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Abstract Wellbeing is a major topic of research across
several disciplines, reflecting the increasing recognition of
its strong value across major domains in life. Previous
twin-family studies have revealed that individual differ-
ences in wellbeing are accounted for by both genetic as
well as environmental factors. A systematic literature
search identified 30 twin-family studies on wellbeing or a
related measure such as satisfaction with life or happiness.
Review of these studies showed considerable variation in
heritability estimates (ranging from O to 64 %), which
makes it difficult to draw firm conclusions regarding the
genetic influences on wellbeing. For overall wellbeing
twelve heritability estimates, from 10 independent studies,
were meta-analyzed by computing a sample size weighted
average heritability. Ten heritability estimates, derived
from 9 independent samples, were used for the meta-ana-
lysis of satisfaction with life. The weighted average herit-
ability of wellbeing, based on a sample size of 55,974
individuals, was 36 % (34-38), while the weighted average
heritability for satisfaction with life was 32 % (29-35)
(n = 47,750). With this result a more robust estimate of the
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Introduction

In recent years, wellbeing has become a topic of research
across several scientific disciplines. A major force driving
this broad interest is the association of wellbeing with
physical and mental health and its possible pivotal role in
socio-economic issues and economic development (Boehm
et al. 2011; Greenspoon and Saklofske 2010; Seaford 2011;
Stiglitz et al. 2009). Wellbeing predicts longevity among
healthy populations and the observed positive effect is for
example of similar magnitude as the negative effect of
smoking (Steptoe and Wardle 2012; Veenhoven 2008). The
World Health Organization (WHO) has recommended that
national mental health policies should not only be con-
cerned with mental disorders, but should actively promote
mental health and resilience. In addition, data on wellbe-
ing, collected in large-scale panel studies such as the Bri-
tish Household Panel Study (BHPS), the German Socio-
Economic Panel (SOEP), or the Eurobarometer, are already
used in conjunction with economic data to guide public
policy. A reflection of the rising interest is the recent
United Nations high-level meeting on wellbeing and hap-
piness (April 2012), the World Happiness Report 2013
(Helliwell et al. 2013), and the OECD Guidelines on
Measuring Subjective Well-being (OECD 2013), with the
intention to harmonize and structure the world-wide mea-
surement of wellbeing.
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What is wellbeing?

In general, wellbeing is conceptualized to include a con-
tinuous spectrum of positive feelings and subjective life
assessments. Wellbeing conveys information regarding a
broad range of behaviors and health, including physical and
mental health, social relationships, leisure, and subjective
states such as emotions and mental engagement.

Different definitions of wellbeing have been launched
over the years. The recent OECD report (p. 10) defines
subjective wellbeing as good mental states, including all of
the various evaluations, positive and negative, that people
make of their lives, and the affective reactions of people to
their experiences, while the World Happiness Report, as
the name reflects, focuses more on happiness, and explains
that happiness is part of wellbeing. From a more philo-
sophic point of view, wellbeing is sometimes distinguished
in two basic forms: a “hedonic” form representing the sum
of an individual’s positive affective experiences (Ryff et al.
2004), and a deeper “eudaimonic” form that results from
striving toward meaning and a noble purpose beyond
simple self-gratification (Ryan and Deci 2001). Wellbeing
has also been defined as the total sum of a cognitive and an
emotional or affect component (Andrews and McKennell
1980; Galinha and Pais-Ribeiro 2011). This is in line with
the description given by Diener et al. (1999) that explains
wellbeing as a broad category of phenomena that includes
people’s emotional responses, domain satisfaction, and
global judgments of life satisfaction.

Often terms like wellbeing, satisfaction with life, hap-
piness, or quality of life are used interchangeably (Layard
2010). In practice, focus in wellbeing research is mostly on
an overall measure of wellbeing, or short measures for
quality of life or satisfaction with life. For example, quality
of life is used to assess wellbeing in large-scale world-wide
investigations in different countries, such as the Health
Behavior in School aged Children study (Currie et al. 2012)
and the large scale UNICEF study (2013), while most large
scale panels studies use (single item) satisfaction with life
questions. Happiness is much less used as an independent
measure.

There is a body of evidence on the empirical association
between different aspects of wellbeing. Correlations in the
range of .5-.6 are reported for the association of overall
wellbeing with satisfaction with life or happiness/positive
affect or across dimensions (Bartels and Boomsma 2009;
Diener et al. 2009). Eudaimonic and hedonic wellbeing
have also been found to be highly correlated (r = 0.70) and
reciprocally influence one another (Keyes et al. 2002;
Waterman 1993). In addition, it has been found that the
clustering of wellbeing dimensions is explained by one
underlying common genetic effect (Bartels and Boomsma
2009).
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Like all self-reported measures, survey-based measures
of subjective wellbeing, are sensitive to measurement
methodology, but reliability of subjective wellbeing mea-
sures have been found to be moderate to good. In a meta-
analysis of multiple items life satisfaction measures
Cronbachs alpha’s between .80 and .96 are reported
(Diener et al. 2012) and test—retest scores are in the range
of .24 (over 16 years), to .54 (over 4 years) to .84 for a
period of 2 weeks to 1 month (Fujita and Diener 2005;
Krueger and Schkade 2008). For single item measures test—
retest correlations between .5 and .7 have been reported for
time periods of 1 day to a 2-year period (Krueger and
Schkade 2008; Michalos and Kahlke 2010), indicating that
single item measures also perform rather well.

The current study

Previous twin-family studies have revealed that individual
differences in wellbeing and its components satisfaction
with life, happiness, and quality of life, are accounted for
by both genetic as well as environmental factors but the
range in estimates is large. Here, the twin-family studies on
wellbeing, satisfaction with life, happiness, and quality of
life were reviewed. Subsequently, two meta-analyses (one
for wellbeing and one for satisfaction with life) were car-
ried out to provide a more robust estimate of the herit-
ability of wellbeing and satisfaction with life. For the
wellbeing meta-analysis the largest set of independent
studies with any wellbeing measure was brought together.
For the satisfaction with life meta-analysis, independent
study selection focussed on studies with a life satisfaction
measure. Due to the limited amount of independent studies
for happiness and quality of life no separate meta-analyses
were conducted for these constructs.

Methods
Literature search and study inclusion criteria

To collect studies on wellbeing and its components a
search of the electronic databases PubMed (http://www.
ncbi.nlm.nih.gov/pubmed) and ISI web of knowledge
(http://apps.webofknowledge.com/) was conducted using
the following keywords: wellbeing/happiness/satisfaction
with life AND twin/twins/heritability/genes. No filter re-
garding date range or age range was specified. Animal
studies and studies published in foreign languages were
excluded. This search identified 165 unique papers. Ab-
stracts of the remaining papers were examined. Only pa-
pers containing information relevant to the heritability of
happiness, satisfaction with life, or wellbeing were in-
cluded, resulting in 24 papers that were considered to be
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included for the current review. Based on the reference list
of these papers, and inspection of possible missing publi-
cations by the main authors of the identified papers, 6
additional publications were identified. Presentation of the
meta-analysis results at the 44th Behavior Genetic Asso-
ciation Meeting (2014, Charlottesville, VA, USA) resulted
in an offer to include a large Finnish dataset (Koivumaa-
Honkanen et al. 2005). Table 1 provides an overview and
description of the 30 relevant papers and the extra dataset
from Finland.

Meta-analysis
Study inclusion

Two meta-analyses on twin (family) studies were conducted.
For the meta-analyses only studies using independent sam-
ples could be used. First, a meta-analysis for wellbeing was
conducted including all independent studies with any well-
being measure or any measure of a wellbeing construct. In-
dependency is achieved by selecting the most informative
paper from the set of papers that derived from (partially)
overlapping datasets, based on the following criteria: largest
sample, sex-specific estimates, and/or reporting of confi-
dence intervals. So for example the study of Nes et al. (2006)
was chosen from all studies of the Norwegian Institute of
Public Health Twin Panel (NIPHTP) and the study of Bartels
etal. (2013) was chosen from the Netherlands Twin Register
(NTR) studies since both of these studies are based on large
samples and report sex-specific heritability estimates. The
Midlife Development in the United States (MIDUS) data are
used by researchers from different institutes (Archontaki
et al. 2013; Johnson and Krueger 2006; Kendler et al. 201 1a,
b; Keyes et al. 2010; Weiss et al. 2008) and the MIDUS study
collected data on wellbeing and satisfaction with life in
different ways (e.g. telephonic interview, self-administered
questionnaires). In the current meta-analysis the study of
Weiss et al. (2008) is chosen as the independent MIDUS
sample since, given the inclusion criteria, this studied cov-
ered the largest sample size. Finally, one study (Gigantesco
et al. 2011) based on the Ryff’s Psychological Well-Being
Scale Revisited (Ryff and Keyes 1995) was included in the
meta-analysis, since this study was based on an independent
sample with any wellbeing measure. To obtain one overall
heritability estimate for this study to be included in the meta-
analysis the estimates of the specific subscales were
averaged.

For the meta-analysis on satisfaction with life, only in-
dependent studies with a satisfaction with life measure
were included. For samples with multiple estimates the
same inclusion criteria as used for the wellbeing meta-
analysis were followed. Within the satisfaction of life
meta-analysis two studies of the Netherlands Twin Register

are included, since these two studies are based on com-
pletely independent dataset. The paper by Stubbe et al.
(2005) is based on data of the Adult Netherlands Twin
Register (Willemsen et al. 2013), while the paper of Bartels
and Boomsma (2009) is based on data of the Young
Netherlands Twin Register (van Beijsterveldt et al. 2013).

Analysis

The broad heritability estimates (additive 4+ non-additive)
of the selected studies were meta-analyzed by computing the
weighted average heritability (Li et al. 2003). To this end the
heritability estimates from the independent studies were
weighted by the number of participants in the study.
Whenever different estimates for males and females were
reported, the sex-specific estimates were treated as belong-
ing to independent studies. For studies without sex-differ-
ence in heritability the equated estimate was used. Some
samples did not report confidence intervals. In these cases,
the confidence intervals (Cls) were estimated based on the
reported CIs of the other studies. With these CIs the weighted
mean standard deviation was calculated, which was used to
calculate the stander error and thus the CI of the studies for
whom CIs were lacking (Li et al. 2003). Calculations were
conducted in Excel for Mac 2011 (Version 14.3.9).

Results
Literature review

All studies that were identified following the search and
selection criteria as described in the method section are
presented in Table 1. Studies are sorted by phenotype, ei-
ther overall wellbeing or one of its components. For each
study the literature reference, wellbeing measure, name of
the study cohort, age of the sample, gender of the sample,
sample size (per zygosity if provided), twin (-family) cor-
relations, and estimates of standardized variance compo-
nents are provided. Confidence intervals are included in the
table when reported in the paper. The results of one study in
Table 1 (LS4) are based on analysis run by the author of this
manuscript. The data are described in Koivumaa-Honkanen
et al. (2005) and data were used in a standard variance—
covariance structural equation modeling frame-work to
obtain heritability estimates and confidence intervals.

Description of study designs and samples
The majority of the studies applied the classical twin de-
sign with a comparison of monozygotic and dizygotic twin

covariance/correlation with both same-sex as well as op-
posite sex twin pairs. Two studies (Franz et al. 2012;
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Kubarych et al. 2012) included men only by design since
they made use of the data of the Vietnam Era Twin Study
of Aging. Five studies (De Neve et al. 2012; Johnson and
Krueger 2006; Kendler et al. 2011a, b; Keyes et al. 2010)
choose to include same-sex twins only and one study
(Schnittker 2008) only refers to MZ and DZ twins. Four
studies (Bergeman et al. 1991; Harris et al. 1992; Lykken
and Tellegen 1996; Tellegen et al. 1988) included reared
apart twins pairs besides twins reared together. Eight
studies applied an extended twin design. Six of these eight
studies used data of additional non-twin siblings (Bartels
and Boomsma 2009; Bartels et al. 2010, 2012, 2013;
Stubbe et al. 2005; van der Aa et al. 2010a), one study
combined data from a twin cohort with data of a population
based register of nuclear families, providing information on
sibling dyads (Nes et al. 2010a) and one combined a twin
sample with a national panel study (Hahn et al. 2013).
Mean age of study participants in the studies presented in
Table 1 ranges from 14 to 72, with the majority of the
studies focusing on middle adulthood. Only two studies
(Bergeman et al. 1991; Harris et al. 1992) included elderly
(65+) individuals, while 6 studies (Bartels and Boomsma
2009; Bartels et al. 2010, 2012, 2013; De Neve et al. 2012;
van der Aa et al. 2010a) focused on wellbeing from early
adolescence to young adulthood. Most studies take age into
account at the mean level but the effect of age on the
variance components has not systematically been studied.
In addition, only three studies (Kendler et al. 2011b;
Lykken and Tellegen 1996; Nes et al. 2006) applied a
longitudinal study design and found that genetic factors are
the major source for stability in wellbeing over time. The
Finnish data (Koivumaa-Honkanen et al. 2005), used to
estimate the heritability estimate, are a combination of two
time points (data collected in 1975 and 1981), in which the
first measure is taken first and the second measure is taken
when the first was missing. Finally, two studies (Bartels
et al. 2010; Harris et al. 1992) investigated cohort effects
by splitting the sample in two age groups. Bartels and
colleagues did not find a difference in genetic architecture
between adolescents (mean age 17) and adults (mean age
33), while Harris and colleagues report a remarkable ab-
sence of genetic influences in late adulthood (mean age
50.8) and a heritability of 48 % in elderly (mean age 72).

Wellbeing measures

A wide variety of wellbeing measures has been used, some
covering specific components of wellbeing, such as satis-
faction with life or happiness, while others capture the
overall wellbeing construct. An overview of measures,
including available information on number of items and
reliability, used in the reviewed studies is provided in
Table 2. Obviously, certain cohorts implemented particular

measures in their protocol, which have subsequently been
used in multiple studies. Cohorts that used an overall
wellbeing measure are the Minnesota Twin Registry, using
the Well-being Scale of the Multidimensional Personality
Questionnaire (MPQ); (Tellegen 1982)) and the Norwegian
Institute of Public Health Twin Panel using a short version
of the Subjective Well-being Scale (Moum et al. 1990).
The Netherlands Twin Register adopted three wellbeing
measure in their longitudinal cohort study (the Satisfaction
With Life Scale (Diener et al. 1985), the Subjective Hap-
piness Scale (Lyubomirski and Lepper 1999), and the
Cantril Self-Anchoring Striving Scale (Cantril 1965). In a
multivariate study they found that the correlations between
these measures was moderate to high and that all measures
loaded on one underlying genetic factor (Bartels and
Boomsma 2009). Ever since they either used the separate
measures or a weighted factor score representing wellbe-
ing. The Swedish Twin Registry (including the Swedish
Adoption/Twin Study of Aging (SATSA)) applied the Life
Satisfaction Index Z (LSI-Z) (Wood et al. 1969). Several
different measures of wellbeing have been collected by
telephone or survey in the MIDUS (Midlife Development
in the United States) panel study and these data are used in
various ways. Both Johnson and Krueger (2006) and Weiss
et al. (2008) composed a life satisfaction/wellbeing scale
based on 3 items, while Schnittker (2008) focused on
happiness based on six ‘happiness’ items from a variety of
previously validated instruments. In addition, 3 measures
of mental wellbeing (emotional, psychological, and social)
have been developed by Keyes (1998) applying factor
analysis on several wellbeing measures in MIDUS. Finally,
the Ryff’s Scales of Psychological Well-being (Ryff and
Keyes 1995) have been collected in the MIDUS sample.
The Vietnam Era Twin Study of Aging (VETSA) applied
the Ryft’s Psychological Well-being Scale, the Well-being
scale of the MPQ, and an item on satisfaction with life. The
Italian Twin Register used the Ryff’s Scales of Psycho-
logical Well-being with three items per dimension and the
Add Health study used one item to assess Satisfaction with
Life. The German Socioeconomic Panel study and the extra
collected German twin samples used a life satisfaction
factor score based on 5 items.

Heritability estimates

Altogether the studies in Table 1 provide us with 70 her-
itability estimates (some studies provide multiple estimates
either based on multiple measures, multiple time points, or
separate estimates for males and females) ranging from O to
64 %.

Heritability estimates for overall wellbeing range from
17 to 56 %. For the components of wellbeing the ranges are
0-60 % for satisfaction with life, 22-41 % for happiness,

@ Springer



Behav Genet (2015) 45:137-156

146

auiy
oyl Jo i g (100swWINS)
i aJI[ Jo [[ny(9) pue paysnes(s) ‘[nyooead pue wred(y) 1ayye
oY1 fo auou [ ‘AKddey swonxa(g) 9uids pood ui(g) ‘[My1eayo (1) aanisod ram (6961) Sureq
88’ oreos jutod ¢ 310§ Aoyy sAep (¢ 1sed oy Sunmp own 9y JO Yonw MOH uo Swajl 9 - TTIM ‘SIM uwngperg -[IPA\ [RUOTIOWH
[[BISA0 Q1] JIoY) Yim 21om Ky} paygsnes moy (g)
SOAT[
II0Y) 10A0 peY Aoy 1[9] $109[qns [0Nu0d yonw Moy (7)
QI Iy Yim 1om sjuedronted pagsnes moy (1) (e1008WINS) (6661) Suroq
- 9reos juiod ¢ marardur oruoydara) e ur payse arom sjuedonied SWaN ¢ - LAM  Te 30 Joudlg -[[PA\ 9A1O2[qQng
249U ¢
auiy Yy
[V 1sowqp | {,SSAUSNOAIU
aeos jurod 4 WOIJ PAISFINS NOA JABY ‘YIUOW ISEB[ AU} JOAQ, ‘§
mo uiom
puv paty p
3uoas £1aa | o
qreosjutod 4 wIom pue pain Io 1y pue 3uolls [99) ApIsow noA o, ‘¢
Addvy ¢
Xopur
paialop | Eoumﬁcme.
oreos jurod ¢ ., pa1oafop 10 Addey Aqpensn nok a1y, g panySiom
paysuvssip 9dM
daaa g CAMPEM)
paysuvs L PAYSTESSIP (21005 0TdM ‘69M UOISIoA 110US
&Jauia1X2 [ fpsow 10 “oj1] INOA I paysnes A[Sou e nok Aes wns (ggA) OgM ‘SIM 0661) -o[eos Sureqom.
L oreos jutod 9 nok prnom ‘yuasaid e oJI 0K Moqe Yury) nok usyM, T ¥ XOpUI-gMS bOM CIM T8 10 WNON aandalgng
(r661)
Jnyodoy ‘onstundQ, RIEM
soouanadxe Junsaroyur sey, PUE USFI[RL
dsip Add ! ‘(861 (Odv)
Jonsodsip ° ¢ S5H, ua3oqe, Q1reuuonsang)
SSumy uny sa0(J, ‘z861) Ayrpeuosiog
6 ‘52 €C o[edg Suraq-ToM aM ‘TaMm LEELIIENS [euorsuaWIpHINIA
ONIAITTAM
(1 21qe], 295)
pasn st 1
0 oeas asuodsay Swa)| Swall Jo N oleosqng  yorym ur Apms Q0UAIJY JUSWINISUT

QMBI SONAUAT J0TARYAq o) UM sjuduodwod s)1I pue JUTAQ[[OM SSOSSE 0] Pasn SUSWNISUI JUSWAINSEIA T e,

pringer

A's



147

Behav Genet (2015) 45:137-156

paysuvssip
124 ¢

paysus
Kowagxa ()

«(PIYSNEBSSIP
Apysowr 10 “9J1] IN0oA YJIm pagsnes Apsow a1e nok jey)

uonoejsIes
9J1] Surmseawr

69'—S9° oreos jutod 9 Aes noA prnom ‘quasard je 9J11 InoK Jnoqe JuIy) nok usyp, I - 11ST ‘9S1 woyl 9[3uIS
22430
£13uo4is |
22430S1p (STMS)
Apguods | SraM ‘cram (S861)  9Ivds rT WA
98" oress jutod /£ Jeapt Aw 03 9s0[0 SI 9JI] Aw sAem jsowr uf, ‘39 (100swIns) G - ‘LSTEST T 19 IouRIq uonoejsies oy,
2243DS1p
)8uos ¢ 9J1 AW JO SIeaK 159q 9y} QIe S,
243D 2q pnom (z
A18uoazs 1 A9 Jy3noy | uey) 19)19q WIS sIUIY) ‘IOP[O MOIT | SV, (6961) IST) Z-A101URAU]
18 9reos jutod ¢ ‘39 (er00swns) ¢ - 7ST°IST T 12 poom uonoeJsies 1]
ofiy ynm uonovfsuvg
ZN-(OdIN)
aIreuuonsang)
uosear remnonred ou 1o paysnes pue Addey [99] uayjo | (2002) Anpeuosiog
08 ‘89 I 9[edS SUIg-[loM 45 VA L G AL | [euoIsuawIpnnA
uoneIgaur [eros ()
90UAIAY0D [BI00S (3)
Pa2uSvsip uonnqgriuod [e1oo0s (¢)
)8uoais 4 yImois [eros ()
paa43p doueydoooe [e100g (1) (a100sWINS)
dq8uous | pauonouny [ora SWar 1AM
L oreos jurod £ A[[erouad Aay) MOy PIqLIdSIP W) OB [[om MOH € JO So[eds ¢ TT1dM ‘SIM (8661) SOAY SuIog-[[oM 1008
Awouony (9)
K19)seIN [RIUQUIUOIIAUY (G)
oy ur asodmg (¥)
Ppo2uSDsIp IMoI3 TeuosIod (€)
&3uo4is / s1oyj0 Y sdrysuonefar aAnIsod (7)
paausp oueydoooe-J1o8 (1) (a100swIns) (S661)
&q3uous | pauonouny [ora SWaI 219Mm sakay] Suraq
9L oress jutod /£ A[re1ouad A9y) MOy poqLIOSIP W OB [[oM MOH € JO s9[eos 9 - ‘I1dM ‘SdM pue JAY -[[9M [e2150[0ydAsq
(1 19eL, 999)
pasn s1 1
0 9[eos asuodsoy Sw| SW Jo N Jeosqng  yorym ur Apms QouQIoJOY JUSWINISU]

ponunuod g dqe[,

pringer

A



Behav Genet (2015) 45:137-156

148

paysups
Kja19)dwod (1

paysuvssip
K1212]dUt05 ()

QInsIo[
Sursnoy

yiresy
Quwoout [euostad

(2109s10)08))
1L 9reoss urod-1| QWOodUl pP[oyasnoy SwaN G 01S1 uonoejsies I
[[e12A0
J[qrssod 1s9q Y SOAI] J1ay) I[J A9y} Yo1ym 0) 2139p
AU} pUB ‘SOA[OSWAY) YIIM 2IoM AU} POYSIIES MOY ‘SAI] (0002)
9 oreos jutod 9 I19Y) YIIM dIom Ay Paysnes MOy payse a1om sjuedionied (e100swns) ¢ 6S1 suruuny uonoejsies I
Kjauoypany
/Kddpyun
/8urioq Ki1aa ¢
Kjauoypavy
/&ddpyun
/Sutrioq
Apnf
Asva ‘Addpy
/Su1saaagul
&umf T
&jauo) SSQUI[QUO]
11p 1 J0U 8
JCsasiddoy BUIAIL Jo 3589
/8u1isaLagul ssourddey
K24 | QJI[ UT ISAIANUI €161
9ress jutod 19181 0] PYSe M $109[qns (100swIns) 1 +S1 pIey uonoejsies |
paysyos £124 G
paysupssip uonoejsies
faaa | 9J1] Surmseaw
- 9ress jurtod ¢ LOIOYM © Se JJI[ INOA YIIM NOA I8 PIysnes MoH, 1 6S1 way J[3uIS
(1 19eL, 999)
pasn s1 1
0 9[eos asuodsoy Sw| SW Jo N Jeosqng  yorym ur Apms QouQIoJOY JUSWINISU]

ponunuod g dqe[,

pringer

A's



149

Behav Genet (2015) 45:137-156

oueydaooy
-J1oS ‘oy1T ut asoding
22.48DS1p ‘SUOTIB[Y QANISO]
)8uoas | ‘YIMOID) [BUOSI]
2243 uorsuSWIp ‘KaseN Sueg-1om
dj8uo4s 1 1ad o100sUINS [pruswuoIiAty (L00D) [eo150[0Y0ASq
8 —0L° oreos jurod £ SWAI 7H ‘Awouoiny v TR 19 JAY JO s9[eos S JJAY
Jjuduwiow 9y} Je [99) nok op MOH
noA 10y 911 9[qrssod
Js10m Q) syuasaxdar I9ppe[ 2y} JO Wo00q AY) PUB NOA o[eos SuIALng
J0J 9J11 9qissod 1s9q 2y} syuesaidar 1oppe] ay) jo doj ayJ, m:ﬁo.:u.:<
doy ayy 38 1 03 Wonoq 2y} -J[oS [mue) Yy,
J& 0I9Z WoIJ paroquinu sdojs yirm Ioppe[ B duIdewr asea[d 1 7100 Jo uoIsIoA pajsnlpy
puels noA [995
Aqreuosiad nok Kes noA prnom 1apper oy jo dajs yorym uQ
noA 10y 9J17 9[qrssod
(syuapmys) Js1om 9U) syuasardar I9ppe[ 9y} JO W00q Y} PUB NOA cram
s J0J 9J11 dqrssod 1s2q 2y} sjuasardar roppe 2y} jo doj ayJ, ‘95T ‘CTEM o[eos SuIAmg
(A11epe) doy ayp e O] 03 Wonoq Ay Tram 1ram (S961) Susoyouy
Ita Je 010Z WoIJ paroquinu sdojs YiIm Ioppe[ B SuISewI asea[q I ‘€100 ‘1100 [mue) -J[oS [mue) ay,
2f1 fo &gy
2248D
)8uoas 4
22430s1p (6661)
&3uoays | Addey A10A j0U W T ‘9[oym oy} uQ, CTEM ‘CTEM 1oddo] pue areos ssourddeyy
98" oreos jurod £ .uosiad Addey e w ] o[oym ay3 uQ, ‘39 (e100sWINS) ‘¢dVH ‘CdVH  DisitwoqnA aAnda[gng
¢ 30 1Ing
(paysheg
(ngeoead pue we)
oy (Addey Aowenxg
ayy fo auou ¢ (suads poo3 uy
utny {INJI09YD
oyl fo g | HER) (21008
16° oreos jutod ¢ noA pIp owm Yy Jo yonw moy ‘sAep (¢ ised o) Junng,  uBSW) SWA 9 1dVH ssourddeyy
ssaurddopy
(T 219, 295)
pasn s1 31
0 9[eos asuodsoy Sw| SW Jo N J[eosqnsg  yorym ur Apmi§ Q0UAIRJY juoWINISUY

ponunuod g dqe[,

pringer

A



150 Behav Genet (2015) 45:137-156

and 22-42 % for quality of life, respectively. One study
(Harris et al. 1992) reported that all variance in satisfaction
. N2 e een ié with life was due to nonshared environmental factors.
I ' ' The majority of the studies conducted classic heritability
% o estimation based on variance—covariance matrices of MZ
; 3 2y % and DZ twins or in some cases extended designs. The ex-
§_ g S¥ S §c ceptions are Tellegen et al. (1988) and Harris et al. (1992)
g = =5 2 s who used the within-between method of Jinks and Fulker
(1970) and Lykken and Tellegen (1996) who reported twin
correlations only.
The minority of the heritability estimates were based on
studies which applied a univariate model (Bartels et al.
2010; De Neve et al. 2012; Lykken and Tellegen 1996; Nes
et al. 2010a, b; Rgysamb et al. 2002; Stubbe et al. 2005;
Tellegen et al. 1988). Other studies applied a multivariate
model to multiple measures of wellbeing (Archontaki et al.
2013; Bartels and Boomsma 2009; Gigantesco et al. 2011;
Keyes et al. 2010), longitudinal data (Kendler et al. 201 1a,
b; Koivumaa-Honkanen et al. 2005; Lykken and Tellegen
1996; Nes et al. 2006, 2013), or applied a multivariate
framework to investigate the overlap of wellbeing with
other phenotypes, such as somatic health variables (Harris
et al. 1992; Rgysamb et al. 2003), sleep (Nes et al. 2005),
g mental health/illness (Bartels et al. 2013; Kendler et al.
2 2011a, b; Nes et al. 2008, 2013), social support (Bergeman
" et al. 1991; Schnittker 2008), exercise behavior (Bartels
" © § E et al. 2012), or personality (Hahn et al. 2013; Weiss et al.
E z % - _ 2008). Two studies combined wellbeing with self-esteem
'% £ E g § and either mental illness (Franz et al. 2012) or hippocampal
= LA volume (Kubarych et al. 2012). Finally, three studies ap-
plied genetic moderation models to estimate the heritability
" under different conditions such as different financial si-
8 § g § tuations and perceived control (Johnson and Krueger
£ = o = 8 o 2006), parental divorce (van der Aa et al. 2010a), or marital
Q S Ep® & 9 £ 3 status (Nes et al. 2010b)
E 52 22g¢g9? : o N .
Z <« S F & 2 £ = Five studies, all extended twin designs, report significant
a 25 L£&28 <& non-additive genetic effects (Bartels and Boomsma 2009;
= o Hahn et al. 2013; Nes et al. 2010a; Stubbe et al. 2005;
2 o= Tellegen et al. 1988), while eight studies reported evidence
; g é ~ for shared environmental influences, although some with a
z § t g - zero in the confidence interval (Franz et al. 2012; Hahn
22|z~ et al. 2013; Johnson and Krueger 2006; Nes et al. 2008;
Rgysamb et al. 2003; Schnittker 2008; Tellegen et al. 1988;
° van der Aa et al. 2010a). The absence of significant find-
E —c% §§ ings for non-additive genetic or shared environmental ef-
5 =RV - fect by no means indicates the absence of these effect,
= 2 3 since it could also reflect a lack of power to detect these
g % S variance components (Posthuma and Boomsma 2000).
E = A = Some indirect evidence for the presence of non-additive
% " gﬁ%og E genetic effects in wellbeing is provided by the recent
| g E A & 9 finding of molecular genetic evidence for wellbeing (Ri-
= |2 o %g 3 ch etveld et al. 2013). In this study a SNP heritability of
S z & a * 12-18 % is reported, reflecting additive genetic effects.
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This estimate is fully in line with the estimate of additive
genetic influences in the above-mentioned more powerful
extended twin studies. The remaining variance in the twin-
sibling studies is non-additive genetic variance, indicating
that part of the reported heritability estimates of the studies
in Table 1 probably include both additive and non-additive
genetic effects. Evidence for a possible influence of shared
environment is provided by the finding of significant shared
environmental influences on wellbeing and satisfaction
with life in two powerful studies that combined twins and
nuclear families or panel data (Hahn et al. 2013; Nes et al.
2010a).

Two cohorts (the Norwegian Institute of Public Health
Twin Panel and the Netherlands Twin Register), reported
significant sex-differences in heritability in some of their
studies (Bartels et al. 2010, 2013; Nes et al. 2006, 2008;
Rgysamb et al. 2003). The NTR consistently report higher
estimates for females versus males, which is also observed
in most of the NIPHTP studies, except for the heritability
estimates at time2 in Nes et al. (2006) and the estimates in
Nes et al. (2008).

Scattering out the spreading in heritability estimates
versus the sample size of the studies (see Fig. 1), shows
that less variance in estimates is observed with increasing
sample size. In addition, larger within cohort variance in
heritability estimate is observed when multiple measures of
wellbeing are used (e.g. MIDUS).

Finally, the heritability studies cover a large age range.
The youngest twins are 13 years of age (van der Aa et al.
2010a), while the oldest are 87 years of age (Harris et al.
1992). Comparing the heritability estimates of different
studies does not reveal a large age effect, with the excep-
tion of the study by Harris et al. (1992), in which no evi-
dence for genetic influences on satisfaction with life in late
adulthood is reported.

70 7
60 1 ¢
+>J MTR
Q %
‘T 50 1 G—O STR/SATSA
E >4 - NIPHTP
7] FETEN I\
m 40 7T S NTR
2 |
= 0 1% MIDUS
;g'g - OVETSA
_i__‘: 20 g +ITR
GSOEP
10 FTC
0 T T T T |
0 5000 10000 15000 20000 25000
Sample size

Fig. 1 Scatterplot representing the association between variance in
heritability estimate and sample size separated by cohort

Meta-analyses

The studies that were selected for the meta-analysis of
wellbeing (bold faced studies WBI1, LS1, LS3, LS4,
WB6b, WB7, R1, WB14, WB15, LS10 in Table 1) and
satisfaction with life (underlined studies LS1, LS3, LS4,
LS5, LS6, LS7, LS8, LS9, LS10 in Table 1) and the results
of the meta-analysis are presented in Fig. 2a, b. Twelve
heritability estimates from 10 studies were used for the
meta-analysis of wellbeing, ranging from 23 to 59 %. The
mean age of the included samples ranged from 16.4 to 65,
with an average of 37. Only one study sample was under
age 20 and one study population was above 65.

Ten heritability estimates, derived from 9 independent
samples, were used for the meta-analysis of satisfaction with
life, ranging from 18 to47 %. The age of the included samples
ranged from 14 to 74, with three studies including participant
under 20 and two studies with participants over 65.

Each study is represented by a dot (point estimate) and
line (95 % confidence interval). When confidence intervals
were not reported in the original paper, these were estimated
based on the CI’s of the other studies. The result of the meta-
analysis is presented in the last line of the table. The
weighted average heritability of wellbeing is 36 % (34-38),
while the weighted average heritability for satisfaction with
life is 32 % (29-35). The meta-analytic point estimate of
wellbeing falls within the confidence intervals of 6 of the 12
(50 %) studies reflecting expected heterogeneity in a broad
measure such as wellbeing. For satisfaction with life, a more
homogenous picture is found, with the point estimate falling
in 7 of the 10 confidence intervals (70 %).

Discussion

The identification of multiple studies covering the genetic
architecture of wellbeing within the scientific literature
reflects the increasing interest in the topic. Results of these
twin-family studies into the genetic and environmental
influences on wellbeing show a range of heritability esti-
mates (0 %—64 %). The two meta-analyses, one for satis-
faction with life and one for wellbeing, showed that
32-36 % of the variance, respectively, is accounted for by
genetic effects. These results provide a more robust esti-
mate of the relative influence of genetic effects on well-
being. Although such an overall weighted measure
provides guidance within a rapidly growing field of inter-
est, it should also be interpreted with care.

Considerations and limitations

Several considerations and limitations need to be taken into
account when interpreting the meta-analytic heritability

@ Springer



152

Behav Genet (2015) 45:137-156

(a)
Study Heritability Sample Size Gender
Tellegen et al., 1988 59 (40-78)* n= 804 M/F
Bergeman etal., 1991 25 (07-43)* n= 848 M/F
Stubbe et al,, 2005 38 (20-44) n=5668 M/F
Koivumaa et al., 2005 30 (24-32)**  n=23732 M/F
Nes etal,, 2006 51 (44-57) n=3397 M
Nes etal., 2006 42 (36-47) n=4550 F
Weiss etal,, 2008 23 (07-40) n= 1780 M/F
Gigantesco et al.,, 2011 51 (40-62)" n=742 M/F
Franz etal., 2012 35 (18-45) n=1226 M
Bartels et al,, 2013 34 (28-39) n=4637 M
Bartels et al., 2013 47 (42-51) n=5974 F
Hahn etal, 2013 ) 37 (27-47)* n=2616 M/F
Meta-Analysis : 36 (34-38) n= 55974 M/F
(I] ZI() 4‘0 6I0 8IO 160
(b)
Study Heritability =~ Sample Size Gender
Bergeman et al., 1991 25 (00-50)* n=848 M/F
Stubbe et al,, 2005 38 (20-44) n=5668 M/F
Koivumaa et al., 2005 30 (24-32)** n=23732 M/F
Johnson & Krueger, 2006 24 (00-48) n=1438 M/F
Nes etal., 2008 35 (26-42) n=2687 M
Nes etal., 2008 18 (04-31) n=3639 F
Bartels and Boomsma 2009 47 (35-59)* n=5024 M/F
Franz etal,, 2012 19 (07-28) n=1226 M
De Neve et al,, 2012 33 (25-41) n=872 M/F
Hahn etal, 2013 37 (18-56)* n=2616 M/F
Meta-Analysis <O 32 (29-35) n=47750 M/F
(I) 1I0 ZIO 3I0 4-I0 SIO 6I0 7I0 8l0 9I0 1(|)0

Fig. 2 a Heritability estimates and 95 % confidence intervals for the
studies used in the meta-analysis of wellbeing. The bottom line
(Meta-Analysis) shows the weighted heritability estimate and confi-
dence interval. *CI’s estimated based on the other studies; **herit-
ability estimated by author after receiving data from PI of Finnish
Twin Cohort; » the heritability is the average heritability of the 6

estimates. First, there is an ongoing debate on the meaning
of wellbeing and how to measure it, which is also reflected
in the introduction section of the paper and in Table 2. The
large variety in wellbeing questionnaires, scales, subscales
and items, makes a meta-analysis vulnerable to hetero-
geneity. This is also reflected in the differences in herit-
ability estimates of the different studies and the absence of
overlap between the meta-analytic point estimate and the
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Ryff’s dimensions. b Heritability estimates and 95 % confidence
intervals for the studies used in the meta-analysis of satisfaction with
life. The bottom line (Meta-analysis) shows the weighted heritability
estimate and confidence interval. *CI’s estimated based on the other
studies; **heritability estimated by author after receiving data from PI
of Finnish Twin Cohort

95 % confidence intervals of some studies. Encouraging in
this respect is the finding of the overlap between the meta-
analytic point estimate of satisfaction with life and the
confidence intervals of most of the included studies. For
wellbeing the meta-analytic point estimate falls within the
about half of the confidence intervals, so even for such a
broad measure, making it prone to heterogeneity, the pic-
ture is far from alarming. Even more so, if one takes into
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account that the CIs that do not include the meta-analytic
point estimates are, among others, from the two studies in
which sex-specific estimates were reported (and thus used
in the meta-analysis) (Bartels et al. 2013; Nes et al. 2006).

This leads to the second limitation of the possible sex-
differences in genetic architecture of wellbeing. Two co-
horts (the NIPHTP and the NTR), reported significant sex-
differences in heritability in some of their studies (Bartels
et al. 2010, 2013; Nes et al. 2006, 2008; Rgysamb et al.
2002). The NTR consistently report higher estimates for
females versus males, which is also observed in most of the
NIPHTP, except for the heritability estimate at time2 in
Nes et al. (2006) and the estimate in Nes et al. (2008).
Consequently the meta-analyses were based on the com-
bination of male and female data, leaving no room for sex-
specific estimation. So, it remains unclear if gender really
matters for the causes of individual differences in wellbe-
ing. In addition, none of the studies, systematically tested
for qualitative sex-differences, so no insight in possible
effects of sex-specific genes and environmental factors is
available. A mixed picture is obtained when the opposite
sex-twin (OS) correlations are compared to same-sex
dizygotic (SS-DZ) twin correlations (see Table 1). Some
studies report lower OS correlations than SS-DZ correla-
tions (see for example the studies based on the NIPHTP
sample), while in other studies no clear difference is ob-
served (see for example the studies based on the NTR
sample).

Third, several studies assessed multiple wellbeing
measures within the same cohort of people and for sake of
independence only a couple of these studies (with no
overlap in participants) could be included in the meta-
analyses. The best example of this limitation is given by
the different studies that make use of the MIDUS survey
data. Seven of the studies presented in Table 1 make use of
these data. As a result only one study could be used for the
wellbeing meta-analysis (Weiss et al. 2008) and one for the
satisfaction with life meta-analysis (Johnson and Krueger
2006). While selection of the two used studies is based on
pre-defined criteria (e.g. sample size), it still means that for
example all the relevant work of Keyes et al. (2010) and
Kendler et al. (2011a, b), Schnittker (2008), and Archon-
taki and colleagues (Archontaki et al. 2013) is not used in
the meta-analysis. The same holds for several studies based
on the data of the Netherlands Twin Register (Bartels et al.
2010, 2012; van der Aa et al. 2010a), and the Norwegian
Institute of Public Health Twin Panel (Nes et al. 2005,
2008, 2010a, b; Rgysamb et al. 2002, 2003).

Fourth, meta-analytic results are constrained by the
characteristics of the input studies. By combining different
studies a large age range was covered and only cross-sec-
tional results were included. Two studies tested for the
difference in heritability by age and report opposite results.

Harris et al. (1992) report remarkable age differences in the
etiology of satisfaction with life, with no evidence for
genetic influences in the age group younger than 65 year,
and a heritability of 48 % in elderly (>65). More recently,
Bartels et al. (2010) were allowed to constrain genetic and
environmental influences on happiness to be similar for
younger (aged 14—19 years) and older individuals (aged
20-88 years). The studies that have used repeated mea-
sures of wellbeing to investigate the longitudinal genetic
architecture (Nes et al. 2006) or the genetic influence on
the overlap of the two measurement occasions (Kendler
et al. 2011b; Nes et al. 2013) report large genetic influences
on the stability of wellbeing. However, the exact effect of
age on the genetic architecture of wellbeing and its com-
ponents has yet to be determined. Additionally, the longi-
tudinal studies were based on only two measurement
occasions providing no room for more complex longitu-
dinal modeling. Therefore, a large-scale study into the
causes of stability and change in wellbeing including data
of over more than 2 measurement occasions is highly
warranted. Additionally, studies disentangling genetic and
environmental influences on wellbeing throughout child-
hood are highly warranted since differences in genetic ar-
chitecture between children, adolescents, and adults have
been frequently observed (Haworth et al. 2010; Huppertz
et al. 2012; Nivard et al. 2014).

Furthermore, some studies were based on the classical
twin design, which compares monozygotic and dizygotic
twins, while other studies used extended designs, including
siblings, twins reared apart, and other relatives of twins.
Inclusion of these extended twin designs in the meta-ana-
lysis probably has strengthened the overall finding since
the heritability estimates of the particular studies are more
precise, due to increase in power for variance
decomposition.

Fifth, all studies included in the meta-analyses are based
on western European and Northern American (population)
based samples. This restricts the interpretation of the result
for other populations. Furthermore, most studies rely on the
voluntary participation of the twins and their relatives,
which imaginably can result in a bias with regard to a
reduced variance in wellbeing in comparison to an ‘unse-
lected’ sample.

Sixth, while existence of a dynamic interplay between
genes and environment, such as gene—environment inter-
action, gene—environment correlation, and epigenetics, is
acknowledged for complex traits, it has scarcely been
studied for wellbeing. All but three studies summarized in
Table 1 applied a basic model with additive effects of
genes and environment to explain individual differences in
wellbeing. Only Johnson and Krueger (2006), Nes et al.
(2010b), and van der Aa et al. (2010a), tested whether the
heritability estimates were significantly moderated by level
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of financial resources and perceived control, marital status,
or parental divorce, respectively. Heritability is found to be
higher in better financial positions (due to moderation of
nonshared environment and thus a change in genetic pro-
portion of the total variance) and at higher levels of per-
ceived control (due to increasing genetic variance)
(Johnson and Krueger 2006). Genetic influences on varia-
tion on wellbeing were shown to be significantly smaller in
married (h% = 41%;h} = 39%) than single individuals
(h2, =51%; h} = 54%) (Nes et al. 2010b). Finally, the
unstandardized additive genetic and nonshared environ-
mental influences on Quality of Life were shown to be
increased in girls from divorced families compared to girls
from nondivorced families, whereas the standardized con-
tribution was similar, due to an overall increase in variance.
No effect for boys was observed (van der Aa et al. 2010a).

Molecular genetic studies

The robust estimate provided by this meta-analysis sup-
ports the investment to try to identify genomic regions of
interest for wellbeing. This is also reinforced by a recent
paper that shows the first evidence for the heritability of
wellbeing derived directly from molecular genetic data
(Rietveld et al. 2013). Based on a pooled sample of
~ 11,500 unrelated, comprehensively-genotyped Swedish
and Dutch individuals, estimates of broad-sense heritability
of 5-10 % for single-question survey measures of well-
being is found. This estimate increases to 12-18 % after
correction for measurement error in the wellbeing mea-
sures. So far, however, there have been only a few attempts
to find genetic polymorphisms associated with wellbeing.
One study reported an association of satisfaction with life
and the VNTR polymorphism on the serotonin transporter
gene (5-HTTLPR), with greater satisfaction with life for the
individuals with the longer variant (De Neve 2011), but
follow-up work on an augmented sample from the same
data did not replicate the finding (De Neve et al. 2012). A
second study reports a significant association between
MAOA and happiness, but only in women, with low ex-
pression being related to greater happiness (Chen et al.
2013). In addition a small, probably underpowered, gen-
ome-wide linkage study indicated genomic regions of in-
terest on chromosome 1 and 19 (Bartels et al. 2010).
Finally, a small study analyzed leukocyte basal gene ex-
pression profiles and reported distinct gene expression
profiles for hedonic (positive affect) versus eudaimonic
(striving, purpose) wellbeing (Fredrickson et al. 2013), but
replication is warranted, especially since distinguishing
hedonic versus eudaimonic wellbeing with a self-report
measure is under debate (Brown et al. 2014; Cole and
Fredrickson 2013, 2014; Coyne 2013). A large (n > 100k)
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genome-wide association meta-analysis is currently un-
derway within the Social Sciences Genetic Association
Consortium (http://www.ssgac.org).

Summary and conclusion

Overall, the results of the meta-analyses, by combining and
weighting the results of all available independent twin-
family studies, provide more robust estimates of the broad-
sense heritability of wellbeing and satisfaction with life.
The results indicate that genetic factors contribute sig-
nificantly by explaining about 35 % of the variance. The
significant finding of genetic influences on wellbeing, the
room for environmental influences, and the absence of
replicated candidate gene findings call for large-scale
genome-wide molecular genetic studies and investments to
unravel the dynamic interplay of genes and environment in
the etiology of wellbeing.
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