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CHAPTER

Happiness and well-
being: The value and
findings from genetic
studies

Margot P. van de Weijer®", Lianne P. de Vries®", Meike Bartels?®"
“Department of Biological Psychology, Faculty of Behavioural and Movement Sciences,
Vrije Universiteit, Amsterdam, The Netherlands

bAmsterdam Public Health Research Institute, Amsterdam University Medical Centre,
Amsterdam, The Netherlands

What is well-being?

Within the past decade, there has been increasing interest in well-being (WB) as a
research topic across different disciplines, including the field of behavior genetics.
Moreover, there is a growing global recognition of WB as an important public
policy goal, as shown through population-based surveys initiated by governments
with the aim of systematic consideration of WB to inform decisions.'™ In this
chapter, we discuss the relevance of behavioral genetic (twin-)studies to increase our
understanding of individual differences in WB.

The term “well-being” embodies a multitude of concepts with varying mean-
ings depending on context and discipline. Here, we focus on the meaning of WB as
employed in psychology and social sciences. It is important, though, to first briefly
mention its philosophical origin. Two ancient philosophical traditions are relevant in
this context: hedonism and eudaimonism.* The hedonist tradition dates back several
centuries before Christ, to philosophers such as the Cyrenaics who believed that
pleasure was the highest good, and central to happiness or WB.” Thus, in the an-
cient hedonist definition, WB or happiness is equated to the sum of one’s pains and
pleasures. Eudaimonism, on the other hand, has a definition that is quite different
from the hedonist perspective. Influenced by Aristotle’s virtue ethics, the eudaimonic
view on happiness centers around living a virtuous life.® From this point of view,
the greatest fulfillment in life will come with the realization of one’s potential and
finding meaning in life. These descriptions provide only a brief overview of the two
philosophies, but they do illustrate the appreciable distinction that exists between
their definitions of WB.

In the current psychological literature, a distinction is often made between “sub-
jective” well-being (SWB) and “psychological” well-being (PWB). This distinction
can be traced back to the ancient distinction between hedonic and eudaimonic WB,
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with SWB following from the hedonic tradition and PWB from the eudaimonic tradi-
tion. While different definitions exist, SWB is mostly characterized by high levels of
positive affect, and low levels of negative affect, translating into a subjective evalu-
ation of high satisfaction with life.” While life satisfaction reflects a more cognitive
evaluation of WB that is not necessarily in line with hedonist ideas about happiness,
the positive and negative affect dimensions of SWB are highly similar to the hedonist
ideas about balancing pleasure and pains. Similar to how the eudaimonic definition
was formulated as a response to the hedonic definition, the PWB definition was for-
mulated as a response to the SWB definition. A critique of the SWB definition is that
it does not capture important aspects of positive psychological functioning, such as
self-fulfillment.® Therefore, PWB definitions of WB aim to include broader domains
of positive functioning. For example, in Carol Ryff’s definition of PWB, included
domains are self-acceptance, positive relations with others, autonomy, environmental
mastery, purpose in life, and personal growth.®

Theoretically, the distinction between SWB and PWB is clear. Empirically, how-
ever, the distinction is less clear-cut. While most research finds that WB is comprised
of multiple related, yet conceptually distinct underlying dimensions,”!" discussion
remains concerning the extent to which these underlying factors are correlated. More-
over, results indicate that there is a large overlap in the set of genes that influence
SWB and PWB, with a higher genetic correlation than phenotypic correlation.'!!?
Additionally, many different measurement instruments are available to assess (dif-
ferent aspects of) WB.!>!* This further complicates our interpretation of the inter-
relatedness of different WB constructs as these different measurement instruments
might introduce additional variance.

Twin studies help us understand WB in multiple ways. First and foremost, by
partitioning the variance of WB into genetic and environmental sources of variation,
twin studies enable us to interpret the causes of individual differences in WB (Sec-
tions 18.2 and 18.3). Second, by examining the genetic and environmental sources
of variation in phenotypes highly related to WB, we come one step closer to under-
standing the complexities of the WB construct (Section 18.4). The knowledge gained
from existing twin studies of WB has fueled follow-up in-depth analyses in both
genetic and environmental directions (Section 18.5), which again have led to the
development of novel, more complex twin designs (Section 18.6). In what follows,
we present these past, present, and future directions of research, demonstrating the
transformational effect this research has had on our understanding of WB.

18.2 Earlier reviews on twin studies on well-being

In 2015, two comprehensive reviews on the causes of individual differences in
WB were published.'>'® Results of these twin-family studies into the genetic and
environmental influences on WB revealed a range of heritability estimates, but
when meta-analyses were used to estimate heritability across the studies the meta-
analytic results converged on the heritability estimate. In the book chapter of Nes and
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Roysamb, the weighted average heritability, across 13 independent studies including
more than 30,000 twins (aged 12—-88) from seven different countries, was estimated
to be 40% (CI: 37%—42%).'° Similarly, in the paper by Bartels, the weighted average
heritability of WB, 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)."

These similar results, with an overlapping confidence interval, provide a more
robust estimate of the genetic influence on WB. Both reviews and meta-analyses
showed that both genetic and environmental influences are important for variation in
WB. The meta-analyses indicate that genetic influences on WB are mainly additive
and that the environmental influences appear to be nonshared.

18.3 New findings of twin studies on well-being

Since 2015, the twin design has been used in an additional 15 studies to investigate
the heritability of WB using different measures of WB, and in combination with other
variables, such as depression or social support, as described later. Fig. 18.1A and B
summarizes the heritability estimates of all included twin studies in the earlier meta-
analyses, and of the recent twin studies on WB. In addition, Table 18.1 summarizes
the designs and findings of the recent twin studies of WB. The heritability estimates
of the recent studies on WB vary somewhat (range: 0.27-0.67), but are mostly in
line with the previous meta-analytic estimates. The effect of a shared environment
is small but significant in a few studies in younger participants. In contrast to earlier
studies, none of the recent studies reported evidence for nonadditive genetic effects.

Besides investigating the heritability of WB, many recent studies used the bivari-
ate or multivariate approach to investigate the (genetic and environmental) covariance
between WB and other variables. For example, Haworth and colleagues'’ reported
moderate genetic correlations with depressive symptoms, Wang and colleagues'®
with social support, Wootton and colleagues'® with positive and negative life events,
and Luo et al.”” reported a moderate genetic correlation with self-enhancement. Van
t” Ent and colleagues”' reported nonsignificant genetic correlations with subcortical
brain volumes. In a small Polish twin sample, Milovanovi¢ et al.?2 and Sadikovi¢ et
al.” investigated the covariance of life satisfaction with emotion regulation and per-
sonality traits. The genetic correlation with various forms of emotion regulation var-
ied between 0.53-0.86. The genetic correlation between WB and personality traits
varied from O (openness and agreeableness) to 0.61-0.71 (conscientiousness, extra-
version, and neuroticism). The heritability of life satisfaction in relation to personal-
ity traits has also been investigated by Rgysamb and colleagues in a larger sample.”*
The heritability of life satisfaction was estimated at 31% (22%—40%), of which 65%
was explained by personality-related genetic influences (mainly neuroticism and
extraversion). The remaining genetic variance was unique to life satisfaction.

Thege and colleagues™ investigated genetic and environmental influences on
happiness, life satisfaction, and general WB in a small Hungarian twin sample. The



298 CHAPTER 18 Happiness and well-being: The value and findings

Heritability (%)

Tellegen et al. (1988)
Finkel & McGue(1997)

Raysamb et al. (2002)

Eid etal. (2003)

Raysamb et al. (2003)

Nes etal. (2005)

Nes et al. (2006) (sample a)

Nes et al. (2006) (sample b)

Weiss et al. (2008)

Keyes et al. (2010)

Nes etal. (2010a)

Nes etal. (2010a) *

Kendler et al. (2011a) (sample 1995)
Kendler et al. (2011a) (sample 2005)
Kendler et al. (2011b)

Franz etal. (2012)

Bartels et al. (2013)

Van t Ent etal. (2017)

Wang et al. (2017)

Luo et al. (2020)

Franz et al. (2012)
Wang etal. (2017)
Bergeman et al. (1991)
Harris etal. (1992) (age 52)
Haris etal. (1992) (age 72)

Stubbe et al. (2005)

- F A M -9 MF D¢ SB

Subjective Well-being

&

A d

&
*

A
*

<

+

100

Life Satisfaction

<*

.

etal. (2005)

Johnson et al. (2006)

Nes etal. (2008)

Bartels et al. (2009) *
Caprara (2009)

Paunio (2009)

De Neve etal. (2012)

Hahn etal. (2013) *

Nes et al. (2013) (sample a)
Nes et al. (2013) (sample b)
Haworth et al. (2017)
Thege etal. (2017)

Wootton et al. (2017)

ic etal. (2018)
Sadikovic et al. (2018)
Raysamb et al. (2018)

Jamshidi et al. (2020)

Bartels (2015) (SWB)
Nes & Raysamb (2015) (SWB)

Bartels (2015) (LS)

* ¢ L

®

25

50

100

Meta analysis

1 ]%

zn

4nn

FIG. 18.1 (Continued)



18.3 New findings of twin studies on well-being

Schnittker (2008)

Bartels and Boomsma (2009) *
Bartels etal. (2010) (age 17)
Bartels etal. (2010) (age 33)
Haworth et al. (2017)

Thege et al. (2017)

Wang et al. (2017)

Wootton et al. (2017)

Bartels and Boomsma (2009) *
Bartels et al. (2009) *

Baselmans et al. (2018) (age 7)
Baselmans etal. (2018) (age 10)
Baselmans et al. (2018) (age 12)
Baselmans etal. (2018) (age 14)
Baselmans etal. (2018) (age 16)
Baselmans et al. (2018) (age 18-27)
Baselmans et al. (2018) (age >27)
Jamshidi et al. (2020)

Gigantesco et al. (2011) (Autonomy)
Gigantesco et al. (2011) (Environmental Mastery)
Gigantesco et al. (2011) (Personal Growth)
Gigantesco et al. (2011) (Positive Relations)
Gigantesco et al. (2011) (Purpose in Life)
Gigantesco et al. (2011) (Acceptance)
Franz et al. (2012)

Kubarych et al. (2012)

Archontaki et al. (2013) (Autonomy)
Archontaki et al. (2013) (Mastery)
Archontaki et al. (2013) (Personal Growth)

Archontaki et al. (2013) (Positive Relationships)

Heritability (%)

Archontaki et al. (2013) (Purpose in Life)
Archontaki et al. (2013) (Acceptance)

Keyes etal. (2010)
Kendier et al. (2011a) (sample a)
Kendler et al. (2011a) (sample b)

Kendler et al. (2011b)

Keyes et al. (2010)
Kendler etal. (2011b)
Kendler etal. (2011a)

Thege et al. (2017)

Jamshidi et al. (2020)
Routledge et al. (2016)
Routledge et al. (2017)
Routledge et al. (2018)

Chilver et al. (2020)

Jamshidi et al. (2020)

Jamshidi et al. (2020)

FIG. 18.1

+F Ao wr

Happiness.

i =
EE—
—e—i
or—i
—e—i
ot
0 25 50 75 100
Quality of Life
e
—e—t
+—o—i
+—eo—t
—o—t
ot
—e—i
———
+—-e—
—e—i
0 25 50 75 100
Ryffs Psychological Well-being
——e—
—e—
e
—e—i
——
—e—i
—e—
————y
e
—e—
—e——
—e—
———i
+—e—i
] 25 5 75 100
Psychological Well-being
L 2
———
—e—
&
] % £ 75 100
Social Well-being
L
L 4
—e—
0 2 Y 75 100
| 'WHO index _|
—e—i
| ] % EY 7 100 |
COMPAS-W
+—o—t
L 2
—eo—t
L 2
L 4
0 2 £ 75 100
[ WHO QoL 1
| —e—i |
5 2'5 5'0 75 150
[ Single item Life Satisfaction _|
| —c— |
0 2% £ 75 100

(A) Heritability estimates for well-being. F = females, M = males, F/M = males and
females, S = siblings. (B) Heritability estimates for well-being. F = females, M = males,
F/M = males and females, S = siblings.

299



300 CHAPTER 18 Happiness and well-being: The value and findings

(¥9'0-61"0) (15'0-9¢°0)
950 vro| 9L0| L¥O SHS
(09'0-9%°0) (#S'0-0%"0) 108}
€50 V0| 6L0| 6v0| (622/4SE) SSkE | SO/H/N | (£2°0) S8 L) -}V OAlIsOd [g, T@ 10 Buep
/8 | sbujais
(Gzree) 16| elbuig
([dVH + 1vS)
950 v7’0| 910 | ¥r0| (e2l/LLL) ¥6e IW| (v)0lg| eusodwod | zrele g i, UeA
(02'0-6€0) (19'0-0€°0)
660 Sy'0| SHO| 9v0 XopuUl OHM
(eg'0-sv'0) | (L9°'0-010)
290 8e'0 | (0e'0-0 000 | 60| 820 SHS
(L2/e!) 66 E|
(r¥'0-€2°0) (£20-95°0)
€80 90| 9vo| 290 (6/82) /€ N | (e9l) Lger S oz ‘T8 1o ebay |
00| 0| (£28/066) 198} E|
(79'0-25'0) | (€¢1'0-200) | (0¥'0-92°0)
090 900 ve'0| 6L0| er'0| (959/169) L¥El N SHS
620 08yl SO
60| 090 | (6.8/686) 8981 4
8y'0-2¢¥0) | BL'0-500) | (25:0-9¢0)
Sv0 FEO v7'0| G800 | 250 | (659/€69) 9¥Ek N | (89°0) e 9t S ;1 Te 18 yuomeH
(zaszw)
(19%56)3 | (19%S6) D | (D% S6)V| zal| ZWI| saedumyy Xag oby ainses|\ saouaiajey

‘GT0gZ 92uls Bulag-||am Joj S9IPNIS UIM} Uo Alewwng 1°9T 319VL




301

18.3 New findings of twin studies on well-being

(panuriuoy)
(£9°0-€5°0) (L¥'0-2£0)
850 Zro| 9k0| zvo 12-81t
(65°0-+5°0) (05°0-2¢°0)
G50 S0 k2o | v0 9l
(£6°0-05°0) (0s'0-¢°0)
€50 Y0 SZ0| 90 i
(020210 | 0s0-t70) | (Lr0-tE0)
81'0 9v'0 980| €90]| €80 zh
(tzo-2+0) | (or'0-se0) | (¥ 0-vE0)
020 0 or'o| 290| 6.0 o]
Qro-—zL0) | r0o-280 | (BY0-2£0)
€1L'0 e¥'0 er'0| 99°0| S80 /
(88£92/68091)
suml Jzvzy | SO/H/MN ai o Auend | | 1o suewieseyg
(29:0-95°0) (r¥-92°0)
650 L0 SHS
0.£2 SO
817 1/0791)
8508 4
(L¥'0-2¥'0) | QL0-¥00) | (¥S0-8£°0) (850+H/2Y 1)
4d0) 0L0 90 0022 N | (89°0) 2E 9t S 511’1 18 UONOOAA
(97°0-5£°0) (G9'0-¥5°0)
or0 090| ¥£0| 150 3
(zaszw)
(19%56)3 | 10% S6) D | (1D9% S6) V Za4 | zZIA saied uimy LTS aby ainsea\ saouaIs)ey




CHAPTER 18 Happiness and well-being: The value and findings

302

(C¥/299)

SUM] 6/6 4
(PO2/2ly) (e221)
67'0 67'0 sum1 9/9 N G968 | M-SVdINOD 2 e 1 ebpejinoy
(30%/967)
SUMI 706 4
(95" 0-¥¥"0) (95°0-¥¥0) (831/017) (L2721)
0S50 050| 22zo| S0 SUIM] 865 N 1268 | M-SVdINOD gz [e 1o eBpejinoy
91’0 eyl SO
(c02/9v2) 6Y Y E|
050 050 (¢6/202) v62 N | (221 86e| M-SVANOD ,2'[e 10 ebpsjinoy
(@m e
9kt -08yy + 37)
670 ZLo 650 (881/70¢) 267 | SO 4/ | (96°1) 628 eren oz e 18 om
L0 | 620| (e2s/95Y) 6.6 E|
(L¥'0-€2°0)
89'0 ce0| <coo| seo| (Lre/062) 289 W[ G L1129 S vz e 18 quieshoy
8z SO
(ve/86) 22l E| o7 '[e 18 DIN0oMIpes
JAA) €50 ¢ro| S0 (6/22) 28 N | (L) 6Sve S| /2218 18 2NOUBAOJIN
(10% s6) 3 | (0% S6) O (10% S6) v Zar | zZn bE] aby ainses| aousJlejey
(20 (9e'0-81°0)
-79°0) 69°0 120 O | o020 12<
(zaszw)
(19%S6)3 | 1I9% S6) D | (19% S6) V Za4 | zZIA saied uimy xog aby ainsea\ SaouaIs)ey

p.AuoQ 1°8T 318VL




303

18.3 New findings of twin studies on well-being

‘sired xas aysoddo ‘SO ‘seeyy ‘Y ‘sefewe Y [uonoBSHeS 8l ‘S ‘oeos ssauiddey aAposlgns ‘SHS

(09°0-92°0)
(09:0-0v'0)  (02°0-0°0) 8p°0 :dn
67°0 £0°0 -mojlod 020 €S0
090-680) (920-00) (09°0-6+0)
67°0 900 Sy'0:Buing G20 0S50  (LLL/OOK LiZ 4 2¢'[e 18 yuomeH
(Gg'0-9¢0) (0£0-00) (¥9°0-02°0) (S71+ SHS) uoi
90 /00 8¥°0 :@lojeg 280  SS0 (16/29) 8G 1 N (150559t aysodwo)  -usnelul Buied-|[epn
(18°0-99°0) (Ge'0-6+0)
€0 120
(08°0-59°0) (ge'0-02°0) 100
€0 120 wiey 8buIg
(89°0-65°0) (L¥'0-2£0) 31
090 or'0 wey ejbuIg
(£20-19°0) (6e°0-€2°0) (100
69'0 (X5%0) yoAsd) OHM
(09°0-27°0) (es'0-07°0) 8G elbuis (es21) S
€50 ¥'0 (r££/896) 0991 4/N 7965 | M-SvdNOO 1o’ 18 Iplyswer
190 60| 800| ev0| (0ct/ee2) cey AW | ©€enoor| M-SYdNOD oe' B 18 JeAIyD
(zaszw)
(19%S6)3 | 1I9% S6) D | (19% S6) V Za4 | zZIA saied uimy LTS aby ainsea\ saouaIs)ey




304 CHAPTER 18 Happiness and well-being: The value and findings

results indicate a heritability of life satisfaction and general WB of 67% and 45%
with no shared environmental effects. Happiness had a negligible heritability (0%),
whereas 38% of the variance was explained by the shared environment. Due to the
small sample, these results should be interpreted with caution.

A recent study in a Dutch twin sample”® investigated the contribution of genetic
and environmental factors on WB and depression across the lifespan. Genetic fac-
tors explained a substantial part of the phenotypic variance in WB during childhood,
adolescence, and adulthood (range 31%-47%). In the younger samples, shared en-
vironmental influences explained a large part of the variation, but these disappeared
with age. Regarding the association between WB and depression, the contribution of
genetic factors increased from childhood to adolescence, meaning that environmen-
tal factors are important in explaining the relationship between WB and depressive
symptoms in childhood, while in adolescence genetic factors play a larger role.

Whereas most recent studies used the most popular WB measures (e.g., the Sat-
isfaction with Life Scale, Subjective Happiness Scale, or Cantril ladder), Routledge
and colleagues®’ >’ designed the COMPAS-W scale. The COMPAS-W scale is a
composite index of subjective (hedonic) and psychological (eudaimonic) WB. The
heritability of WB measured using this scale was estimated at 50%. Additionally,
about half of the genetic influences on WB were shared with symptoms of depres-
sion and anxiety. Furthermore, Chilver et al. reported a small genetic association
between WB and brain activation, as reflected by electroencephalography (EEG)
power.’” Recently, Jamshidi and colleagues compared the heritability estimates of
the COMPWAS-W scale, Satisfaction with Life scale, and single-item measures of
life satisfaction and quality of life.?! Heritability estimates ranged from 23% to 47%,
with the heritability of single-item questions being lower than multiple-item scales.

Lastly, Haworth and colleagues’” investigated the effect of a WB intervention
on the genetic and environmental variance components. The intervention lasted
10-weeks and consisted of online kindness and gratitude tasks. WB improved during
the intervention and was significantly higher at follow-up. The contribution of genet-
ic influences to the phenotypic variance remained consistent before, during, and after
the intervention (respectively, 48%, 45%, and 48%). The contribution of nonshared
environmental influences also remained constant, but new nonshared environmental
influences emerged over time in response to the intervention. Thus, genetic influ-
ences stayed largely the same, whereas new environmental influences explained the
changes in WB in response to the intervention.

To summarize, although the studies in the previous meta-analyses and the 15
newer studies use different types of contexts, WB measures, and sample sizes, the
results seem to converge on a heritability estimate of about 40 to 50%.

18.4 Related phenotypes

As described in the previous sections, WB is not a unitary construct. Besides the
multidimensionality of the construct itself in terms of its definition, there are also
many phenotypes that are closely related to WB. We can identify different classes
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of these related phenotypes: unfavorable outcomes that are negatively related to WB
(e.g., depressive symptoms”®), related but clearly distinct traits such as personality
characteristics,'> and highly related phenotypes that are sometimes difficult to
conceptually separate from WB. In this section, we focus on the insights that twin
studies have brought us for this last class of phenotypes. Specifically, we focus on
optimism, meaning in life, self-esteem, and resilience.

18.4.1 Optimism

Optimism can be defined as the general expectation of positive versus negative
outcomes in different domains of life and is often measured using the Life Orientation
Test (LOT) or LOT-revised (LOT-R).** In the context of WB, optimism is related to
lower negative emotions and higher, positive affect, and life satisfaction.**° A large
meta-analysis estimated phenotypic correlations of around 0.50 between optimism
and the different aspects of WB.?’

Fig. 18.2A provides an overview of the heritability estimates reported for opti-
mism from the existing literature. All studies in this figure used the 6-item LOT-R
to measure optimism,'?-**~*3 with the exception of Plomin et al.** and Yuh et al.,*>
in which the 4-item LOT was used, and Mavioglu et al.*® and Whitfield et al.*¢
whom used the 3-item LOT-R. Plomin et al.** were the first to study the causes of
individual differences in optimism. Using a twin/adoption design, a heritability of
23% was reported for LOT-measured optimism, with the remaining 77% of the
variance being accounted for by nonshared environmental factors. As depicted in
Fig. 18.2A, the heritability estimates from later studies do not differ substantially
across different studies, even though there is much variability in the confidence
intervals.

18.4.2 Meaning in life

The meaning in life construct, like WB, knows many different operationalizations.
One popular view on meaning in life is that it is a tripartite structure, consisting
of three distinct subdomains: comprehension (one’s life making sense), purpose (a
sense of direction in life), and mattering (a sense of life having inherent value). 748
The relationship between WB and meaning in life is complex. While meaning in
life can be viewed as an important part of eudaimonic/psychological WB,? it might
also be interpreted as a route to or consequence of WB.**" A correlation of around
0.50 has been reported between meaning in life and WB, i.e. life satisfaction or
psychological WB.?!-33

There have only been a few twin studies so far focusing on meaning in life (see
Fig. 18.2A). As is evident from Fig. 18.2A, most studies find heritability estimates
that are medium in effect, ranging from 33% to 52%.'%!%>* Yet, Thege and col-
leagues report a heritability of 0% in their analysis of meaning life. However, given
that the sample in this study was smaller than the previously described studies, these
findings should be interpreted with caution.*'
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FIG. 18.2

(A) Heritability estimates reported for well-being related phenotypes. F = females,
M = males, M/F = males and females. (B) Heritability estimates reported for well-being
related phenotypes. F = females, M = males, M/F = males and females.
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18.4.3 Self-esteem

The scientific study of self-esteem is one that has produced an abundance of literature.
Often measured using the Rosenberg self-esteem scale,” self-esteem can be defined
as one’s affective or evaluative appraisal of the self, or the extent to which a person
(dis)likes him- or herself.”® Two components are central in the assessment of self-
esteem: the level (i.e., the general appraisal of yourself), and the stability over time of
this appraisal.”’ Moreover, we can interpret an individual’s general self-esteem, but
within a person self-esteem can also vary across different domains (e.g., intellectual,
cultural). The correlation with WB is strong, as estimates of 0.50 and higher were
reported.”®”

In a literature review performed in 2002, the results from behavioral genetic
studies on self-esteem thus far were summarized.’’ For the review, results were
split up for the level and stability of self-esteem, and within these categories, for
general and domain-specific self-esteem. For the level of self-esteem, the results
from different studies did not always converge. Nevertheless, overall it seems that
about 30%—-40% of individual differences in self-esteem level can be explained by
genetic factors and that the remaining variation is accounted for by unique (but
not shared) environmental factors. For domain-specific self-esteem levels similar
results were reported, with heritability estimates around 50%, and a small or no role
for shared environmental influences, both in childhood and adulthood. Yet, depend-
ing on which domain was studied, there is quite some variation in the estimates. For
example, McGuire et al.°” examined the level of self-esteem in the following five
domains: scholastic competence, athletic competence, physical appearance, moral-
ity, and friendship. While the heritability of self-esteem in the scholastic domain
was estimated at 61%, the heritability for self-esteem in friendship was substan-
tially lower, 10% (also depicted in Fig. 18.2B). While there was less literature avail-
able for self-esteem stability, the heritability of stability in self-esteem seems to be
similar to or even higher than the heritability at one time-point, with heritability
estimates a little over 50%. This was true for both global self-esteem and domain-
specific self-esteem.

Since this meta-analysis, many other twin studies on self-esteem have been pub-
lished (see Fig. 18.2B). As can be seen in Fig. 18.2B, the heritability estimates varied
considerably. However, this is likely due to the different definitions used for self-
esteem, and the different age groups examined. For example, Jonassaint reported
that in early adulthood, self-esteem is almost completely determined by the unique
environment, with no role for genetic factors.®! Raevuori and colleagues looked at
genetic and environmental factors affecting self-esteem in boys and girls from age 14
to 17.92 Their results show that the heritability of self-esteem is higher in boys than
in girls in this age group.

18.4.4 Resilience

Psychological resilience can be defined as an individual’s ability to recover after
the experience of stress or trauma, returning to an optimal mental state, or as the
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psychological outcome after adverse events.> Resilience and WB have been

associated with many studies with a phenotypic correlation of around 0.50, and
especially strong links between resilience and the cognitive and affective components
of WB have been reported.®* Resilience has been studied in different twin studies
(Fig. 18.2A), but again with varying definitions of the construct. For example, Kim-
Cohen and colleagues investigated individual differences in behavioral and cognitive
resilience of children after economic deprivation (defined as lower antisocial behavior
and higher IQ than predicted), and reported heritability estimates of 71% and 46%,
respectively.> Hansson and colleagues performed analyses on specific resilience
concepts (sense of coherence, mastery, self-directedness, self-worth, humor, and
optimism), and estimated a moderate heritability of around 33%. Analyses of scales
aimed at measuring psychological resilience reveal an even greater range of variation
in heritability estimates. For example, using the Connor-Davidson Resilience Scale,®
Wolf and colleagues estimated the explained variance of additive genetic effects and
shared environment in military male twins at 25% and 15%, respectively.®’ However,
in adolescents, the heritability of a latent resilience factor was estimated at 78% and
70% in boys and girls, using the Ego-Resilience scale.®®%

Alternatively, studies may use an outcome-based measure of resilience instead of
questionnaires aimed at measuring resilience directly (trait-based).”’ For example, in
a first study, resilience was defined as the residual of positive affect after controlling
for stressors.”! The heritability estimates were higher in men (52%) than in women
(38%). In addition, Amstadter and colleagues defined resilience as the residual of
internalizing symptoms after controlling for the number of stressful life events.’”
At two-time points, the heritability was stable, around 31%, with no sex differences.
Sawyers et al. (2020) compared the etiology of trait-based and outcome-based resil-
ience.”®> Only 15% of the heritability of outcome-based resilience was shared with
trait-based resilience. In summary, variation in the definition of resilience (and in the
sample) leads to a lot of variation in heritability estimates, demonstrating the need for
a universal or commonly agreed-upon definition for resilience.

18.4.5 Multivariate models of positive psychological traits

Multivariate twin designs can answer the question how much of the phenotypic
correlation between traits is accounted for by genetic and environmental factors. In
addition, the overlap in genetic and environmental factors underlying multiple traits
can be assessed. In other words, these designs help us understand why traits are
related or tend to co-occur.

For example, a study by Caprara and colleagues*’ assessed the associations be-
tween self-esteem, optimism, and WB (in terms of life satisfaction). The analyses in-
dicated a large overlap in genetic causes, with genetic correlations between 0.80 and
0.87. Likewise, Wootton and colleagues'’ investigated whether positive life events
were genetically associated with SWB and related positive psychological traits in-
cluding subjective happiness, life satisfaction, optimism, hopefulness, and gratitude
measured at the age of 16. The WB traits were positively genetically correlated with
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positive life events, and negatively with negative life events. However, these genetic
correlations were moderate, ranging approximately from —0.5 to 0.5.

While the above studies are just two examples of studies applying multivariate
models to WB and related traits, these types of investigations are becoming more
frequent, and are fueling follow-up genetic molecular studies. In the next section,
it will be shown how studies like these help with the design of so-called “multivari-
ate genome-wide association meta-analysis,”’* where the genetic overlap between
related traits is used to increase power for genetic analyses.

To summarize, positive psychological traits, such as optimism, meaning in life,
self-esteem, and resilience are related to WB with phenotypic correlations of around
0.50. Although the estimated heritability is tied to the specific construct, definition,
sample, context, and methods used, around one-third of the variance in the related
phenotypes can be explained by genetic factors, similar to what has been reported
for WB. In addition, multivariate twin models show strong genetic correlations be-
tween WB and other positive psychological traits. These findings help us to further
understand the complex nature of WB.

18.5 Specific molecular genetic
and environmental influences

The introduction of this chapter already briefly mentioned that twin studies on WB
fueled more in-depth analyses of genetic and environmental effects. To help frame
the importance of findings from twin and family studies, it is useful to view them
in conjunction with findings that probe the role genetic and environmental factors
using other methods. Behavioral genetic studies have revealed that a substantial part
(~40%) of the variation in WB can be attributed to genetic influences and an obvious
next step is to try to identify genomic regions associated with WB.

The first reliable molecular evidence for the genetic complexity of WB came
from a method called GCTA (genome-wide complex trait analysis), where the pro-
portion of phenotypic variance explained by all genome-wide SNPs (single nucleo-
tide polymorphisms—DNA sequence variation of a single nucleotide) is estimated
by comparing the phenotypic and genetic similarity across a group of unrelated in-
dividuals.” In a pooled sample of ~11.500 unrelated genotyped Swedish and Dutch
participants, WB was measured using the positive affect subscale of the Center for
Epidemiology Studies Depression Scale (CES-D). Based on this approach, it was es-
timated that 12%—18% of the variance in WB was accounted for the additive effects
of the SNPs measured on genotyping platforms.”®

Next, the development of genome-wide association studies (GWASs), allowed for
the first identification of specific genetic variants associated with WB. In a GWAS,
millions of genetic variants are measured and regressed on a phenotype in a large
group of individuals. In this way, the association between each genetic variant and an
outcome of interest is tested with a strong correction for multiple testing, so that the
chance of finding false positives is greatly reduced. The first successful GWAS for
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WB (N =298,420) was performed in 2016. This study led to the identification of 3
genetic variants associated with WB (defined as life satisfaction and positive affect).’”’
The SNPs had estimated effects in the range of 0.015-0.018 s.d. per allele (each
R? =~ 0.01%). The high genetic correlations (rg > 0.75) between life satisfaction, posi-
tive affect, neuroticism, and depressive symptoms suggest a common liability and this
common liability was leveraged to increase the power to identify associated genetic
variants. To this end, the latest GWAS for WB combined these three traits and coined
them “the WB spectrum.” In this study, 304 independent significant variant-phenotype
associations were identified for the WB spectrum, with 148 and 191 associations spe-
cific for life satisfaction and positive affect, respectively. Biological annotation re-
vealed evidence for enrichment of genes differentially expressed in the subiculum (part
of the hippocampus) and enrichment for GABAergic interneurons. However, even
with this progress, the identified variants account for only a small percentage of the
variation, meaning that we still have a long road ahead. The first and only epigenome-
wide association study approach, to identify differentially methylated sites associated
with individual differences in WB, reports two sites (cg10845147, P=1.51 % 10-8
and cg01940273, P = 2.34 « 10-8) that reached genome-wide significance following
Bonferroni correction. Four more sites (cg03329539, P =2.76x 10-7; cg09716613,
P =3.23 % 10-7; cg04387347, P =3.95 % 10-7; and cg02290168, P =5.23 % 10-7)
were considered to be genome-wide significant when applying the widely used crite-
rion of an FDR q value < 0.05. Gene ontology (GO) analysis highlighted enrichment
of several central nervous system categories among higher-ranking methylation sites.
However, replication of these results is warranted in larger samples.

Twin studies already taught us that about 40% of individual differences in WB
can be explained by genetic factors. These follow-up analyses taught us about the
genetic complexity of WB, with likely thousands of variants contributing to the trait.
These studies also revealed that each genetic variant only contributes a tiny amount
to the variation in WB, so that we cannot speak of a single “happiness gene” or a few
“happiness genes” that assert substantial influence on WB.

While there is substantial genetic influence on variation in WB, the remaining ma-
jority of variance is caused by environmental influences. Again, while twin-and family-
studies tell us something about the relative influence of the environment, they do not
clarify which environmental influences are important. We can draw a few conclusions
from the existing literature on the association between WB and environmental factors. On
the socioenvironmental side, it seems that factors associated with social connectedness,
such as the quality of social contacts’® and social support’” are important for WB. How-
ever, on the more contextual/physical environment side, there is not a lot of consensus
on which environmental factors are important. Not only do studies produce contradicting
results, there seems to be a lack of meta-analytic oversight. This lack of meta-analyses
can mostly be explained by the fact that studies used varying designs, making it difficult
to compare outcomes. There are some overview studies for specific environmental fac-
tors from the WB literature in general, but these studies also fail to present conclusive
evidence. For example, Lovell and colleagues examined the association between expo-
sure to biodiverse environments and WB and conclude that there is some evidence for a
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small positive effect, but that much of the evidence is inconclusive.8Y Similarly, Vanaken,
and Danckaerts®! and Houlden and colleagues®” examined the literature related to the
relation between green space exposure and WB in children and adults, respectively. They
both conclude there is limited evidence for a positive effect. Unfortunately, even though
there is much literature examining the associations between different environmental vari-
ables and WB, it seems we are far from having a complete picture of these environmental
influences.

For future research in this area, it is important that we continue with large-scale
investigations into these environmental factors. For example, more homogeneity can
be achieved by employing a design that is similar to that used in GWA studies, but
includes WB and multiple environmental factors instead of multiple genetic variants.
By performing such “environment-wide association studies,” we can study the effect of
environmental variables in different populations and geographical levels in a consistent
manner. Ni and colleagues already applied such a design for WB, where they assessed
the association between 194 psychosocial and behavioral factors and physical, mental,
and social WB in a large Hong Kong sample.®? They reported that only depressive
symptoms, life satisfaction, and happiness were simultaneously associated with these
three domains of WB. To develop a full picture of the WB exposome (i.e., the collective
of exposures people experience, and how these exposures influence WB), it is impor-
tant we continue this progress by studying other types of environmental factors in an
environment-wide context, such as the physical and social environment. Moreover, as
we have seen in this chapter, there is a considerable genetic influence on WB. Environ-
mental factors are also partly under genetic control,** meaning that exposure to certain
environments might be driven by genetic factors. Therefore, to fully understand the as-
sociation between WB and environmental factors, this gene-environment interplay also
needs to be considered. As mentioned earlier, there is a lot of inconsistent results from
studies examining the environment in relation to WB. Part of this inconsistency might
be explained by the fact that most studies do not use genetically sensitive designs. Twin
research can help us elucidate the extent to which covariation between WB and envi-
ronmental factors is genetic in nature, for instance using bivariate designs that partition
covariance into genetic and environmental sources.

To conclude, while there are still hurdles to be overcome and many unanswered
questions, considerable progress has been made over the past years in identifying
genetic and environmental factors that influence WB. The above paragraphs already
outlined some of the steps that have been/need to be taken to advance our under-
standing of WB. However, what was not mentioned yet is the way in which (ex-
tended) twin designs can help us further our understanding of WB. In Section 18.6,
we elaborate on some interesting future directions for this type of research.

18.6 Future directions

In this final section, we present some interesting extensions of the classical twin
design in terms of designs and outcome measures. More specifically, we discuss
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the use of ecological momentary assessment, causality in terms of MZ difference
models, and nuclear twin family designs (NTFDs).

18.6.1 Well-being fluctuations

Almost all existing twin studies examining the heritability of WB assess WB with
questionnaires about general WB, happiness, or life satisfaction. However, like
many other complex human traits, feelings of WB (e.g., mood) fluctuate over time
and across different contexts.®>®” The heritability of momentary WB (e.g., how
happy do you feel in this moment?) has been assessed twice and resulted in low
or even negligible estimates.®®*” In a small twin sample, Riemann and colleagues
measured moods across mood-inducing situations and estimated the heritability
around 8%—16%.%% More recently, Menne-Lothman et al. investigated momentary
positive affect in female twins using the experience sampling method and reported
a heritability of 0%.%° The variance in momentary WB was completely explained
by the environment, that is, the mood-inducing situation.

The heritability of fluctuations in WB has not been investigated, even though in-
dividual differences in WB and mood fluctuations have been reported. Some people
show relatively stable levels of WB over the day and/or week, while others fluctuate
alot.”>-%? One way to capture the fluctuations and dynamic nature of WB is by apply-
ing an ecological momentary assessment (EMA) design. EMA involves the repeated
assessment of the momentary experiences and moods of participants in real-time and
in their natural environment.”® Due to technological advances EMA studies can be
conducted more easily with smartphones, a device ubiquitously present in our soci-
ety. Future twin studies should make use of such designs to explore the contribution
of genetic and environmental effects to the stability and fluctuations of momentary
WB.

18.6.2 MZ difference/causality

Twin studies can also be used to investigate causal relationships between variables,
as this design controls for genetic and shared environmental confounding. The co-
twin control model makes use of discordant MZ (and DZ) twin pairs to determine
whether an observed association is consistent with a causal effect of an exposure on
an outcome.”* For example, if MZ twins differ on an exposure variable, and also
differ on the outcome (e.g., WB), we can conclude that the association between the
variables is not due to confounding genetic or shared environmental factors affecting
both variables as MZ twins share 100% of their genes.

In the field of WB, this causality analysis has only been applied to investigate the
causal relationships between WB and exercise behavior” and mortality.”®"” Stubbe
and colleagues” reported that, even though exercisers were on average more satis-
fied with their lives and happier than nonexercisers, no evidence for a causal effect
of exercise on WB was present using the co-twin method. Sadler and colleagues”®
and Saunders and colleagues’’ did find a causal association between higher WB and
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lower mortality. Twin differences in WB predicted differential mortality within dis-
cordant pairs. Although the discordant twin method or (MZ) twin difference design
is powerful to explore likely causal pathways between (environmental) factors and
traits or outcomes, in the field of WB, the application of these methods is scarce.
Future studies can use this powerful design to explore various causal influences on
WB using twin samples.

18.6.3 Nuclear twin family design

In a classical twin study, the observed covariance between MZ and DZ twin pairs is used
to make inferences about the relative influence of genes and environment. While the
design has led to many important insights for WB (as was summarized in this chapter),
it does have some limitations. In these models, we can only estimate as many parameters
as there are pieces of information available. Since the unique environment parameter
(e) can be estimated in all models (given that e is 1 minus the MZ correlation), and
we observe the MZ and DZ covariance, we have three pieces of information available
to us when using the classical twin design. This means we can only estimate three
parameters: either additive genetic effects (a), shared environmental effects (c), and
unique environmental effects (e), or (a), (¢) and dominant genetic effects (d).

To increase the number of parameters that can be estimated, a simple solution
is to include more family members between which we can estimate covariation. In
the nuclear twin family design (NTFD), data on parents are included in addition to
the twin data, meaning that we now also include the covariance between the parents,
and the covariance between parents and children.’® This allows for the simultaneous
estimation of C and D, and also for the estimation of other interesting parameters:
the potential effect of assortative mating, and potential vertical transmission. Assor-
tative mating occurs when two spouses are more similar to each other than would be
expected under a random mating pattern. While this can have many causes, the result
is that these spouses are genetically more similar than two random individuals. Verti-
cal transmission, in the context of the NTFD, describes the influence of the familial
environment from nongenetic effects passed from parents to offspring. In the case of
WB, this would mean that parental WB influences offspring WB through its effect
on the familial environment. Importantly, the parental phenotype is influenced by the
parental genotype. This vertical transmission from parental phenotype on offspring
phenotype is thus not completely independent from genetic influences.

Thus, by including data on parents, the NTFD allows for the estimation of more
parameters, and also provides more accurate estimates of the model parameters. Nat-
urally, the design can be extended to include more family members (e.g., nontwin
siblings) resulting in better-powered designs.”” Importantly, this design is not new: it
has been applied to many traits and has been improved by different people over the
years. Yet, for WB, it seems that such an extended twin design has only been applied
once. In a study in Norwegian twins and parents, Nes, Czajkowski, and Tambs'"
applied the NFTD to estimate nonrandom mating, cultural transmission, and shared
environmental effects specific for regular siblings and twins. Their analyses revealed



References 315

the presence of nonrandom mating (spousal correlation of 0.26) and significant influ-
ence of the shared twin environment. The effect of vertical (cultural) transmission
was estimated to be negligible. As this was the only extended NFTD study to date, it
is not yet clear whether these results are consistent across different cultures/measures
of WB. An interesting future direction would thus be to replicate these findings in
different studies and with different measures.

18.7 Conclusion

The aim of this chapter was to summarize existing behavioral genetic research
on WB, to show how this has directed WB research, and to provide a glance into
directions for future research. While the last meta-analyses on twin studies for WB
were published only five years ago, since then the field has developed rapidly: the
first (300) genetic variants for WB were identified, the field is increasingly doubting
existing definitions of WB and acknowledging the interrelatedness of different WB-
related phenotypes, and are thinking about how to improve models for estimating
sources of variation in WB. While there was first a focus on quantity, where the goal
was to obtain the largest sample size possible at the cost of simple phenotyping,
we are now transitioning to a focus on quality, with promising improvements in the
measurement (e.g., EMA) and analyses (i.e., genetically informative designs) of WB
ahead.
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