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ABSTRACT
Alterations to cognitive function are often reported with depression and anxiety
symptoms, yet few studies have examined the same associations with mental well-
being. This study examined the association between mental well-being, depression
and anxiety symptoms and cognitive function in 1502 healthy adult monozygotic
(MZ) and dizygotic (DZ) twins, and the shared/unique contribution of genetic (G)
and environmental (E) variance. Using linear mixed models, mental well-being was
positively associated (p < .01) with sustained attention (β = 0.127), inhibition (β =
0.096), cognitive flexibility (β = 0.149), motor coordination (β = 0.114) and working
memory (β = 0.156), whereas depression and anxiety symptoms were associated (p
< .01) with poorer sustained attention (β =−0.134), inhibition (β =−0.139), cognitive
flexibility (β =−0.116) and executive function (β =−0.139). Bivariate twin modelling
showed well-being shared a small environmental correlation with motor
coordination and a small genetic correlation with working memory. Trivariate twin
modelling showed well-being shared a small genetic correlation with inhibition,
whereas depression and anxiety symptoms shared a small environmental
correlation with inhibition. The remaining variance was mostly driven by unique G
and/or E variance. Overall, well-being and depression and anxiety symptoms show
both independent and shared relationships with cognitive functions but this is
largely attributable to unique G or E variance and small shared G/E variance
between pairs of variables.
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There is an increasing awareness in psychiatry for the
need to understand positive mental health and well-
being – a state defined not only by an absence of clini-
cal symptoms but also by the presence of positive
attributes or states including a sense of autonomy,
mastery and a positive outlook (Gatt, Burton,
Schofield, Bryant, & Williams, 2014). Theories of well-
being have historically revolved around two

constructs – “hedonia” (or subjective well-being)
which is defined by measures of positive affect and
life satisfaction (Diener, Suh, Lucas, & Smith, 1999),
and “eudaimonia” (or psychological well-being)
which is defined by attributes such as a sense of
purpose, fulfilment and personal growth (Ryff, 1989).
More recently, theorists such as Keyes (2002) and
Seligman (2011) have advocated for a “composite”
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view of mental well-being and the need to measure
aspects of both subjective experience and psychologi-
cal attributes. Yet, despite these conceptual develop-
ments, there is still a significant gap in knowledge of
the underlying neurocognitive mechanisms that
characterise well-being at the level of the individual
person, including how to distinguish when a person
has optimal mental well-being versus poor well-
being (to the level of mental illness).

In the general population, we know that up to 25%
of people will meet diagnostic criteria for a mental
disorder at any one point in time (Kessler, Chiu,
Demler, & Walters, 2005). We also know that of the
remaining 75% of the non-clinical population, only
about 20% can be characterised as “flourishing” and
functioning optimally (Keyes, 2005). In our own
study, we similarly found that of our 1486 healthy
twin participants with normal ranges of anxiety and
depression scores, only 23% reported to also score
within “flourishing” ranges on a composite well-
being scale, even though the two scales correlated
at −0.55 (Routledge et al., 2016). Moreover, when
we decomposed the genetic and environmental influ-
ences of mental well-being with depression and
anxiety symptoms using twin modelling, we found
25% of the total variance in well-being scores was
due to genetic influences shared with depression
and anxiety symptoms, and 9% was due to shared
environmental influences; thus only 34% of the total
variance in well-being scores was shared with
depression and anxiety symptoms (Routledge et al.,
2016). This shared relationship suggests that although
well-being and depression and anxiety symptoms
have some genetic and environmental variance in
common, well-being is largely independent of symp-
toms indicating risk for mental illness. Both constructs
therefore need to be examined separately in their
own right.

A potential avenue for further understanding the
mechanisms underlying constructs of mental well-
being (from risk symptoms) is elucidating how these
constructs relate to cognitive performance. It could
be argued that good cognitive functioning would con-
tribute to good mental well-being, particularly in
regard to social and occupational functioning and
quality of life. On the other hand, poor cognitive func-
tioning is a common characteristic of mental illness,
such as the difficulty to concentrate and update
working memory and poor attention frequently
observed with depression and anxiety (Brodziak,
Brewczynski, & Grzegorz, 2013; Hughes, Watkins, &

Blumenthal, 2004; Najmi, Kuckertz, & Amir, 2012;
Shilyansky et al., 2016). However, what is still unclear
is whether well-being is similarly associated with
specific cognitive functions over and above any
shared associations with depression and anxiety. For
instance, in one study, higher subjective/psychological
well-being (measured using the CASP-19) showed
associations with superior cognitive performance
(time orientation, immediate and delayed verbal
memory, prospective memory, verbal fluency, numeri-
cal ability, cognitive speed and attention) indepen-
dent of depression symptoms in a population cohort
of 11,234 adults (50 years plus) (Llewellyn, Lang,
Langa, & Huppert 2008). However, in other studies,
the associations between well-being and cognition
were significant but often small and attenuated once
negative mood symptoms were considered. For
instance, Gale et al. (2012) reported a significant yet
small effect between well-being (measured using the
Warwick-Edinburgh Mental Wellbeing Scale) and
general cognition in a meta-analysis of 8191 partici-
pants at age 11 and in later life, which was attenuated
when controlling for neuroticism. Lee and Chao (2012)
reported small but significant associations between
subjective well-being (measured as greater satisfac-
tion with life and peace of mind) and superior levels
of inhibition, taking into account depression symp-
toms. Together, these findings highlight the need to
examine these relationships further to test whether
indeed well-being shows shared or independent
associations with specific cognitive functions together
with depression and anxiety symptoms.

One powerful way of examining the common and
distinct relationship between these variables is by
employing a twin design. Identical (monozygotic;
MZ) twins are assumed to have 100% common gen-
etics and 100% shared environment, whereas non-
identical (dizygotic; DZ) twins are thought to share
50% genetics and 100% of their environment. Thus,
if MZ twins are more similar on any measure than
DZ twins, the difference is thought to be due to
genetic factors. Comparing identical to non-identical
twin pairs on multiple variables therefore provides
the opportunity to isolate the proportion of genetic
versus environmental variance for each variable and
their association (i.e. the amount of genetic and
environmental variance that is shared versus unique
for the two or more variables). Previous twin studies
in this area have so far considered the separate herit-
ability of well-being, depression and anxiety symp-
toms and cognitive functions. For measures of well-
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being and depression and anxiety symptoms, univari-
ate heritability estimates typically range from small
(30%) to moderate (48%) (Bartels, 2015; Burton et al.,
2015; Gatt et al., 2014). For specific cognitive functions,
heritability estimates are more variable, ranging from
19% to 79% for executive functioning (including
response inhibition, working memory and set shifting;
Giubilei et al., 2008; Kremen et al., 2007); 64% to 83%
for language function (Posthuma, Neale, Boomsma, &
de Geus, 2001; Wainwright, Wright, Luciano, Geffen, &
Martin, 2008); 37% to 56% for short term, verbal and
visual memory (Finkel, Pedersen, & McGue, 1995;
Kremen, Eisen, Tsuang, & Lyons, 2007); 28% to 60%
for processing speed (Finkel & McGue, 2007; Wain-
wright et al., 2008) and 68% to 69% for reasoning
(Posthuma et al., 2001; Posthuma, de Geus, &
Boomsma, 2001; Wainwright et al., 2008). No twin
studies to date have examined the covariance
between mental well-being, mental illness risk symp-
toms (such as depression and anxiety) and cognition
to test whether shared genetic and/or environmental
variance may account for any phenotypic associations
between these constructs.

In the current study, we aimed to test the associ-
ation between mental well-being and several core
cognitive functions in a large healthy sample of
twins from the Twin study in Wellbeing using Integra-
tive Neuroscience of Emotion (TWIN-E) (Gatt et al.,
2012). We also aimed to test the potentially distinct
nature of these associations from mental illness risk
symptoms, as assessed by symptoms of depression
and anxiety. We used twin modelling to derive the
unique heritability estimates for each measure, as
well as to examine their shared and unique genetic
and environmental associations. The COMPAS-W
(Gatt et al., 2014) was used to assess both hedonic
and eudaimonic well-being as a composite index.
The specific cognitive functions of motor coordi-
nation, processing speed, sustained attention, cogni-
tive control, cognitive flexibility, inhibition, working
memory, recall memory and executive function
were assessed using a previously validated compu-
terised cognitive test battery called WebNeuro (Math-
ersul et al., 2009; Silverstein et al., 2007). The
Depression–Anxiety–Stress Scale (DASS-42; Lovibond
& Lovibond, 1995) was used to quantify severity of
depression, anxiety and related stress symptoms.
Drawing on our previous observation that mental
well-being and mental illness risk symptoms
(assessed by the DASS-42) have up to 34% of variance
in common (Routledge et al., 2016), we predict that

both mental well-being and depression and anxiety
symptoms of risk will show some independent associ-
ations with specific cognitive functions, as well as
some shared relations. We also expect the twin mod-
elling to identify the level of genetic and environ-
mental contribution that is shared in any of these
relationships.

Methods and materials

Participants

Participants in this study were drawn from the TWIN-E
study conducted at the Brain Dynamics Centre, Uni-
versity of Sydney, Australia (Gatt et al., 2012).
Healthy same-sex twin pairs were recruited from the
Australian Twin Registry. All participants had English
as their primary language and were of European
ancestry. Exclusion criteria included current or lifetime
psychiatric illness, history of stroke or neurological dis-
order, genetic disorder, brain injury (causing loss of
consciousness for more than 10 minutes), chronic
and serious medical conditions (e.g. cancer, heart
disease), blood-borne illnesses, substance abuse or
visual impairments not corrected by glasses/lenses.
The study was approved by the Human Research
Ethics Committees of the University of Sydney (03-
2009/11430) and Flinders University (FCREC#08/09),
and participants provided written consent prior to
participation.

The current study included 1502 MZ and DZ same-
sex twins ranging in age from 18 to 62 years. Demo-
graphic characteristics are contained in Table 1. The
age range was selected to include the age-of-onset
for most common psychiatric disorders. Children
aged under 18 and adults aged over 65 were excluded
to minimise the effects of ageing on neurodevelop-
ment and neurodegeneration.

Table 1. Demographic characteristics of the current twin sample (N =
1502).

Variable N (%)

Total 1502
Male 598 (39.8)
Female 904 (60.2)

MZ 906 (60.3)
Male 410 (45.3)
Female 496 (54.7)

DZ 596 (39.7)
Male 188 (31.5)
Female 408 (68.5)

Age: years, mean ± SD (range) 39.77 ± 12.77 (18–62)
Education: years, mean ± SD (range) 14.38 ± 2.99 (1–18)
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Measures

The protocol and measures for the TWIN-E study have
been published previously (Gatt et al., 2012, 2014). In
this baseline phase of the study, participants com-
pleted the WebQ, a battery of online self-report ques-
tionnaires, and WebNeuro, a series of cognitive tasks
measuring thinking processes (Silverstein et al., 2007).

Mental well-being
Weused the 26-item COMPAS-W scale (Gatt et al., 2014)
to measure well-being. The COMPAS-W provides a
composite measure of well-being (of both subjective
and psychological components) as well as subscale
scores for Composure (competency and adaptability
in stressful situations), Own-worth (autonomy and inde-
pendent self-worth), Mastery (self-confidence and per-
ceived control over one’s environment), Positivity
(optimism and positive outlook), Achievement (goal
orientation and striving) and Satisfaction (satisfaction
with life, health, work, personal relationships and
emotions). The COMPAS-W scale was developed
during an earlier phase of the study by factor analysing
89 selected items from the following measures: NEO
Five-Factor Inventory (Costa & McCrae, 1992); Internal
Control Index (Duttweiler, 1984); Emotion Regulation
Questionnaire (Gross & John, 2003); the World Health
Organisation Quality of Life scale (The WHOQOL
Group, 1998) and Satisfaction with Life scale (Diener,
Emmons, Larsen, & Griffin, 1985). The final six-factor sol-
ution resulted in 26 items which accounted for over
50.5% of the variance. This final model was tested in
twin 1 using exploratory factor analysis, and then con-
firmed in twin 2 using confirmatory factor analysis.
Internal reliability of the total well-being and subscale
scores was high (total Well-being r = 0.84, average r =
0.71), as was test–retest reliability over 12 months
(total Well-being r = 0.82, average r = 0.62). In support
of the construct validity for the COMPAS-W, we found
significant correlations between the COMPAS-W
scores and independent measures of mental and phys-
ical health assessed by the DASS-42 (Lovibond & Lovi-
bond, 1995), Modified Differential Emotions scale
(Fredrickson, Tugade, Waugh, & Larkin, 2003) and the
Somatic and Psychological Health Report (Hickie et al.,
2001).

Depression and anxiety risk symptoms
To measure mental illness (depression and anxiety)
risk symptoms, we used the total score from the
DASS-42 (Lovibond & Lovibond, 1995). The DASS-42

has been normed in non-clinical and clinical popu-
lations, and validated against other commonly used
measures of depression and anxiety such as the
Beck Depression and Anxiety Inventory (Lovibond &
Lovibond, 1995). The DASS-42 measures symptoms
of depression (the Depression subscale) and both
the somatic and cognitive symptoms of anxiety
(Anxiety and Stress subscales, respectively).

Cognitive function
Cognitive function was assessed using the WebNeuro
which is a computerised assessment of multiple
domains of general and emotional cognition (Mather-
sul et al., 2009; Silverstein et al., 2007; Williams et al.,
2009). The cognitive domains tested include motor
coordination, processing speed, sustained attention,
cognitive control, cognitive flexibility, inhibition,
working memory, recall memory and executive func-
tion. Previous psychometric studies have established
its validity and reliability (Paul et al., 2005; Silverstein
et al., 2007). The content validity of each cognitive
domain has been evaluated using factor analyses
(Mathersul et al., 2009). Convergent and divergent
construct validity has been confirmed by comparing
the touchscreen version versus comparative paper-
and-pencil neurocognitive assessments (Paul et al.,
2005). Performance on the tasks show convergent cor-
relations with expected variations in neural function as
assessed by functional and structural neuroimaging
(Rowe et al., 2007; Williams et al., 2008). Test–retest
reliability of the touchscreen version is also robust
over eight weeks (Williams et al., 2005), with corre-
sponding metrics for test–retest reliability reported
when administering the web version, with estimates
ranging from 0.62 for recall memory to 0.89 for
finger tapping (Brain Resource Ltd, 2010). Parallel
forms of WebNeuro are available for repeat testing
over time. Age, gender and education norms have
been established in a national Australian sample of
1000 healthy participants, ranging from 6 to 92 years
of age, and these norms are equivalent to those estab-
lished for a US sample (Mathersul et al., 2009; Williams
et al., 2009).

Each WebNeuro test provides summary score
metrics for each cognitive domain. Summary scores
are computed by forming the average of individual
test scores that assess each domain. To enable aver-
aging across different units of measurement, raw
scores were transformed into standardised z-scores,
averaged and then expressed as a “standard ten”
(STEN) score, with a mean of 5.5 and standard
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deviation of 2. Tasks for each domain have been pre-
viously described (Gatt et al., 2012) and are as follows:

(i) Motor coordination: This domain is assessed by
the Finger Tapping test. In this test the partici-
pant is instructed to tap a key with the index
finger of their dominant and then non-domi-
nant hand as fast as possible for 60 seconds.
This test measures basic sensori-motor coordi-
nation (Mathersul et al., 2009). The summary
score for this domain is computed from the
mean of the number of taps and variability of
pause between taps;

(ii) Processing speed: This domain is assessed by a
Choice Reaction Time test. In this test four
target circles are displayed on the screen.
When one of the four target circles changes
colour, the participant is instructed to click on
it. There are 20 trials in the task. The summary
score for this domain is the mean reaction
time across trials;

(iii) Sustained attention: This domain is assessed by
an n-back continuous performance test in
which the letters B, C, D or G are presented
one at a time in pseudo-random order. The par-
ticipant presses a button when the same letter
appears twice in a row. Of the 125 letters pre-
sented in total, 85 are “targets” (instances
where the same letter appears twice in a row).
The summary score for this domain is com-
puted as the mean of total errors, omission
errors, commission errors, reaction time and
variability of reaction time;

(iv) Cognitive control: This domain is assessed by a
verbal interference test which assesses con-
structs equivalent to those assessed by the
Stroop test (Golden, 1978). In the “colour
name” condition, participants are instructed to
choose the correct colour in which the word is
presented, and in the “colour word” condition
participants choose the correct word. This test
assesses the capacity to control interference
from automatically processed information
(words) and to selectively respond to relevant
information (Mathersul et al., 2009). The
summary score for this domain is the mean of
the correct number of trials, reaction time for
correct trials and the interference effect com-
puted by the difference in reaction time
between congruent and incongruent trials;

(v) Cognitive flexibility: This domain is assessed by a
switching of attention test in which participants
connect a series of letters and digits in sequen-
tial order; for instance, 1, A, 2, B. This test
assesses equivalent constructs to those assessed
by the Trail Making B task (Reitan, 1958) and
assesses cognitive flexibility and executive
control (Mathersul et al., 2009). The summary
score for this domain includes accuracy, com-
pletion time and average connection time;

(vi) Inhibition: This domain is assessed by a Go-
NoGo test where the participant is told to
press a button as quickly as possible for green
stimuli and withhold pressing for red stimuli.
This task assesses impulse control and the
ability to inhibit response. The summary score
for this is a composite of accuracy, correct
response reaction time, variability of reaction
time, omission and commission errors;

(vii) Working memory: This domain is assessed by a
Digit Span test where the participant is
instructed to repeat an ordered series of
digits. The number of digits presented gradually
increases from 3 to 9, with task termination after
failing two trials. The summary score for this
domain incorporates the number of correct
trials and recall span;

(viii) Recall memory: This domain is assessed using a
memory test. Participants are sequentially pre-
sented with a list of 12 words. They are then
presented with words in a pseudo-random
order and instructed to click “yes” or “no” if
the presented word was in the original series.
The first three trials test immediate recall, the
fourth trial includes distractor words and the
fifth trial tests delayed recall after 20 minutes.
This test assesses equivalent constructs to the
Rey Auditory Verbal Learning and Memory test
(Geffen, Moar, O’Hanlon, Clark, & Geffen,
1990), and assesses auditory-verbal learning,
word recall and recognition. The summary
score for this domain includes the total
number of items accurately recalled immedi-
ately and after a 20-minute delay; and

(ix) Executive function: This domain is assessed
using a maze completion test. An 8 × 8 grid is
presented, and the participant is instructed to
find their way through the hiddenmaze. Clicking
on thewrong box results in a loud tone and a red
cross presented on the screen, and the partici-
pant begins the maze again. Choosing the
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correct box results in a green tick and pro-
gression to the next move. The test is concluded
when the participant completes the maze twice
without error. This assesses equivalent con-
structs to the Austin Maze (Walsh, 1985), and
assesses executive functions, such as planning,
foresight and self-monitoring (Mathersul et al.,
2009). The summary score for this domain is a
composite incorporating the number of trials
completed, completion time, path learning
time, total errors and overrun errors.

Supplementary Table 1 presents the correlation
estimates between the domain summary scores.

Analyses

Association between cognitive factors, well-
being and depression and anxiety symptoms

We tested for the assumption of normality for all vari-
ables included in our primary analyses. To ensure stan-
dardisation across units of measurement, we used z-
scores for the COMPAS-W well-being and DASS-42
depression and anxiety measures, and STEN scores
for the cognitive performance measures.

Initially we checked for relationships between
demographic characteristics (sex, age and education)
and the cognitive measures, well-being and DASS-42
depression and anxiety scores. To check for sex
effects, we ran linear mixed models in SPSS (Version
22), with each cognition score as the dependent vari-
able, and gender and zygosity entered as fixed effects.
Family group was included as a random factor to allow
for covariation within families. Results identified sig-
nificant sex effects for processing speed and cognitive
flexibility (see Supplementary Table 1). We used Pear-
son’s correlation coefficients to check for relationships
between education, age, DASS score, well-being and
cognitive domain scores. There were significant corre-
lations with age and education (see Supplementary
Table 2). In later analyses, we therefore covaried for
age, sex and education effects for all variables.

Linear mixed models were used to test whether
cognitive scores were associated with well-being and
depression and anxiety symptoms. Cognition
domain scores were entered as the dependent vari-
ables, with total COMPAS-W and DASS scores (separ-
ately) as the independent variables. Following that,
we ran linear mixed-effects models with both
COMPAS-W and DASS score in the same model to

identify the association between well-being and cog-
nition, independent of any common influence with
depression and anxiety symptoms. Age, gender, edu-
cation and zygosity were included in all models as
fixed covariates, and family group as a random
factor to allow for covariation within families. A Bon-
ferroni correction was applied to compensate for mul-
tiple testing across the 9 cognitive domains, resulting
in a corrected p-value significance threshold of .0055.

Twin genetic modelling: total and partitioned
variance

Univariate, bivariate and trivariate genetic modelling
was undertaken using OpenMx version 1.4 on R
version 3.0.2 (Boker et al., 2011; R Core Team, 2013).
Age, sex and education were included in all analyses
as covariates.

Univariate modelling
Univariate modelling was first used to examine the
genetic and environmental contributions to each of
the cognitive scores. We used intra-class correlations
to first determine whether an ACE (additive genetic,
common environment and unique environment) or
ADE (additive genetic, dominant genetic and unique
environment) model was more appropriate to test
for each cognitive domain. If the DZ correlation was
more than half the MZ correlation, an ACE model
was applied; whereas if the DZ correlation was less
than half the MZ correlation, an ADE model was
applied. The A and C/D paths were dropped sequen-
tially in order to determine the best-fitting model.
The difference in log likelihoods of the nested
models allows us to calculate a p value indicating
whether there has been a significant change in
model fit. The Akaike’s information criterion (AIC)
value was used to assess comparable model fit with
lower AIC values signifying a better-fitting model
(Keyes, Myers, & Kendler, 2010). Univariate analyses
for well-being and depression and anxiety symptoms
have already been conducted in this sample for pre-
vious studies (Burton et al., 2015; Gatt et al., 2014).
The results of the univariate models were used to
inform the bivariate and trivariate models.

Bivariate and trivariate modelling
Bivariate models were used to test shared/unique
genetic and environmental effects between well-
being and cognition for those effects that were signifi-
cant for well-being in the linear mixed models (and
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not significant for depression and anxiety symptoms).
Cognitive scores significantly associated with well-
being and depression and anxiety symptoms in the
linear mixed models were examined further using tri-
variate models. In each case, a correlated-factors
model was fit to the data, and the significance of
genetic and environmental correlations tested by
sequentially setting them to 0 and comparing the fit
to the original model. A Cholesky conversion was
used to determine the shared and unique genetic
and environmental contributions to well-being and
the cognitive domain score, using the summed
squared path estimates. Details on the calculations
are included in the Supplementary Results.

The contribution of additive genetics to the pheno-
typic correlation was calculated by multiplying the
genetic correlation by the square root of each corre-
sponding heritability estimate; that is, √h2 for the
cognitive domain score ×√h2 for well-being multi-
plied by the genetic correlation between well-being
and the cognitive domain. The contribution of
environmental effects to the phenotypic correlation
was calculated in the same way but substituting
instead estimates for variance due to environment.
The phenotypic correlation was calculated by
summing the respective contributions of additive gen-
etics and environment. The proportion of the pheno-
typic correlation due to additive genetic effects was
calculated by dividing the contribution of additive
genetics by the phenotypic correlation.

Results

Linear mixed-effects models

A summary of the mixed model results for well-
being or DASS alone, and then the combined

model of both well-being and DASS are presented
in Table 2. Well-being was significantly associated
with sustained attention, cognitive flexibility, inhi-
bition, motor coordination and working memory.
In all cases, higher well-being scores were associated
with higher scores for cognitive function. Depression
and anxiety symptoms were significantly associated
with sustained attention, cognitive flexibility, inhi-
bition and executive function. These relationships
were negative such that lower scores for depression
and anxiety symptoms were associated with higher
cognitive domain scores. Including both depression
and anxiety symptoms and well-being in the same
model resulted in a significant relationship
between the depression and anxiety score and inhi-
bition (p = 0.0022), while controlling for well-being.
There were also other cognitive associations that
remained at p < .05 for either well-being or
depression and anxiety scores when both of these
variables were included in the one cognitive
model (i.e., between well-being and motor coordi-
nation at p = 0.0135, well-being and sustained atten-
tion at p = 0.0494, well-being and flexibility at p =
0.0078; and between depression and anxiety
scores and sustained attention at p = 0.0462, and
depression and anxiety scores and executive func-
tion at p = 0.0188); however, these effects did not
meet the corrected p-value threshold of significance
at .0055 (see Table 2).

Twin genetic modelling: total and partitioned
variance

Univariate modelling
The influence of genetic effects was evident in the
intra-class correlation coefficients, with MZ

Table 2. Linear mixed model results for COMPAS-W well-being and DASS-42 total depression and anxiety scores predicting cognitive domain
scores in twin pairs (N = 1502).

Cognitive domain

COMPAS-W well-being DASS Both: Well-being Both: DASS

F β p F β p F β p F β p

Motor coordination 9.016 0.114 0.0027* 2.898 −0.068 0.0889 6.117 0.111 0.0135 0.022 −0.007 0.8830
Processing speed 2.466 0.074 0.1166 0.462 −0.033 0.4967 2.026 0.079 0.1549 0.027 0.010 0.8690
Sustained attention 12.637 0.127 0.0004* 12.768 −0.134 0.0004* 3.867 0.083 0.0494 3.983 −0.088 0.0462
Controlled attention 0.021 0.005 0.8852 0.205 0.016 0.6507 0.196 0.018 0.6579 0.003 0.025 0.5380
Flexibility 13.865 0.149 0.0002* 7.789 −0.116 0.0053* 7.104 0.124 0.0078 1.064 −0.050 0.3024
Inhibition 9.029 0.096 0.0027* 17.499 −0.139 0.0000* 0.988 0.037 0.3204 9.423 −0.119 0.0022*
Working memory 7.701 0.156 0.0056* 5.45 −0.137 0.0197 3.332 0.120 0.0681 1.093 −0.072 0.2960
Recall memory 0.079 0.011 0.7780 0.937 0.039 0.3331 0.837 0.042 0.3604 1.694 0.061 0.1932
Executive function 3.639 0.086 0.0566 8.994 −0.139 0.0028* 0.199 0.023 0.6557 5.536 −0.127 0.0188

Note: These analyses include both twins of each pair, controlling for family relatedness (twin 1, twin 2) and zygosity (MZ, DZ) random variation.
*Significant results are in bold based on an adjusted p value < .0055 for multiple comparisons.
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correlations consistently higher than DZ. However,
MZ correlations were all in the low to moderate
range (0.3–0.7) indicating that unique environment
also had a large influence on cognitive, well-being
and depression and anxiety scores. Univariate model-
ling was conducted for all cognitive domains, and in
all cases, an AE (Additive Genetic-Unique Environ-
ment) model was the best fitting model. Intra-class
correlations, heritability and unique environment esti-
mates are presented in Table 3. Fit statistics and par-
ameter estimates are presented in the Supplementary
Results.

Bivariate modelling
Well-being and motor coordination. A bivariate AE
correlated-factors model was conducted for well-
being and motor coordination (see Figure 1). The
DASS was not included in this specific model as it
was not significantly associated with variation in this
cognitive domain in the previous mixed models analy-
sis. The genetic, environmental and phenotypic corre-
lation and the proportion of the phenotypic
correlation due to shared G/E between motor coordi-
nation and well-being are presented in Table 4. The
phenotypic correlation between motor coordination

Table 3. Univariate heritability and unique environmental estimates for cognitive domain scores, DASS-42 and COMPAS-W well-being total
scores (N = 1502).

Variable Test a2 (95% CI) e2 (95% CI)

Intra-class correlations
(ICC)

MZ DZ

Motor coordination Finger tapping 0.25 (0.17–0.34) 0.75 (0.66–0.83) 0.265** 0.074
Processing speed Choice reaction time 0.28 (0.20–0.36) 0.72 (0.64–0.80) 0.268** 0.154*
Sustained attention n-back continuous performance 0.19 (0.11–0.27) 0.81 (0.73–0.89) 0.205** 0.059
Cognitive control Verbal interference 0.43 (0.36–0.49) 0.57 (0.51–0.64) 0.434** 0.213**
Cognitive flexibility Switching of attention 0.52 (0.45–0.58) 0.48 (0.42–0.55) 0.498** 0.304**
Inhibition Go-No Go 0.37 (0.29–0.44) 0.63 (0.56–0.71) 0.355** 0.239**
Working memory Digit span 0.42 (0.35–0.49) 0.58 (0.51–0.65) 0.426** 0.163*
Recall memory Immediate & delayed memory 0.38 (0.31–0.45) 0.62 (0.55–0.69) 0.371** 0.258**
Executive function Maze completion 0.55 (0.48–0.60) 0.45 (0.40–0.52) 0.545** 0.297**
DASS-42 total score 0.38 (0.30–0.45) 0.62 (0.55–0.70) 0.401** 0.155*
COMPAS-W well-being 0.50 (0.44–0.56) 0.50 (0.44–0.56) 0.512** 0.216**

Note: Abbreviations: a2, genetic (heritability) estimate; e2, unique environment estimate; CI, confidence interval. ICC conducted as two-way mixed
effects consistency model of single measures.

*p < .01.
**p < .001.

Figure 1. Bivariate AE correlated-factors model for well-being and cognitive domain scores.
Notes: Figure includes additive genetic (A) and unique environmental (E) influences on the latent phenotypes mental wellbeing and motor coordination. All path
estimates are standardized. Single-headed arrows indicate the impact of the genetic and environmental factors on the latent phenotypes; double-headed arrows
represent the genetic and environmental correlations between latent factors. Standard errors are in brackets, and dotted paths are not significant. (a) Bivariate
AE correlated-factors model for wellbeing and motor coordination. Genetic variance in motor coordination scores shared between motor coordination and wellbeing:
0.5%. Environmental variance shared between motor coordination and wellbeing: 1.9%. (b) Bivariate AE correlated-factors model for wellbeing and working memory.
Genetic variance in working memory scores shared between working memory and wellbeing: 2.2%. Environmental variance shared between working memory and
wellbeing: 0%.
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and well-being was 0.11. Of this, almost all of it was
due to environmental influences. This was reflected
in the correlated-factors model for which the environ-
mental correlation was significant but genetic corre-
lation was not. Calculating the shared variance for
motor coordination consolidated this finding: 0.5%
of the genetic influences on variation in motor coordi-
nation was shared with well-being, compared to 1.9%
of shared environmental influences.

Well-being and working memory. A bivariate AE
correlated-factors model was conducted for well-
being and working memory (see Figure 1). Again,
the DASS was not included in this as it was not signifi-
cantly associated with this cognitive domain in the
mixed models analysis. The genetic, environmental
and phenotypic correlation, and the proportion of
the phenotypic correlation due to shared G/E
between working memory and well-being are con-
tained in Table 4. The phenotypic correlation
between working memory and well-being was 0.07.
Of this, all of it was due to additive genetic influences.
In the twin model, the genetic correlation was signifi-
cant but environmental correlation was not. Calculat-
ing the shared variance resulted in 2.2% of genetic
influences on variation in working memory scores
shared with well-being, and 0% of shared environ-
mental influences.

Trivariate modelling
The mixed model results indicated that sustained
attention, inhibition and cognitive flexibility were
associated with both well-being and depression and
anxiety symptoms. We have reported a 50% genetic
and 18% unique environment overlap between
depression and anxiety symptoms and well-being
(Routledge et al., 2016), thus we wanted to model
the relationship with each cognitive function to deter-
mine whether the contribution of well-being was

unique or the result of common influences shared
with depression and anxiety symptoms, as described
below. The final models are displayed in Figure 2.
The genetic, environmental and phenotypic corre-
lations and the proportion of the phenotypic corre-
lations due to shared G/E between the cognitive
domains and well-being are presented in Table 4.

Well-being, depression and anxiety symptoms and
sustained attention. The phenotypic correlation
between well-being and sustained attention was 0.07,
half of which was due to additive genetics. The corre-
lated-factors model revealed the genetic and environ-
mental correlations between well-being and
sustained attention to be non-significant, as were
those between depression and anxiety symptoms
and sustained attention. Calculating the shared var-
iance resulted in 3.57% of genetic influences
common to depression and anxiety symptoms, well-
being and sustained attention. There were no shared
genetic influences between well-being and sustained
attention independent of depression and anxiety
symptoms. Environmental influences showed almost
the opposite pattern, with 0.23% of environmental
influences shared between well-being and sustained
attention, and 0.11% shared between well-being,
depression and anxiety symptoms and sustained atten-
tion. However, as noted, none of the correlations were
significant, and the phenotypic correlation was low.

Well-being, depression and anxiety symptoms and
inhibition. The phenotypic correlation between
well-being and inhibition was 0.10, which was
almost entirely due to additive genetics. In the corre-
lated-factors model, the genetic correlation between
well-being and inhibition was significant, whereas
the environmental correlation was not. For depression
and anxiety symptoms, both additive genetics and
environment contributed equally to its phenotypic

Table 4. Genetic, environmental and phenotypic correlations between COMPAS-W well-being, cognitive function scores and DASS-42 total scores
(N = 1502).

Variable Test rG rE rP rP due to additive genetics

Motor coordination Finger tapping 0.07 0.14* 0.11 22%
Working memory Digit span 0.15* 0.003 0.07 100%
Sustained Attention n-back continuous performance 0.12 0.06 0.07 50%
Inhibition Go-No Go 0.20* −0.02 0.10 91%
Cognitive Flexibility Switching of attention 0.12 0.03 0.07 78%
DASS-42 Total – 0.71* 0.43* −0.54 56%

Note: Each correlation reported is between well-being and the specific variable (i.e., cognition or DASS-42 score). Abbreviations: rG, genetic cor-
relation; rE, unique environment correlation; rP, phenotypic correlation; rP due to additive genetics: the proportion of the phenotypic corre-
lation accounted for by additive genetics.

*Genetic and environmental correlations significant in the twin models.
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Figure 2. Trivariate AE correlated-factors models for depression and anxiety symptoms, well-being and cognitive domain scores.
Notes: Figures include additive genetic (A) and unique environmental (E) influences on the latent phenotypes mental well-being, and the respective cognitive
domain scores. All path estimates are standardised. Single-headed arrows indicate the impact of the genetic and environmental factors on the latent phenotypes;
double-headed arrows represent the genetic and environmental correlations between latent factors. Standard errors are in brackets. Correlations with dotted paths
are not significant. (a) Trivariate AE correlated-factors model for depression and anxiety symptoms, well-being and sustained attention. Genetic variance in sustained
attention scores shared between DASS, well-being and sustained attention: 3.6%. Genetic variance shared uniquely between well-being and sustained attention: 0%.
Environmental variance shared between DASS, well-being and sustained attention: 0.1%. Environmental variance shared uniquely between well-being and sustained
attention: 0.2%. (b) Trivariate AE correlated-factors model for depression and anxiety symptoms, well-being and inhibition. Genetic variance in inhibition scores
shared between DASS, well-being and inhibition: 1.9%. Genetic variance shared uniquely between well-being and inhibition: 2.4%. Environmental variance
shared between DASS, well-being and inhibition: 0.7%. Environmental variance shared uniquely between well-being and inhibition: 0.3%. (c) Trivariate AE corre-
lated-factors model for depression and anxiety symptoms, well-being and cognitive flexibility. Genetic variance in cognitive flexibility scores shared between
DASS, well-being and cognitive flexibility: 0%. Genetic variance shared uniquely between well-being and cognitive flexibility: 3.5%. Environmental variance
shared between DASS, well-being and cognitive flexibility: 0.4%. Environmental variance shared uniquely between well-being and cognitive flexibility: 0%.
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correlation with inhibition, but only the environmental
correlation was significant in the twin model. Partition-
ing the genetic influences, we found that 95.6% of the
genetic variance in inhibition scores was unique to
inhibition. Of the 4.4% that was not unique, 1.9%
came from genetic factors shared between depression
and anxiety symptoms and well-being. Genetic factors
shared between well-being and inhibition (2.4%) inde-
pendent of depression and anxiety symptoms showed
a positive relationship, with genetic markers for well-
being associated with higher levels of inhibition. The
environmental overlap in the trivariate model indi-
cated that 99% of environmental factors relating to
inhibition were unique. Of the 1% that was not
unique, two-thirds was a result of environmental
factors common to depression and anxiety and well-
being, and the remaining third was purely related to
well-being.

Well-being, depression and anxiety symptoms and
cognitive flexibility. The phenotypic correlation
between well-being and cognitive flexibility was
0.07, and largely (78%) due to additive genetic
effects. In the twin model, no genetic or environ-
mental correlations with cognitive flexibility – either
with well-being or depression and anxiety symptoms
– were significant. Calculating the shared variance,
we found that 3.5% of genetic influences on cognitive
flexibility were shared with well-being, but no
common genetic influence of well-being, depression
and anxiety and cognitive flexibility. There was no
environmental influence shared between well-being
and cognitive flexibility alone, with 0.4% shared
environmental influence from well-being, depression
and anxiety symptoms and cognitive flexibility.

Discussion

The aim of this large twin study was to examine the
shared and unique genetic and environmental var-
iance between well-being, depression and anxiety
symptoms and cognitive function. In linear mixed-
effect models, both well-being and depression and
anxiety symptoms were significantly related to sus-
tained attention, cognitive flexibility and inhibition. A
further two domains (motor coordination and
working memory) were significantly associated with
well-being alone, and executive function with
depression and anxiety symptoms alone. When we
modelled depression and anxiety symptoms concur-
rently with well-being for the common cognitive

functions of sustained attention, cognitive flexibility
and inhibition, the only significant relationship that
remained at the corrected p-value threshold was
between depression and anxiety symptoms and inhi-
bition. This suggests that although the influences of
well-being on variance in cognition scores are some-
times shared with depression and anxiety symptoms,
there is some differentiation for other cognitive
functions.

We then examined the shared genetic and environ-
mental contributions to the relationships between
well-being, depression and anxiety symptoms and
cognitive scores. The majority of G or E variance that
contributed to these variables was due to unique G
or E variance, with only a small amount of common
G or E variance accounting for some of these shared
relationships. For instance, the only significant
environmental variance shared between well-being
and cognition was that shared with motor coordi-
nation; and for depression and anxiety symptoms,
that shared with inhibition. This is perhaps not surpris-
ing given that many different environmental factors
may impact these different scores on any given day
– for example, exercise, cognitive training and social
engagement – each with varying positive, neutral or
negative effects. Further, well-being itself is a diffuse
construct and it may be that the shared environmental
relationship between well-being and cognition is so
minimal that it can only be tested explicitly with
experimental manipulation. We also identified some
common genetic variance; specifically, a small yet sig-
nificant genetic correlation between well-being and
inhibition (2.4%), and a small yet significant genetic
correlation with working memory (2.2%), independent
of depression and anxiety symptoms. There were no
significant G or E correlations between well-being or
depression and anxiety symptoms for sustained atten-
tion and cognitive flexibility. These relationships were
very small but are evidence that even if well-being and
depression and anxiety symptoms share common
associations with specific cognitive factors at the phe-
notypic level, the G or E variance that contributes to
these shared relationships is mostly independent
and unique.

Investigations into the types of genes that may
account for these common genetic associations are
just starting to emerge. A recent genome-wide associ-
ation study (GWAS) (Okbay et al., 2016) looking at the
genomes of over 300,000 individuals identified a small
number of different genetic variants influencing well-
being, depressive symptoms and neuroticism. The
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significant genetic variants linked with each pheno-
type showed strong genetic correlations with each
other, suggesting common genetic influences for the
three phenotypes. The genetic variants linked to
well-being and depressive symptoms were both
associated with genes involved in adrenal and pan-
creatic tissue, and although surprised by the finding,
the authors noted the role of the adrenal gland in cor-
tisol, epinephrine and norepinephrine production
(Okbay et al., 2016). These “stress” hormones have
been previously associated with both well-being
(Ryff et al., 2006) and depression and anxiety symp-
toms (Hughes et al., 2004). Consistent with Okbay
et al. (2016), we also found the genetic correlation
between well-being and depression and anxiety
symptoms to be high (0.7) and could be potentially
accounted for by these genetic variants. Less strong,
but still significant, were the genetic correlations
between well-being and inhibition (0.2), and well-
being and working memory (0.1). It is quite possible
that the genes identified in the Okbay et al. (2016)
GWAS could also account for these shared genetic
associations between well-being and cognition. Cat-
echolamines such as norepinephrine and dopamine
are thought to have an inverted U-shaped effect on
cognition in the prefrontal cortex, where too little or
too much impairs cognitive function (Arnsten, 2009).
In this case, aspects of mental well-being such as posi-
tive affect have been associated with increased
release of dopamine in the prefrontal cortex and
anterior cingulate, thereby facilitating working
memory function and cognitive flexibility (Ashby,
Isen, & Turken, 1999). This is also consistent with
other neural studies showing greater prefrontal acti-
vation during verbal fluency tasks with increased
quality of life (Satomura et al., 2014). In contrast, symp-
toms of depression or anxiety are generally associated
with cognitive impairments and hypo-activation of the
prefrontal cortex (Snyder, 2013). As an extension of
the current findings, future genetic studies could
then test the role of specific genes such as those ident-
ified in the recent GWAS or other genetic meta-
analytical studies (e.g. Gatt, Burton, Williams, & Scho-
field, 2015), and impute them into twin models such
as ours to test their explicit role in common genetic
associations.

Together, our results identified some significant
(yet small) shared and independent effects of well-
being with depression and anxiety symptoms on cog-
nition. Snyder’s (2013) meta-analyses has previously
suggested that the associations between executive

function impairment and depression was greater
with increased symptom severity, and that impair-
ments in non-clinical samples were more mixed. Our
significant linear mixed model associations between
well-being and cognition, and depression and
anxiety symptoms and cognition, mostly failed to
reach significance in the twin models. Whether or
not this is due to little common G or E variance, or is
a reflection of a possible limitation of our sample is
unclear. It may be possible that such effects would
only be apparent in less healthy cohorts with more
variation in symptom severity. The sample size in
this study was, however, robust at 1502 participants.
This is a strength for twin modelling as it provides
the opportunity to differentiate between effects that
were merely correlational versus those that were
impacted by shared environmental and genetic influ-
ences. A sample of this size also provided the opportu-
nity to detect rather small associations between
variables, and which we corrected for to minimise
the possibility of detecting false positive effects. It
may however be worthwhile in future studies to
examine similar associations in more heterogeneous
cohorts with increased severity of mental illness risk
symptoms. It is alternatively possible that shared
relationships between these cognitive capacities and
well-being – although modest – may be moderated
by a common third factor. An example of such a mod-
erator might be, for instance, reappraisal ability. In a
study of 89 healthy adults, McRae, Jacobs, Ray, John,
and Gross (2012) found significant correlations
between reappraisal and well-being, and reappraisal
and both working memory and set shifting, but no
direct correlations between any of the cognition
measures and well-being. The authors concluded
that these aspects of cognitive control may contribute
to well-being, but only when moderated by reapprai-
sal ability. Therefore, in future investigations it may be
important to consider potential moderators of these
associations.

Other considerations of the current sample are also
noteworthy. First, this study was cross-sectional in
nature; therefore it cannot inform the causal direction
of the relationships. A longitudinal design would be
suited to explicitly test how these relationships
unfold over time and the moderating impact of
genetic and environmental factors. In this case, we
could evaluate stable versus static genetic and
environmental influences on well-being and the
other variables. Similarly, an experimental intervention
design could also inform the causal nature of these
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relationships by manipulating one variable (e.g. via a
cognitive training programme to improve inhibition)
and testing its impact on the associated relationships
with well-being and depression and anxiety symp-
toms. Explicit environmental manipulations like
these allow us to start unpacking causal relationships
between well-being, depression and anxiety symp-
toms and cognition and to lay the foundation for
future studies investigating gene-environment inter-
actions and their influence on these relationships.
The current sample also included a rather wide age
range (18–62 years) in order to minimise effects of
maturation and neurodegeneration. Our analyses
were conducted across the age group, controlling
for age. It would be interesting however to consider
conducting similar analyses stratified by age given
that the impact of genetic influences may vary over
adulthood. Similarly, we also found mean sex differ-
ences in some cognitive scores which were covaried
for in analyses. However, future studies could
perform sex limitation models (particularly if opposite
sex twins were included in the cohort) to explicitly test
the differential impact of different genetic and
environmental factors in men versus women.

Finally, there were some limitations worth men-
tioning in relation to the measures and analyses
used. Although our measures for well-being and
depression and anxiety symptoms are valid and
reliable and have been shown to be associated with
other common measures used in the literature, the
generalisability of the findings to these other
common measures remains to be confirmed. More-
over, while our cognitive measures have been
shown to be comparable to pen-and-paper versions
of similar tests such as the Stroop, the online adminis-
tration of these tasks may have limited the scope of
cognitive domains we could test. The benefits of
online testing, however, are significant: they are effi-
cient in terms of administration and enable partici-
pants who reside in remote locations to participate.
Further, our sample size would have been greatly
reduced had we tried to conduct testing in the labora-
tory; therefore the online cognitive testing was
optimal for the current design. Finally, although
results suggested the AE models were most optimal
in our sample, it is important to acknowledge that
dropping the Common environment/Dominant
genetic parameter may potentially lead to an inflation
in heritability (Additive genetic) estimates as it is likely
that these excluded parameters contribute some var-
iance to the parameter even if it is not significant.

In conclusion, the primary aim of the current study
was to ascertain whether well-being is related to
specific cognitive functions. Our results suggest that
well-being is indeed associated with specific aspects
of cognitive function, yet the size and strength of
the associations are quite small. This result may be
indicative of other unmeasured mediating or moder-
ating variables influencing both variables. A further
aim was to examine the shared genetic and environ-
mental relationships between well-being and cogni-
tion, and with depression and anxiety symptoms.
Our results suggested some differentiation – that is,
in some cases well-being was associated with cogni-
tion independently from depression and anxiety
symptoms (e.g. for motor coordination and working
memory) and in other cases it was in combination
with depression and anxiety symptoms (i.e. for sus-
tained attention, inhibition and cognitive flexibility).
However, the size of these relationships were quite
small, and so it would be worthwhile examining
these same relationships between well-being and
depression and anxiety symptoms in more hetero-
geneous samples and with other measures that may
show stronger genetic influence and differentiation
such as autonomic measures or neuroimaging
measures of brain structure or function.
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