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Abstract

Purpose To describe the major findings in the literature
regarding associations between biological and genetic
factors and social functioning, paying special attention to:
(1) heritability studies on social functioning and related
concepts; (2) hypothesized biological pathways and genetic
variants that could be involved in social functioning, and
(3) the implications of these results for quality-of-life
research.

Methods A search of Web of Science and PubMed dat-
abases was conducted using combinations of the following
keywords: genetics, twins, heritability, social functioning,
social adjustment, social interaction, and social dysfunction.
Results Variability in the definitions and measures of
social functioning was extensive. Moderate to high herita-
bility was reported for social functioning and related
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concepts, including prosocial behavior, loneliness, and
extraversion. Disorders characterized by impairments in
social functioning also show substantial heritability. Genetic
variants hypothesized to be involved in social functioning
are related to the network of brain structures and processes
that are known to affect social cognition and behavior.
Conclusions Better knowledge and understanding about
the impact of genetic factors on social functioning is nee-
ded to help us to attain a more comprehensive view of
health-related quality-of-life (HRQOL) and will ultimately
enhance our ability to identify those patients who are
vulnerable to poor social functioning.
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Introduction

For a long time, studies of social behavior and genetics
were parallel areas of research that rarely interfaced. The
identification of a network of brain structures which
facilitates social cognition and behavior, known as the
“social brain” [1, 2], served as an intermediate step
between these two fields and genes have since emerged as
possible factors influencing an individual’s social life.
Obviously, genes do not influence or dictate social
behavior directly but rather encode molecular products that
regulate brain development and function [3]. Thus,
behavior, including social functioning, will be the result of
brain activity in close interaction with the environment.
Biological pathways and specific genetic variants may,
indirectly, induce individual variability in social function-
ing, including individual reactivity to an illness in the
social domain, and the degree of interference a given dis-
order has upon one’s usual social activities.

The emerging evidence for a genetic basis of health-
related quality-of-life (HRQOL) [4-8], and the need to
incorporate new insights about the role of biological and
physiological variables in this field have led to the devel-
opment of the GENEQOL Consortium [9]. GENEQOL is
an initiative to investigate potential biological pathways,
genes, and genetic variants involved in HRQOL. The
GENEQOL Consortium has produced brief reviews on the
biological and genetic mechanisms associated with symp-
toms related to HRQOL, including pain, mood, and fatigue
[10-12]. These mechanisms may indirectly affect social
functioning, but there may be more direct pathways con-
necting biological variables and the ability to perform
social behaviors. We concentrate on these latter connec-
tions for this paper. To our knowledge, this is the first
attempt to review the evidence in support of the association
of genetic factors on social functioning. We hope it will be
a step toward introducing a new perspective that could
contribute to the advancement of the HRQOL field.

Social functioning and health-related quality of life

Although the term “social functioning” is frequently used,
it is often ill defined. Though we can usually agree on what
constitutes negative, or maladaptive social behavior, clear
delineation of the range of positive social behavior is more
elusive. Positive social functioning should be more than the
absence of dysfunction in social interaction. Figure 1
shows a biopsychosocial model of disability from the
perspective of The International Classification of Func-
tioning, Disability and Health (ICF) [13]. As shown in the
figure, social dysfunction related to disorders (i.e., illnesses
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that disrupt normal function) or diseases (i.e., disorders
with a known pathophysiology or structural pathology)
[14] may appear in different components of the model
reflecting diverse processes. However, these differences are
commonly not taken into account in the literature. Such
lack of clear definition and multipurpose application is
reflected in the variety of measurement instruments. Social
functioning has been measured as a dimension in general
quality of life questionnaires (often with only one or two
questions) [15, 16], as a functional area with specific scales
(mainly in psychotic patients) [17] or even by discrete
indicators that can comprise very different concepts, such
as employment [18] or facial expression recognition [19].

One of the eight scales of the Medical Outcomes Study
36-item Short-Form Health Survey (SF-36) [15] assesses
social functioning by the degree to which physical or
emotional problems interfere with usual social life, which
is loosely defined as normal social activities (e.g., visiting)
with family, friends, or neighbors. The instrument devel-
oped by the EuroQoL Group (EQ-5D) [16] includes a
dimension (one question) asking about the presence of
problems with performing usual activities (i.e., work,
study, housework, family, or leisure activities). Other
examples of well-known questionnaires with similar
dimensions are Multidimensional Index of Life Quality
(MILQ) [20], World Health Organization Quality of Life
Assessment  (WHOQOL-BREF) [21], Quality of Life
Index-Mental Health (QLI-MH) [22], European Organiza-
tion for Research and Treatment of Cancer Quality of Life
Questionnaire (EORTC QLQ-30) [23], and the Functional
Assessment of Cancer Therapy—General (FACT-G)
questionnaire [24].

All in all there is a consensus that social functioning
should be included as a core component of HRQOL,
together with physical and emotional functioning [25].
Several studies report an association between some form of
appropriate social functioning with better health and sur-
vival, while dysfunction in this area appears to be associ-
ated with poorer health outcomes [26-28]. These effects
are possibly due to the role of social functioning in the
reduction of the deleterious effects of stress or to the
positive influence of social environments on health-pro-
tective attitudes and behaviors [29].

Social functioning and neuropsychiatric disorders

Social functioning has special relevance for those neuro-
behavioral and neuropsychiatric disorders that are defined,
partially, by some kind of social dysfunction. For example,
schizophrenia is, among other symptoms, characterized by
social withdrawal and an impaired ability to interact with
others. Many patients with schizophrenia experience
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Fig. 1 International Classification of Functioning, Disability, and Health (ICF) biopsychosocial model of disability. Adapted and applied to

social functioning from WHO (2002)

difficulty caring for themselves and maintaining employ-
ment, placing significant burden on families and society.
This has led to the development of specific and more
detailed instruments that measure social functioning more
comprehensively than those used commonly in HRQOL
research.

Another example is autism, a neurodevelopmental dis-
order defined in part by impairment in social functioning,
together with deficits in communicative and behavioral
areas. Of this triad, social impairment appears to be of
special relevance including problems with attention to
social stimuli, processing of facial information, or the
response to emotional cues from others. [30].

Social functioning and personality

Major models in personality research usually include a
trait related to an individual’s ability to engage and enjoy
social relationships. This can be labeled extraversion,
sociability, or reward dependence, among other things
[31]. Although there is no consensus among trait theorists
regarding a common definition of these constructs, all of
these traits, together with related behavioral dispositions,
like loneliness or interest in physical activity, can be
associated with frequency or intensity of social life.
Individuals with a positive attitude toward social rela-
tionships are more likely to have satisfying relations and a
socially engaged lifestyle. These individuals may actively
seek experiences that reinforce their disposition [32]. In
fact, personality prior to the experience of disability
seems to influence the way in which individuals react and
adapt to dysfunction [33].

HRQL, neuropsychiatric disorders, and personality
reconciled

Depending upon the illness involved, impairment in social
functioning has been regarded as a symptom of an under-
lying disorder or as a consequence of disease or disability.
When the illness appears to be related to alterations in
structures and physiology of what has been called the
“social brain” [1, 2] (e.g., brain tumors, traumatic injuries,
schizophrenia, or autism), its manifestations in individual
behavior (including social functioning) are usually con-
sidered as symptoms. However, in the context of HRQOL,
impairment in social functioning is more often seen as an
effect of the disease or its treatment. From this viewpoint,
an impaired functional status is the result of symptoms, like
fatigue, pain, reduced mobility, or mood.

The role of genetic factors on social functioning must be
understood within this frame, taking into account the
presence of many other intervening variables. Sprangers
et al. [6] presented a revision of the well-known theoretical
model of Wilson and Cleary [34] as a framework that
incorporates all these factors (Fig. 2). This model describes
a continuum of levels/measures that can be ordered from
basic biological to more complex psychological and inte-
grated concepts. The revised model includes at the left side
the presence of molecular and genetic factors that may
affect social functioning through biological and physio-
logical variables, which produce symptoms impacting
functional status. Additionally, it acknowledges the impact
of genetic and molecular factors on individual character-
istics which, in turn, may affect social functioning. The
arrows in the model depict the dominant associations, but
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Fig. 3 Pathways for genetic influence on social functioning. This
figure represents a simplification of the complex interaction between
different factors, through different pathways, to exert effects on social
functioning. Proximal factors may induce the outcome directly, while
distal factors that feature earlier in the causal chain have the potential
to affect the outcome indirectly, via a number of intermediary causes.
The role of the variables as mediators, moderators, antecedents, or

mutual influences exist (e.g., social support may affect
functional status while, in turn, functional status induces
changes in social support). Other relationships within the
model include possible gene—gene or gene—environment
interplay. Hence, genetic influences may exert their effects
on social functioning through different pathways, and the
set of genes involved may, in part, overlap and, in part, be
specific for different disorders.
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exposure may vary according to the situation under analysis or a
particular research design. For instance, the characteristics of the
individual could moderate the relationship between health and social
functioning (dashed pathways) but also act as mediators (dotted
pathways) or even be considered the exposure depending on the
situation

This is further clarified in Fig. 3, where the character of
the different variables as antecedents, mediators, or mod-
erators is described [35]. The central part of the figure
represents the relationship between health condition (from
absence to presence of disorder or disease) and social
functioning. The former is considered the exposure that
may produce different levels in the outcome. Obviously,
genetic factors do not influence social functioning directly,
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and in fact, they are present earlier in time than any other
intervening variable. As antecedents, they may influence
health condition either directly (e.g., genetic disorder) or
indirectly by increasing the susceptibility of the individual
to environmental triggers (e.g., a pathogen or an accident).
An additional pathway for genetic effects is through their
influence on the characteristics of the individual. These
characteristics, either alone or interacting with the envi-
ronment, would act as moderators of the relationship
between health condition and social functioning or as
mediators between the antecedents and either the exposure
or the outcome. Hence, to the point that personality dis-
positions are influenced by genetic expression, social
functioning would indirectly show genetic influence; and
heritable influences on personality would be apparent as
heritable influences on social functioning [32].

The figure also considers the possibility of gene—envi-
ronment interplay (i.e., G-E correlation or G*E interaction)
depending on the variables and the pathways involved. Thus,
genetic factors favoring low levels of extraversion might act
in parallel with an environment that hampers the presence
and extension of social networks, to produce a negative
influence on social functioning (G-E correlation). In addi-
tion, the genetic effects on health and social functioning
might be moderated by environmental conditions, such as
education (G*E interaction) [36]. While accounting for the
complexities of the processes involved, the figure helps to
clarify these multifaceted relationships and exemplifies how
genetic diversity may act through different channels to
produce individual differences in social functioning.

Genetic influences on individual differences in social
functioning

Few studies have directly investigated the causes of indi-
vidual differences in social functioning. Romeis et al. [7]
analyzed the responses to SF-36 among 2,928 male middle-
aged twin pairs. Their estimation of heritability for the
“social functioning” dimension was low (0.2) and non-
significant. A preliminary study of the responses to the EQ-
5D questionnaire by a sample of 472 female adult twin
pairs showed a higher estimate of 0.6 for the “usual
activities” dimension, although the comparability of these
measures is questionable [37].

McGue and Christensen [38] studied a sample of 1,112
pairs of elderly Danish twins and measured “social activ-
ity” with a six-item scale assessing the frequency of social
engagement (e.g., leave home, or go to a party) and mental
pursuits (hobbies). The study revealed that social activity
was moderately but significantly heritable (0.36).

Heritability has also been reported for associated
dimensions or constructs (e.g., prosocial behavior or

loneliness) [39]. To the point that these constructs are
related to the social skills, interests, and behavior of the
individual, they should serve as mediators by which genes
may exert certain influence on social functioning. The
heritability of prosocial behavior was found to be between
0.3 and 0.5 [40]. These estimates are moderated by age.
Knafo and Plomin [41] longitudinally studied a group of
9,424 twin pairs and found a significant increase in genetic
effects during early childhood, from 0.32 at age two up to
0.61 five years later. Moreover, in another longitudinal
study of prosocial behavior through adolescence, the cor-
relation between measures taken at two time points was
explained mainly by genetic factors (60% of the covari-
ance), showing that continuity of this dimension seems to
be genetically influenced [40]. Social support, assessed by
scales like friends/relative support or social integration,
was found to have heritability estimates in the range of
0.43-0.75 [42].

Twin studies of loneliness (i.e., a feeling of social iso-
lation and dissatisfaction with one’s social relationships
[12]) have estimated its heritability to be around 0.5-0.7,
both in adults, adolescents, and children [43—46]. More-
over, classical personality traits that can be related to
individual differences in social functioning have been
extensively studied. Broadly speaking, twin studies have
consistently suggested heritabilities in the range of 0.3-0.5
for traits such as extraversion, neuroticism, agreeableness,
reward dependence, or sociability, both in adults and
adolescents [31, 47-50].

From a clinical perspective, evidence also points to a
significant role of genetic factors. Main disorders charac-
terized by impairments in social functioning domains, such
as schizophrenia or autism, show substantial heritabilities
in the order of 0.80 [14, 30, 47, 51]. Significant heritability
has also been reported for specific dimensions within these
disorders, such as “child/adolescent sociability” in
schizophrenia (0.27) [52] or social autistic-like traits
(0.70-0.75) [53].

Biological pathways of social functioning

Our knowledge about potential biological pathways
underlying social functioning is incomplete. Nonetheless,
we can assume that some biological mechanisms, including
neural networks, neurotransmitters, and hormone systems,
may be of special interest.

Brain structures and regions which seem to be central to
social functioning include, but are not limited to, the
superior temporal sulcus (STS), the fusiform gyrus, the
amygdala, and the prefrontal cortex (PFC) [1, 30]. The STS
and the fusiform gyrus play an important role in the per-
ceptual processing of social information. Facial expression
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recognition has been used as an index of social functioning
for certain patients, and substantial heritability (0.36-0.64)
of neuroelectric indicators of face processing (event-related
brain potentials) has been reported [54].

The amygdala and the PFC assign an emotional value to
the processed information. The amygdala is thought to be a
central structure in complex social behavior [1], and its
activity has been related to face processing, identification
of emotion, social judgments, empathy, or threat detection
[30]. Decreased amygdala activation to fearful stimuli has
been linked to increased sociability and decreased social
fear in humans [55], whereas increased activation is
observed in social avoidance and phobia [56]. This is
consistent with the assumption that amygdala activation
represents a danger signal in social interaction [57] and
would affect social interests and functioning.

Not surprisingly, neurotransmitters potentially involved
in social functioning are related to pathways implicated
in the processes that take place in the above-mentioned
brain regions. Interacting with other neurotransmitter
systems, oxytocin and vasopressin have emerged as
central players in the regulation of social cognition and
behavior [39, 58, 59]. These neuropeptides strongly
modulate the functioning of the amygdala [60], and
recent advances have suggested that both could play an
important role in personality traits relevant to social
interaction, trust, social bonding, and ability to infer the
emotional state of others [58].

Oxytocin is released during stress, being involved in
anxiety and fear responses, but especially it appears to be
a key mediator of complex emotional and social behav-
iors [58, 60]. There is evidence linking oxytocin to pro-
social behavior in humans and suggesting that this
neuropeptide is involved in affiliative behaviors, such as
mother—infant and adult pair bond formation, separation
distress, and other aspects of social attachment [30, 58,
61]. Moreover, oxytocin could play a role as an under-
lying biological mechanism for the stress-protective
effects of positive social interactions [62]. Human social
interaction appears to be facilitated by this hormone.
Kosfeld et al. [63] found that oxytocin affected an indi-
vidual’s willingness to accept social risks arising through
interpersonal interactions. Likewise, imaging studies have
reported that oxytocin decreases amygdala activity [60].
From a clinical viewpoint, disruption of the oxytocin
system appears to have a relevant role in autism spectrum
disorders [30]. For example, oxytocin administration
facilitated the processing and retention of social infor-
mation in adults diagnosed with autism or Asperger’s
syndrome [61]. In fact, this neuropeptide, as well as
vasopressin, has been suggested as targets for novel
treatment approaches for disorders characterized by social
dysfunction [59].
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From biological pathways to genetic variants involved
in social functioning

The main genetic variants that might influence social
functioning are related to the above-mentioned neuro-
transmitters. The oxytocin receptor gene (OXTR) has
recently been associated with social behavioral phenotypes,
such as altruism, empathy, maternal sensitivity, or reward
dependence [59, 64—67]. Allelic variation in OXTR, linked
to social behavior, appears to be associated with both the
volume and the functional response of the amygdala [65,
68]. Moreover, the effect of this gene may be moderated by
cultural environment. For example, Kim et al. [69] com-
pared Korean and American participants and found that
carriers of an allelic variant (rs56576G) were more likely to
seek emotional social support under psychological distress,
but only among the Americans. Additionally, both the
oxytocin gene and the OXTR have been reported to be
related to autism spectrum disorders [70, 71].

The arginine-vasopressin (AVP) system is a biomolec-
ular pathway that clearly influences social behavior [72].
These behavioral effects of AVP seem to be mediated
through the AVP receptor 1a (AVPR1A), and variation in
this locus appears to contribute to sociobehavioral diversity
in humans [58]. An allelic variant in this region has been
linked to significantly lower scores on the partner bonding
scale, but only for males. Homozygous males were twice as
likely to have experienced marital problems or threat of
divorce and half as likely to be married if involved in a
committed relationship [73]. Additionally, carriers of this
variant appear to have the highest level of amygdala acti-
vation when performing an emotional face-matching task
[74] and, from a clinical standpoint, AVPR1A variation has
been hypothesized to influence the sociobehavioral deficits
characteristic of autism spectrum disorders [58].

Both oxytocin and vasopressin show functional inter-
actions with dopamine and serotonin systems [59]. Genes
related to dopamine receptors have also been considered
plausible candidates for traits related to motivational
behaviors, such as reward seeking or extraversion. A recent
meta-analysis found evidence of an association between a
polymorphism (C521T) in the dopamine D4 receptor
(DRD4) gene and approach-related personality traits. This
association appeared weaker for extraversion [75]. There
are also reports of associations between other dopaminer-
gic genes and variables that could be related to social
functioning [76-78]. Variations in genes associated with
serotonin pathways are also likely to influence social
functioning and some of them (i.e., the 5'-promoter poly-
morphism of the serotonin transporter gene) have widely
been studied for relations with complex social behavior in
humans [39]. Thus, for instance, differences in the response
of the amygdala to threatening stimuli have been associated
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with this genetic variant [79], and a recent meta-analysis
suggests an association between this locus and amygdala
activation, accounting for up to 10% of the variance in the
response of this neural structure to emotional stimuli (i.e.,
phenotypic variance) [80].

Other genes could also contribute to social functioning
among normal adults. It has been suggested that norepi-
nephrine (NE) is related to social motivation and drive
[81], and genes related to NE function appear to be asso-
ciated with the personality trait “reward dependence”,
which reflects the degree of susceptibility to reinforcing
effects of social rewards [30]. Finally, an association
between the brain-derived neurotrophic factor (BDNF)
Val66Met polymorphism and social functioning (SF-36)
has been reported for depressive patients under psycho-
pharmacological treatment [5].

Research toward related traits with a longer history of
inquiry in the genetic aspects involved could also provide
new candidate genes widening the range of research tar-
gets. For instance, social functioning has been associated
with cognitive functioning and cognitive decline, such that
poor cognitive functioning relates to subsequent decre-
ments in social activity, and more socially active older
adults experience less cognitive decline [82, 83]. Cognitive
ability shows substantial heritability throughout the life-
span and the quest to identify the genetic variants involved
may pave the way pointing to possible candidates [84, 85].

Additionally, we should bear in mind, as mentioned
before, that genetic polymorphisms could also interact with
other genes or environmental factors resulting in effects on
social functioning. Thus, some researchers have reported
interactions between several of the above-mentioned genes
and environmental conditions, affecting social behavior
[86-88].

To date, the candidate gene approach and the study of
G*E interaction effects have produced mixed results. Null
findings, false positives, replication failures, publication
bias, and power concerns are frequently discussed in the
literature [89]. In fact, it has been argued that the effect of
any single gene would be too small to generate such large
variations, especially in complex behaviors, and that we are
only beginning to understand how genes exert their influ-
ence [90]. These findings have resulted in a call for a more
rigorous evaluation of the scientific merits of published
results [91].

In trying to overcome these problems, a different strategy
for searching relevant genes has been used. Genome-wide
association studies (GWAS) analyze hundreds of thousands
of single nucleotide polymorphisms (SNPs) distributed
across the entire genome in search of allelic variants related
to the phenotype of interest [92]. To the best of our
knowledge, no GWAS has been conducted for social
functioning. However, several GWAS have been published

for some of the related phenotypes we have reviewed
before. GWAS performed for extraversion and a recent
meta-analysis of GWAS on personality traits [93-95] could
not find convincing evidence for associations between
genetic variants and extraversion. Even new approaches,
such as forming Molecular Personality Scales (MPSs)
summing the effect of a number of SNPs, although useful
for other traits, have also failed for extraversion, suggesting
that this trait might be influenced by a vast number of genes,
each of them with a very small effect [90].

Conclusions and implications for HRQOL research

We have presented a brief overview of the main molecular
and genetic mechanisms that could affect social function-
ing, and reached some challenging conclusions. By doing
s0, we came across obvious problems that need to be
addressed in future research. First, classical twin and
association studies are hampered by the lack of consensus
regarding the definition of social functioning and lack of
knowledge regarding the proposed candidate genes (bio-
logical pathway). Second, this is an enormous field. With
this paper, we attempt to bring more attention to the
promise in this area, recognizing that much needs to be
done. Currently, there only are very few studies relating
genes and HRQOL, and social functioning in particular.

While acknowledging these limitations, we have tried to
provide a clear overview and suggestions for the future
development of this area of research. We have taken con-
cepts and learning points from related domains that can be
applied to this field; we have selected relevant material
making it available to the HRQOL audience; and we have
provided background information about how to approach
genetic studies in observational HRQOL settings. We hope
this will help avoid pitfalls and stimulate research in this
promising area.

Confronted with the scarcity of results from classical
twin studies regarding social functioning, we have relied on
data regarding associated concepts and personality char-
acteristics (e.g., extraversion, sociability, loneliness, social
reward, affiliation). Most of them appear to be moderately
but significantly heritable. Additionally, from a clinical
standpoint, most disorders characterized by impairments in
the social domain are highly heritable. It would be naive to
think that a few specific genes could explain the important
behavioral variability encountered in social functioning
related to HRQOL. Genetic influences are probably mul-
tiple, exerting their effects through different pathways, and
correlating and interacting with a great number of envi-
ronmental factors. We think that the adapted model of
Wilson and Cleary offers a frame to integrate and interpret
this information, showing the different pathways and
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relationships possibly involved in the genetic effects on
social functioning.

Current knowledge precludes solid conclusions.
Unequivocal associations between single genes and com-
plex phenotypes have not been found and will not likely be
found. Nonetheless, more than a deterrent, this should
serve as an incentive for including genetics in the HRQOL
research agenda. In performing this task, different strate-
gies are worth exploring.

Incorporating the biological underpinnings will enhance
the study of social functioning in HRQOL research in a
number of ways. Genetically informative approaches are
needed to elucidate the complex interplay of genetic and
environmental factors in social functioning. Analyzing the
presence of shared genetic factors between social func-
tioning and related variables, like personality traits (e.g.,
sociability), will help to interpret their relationship and the
underlying genetic mechanisms, and including social
functioning and HRQOL variables in future molecular
genetic studies (i.e., candidate gene or GWAS) will help to
understand and identify the variability in response to health
problems. In addition, merging methods and research
interests between both fields will contribute to the analysis
of the moderation effects of pure demographic (e.g., age or
sex) and environmental (e.g., gender, education or SES)
variables on social functioning, helping to identify envi-
ronmental factors that act on genetically susceptible indi-
viduals. Also, it would improve longitudinal models by
determining the role of genetic factors in the continuity and
change of social functioning.

Based on the evidence reviewed in this paper, a number
of mechanisms and directions emerge as particularly
promising for future research in this area, including several
structures (i.e., amygdala or PFC) at the neural level, and
the dopamine and oxytocin/vasopressin systems at the
biochemical level. Other related areas (e.g., cognitive
functioning or personality) could also supply new candi-
dates widening our research targets.

Additionally, a currently more common, but due to the
large sample size needed not easily accomplishable method
is the GWAS-approach. A blind search of possible genetic
variants that could explain individual differences in social
functioning might reveal biological pathways worth further
scrutiny. Although these strategies have not always
achieved consistent results and, too frequently, genes
selected from candidate studies do not replicate effects on
GWAS (e.g., cognitive function [84] or depressive disorder
[96]), at this point both could provide advances helping to
direct future research. A consortium like the GENEQOL
facilitates such endeavors. Intensifying our efforts in this
area will help us to achieve better insight into the factors
underlying variability in HRQOL and, particularly, in the
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complex domain of social functioning. This knowledge
will help us to determine which patients are most vulner-
able to poor outcomes and, ultimately, to enhance our
efforts at early identification, prevention, and intervention
on HRQOL.
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Appendix 1: Glossary

Allelic association: An association between allelic fre-
quencies and a phenotype (Allele: an alternative form of a
gene at a locus) [47].

Candidate gene: A gene whose function suggests that it
might be associated with a trait [47].

Chromosome: Self-replicating structures in the nucleus
of a cell that carry the genetic information [97].

Gene: The basic unit of inheritance. A sequence of
DNA bases that code for a particular product [47].

Genome:The entire collection of genetic information (or
genes) that an organism possesses [97].

Genome-wide association study (GWAS): A study that
evaluates association of genetic variation with outcomes or
traits of interest by using 100,000-1,000,000 markers or
more across the genome [92, 97].

Genotype: The genetic constitution of an individual
[97].

Heritability: The proportion of the phenotypic differ-
ences among individuals that can be attributed to genetic
differences in a particular population [47].

Locus (plural, loci): The site(s) on a chromosome at
which the gene for a particular trait is located [97].

Molecular Personality Scale (MPS): A set of SNPs
that are collectively associated with personality traits [90].

Personality traits: Relatively enduring individual dif-
ferences in behavior that are stable across time and across
situations [47, 98].

Phenotype: An observed characteristic of an individual
that results from the combined effects of genotype and
environment [47].

Polymorphism: The existence of two or more variants
of a gene, occurring in a population, with at least 1% fre-
quency of the less common variant (cf mutation) [97].

Single Nucleotide Polymorphism (SNP): The most
common type of DNA polymorphism which involves a
mutation in a single nucleotide [47].

Twin study: Study comparing the resemblance of
identical and fraternal twins to estimate genetic and envi-
ronmental components of variance [47].
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Appendix 2: GENEQOL consortium participants
per February 2012

Amy P. Abernethy, Duke Cancer Care Research Program,
Duke University Medical Center, Durham, NC, US; Frank
Baas, Laboratory of Neurogenetics, Academic Medical
Center, University of Amsterdam, Amsterdam, The Neth-
erlands; Andrea M. Barsevick, Nursing Research and
Education, Fox Chase Cancer Center, Philadelphia, PA,
US; Meike Bartels, Department of Biological Psychology,
VU University, Amsterdam, the Netherlands; Dorret I.
Boomsma, Department of Biological Psychology, VU
University, Amsterdam, the Netherlands; Andrew Bot-
tomley, Quality of Life Department, EORTC Data Center,
Brussels, Belgium; Michael Brundage, Department of
Oncology, Queen’s University Cancer Centre of South-
eastern Ontario, Kingston, Ontario, Canada; David Cella,
Department of Medical Social Sciences, Feinberg School
of Medicine, Chicago, IL, US; Cynthia Chauhan, Cancer
Advocay, Wichita, KS, US; Charles S. Cleeland, Depart-
ment of Symptom Research, The University of Texas M.
D. Anderson Cancer Center, Houston, TX, US; Corneel
Coens, Quality of Life Department, EORTC Data Center,
Brussels, Belgium; Amylou C. Dueck, Section of Biosta-
tistics, Mayo Clinic, Scottsdale, AZ, US; Marlene H. Frost,
Women’s Cancer Program, Mayo Clinic, Rochester, MN,
US; Per Hall, Department of Medical Epidemiology and
Biostatistics, Karolinska Institute, Stockholm, Sweden;
Michele Y. Halyard, Department of Radiation Oncology,
Mayo Clinic, Scottsdale, AZ, US; Pal Klepstad, Depart-
ment of Intensive Care Medicine, St Olavs University
Hospital, Norwegian University of Technology and Sci-
ence, Trondheim, Norway; Nicholas G. Martin, Queens-
land Institute of Medical Research, Brisbane, Australia;
Christine Miaskowski, School of Nursing, University of
California, San Francisco, CA, US; Miriam Mosing,
Queensland Institute of Medical Research, Brisbane, Aus-
tralia; Benjamin Movsas, Department of Radiation
Oncology, Henry Ford Health System, Detroit, MI, US;
Cornelis J. F. Van Noorden, Department of Cell Biology
and Histology, Academic Medical Center, University of
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Oliveira, Department of Neuropsychiatry, Federal Univer-
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Ordofiana, Department of Human Anatomy and Psycho-
biology, University of Murcia, Murcia, Spain; Donald L.
Patrick, Department of Health Services, University of
Washington, Seattle, WA, US; Nancy L. Pedersen,
Department of Medical Epidemiology and Biostatistics,
Karolinska; Institute, Stockholm, Sweden; Hein Raat,
Preventive Youth Health Care, Erasmus Medical Center,
Rotterdam, the Netherlands; Bryce Reeve, Division of
Cancer Control and Population Sciences, National Cancer

Institute, Bethesda, MD, US; Mary E. Ropka, Cancer
Prevention and Control Program, Fox Chase Cancer Cen-
ter, Cheltenham, PA, US; Quiling Shi, Department of
Symptom Research, The University of Texas M.
D. Anderson Cancer Center, Houston, TX, US; Gen
Shinozaki, Department of Psychiatry and Psychology,
Mayo Clinic, Rochester, MN, US; Jasvinder A. Singh,
Minneapolis Veterans Affairs Medical Center and Uni-
versity of Minnesota, Minneapolis, MN and Mayo Clinic
College of Medicine, Rochester, MN, US; Jeff A. Sloan,
Department of Health Sciences Research, Mayo Clinic,
Rochester, MN, US; Mirjam A. G. Sprangers, Department
of Medical Psychology, Academic Medical Center, Uni-
versity of Amsterdam, Amsterdam, The Netherlands; Dick
Swaab, The Netherlands Institutes for Neuroscience,
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