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HERITABILITY STUDIES: METHODOLOGICAL FLAWS, INVALIDATED DOGMAS, AND CHANGING
PARADIGMS

ABSTRACT

Purpose: Heritability studies attempt to estimate the contribution of genes (vs. environments) to variation in
phenotypes (or outcomes of interest) in a given population at a given time. The current chapter scrutinizes
heritability studies of adverse health phenotypes, emphasizing flaws that have become more glaring in light of
recent advances in the life sciences and manifest most visibly in epigenetics.

Design/methodology/approach: Drawing on a diverse body of research and critical scholarship, this
chapter examines the veracity of methodological and conceptual assumptions of heritability studies.

Findings: The chapter argues that heritability studies are futile for two reasons: (1) heritability studies suffer
from serious methodological flaws with the overall effect of making estimates inaccurate and likely biased
toward inflated heritability, and, more importantly, (2) the conceptual (biological) model on which heritability
studies depend—that of identifiably separate effects of genes vs. the environment on phenotype variance—is
unsound. As discussed, contemporary bioscientific work indicates that genes and environments are enmeshed in
a complex (bidirectional, interactional), dynamic relationship that defies any attempt to demarcate separate
contributions to phenotype variance. Thus, heritability studies attempt the biologically impossible. The
emerging research on the importance of microbiota is also discussed, including how the commensal relationship
between microbial and human cells further stymies heritability studies.

Originality/value: Understandably, few sociologists have the time or interest to be informed about the
methodological and theoretical underpinnings of heritability studies or to keep pace with the incredible advances
in genetics and epigenetics over the past several years. The present study aims to provide interested scholars
with information about heritability and heritability estimates of adverse health outcomes in light of recent
advances in the biosciences.
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HERITABILITY STUDIES: METHODOLOGICAL FLAWS, INVALIDATED DOGMAS, AND CHANGING PARADIGMS
“In the real world of humans, in a given context everything is heritable to some extent and environmental to some
other extent, but the magnitudes of the proportions are variable from situation to situation, and have nothing
whatsoever to do with the causal properties of genes and environment for the trait in question, unless one is
interested in the pointless null hypothesis that one of the components is zero. This message has taken 100 years to
soak into genetic social science, and it has not fully soaked in yet: not a month goes by without another outbreak
of credulous surprise that one trait or another has turned out to be 50% heritable.” (Turkheimer 2011: 598).

The nature vs. nurture debate continues in the social and behavioral sciences in the form of the heritability study.
These studies aim to partition the variation in an outcome of interest (phenotype) into a proportion caused by
genes (heritability) and a proportion caused by the environment. The general conclusion emerging from these
studies is that variance in every examined characteristic—including preferences, social behaviors, and diseases—is
significantly shaped (~50%) by genetic influences (Turkheimer 2000). For example, recent studies show
substantial heritability of everything from breastfeeding (Colodro-Condre et al. 2013), breakfast eating patterns
(Keski-Rahkonen et al. 2004), “treatment responses to tooth whitening” (Corby et al 2014), and sickness absences
(Svedberg et al. 2012) to ADHD, autism, depression, hypertension, high cholesterol, and diabetes (e.g., Plomin,
DeFries, Knopik, & Neiderhiser 2012).

While heritability studies continue to abound, the past decade has witnessed significant advances in our
understanding of the function of “genes,”1 including the nature of genetic influences on adverse health phenotypes.
These advances in knowledge have not answered questions about how much variation is genetic versus
environmental (or nature vs. nurture), but rendered such questions manifestly obsolete (Keller 2010). Recent
advances in molecular genomics reveal that the causal interactions among genes, proteins, cells, and physical and
social environments on health and development are entangled, dynamic, and context dependent. Such advances

have exposed the conceptual framework of heritability studies—that of identifiably separate effects of genes vs.

environments—as unsound (Burt & Simons 2014; Charney 2012; Charney & English 2013) and have fostered a

IIndeed, “several recent discoveries have cast serious doubt on the idea that there are coherent entities [clearly identifiable
particulate units of inheritance] in our DNA that can unambiguously be called ‘genes’ (Moore 2014: 46). Furthermore, although
the gene was once considered the sole unit of inheritance, there is growing evidence to suggest that there are other mechanisms of
biological inheritance, such as the epigenetic inheritance system (e.g., Charney 2012; Jablonka & Lamb 2006). Despite this, to
maintain consistency with discussed studies and avoid confusion, I will continue to use the terms “genetic influences” and “genes” to

refer to inherited DNA sequences.
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growing scholarly awareness, including among former proponents of heritability studies, that heritability studies
are superannuated (e.g., Rutter 2006; Turkheimer 2011). Yet, this misguided enterprise continues, primarily in
the social and behavioral sciences, despite the fact that the biological model undergirding heritability studies is
incompatible with contemporary bioscientific knowledge (Charney & English 2012; Duster 2003).

In the present chapter, I discuss heritability studies with two goals. First, I aim to assist readers in
understanding heritability and making more judicious assessments of heritability estimates. Given the prevalence
of heritability studies, the failure of some studies to clearly describe the shaky foundations of the model, and the
potential misuse of these estimates, as well as the fact that these studies will continue (at least in the short term), it
is vital that scholars are cognizant of the meaning and limitations of heritability estimates (e.g., “The heritability of
ADHD in children is an estimated 75%”; Rietveld et al. 2004). Thus, I first discuss the concept of heritability and
the technical/statistical limitations of the model, focusing on the most common method at present, the “twin
study.” Second, I critique the conceptual (biological) model of heritability studies, emphasizing fatal flaws that
have become more glaring in light of recent advances in the life sciences, focusing on their relevance for studies of
health. Echoing the arguments of prominent scholars (e.g., Charney 2012; Crusio 2012; Joseph 2004; 2006), I
argue for an end to heritability studies as well as recognition of the problematic nature of existing heritability
estimates.

In this chapter I argue against the continuation of heritability studies in the social sciences. I maintain that
heritability studies are futile for two reasons. First, heritability studies suffer from serious methodological flaws
with the overall effect of making estimates (potentially highly) inaccurate and biased toward inflated heritability
and deflated shared environmental influences. Second, and more importantly, the conceptual (foundational)
model on which heritability models depend—that of identifiably separate effects of genes vs. the environment on
phenotype variance—is misguided. Although the conceptual model of heritability studies, like the technical
model, has been criticized for more than half a century, profound scientific advances over the past decade, perhaps
best exemplified in epigenetic research, provide clear evidence that the dichotomous view of “genetic” vs.

“environmental” effects on phenotype variance assumed by heritability studies is untenable (Burt & Simons 2014;
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2015; Charney 2012).“[D]evelopment is not merely a process involving a battle between nature (genes) and
nurture (experience) but the interweaving of dynamic processes within a system that is inseparably both the
organism and its environment” (Kaplan & Rodgers 2003: 5). Thus, regardless of their technical merits, the very
goal of heritability studies is biologically impossible.

After laying out my argument that heritability studies should be discontinued, I conclude with a brief
discussion of the need to move beyond heritability to focus on the plasticity of human development and the
flexibility of genetic expression in response to environmental influences. As I hope is clear, I attempt to push the
field forward, not by denying the role of genes or biological factors, but by recognizing the complexity of the
biopsychosocial system. Many nuances and details cannot be covered in this chapter; fortunately, there is an
extensive body of work that I point the reader to for more detail.” Before moving into the limitations and flaws in
heritability studies, I provide a brief introduction to heritability, a concept that is frequently misunderstood.

HERITABILITY CONCEPT
The heritability construct was originally developed in agricultural research to assist animal and plant breeders to
predict the outcomes of controlled breeding programs. Since the 1960s, this concept has been promoted as the
“nature-nurture ratio,” or the relative influence of heredity (through genes) and environmental experiences on
trait variance within human populations (Joseph 2006; Lewontin, Rose, & Kamin 1984). Heritability is defined
narrowly by Wahlsten (1994: 224 as “the proportion of variance in a measure of behavior or other phenotype in a
breeding population that is attributable to genetic variation,” and more loosely by Plomin and colleagues
(2012:87) as “the proportion of phenotypic variance that is accounted for by genetic differences among
individuals.” The heritability coefficient is the numerical index of heritability that ranges from 0 (no genetic
contribution) to 1.0. This estimate is derived from a model based on Mendelian principles as well as a number of
assumptions, discussed below. Given that the construct of heritability is frequently misunderstood, it is useful to

clarify some misunderstandings about heritability estimates.

? Notably, most of the arguments in this chapter are not original but are those of prominent scientists, many of whom I cite, whose
criticisms accumulating over the past 80 years come together, in my view, to demonstrate the futility of the heritability study.
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Perhaps most importantly, heritability estimates do not indicate the effect of genes on a particular trait.
Instead, they index the genetic contribution to trait variability in a population. Heritability estimates are often
wrongly interpreted as indicating the former by laypersons as well as some scholars (Hirsch 2004; Joseph 2006).
The methods of Mendelian genetics are responsive only to the tiny portion of genes that are polymorphic and
make us different; they do not allow for conclusions about the role of heredity in general (Wahlsten 1990). “It is
an illegitimate inference to assume that an assumption that variance for a trait is due largely to ‘genes’ as opposed
to ‘environment’ entails that the trait itself is inherited (i.e., genetically transmitted from parents to offspring).
Causes of a trait, and causes of trait variance are not the same thing” (Charney 2012:61). As Joseph (2004: 138-9)
notes “This leads to a paradoxical situation in which a trait could be 100% inherited, yet have a heritability of
zero—human beings having two eyes for example.” Genetics, of course, explains humans’ “eyedness”; we have
two eyes because of our genetic endowment. Because everyone (or nearly everyone) who has fewer than two eyes
is that way as a result of life experiences, the heritability of “eyedness” is zero (see also Lewontin et al. 1984). As
such, heritability estimates do not indicate, for example, what proportion of a population’s or an individual’s risk
for a disease is due to genes. Moreover, heritability estimates signify nothing about the number of genes involved
nor do they contribute to the identification of specific candidate genes (e.g., Schielzeth & Husby 2014).

Notably, heritability is not a fixed estimation of the overall effects of genetics on trait variance but rather
is time and population specific. As such, findings of genetic influences on differences within populations do not
extrapolate into explaining differences observed in traits across populations (e.g., adults vs. children; rural vs.
urban populations; low SES vs. high SES populations; Lewontin 1986). Indeed, even for trait variance that is
entirely heritable within a population, the cross-population variance may be due completely to environmental
factors (see Lewontin 1986; Joseph 2004). This aspect of heritability is wonderfully illustrated by Lewontin and

colleagues (1984). Suppose one takes two handfuls of heterogeneous corn seed and plants one handful on a field of

} Much of the misunderstanding over the meaning of heritability has to do with the confusion of the words “heritable” and
“inherited” or “heredity” (Joseph 2004; Stoltenberg 1997). The two concepts, according to Hirsch (1997:220) “have been
hopelessly conflated. . .[b]ecause of their assonance.” Indeed, this assonance and confusion has led Stoltenberg (1997) to propose
that the word “heritability” be replaced by the word “selectability” so as not to confuse the scientific and folk definitions of the

term.
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nutrient-rich soil, and the other in a field of nutrient-poor soil. When the seeds have grown, we can see that there
is variation within fields in plant height, as well as variation between fields, specifically with lower plant height for
the poor quality soil field. Not allowing any environmental variation within the respective fields (equal light,
water, etc.), differences in the resulting plant height within the fields is totally due to genetic factors (heritability =
1.0). Differences in plant height between the two fields, however, are completely due to environmental factors,
specifically soil quality (heritability = 0).

Importantly, heritability estimates do not speak to the responsiveness of a phenotype to environmental
interventions. Traits can be highly heritable and yet be drastically altered or eliminated by changes in the
environment (e.g., Lewontin 1974; Plomin et al. 2012; see Joseph 2004, p. 140, for a discussion of the classic
example of PKU). Thus, high heritability does not mean inevitability of a phenotypic outcome. In addition, the
heritability of a trait can change as a result of changes in the environment. Returning to the cornfield example, if
one were to plant trees around the corn field, thereby producing unequal sun exposure among the corn plants
within a field, heritability would decrease as the resulting variation in sunlight exposure would account in part for
differences in plant height. Thus, there is not and cannot be any static absolute value for the strength of genetic

influences on trait variance.

HERITABILITY STUDIES
Grounded in the classical gene-centric paradigm (e.g., the central dogma of the genomic era), especially the

assumption that genes and environments make identifiably separate contributions to phenotypes, heritability
studies attempt to estimate the relative influence of genes on trait variance in a population. Under the prevailing
methodology, the heritability of a given phenotype is usually estimated by comparing concordances and
discordances between subjects relative to their presumed degree of genetic similarity. Various models have been
used in traditional studies of heritability, including family, adoption, twins-reared-together, and twins-reared-
apart studies. Although these different models are grounded in different assumptions, they are united by the fact
that all compare phenotypes across varying degrees of genetic relationships and use these comparisons to estimate
genetic and environmental influences without actually measuring either. (A newer method, GCTA, which does

not rely on family comparisons and measures genetic variants, will also be briefly discussed later.) At present the
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study of reared-together twins (referred to as the “twin study”) is the primary workhorse of behavioral genetic
studies of heritability; thus, I focus on twin studies.* Below I briefly discuss the set of technical/statistical

assumptions and problems inherent in twin studies (for more detail on these technical flaws see, e.g., Jackson

1960; Joseph 2004; 2006; Lewontin et al. 1984; Wahlsten 1990).

THE TWIN STUDY (TWINS REARED TOGETHER)
INTRODUCTION TO AND FUNDAMENTALS OF TWIN STUDIES
Over the past several decades the “twin study” has become the primary method for estimating heritability.5 As we
know, identical (monozygotic or MZ) twins come from one fertilized egg and are assumed to share 100% of their
genes (genetic clones), whereas fraternal (dizygotic or DZ) twins come from two fertilized eggs and are presumed
to share on average half of their genes (the same amount as other non-twin biological siblings). Given this and
along with several assumptions, researchers have used MZ and DZ twins as a natural experiment to estimate the
relative influence of nature and nurture (Joseph 2004; Plomin et al. 2012).

Twin studies separate phenotypic variation into three components: genetics (h), shared environment (c),
and unshared environment (e). Notably, the shared and unshared environments are misnomers (Burt & Simons
2014). The shared environment consists of non-genetic influences that make twins similar to each other, such as
parenting, SES, and community factors. Although it is frequently assumed that the influences that cause trait
similarity are in fact shared, technically, this component captures any factors (shared or not) that cause twins to be
more similar to one another (Plomin 2011; Suhay & Kalmoe 2010). The unshared environment, on the other
hand, consists of all non-genetic factors that create differences in traits among twins, such as different peers,
classrooms, interactional experiences and the like, as well as model error. As with the shared environment, while

it is often assumed that environmental influences that cause differences are “unshared” in the technical sense (e.g.,

* Space constraints do not permit an extensive examination of the statistical features and assumptions of the two other classic
heritability models, adoption and twins-reared apart studies, which also rest on dubious empirical and conceptual foundations.
Fortunately, excellent critical discussions of these models in relation to adverse health outcomes have appeared elsewhere (see,
e.g., Joseph 2004; 2006; sce Burt & Simons 2014 for a more concise overview).

* Some have misguidedly overgeneralized arguments against twin studies of heritability as arguments against the use of twin samples
in research generally (e.g., Moffitt & Beckley 2015). To be clear, my critique is focused on twin studies of heritability, and it is
silent on the use of twin-based research for other purposes (e.g., studies of MZ twin discordance).
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being treated differently by parents), all factors that produce differences among twins are incorporated into the
unshared environment, whether actually shared or not. Scholars not infrequently fail to describe what is meant by
these terms, and some have made inappropriate and widely publicized conclusions about the irrelevance of
parenting or community factors based on shared environmental estimates (e.g., Harris 1998; Rowe 1994).

The basic logic of the twin study model is to compare twin concordances for phenotypes and, based on
several assumptions mentioned below, assign the greater similarity of MZ co-twins relative to DZ co-twins to
their greater genetic similarity. The key assumption in this natural experiment is that everything is the same
between the two types of twins except for the fact that MZ co-twins are genetic clones while DZ co-twins share on
average 50% of their genes. In the simplest approach, heritability is usually estimated from twice the MZ-DZ
differences in correlations. More recently, complex latent variable models have been utilized; however, the basic
logic underlying these more sophisticated models is the same as that for the more naive models.

The assumptions of the twin study have remained largely unchanged since the 1920s and remain crucial to
the model given that neither genetic nor environmental influences are measured.® Some of these assumptions are
relatively unproblematic, but others are quite dubious. Prominent questionable assumptions include the
following: (Charney 2012; Joseph 2006; Plomin et al. 2012).”

1. The environments of MZ co-twins are no more similar than that of DZ co-twins for trait-relevant

environments (trait-relevant equal environments assumption).
2. The relevant genes exert effects additively.

3. The risk of receiving a diagnosis for a phenotype (e.g., ADHD, depression, diabetes) is the same
between MZ and DZ co-twins.

4. Phenotypic variation can be demarcated into genetic (h), shared environmental (c), or unshared

environmental (¢) components.

® The exception is the modification of the equal environments assumption to its trait-relevant form given clear evidence that the
former was invalid (see Joseph 2004; 2006, for an overview of this shift.)

7 As noted this is an incomplete list of assumptions, and excludes one, no assortative mating, whose violation has the effect of
biasing heritability downward (e.g., Rutter 2006). Given space constraints combined with the fact that the no assortative mating
assumption is more often noted in heritability studies (often implying or stating that the h2 estimate might be an underestimate), I
focus on these four assumptions.
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In general, few studies mention these assumptions, and even fewer describe them or the likely impact of their
violation, which is generally inflated heritability estimates and deflated shared environmental influences. Below, I
discuss (and question the validity of) these key assumptions from the classical genetic perspective that undergirds
the heritability model, leaving aside the conceptual deficiencies that are glaring in light of recent advances in

molecular genomics. I then turn to a critique of the model from a postgenomic perspective.

SOME METHODOLOGICAL LIMITATIONS OF TWIN STUDIES

Equal Environments Assumption (#1)
The trait-relevant equal environments assumption (hereafter EEA) is the assumption that the covariance between

genetics and the environment is zero for environments that influence variance in the outcome under study. In
other words, the model assumes that MZ co-twins experience the same degree of (trait-relevant) environment
similarity as DZ co-twins (assuming, for example, that MZ co-twins are treated no more similarly than DZ co-
twins). Without the EEA, the greater similarity of MZ co-twins could be due to genetics or more similar
environments (see Suhay & Kalmoe 2010, for an algebraic demonstration of the importance of the EEA). The
consequence of the EEA is that all greater phenotype similarity between MZ than DZ twin pairs is credited to
genetics. As a result, EEA violations (greater trait-relevant environmental similarity among MZ than DZ twin
pairs) serve to artificially inflate heritability and deflate shared environmental estimates.

Although the extent of EEA violations varies across different traits, in general, research evinces that MZ
co-twins experience much more similar environments that DZ co-twins (see Joseph 2006 for an excellent
review). Indeed, for years many scholars have argued that the more similar environments for MZ than DZ co-
twins bias heritability upwards to an unknown degree for many, if not most, phenotypes (e.g., Horwitz et al.
2003; Joseph 2004; Lewontin et al. 1984). For example, research shows that MZ co-twins are more likely to be
treated similarly by parents and others (Evans and Martin 2000), to have the same friends (Cronk et al. 2002;
Horwitz et al. 2003), to share the same classroom (Cronk et al. 2002; Morris-Yates et al. 1990), and to spend
time together (and therefore experience the same environments more frequently; Horwitz et al. 2003; Rende et

al. 2004). Thus, MZ co-twins are more likely to experience the same physical environments (including exposure
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to pollution and chemicals, food/nutrition, even traumatic experiences) and engage in the same activities (e.g.,
exercise; Carlsson et al. 2006), many of which can have profound and diverse effects on adverse health outcomes.

Evidence that EEA violations are consequential (i.e., inflate heritability) is found in studies that examine
the association of greater environmental similarity with trait concordance (see e.g., Beckwith & Morris 2008;
Joseph 2004). For example, Cronk and colleagues (2002) found that DZ co-twins who more often share classes,
share friends, and dress similarly were more similar on health outcomes, such as ADHD and anxiety disorder. The
authors also reported a significant influence of “perceived Zygosity”8 on conduct disorder and anxiety. Similarly,
another study found that measures of environmental similarity predicted greater phenotype similarity in symptom
scores for almost half of the tested health outcomes (Morris-Yates, Andrews, & Henderson 1990). Thus, evidence
suggests that the more similar environments of MZ co-twins are trait-relevant (influence concordance) for adverse
health outcomes and have the effect of upwardly biasing heritability estimates.

The EEA is even less reasonable for studies that include opposite-sex DZ twin pairs in their models. In
these cases, the model assumes that MZ co-twins (all of whom are same sex) are treated no more similarly than
opposite-sex DZ twins. Given the voluminous research on sex/gender differences in experiences, this assumption
seems questionable. Evidence for this interpretation is found in Meier et al. (2010) who compared the correlation
for childhood conduct disorder among opposite-sex and same-sex DZ twins and found that the opposite-sex
correlation was significantly smaller (approximately half) than that of the same-sex DZ twins (see also Saudino,
Ronald, and Plomin, 2005).

An even more questionable practice is the use of sibling data, which includes MZ twins, DZ twins, full
siblings, half siblings, and sometimes cousins. In these models, kinship pairs are compared with their average level
of genetic relationship, ranging from 1 for MZ twins to .25 for half siblings and .125 for cousins. These models
assume that the environments of opposite-sex, different age cousins who reside in different homes are no less

similar than that for MZ co-twins. The EEA seems absurd for studies of kinship pairs.

¥ See Beckwith and Morris (2008) for a discussion of “perceived zygosity” tests of the validity of the EEA.


https://www.researchgate.net/publication/231921345_Twin_Studies_of_Political_Behavior_Untenable_Assumptions?el=1_x_8&enrichId=rgreq-4bbb0f37836989a1fb338e06a673fc12-XXX&enrichSource=Y292ZXJQYWdlOzI3MjE3OTc5NDtBUzoyMjkwODAwODc5MjA2NDFAMTQzMTYyODM1NzU1OQ==
https://www.researchgate.net/publication/6899288_Genetic_effects_on_physical_activity_Results_from_the_Swedish_Twin_Registry?el=1_x_8&enrichId=rgreq-4bbb0f37836989a1fb338e06a673fc12-XXX&enrichSource=Y292ZXJQYWdlOzI3MjE3OTc5NDtBUzoyMjkwODAwODc5MjA2NDFAMTQzMTYyODM1NzU1OQ==

Moreover, while the above-mentioned evidence focuses on the greater postnatal environmental similarity
between MZ than DZ co-twins (and in some cases siblings), the greater environmental similarity for most MZ co-
twins actually begins in the womb (see Charney 2008; Joseph 2006). Although this greater prenatal similarity may
not be relevant for some traits, many adverse health phenotypes could conceivably be influenced by intrauterine
exposure to chemical toxins, viruses, or the like.’

In sum, for many health outcomes, the greater prenatal and postnatal environmental similarity for MZ
versus DZ co-twins (and especially when pairs of non-twin siblings or cousins are utilized) likely violates the trait-
relevant EEA (e.g., Charney 2012; Suhay & Kalmoe 2010). To be sure, for most health-related phenotypes, there
is much more work to be done in identifying pre- and postnatal environmental factors that contribute to the
development of adverse health outcomes. As such, the twin study model rests on the heroic assumption of the
equality of trait-relevant environments (many unknown) for MZ and DZ co-twins. To be sure, some studies
recognize and make a laudable effort to control for the more similar environments for MZ co-twins (e.g.,
Boardman et al. 2011); however, capturing the manifold of ways in which MZ co-twins environments are more
similar with survey items (especially for influences that are as yet unknown) is impracticable. '’ Importantly, even
minor violations of the EEA can substantially inflate heritability estimates (thereby underestimating the influence
of the shared environment; e.g., Suhay & Kalmoe 2010). Thus, it is a credible interpretation of twin-study
findings that heritability estimates are upwardly biased due in no small part to MZ co-twins having more similar
shared environments than DZ co-twins (e.g., Horwitz et al. 2003; Jackson 1960; Joseph 2006). Surprisingly,
many recent twin studies of adverse health outcomes fail to even mention the EEA, and even fewer discuss the

implications of EEA violations.

° While out of the scope of the present paper, scholars have noted that MZ and DZ co-twins experience prenatal environments that
are more stressful than that of singletons, thus calling into question the generalizability of twin studies (Charney 2012a: 19).

" Some twin-study proponents have attempted to test the validity of EEA (at least postnatally) and/or the implications of EEA
violations on heritability estimates using survey items about environmental similarity as well as cases of misidentified zygosity (e.g.,
Boardman et al. 2011). Certainly, contradictory evidence has emerged from these studies (discussed in the text); however, some
studies report findings that are interpreted as bolstering the validity of the EEA. As discussed elsewhere, these tests are both limited
and problematic (e.g., Beckwith & Morris 2008; Charney 2008; Joseph 2004; Suhay & Kalmoe 2010). For example, these tests
frequently employ only a few broad (not necessarily trait-relevant) retrospective survey items about environmental similarity in
attempt to capture similarity in environments. As discussed, there are numerous (and some unknown) trait-relevant environments,
and these evade measurement in broad surveys especially with a limited number of items.
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Genetic Additivity Assumption (#2)
Genetic influences can be separated into additive and nonadditive components. Nearly all twin studies assume an

additive model of gene combinative effects such that genetic variants each contribute small individual effects that
add up to shape variation in a phenotype. Nonadditive genetic variance is that which occurs as a consequence of
interactions between genes such that the phenotype is different from the sum of the individual genetic effects
(Stoolmiller 1999). Nonadditive variance can be one of two types. Dominance is that which arises when the alleles
at a given locus (one from each parent) interact to produce a phenotype and occurs among genes that operate with
a strict dominance-recessive mode of inheritance. Epistasis occurs when several genes (alleles at different loci)
interact to produce a behavior (Stoolmiller 1999). Although the extent of nonadditive genetic variance for various
health phenotypes is not known, there is good reason to believe that it is operative for all complex traits (Plomin
etal. 2012).

As with the EEA, violations of the additivity assumption inflate heritability and deflate shared
environmental estimates (see Grayson 1989; Stoolmiller 1999 for more detail). Basically, because MZ co-twins
share all of their genes, genetic nonadditivity will reduce the genetic correlation for DZ co-twins but not MZ co-
twins (because MZ co-twins have identical interacting alleles). Although dominance interactions can be modeled
in twin studies, this is not often done and comes with problems of its own (e.g., shared environmental effects are
ignored because they cannot be modeled simultaneously; Neale & Cardon 1992). Moreover, modeling epistatic
interactions with human kinship data is generally considered impracticable (Eaves 1988). Regarding nonadditivity,
renowned behavioral geneticists Plomin and colleagues (2012: 401) stated: “These types of effects complicate
model fitting because there are many forms in which they could occur. Normal twin study designs do not offer
much hope for identifying them.” In short, dominance and epistasis almost certainly upwardly bias heritability
estimates to an unknown degree (e.g., Burt & Simons 2014). Moreover, as with the EEA assumption, many twin
studies of adverse health outcomes fail to explain the implications of assuming genetic additivity and the

consequences of violation.
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Nonblind Diagnosis (#3)
As noted, twin studies assume that MZ co-twins are not more likely than DZ co-twins to receive a diagnosis or

label in response to their twin’s diagnosis (or recognize their symptoms in the case of symptom reports). While
space constraints and a lack of empirical research on this issue precludes a detailed discussion, I believe it is worth
noting the possibility that nonblind diagnoses of co-twins with adverse health outcomes might bias heritability
upwards.

It seems reasonable to expect that, in general, MZ co-twins are more likely to receive adverse health
diagnoses in response to a diagnosis of their co-twin than are DZ co-twins, all else equal, given the belief in the
heritability of many disease/disorder states, the recognition that MZ co-twins probably share more similar
environments, and the tendency to treat them more similarly. Moreover, given their greater attachment,
closeness, and feelings of similarity—as well as their recognition that they are genetic clones—MZ co-twins may
be more likely than DZ co-twins to identify shared symptoms as problematic or seek medical attention for such
symptoms in response to their co-twins diagnoses or symptom identification. Inasmuch as these practices are
operative, heritability would be inflated and shared environmental effects would be deflated.

Separate, Identifiable Contributions of Genes and Environments (#4)

As noted, the goal of heritability studies is to parse the effects of nature and nurture on phenotypic variance. Of
course, then, the model assumes that genes (G) and environments (E) have identifiably separate effects on
phenotypes. However, evidence suggests this is a fallacious assumption.

From a classical genetic perspective, there are two issues that confound the partitioning of G and E
effects: genetic-environmental covariance and gene environment interactions (G x E). Genetic-environmental
covariance is the association of certain genotypes with particular environments. An example in the health realm
could be individuals’ genetically-influenced tastes (Breen, Plomin, & Wardle 2006) shaping preferences for highly
processed, high sugar foods, which, in turn, could increase likelihood of diabetes, in combination with a host of
environmental influences (SES, physical activity level, parental monitoring/regulation of food consumption). It is
an ongoing matter of debate as to how to classify this covariance in the calculation of heritability. Perhaps most of

us would agree that this process fits neatly in neither the G nor the E category. Several behavioral geneticists have
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argued that such gene-environment correlations should be classified as genetic effects (e.g., Fowler, Baker, &
Dawes 2008; Segal & Johnson 2009); however, as Rutter (2002: 4) noted, “it is misleading to suppose that just
because genetic factors influence the occurrence of an environmental risk factor, this must mean that the risk
process is genetically mediated. This assumption does not follow because there is no necessary connection
between the causes of the origin of a risk factor [taste preferences] and its mode of risk mediation [metabolic
effects].” Iillustrate this point with the use of skin pigmentation.

In the U.S.A., a person genetically coded to have darker skin pigmentation will experience a different
social environment, on average, than one with lighter skin. There is a wealth of evidence that health is influenced
by environmental factors that are pervasively and systematically patterned along racial lines in the U.S. (Krieger
2000). Darker skin pigmentation is associated with exposure to environmental risk factors for adverse health
outcomes, such as exposure to noxious chemicals, due in part to its association with socioeconomic status,
community disadvantages, and environmental racism. Darker skin pigmentation is also associated with
interpersonal racial discrimination, which has been linked to a variety of health outcomes, including depression,
anxiety, hypertension, and the like (e.g., Burt, Simons, & Gibbons 2012; Brody et al. 2014; Williams 1999).
Surely, we can all agree that classifying adverse health outcomes that result from the interaction of skin
pigmentation with societal racism as due to genetic endowment is preposterous. However, even less manifestly
spurious cases are problematic, as the twin-study model has to classify such complex, interactional relationships as
either genetic or environmental. Such dynamic biopsychosocial associations defy such neat classification (Spencer &
Harpalani 2004; Wahlsten 1990).

G x E interactions, situations in which the effect of genotype on phenotype is conditioned by environmental
input (or environmental influences on phenotypes are conditioned by genotype), also thwart attempts to partition
genetic from environmental influences. The traditional twin study requires that one assumes G x E interactions
are nonexistent or that their effects are trivial (Wahlsten 1990). There is mounting evidence that this is not the
case, and that G x E interactions are the rule rather than the exception (e.g., Bagot & Meaney 2010; Rutter

2007). For example, a wealth of research indicates that much genetic variation among individuals influences their
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sensitivity to environmental influences, rather than genotype having an unconditional effect on phenotypes (e.g.,
Caspi et al. 2003; Belsky & Pluess 2009, see Boardman & Fletcher 2014). Although evidence of G x E interactions
are not new (e.g., Hogben 1933), recent evidence documenting their prevalence is mounting with the advent of
new technologies that make genotyping easier and more cost effective, especially for complex socially-mediated
phenotypes (e.g., Belsky & Pluess 2013).

In the traditional way of partitioning, the effects of gene-environment correlations and interactions will
be included in the heritability estimate if the environmental effect is shared (such as skin pigmentation) and in the
nonshared environmental estimate if the gene-environment interplay operates in a twin-specific fashion. The
rationale is that because origins of the environmental risk factor (e.g., taste preferences or racial discrimination)
derive from genes (involved in taste buds or skin pigmentation), it is reasonable to attribute the whole of the
environmental effect to genetics (Rutter 2002). Clearly, this argument is unsound. Such ubiquitous interactional
relationships almost certainly render heritability estimates wildly inaccurate and deflate estimates of the shared
environment (Burt & Simons 2014).

Additional Technical Issues

Confidence Intervals and Model Fitting. An additional reason to view twin-study heritability estimates with caution is
that they tend to have large confidence intervals (Burt & Simons 2014; Rutter 2006). Frequently the point
estimate is the focus of attention, a practice that serves to reify an inherently imprecise estimate. Perhaps more
troublesome is the potential for bias as a result of these larger confidence intervals in the more sophisticated
structural models that have been more widely adopted. These models operate on the principle of parsimony, and
the usual approach involves a systematic comparison of different models with the aim of finding the simplest
model that fits the data. When the elimination of a parameter does not worsen the fit of the model, it is standard
practice to drop the pararneter.11 Importantly, the decision to drop a parameter is based on the lower end of the
95% confidence limits without reference to the upper end, and given the large confidence intervals could result in

a parameter being dropped that in fact has a significant effect (Rutter 2006). Although many studies do not report

" This is customary practice in much structural equation modeling; however, it is important to remember that the lack of a
significant effect of the shared environment is not tantamount to evidence of a zero effect (Burt & Simons 2014).
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the estimates from the ‘inferior’ models, when these estimates are presented, it is not uncommon to see effects
dropped that have confidence intervals that range from 0 to more than 30% (e.g., Boardman, Alexander, &
Stallings 2011). In practice, this approach has often led to the elimination of shared environmental effects with the

consequence of exaggerating genetic and nonshared environmental estimates (Rutter 2002).

Phenotype Specification. Heritability studies are, of course, dependent on the accuracy of the measure of the
phenotype. Although phenotype ambiguity is perhaps more obvious in some domains, such as “liberal” and
“conservative” political phenotypes and criminal phenotypes, phenotype ambiguity in adverse health outcomes is
also an issue. Several scholars have written on this issue in relation to other phenotypes (e.g., Charney 2008;
Duster 2003; Press 2006) so I will not belabor the issue, but a few deserve brief mention. Here I focus on two
points that relate to the inherent imprecision and social construction involved in the creation of (most) health-
related phenotypes: treating quantitative variables as dichotomous and treating ongoing processes as fixed.

Perhaps most importantly, none of the phenotypes that fall under the heading of health or illness are
unequivocally biologically-given classifications. The classification of health and sickness is not a unique division of
biological reality, but rather there is an inherent degree of social construction and vagueness in these classifications
(e.g., Hubbard & Wald 1999). To be sure, some phenotypes clearly involve more social influence in
categorization than others. ADHD, for example, is extremely elastic and relies on the presence of symptoms such
as “Often talks excessively” and “Is often easily distracted.” Not to be captious, but “often” “excessively” and
“easily” are rather indefinite terms, and these broad statements conflate domain-specific attributes. However,
other classification systems that may seem more given and unproblematic involve a degree of indeterminacy and
arbitrariness, such as the classification of obesity (BMI >=30.0) and high blood pressure (systolic greater than 140
or diastolic greater than 90). Biology does not provide a neat cutoff for obesity at 30.0 and hypertension at greater
than 140/90. This tendency to treat continuous variables as dichotomous or categorical and biologically given is
thus unavoidable in health research and inevitably shapes results (Joseph 2004; Press 2006).

Social forces influence not only the creation of classification systems, but also their application and

meaning. Where along the line that we (or others) decide we are “sick” or “healthy” depends on a number of
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individual and social characteristics (Hubbard & Wald 1999; Rose 2006). Focusing on mental illnesses, for
example, Kessler and colleagues (2005) concluded that “about half of Americans will meet the criteria for a DSM-
IV disorder” in their lifetimes, and roughly 26% in the past year. Yet, less than half of individuals meeting
diagnostic criteria for these disorders receive treatment and thus are (potentially) diagnosed (Kessler et al. 2001).
For many adverse health outcomes, then, the focus of attention is on the perception by the individual or his/her
medical team that symptoms are problematic and/or qualify as a disease or disorder.

Additionally, it is often the case that in measurement we treat categories as fixed variables (e.g., a
“smoker”), neglecting the reality that these are often ephemeral states in a long developmental process. Individuals
may often, at different points in their lives, experience episodic states of depression, anxiety, high cholesterol,
hypothyroidism, alcoholism, and other conditions. Classifying such processes into static phenotypes ultimately
myopically focuses on a tiny snapshot of an ongoing developmental reality.

To be sure, I am not arguing that because most health phenotypes are not given by biology and thus are in
some degree social constructions, this implies that these categories are not based on something real, that they
should not be used, or that they are not scientific. " The fuzziness and plasticity of classification does not invalidate
them on their face. For example, the fact that the precise boundary between day and night cannot be demarcated
does not mean that night and day cannot be meaningfully differentiated (Leahey & Leahey 1983). Rather, this
discussion is intended to remind that phenotypes in heritability studies are not clear, biologically-given categories
that are fixed within the individual or across time and space. Instead, phenotype classification necessarily simplifies
a much more complicated biological and social process (Dupre 2012).

Although a thorough discussion of an additional point is not possible given space limitations, some
phenotypes, in my view, are ill-suited for genetic investigation (e.g., “smoking desistance” or “age of first
cigarette”), as they are manifestly the result of a multitude of individual traits that combine with numerous social

influences in an ongoing process of development (much like “age of first game of golf” or “bacon-eating

2 Recognizing that science is a social enterprise that is produced by human agents implies that science is to some degree a social
construction. This does not imply an anti-realist position or that science is not about truths. Science is about truths, but schemes of
classification are not inherent in the nature of most phenomena of interest to social and biological scientists (see Dupre 2012 for an
excellent discussion of this point).
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desistance”). Smoking studies often utilize samples of nonsmokers, former smokers, and current smokers thereby
reifying these as “actual categories of human beings,” and “neglect[ing] the profound and unique role of human
cognition and self-reflexivity in regard to behavior” (see Press 2006: 143-44).

Summarizing Technical/Statistical Limitations

For at least 80 years scholars have criticized the technical limitations of heritability studies from a classical genetic
perspective. Scholars have argued that given these flaws, which altogether have the potential to wildly bias
heritability, render the estimates of heritability studies too problematic to be of scientific value (Charney 2008;
Joseph 2004; 2006; Lewontin 1974). I concur with these scientists. Regardless of one’s views on this issue,
however, understanding the assumptions and inherent technical limitations of heritability studies is important
given the prevalence of these studies and estimates.

Although I think understanding these methodological limitations is useful, as I discuss below, in my view
the fatal flaw with heritability studies is conceptual. Although critics have denounced the conceptual model of
heritability studies as flawed for decades (Hogben 1933; Lewontin 1974; Wahlsten 1979), recent evidence
emerging from molecular genomics evinces the inseparability of genetic from environmental influences and has
begun to identify mechanisms through which environmental factors influence genetic activity and thereby shape
phenotype development. These recent advances have uprooted nearly all of the assumptions of the classic gene-
centric paradigm undergirding heritability studies, including the notions that DNA is the sole biological agent of
heritability and that genes are fixed entities that are encapsulated within the cell, produce proteins in a
straightforward manner, and serve as the driver/executive of genetic activity within the cell (Charney 2012a;
Griffiths & Stolz 2013; Keller 2010). Indeed, this new knowledge has transformed the scientific understanding of
the gene and the relationship between genotype and phenotype and marks a shift from the classic genetic paradigm
to a postgenomic view (Charney 2012a; Jablonka & Lamb 2006; Keller 2010). The postgenomic paradigm “is
characterized by extreme complexity, variability, multilevel reciprocal interactionism, and stochasticity as an

inherent property of biological systems, all of which contribute to what might be called the blurring of
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boundaries, in particular, the boundary between genes and the environment” (Charney 2012a:332). As I discuss,

heritability studies have no place in the postgenomic era.

POSTGENOMIC CHALLENGES TO HERITABILITY STUDIES

“In the emerging postgenomic paradigm, we are confronted with a biological world that is in many ways the opposite of that
which has thus far enabled the methodologies of behavioral genetics” (Charney 2012a: 61).

When the Human Genome Project (HGP) was launched in 1990, many scholars anticipated finding a
straightforward relationship between the complexity of an organism and its number of genes. With over 100,000
identified proteins in the human body, assuming each gene codes for a different protein, researchers projected that
the human genome consisted of at least 100,000 genes. These projections were quite inaccurate. Completion of
the HGP in 2001 revealed that the human genome has only roughly 23,000 genes (this number is continuously
being revised), slightly more than the fruit fly and the roundworm and less than corn (Charney & English 2012;
Claverie 2001; Venter et al. 2001). This finding was clear evidence that the predominant one gene—one protein
assumption was incorrect (Silverman 2004). We now know that a single gene can code for multiple proteins,
something that is estimated to occur in as much as 90% of all human genes (Charney 2008). These findings
combined with the failure of genome-wide association studies (GWAS) to find strong main effects of genes on
phenotypes, led to a rethinking about genetic functions, including questioning the utility and meaning of a “gene”
(Jablonka & Lamb 2006; Keller 2010).

In response to the flaws inherent in the classic “gene-centric” paradigm, the new postgenomic paradigm
has begun to emerge (Charney 2012a). Key to the postgenomic paradigm is the recognition of an interactional,
bidirectional relationship among genes, cells, organisms, and environments as well as adaptive developmental
plasticity—the capacity of organisms to modify physiological, morphological, or behavioral phenotypes in
response to environmental conditions (Charney & English 2013). Rather than being a code, program, or blueprint
for development, genes are now understood to be cellular resources (Gottlieb 1997; Keller 2010; Charney
2012a). The activity of the genome is regulated as part of the individual’s general developmental-physiological

adaptation to environmental signals—a “constant interplay between biology and experience” (Lickliter &
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Honeycutt 2003: 820). Although these recent advances have become dominant/influential in biological science,
regretfully they have not yet fully penetrated the social and behavioral sciences. Below I briefly discuss advances in
molecular genetic knowledge that debunk the genetic model that undergirds heritability studies.
EPIGENETICS
“...[I]t is important to remember that by itself, DNA is an inert, sticky glop.” (Hubbard 2013:22)

Genes, while certainly integral to life and variation, are now understood to be inert molecules incapable of doing
anything on their own. For many years, genes were thought to be a self-activating code for the production of
protein products (the “central dogma” of molecular biology); however, we now know this is not the case. Instead,
we now understand that cells are the directors of genetic and other cellular activity, and genes are merely a
resource upon which cells draw to respond to environmental signals. In thinking of this revised role of DNA and
genetic function, Hubbard and Wald (1999) used an excellent analogy of DNA as a cookbook. Here, genes are
recipes, and cells are the cook. In order to make a complex dish, a cook needs a recipe, which is contained in a
cookbook (genome). Of course, the cookbook does not determine the recipe, and the recipe does not make the
dish or determine how it will turn out. The dish depends on a number of external factors, including those that
have nothing to do with the recipe itself or the cook. Such is the relationship among genes, cells, DNA, and the
environment. Cookery is also an apt metaphor because it allows for a degree of flexibility that is also inherent in
DNA action, as genes are utilized by the cell to respond to environmental changes (Hubbard & Wald 1999).

Although molecular epigenetic research is highly specialized and technical, understanding some basics is
useful given that this provides evidence of the effects of environmental and behavioral influences on genetic
activity. As I have noted, genes are not self-activating. Instead, DNA has to be transcribed to produce RNA and
proteins,13 but in order to be transcribed it has to be “turned on”. The process of gene activation, often called gene
expression, is regulated by the epigenome—the biochemical regulatory system that can turn on, silence (leave off),
or change the transcriptional availability/activity of genes (Charney 2012a; Martiensen, Riggs, & Russo 1996). In

a multitude of ways (see e.g., Charney 2012a; Jablonka & Lamb 2006), the epigenome regulates gene expression.

" In a process known as transcription, the DNA molecule is used by a cell to produce messenger RNA (mRNA), which in turn
serves as a template for the synthesis of polypeptides, which form proteins (a process called translation).
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Most gene regulation occurs in response to the immediate demands of the environment, takes place in
time spans ranging from seconds to weeks, and differs between specialized cells (Francis 2011; Jablonka & Lamb
2006). For example, when eating a hamburger, our tongue, stomach, and pancreatic cells will react differently
and many cells types will not react at all. With very few exceptions, these different cell reactions are due to
epigenetic variation across the cells (Jablonka & Lamb 2006). In recent years, scientists have focused on gene
regulation that takes place over much longer intervals. This rapidly advancing field, known as epigenetics,14
focuses on the mechanisms of gene regulation implicated in changes in gene expression and phenotype, which can
last for weeks, months, years, or across the life span and can even be transmitted onto future generations
(epigenetic inheritance) (Bagot & Meaney 2010; Bollati & Baccarelli 2010; Charney 2012a; Francis 2011).
Importantly for our purposes, epigenetic research reveals that the epigenome is responsive to environmental input
(both internal and external to the cell); thus, the environment influences gene activation through the epigenome
(Charney 2012a; Jablonka & Lamb 2006).

Although new epigenetic mechanisms are still being uncovered, the most well understood fall into a class
known as chromatin markers, often referred to as “epigenetic markers.” Two of the most well researched
epigenetic markers are histone acetylation (Grunstein 1997) and DNA methylation (Bird 2002). These markers
(posttranslational modifications) affect cellular activity and phenotypes by influencing the accessibility of DNA to
transcription factors, thereby shaping whether (and to what extent) a gene is activated. Research documenting the
effects of environmental factors on epigenetic markers is accumulating, thereby illustrating ways in which gene
expression is influenced by the environment (Bagot & Meaney 2010; Charney 2012a; Francis 2011).

Environmental epigenetics focuses on the effects of social-environmental factors such as pollution, nutrition,
parental care, and stress on gene regulation (Landecker & Panofsky 2013). Studies in this field (primarily on non-

human animals) identify lasting effects of environmental factors on phenotypes through the epigenome. Research

" The term epigenetics has undergone many transformations in meaning since the term was coined, and even now continues to be
employed loosely and interchangeably with other related concepts (see Jablonka et al. 2009). Conrad Waddington coined the term
epigenetics in 1942 to refer to the developmental processes involved the development of a phenotype, recognizing that such a
process is not a simple genotype ephenotype relationship. However, the modern use of the term epigenetics is usually narrower,
and can be thought of as the study of the processes of gene regulation (e.g., Meloni 2014).
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in the emerging field of neuroepigenetics reveals that adverse early environments and injurious social experiences
generate epigenetic changes that shape brain architecture and consequently responses to later social experiences
and adversities throughout the lifespan (e.g., Hoffmann & Spengler 2014; Sweatt 2013). Recent evidence from
animal models suggests that such “experience-dependent DNA memories,” inscribed epigenetically, can play key
roles in development and stress responsivity (e.g., Hoffman & Spengler 2014; Murgatroyd et al. 2009) and can
have transgenerational effects (i.e., environmentally-induced epigenetic changes can be transmitted to offspring;
Franklin et al. 2010).

For illustration, in their now famous studies, Weaver and colleagues (2004; 2005; 2006) connected stress
phenotypes (HPA responses to stress) in adult rats to early maternal care. Female rats who engaged in more
frequent licking and grooming of their pups during the first days of life raised offspring that were less reactive to
stress across their lifespan and, among the females, went on to become high-licking and high-grooming mothers
themselves. Weaver and colleagues (2005; 2006) linked this early maternal care to epigenetic changes (DNA
methylation) in the glucocorticoid receptor promoter, and further work has identified similar epigenetic changes
linking early maternal care to hundreds of other genes in the rat pups, demonstrating the manifold biological
effects of early care on the developing brain (at least in the rat). Importantly, while these results showed that
early-life parenting experiences have a stable and broad effect on several health-related phenotypes, they also
revealed that these epigenetic markers are reversible in adulthood (Weaver et al. 2005; 2006) consistent with the
notion of organisms’ adaptive phenotype plasticity in response to changes in social conditions (e.g., Ellis et al.
2012).

In addition to maternal care, studies of rodents have linked exposure to a number of substances, such as
pesticides, fungicides, BPA, cigarette smoke, vehicle exhaust, and cocaine, to methylation or other epigenetic
markers with concomitant changes in gene expression and phenotypes, including physiological function,
behavioral outcomes, and propensity to cancers and metabolic disorders (e.g., Feil & Fraga 2011; Landecker &
Panofsky 2013). For example, pesticide exposure has been linked to sperm defects and subfertility as well as

decreases in fearful behaviors (see Skinner 2008). These changes occur without changes in DNA sequences, but
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rather through changes in the epigenome (e.g., DNA methylation) associated with genes linked to these
phenotypes (Charney 2012a).

While there are many more examples, these studies are sufficient to illustrate the fact that epigenetic
research evinces that genetic and environmental effects are interactional and dynamic, and thus differences in
phenotypes cannot be separated into genetic versus environmental influences. Epigenetic markers embody the
blurred boundaries between genes and environments and the difficulty of classifying molecular mechanisms in
gene expression in the G versus E dichotomy. For example, as Charney (2012b) questioned, how would
heritability study proponents have us classify experience-dependent epigenetic marks (e.g., chromatin
architecture) in the G vs. E dichotomy: As G because chromatin attaches to the genome and plays a role in
silencing or turning genes on? Or as E given that chromatin structure is shaped by environmental input? What
about the inheritance of environmentally-induced epigenetic reprograming in the absence of the original inducing
environment (e.g., pesticide exposure, maternal care): As G because it is inherited? Or as E because it originated
with an environmental stimulus? Or is E transmuted to G? These instances of the blurring of boundaries between
genes and environments are a reoccurring theme in modern genomics research and point to the utter impossibility
of separating “genetic” from “environmental” in development (Charney 2012a).

In short, the model of a distinct, particulate gene that directs cellular activity and performs one job
(produces one protein product) independent of environmental input has been discredited in the past decade. The
mere presence of a gene as part of a genotype does not ensure that it will be activated. Moreover, although
evidence suggest that environmental events that occur early in life (e.g., prenatal care; early maternal care;
exposure to toxic substances) tend to produce more pronounced epigenetic effects than those that occur later,
methylation and other epigenetic processes continue throughout the lifespan (Francis 2011; Weaver, Meaney, &
Szyf 2006) and are involved in (and necessary for) both healthy development as well as disease progression.
Epigenetic research demonstrates that the genome is flexible in its expression, and this expression is responsive to

context, experience, and developmental history (Griffiths & Stoltz 2013). As Dupré (2012: 3) noted: “One way of

22


https://www.researchgate.net/publication/7293478_Maternal_care_effects_on_the_hippocampal_transcriptome_and_anxiety-mediated_behaviors_in_the_offspring_that_are_reversible_in_adulthood?el=1_x_8&enrichId=rgreq-4bbb0f37836989a1fb338e06a673fc12-XXX&enrichSource=Y292ZXJQYWdlOzI3MjE3OTc5NDtBUzoyMjkwODAwODc5MjA2NDFAMTQzMTYyODM1NzU1OQ==
https://www.researchgate.net/publication/7293478_Maternal_care_effects_on_the_hippocampal_transcriptome_and_anxiety-mediated_behaviors_in_the_offspring_that_are_reversible_in_adulthood?el=1_x_8&enrichId=rgreq-4bbb0f37836989a1fb338e06a673fc12-XXX&enrichSource=Y292ZXJQYWdlOzI3MjE3OTc5NDtBUzoyMjkwODAwODc5MjA2NDFAMTQzMTYyODM1NzU1OQ==

beginning to think about epigenetics is to realize that the genome, as much as the organism, is a process rather
than a static thing.”

Several assumptions are necessary for heritability studies to be meaningful, but the most crucial of these is
the (biological) assumption that genes and environments have identifiably separate effects on phenotypes (Charney

2012a). Biological evidence is clear that this is not how genes work.

ADDITIONAL GERMS FOR THOUGHT: WHAT ABOUT MICROBES?
As I noted, the finding from the HGP that the human genome consists of only ~23,000 genes was a surprise to
many, as researchers projected roughly 100,000 genes. However, if the view of what constitutes the “human
genome” is expanded, then 100,000 genes is a drastic underestimate (Turnbaugh et al. 2007). The human body is
a complex, symbiotic whole comprised of many different microbial organisms (e.g., bacteria and fungi) of
different kinds and genomes that live on or inside human tissues. Astonishingly, evidence suggests that within our
bodies 90% of the cells are actually microbes, most of which inhabit the gastro-intestinal tract, and 99% of the
genes on or under our skin are actually bacterial (Xu & Gordon 2003). Thus, the microbiome contains at least 100
times as many genes as our own genome (Gill et al. 2006).

Over the past decade along with (or in the wake of) new technologies for studying microbiota (a
microbial population), interest in the role of the microbiome (the set of microbial genes) in human health has
surged (Cho & Blaser 2012). Ambitious large-scale projects, including the U.S. Human Microbiome Project
(Turnbaugh et al. 2007) and the European project MetaHIT (Erlich 2011), have begun to advance knowledge on
the biological properties and medical significance of the human microbiome and its collective genes (metagenome;
Cho & Blaser 2012). These projects in combination with smaller scale efforts have begun to elucidate the
composition and development of individuals’ microbiomes as well as their influential role in health and
development. Several findings have emerged, including the density of the microbiome at various sites in the
human body, the extent of inter- and intra-individual variation, and the dynamic and significant interplay between
microbial and human cells. Acknowledging the significant role of the microbiome, Gill et al. (2006: 1354) noted

that the microbiome “endows us with physiological properties that we have not had to evolve on our own.”
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Over the course of a lifetime, each individual develops a densely populated microbiome. Individuals,
even from the same region and similarly aged, have quite different microbiomes, and differences between
individuals appear to be much greater than intra-individual variation (at least over short periods of time; Cho &
Blaser 2012)." The colonization of the human gut begins at birth, as infants pick up billions of microbes as they
move from a sterile womb through a microbe-laden vagina (if a vaginal birth, which of course was the only form
of birth throughout most of human history). Thus, an individuals’ microbiome appears to be a consequence of this
important initial composition from the mother as well as a dynamic interrelationship between environmental
(e.g., diet, stress, exposure to antibiotics and probiotics; David et al. 2013; Jakobsson et al. 2010) and biological
(likely including genetic) factors throughout development.

Much recent research has focused on the role of intestinal microbes in maintaining health and
homeostasis. Scholars have explained that our gut microbiota represent a “virtual inner organ” (Forsythe et al.
2010: 9). Although we are only beginning to understand how microbiome composition and function influences
human health, a spate of recent studies suggests that microbes have significant influences (in interaction with
genomes and environments) in shaping health outcomes (e.g., Cho & Blaser 2012). In particular, we have clear
evidence of the role of gut microbes in processing indigestible foods, such as plant polysaccharides, synthesizing
essential amino acids, and therefore obtaining necessary key nutrients from our food (e.g., Gill et al. 2006). More
recently, evidence of the influence of gut microbes through gut-brain signaling in homeostasis and nervous system
functioning is beginning to accumulate (Mayer 2011; Forsythe et al. 2010). An expanding body of literature
explores pathways of influence and links individuals’ microbiota to adverse physical health outcomes through
complex channels involving the immune system and host metabolism (Forsythe et al. 2010; Grice & Segre 2012).
Although this work is still in its infancy, these nascent findings suggest “that there is much communication and
interaction between microbial and human cells, and there is growing evidence that (gut) microbes have significant

distal influences on health and disease through their effects, for example, on the immune system and on

" This is complicated by the fact that research suggests that bacteria from a specific body part have more in common than those
from a specific person. Your armpit microbes have more in common with my armpit microbes than they do with your oral
microbia (Ding & Schloss 2014).
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neurotransmission” (Dupre 2012: 13). At present, gut microbes have been implicated in such diverse outcomes as
chronic inflammation, anxiety, mood, aggressiveness, eating disorders, cognitive functioning, diabetes, psoriasis,
autism, allergies, and atherosclerosis (Forsythe et al. 2010; Grice & Segre 2012; Mayer 2011; Turker et al. 2014).

This discussion of the role of microbes, which is necessarily abbreviated but hopefully stimulating, is
intended to further cloud the reductionist, false genes versus environment dichotomy in shaping human
phenotypes. Microbes exist within us and greatly outnumber our cellular and genetic material, and our
microbiomes are a consequence of a complex interaction of biological and environmental factors, which
consequently mediate and condition the effects of genetic and environmental influences on health. Indeed,
emerging research indicates that microbiota influence host gene expression (for example, gut microbiota influence
the expression of genes involved in host digestive functions and metabolism; Combe et al. 2014).

How would heritability study proponents have us classify the effects of microbes? As G because the
microbiome, although not strictly human genes, fulfills functions that we have not had to evolve on our own? As
G because microbiota can influence the epigenome and gene expression? Or as E because they are not simply
human DNA sequences, even though many are intergenerationally transmitted (through the birth canal)?
Moreover, although evidence suggests that individuals’ microbiomes become increasingly stable over time (e.g.,
Forsythe et al. 2010), changes in one’s lifestyle (diet, activity level) and medications (e.g., antibiotics) can alter
the composition of one’s microbiome, along with ontogenetic development (e.g., Cho & Blaser 2012; David et al.
2014). Humans are living systems that exist and develop in a synergetic, commensal relationship with other
organisms (and their genomes), and such relationships defy classification into (human) genetic versus
environmental influences.

EVEN IF WE CouLD: HERITABILITY ESTIMATES LACK UTILITY
Quite aside from their many flaws, heritability estimates have little practical utility, and this reality is recognized
at present even by prominent behavioral geneticists. For illustration, Eric Turkheimer, one of the most well-
known behavioral geneticists, who developed the “three laws of behavioral genetics,” provided a summary of why

he thinks heritability studies lack utility: “...it is not about cause. Practitioners of the art wanted it to be about
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cause, in the sense that the relative magnitudes of the various components were supposed to tell us something
about the importance of genetic and environmental causes underlying a trait, but they do not” (Turkheimer 2011:
598; emphasis added).

Heritability estimates do not forecast the developmental endpoints for individuals or groups, the
consequences of interventions, or the causal processes or mechanisms involved in phenotype variation (Burt &
Simons 2014 246; see also Rutter 2002). A high heritability coefficient says nothing about the amount of genetic
influence on a trait (recall the ‘eyedness” example), quantifying heritability does not contribute to the
identification of specific candidate genes'® (e.g., Schielzeth & Husby 2014), and heritability implies nothing about
the potential for change through environmental alterations (see Joseph’s (2004) PKU example).

Moreover, it bears repeating that heritability estimates are time, context, and population-specific
averages. A heritability estimate could be analogous to an estimation of the average temperature of North America
based on taking the average temperature from randomly selected cities on a given day (Kruger et al. 2008). The
usefulness of such an estimate is scanty to naught. Importantly, and in contrast to the average temperature of
North America, which has a true value, “[t]he proportion of variance attributable to A [additive genetic variance],
C [“shared” environments] and E [“unshared” environments] depend on the variances of A, C and E, and the
variances of A, C and E have no ‘true’ values to be estimated” (Turkheimer 2011: 598).

To be sure, this is not an argument that nothing positive has come out of heritability studies, because
whatever their flaws (and there are many) they have likely significantly contributed to the acceptance of genetic
influences on various phenotypes among social scientists. However, at the present state of knowledge, the numerical
estimates of heritability, even if they could be accurately estimated, are neither of practical use nor do they

advance scientific understanding of cause (see also, Turkheimer, Pettersson, & Horn 2014). "7 As Chaufan

' As Schielzeth and Husby (2014:45-6) note, “there is in general no reason to expect that traits with a high proportion of additive
genetic variance should harbor large-effect variants rather than many loci with small effects...From a statistical viewpoint, what
matters is a low amount of residual variance, not a high heritability per se...a direct link between heritability and the number and
effect size of trait loci is not compelling.”

" Indeed, Turkheimer (2011:598) noted that “Plomin and Daniels [1987] marked the beginning of the end” of heritability studies as

a useful scientific endeavor.
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(2008:24) noted, heritability estimates “provide no information relevant to ... medical practices and public health
policies that we do not already have.”

Finally, given their problems, heritability estimates can (and likely have) misinformed and misguided
efforts to understand the etiology of and therefore prevent or reduce adverse health outcomes (e.g., Lewontin
1974). For example, the absorption of environmentally-induced, intergenerationally-transmitted epigenetic
markings into the G in heritability studies could lead scholars to conclude that the cause is inherited genetic
defects, and hence environmental culprits (e.g., pesticides, maternal care) may not be considered (see Charney

2012b).

CUuTTING-EDGE TECHNIQUES MEET OUTDATED NATURE VS. NURTURE DICHOTOMY

Biometrical Moderation Models
Advances in statistical modeling over the past decade have enabled heritability researchers to incorporate

environmental contingencies into their variance partitioning analyses, “allowing the quantification of phenomena
that have traditionally been characterized as gene-environment interaction and correlation” (Kruger et al. 2008:
1485). Several recent studies of adverse health outcomes have incorporated environmental contingencies (e.g.,
Boardman et al. 2012; Johnson et al. 2010; Kruger et al. 2008; Tuvblad, Grann, & Lechtenstein 2006). For
example, Boardman and colleagues (2011: 1517; 2008) utilize biometrical moderation models with various
smoking phenotypes, exploring, for example, “the effect of social policy on the extent to which genes influence
[variance in] smoking desistance.”

Although this might seem to be a useful strategy to overcome the G x E and rGE conundrum besetting
heritability studies, here is why I think it is not. First, these models are still based on the flawed twin study model
(with its various assumptions aforementioned). Second, these studies seek to identify one (or a select few)
environmental contingency out of an infinite number of possibilities thereby having a significant risk of omitted
variable (environmental contingency) bias. For example, in their study of body mass (BMI), Boardman and
colleagues (2012: 370) compared the heritability of BMI across schools (using a twin-study of kinship pairs nested

within schools) and examined the relevance of “school differences in both health-related policies and social norms
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regarding body size” on heritability estimates using the Add Health data. The authors examined whether various
school characteristics (school administrators’ views of the severity of deviant behavior problems; punitiveness of
school punishments, prevalence of weight loss resources), as well as school norms about body size (average school
BMI for students who classify themselves as ‘normal weight”) and norm enforcement (school variance around this
average for ‘normal weight’ self-classified students) influence the degree to which BMI is heritable. Boardman et
al. (2012: 383) found that heritability estimates varied across several of these environmental characteristics, and
they concluded that school social norms and institutional policies influence genetic contributions to weight gain
and thus “provide new insights into social and institutional factors, while also helping to better implement social
policies.”

Certainly it is possible, indeed likely, that school-level factors have some effect on BMI and therefore the
degree of genetic influences on variation in BMI. However, it is also plausible that wider contextual factors (e.g.,
community disadvantage, population SES, prevalence of healthy food options in the community) shape school
norms. Moreover, the reverse causal pathway may be equally or more significant. In other words, students’ BMIs
may be driving the observed “school effect.” For example, factors exogenous to the school (SES, geographic
location, school funding (monies devoted to more expensive, healthier food options)) may be shaping average
school BMI, and school policies may be endogenous to these factors. Concomitantly, a community (and its
residents’) history of disadvantage (or advantage) may have fostered unhealthy (healthy) eating patterns among a
population, which, in turn, may engender epigenetic changes transmitted to future offspring that increased the
likelihood of metabolic problems and a higher BMI. Analogously, school foodstuffs (e.g., cafeteria meals, snacks,
soda availability) influence the food consumption of students, which over time likely influences the microbiomes
of the population of students, and, in turn, interacts with genetic and environmental factors to shape metabolism
and food preferences, and hence BMI. In short, there are many alternative explanations that are not examined
(and some that cannot be examined at present), many of which are not neatly classified as genetic or

environmental.
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Notably, such estimates are not about mechanisms or cause. In contrast to what some studies argue or
imply, identifying variation in heritability across various environments does not shed light on the genetic
mechanisms underlying phenotypes (or phenotype variance) nor the potential efficacy of environmental
interventions. Genetic mechanisms are not the focus of such studies. [Thus, to use the BMI example, such
biometrical moderation models do not indicate “the extent to which the genetic influences on body mass are
different,” but rather differences in the extent to which such observed variation is credited to additive genetics
(Boardman et al. 2012: 370)]. For elucidation, identifying the school factors that shape heritability of BMI can be
analogized with the earlier cornfield example. Showing that cornfields with trees around them have lower
heritability than those without tells us nothing about the causes of plant height, genetic or environmental. In the
same way, identifying school factors tells us nothing about the causes of BMI, genetic or environmental.
Furthermore, as noted above, a high heritability signifies nothing about the potential success of environmental
interventions. Thus, identifying differences in heritability does not inform “debates about the most effective means
to improve the health of the public” nor does a high heritability indicate that “policies may be ineffective for those
who are more likely to gain weight because of very small differences across their genome” (Boardman et al. 2012:
371).

Moreover, and as should now be clear, my view is that this attempt to separate G from E is impossible. It
is not merely that separate G and E effects interact to influence a phenotype in ways that are potentially separable
at the population level; instead they do not have separate influences on phenotypes in the first place. As
Turkheimer (2011: 600) notes, “individual differences in complex human characteristics do not, in general, have
causes, neither genetic nor environmental. Complex human behaviour emerges out of a hyper-complex
developmental network into which individual genes and individual environmental events are inputs. The
systematic causal effects of any of those inputs are lost in the developmental complexity of the network.”

Genome-Wide Complex Trait Analysis
Recently, scientists have developed a new methodology for identifying gene variants in human populations called

genome-wide complex trait analysis (GCTA; Yang et al. 2010; 2011), and over the past four years its use for

health phenotypes has burgeoned. In contrast to standard heritability estimates, which do not measure genetic
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factors and instead rely on various assumptions around genetic relatedness, GCTA studies require that individuals
are unrelated and rely on a genetic relationship matrix comprised of common single-nucleotide polymorphisms
(SNPs) (Yang et al. 2011). GCTA studies avoid many of the abovementioned technical limitations that result from
the fact that standard heritability models measure neither genes nor environments and thus rely on a host of
assumptions. Basically, GCTA studies involve scanning hundreds of thousands of SNPs of thousands of (ostensibly)
unrelated persons in a sample with the goal of determining whether phenotype similarity can be linked to various
SNPs (Yang et al. 2010). The goal is an estimate of the heritability of a phenotype that is accounted for by the
additive effects of shared SNPs (Charney 2013).

At present, GCTA results appear to support the arguments of twin and adoption study critics as they have
yielded significantly lower and in some cases nonsignificant heritability estimates even when substantial twin study
heritability estimates are found in the same sample (Charney 2013). For example, in their study of five anxiety-
related traits (after a GWAS finding of “no common genetic variants of large effects that contribute to the
heritability of these traits”), Trzaskowski and colleagues (2013) reported an average GCTA heritability estimate of
10%, which they noted is less than one fifth of the average twin-study heritability estimate of 55%. Similarly,
comparing GCTA and twin study estimates, Trzaskowski, Dale, and Plomin (2013: 1048) concluded: “Behavioral
problems in childhood [which included health-related phenotypes such as depression}—whether rated by parents,
teachers, or children themselves—show no significant genetic influence using GCTA, even though twin study
estimates of heritability are substantial in the same sample...” Thus, GCTA studies provide further evidence that
something is awry in the high behavioral genetic heritability estimates of adverse health phenotypes (Burt &
Simons 2015).

To be sure, the lower estimates from GCTA studies may be due in part to the fact that they only capture
the additive effects of genetic variants that are in linkage disequilibrium with the common SNPs analyzed (rare
SNPs are excluded) in genome wide association research (Yang et al. 2010). However, like standard heritability

studies, GCTA studies rely on problematic assumptions whose violations can increase the likelihood of spurious
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associations and hence flawed estimates, such as population stratification (PS) (Charney 2013)."* PS raises the
possibility of false associations due to gene-environment correlations (i.e., more genetically similar individuals are
more likely to experience certain environments, discussed above with the example of skin pigmentation).
Notably, research has demonstrated that GCTA studies are particularly vulnerable to PS confounding (e.g.,
Browning & Browning 2011; Janss et al. 2012). While the developers of GCTA are cognizant of the problems
posed by PS and do make attempts to correct for it (Yang et al. 2011; in practice see Boardman et al. 2014, these
corrections have been shown to be insufficient (for more information, see Charney 2013).

In sum, like other heritability studies, GCTA studies suffer from methodological limitations that
undermine the legitimacy of their findings and augment the likelihood of spurious genetic associations. Ultimately,
however, GCTA studies, like other heritability models, rest on an outdated, false gene vs. environment
dichotomy. To repeat, the lack of scientific merit in heritability studies is not limited to technical/statistical
problems that can be improved over time or can be addressed with new cutting-edge techniques that do not rely
on the same dubious methodological assumptions. The problem is conceptual (biological): genes and

environments do not have identifiably separate effects on complex phenotypes.

CONCLUSION
“One of the most striking features of the nature-nurture debate is the frequency with which it leads to two apparently
contradictory results: the claim that the debate has finally been resolved (i.e., we now know that the answer is neither nature nor
nurture, but both), and the debate’s refusal to die.” (Keller 2010: 1).
In this chapter, I have argued that there is compelling evidence that heritability studies are methodologically
flawed, especially for complex adverse health phenotypes. I have also argued, drawing on recent advances in
molecular genomics and epigenetics, that heritability studies are grounded on a specious conceptual foundation.

Recent advances in molecular genomics have debunked nearly every assumption that underlies heritability studies.

This new evidence manifestly supports, indeed proves, the arguments that critics of heritability studies have been

"* Population stratification refers to the nonrandom distribution of polymorphisms in different populations (ethnic or geographical)
due to unique ancestral patterns of migration, mating practices, and reproductive patterns (Charney & English 2013; Hunley,
Healy, & Long 2009). Most nonfamilial populations exhibit PS, including those considered relatively homogenous (e.g., among
Icelanders; Charney 2013).
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making for decades that the goal of partitioning genetic and environmental effects on variance in phenotypes is
unsound (e.g., Lewontin et al. 1984). In short, heritability studies attempt the impossible. Furthermore, that
these methods are fatally flawed is no great loss to science; heritability estimates lack utility and are not about
cause (Rutter 2002; Turkheimer 2011). Joining the arguments of others (e.g., Charney 2012; Lewontin 1974;
Turkheimer 2011), I contend that further attempts to estimate heritability for complex phenotypes, given what
we now know, are a manifest misuse of scholarly energy and attention (e.g., Chaufan 2008; Joseph 2004;
Lewontin 1974). Moreover, given their many flaws, I urge scholars to recognize and acknowledge the
problematic nature of existing heritability estimates and end the frequent use of the phrase: “We know from a
wealth of behavioral genetic studies that the heritability of [insert health-related phenotype] is roughly xx
percent.” (Notably, this statement is misguided because heritability estimates are time, space, and population
specific.) As I hope is now clear, these estimates are highly dubious at best and should not be presented as facts,
given the flawed methodology and misguided conceptual model. No amount of quantitative genetic research can
establish the validity of such heritability estimates. “Technically flawed and conceptually unsound models—no
matter how often published or repeated—do not by virtue of their numbers make for sound evidence” (Burt &
Simons 2014: 252).

Heritability studies rely on an outdated gene-centric biological model. Although such a deterministic
model of genetic function may be ideally suited for heritability studies, it is chimerical (Charney 2012a). The
remarkable advances in our understanding of genetic function that are most visible in molecular epigenetics
debunk the oversimplified model of the genome and genotype-phenotype relationship on which such work relies
(Charney & English 2013). Indeed, the more we learn about development, the less meaningful seems any attempt
to estimate genetic (vs. environmental) contributions to phenotype variance—and the less important (Burt &
Simons 2015).

Notwithstanding my strong objections to heritability studies, I am enthusiastic about biopsychosocial
health research that recognizes the interactional, bidirectional relationship between genes, cells, organisms, and

environments. The challenge is harnessing these rapid advances in molecular genomics to enhance our
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understanding of the etiology of adverse health outcomes. In so doing, we need to leave the unproductive nature
vs. nurture debate behind to focus on understanding the mechanisms and developmental processes of adverse
health outcomes, “[starting] from the premise that biological and environmental systems are indivisible” (Braun
2004: 143). To understand how these factors dynamically interact requires study of the processes of development,
rather than simply trying to link genomic variation to some sort of fixed end point (adverse health outcome).
Attention should shift from heritability to humans’ remarkable degree of adaptive phenotype plasticity (the
capacity of a single genotype to support a range of phenotypes) and the biological pathways (e.g., epigenetic
effects) that underlie such developmental adaptations.

Notably, in highlighting postgenomic findings and lines of research that recognize the “porousness of the
biological with the social,” it was not my intent to oversell the evidential strength of fields as nascent as epigenetics
and medical microbiology (Meloni 2014 6). Much in these burgeoning fields remains controversial and debated,
and scientists face new challenges as a consequence of the epistemological shift from a dichotomous separation of
“genetic” versus “environmental” causes to the “inextricable mixture of social and biological factors typical of the
epigenetics and postgenomic landscape” (Meloni 2014: 6). However, this recognition of the difficult
methodological and epistemic questions facing molecular genetics is no reason to deny that epigenetic research
invalidates the nature/nurture dichotomy or to downplay the great potential of epigenetics in elucidating “the
pathways through which the social shapes and is literally inscribed into the body” (Meloni 2014 6). Indeed, that
epigenetics and medical microbiology remain open, debated fields underscores the need for social scientists to
engage in this debate from the beginning to shape biosocial research as it “[hesitates] at a crossroads between
reductionism and holism” (Morange 2006: 356). As a recent editorial in Nature (2012: 143) opined: “It is time for
sociologists and biologists to bury the hatchet and cooperate to study the effects of environmental stress on how
people behave.”

This matters for medical sociology. The field is at a crossroads where the intersection between biology
and the social is ripe for research and theorizing (e.g., Landecker & Panofsky 2013; Meloni 2014). Rejecting

heritability studies and the false nature-nurture dichotomy and gene-centric model on which they are grounded
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will pave the way for a reconceptualization of the link between the biological and the social in shaping health
outcomes, one which is consistent with contemporary bioscientific knowledge. Achieving a comprehensive
understanding of these processes will not be easy and will take time. It will also require an integrative approach;
social scientists, geneticists, microbiologists, and neuroscientists need to form interdisciplinary alliances to
facilitate the holistic study of the development of adverse health outcomes from cell chemistry to whole body
physiology, recognizing environmental influences from the cellular to the macrostructual levels.

Heritability studies and estimates of adverse health outcomes have gained a lot of traction and attention

recent years based in part on the belief that they are undergirded by rigorous, state-of-the art science. " There is

in

value in showing how this work does not measure up to that billing both methodologically and theoretically (Burt

& Simons 2015). Although I, among others, find fault in the heritability model, I hope that those who read this

critique take it in the spirit of constructive criticism in which it was offered. I hope this critique advances science.

¥ See Panofsky 2014 for an enlightening discussion of the historical development of the field of behavioral genetics and strategies
used to maintain its footing in various scientific fields.
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