants
that are protective or sensitive to positive environments over
those genetic variants that pose a risk to mental illness, such as in
studies of resilience (Feder et al., 2009; Russo et al., 2012).
Furthermore, variations in genetic and environmental contribu-
tions across the age range suggest that it may be possible to
harness the respective heritability and environmental contributors
to wellbeing in developing therapeutic or public health interven-
tions to mental health.

These findings suggest the COMPAS-W scale could be used in
future studies as an index of mental health, complementing other
indices that focus on mental illness. Including an assessment of
mental health along with mental illness would address the point
that these constructs are separate and non-overlapping (Keyes,
2005; Slade, 2010). The COMPAS-W scale is suited to assessing

mental health and wellbeing across the spectrum of poor through
to optimal wellbeing and resilience. It provides a quick and
accurate screen of overall wellbeing as well as its subcomponents
that could be used in the general population or in clinical groups
to pinpoint areas of psychological strength or deficit. These
subcomponents include an assessment of both hedonic and
eudaimonic aspects of wellbeing. Ultimately, a scale such as
COMPAS-W may aid treatment planning to target areas of risk
for poor coping, or in health promotion strategies that target
enhancement of resilience.

In conclusion, this study details the development and valida-
tion of a new 26-item global scale of wellbeing called COMPAS-W.
We describe the moderate heritability of wellbeing and its con-
stituent subfactors, as well as the heritability of related published
scales including measures of quality of life and life satisfaction.
Combined with the validity of the COMPAS-W scale we conclude
that the COMPAS-W scale could serve as a reliable indicator of
mental health in future clinical and neurogenetic work.
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