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Well-being, like other complex traits that provide
rich diversity to our lives, has multiple causes.
Rather than being daunted by the complexity of
the genetic and environmental influences, we can
draw hope from the dynamic nature of these
influences. Findings so far show that some people
find it easier than others to maintain good
well-being, but these findings also tell us that
positive and protective environmental experiences
could be used to promote well-being in more
people. The differences between us suggest that
we may need multiple and diverse interventions
that are personalised to individuals.

Causes of differences in Happiness
between people

Why are some people happier than others, even if
they live in the same country under more or less
similar circumstances? This is an intriguing question.
Knowledge on why some people feel better about
their lives than others may provide us with clues
about how best to help those most in need.
Genetically informed research, such as twin and
family studies, can provide valuable clues.

One of the first studies, and maybe also the most
unique, based on data from twins is by Tellegen
and colleagues.! This study made use of a unique
sample of twins with data collected in the Minnesota
Twin Study between 1970 and 1984 and the
Minnesota Study of Twins Reared Apart between
1979 and 1986. By combining these two studies
researchers had access to well-being data for four
types of twin pairs. Information on well-being was
available for identical (100% genetically identical)
and fraternal twins (share 50% of genetic material
on average) who grew up together, like most twin
pairs and non-twin siblings. Tellegen and colleagues
also had access to unique data for identical and
fraternal twins who were separated shortly after
they were born. The Minnesota team brought the
twins back together and, among other things,
assessed their well-being. Remarkably, identical
twins who were reared apart (100% genetically
identical, no shared environmental influences or
experiences) turned out to be more similar with
respect to their well-being than fraternal twins
who grew up together (50% overlap on average

and shared environment). The correlation for
identical twins reared apart was .48, while the
twin correlation for the fraternal twins who grew
up together was .23. So, even though these
identical twins had never met before the study,
their happiness ratings were still more similar than
the fraternal twins who grew up together in the
same family and environment. This finding was
the first, but very powerful, indication that genetic
differences between people are a source of
differences in happiness.

Since this foundational work, dozens of twin-family
studies have been conducted to understand how
genetics and environment influence well-being.
Information about the magnitude of genetic and
environmental influences can be obtained from
twin-family studies that contrast the resemblance
of identical (monozygotic) twins and fraternal
(dizygotic) twins, and their non-twin siblings or
other family members. Because estimates from
any individual study may be limited, it is useful to
consolidate information across multiple investiga-
tions. In 2015 two comprehensive reviews of the
causes of individual differences in happiness and
well-being were published.? The weighted average
heritability of well-being in the first review,’

based on a sample size of 55,974 individuals, was

MZ twins who participated in the Minnesota Study of Twins
Reared Apart. Jerry Levey (left) and Mark Newman met at age
thirty-one years. Both twins were volunteer firefighters.
COURTESY: DR. NANCY L. SEGAL
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estimated at 36% (95% Cl: 34%-38%), while the
weighted average heritability for satisfaction with
life was 32% (95% Cl: 29%-35%) (n = 47,750). Nes
and Reysamb* reported the weighted average
heritability across 13 independent studies including
more than 30,000 twins (aged 12-88) from seven
different countries to be 40% (95% Cl: 37%-42%).
These highly similar results, with overlapping
confidence intervals, provide a robust estimate of
the genetic influence on well-being. Both reviews
and meta-analyses showed that both genetic

and environmental influences are important for
variation in well-being among individuals living

in the same society.

Since 2015, the twin design has been used in an
additional 15 studies to investigate the heritability of
well-being using different measures of well-being.®
Figure 5.1 summarises the heritability estimates
of twin studies in the earlier meta-analyses, and
of the recent twin studies on well-being. The
heritability estimates of the recent studies on
well-being vary somewhat (range: 0.27-0.67), but
are mostly in line with the previous meta-analytic
estimates. Since most of the studies are based on
adult samples, a recent study using a Dutch twin
sample® investigated the contribution of genetic
and environmental factors on well-being across the
lifespan. Genetic factors explained a substantial
part of the phenotypic variance in well-being
during childhood, adolescence, and adulthood
(range 31-47%). In the younger samples, during
childhood, shared environmental influences
explained a large part of the variation, but these
influences disappeared with age. This is of course
partly explained by the fact that young twins
really share more of their environment by living

in the same household, while household sharing
for adult twins is rare.

Taken together, these studies based on European
ancestry samples reveal that approximately 40%

30-40% of the differences in
happiness between people is
accounted for by genetic
differences between people.

of the differences in happiness are accounted

for by genetic differences between people while
the remaining variance is accounted for by
environmental influences that are unique to an
individual. It is important to note that these
estimates are based on models that assume

that genetic and environmental influences are
independent and added together explain the
differences between people. In reality, though,
genetic and environmental influences interact
and correlate. Gene-environment interaction
describes the phenomenon that the effects of
the environment vary based on the genetic
predisposition of an individual. For example,
exposure to sunlight has a different effect for
different people due to differences in skin
pigmentation, which is based on an individual’s
genetic background. Gene-environment correlation
refers to the phenomenon that environmental
effects are not randomly distributed. Our partly
genetic features, moods and personalities elicit
reactions in others. For example, some people
have, due to the position of their eyes and the
shape of their mouth, a more friendly-looking
face than others. People in the environment
unintentionally respond differently to people with
more friendly faces. The shape of someone’s face
is of course mainly driven by genetic background.
Finally, individuals create and choose their own
environment based on genetically informed
preferences. Some people for example like quiet
places while others feel better in busy cities.
Below, we explore the interplay of genes and
environment with respect to happiness and
well-being in more detail.

Gene-Environment Interplay

Although there is a clear impact of genetic
influences on creating individual differences in
well-being, it is important to understand what it
means to find genetic influence on a complex
trait, like well-being. First, if 30-40% of the
variance in well-being within a population is due
to genetic differences, this means that 60-70%
of the variance can be attributed to differences
in our environmental experiences and exposures.
Another key finding is that the importance of
genetic influences is not fixed from birth but can
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Figure 5.1: Overview of twin-based heritability estimates of well-being
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change throughout the lifespan and in response
to current environmental conditions.” Unlike
genetic influences for eye colour and blood type
which are determined by DNA, genetic influences
for complex traits like well-being do not operate
in a deterministic fashion. Instead, they make a
particular outcome more (or less) likely. Finding
genetic influence on well-being means that for
some people it is easier to maintain higher levels
of well-being.

The key to explain individual differences in
happiness and well-being will most likely be the
complex interplay of an individual's genetic

Some people will be born with
a set of genetic variants that
makes it easier to feel happy,
while others are less fortunate.
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predisposition and his or her environment. All
humans have, more or less, the same set of genes
at birth. The variants within our genes, though,
differ. Some people will be born with a set of
genetic variants that makes it easier to feel happy,
while others are less fortunate. Genetic variants
also play a role in an individual’s responsiveness
to the environment. Likewise, people’s genetic
profile partly drives their life choices and in that
sense the environment in which they navigate.
Moreover, an individual’s behaviour and happiness
(driven by his or her genetic make-up), triggers
environmental reactions.

A simple way to consider whether the environment
can change the impact of our genes is to estimate
heritability in two groups of people where one is
exposed to a certain environment, and the other
is not. A classic example demonstrating a
gene-environment interaction for well-being
comes from a paper that estimates and compares
heritability for well-being among married and
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unmarried twin pairs.® This study used a large
sample of monozygotic (MZ) and dizygotic (DZ)
male and female twin pairs (n = 4462) from a
cohort in Norway. Around 48% of those included
in the study were married, with married males and
females shown to have greater well-being than
those not married. The study revealed that genetic
factors accounted for up to 51% and 54% of the
variance in well-being among unmarried males
and females respectively. This was reduced to 41%
and 39% for those who were married, suggesting
that the expression of genes associated with
well-being are partly dependent on marital status
(see Figure 5.2). The authors proposed that the
greater reliance on genetic dispositions among
unmarried individuals may be due to there being
fewer behavioural cues in the environment. It was
suggested that with its well-defined social arena,
marriage is often coupled with unambiguous
behavioural clues that may limit opportunities

to express individual differences and thus
dispositional genes.

The differences in heritability between those
who were married and those who were not was
present even though experiences of marriage
vary widely from couple to couple, so what about
an environmental change that happens to all? A
recent twin study in the Netherlands considered
whether the COVID-19 pandemic has changed
the importance of genetic and environmental
influences on well-being.® Participants completed
surveys on optimism and meaning in life before
the pandemic, and during the first few months
of the pandemic in April and May 2020. Findings
revealed that heritability estimates decreased
slightly after the pandemic began, dropping
from 26% and 32% for optimism and meaning in
life pre-pandemic, to 20% and 25%, respectively.
The genetic correlations between these two
time points were 0.75 for optimism and 0.63 for
meaning in life, suggesting a role for different
genetic factors pre-pandemic and during the
pandemic. Crucially these results show that the
importance of genetic factors can change in
response to changes in our environment, which
indicates an interaction between genetic and
environmental factors. One implication of finding
interactions between genetic and environmental
factors is the potential to draw out genetic

m

Figure 5.2: Genetic and environmental
influences on well-being across marital status:
demonstrating gene-environment interaction

46
54

Single Women

Married Women Single Men Married Men

B Genetic influences
B Non-shared environmental influences

Note: These results taken from Nes et al., 2010 show how the
magnitude of genetic influences on well-being can vary based
on marital status. Heritability for both males and females were
higher for those who were unmarried. These results indicate a
gene-environment interaction.

strengths and dampen genetic risks using
environmental interventions.

A fascinating insight from this study on optimism
and meaning in life during a pandemic is that
while most participants experienced decreases in
their optimism and meaning in life, for more than
a third of the participants their levels of optimism
and meaning in life remained stable. It is possible
that understanding the complexity of genetic and
environmental influences can explain this finding
too. Some research has shown that we are not

all equally susceptible to our environmental
experiences and exposures. Some individuals
may be more sensitive and will respond negatively
to poor environments and positively to good
environments. Our sensitivity to environmental
exposures has been shown to be partly due to
genetic differences.”® It is safe to say that estimates
of the importance of genetic and environmental
influences are just the starting point for much




further research that explores the intricate ways
in which genetic and environmental propensities
play out across a lifespan and in response to
changing experiences and exposures. And there
is an added complexity, not only are there likely to
be interactions between genetic and environmental
influences, our environmental experiences and
exposures are likely to be actively shaped by us
and the people we surround ourselves with. In a
study published in 2008, researchers found that
levels of happiness among individuals tend to
cluster, with people shown to be happier if they
are connected to other happy people." It is
possible that this effect occurs due to what is
known as a gene-environment correlation.

A gene-environment correlation (rGE) occurs
when exposure to an event in the environment is
not random, but determined in part, by genetic
factors. Genes can influence our environments
through a number of different ways, with many
agreeing that there exist three types of rGE:
passive, active, and evocative. A passive rGE
occurs when genetically influenced traits of a
parent alter the environment of their child. This is
because parents create an environment that is
consistent with their own genotype. For example,
a child who has inherited relevant genes associated
with well-being may also experience a warm and
happy home. This environment would then serve
to reinforce the genetically influenced well-being
traits, resulting in a happier child. Children are
also more likely to select their environments that
are consistent with their genotype. This is what is
known as an active rGE and could occur if a
happy-prone child engaged in more positive play
with their peers and experienced more happiness
as a result of this. Here, the genotype of the child
has led them towards a certain environment,
which has further amplified their genetic
disposition. If the peers then also responded
positively to the child, the impact of the environ-
ment would be further strengthened and an
evocative rGE would occur.

It is possible to test for the presence of gene-
environment correlation, and one method to
do this is using the twin design to estimate
the heritability of environmental experiences.
A systematic review of gene-environment
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correlation twin studies estimated that the average
heritability of measures of the environment was
as high as 27%.” More recent findings have revealed
that genetically influenced traits that drive
behaviour, such as grit and ambition, are positively
correlated with positive life events, and negatively
correlated with negative life events.”™ This means
that inheriting positive well-being-related traits
can increase our likelihood of not only maintaining
higher well-being, but also the chances of
experiencing positive life events. This resonates
well with the finding of the catalysing effects of
well-being revealing that happiness is associated
with and precedes numerous successful outcomes,
as well as behaviours paralleling success.™

Molecular (epi) genetic findings for
well-being

Given the robust heritability estimate of 40% and
the progress in the field of molecular genetics, it
is important to go beyond an estimate based on
twin-family designs to search for differences in
the actual DNA patterns of humans (the human
genome) to explain differences in well-being. The
human genome is the complete assembly of DNA
(deoxyribonucleic acid)-about 3 billion base pairs
- that makes each individual unique. DNA holds
the instructions for building the proteins that
carry out a variety of functions in a cell. Better
knowledge of the link between the human genome
and well-being could improve understanding of
the underlying biological processes to support
improved prevention and intervention programs.
This might even permit personalised well-being
interventions.

The first reliable molecular evidence for the
genetic complexity of well-being came from a
method called GCTA (genome-wide complex trait
analysis), where the proportion of phenotypic
variance explained by all genome-wide SNPs
(single nucleotide polymorphisms - DNA sequence
variation of a single nucleotide) is estimated

by comparing the phenotype (in this case
well-being) and genetic similarity across a group
of unrelated individuals. In a pooled sample of
~11,500 unrelated genotyped Swedish and Dutch
participants, well-being was measured using the



positive affect subscale of the Center for
Epidemiology Studies Depression Scale (CES-D).
In this group of genetically unrelated individuals,
those with more similar overall DNA patterns
scored more similarly for well-being. Based on
this approach, it was estimated that 12-18% of
the variance in well-being was accounted for by
the additive effects of the SNPs measured on
genotyping platforms.”

Next, the development of genome-wide association
studies (GWASSs) allowed for the first identification
of specific genetic variants associated with
well-being. 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 success-
ful GWAS for well-being, with a sample of almost
300K participants, was performed in 2016." This
study led to the identification of 3 genetic variants
(3 locations on the human genome) associated
with well-being (defined as life satisfaction and
positive affect). The SNPs had estimated effects
in the range of 0.015-0.018 standard deviation per
allele (each R? = 0.01%), so altogether have a tiny
effect in explaining differences in well-being.

To increase the power of the gene finding effort,
the latest GWAS for well-being combined well-
being with depressive symptoms and neuroticism,
to form the well-being spectrum.” In this study,
304 independent significant variant-phenotype
associations were identified for the well-being
spectrum, with 148 and 191 associations specific
for life satisfaction and positive affect, respectively.
Biological annotation of these variants revealed
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.

Another layer of genomic influences is captured
in the epigenome. The epigenome is a multitude
of chemical compounds that can tell the

genome what to do. The epigenome is made up
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of chemical compounds and proteins that can
attach to DNA and direct such actions as turning
genes on or off, controlling the production of
proteins in particular cells. The first and only
epigenome-wide association study (EWAS)
approach, to identify differentially methylated
sites associated with individual differences in
well-being, reported two genome-wide significant
sites.”® Gene ontology (GO) analyses, to see if the
involved epigenome locations can explain biological
processes, 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 in the available European ancestry
samples have shown that about 40% of individual
differences in well-being can be explained by
genetic factors. These follow-up analyses taught
us about the genetic complexity of well-being,
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 well-being, so we cannot speak
of a single “happiness gene” or a few “happiness
genes” that assert substantial influence on
well-being.

Use of Molecular Genetic Results

Based on the Genome-wide Association studies
for well-being and other complex human traits,
the overall genetic architecture of well-being is
assumed to be polygenic involving the cumulative
effects of numerous single-nucleotide polymor-
phisms (SNPs), each often with small effects. The
first Genome-wide association study identified 3
genome-wide significant locations for well-being.

The overall genetic architecture
of well-being is found to be
polygenic involving the
cumulative effects of numerous
genetic variants, each with
small effects.




The most recent Genome-wide Association Study
(GWAS) revealed 304 independent genome-wide
signals associated with the well-being spectrum.
These significant variants together yet only
explain a tiny bit of the total variance.

A promising next step is to use the outcome of
the large-scale genome-wide association studies
to create a so-called Polygenic Score.” A poly-
genic score (PGS), also called a polygenic risk
score (PRS) or a Polygenic Index (PGI), is a
number that summarises the estimated effect of
many genetic variants on an individual’s pheno-
type, typically calculated as a weighted sum of
trait-associated alleles. It reflects an individual’s
estimated genetic predisposition for a given trait
and can be used as a predictor for that trait.

For example, in a sample of 4,571 individuals (50
to 65 years old) representing 14,937 individual-
year observations from the Health and Retirement
Study, it is reported that the PGS of well-being is
positively associated with self-employment and
earnings.?° In addition, the PGS of well-being is
negatively associated with loneliness in a large
sample of 8,798 adult subjects (3,206 males and
5,592 females; ages 18-91, mean age =45.3, median
age=43) in the Netherlands.? This indicates that
people with a higher genetic predisposition for
well-being are less lonely. As a final example, it
has been found that higher PGS for well-being
was related to a younger subjective age (the

age people feel relative to their chronological
age) in 7,763 individuals of the Health and
Retirement Study.??

Another promising approach that leverages the
outcomes of genome-wide association studies

is Genetic instrumental variable analysis (aka
Mendelian Randomization analysis). This is an
instrumental variable approach with the use of
genetic variants or polygenic scores as instrumental
variables to obtain causal inferences on the effect
of an exposure (risk factor) on an outcome from
observational data. The method relies on the
natural, random assortment of genetic variants
resulting in a random distribution of genetic
variants in a population.?® In short, if the
assumptions are met and a genetic variant is
associated both with the exposure and the
outcome, this would provide supportive evidence
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for a causal effect of the exposure on well-being.

Using this approach reveals, for example,
bidirectional causal associations of insomnia with
depressive symptoms and well-being.?* The
association between well-being and resilience is
also found to be bidirectional.?®> While two studies
indicate that higher Body Mass Index (BMI) leads
to lower well-being, there is limited evidence that
lower well-being leads to higher BMI.?6 Both
approaches (PGS and Mendelian Randomization)
hold a promise for the future. Both techniques,
though, largely depend on the quality and power
of the discovery Genome-Wide Association study.

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 well-being. The findings of
the behavioural and molecular genetics studies,
and follow-up studies indicate a substantial role
of biological factors underlying differences in
well-being. To enhance the development of
future (more precise) mental health support and
intervention strategies, it is crucial to better
understand the association between biological
factors and well-being.

Happiness and the Brain

An obvious organ to study to attempt to explain
differences in well-being among individuals is the
brain. The human brain is the central organ of the
human nervous system and is a key player in mood
and emotion regulation. A distinction can be made
between the brain structure (e.g. the size of the
brain or brain areas) and brain functioning (e.g. the
activation of brain areas in response to stimuli).
Due to rapid technological developments, it
became feasible to assess brain structure and brain
functioning in living subjects. To assess brain
structure the common approach is Magnetic
Resonance Imaging (MRI). MRI maps the structure
of the brain and can be used to compare sizes of
certain brain areas across people. To assess brain
functioning, functional Magnetic Resonance
Imaging (fMRI), magnetoencephalography (MEG),
and electroencephalography (EEG) are the three
most common and most frequently used measures.



Figure 5.3: Brain areas related to well-being
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For example, the association between well-being
and subcortical brain volumes has been explored
in a dataset of 724 twins and siblings.?” The results
of this study indicated associations of well-being
with hippocampal volumes but not with volumes
of the basal ganglia, thalamus, amygdala, or
nucleus accumbens. The well-being-hippocampus
relation turned out to be nonlinear and character-
ised by lower well-being in subjects with relatively
smaller hippocampal volumes compared to
subjects with medium and higher hippocampal
volumes.

Beyond this example study, brain areas that are
most consistently found in relation to well-being
are the prefrontal cortex, precuneus, anterior
cingulate cortex (ACC), thalamus, orbitofrontal
cortex, insula and the posterior cingulate

cortex (PCC) (see figure 5.3). Using the different
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techniques (e.g., fMRI, MRl and EEG), the relation
between well-being and the prefrontal cortex,
precuneus, insula and posterior cingulate cortex
are replicated.

Importantly, however, the direction and strength
of the associations differ to a great extent across
studies. For example, in the fMRI studies that
associated the prefrontal cortex to well-being,
half of the relations were negative, whereas the
other half were positive. The same inconsistency
was found in the relation between the orbitofrontal
cortex and precuneus. The most consistent
finding in fMRI studies that investigated the
connectivity between brain areas in relation to
well-being is that a stronger functional connectivity
within the default mode network (DMN) is related
to lower well-being. The DMN is a large-scale
brain network primarily composed of the medial
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prefrontal cortex, posterior cingulate cortex/
precuneus, and angular gyrus. It is best known for
being active when a person is not focused on the
outside world and the brain is at wakeful rest,

such as during daydreaming and mind-wandering.

In general, the inconsistent results might be
explained by the large differences in brain
imaging and the analysis techniques. Whereas
fMRI assesses the brain activation, structural MRI

is applied to investigate the volume of brain areas.

Although it has been shown that the function of
a brain area and its structure are related,?® the
findings might not be completely comparable.
Furthermore, when using the same imaging
technique, the analysis techniques still differed a
lot. For example, the resting state fMRI studies
either assessed fractional amplitude of low-
frequency fluctuations (fALFF), or applied
functional connectivity or regional homogeneity
(ReHo) analyses to assess the regional neural
activity or connectivity between brain areas.
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These differences in analytic techniques add
further difficulties in comparing the results of
the studies. In addition, an issue in the field of
imaging is, due to the costs of such techniques,
sample size and as a consequence, the power of
the study, since high costs for this type of data
collection limit the number of people who can
be examined, which makes conclusions/insights
less accurate.

Happiness and human physiology

Besides the brain, many processes in the human
body could be of importance in explaining
individual differences in happiness and well-being
among individuals. For example, differences in
neurotransmitter levels, hormone levels, and
immune parameter activity, have all been linked
to well-being.

With respect to neurotransmitters, dopamine and
serotonin have often been linked to mood and



well-being and have been studied in the link to
depression with mixed results. Based on a limited
number of available studies, higher positive affect
is likely to be associated with higher levels of
serotonin. In 2004, Flory and colleagues?® first
reported a positive association between seroton-
ergic functioning and positive affect with no

sex differences, indicating that in both men and
women a higher average positive mood was
associated with better serotonergic functioning,
assessed as the response of the serotonin system
to administered fenfluramine. Furthermore, the
relation between positive affect and serotonin
was significant when controlling for negative
affect, suggesting independent effects for positive
affect and serotonin. In direct blood measures

of serotonin, both Duffy and colleagues®*® and
Williams and colleagues?’! replicated this positive
association between positive affect and serotonin
levels in a sample of females and a sample of
males, respectively.

The association of hormones, especially cortisol,
with well-being has been investigated more often
compared to the neurotransmitter research, as
hormones are easier to assess in saliva or blood
samples. In two studies with large samples
(respectively n=2,873 and n=1,657) small negative
associations between average or momentary level
of cortisol and well-being have been observed.
This indicates that people with lower levels

of cortisol report higher levels of well-being,
assessed as positive mood over the day and daily
positive events respectively.3? Furthermore,

these studies did control for negative affect or
depression, suggesting independent effects on
well-being. In addition, the slope of the cortisol
decrease over the day seems to be a consistent
factor related to well-being, where higher
well-being is associated with a faster decrease

of cortisol levels over the day.

Another often-studied aspect of human physiology
is the immune system. Given the immense impact
of the COVID-19 pandemic, the importance of the
immune system and its response has become
crystal clear for human health. Inflammation is a
reaction of the immune system, the activity of
which can be split into innate immune responses,
which are quick and generalised, and adaptive

responses, which take longer but are more
accurate and specific. The inflammatory response
is a natural part of the immune response and is
adaptive in the short-term, whereas chronic
systemic inflammation has been linked to
all-cause mortality.3® Examples of inflammatory
markers are C-reactive protein (CRP),
interleukin-6 (IL-6), and fibrinogen (FIB). These
are pro-inflammatory meaning that elevated
levels are linked with negative health outcomes.?*

Multiple studies report a negative association

of CRP with different well-being measures (e.g.
positive affect, life satisfaction, happiness) including
the main measures used in the World Happiness
Report.3 Several studies report a negative associ-
ation after controlling for depressive symptoms,
indicating independent associations between CRP
levels and well-being.*¢ Similarly, several studies
report that IL-6 was negatively related to different
measures of well-being mainly with well-being
assessed as positive affect, quality of life, and life
satisfaction. The effects of IL-6 after controlling
for depression are less clear with some studies
still reporting an effect,® while in other studies
the effects disappear.3®

Some Considerations for future study
of human physiology

Most of the studies mentioned with respect to
human physiology investigated the biological
factors within a single category, whereas combining
multiple biological factors across the different
categories, also known as multi-omics approaches,
in relation to well-being might provide a more
complete picture of the biology underlying
well-being. Multi-omics is the combination and
integration of multiple types of omics data,

such as the genome, proteome, transcriptome,
epigenome, and microbiome.?® All the different
processes have influences on each other and by
combining these data, researchers can get a
broader picture of the biological factors underlying
complex traits like well-being. To understand the
biology underlying well-being, an approach like
multi-omics can also be applied to the combination
of brain measures, hormones, neurotransmitters,
and the immune system. In addition, the gut




microbiome is a new research field. So far only
four studies have related well-being to the micro-
biome diversity or composition.*® All four studies
reported significant results with well-being or
positive mood relating to the abundance of
different bacteria, indicating a relation between
well-being and the microbiome. However, as one
study only included 3 participants and there are
conflicting results about the direction of the
effect, much more research is needed to be
confident about the effects on well-being.

Microbiome research is complicated by the
possible effects of variation in dietary habits

and geography on the composition of the gut
microbiota. This might influence the results of
microbiome studies and these concerns should be
taken into account in future studies of well-being
and the microbiome. The multi-omics approach
might be helpful to clarify complex associations.
For example, recent research reported an influence
of the gut microbiome on mental health via the
level of neurotransmitters.*’ The gut microbiome
can alter the levels of different neurotransmitters
and this alteration of neurotransmitters influences
mental health. Similarly, an interaction among
three categories, namely the gut microbiome, the
stress response, including cortisol, and the immune
system is suggested to play a role in depression,
and anxiety.*? Furthermore, it is important to
consider the direction of effect. So far, most
studies focus on an association but in the end to
improve prevention and intervention strategies for
well-being it is crucial to understand the direction
of effect between human physiological factors
and well-being. Causality analyses, such as
longitudinal designs and the previously described
Mendelian Randomization enable future researchers
to investigate the direction of causality.

Implications for intervention and
public health

So what are the implications of genetically
informative research for happiness interventions?
And how can we explain the seemingly paradoxical
findings of substantial genetic effects and no
shared environmental influences with large
differences in average happiness across nations

and overtime? A wealth of evidence, based on
various research approaches, supports the notion
of well-being as changing and changeable - at the
individual, group, and national levels. Happiness
intervention studies, including meta-analyses*?
have firmly documented that happiness may
change in individuals and populations and have
identified effective factors and moderators. The
same holds for clinical psychology and therapy
research, experimental and longitudinal studies,
migration studies, and research on national
differences and changes in such differences

over time.

Importantly, twin and family studies deal with

the causes of individual differences, and thus the
variation or variance, and not with mean levels

of happiness. Furthermore, they examine only
within-country variability and do not account for
average differences across nations. And finally,
they are most often based on twin-family samples
of European ancestry. The findings are therefore
not necessarily a good approach to compare
country differences at a global level. Yet, the
majority of the variance in happiness tends to be
within-country (>80%) rather than between
countries. In a previous study of satisfaction with
life*4 in 41 countries across the world, only 13% of
the total variance was accounted for by between-
nation differences. The effect of national differences
was high compared to that of gender (1.5%) and
maybe somewhat underestimated due to random
measurement error. Nevertheless, the results
indicate that the twin and family study findings
are relevant also in a global context.

How do we take genetic/biological differences
into account if we aim to increase the happiness
level of the population? At the population

level, welfare policies that target structural
inequities and provide access to healthy living
standards, meaningful and inclusive work, safety,
sufficient economic resources, low corruption,
and socially sustainable communities appear

to play important roles. For example, a recent
“environment-wide association study” linking
well-being data from the Netherlands Twin
Register to 139 neighbourhood-level environmental
exposures,*® identified 21 environmental factors
significantly associated with well-being. These
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factors clustered in the domains of housing stock,
income, core neighbourhood characteristics,
livability (a composite measure of population
composition, social cohesion, public space,
safety, level of resources, and housing), and SES.
Evidence also shows that people are happier
when and where they have a sense of ownership
and participation in the intervention or policy
design process (i.e., experience autonomy,
empowerment, social justice). For example,
Knight and colleagues?*® showed that residents
involved in decisions regarding their surroundings
(i.e., décor), reported increased identification with
staff and fellow residents, displayed enhanced
citizenship, reported improved well-being, and
made more use of the communal space than
residents not involved in such decision-making
processes. The staff also found “empowered”
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residents to be more engaged with their environ-
ment and the people around them, to be generally
happier and to have better health. Likewise,
people get happier from their prosocial acts if
they are actively involved in the design and
delivery of these acts.%’

Yet, while such factors and measures maintain or
improve well-being for most, their effects often
differ across people. Individual (e.g., personality,
activity fit, effort), contextual (e.g., rural, urban,
culture), and intervention-related factors (e.g.,
fidelity of completion), independently or in sum,
cause some people or population groups to
respond more positively or negatively than others.
People differ - and due to their differences, they
benefit from somewhat different interventions.
To illustrate, let’s consider physical activity
interventions, which may serve secondary aims
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of raising mood and quality of life. To increase
daily activity levels, a highly heritable trait,*® in
the population a general approach might include
a population-wide campaign urging all people to
exercise at a moderate level for at least 30 minutes
a day. These campaigns seem practical and
attractive but are rarely universally effective:
some like to exercise outdoors, others prefer
indoors, some like to exercise in groups, others
enjoy solitude - and some cannot afford training
gear or have limited free time. Different people
may also need different information in terms of
content, form, and mode. When we acknowledge
these individual differences and tailor interventions,
effects are often more likely to arise across
different groups.

So how can genetic research contribute to raising
happiness in different segments of the population
simultaneously? In theory the answer is simple:
by deepening our understanding of the causal
processes involved and taking us beyond a
one-size-fits-all approach. The practical solutions
are obviously more complex.

Most if not all human traits, including happiness
are influenced by both genes and environments.*®
One major advantage of genetically informative
designs is their ability to control for genetic and
social endowments and to delineate causal
mechanisms, for example processes of transmis-
sion in families, communities, or neighbourhoods.
Such causal knowledge may help us to develop
more effective biologically informed, evi-
denced-based interventions, to improve existing
preventive programs, and to inform the next

We should use findings from
genetically informative designs
to create happiness-enhancing
interventions, social policies,
activities, and environments that
enable flourishing of genetic
potentials and simultaneously
buffer vulnerability and risk.

generation of measures - regardless of whether
they are individual therapies or population-wide
interventions (e.g., education, tax reforms,
city-planning). Genetically informative designs are
also critical in terms of fitting happiness measures
to different individuals and subgroups. The notion
of gene-environment matchmaking®® invites us to
use findings from genetically informative designs
to create happiness-enhancing interventions,
social policies, activities, and environments that
enable flourishing of genetic potentials and
simultaneously buffer vulnerability and risk.

The processes involved are implicitly present

in approaches like personalised medicine,”
treatment-matching,’2 and precision medicine/
prevention - many of which are incorporated

also in extant happiness enhancing strategies
(e.g., person-activity-fit). Collectively, these
approaches build on individual variability in
genes and environments to guide development,
selection, and implementation of interventions

to optimise results.

Efforts to navigate such tailored interventions
from the individual level towards improving
happiness and health in the general population
are still in their early stages. From a population
perspective, a notable challenge concerns the
competing perspectives involved. Precision
approaches commonly focus on individual vulner-
abilities, whereas the population-wide approaches
target public health, population well-being, and
social inequalities. From a population perspective,
the individual focus of precision approaches may
not at first seem very useful. A number of major
health-related successes have had little to do with
precision prevention. One example is the tobacco
warning campaigns and their associated measures
(e.g., taxes, prohibition of smoking in public
settings), which led to a striking reduction in the
prevalence of cigarette smoking. Similarly, and of
relevance to happiness; population-wide measures
targeting satisfaction of universal, genetically
founded human needs - for social relations,
safety, and autonomy are likely to improve
happiness for most. So, why would we invest in
and prioritise additional tailored measures?

The genetically informed, matchmaking
approaches may be particularly important in
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combination with universal (i.e., population-wide,
primary) interventions. Such proportionate
universalism aims to balance the universal and
targeted (typically focusing on risk groups)
perspectives in order to maximise effectiveness
and benefits, and to narrow the gap in happiness
inequality. Although genetically informed
interventions may aggravate individual differences,
econometric policy analyses combined with
genetic tools have also been shown to reduce
inequalities. A recent example from obesity
research illustrates this important point.>®* Many
nations have seen a rising obesity trend over the
past decades. This trend is clearly not reflecting
genetic changes over time, but rather results from
radical modification of the diet and marketing of
food products. Nevertheless, an additional year of
secondary education seems to benefit those with
higher genetic risk of obesity more than those
with lower risk, substantially reducing the gap in
unhealthy body size between the top and bottom
terciles (from 20 to 6 percentage points). This
effect is likely to reflect changes in material
resources and/or changes in health behaviour
and underscores that social policy may play an
important role in mitigating health differences
rising from genetic variation. Hence, genetically
informed approaches clearly have the potential
to improve prevention strategies and reduce
differences between people, and may over time
improve population health - provided that
environmental and socioeconomic factors are
incorporated. Importantly though, the existing
research base is narrow. For example, strategies
like the one above resting on polygenic risk score
approaches are better calibrated for individuals
of European ancestry than for others. Greater
diversity of participants included and analysed in
such studies - and related genetically informed
designs - would improve utility for all groups, and
particularly for those most underrepresented.

In conclusion, genetic studies are likely to be a
gamechanger for the study of happiness and
well-being and to have ground-breaking impact
on intervention models and strategies. Currently,
genetically informed population strategies
targeting population well-being and inequalities
in happiness are in their early stages. More needs
to be known about how to break down adverse
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gene-environment interplay and frame favourable
interplay—in individuals and different segments
of different populations. More knowledge is also
needed about how various aspects of the home
and community environments affect the
expression of genetic propensity to happiness.
Further studies into this arena will illuminate how
social gradients in happiness and health may be
formed by social selection or causation, and
directly inform us on how to create beneficial
neighbourhoods that prevent manifestations

of genetic risk and promote opportunities for
different individuals and population groups.
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