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Abstract 

Endophenotypes for psychopathology have been conceived as latent, unob

served, but measureable manifestations of phenomena that causally connect 

genetic liability to clinical disorder. Several decades of research have led to 

refinement of the construct and identification of some candidate endopheno

types, but rather limited progress on finding the genes involved or the mech

anisms by which endophenotypes are driven by genetic and environmental 

factors and in turn drive psychopathology. Currently promising avenues 

for research involve development of transdiagnostic concepts not limited to 

traditional diagnostic categories, measures of endophellotypic and manifest 

psychopathology tllat have higher validity than those categories, and metll

ods for modeling complex relationships among diverse contributors to etiol

ogy. With more grounding in animal neuroscience and other aspects of basic 

biological and psychological science, exemplified in the Research Domain 

Criteria initiative, there is every reason to anticipate that the endophenotype 

concept will grow more central in the psychopathology literature. 
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INTRODUCTION 

At the close of her Annual Revie'w of CliniCflI Psycbology article, Dick (2011, p. 403) commented 

that in the psychopathology literature, "Much of the large-scale gene identification work to 

date has been dominated by studies of binary diagnostic outcomes. Although the use of binary 

diagnoses brings the advantage of standardized, reliable assessments across studies and sites, there 

is reason to believe that these phenotypes are not ideal for gene finding." Gottesman & Shields 

(I972, 1973) anticipated this problem prior to the massive efforts of the past 40 years, proposing 

endophenotypes as a vital link in discovering and understanding genetic contributions to 

psychopathology. 

The endophenotype concept did not get much traction (I.I. Gottesman, personal communica

tion) until an invited review (Gottesman & Gould 2003) provided a provocative reintroduction. 

By then, the traditional characterizations of psychopathology via categorical diagnoses, widely as

sumed 40 years ago, had come into question. The poor yield of heavily gene-focused assumptions 

and tactics in the psychopathology literature, now well documented (e.g., Dick et al. 2006, Kapur 

et al. 2012, Kendler 2005a, Miller 2010), is prompting growing interest in gene x environment 

(GxE) and related phenomena. This momentum supports a convergence of the literatures 011 en

dophenotypes and on dimensional concepts of psychopathology (e.g., Cuthbert 2005, Ritsner & 

Gottesman 2011, Widiger 2011) in a way that feasibly integrates psychological and biological phe

nomena and cuts across traditional diagnostic categories. (Present comments about GxE generally 

apply as well to gene-environment correlations, though they are distinct from interactions; Dick 

2011, Goldhaber 2012, Thapar et al. 2007, Vrieze et al. 2012a.) The endophenotype construct is 

alive, well, and evolving, as this review will discuss. 



Grounded in the state of the art in animal and human research on normative cognition, 

motivation, and social behavior, the leadership of the National Institute of Mental Health 

(NIMH) has launched the Research Domain Criteria (RDoC) project, identifying several 

domains as near-term priorities (Cuthbert & Insel 2010b, Sanislow et al. 2010). In the RDoC 

view (Cuthbert & Insel 201Oa, p. 312), "The idea is to start by specifying basic dimensions of 

functioning, and their implementing brain circuits, that have been identified by the last severa l 

decades of research in brain and behavior. Then, in this light, mental disorders are considered as 

extremes at one or both tails of these normal distributions." A central challenge that the RDoC 

project offers the psychopathology literature is that RDoC foregrounds dimensional notions, 

whereas the mainstream psychopathology literature has pervasively assumed that disorders are 

categorical-the binary diagnoses Dick (2011) alluded to (see also Frances & Widiger 2012, 

Hyman 2010, Morris & Cuthbert 2012). Whether the most generative RDoC-inspired (or 

endophenotypic) phenomena are best thought of dimensionally and whether the disorders for 

which they are endophenotypic are dimensional are separate questions. Both RDoC and the 

endophenotype approach are ultimately agnostic about dimensions versus categories, but both 

are entirely comfortable with the former and thus a challenge to the fully categorical model of 

the Diagnostic and Statistical Manual of Mental Disorders (DSM; Am. Psychiatr. Assoc. 2000) and 

the International Classification of Diseases (ICD; World Health Organ. 2010). 

T he core phenomena of psychopathology span the pessimism and exaggerated self-blame of 

depression, the worry or panic of anxiety, the cognitive slippage of schizotypy, the craving of 

addiction, the energy of mania, the remorselessness of psychopathy, and the delusions, affective 

dysregulation, and memory distortions seen in various disorders- all psychological phenomena 

and all representable dimensionally. An individual's physical, biological, and social environments 

provide cmcial context, but psychopathology is not a property of those environments; rather, it is 

a property of an individual's psychology in those contexts. 

In contrast to this understanding of psychopathology as in the domain of psychological phe

nomena, in recent decades there have been widely accepted assertions that one or another type of 

psychopathology is actually a brain or biochemical disorder, not a psychological disorder. Such 

claims confuse the nature of psychopathology with the premise that important biological phe

nomena occur in connection with psychopathology (Miller 1996, 2010). This misunderstanding 

can be seen as an overcorrection in response to the attempt a few decades earlier to locate psy

chopathology almost exclusively in the social, political, and economic environment. That earlier 

approach confused important environmental factors with the individual psychopathology it may 

foster, and it paid too little attention to biological (including genetic) factors. Physical, biological, 

psychological, social, and economic contexts are not entirely interreducible, though conceptual 

linkages might be developed (Kozak & Miller 1982, Patrick et al. 2012). As discussed at length 

elsewhere, it may very well be that prevention or intervention efforts in one domain lead to reduced 

patllology in another domain, but we should not confuse tlle domains: 

Perhaps the psychological and the biological are logically distinct domains of explanation without 

the respective phenomena actually being physically distinct. Or perhaps psychological and biological 

concepts are not merely different terms for the same phenomena (with interreducible meanings)

psychological and biological explanations are not explanations of the same things. This possibility 

can be entertained without embracing dualism. No one accuses computer scientists of dualism due to 

distinguishing software and hardware or algorithm and implementation . (Miller 2010, p. 736) 

It is common to conceive of psychopathology as tlle result of a causal chain. To prevent, 

predict, alter, or understand psychopathology, we turn to the links we suppose to be earlier in 
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the chain. Not only do we assign causal precedence to prior links; earlier links may COme to 

seem more fundamental than those we originally wished to affect. The temptation is to assume 

that the earlier in the chain we can intervene, the more powerful and effective our interventions. 

This appealing temptation ignores the possibility of later, more effective interventions reflecting 

differential feasibility or knowledge about different stages. 

If instead of a single element or chain of elements, one's explanatory metaphor is a nomological 

network, then the opportunities for effective intervention quickly multiply, though it may no 

longer be obvious where the best point of intervention lies. In fact, in complex systems there 

may be many effective points, or none, considered in isolation. Such an explanatory network can 

be conceived as an indefinite set of relationships of mutual influence. Eventually any notion of 

serial causation dissolves into an appreciation of patterns of regularities, and that may suffice for 

successful science and clinical practice (Miller 2010). Unidirectional causation, like homuncular 

intention, is no longer needed in one's theory. 

The concept of endophenotype warrants such an evolution. Commonly an endophenotype is 

placed between genes and behavior in a simple causal chain. Clearly, science must simplify to 

proceed, but it must occasionally remember that it is working with simplifications. Once in a 

while it must revisit and undo some of the simplifications. Such a reversal is underway in recent 

literature on the role of endophenotypes in psychopathology. 

Even if, for the sake of simplicity, we retain some local, linear causal notions, we understand 

that sets of such relationships are reciprocal, even recursive. The recent progress in genomics and 

epigenetics (for accessible introduction, see Goldman 2012) illustrates that genes do not simply 

set the stage, creating a fixed biology and channeling logically subsequent environmental input, 

which as Kendler (2011) noted is often mistakenly assumed. For example, Laland et al. (2010; see 

also Goldhaber 2012) argued that human culture has powerfully affected human evolution, with 

hundreds of genes having been subject to rapid selection pressure due to culture. Turkheimer et al. 

(1995, p. 149) emphasized that "human behavioral phenotypes are, if anything, several orders of 

magnitude more complex than heart disease." KendleI' (2005a, p. 1250) noted that "The use of the 

phrase 'a gene for' implies (and in fact only makes sense in the context of) genes which ... 'code 

for' psychiatric illness in a simple, direct, and powerful way" but that "The sU'ength of association 

between individual genes and psychiatric disorders is weak and often nonspecific. Genes do not 

appear to contain all the information needed for the development of psychiatric illness, since 

environmental factors have, for several disorders, been shown to have causal specificity .. . the 

impact of individual genes on risk for psychiatric illness is small, often nonspecific, and embedded 

in causal pathways of stunning complexity . .. Although we may wish it to be true, we do not have 

and are not likely to ever discover 'genes for' psychiatric illness." 

Dick (2011) explored at length (see also Goldman 2012, KendleI' 2011, Thapar et al. 2007) 

how the contribution of genes, endophenotypes, or any other contributors may not be simply 

to foster psychopathology. She discussed various forms of GxE interactions wherein a given 

allele may foster psychopathology in one environment but be a protective factor in another. 

Unfolding environment does not merely combine additively with pre-existing genome to drive 

behavior. Environment controls the operationalization of the genome, and in fact dynamic com

binations of genetic and environmental nodes correlate and interact. Work by Meaney (2001) 

and others, the implications of which are sti ll not yet widely appreciated (for an accessible in

u'oduction, see Goldman 2012), showed that behavior and experience in one generation alter . 

gene expression (and behavior and experience) in a subsequent generation (and in the next hour 

of the individual's life). Rather than the common implicit view of a linear chain of incremen

tal causation from a genetic fundament, a re-entrant network of relationships produces clini

cal phenomena. Putative endophenotypes are often presented as merely a stage inserted in a 



simple, serial, causal model, but in fact the concept is quite compatible with such a network 

view. 

The concept of endophenotypes has become pervasive in the psychopathology research litera

ture. This review critically surveys its impact over its first 40 years, examines its evolution in light 

of the growing interest in dimensional approaches to psychopathology manifested in the NIMH 

RDoC initiative, and considers some policy implications of endophenotypes when seen as key 

elements of an explanatOlY network for psychopathology. 

THE ENDOPHENOTYPE CONCEPT 

Gottesman drew from insect genetics thanks to his PhD mentor, Sheldon Reed, a Drosophila 

specialist who encouraged him to pursue human twin studies (1.1. Gottesman, personal communi

cation). In bringing the concept of endophenotype to the psychopathology literature, Gottesman 

& Shields (1972, 1973) borrowed and broadened the term from the work of John & Lewis (1966, 

p. 720), who had explained that "The endophenotype, by definition, does not affect the competitive 

efficiency or, therefore, the adaptedness of the individual; it affects the number and nature of the 

offspring ... It is our hope that this review will serve to show that, as far as the study of geographical 

disu'ibution in insects is concerned, it is clearly time to examine more fully not the exophenotype 

but the endophenotype, not the obvious and external but the microscopic and internal, not the 

genic but the chromosomal." Gottesman & Shields (1972,1973) were not proposing that psy

chopathology researchers leap im1nediately to the chromosomal level, but their work strongly 

advocated bringing genes into the picture. 

Specifically, inu'oducing the endophenotype concept to the psychopathology literature was 

in the service of two major goals: to identify the genes that contribute to psychopathology and 

to identify the mechanisms by which genetic inputs u'anslate into biological and psychological 

processes (including psychopathology) manifest in the phenotype. Central to the proposal was their 

wager tllat endophenotypes are driven by fewer genes than the full, complex phenotypic disorder, 

although more recent tlleorists have begun to ~ha ll enge whether genetic and GxE contributions 

to putative endophenotypes will turn out to be substantially simpler than those to traditional 

disorders (e.g., Cannon & Keller 2006, Dick 2011, Kendler 2011, Turkheimer 2000, White & 

Gottesman 2012). For example, psychological traits can have a very substantial genetic input even 

WitlloUt individual genes having large effect sizes. Still, there is good reason to look for fundamental 

psychological and biological processes rather than to work only witll whole disorders and work 

upsu'eam to find their sources. 

Gottesman & Shields (1972, 1973) left room for complex relationships, suggesting a role of 

endophenotypes as a bridge between various levels (symptoms, genes, behavior, psychological 

processes, brain structure, brain chemistry, and tlleir variation witll environmental influences). 

Their hope was that discovering bidirectional, correlative relationships between endophenotypes 

and phenomena at diverse levels wou ld point to the mechanisms of translation along the causal 

path from origin (genetic and otherwise) to phenotype. 

The endophenotype concept was novel and generative at a time when the urge to understand 

mental disorder was insufficiently satisfied by numerous findings of relationships between 

diagnoses and more specific measures of abnormality (symptom, performance, psychologi

cal deficits, etc.) on one side and the emerging evidence of heritability of disorder on the 

other. It should be noted that circa 1970 the case for a very substantial genetic conu'ibution 

to psychopathology was just forming (e.g., Gottesman 1963, Gottesman & Shields 1967, 

Heston 1970, Kety et al. 1968, Meehl 1962). Prompted by tlle introduction of tlle concept 

of endophenotypes and research guidelines for their identification, enthusiastic and ambitious 
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research efforts identified many candidates but also challenges, caveats, and limitations, discussed 

below. 

Forty years in, at the end of what we might call the Decade of the Endophenotype that began 

with Gottesman & Gould's (2003) seminal update to the endophenotype enterprise-now with a 

huge body of research, an intense conceptual discussion, and diverse methodological progr ess in 

genomics and neuroscience in hand- where does the concept of endophenotype stand? Does the 

record support expectations that endophenotypes can be reliably identified or that they reduce the 

gap between observed relationships between diagnoses, more specific measures of pathology, and 

growing evidence of heritability from behavioral studies and molecular genetics? Does it support 

the assumption of a profound genetic contribution to mental disorder? Does the record facilitate 

specification of mechanisms? 

This review discusses advantages and benefits as well as conceptual and methodological chal-

lenges of and constraints on endophenotype research by eva luating three contentions: 

1. Endophenotypes are useful for understanding the origins of mental disorder. 

2. Endophenotype research supports a transdiagnostic perspective on mental disorder. 

3. Multivariate, multilevel approaches encourage a change from a single causal chain to a 

network metaphor. 

DEFINING THE ENDOPHENOTYPE 

In the original conceptualization, Gottesman & Shields (1973, p. 19) characterized endopheno

types as "internal features ... only knowable after aid to the naked eye . .. by a biochemical test or a 

microscopic examination." This has commonly been read to mean that they conceived endophe

notypes as necessarily biological phenomena. Paris (2011, p. 260) described the naive reductionism 

common in this literature: "It has been suggested that psychiatric diagnosis should come to depend 

on endophenotypes, in order to define more precisely the mechanisms behind mental disorders. 

This construct is associated with the assumption that mental processes can be reduced to activity 

at a neuronal level." 

Gottesman & Shields (1972) did not make that assumption. Of course, biological phenomena 

are not necessarily genetically driven, in the sense of where the interesting variance comes from, 

but the endophenotype notion is even less restrictive. Although the literature on endophenotypes 

has commonly assumed that they must be biological (in the sense that a direct measurement of a 

biological phenomenon is required), Gottesman has never limited the concept to biological phe

nomena (LL Gottesman, personal communication; Lenzenweger 2010). For example, personality 

inventory profiles could qualify as endophenotypes. This was explicit from the beginning: "We 

are optimistically hopeful that the current mass of research on families of schizophrenics will dis

cover an endophenotype, either biological or behavioral (psychometric pattern) . .. " (Gottesman 

& Shields 1972, p. 336). 

In the first two decades following the original proposal, various investigators proposed criteria 

for an endophenotype or related notions of genetic markers (for discussions of criteria, see Cannon 

& Keller 2006; Iacono 1982, 1983, 1985; Iacono & Lykken 1979; Iacono & Malone 2011; Turetsky 

et a1. 2007). In 2003, Gottesman & Gould (p. 636) characterized endophenotypes as "measurable 

components unseen by the unaided eye along the pathway between disease and distal genotype" 

and called endophenotypes "simpler ciues to genetic underpinnings than the disease syndrome 

itself." Gould & Gottesman (2006, p. 115) affirmed that the core idea of an endophenotype 

was unchanged: "Endophenotypes represent more defined and quantifiable measures that are 

envisioned to involve fewer genes, fewer interacting levels and ultimately activation of a single set 

of neuronal circuits . . . ". 



Gottesman and colleagues (Hasler et al. 2006, p. 93) emphasized that in their conceptualization, 

the endophenotype "fills the gap in the causal chain between genes and distal diseases," and 

they added some flexibility to the state-independence or stability criterion, offering these criteria 

(Hasler et al. 2006, p. 94; see also Ritsner & Gottesman 2011): 

1. An endophenotype is associated with illness in the population. 

2. An endophenotype is heritable. 

3. An endophenotype is state independent (manifests in an individual whether or not illness is 

active) but age normed and might need to be elicited by a challenge (e.g., glucose tolerance 

test in relatives of diabetics). 

4. Within families, endophenotype and illness cosegregate. 

5. An endophenotype identified in probands is found in their unaffected relatives at a higher 

rate than in the general population. 

Gottesman and colleagues have updated the endophenotype discussion in several important 

ways in the past decade. Chan & Gottesman (2008, p. 962) added a sixth criterion: "The endophe

notype should be a trait that can be measured reliably, and ideally is more strongly associated 

with the disease of interest than with other psychiatric conditions (i.e., specificity) (cf. Hasler et al. 

2006)." Hasler et al. (2006, pp. 94-95) conveyed mixed feelings about the specificity issue: "It 

should be emphasized, however, that endophenotypes, reflecting genetically relevant aspects of 

the heterogeneous pathophysiology of the disease, are clearly different from diagnostic markers, 

which are evaluated by measures of sensitivity and specificity, because it cannot be assumed that the 

current definitions of psychiatric diseases are biologically valid. Claiming biological and clinical 

plausibility as endophenotype criteria prematurely or a priori might consequently impede discov

eries of novel, unexpected disease mechanisms. We are not yet able to carve nature at its joints 

because we are uncertain as to what are the joints." Although no one could argue with tlle value of 

reliability of measurement, Hasler and colleagues were identifying two important caveats for evalu

ating candidate endophenotypes that the literature has largely ignored. First, biological plausibility 

can be demanded too early and too stringently. Second, defining clinical plausibility in terms of 

conventional categorical diagnoses can be velY problematic. We return to both issues below. 

Hasler ~t al. (2006, p. 95) also articulated a notion of a "pheno-geno gradient of endophe

notypes" and noted that "relatively broad endophenotypes (brain function endophenotypes, e.g., 

cognitive performance) might be the most heritable and most appropriate for genetic studies." 

This view of a gradient on which endophenotypes differ in their distance fr0111 both genes and 

clinical manifestations is compatible with the more elaborate notion of a network of relationships 

witllin and around endophenotypes proposed by Cannon (2005), to which we also return below. ' 

Otller scholars have largely adopted the view of Gottesman and colleagues. Cannon & Keller 

(2006, p. 267) described the endophenotype approach as an "alternative method for measuring 

phenotypic variation tllat may facilitate the identification of susceptibility genes for complexly 

inherited traits" (see also Archer et al. 2011). Turetsky et al. (2007, p. 69) more directly connected 

endophenotypes to "tlle actions of genes predisposing an individual to a specific disorder, even 

in tlle absence of any diagnosable pathology." A number of interesting corollaries have been 

derived from the basic notion, such as that relevant genes ought to correlate better with tile 

endophenotypes than with tlle manifest disorders (Flint & Munafo 2007; for other important 

corollaries, see Kendler & Neale 2010). A particularly sensible extension of the Gottesman & 

Shields (1972) criterion that tlle endophenotype must be associated with tlle disorder in tile 

population is that it must be associated with causes and not merely effects of tlle disorder (Cannon 

& Keller 2006), though KendleI' & Neale (2010) noted that tests of this criterion are vulnerable to 

differences in measurement error and that it is not uncommon to find that tlle genetic influence 

on the putative endophenotype is smaller than that on the disorder. 
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Despite general consensus about the endophenotype concept, three differentiators of these 

concepts can be noted. First, the Gottesman et al. concept has historically assumed a genetic 

input, but it has not required that the genetic contribution to a given endophenotype be the 

most prominent. One can readily imagine an endophenotype that is so driven by environmental 

contributions or whose gene x environment or gene-environment correlation contributions are so 

far removed from simple, Mendelian genetic models that the genetic grounding is but a small part 

of the story. However, some authors portray endophenotypes as being essentially manifestations 

of wholly genetic contributions. T hat is a misunderstanding of the concept. 

A second differentia tor is that the Gottesman et al. concept was framed as having biological 

validity, but as discussed above endophenotypes themselves need not be biological, such as a 

working memory deficit (Cannon & Keller 2006, Hasler et al. 2006, Manoach 2003) or accuracy 

and speed across a battery of cognitive tests (Gur et al. 2007a,b) in schizophrenia, a memory bias 

in depression (Levin et al. 2007), cognitive bias (MacLeod & Mathews 2012) or attentional deficit 

in anxiety (Sass et al. 2010), impaired decision-making associated with suicidal behavior (CoUl·tet 

et al. 2011)-all phenomena that are definitionally psychological. De Geus & Boomsma (2001) 

listed 18 behavioral tasks as "behavioral endophenotypes of cognition" and implied that many 

more are available (though they did not undertake to review how many of these have been shown 

to meet full Gottesman criteria for an endophenotype). 

Although for the endgame Hasler et al. (2006) included biological validity for endopheno

types, they did not confine endophenotypes themselves to biological phenomena. Specifically, 

they proposed that endophenotypes could be phenomena in any domain. Their view was that 

endophenotypes do not have to be biological phenomena but are "biologically valid"- consistent 

with genetic and other biological contributors. NlMH RDoC policy (Insel & Cuthbert 2009, 

p. 988) embraces this broader view: "Endophenotypes are relatively well-specified physiological 

or behavioral measures that are considered to occupy the terrain between disease symptoms and 

risk genotypes." 

In a paper specifically designed to avoid any ambiguities in the definition of endophenotypes 

by emphasizing the difference between biomarkers in general and that subset that is heritable (LI. 

Gottesman, personal communication), Gould & Gottesman (2006, p. 113) wrote: "Endopheno

types can be neurophysiological, biochemical, endocrine, neuroanatomical, cognitive or neuropsy

chologicaL" In Hasler et al. (2006), Gottesman and colleagues mentioned "cognitive performance" 

as a potential endophenotype. Cannon & Keller (2006) cited "cognitive dysfunction" as a poten

tial class of endophenotypes. Ritsner & Gottesman (2011) listed a series of psychological deficits 

as endophenotypes relevant to functional psychoses. Robbins et al. (2012) proposed impulsivity 

and compulsivity as endophenotypes. Thus, endophenotypes do not have to be directly biological 

phenomena, even t1lough "the endophenotype approach assumes that the underlying liability of 

endophenotypes represents basic biological phenomena" (Hasler et al. 2006, p. 95). Endopheno

types do have to meet the criteria Gottesman and colleagues have articulated, unless an autllOr 

explicitly discusses alternative criteria employed. 

Walters & Owen (2007) and Kendler & Neale (2010) noted tllat one could fruitfully conceive 

of an environmental endophenotype, which could foster liability to disorder in some direct way 

or mediate the influence of another endophenotype, or an endophenotype that itself captured 

some combination of genetic and environmental contributions. In fact it is entirely reasonable to 

understand endophenotypes as subject to the same GxE factors and gene-environment correlations 

as is commonly assumed for traditional categorical disorders . This broader framing does not 

render tlle concept of endophenotype uselessly inclusive as long as the defining requirements such 

as heritability are retained. It does reflect tlle principle that we should try to identify and explain 

phenomena that are causally close to other phenomena before we try to engage longer explanatory 



chains. Biological, psychological, and environmental phenomena may all qualify for roles in an 

account of mental illness. Meehl (1977) noted that we tend to characterize a disorder as distinctly 

a genetic, dietary, psychological, etc. disorder if we believe that tllat one domain provides tile most 

important (perhaps the most differentiating) contribution-the specific etiology. It now appears 

tllat genes alone cannot achieve that designation in mental illness. 

A third differentiator of the endophenotype and related concepts is that the role of a given 

phenomenon in an account of a disorder mayor may not be causal. "Endophenotype" has been 

rather carefully defined (especially by Gould & Gottesman 2006), but not all usage is in line with 

tile definition. Altllough here and elsewhere we have argued against framing psychopathology as 

inherently biological and have suggested that the present state of the literature makes any assump

tion about causal direction in biology-psychology relationships premature at best (Miller 1996, 

2010; Miller & Keller 2000), the present review does not advocate straying from the Gottesman 

conceptualization of endophenotypes as phenomena located along an explanatory path to disorder. 

However, in evaluating the impact of the endophenotype concept, it is important to recognize 

that writings that invoke the term "endophenotype" vary substantially in how and how much they 

stray. 

Related but looser terms such as a "biomarker" for, a "biological substrate" of, or phenomena 

said to "underlie" a disorder vary greatly in their usage in the literature (see Iacono 1983 for an 

early discussion of this problem and Lenzenweger 2010 for an especially thoughtful critique). 

Biomarkers are sometimes viewed as merely correlates, sometimes as necessary (though not 

sufficient) signs, and sometimes as mere epiphenomena. Lenzenweger (2010) noted that a 

biomarker need not meet the heritability criterion required of an endophenotype. Ritsner (2011) 

distinguished risk factors, endophenotypes, and putative neurobiological factors . Kendler & 

Neale (2010) questioned whether biomarker is even an appropriate term for a genetic correlate 

of disorder. Biological risk indicators can be mere correlates, whereas an endophenotype is a 

mediator (Kendler & Neale 2010). "Intermediate phenotype" is closer to the endophenotype 

concept and is sometimes viewed as a synonym for it (e.g., Cannon 2005, Glahn et al. 2010, 

Hill 2010, Insel & Cuthbert 2009, Kendler & Neale 2010, Preston & Weinberger 2005), but 

Lenzenweger (2010) provided an extended and compelling criticism of "intermediate phenotype" 

in this context. "Latent phenotype" (Sabb et al. 2009) is essentially the same notion. White 

& Gottesman (2012) equated endophenotypes only with heritable intermediate phenotypes. 

Gottesman and colleagues (Courtet et al. 2011, Gottesman & Gould 2003) have criticized these 

terms as failing to distinguish cause from effect, again leaving them open to the criticism of being 

epiphenomenal. Epiphenomena can be informative but will generally not be as explanatory. 

This variability in usage renders difficult judgments about whether phenomenon X "is" 

an endophenotype (or biomarker or whatever). Numerous papers claim that result X "could 

be a biomarker" for disorder Y. Without substantive explication of a nomological net around 

such a finding, which is very often missing, there is essentially no information value in such 

statements (see also Gotlib & Hamilton 2012, Kozak & Miller 1982, Patrick et al. 2012). Gould 

& Gottesman (2006, p. 114) dismissed biomarkers as merely biological measures associated 

with some populations: "Among studies of psychiatric diseases, tllere exists an overwhelming 

number of biological markers. However, these often solitary findings frequently have limited 

reproducibility, botll among and within patients, and may represent state dependent results." 

As noted above, tile criteria for endophenotypes have evolved slightly, and the concept has 

been clarified in tile past decade. Clinical evidence in schizophrenia and other disorders that be

come manifest during development, for example, challenged the criterion of state independence 

as mandatory and suggested allowing changes during active stages of brain maturation in adoles

cence and early adultllood (Pantelis et al. 2010). Iacono & Malone (2011) cited a variety of sets of 



criteria, provided a particularly detailed set, and emphasized that developmental considerations 

have received too little attention in prior literature. As noted above, Gottesman and colleagues 

embraced this point in modifying the state-independence criterion (Hasler et al. 2006; see also 

Vrieze et al. 2012a). Some authors have emphasized tllat a one-to-one mapping of endopheno

type to disorder should not be assumed or sought. Cannon & Keller (2006; see also Gilmore 

et al. 2010b, Kendler & Neale 2010) noted tllat a given disorder could be affected by numerous 

endophenotypes and that conversely a given endophenotype could affect multiple disorders. This 

proposal seems particularly credible and generative for disorders with multiple genetic contrib

utors, which is now increasingly suspected (e.g., Dick 2011, Gould & Gottesman 2006, Kendler 

2011). Indeed, for at least many disorders, "multiple molecular entry points to illness liability" have 

to be assumed (Eisenberg & Berman 2010, p. 258). Cannon & Keller (2006) also suggested mat 

endophenotypes should vary continuously (dimensionally) in tlle general population and should 

optimally be measured across several levels of analysis. 

Further proposed extensions of the endophenotype concept or criteria have recommended mat 

they be assessed by experimental, laboratory-based methods rather than by clinical observation 

(Pearlson & Folley 2008) so mat measurement would be "rapid and easy ... in growing recognition 

of me necessity of large samples for well -powered analyses" (Turetsky et al. 2007, p. 70), given 

mat individual conu'ibutions to variance will likely be quite small, mat adequate test-retest reli

ability and between-site reliability should be assured, and that performance impairments should 

be shown not to be due to medication (Gur et al. 2007a). Turetsky et al. (2007) recommended 

that an endophenotype candidate reflect a "discrete and well-understood neurobiological mech

anism that is both informative for the patllophysiology of a disorder and indicative of the action 

of a limited number of genes" (p. 70). \\Then considering such a criterion, one can differentiate 

whether (0) identifying the relevant biological mechanisms should be required before classify

ing a phenomenon as an endophenotype versus (b) viewing classification of a phenomenon as an 

endophenotype augurs well for later identifying tlle relevant mechanisms, including biological 

mechanisms. Hasler et al. (2006, p. 95) argued against adding biological or clinical plausibility to 

endophenotype criteria, as these could "impede discoveries of novel, unexpected disease mecha

nisms." They also did not favor evaluating candidate endophenotypes for sensitivity or specificity 

as diagnostic markers for clinical diagnosis "because it cannot be assumed that tlle current defini 

tions of psychiatric diseases are biologically valid." 

A final caveat for defining and studying endophenotypes is that the issue of statistical power 

is receiving increasing attention in me endophenotype and neighboring literatures as it becomes 

appreciated that many genome-motivated studies have been seriously underpowered (e.g., Dick 

2011, Duncan & Keller 2011, Kendler 2011, Lenzenweger 2010, Turetsky et al. 2007). Roberts 

et al. (2007) noted that small effects are common in many contexts and may in any case have 

substantial practical significance. 

Indeed, what constitutes an adequate power analysis seems often to be misunderstood. Com

monly in grant applications, for example, a power analysis is offered based on me assumption that 

an effect size will approximate tlnt found in some otller study. But such a benchmark is usually 

of little value. A host of factors could render an effect larger or smaller in anomer sample as

sessed in a different context. Idea lly, a point prediction of effect size would be offered based on 

quantitative understanding of tile phenomenon (Meehl 1978). Unfortunately, good gTounds for 

such a stance are rarely available in psychopamology research, but the question of what wou ld 

be an adequate test of the hypotllesis should nevertheless be engaged. Pragmatically, how small 

an effect should the study be powered to find? \\That is needed is a clear stand on how small an 

effect is wortll finding, not how big an effect is likely (Miller 2004). Until the issue of effect size 

is more realistically and successfu lly engaged, we are left with the observation mat, in genera l, 



behavior genetics studies-typically pooling and thus not distinguishing the roles of numerous 

genetic contributions-have proven much more replicable than have molecular genetics studies 

focusing on specific genes (Kendler 2011). 

PROGRESS AND PROMISE: THREE CONTENTIONS 

Now at the end of what above we called the Decade of the Endophenotype, a long roster of 

publications are available that claim to have demonstrated an endophenotype for disease X or 

that advocate measure Yas a promising candidate for an endophenotype. (Rarely does a thorough 

evaluation against the criteria of Cannon & Keller 2006, Hasler et al. 2006, Iacono & Malone 

2011, etc., accompany such a stance.) Progress, promise, and take-home outcomes for some pro

posed endophenotypes have been carefully reviewed and evaluated in that decade (e.g., Cannon 

2005, Cannon & Keller 2006, Flint & Mmlafo 2007, Gotlib & Hamilton 2012, Gottesman & 

Gould 2003, Iacono & Malone 2011, Insel & Cuthbert 2009, Kendler & Neale 2010, Preston & 

Weinberger 2005, Walters & Owen 2007). Reviews have addressed whether and to what extent 

research evidence has lived up to tlle goals of facilitating study of genetic contributions to disorder 

and identifying endophenotypes that are grounded well enough to be useful in tllis respect. 

The abundance of studies and diversity of results may reflect challenges inherent in 

endophenotype research. Most fundamentally, thorough consideJ:'ation of criteria proposed 

for endophenotype identification exceeds capabilities of most laboratories (e.g., longitudinal, 

multisite-population studies tllat integrate molecular genetics, neuroscience, and cognitive as

sessment). Even ambitious, longitudinal studies may not allow adequate examination of the state

independence criterion, given ongoing variance in gene expression, such that many phenomena 

that may depend greatly on genes vary over time. 

But much has been accomplished. The present selective review discusses several endopheno

types for which a solid body of evidence is now available. The agenda is less to pass judgment on 

specific endophenotypes and more to determine what such progress tells us about the promise 

of endophenotype research reg~rding implications for future research and policy, by examining 

(a) tlle usefulness of endophenotypes for understanding disorder, (b) the usefulness of endopheno

types for binary (present/absent) diagnoses versus transdiagnostic dimensional characterization, 

and (c) the usefulness of multivariate, multilevel metllods supporting a network conceptualization 

of endophenotypes. 

The emphasis here is on schizophrenia as the disorder most intensely pursued for endopheno

types, and on executive functions, sensory gating, and eye movement disorders (EMDs) as exemplar 

domains of endophenotypes for which substantial evidence is available (see also the special section 

on endophenotypes in schizophrenia tllat appeared in the first issue of Schizophrenia Bulletin in 2007 

and a review by Lenzenweger 2010). Otller reviews document substantial endophenotype research 

for other disorders: Hasler et al. (2004, 2006) considered potential psychological and biological 

endophenotypes in major depression and bipolar disorder. Hasler & Nortlloff (2011) proposed 

neuroimaging-based endophenotypes for major depression. Ritsner & Gottesman (2011) reviewed 

endophenotypes for schizophrenia and bipolar disorders as types of "functional psychoses." 

Courtet et al. (2011) and Mann et al. (2009) agreed that impulsivity appears to meet all traditional 

criteria for an endophenotype of suicidal behavior, and both papers reviewed other promising 

candidates Witll some or very considerable supporting evidence. Dick et al. (2006) reviewed a series 

of studies showing successful uses of an elecu'oencephalography (EEG) endophenotype to identify 

candidate genes in risk for alcoholism. Robbins et al. (2012) discussed impulsivity and compulsivity 

as endophenotypes for a variety of U'aditional diagnoses. Hill (2010) noted a number of endophe

notypes she judged valid for alcoholism. Iacono & Malone (2011) provided a particularly thorough 
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and compelling evaluation of the P300 component of the visual stimulus event- related brain 

potential as an endophenotype for genetic vulnerability to externalizing disorders. Siever 

(2005) and Reichborn-Kjennerud (2010) discussed potential endophenotypes for personality 

disorders. 

Endophenotypes Are Useful for Understanding the Origins of Disorder 

Schizophrenia has been a primary target of endophenotype research. W11en Gottesman & Shields 

(1972) proposed the endophenotype concept, the case for genes having a major role in schizophre

nia was just being accepted. Even while offering the pioneering "It is my strong personal conviction 

that .. . schizophrenia, while its content is learned, is fundamentally a neurological disease of genetic 

origin," Meehl (1962, p. 837) also believed in a contribution from "schizophrenogenic mothers" 

(see also Meehl 1972). The endophenotype concept was offered when those who did suspect a major 

role for genes anticipated discoveries of single genes of moderate to large effect (Cannon & Keller 

2006, Kendler & Neale 2010). Forty years hence, no such genes have been established, and the 

specific roles of genes (let alone the roles of specific genes) remain to be determined for any mental 

disorder. Moreover, current knowledge about specific genetic contributions to schizophrenia does 

not yet derive primarily from endophenotype research. Genomewide association studies (GWAS) 

and single nucleotide polymorphism analyses have provided substantial insight into the polygenic 

nature of schizophrenia together with the awareness that genetic factors in schizophrenia cannot 

be sufficiently identified nor mechanisms explained without better allowance for the complexity of 

the genetic story in schizophrenia and even larger studies undertaken in light of that (Owen 2012, 

Sullivan et al. 2012). How then might endophenotypes be useful for understanding schizophrenia? 

The endophenotype concept has enjoyed a resurgence in the decade since Gottesman & Gould 

(2003) updated the Gottesman & Shields (1972) proposal. Findings that authors have claimed 

or proposed as endophenotypes identified for schizophrenia cover quite a spectrum, including 

diverse behavioral and neural measures. Cannon (2005) concluded that heritable dimensions of 

cortical and subcortical system function captured in endophenotype candidates such as executive 

functions, sensory gating, and eye movement can be related to candidate genes for schizophrenia 

(some examples noted below). Gould & Gottesman (2006, Ritsner & Gottesman 2011) cited the 

same three as qualifying as en do phenotypes of schizophrenia. Reviews have recently appeared of 

potential endophenotypes for which the case is close but judged not yet as strong, such as Calkins 

et al. (2008) and Mazhari et al. (2011) regarding eye movement abnormalities, Chan & Gottesman 

(2008) and Neelam et al. (2011) regarding neurological soft signs, and W11ite & Gottesman (2012) 

regarding brain conl1ectivity and gyrification. 

Executive functions have been characterized as related but somewhat distinguishable abilities or 

processes valuable for preparing, controlling, and evaluating one's behavior. Various taxonomies 

exist, commonly differentiating response inhibitionlinhibitory conu'ol, updating of working mem

ory representations, set-shifting/redirecting attention, and, often, planning and/or fluency (for 

overview, see Eisenberg & Berman 2010, Friedman et al. 2008, Niendam et al. 2012). Disruption 

of these functions (especially inhibition and working memory) in schizophrenia has been related 

to dysfunction in seven brain regions (reviewed by Eisenberg & Berman 2010; see also Pearlson 

& Calhoun 2009, Walshaw et al. 2010) including dorsal and venu'omedial prefrontal and anterior 

cingulate cortex (ACC), dopaminergic regions (Gregoire et al. 2012), and subcortical circuits. A 

recent quantitative meta-analysis of 193 functional imaging studies including 2,832 healthy in

dividuals revealed a common pattei:n of activity in prefrontal, dorsal ACC, and parietal regions 

across executive function domains (Niendam et al. 2012). Additional domain-specific activity has 

been associated with anterior prefrontal and anterior and mid-cingulate regions. 



Such findings raise an intriguing but presently intractable question. Given that multiple 

brain regions are involved in multiple executive function deficits that appear to qualify as 

endophenotypes, what is the best degree of granularity for exploring their role in schizophrenia? 

Should the various regions be treated much like items on a self-report questionnaire for which 

we prefer high coefficient alpha? Is each an individually fallible indicator of a single latent factor 

tllat undermines function in multiple regions via a single dysfunction, in line with Meehl's (1962) 

proposal of a "neural integrative defect"? Or is a better metaphor a checklist of abnormalities 

that are largely uncorrelated in the general population but that, when tlley happen to coincide, 

cause marked dysfunction? Such was the model used in the seven-item scale of Golden & Meehl 

(1979), mistakenly faulted for low internal consistency. They sought indicators tllat were poorly 

correlated in the general population but that, when coincident, greatly boosted risk. 

The emergenesis concept of Lykken et al. (1992) comes to mind: a powerful coincidence 

of individually very rare and uncorrelated genetic factors. This hypothesis is supported by a 

recent evaluation of genomics progress, finding convincing support that genetic contributions 

to schizophrenia are more likely to be found in rare variants (copy number variations) and their 

de novo mutation tllan in specific genes (Owen 2012). Such rare genetic events could combine 

additively or interactively, tlle latter an example of epistasis, wherein one gene modifies the effect 

of another. Yet a third way to understand the identification of multiple affected brain regions is that 

the story lies not in some additive or even conventionally interactive combination of these regions 

but in some dynamical whole, where the key abnormality is in the network(s) they constitute, not 

in the individual regions. Thus, a superordinate cortical network implementing executive control 

could itself be an endophenotype. The literature on executive function as an endophenotype in 

schizophrenia is not yet able to choose among these conceptualizations of how genes contribute. 

Deficient executive functions in schizophrenia patients and unaffected family members have 

been established in neuropsychological tests of working memory and inhibition (for overview, see 

Pearlson & Calhoun 2009, Ritsner & Gottesman 2009; for working memory, Giakoumaki et al. 

2011, Glahn et al. 2003, Owens etal. 2011; for visual memory, Tuulio-Henriksson etal. 2003). Ex

ecutive function was evaluated on tlle heritability criterion in a multivariate twin study (Friedman 

et al. 2008) that suggested a highly heritable common factor, with additional genetic influences 

accounting for additional interindividual variability in two executive composites, inhibition and 

updating of working memory. Eisenberg & Berman (2010; see also Bearden et al. 2012, Munakata 

et al .. 20 11) evaluated as yet inconclusive evidence of genetic contributions to normal and disrupted 

executive functions for nine candidate genes related to dopaminergic and glutamatergic activity 

and to neural network connectivity, all of which have been proposed as putative schizophrenia 

risk genes (Esslinger et al. 2011, Karlsgodt et al. 2011, Markett et al. 2011). 

As emphasized by Eisenberg & Berman (2010) and Owen (2012), even candidate risk gene 

variants that are likely to cono'ibute only small portions of variance to a complex behavioral 

phenotype can be useful in conjunction with other methods. Importantly, some of the proposed 

candidate genes are known to affect neurodevelopment (e.g., DISCI, neuregulin1). Moreover, 

variation (polymorphisms, copy number variation, rare mutants) in schizophrenia has been 

associated with memory function and dysfunction in general (laaro-Peled et al. 2009, Jablensky 

et al. 2011, Papassotiropoulos & de Quelvain 201 1). Genetic factors proposed to explain memory 

functions overlap with those reported for executive functions above. 

The case for executive function as an endophenotype in schizophrenia is by no means 

monolithic, conveyed by a small sampling of mixed results. The impressive, multilevel informatics 

meta-analysis of Sabb et al. (2009) found genes contributing only around 7% of the variance in 

memory function, despite behavior-genetic studies establishing heritability of memory of around 

50%. Moreover, conflicting results and lack of diagnostic specificity challenge the validity of 



working memoty as an endophenotype. For example, patients and unaffected relatives showed 

impaired delayed verbal working memory, whereas immediate recall was intact in relatives 

(O'Driscoll et al. 2001). Unaffected siblings or parents and unrelated healthy subjects did 

not differ in their performance on the California Verbal Learning Test (Stone et al. 2011). 

Pearlson & Calhoun (2009) cited task-dependent performance variation that could undermine 

working memory as an endophenotype. Lennertz et al. (2011 a,b) demonstrated via GWAS that 

a polymorphism of a transcription factor (TCF4) usually associated with mental retardation was 

related to risk for schizophrenia but also to verbal working memory (the latter actually being 

better in schizophrenia carriers of the gene variant). Thus, the TCF4-mediated schizophrenia 

risk is not determined by the TCF4 effect on memory. 

On balance, a considerable literature supports viewing executive function as an endophenotype 

for schizophrenia. But executive function is an enormous construct, much in need of deconstruc

tion in order to identify its role(s) in and sensitivity and specificity for the etiological path(s) 

to schizophrenia. Such a broad psychological construct is likely to have numerous genetic con

tributors and thus to warrant a recursive analysis: identification of endophenotypes for executive 

function itself. Focusing some endophenotype research upstream, on more basic concepts such 

as sensory integration, neuroplasticity, and connectivity (Bullmore 2012, Owen 2012, White & 

Gottesman 2012), is warranted. 

Sensory gating is a much narrower phenomenon apparently earlier in tl1e causal path(s) to 

schizophrenia. It has been studied extensively as a potential endophenotype in schizophrenia . 

Sensory gating is usually evaluated using one of three phenomena: prepulse inhibition (PPI), 

PSO/MSO suppression in the electromagnetic response to the second of paired clicks (some 

authors add or prefer N100/M100 suppression), and acoustic startle. Abnormal PSO response is a 

particularly robust candidate, the only biological measure ranking among the top ten effect sizes 

in meta-analyses of schizophrenia deficits (e.g., Heinrichs 2004). Cannon & Keller (2006, p. 264) 

concluded that "together witl1 abnormal gating of the PSO electrophysiological response to re

peated stimuli, deficits in frontal and temporal lobe memory systems are also the endophenotypes 

showing the strongest evidence of linkage and/or association with genetic polymorph isms previ

ously shown to be associated with schizophrenia." We briefly discuss tl1e first two of these measures 

of sensory gating, as there is very little literature on acoustic startle as a potential endophenotype. 

PPI and PSOIN100 suppression meet criteria for a robust quantitative measure, reliably related 

to diagnosis, with established regulating brain circuits (frontal, limbic, and mesolimbic; for PPI, 

see Swerdlow et al. 2008; for PSO/MSOINIOO/MI00, see Rosburg et al. 2008, Smith et al. 2010, 

Turetsky et al. 2008, Williams et al. 2011). PolymOl'phisms in serotonin and dopamine system 

genes, COMT, neuregulin-I, DISC, and NMDA-related genes have been found to vary with PPJ 

(Petrovsky et al. 2010, Powell et al. 2009, Quednow et al. 2009). PSO suppression has been related 

to the COMT polymorphism (At1Cin et al. 2011, Lu et al. 2007). These genes have also been 

related to schizophrenia risk, notwitl1standing a need for caution because of high variability and 

polygenetic conu·ibutions. Sensory gating measures vaty witl1 medication and clinical state, so tl1e 

state-independence criterion for qualifying as an endophenotype is not consistently fulfilled. As 

noted above, that criterion has been questioned by many and softened by some in the endophe

notype literature. For example, endophenotypes need not be invulnerable to cognitive training or 

medication. An intervention might alter not only a manifest symptom but the psychological or 

biochemical mechanisms that drive it, and some of those mechanisms may be endophenotypes. 

More problematic is that even though sensory gating is a far simpler conSU'uct than executive 

function, once again its facets show significant divergence that complicates pursuit and interpre

tation of it as an endophenotype. PPI is not consistently related to PSO suppression or acoustic 

startle (Swerdlow et al. 2008), so it is not clear what aspect(s) of sensory gating ought to qualify 



as an endophenotype. Moreover, candidate gene variants have not always been found to associate 

with P50 suppression across psychotic patients, unaffected relatives, and healthy subjects (Shaikh 

et al. 2011). Finally, substantial variability and overlap in PPI distributions among patients with 

different disorders (such as schizophrenia, autism, and obsessive-compulsive disorder) and healthy 

subjects (Braff et al. 2007, Swerdlow et al. 2008) temper the case for the PPI variant of sensory 

gating contributing to the understanding of schizophrenia. 

The NIMH RDoC initiative, however, sets the stage for reevaluating such diagnostic non

specificity as providing transdiagnostic, possibly dimensional evidence that PPI sensory gating is 

nevertheless an endophenotype. This is supported by the comparison of schizophrenia and bipolar 

disorders (Ritsner & Gottesman 2011). Swerdlow et al. (2008, p. 376) concluded that "The con

struct of gating deficits in neuropsychiatric disorders has empirical support and intuitive appeal, 

and serves as a unifying heuristic for understanding the psychological and neural substrates shared 

by otherwise unrelated disorders. PPI is an operational measure of basic, brain-based gating pro

cesses.1t is robust, reliable, easily quantified, and versatile as an experimental tool, and is abnormal 

in several brain disorders including schizophrenia that are characterized by clinical evidence of 

impaired gating." 

In summary, whereas there is strong evidence that sensory gating qualifies as an endophenotype 

for schizophrenia, it needs further explication to foster discovery of its role(s). It is telling that, 

despite the apparent simplicity of sensory gating relative to executive function, it has proven to be 

quite challengillg to narrow the construct to the most useful framing for mechanism discovery. 

As with detailing the human genome, identifying an endophenotype is not the ultimate goal. 

Comparing the state of the literatures for executive function and sensory gating also prompts 

consideration of the challenge and potential value of identifying relationships among endopheno

types. Recent evidence indicates a role for frontal cortex in auditory sensory gating (Chen et al. 

2012, Williams et al. 201 I), even though it has long been assumed that cortex in or near Heschl's 

gyrus is the cortical locus for sensory gating and its impairment in schizophrenia (e.g., Edgar 

et al. 2008, Popov et al. 2011, Smith et al. 2010). Once again the literature implicitly directs us to 

network phenomena at both psychological and neural levels. 

Many investigators have evaluated eye-movement abnormalities as a potential endophenotype 

for schizophrenia (Iacono 1998). Calkins et al. (2008) and Mazhari et al. (2011) provided reviews of 

saccade movement abnormalities as an endophenotype. Calkins et al. (2008, p. 456) commented, 

"Despite the promise of endophenotypes, relatively few researchers have attempted to apply EMD 

endophenotypes to molecular genetic studies. The results of studies tl1at have ventured into this 

domain have been intriguing but tlms far limited to a few specific candidate endophenotypes 

and genes. Yet, this kind of research can advance schizophrenia research by merging two fields: 

molecular genetics, which is in need of more genetically homogenous groups, and endophenotype 

research, which is in need of genetic underlying apparently heritable indicators of schizophrenia 

risk. The actualization of the promise of endophenotypes to assist in the schizophrenia gene hunt, 

as yet largely unfulfilled, will rest on further research seeking to explicate the relationships among 

genes and candidate endophenotypes like EMD." 

The first of tl1ree contentions under review here is that endophenotypes are useful for under

standing the origins of mental disorder. As noted previously, the present discussion has undertaken 

a selective review, not to provide a settled judgment about specific candidate endophenotypes but 

rather to evaluate tl1e overall progress and promise of tl1e endophenotype concept. The study of 

endophenotypes can serve at least two distinct purposes (Walters & Owen 2007): identification of 

risk genes and identification of the functional consequences of such genes. The literature has not 

yet met either of those goals. In tl1e case of schizophrenia, quite a bit has been accomplished in 

service of those goals, in tl1at there is considerable consensus tl1at executive function and sensory 

'9' 



gating qualifY as endophenotypes, and the case is close for eye-movement dysfunction. For exter

nalizing disorders, P300 amplitude reduction is a convincing endophenotype (Iacono & Malone 

2011). But endophenotype-oriented research has not definitely identified specific genes or spe

cific mechanisms relating genes to endophenotypes or endophenotypes to disorders. Given that 

no other type of psychopathology research has achieved those goals, the fault would not appear 

to lie specifically with the endophenotype concept. Still, it seems unlikely that many candidate 

endophenotypes that themselves reflect numerous genetic inputs have much chance of pointing 

the way to specific genes. For the potential gene-finding benefit of endophenotype research, we 

may need to pursue endophenotypes for some of the endophenotypes. 

Endophenotype Research Supports a Transdiagnostic Perspective 

on Mental Disorder 

The endophenotype literature has tended to rely on the premise in DSM and ICD that psy

chopathology of interest is largely categorical rather than dimensional. However, the broader 

psychopathology literature has expressed growing skepticism about categorical diagnosis. As dis

cussed elsewhere here, NIMI-I has recently advocated research strategies that do not begin Witll a 

categorical premise. Alternatives encourage transdiagnostic and dimensional approaches. Neither 

of these entails the other-one can conceptualize a symptom categorically without confining it to 

a single diagnosis. Of course, a hybrid system might work best, not only for qualitatively different 

psychopathologies but for different regions of tile explanatory network. Although the endophe

notype concept long predates tile NIMH RDoC initiative, one can evaluate how compatible they 

are. 

Some findings for executive function tests and functional brain measures are similar across 

diagnoses and suggest a common (genetic and/or other) contribution to and common expression 

of a psychotic dimension. For example, literatures on executive functions as endophenotypes in 

schizophrenia, bipolar disorders, and to a lesser extent depression show similar results with respect 

to heritability, disrupted performance in neuropsychological testing, and associated neural systems 

abnormalities (Ritsner & Gottesman 2011, Sullivan et al. 2012). Except for verbal fluency, exec

utive function results were similar for patients with schizophrenia or bipolar disorders and their 

relatives (Juselius et al. 2009) and similar for schizophrenia, bipolar, and obsessive-compulsive 

disorder patients (Rao et al. 2008). Results are controversial for verbal fluency. Owens et al. (2011) 

and Wobrock et al. (2009) reported similar deficits in schizophrenia patients and their relatives, 

whereas]uselius et al. (2009) did not find this similarity in bipolar families for verbal fluency. Evi

dence of transdiagnostic continuity has also been reported for tile inhibitory component of execu

tive function in schizophrenia and bipolar disorder (Besnier et al. 2009,]uselius et a!. 2009, Savitz 

et al. 2008). Ivleva et al. (2012) emphasized considerable similarity of performance deficits in exec

utive functions (including verbal working memory, attention, set shifting, and inhibition) between 

schizophrenia and bipolar I disorders (see also Bora et al. 2009, Glahn et al. 2010, Savitz et al. 2005, 

Schulze et al. 2011). In conu·ast,]abben et al. (2010) did not find evidence for cognitive deficits as a 

u·ansdiagnostic endophenotype. Ritsner & Gottesman (2011) concluded that u·ansdiagnostically 

overlapping and differentiating endophenotypes and genetic features support a neurodevelop

mental origin of schizophrenia, in conU·ast to bipolar disorders. A review of executive functions in 

pediau·ic bipolar and attention deficit-hyperactivity disorders (Walshaw et al. 2010) found similar 

effect sizes on verbal and spatial working memory tests, suggesting transdiagnostic endopheno

types, whereas substantial differences in tasks assessing inhibitory functions and planning or set 

shifting suggested disorder-specific endophenotypes. Such patterns of diagnostic convergence and 

divergence for different executive functions seem quite likely as this literature matures. 



As summarized by T haker (2008a), PSO gating abnormalities, well established in schizophrenia, 

are also found in families of bipolar patients. Similarities between schizophrenia and bipolar 

patients and their first-degree relatives have also been reported for the PPI measure of sensory 

gating, though less consistently. Such results strengthen the validity of considering sensory gating 

a transdiagnostic endophenotype. Further consistent with a dimensional view, Cadenhead et ai. 

(2000; see -also Ritsner & Gottesman 2011) reported reduced PSO suppression in individuals with 

schizotypal personality disorder (abnormalities were not assessed in relatives). 

Resting-state brain network connectivity has been examined as another potential endophe

notype studied with a transdiagnostic perspective. Such resting-state research (examining 

interregional correlations over time in fMRI activity patterns at rest) is much newer than most 

literatures reviewed here, but some relevant methods are particularly amenable to large-sample 

meta-analyses. For example, Meda et ai. (2010, 2012a,b) distinguished abnormal patterns in 

resting-state networks that are (a) shared between schizophrenia and psychotic bipolar patients 

and their unaffected relatives or (b) unique to schizophrenia or unique to bipolar patients. Given 

the growing focus on brain network operation, rather than on an untenable goal of localization 

of function (Miller 2010, Noe 2009, Uttal 2011), research on functional brain networks offers a 

more promising basis for endophenotypes. 

In sum, available studies suggest that schizophrenia and bipolar disorders represent, at least to 

an unknown but intriguing degree, a clinical continuum, with overlapping cognitive and functional 

brain features characterizing a psychosis phenotype (Ritsner & Gottesman 2011). Sullivan et ai. 

(2012, p. 543) concluded from their review of GWAS that "some of the most intriguing findings 

for SCZ and BIP are from large sets of genetic markers .... There are now replicated data that 

vulnerability to SCZ is influenced by common genetic variation in hundreds of different loci, and 

this vulnerability partially overlaps that for BIP. Indeed, the large-scale impact oflarge numbers 

of common variants may be a general feature of human complex traits" (see also Cirulli et ai. 

2010, Int. Schizophr. Consort. 2009, Moskvina et ai. 2009, Owen 2012). Carpenter et ai. (2009) 

went as far as to propose a cluster of psychotic disorders subsuming schizophrenia and bipolar 

disorders in the proposed meta-structure for DSM-S. Thaker (2008b) emphasized that the overlap 

of psychophysiological deficits between disorders like schizophrenia and bipolar disorder may not 

only help the hunt for psychosis liability genes but clarify the extent to which the two major 

psychotic disorders share etio-pathophysiology. 

Such proposals for a continuum of severity in prominent symptoms are inherently dimensional 

and not very compatible with the tradition of categorical diagnosis. The argument is not just about 

which approach better suits the clinical phenomena one wants to diagnose but which approach 

better suits constituent and etiologically prior phenomena. If one moves away from the high 

priority DSM and ICD have placed on reliable description and attempts to develop a diagnostic 

system based on tl1eory in hopes of improving validity, one inevitably turns to tl1e dimensional 

versus categorical nature of tl1e processes that drive the symptoms. Granting, along with most 

recent authors, tl1at at least many mental disorders reflect tl1e operation of numerous genes and 

numerous mediating endophenotypes, a purely categorical approach becomes difficult to defend. 

A typical self-report scale, scored as the sum of individual item scores, is a convenient metaphor. 

Whether tl1e individual items are conceived as categorical (present/absent) or dimensional (a 

rating of 1 to X), on the whole the scale will behave dimensionally. That is, once one assumes a net

work of contributors, especially when one allows for recursive effects among those contributors, 

the explanatory system is going to be very difficult to model categorically. A series (perhaps a very 

large series) of dimensional variables is li kely to provide a better fit, although this critique does 

not preclude tl1e possibility of contributions from categorical phenomena, perhaps via threshold 

effects. 
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Recent endophenotype theorists anticipate multiple endophenotypes for a given traditional 

disorder, with the role or prominence of at least a subset of the endophenotypes differing by 

disorder. Thus, complementing transdiagnostic endophenotypes, they also anticipate evidence 

for disorder-specific endophenotypes. For example, Besnier et al. (2009) reported impaired color

word and emotional Stroop interference in unaffected relatives of schizophrenia patients, w bereas 

only emotional interference was abnormally augmented in unaffected relatives of bipolar pa tients. 

Wobrock et al. (2009) reported specific differences between schizophrenia and bipolar patients 

in Wisconsin Card Sorting Test perseveration but not in verbal learning/memory and verbal 

fluency tests. Studying resting-state EEG oscillatory activity, Venables et al. (2009) proposed 

excessive frontal high-frequency activity as a specific endophenotype for schizophrenia because 

abnormalities were similar in patients and unaffected relatives but not evident in bipolar patients. 

In contrast, abnormally augmented low-frequency activity was related to schizophrenia-specific 

pathophysiology, present neither in relatives nor in bipolar patients or their relatives, and was 

associated with a COMT variant. The findings of Walshaw et al. (2010) for pediatric bipolar 

and ADHD disorders cited above are another such example. Again, a mix of transdiagnostic and 

disorder-specific patterns would not be surprising. 

Compared to such transdiagnostic evidence, research evaluating the P300 component of the 

event-related brain potential studied as an endophenotype supports another kind of dimensional 

perspective. This work mainly concerns substance use disorders (SUDs) and, using comparisons 

with other disorders like depression, suggests specificity for an externalizing-internalizing dimen

sion.lacono & Malone (2011) reviewed persuasive evidence thatP300 is heritable and is associated 

with a range of externalizing disorders (including childhood disruptive disorders and antisocial 

behavior in addition to SUD; see also Carlson & Iacono 2008; Euser et al. 2012; Gilmore et al. 

20IOa,b; Hill 2010; Robbins et al. 2012; Singh & Basu 2009). They also emphasized a particularly 

important criterion: the ability to predict later disorder in unaffected individuals, which P300 

can do. Prospective studies have shown that reduced P300 present in youth prior to significant 

exposure to addictive substances is associated with the subsequent development of SUD. 

Moreover, GWAS results indicate an overlap between genetic factors contributing to addiction 

and bipolar disorders (Uhl et al. 2008). Singh & Basu (2009) even categorized schizophrenia as 

an externalizing disorder together with SUD, based on P300 evidence. Hill (2010) concluded 

that P300 qualifies as an endophenotype for SUD as much as for schizophrenia. As noted above, 

diagnostic specificity is not necessary for an endophenotype both because conventional diagnostic 

categories are highly problematic (and thus not a good criterion) and because an endophenotype 

represents just a portion of the etiological path, and such paths can have multiple branches. 

Lenzenweger (2010), Reichborn-Kjennerud (2010), and Siever (2005) have suggested that 

personality u·aits and/or personality disorders can qualify as endophenotypes for other disor

ders, as they show substantial heritability (particularly dimensions such as "emotional dysregula

tion," "dissocial behavior," "inhibition," and "impulsivity") and are associated with Axis I diag

noses. A comparison of symptoms and dimensions of schizotypal personality among schizophre

nia patients, unaffected relatives, relatives of patients with affective disorders, and nonpsychiatric 

controls indicated that social-interpersonal symptoms are much more promising than cognitive 

and disorganized symptoms as potential endophenotypes (Tarbox & Pogue-Geile 2011; see also 

Ritsner & Gottesman 2011). Gould & Gottesman (2006) would regard what is widely believed 

to be the low validity of DSM personality disorder diagnoses as a forbidding obstacle to en

dophenotype research. If, as is widely believed, the boundaries on DSM personality disorder 

concepts lack validity, potential endophenotypes could not correlate with them or be meaning

fully embodied in them. This problem is not an argument against endophenotype research. On the 

contrary, it sets the stage for the same argument Gottesman and colleagues have made for the past 



40 years and which the RDoC initiative champions: One should not focus on poorly conceived 

phenotypes. 

The second contention is that endophenotype research supports a transdiagnostic perspective 

on mental disorder. A number of examples just reviewed support this contention. Studies provided 

evidence that some established or potential endophenotypes cross traditional diagnostic bound

aries and that others do not, although these demonstrations cannot yet be considered definitive. At 

stake is not whether categorical approaches such as DSM and ICD should be done away with but 

whether they are a sufficient basis for progress. The growing consensus among psychopathology 

scholars is that they are not. Whether some other approach will be better instead of, or will add 

substantially to, such categorical approaches remains to be determined. 

Multivariate, Multilevel Approaches Encourage a Change from 

a Single Causal Chain to a Network Metaphor 

Even from a heavily genetics-oriented perspective on mental illness, epigenetic phenomena alone 

render a simple explanatory model infeasible (e.g., Radtke et ai. 2011, Ruttell & Mill 2009). 

The need for multilevel, multivariate approaches to integrate large data sets has become more 

pressing (Kendler & Neale 2010, Tarbox & Pogue-Geile 2011). Cannon & Keller (2006) noted 

that such approaches should allow for nested levels even within the domain of endophenotypes

for example, those with fewer, simpler genetic (and other) determinants combining to create 

downstream endophenotypes. 

Recent examples of ambitious, promising approaches testing novel multivariate methods are 

appearing (e.g., Gilmore et ai. 201Ob; Glahn et ai. 2010, 2012; Sabb et ai. 2009). Several reviews 

have undertaken to integrate evidence within a domain, either neural systems or genetic factors, 

providing recommendations for multilevel integration. Next, studies have begun to integrate 

evidence across these domains, such as brain (MRI) and genetic (GWAS) data ("imaging genetics" 

per De Geus 2010, De Geus & Boomsma 2001, Goldman 2012, Meyer-Lindenberg 2010). For 

example, Karlsgodt et ai. (2010) examined the relationship between brain connectivity measures, 

structural MRI, and working memory performance using 467 probands from extended families as 

a basis for genetic similarity. Only performance on a spatial delayed response task and integrity 

of frontoparietal connection shared genetic bases. MacDonald et ai. (2009) concluded in their 

review of fMRI results addressing four domains of cognition in unaffected first-degree relatives 

of schizophrenia patients that "no single region or mechanism of abnormalities has yet emerged" 

(p. 1142). For DISCI polymorph isms, Carless et ai. (2011) determined associations with 188 

quantitative brain measures, some of them associated with executive, memory, or other aspects 

of cognition and also correlations with clinical variables (depression, panic), in 1,232 pedigreed 

probands. DISCI sequence varied with working memory performance and with cortical gray 

matter thickness in parietal, temporal, and frontal lobes, whereas different polymorphisms were 

related to clinical variables. 

These findings show correlations (not causal relations) between just pairs of domains. A next 

step is multivariate, multilevel approaches. Sabb et ai. (2009, p. 88) judged them promising for 

representing relationships between numerous intermediate phenotypes and "to identify the com

plex unfolding of biological paths from genome to syndrome." (Of course, there is no reason to 

limit such an approach to biological measures.) They suggested that GWAS, neuroscience, and 

endophenotype research all suffer from the limitations of (a) ill-defined phenotypes that "often re

flect a combination of folk psychology and popular buzz-words," (b) insufficiently or inadequately 

considering latent consu-ucts that "had been reft·amed without equal advances in paradigm de

velopment," (c) ill-defined phenotype relationships between all levels of inquiry, including neural 
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systems and signaling pathways, and (d) GWA5 results validating medical disorders (e.g., type I 

diabetes) more than mental disorders. As an alternative to considering specific endophenotypes 

as a link in a more or less causal chain between genes and behavior, 5abb et al. (2009, p. 91) 

made a recommendation "to draw the entire map, but not teII the field how to get from point A 

to point B" and cited http://www.phenowiki.org as a novel resource for the field. 5abh et al. 

(2009) provided an example of a multivariate, multilevel approach, creating a "map" for memory 

(in a healthy population) including performance evidence as a latent endophenotype, neural sys

tems [such as prefrontal cortex (PFC), hippocampus, and temporal lobe], molecular mechanisms, 

and relationships to dysfunction such as schizophrenia. Correlations between levels indicated that 

several proposed genetic associations are specula tive at best. As mentioned above, only a small por

tion of construct variance (memory) was explained by genetic contribution (about 7%), although 

putative heritability of some 50% is assumed. 

Appropriate samples and rich analytic strategies are rare but becoming more common. Using 

multivariate analyses, Gilmore et al. (201Ob) demonstrated diverse EEG characteristics having 

both shared and divergent relationships to externalizing disorders. Glahn et al. (2012) presented 

a new method for identifying endophenotypes (for initial commentary, see Gotlib & Hamilton 

2012; for another ambitious and impressive strategy, see Greenwood et al. 2012). They proposed 

an endophenotype ranking value (ERV) as an index on which high scores result from a combi

nation of (a) heritability of the disorder, (b) heritability of the putative endophenotype, and (c) 

correlation between the disorder and the phenotype. Although quite impressive in initial results, 

the design of this index highlights some of the chaIIenges of endophenotype research. The third 

contributor to the index will tend to favor endophenotypes that are phenomenologicaIIy and per

haps etiologicaIIy close to the conventional disorder. Less directly, the second contributor will 

favor endophenotypes with a relatively simple genetic input. For example, genetically driven phe

nomena that arise substantially from epigenetic factors or emergenesis (Lykken et al. 1992), a 

coincidence of individuaIIy very rare and uncorr/!lated genetic factors, would tend to score poorly 

on the ERV. This is not a criticism of the ERV, just a note on a limitation on what it can achieve. 

Glahn et al. (2012) also applied these methods to endophenotypes for recurrent major de

pression. A set of more than 11,000 measures from various domains (behavioral, cognitive, neu

roanatomic, and quantitative genetic) was obtained from 1,122 individuals. This set was statisti

cally reduced to rank-ordered associations between phenotype and disorder considering shared 

genetic factors . Top-ranking associations defined a pattern characterized by a symptom measure 

(Beck Depression Inventory), a neuroanatomic measure (bilateral ventral diencephalon volume), 

and a genetic measure (expression of the RNFl23 transcript). Thus, the defined endophenotypes 

reflected a pattern of associated measures from several domains. 

Meda et al. (2010) applied multivariate, paraIIel independent component analysis to fMRI data 

from an auditory oddball task and genetic polymorphisms that botll have been associated Witll 

schizophrenia. Independent component analysis identified tllree fMRI components that corre

lated with distinct gene components. The identified brain regions (PFC, ACC, superior temporal 

gyrus, and middle temporal gyrus) and gene components (BDNF, DAT, 5HTTLPR) were known 

individually to be associated with schizophrenia pathology, but tlle tllree patterns of specific associ

ations that emerged (PFC-ACC with BDNF and DAT, superior temporal gyrus-middle temporal 

gyrus Witll 5HTrLPR, and default-mode network with BDNF and DAT) were novel. The same 

group employed this ambitious strategy witll a neurological disorder. Meda et al. (20 12b, BuIImore 

2012) compared associations of 94 brain regions derived from structural MRI scans .and GWA5 

data (533,872 single nucleotide polymorphis111s) in a 757 -subject, 50-site study of Alzheimer's 

disease. The analysis identified four distinct genetic components (each including genes known to 

contribute to disorder risk or pathology) and tlleir link to a structural brain network (including 



regions involved in the pathology). Meda et al. (2012a) used a similar strategy to study schizophre

nia, bipolar disorder, and first-degree relatives. 

These ambitious, impressive approaches are beyond the reach of most investigators working in 

isolation. Large-scale data aggregation, in principle, can provide access to such a database to the 

larger community. For example, Bertram (2008) described a database of genetic association studies 

in schizophrenia, with more than 1,700 studies available as offall 2012. If the likely solution space 

involves numerous variables in multiple relationships with each other, many of which are directly 

or indirectly reciprocal, and most (or all) making but a small contribution, 'it is difficult to imagine 

that anything less will suffice. On tlle other hand, the sample sizes required in some cases can 

make tlle testing burden enormous (for example, to deal with the multiple comparison problem 

and Witll small individual effect sizes). That problem has led to the prediction that sufficiently 

powered but atheoretical GWAS studies of GxE phenomena will prove to be infeasible (Chabris 

et al. 2012, Vrieze et al. 2012a), perhaps requiring 50,000 to 100,000 cases (Owen 2012), although 

bootstrapping methods and otller techniques may provide some antidote for some purposes (e.g., 

Greenwood et al. 2012, Lubke et al. 2012). 

Furthermore, multivariate contexts are not immune to standard psychometric challenges. Issues 

of differential deficit, measure reliability, and item discriminability (Miller et al. 1995) are rarely 

discussed. Kendler & Neale (2010) discussed the need to deal with measurement error explicitly, 

not only because error is problematic but also because it is often quite uneven across measures. 

Miller & Chapman (2001) and Zinbarg et al. (2010) considered problems of measurement more 

extensively, with emphasis on analysis contexts in which predictor variables share considerable 

variance. The promise of tllese demanding approaches will no doubt be realized slowly, as the 

field learns how to foster and improve them. 

It should be noted that such "big data" approaches, while surely necessary, are not the 

only valuable strategy. Using the Golden & Meehl (1979) strategy of combining individually 

rare, uncorrelated indicators, discussed above, Iacono et al. (2000) demonstrated tllat two 

endophenotypes in combination were associated with much higher risk for SUDs than was either 

endophenotype alone. 

The third contention is that multivariate, multilevel approaches encourage a change from 

a single causal chain to a network of data and constructs witll well-specified relationships. An 

undeveloped network metaphor is not an account of how endophenotypes mediate between other 

phenomena. It does, however, respect tlle growing consensus that, at least in many cases, genetic 

and other contributions to psychopathology do not individually contribute much of the variance 

and that tllere is a web of relationships tllat needs to be understood. 

SIX CHALLENGES 

Challenge 1: A Network Model of Explanation Must Replace a Serial Model 

A very fundamental challenge for endophenotype research arises from the combination of tllree 

assessments of tlle respective roles of genes and environment in psychopatllology. First, Kendler 

(2005a) and others have argued that in mental illness the action will be in the GxE interactions 

and correlations, not in the main effect of genes. Second, however, Turkheimer (2000) made 

a compelling case tllat much of the environmental variance that matters in psychopathology 

(including in GxE) is unshared, that is, idiosyncratic to an individual life, and thus extraordinarily 

difficult to measure. Third, even if tllere are cases where predominantly genetic variance drives 

psychopathology, the multigene combination may be so rare as to be virtually undetectable 

(Lubke et al. 2012, Lykken et al. 1992, Owen 2012). In light of these assessments, prospects for 



nailing down solid G or GxE stories in psychopathology seem quite bleak. But there may be 

G or GxE signals among all the noise, where clear relationships can be found. The concept of 

endophenotype and its implementation in RDoC, discussed below, are designed to find them. 

Thus, these difficulties only increase the need for endophenotype research. 

In contrast to the original hope of finding single major genes as much of the story for at 

least some DSMlICD categories, it has become clear that the appealingly simple serial model of 

causation represented in genes ---+ (other) biology ---+ psychology = diathesis and diathesis + envi

ronment ---+ psychopathology is nowhere near sufficient. Yet it seems not widely understood that 

genes, other biological phenomena, psychological phenomena, and environmental phenomena 

can intervene at essentially all points in the etiological chain (CannO!l & Keller 2006). 

Genes likely intervene throughout etiology, and so do the other factors- other biological, 

psychological, and environmental contributors. As a result, endophenotype research can help us 

discover more than gene inputs. We are going to need a lot more arrows in our models, we are going 

to have to let go of the serial causation model, and we are going to have to stop confining genes to 

the entry points of the models we do use. Endophenotype research has twin goals of identifying 

the genetic contributions to psychopathology and identifying the mechanisms by which those 

contributions contribute. Genes are not the beginning of the causal chain. There is no chain, 

and there is no beginning. The first challenge is a repositioning of genes in our explanatory 

space and understanding the elements in that space as a network of observations, constructs, and 

bridge principles relating them (Kozak & Miller 1982) via a theory-building bootstrapping process 

(Patrick et al. 2012). 

Challenge 2: Better-Developed Notions of Cause and Mechanism Are Needed 

The second goal, identifying the mechanisms by which endophenotypes contribute, faces an 

especially difficult challenge. Unfortunately, the notions of "cause" and "mechanism" are not 

themselves fully fleshed out or consensually shared (Miller 2010). This is difficult enough when 

we try to characterize mechanisms within what might be called a single level or domain of analysis. 

For example, neural currents underlie the scalp EEG and magnetoencephalography (MEG) signals 

we can record noninvasively, but it can be quite challenging to model the sources of those signals 

with high confidence. Spatial localization with EEG and MEG at its best equals that of routine 

fMRI (Aine et al. 2012, Miller et al. 2007), but many research questions would benefit from doing 

much better. Still, there is no logical barrier to progress in such modeling, as we believe we do 

know how neural signals produce scalp signals. 

Identifying mechanisms when we try to cross levels or domains of analysis is much more 

difficult. In an earlier article in the Annual Review ojClinical Psycbology, Kazdin (2007 , p. 3) offered 

perfectly reasonable definitions: "Cause: a variable or intervention tllat leads to and is responsible 

for the outcome or change .... Mechanism: the basis for the effect, i.e., the processes or events 

tha t are responsible for tlle change; the reasons why change occurred or how change came a bout." 

Cannon (2009) emphasized a series of transductions, each (somehow) crossing levels of analysis 

in a causal model, combining to create a causal cascade. Contributors at a given stage mayor may 

not continue to contribute later in tlle cascade. If one allows feedback in such a model, one ends 

up with a rich causal network. 

One can understand endophenotypes as subject to the same GxE factors as is commonly as

sumed for clinical disorders. In fact, to look for one or a few endophenotypes whose operation 

could be understood in isolation and would be expected to make a substantial contribution to 

mental illness would merely replicate the misplaced hope of several decades ago, when the aim 

was to find single major gene effects. We will be lucky to find single major endophenotype effects. 



Even if one were found, even if it were shown to be part of the specific etiology of a disorder, it 

would not necessarily provide a feasible locus of intervention. We would need to decipher the rest 

of the explanatory path and to explore points of leverage on that path. 

We are not going to be able to layout a rich explanatory network for psychopathology that 

includes genes and other biological phenomena unti l we conceive and identify mechanisms that 

can cross between explanatory domains, processes by which events at one level cause events at 

another level. As elaborated by Miller (2010; see also Noe 2009), an example of a mechanistic 

account of how specific biological events cause specific psychological events has yet to appear in 

the neuroscience literature, let alone in the psychopathology literature (e.g., Crick & Koch 2003, 

p. 119: "No one has produced any plausible explanation as to how the experience of the redness of 

red could arise from the actions of the brain"). The "patchy reductionism" advocated by KendleI' 

(2005b), in line with the analysis of reductionism by Lilienfeld (2007), the developmental systems 

perspective ofGoldhaber (2012), and the consu'uct-network proposal of Patrick et al. (2012), may 

be a fruitful way to approach this task. 

Challenge 3: The Clinical Phenomena ofInterest Are Psychological 

The premise that the defining phenomena of mental illness are psychological is a challenge to the 

40 years of pursuit of endophenotypes too often premised on an essentialist and naively reductionist 

view of the role of brain abnormalities in mental disorder and in fact a challenge to the bulk of 

research on psychopathology in that period. The problem is trivially apparent in the recently 

common, vacuous relabeling of many cognitive tasks as "neurocognitive." On tile contrary, as 

argued above, the fundamental phenomena of mental illness are psychological. This was the view 

of Meehl (1972, pp. 396-397), an early champion of genes mattering in psychopathology, writing 

in the Afterword of the Gottesman & Shields book: " ... I cannot conceive ... that [schizotypyJ 

is inherited. Being [schizotypal] is having certain kinds of behavior and mental life ... ; none 

of this could possibly be 'in the genes' .... If (as I believe Professor Gottesman has · agreed in 

conversation with me) delusions and hallucinations and catatonic posturing cannot possibly be 

transmitted by the genes . . .. " Similarly, KendleI' (2005a, p. 433) stated: "Psychiatry is irrevocably 

grounded in mental, first-person experiences." Tan et al. (2008, p. 233) agreed: "Genes do not 

encode for psychopathology; nor for hallucinations, delusions, thought disorganization; panic 

attacks or sadness. To the extent that genes are associated with such characteristics, for example 

tile symptom constellation that we call schizophrenia, they do so by affecting the development 

and function of brain cells and neural systems that mediate the expression of such behavioral and 

perceptual phenomena." Schizophrenia is a constellation of symptoms (not a brain disease), and 

those symptoms are psychological, not biological. But unfortunately that understanding has not 

been the center of gravity in what we have called the recent Decades of the Brain (Miller 2010). 

On the assumption that it is fairest to pick on some of the most respected names in tile 

field, we note that problematic statements such as the fo llowing have become routine: "The 

endophenotype strategy offers powerful and exciting opportunities to understand the genetically 

conferred neurobiological vulnerabilities and possible new sU'ong inference and molecularly based 

u'eaunents for schizophrenia" (Braff et al. 2007, p. 21). This was a summary statement in a paper 

not limited to the biology of schizophrenia, but rather addressing the use of endophenotypes 

to understand schizophrenia (a ll of schizophrenia, not just the biology of schizophrenia). It was 

a valid statement, but it left out vulnerabilities not conceived biologically and treaunents not 

driven by molecular genetics research. It reflects a reductionist view that psychopathology should 

be understood as a "complex genetic psychiau'ic disorder" (Braff et al. 2007, p. 22) or "real, 

diagnosable, treatable brain disorders" (I-Iyman 1998, p. 38). But such a view is untenable: "The 
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idea that the only genuinely scientific study of [mental events such as] consciousness would be one 

that identifies consciousness with events in the nervous system is a bit of outdated reductionism. 

It is comparable to the idea that depression is a brain disease" (Noe 2009, p. xii). 

The pervasiveness of the naively reductionist construal of what are definitionally psychological 

disorders, not brain disorders, has been documented and the policy dangers it fosters discussed 

(Miller 2010). The unfortunate premises promoted by such statements are that, when we tackle 

the genetics of mental illness, (n) we are focusing on the biology, not the full story, and (b) that 

narrow focus will suffice. An individual research program must have a narrow focus, pursuing only 

parts of the story, but the research agenda for the field as a whole must remain broad. 

As the review above of the evolution and clarification of the concept of endophenotypes made 

clear, endophenotypes should not be conceived as necessarily biological phenomena in any direct 

sense. Thus, endophenotype research is at the forefront of the pendulum swing away from the 

excesses of the Decades of the Brain, toward a biologically informed but not constrained agenda 

exemplified in the RDoC initiative. Endophenotype research is now positioned to illuminate 

not only the genetic contributions to psychopathology but also other contributions. The third 

challenge is to let go of nai"ve reductionism and to pursue endophenotype research, appreciating 

the full breadth of its potential contribution. 

Challenge 4: Primary Reliance on DSM and ICD Categorical 
Approaches Must Stop 

An increasingly common judgment is that reliance on conventional psychiatric diagnosis and 

categorical diagnostic concepts greatly undermines psychopatllology research (e.g., Angst 2007, 

Hyman 201O,Jablensky20l0, Ritsner & Gottesman 2011). Studies rely on DSMor ICD diagnoses, 

which may introduce a systematic bias, because these diagnostic systems have (now for decades) 

deferred diagnostic validity in favor of prioritizing reliability and shared language. 

A popular example is that there is no research justification or validation for having a threshold of 

five out of nine sy\nptoms defining major depressive disorder (Hyman 2010). Similarly, cognitive 

dysfunction is not a diagnostic criterion for schizophrenia, though arguably it is one of tile most 

disruptive features of and one of the best classes of candidates for endophenotypes (Cirulli et al. 

2010). About tile validity problem in DSM, Insel (2012) commented: "What is missing is validity. 

DSM never presumed to confer validity or explanatory value, but tile field has imbued iliese 

symptom clusters with biological meaning, perhaps understandable in the absence of biomarkers or 

diagnostic tests. Ironically, this linguistic oversight has precluded tile development of biomarkers 

that might confer validity." As a result, potential endophenotypes are routinely judged against 

diagnostic criteria of questionable validity. Reliance on DSM or ICD may also obscure partly 

shared genetic risk factors, such as understanding the relationship between anxiety and depression. 

Challenge 5: Endophenotype Research Needs Broad Collaborations 

Unknown and probably underappreciated is how far we can get Witll shared environment assessed 

at very low granularity. Characteristics affected by genes do not have heritability in some general 

sense. A given estimate of heritability is defined only in a particular population in a particular 

environment (Johnson et al. 2009). For example, tlle heritability ofIQ depends on socioeconomic 

status, with more poverty associated Witll lower heritability (Turkheimer et al. 2003). Can we 

consider urbanicity (living in an urban environment) a potential endophenotype for psychosis? van 

Os et al. (2010) reponed that urbanicity raised the risk for psychotic diagnoses only in the presence 

of genetic liability. In social stress experiments, Lederbogen et al. (2011) demonsn'ated distinct 

impacts of distinct environmental factors such as current city living versus past urban upbringing on 



functional brain measures that have been proposed as endophenotypes. As noted previously, Laland 

et al. (2010) argued that human culture has had a substantial role in selection pressures affecting 

hundreds of genes. Such findings speak to the criterion of the biological validity of en do phenotypes, 

including endophenotypes that are not themselves directly biological. Endophenotype researchers 

pursuing psychopathology should collaborate with psychiatric epidemiologists, sociologists, and 

anthropologists as well as geneticists and neuroscientists. 

Challenge 6: Statistical Search in Genetic Databases Should Be 

Informed by Psychophysiological Research 

Progress is needed in using advances in central nervous system psychophysiology including func

tional neuroimaging (EEG, MEG, and optical measures of neural function; magnetic, radiological, 

and optical measures of hemodynamics) to inform and constrain newly developing statistical search 

methods in genetic and multilevel databases, as a means to guide and constrain potentially enor

mous solution spaces. Such progress will depend in part on training a higher proportion of inves

tigators in advanced methods in both areas and in fostering collaborations among experts in each. 

MUTUAL IMPLICATIONS OF ENDOPHENOTYPES AND RDOC 

The endophenotype movement has achieved a great deal and will achieve much more. It has 

led the field to think more carefully and more critically about what the relationships can be 

between nature and nurture, and it has fed the first fundamental redesign of NIMH strategy 

since the pendulum began its swing from radical behaviorism to na'ive biological reductionism and 

radical pharmacism. The new NIMH strategic plan now calls for "new ways of classifying mental 

disorders based on dimensions of observable behavior and neurobiological measures" (Insel & 

Cuthbert 2009, p. 989). Although carefully couched as being fully in the tradition that led to the 

modern DSM ("The RDoC project is intended to be the next step in a long journey, one that 

continues the process begun in the 1970s ... "; Insel et al. 2010, p. 748), it brings a radical change 

to psychopathology research and perhaps eventually to clinical practice. 

"The primary focus for RDoC is on neural circuitry, with levels of ana lysis progressing in one 

of two directions: upwards from measures of circuitry function to clinically relevant variation, or 

downwards to the genetic and molecular/cellular factors that ultimately influence such function" 

(Insel et al. 2010, p. 749). This characterization is remarkably reminiscent of Gottesman and others 

discussing endophenotypes. In fact, RDoC brings the realm of endophenotypes to the foreground 

of the research enterprise. "For cognitive processes, as with other areas of research on mental dis

orders, burgeoning knowledge about fundamental programs of behavior, and their implementing 

neurobiological circuitry, mandates a shift in thinking about the classification of psychiatric disor

ders" (Morris & Cuthbert 2012, p. 29). Surely not every intermediate phenomenon of interest to 

the RDoC initiative will qualify as an endophenotype. But potentially every endophenotype can 

contribute to RDoC efforts. 

The emphasis in tl1e RDoC initiative on dimensional measures is prominent. "The RDoC 

matrix [takes] a dimensional approach to the study of the genetic, neural, and behavioral features 

of mental disorders" (Morris & Cuthbert 2012, p. 29). In fact, RDoC was designed unabashedly 

to "encourage scientists to break free of categorica l diagnostic constraints ... " (p. 30). This 

value judgment aligns vety well with the endophenotype literature. As a matter of definition, 

endophenotypes are not confined to continuously variable phenomena, and combinations of 

phenomena that each vary continuously may show threshold effects. But many scholars writing 

about endophenotypes have favored dimensional measures of such phenomena. For example, 
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Cannon & Keller (2006) and Iacono & Lykken (1979) suggested that endophenotypes should 

vary continuously in the general population (see Gottesman 1963 for a foreshadowing of such 

dimensional endophenotypes). Kendler & Neale (2010, p. 796) noted that endophenotypes "are 

typically quantitative, thereby providing more information than the dichotomous diagnostic 

assessment used for psychiatric disorders." Gregoire et al. (2012, p. 202) argued that "The synergy 

of working memory and inhibitory abilities, observed in both healthy and psychiatric popula tions, 

may originate from endogenous variability in dopaminergic prefrontal cortex activity. Such 

findings confirm the validity of a dimensional approach, based on the concept of continuity 

between health and mental disorders for identifying endophenotypes of mental disorders." 

A transdiagnostic, dimensional approach is quite compatible with the strategy common in en

dophenotype research that compares patients, unaffected relatives, and healthy individuals, fram

ing a progression to greater symptom severity (e.g., healthy ---+ personality traits ---+ personality 

disorders ---+ depression ---+ functional psychosis; Frances & Widiger 2012, Ritsner & Gottesman 

2011, Skodo12012, Widiger 2011, Widiger & Mullins-Sweat 2009). Vrieze et al. (2012a) empha

sized the need for better measurement of environments and cited several grounds for favoring 

dimensional measures more broadly: 

While a categorical measurement of disease status may eft'ectively facilitate the pooling of resources, 

it may not be an optimal way to measure disease and/or a trait. It is well-known that binary diagnoses 

throwaway an immense amount of information, and have lower statistical power compared even to 

rough quasi-continuous measures . of the same constructs, like symptom counts (Markon et al. 2011). 

It is rarely true in psychology that a binary classification is better for statistical analysis than a quasi 

continuous one (Grove 1991), but arguments favoring ofthe use of quantitative indicators is not based 

on statistical power alone. Some of the phenotypic measurements of interest to psychopathologists 

appear to be better represented by continuous dimensions of variation rather than as discrete entities 

(Krueger et al. 2005; Vrieze et al. 2012; although see Vrieze 2012), a conclusion that has moreover 

been consistently supported in behavioral genetic research. 

Another fundamen'tal characteristic that the recent endophenotype literature and the RDoC 

initiative share is placing a high value on contributions from animal neuroscience (Conklin & 

Iacono 2002, De Geus & Boomsma 2001, Gottesman & Gould 2003, Gould & Gottesman 2006, 

Hunsaker 2012, Oliver 2011, Walters & Owen 2007). In fact, one of the principal ways in which 

endophenotypes are valuable in genetically sensitive neuroscience research is that they provide 

analogous phenotypic correspondences between humans and animal models. For example, in 

animals relevant genes can be manipulated and the resulting brain structure, function, physiology, 

and behavior studied (e.g., Braff 2010, Goldman 2012, Hunsaker 2012, Lutkenhoff et al. 2012, 

Takahashi et al. 2011). Kaffman & Krystal (2012, pp. 3 and 16) argued that 

... such translational work should focus on the role that genes and/or environmental factors play in the 

development of circuits that regulate specific physiological and behavioral outcomes in adulthood. This 

emphasis on circuit development, as a fundamental unit for understanding behavior, is distinct from cur

rent approaches of modeling psychiatric illnesses in animals in two important ways. First, it proposes to 

replace the diagnostic and stfltistical1llfl1lual a/mental dis01'den (DSM) diagnostic system with measurable 

endophenotypes as the basis for modeling human psychopathology in animals. vVe argue that a major 

difficulty in establishing valid animal models lies in their reliance on the DSMllnternational Classifica

tion of Diseases conceptual framework, and suggest that the Research Domain Criteria project, recently 

proposed by the NIMH, provides a more suitable system to model human psychopathology in animals. 



Second, this proposal emphasizes the developmental origin of many (though clearly not all) psychiatric 

illnesses, an issue that is often glossed over in current animal models of mental illness. We suggest that 

animal models are essential to elucidate the mechanisms by which neuro-developmental changes pro

gram complex behavior in adulthood .... The DSMIlCD system may be useful for describing clinical 

impairment but not for uncovering psychopathology or guiding treatment. The RDoC initiative should 

facilitate the identification of endophenotypes that are likely to be more informative regarding the 

pathophysiology and intervention strategies. Such endophenotypes would also improve construct va

lidity of animal models in psychiatric research by providing important postmarks to guide this work . ... 

The endophenotype literature is not constrained by one unfortunate limitation of the RDoC 

initiative. The first of three "postulates" of the RDoC framework is that "mental illnesses are 

presumed to be disorders of brain circuits" (Morris & Cuthbert 2012, p. 33). As noted above 

and argued elsewhere (Miller 1996,2010), this is not presently a viable stance, and it appears 

unlikely ever to be. Psychopathology is, as a matter of definition, psychological, and psychological 

conSUllcts . ~re not reducible to biological constlllcts. The endophenotype literature has grown 

well beyond its initial temptation to reduce the key processes of psychopathology to genetics. It 

is now increasingly understood that, at least until mechanisms that cross domains of phenomena 

are identified, no domain is more fundament,1l than another. 

The endophenotype concept and t11e RDoC effort are natural allies. RDoC is causing consid

erable tension in the field, but the main objection appears to be pragmatic: It will be very, very 

difficult to change how clinicians conceive of psychopathology. But inertia is not a compelling 

defense of the status quo, with which few clinicians and clinical scholars are happy. It is also very 

difficult to argue against t11e grounding of RDoC in state-of-the-art animal neuroscience and in 

research on fundamenta l dimensions of biological and psychological phenomena, pursued without 

naIve reductionism. 

CONCLUSIONS 

The endophenotype enterprise has been a success in finding intermediaries among factors con

tributing to psychopathology. The concept has also evolved in response to extensive research 

efforts. The very efforts that have supported the wager that genes matter greatly have also 

demonstrated t11at environments matter greatly. Some 20,000 protein-forming genes alone ap

pear to be only a small portion of the story in psychopathology, and recent work points to a 

role for thousands more regulatory factors comprising additional portions of t11e genome. There 

are now simultaneous and entirely compatible pushes in t11e endophenotype literature for bet

ter grounding in biological phenomena, including genes and epigenomics (heritable changes in 

gene expression not simply due to DNA), and for a broader net regarding what can count as an 

endophenotype. 

If endophenotypes need not be directly biological phenomena (even though biologically vali

dated in some way) and need not be specific to a given DSMIICD categorical diagnosis, why retain 

the concept? Let us grant that there are measureable phenomena, not tl1emselves considered to be 

psychopathology or symptoms of it but related to it in ways that reflect genetic contributions, that 

may prove valuable in understanding the etiology of mental illness and identifylng intervention 

targets and methods. It would be useful for the field to have a well-developed, consensual concep

tualization of such phenomena and to have an articulated set of criteria for evaluating proposed 

roles for such phenomena. For example, heritability and correlation with illness would be appeal

ing characteristics of such phenomena. In short, if we did not have the concept of endophenotype, 
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we would benefit from inventing it- from articulating what we are loolcing for to bridge genes, 

environment, and mental illness. 

The yield to date from the endophenotype literature is nevertheless much less than hoped, 

because the etiological mechanisms appear to be much more complex than envisioned and because 

the diagnostic terrain appears not to have been well mapped by historically dominant categorical 

diagnostic systems. Other challenges were noted above. Thus, 40 years' pursuit of the endophe

notype concept has led to some humility about the challenge of discovering the explanatory 

network involved in psychopadlology. The present review finds much more success in endophe

notype identification than in finding the genes involved or dle mechanisms by which genes and 

environments combine to foster or limit psychopathology. Concerted efforts are now underway to 

place psychologically sophisticated animal and human neuroscience at the center of the research 

enterprise-not genes, and not traditional clinical presentation, though both will remain essential 

to discovering the full story of psychopathology and advancing its prevention, assessment, and 

amelioration. 

We suggest that the endophenotype enterprise has disappointed not because of shortcomings 

of the concept but rather because of the premise that endophenotypes need to point to existing 

DSMIICD categorical disorders and to naively simple assumptions about the role of genes in 

psychopadlology. The effort to link genes (and environments and GxE interactions and gene

environment correlations) to endophenotypes can continue as the field (via RDoC and odler 

venues) improves its diagnostic conceptualizations. Surely a more successfl1l diagnostic system 

will accommodate both categorical and dimensional views of various phenomena, but in any case 

endopheilotype research should be fTeed of the burden of conventional diagnostic categories as 

the explanatory goal. 

Four short-term recommendations can be offered. First, we do not need more studies reporting 

that X may be an endophenotype for Y. At dlis point there is very little information value in such 

statements. Second, simply testing some of those X's against systematic criteria for qualifying as an 

endophenotype, though much more useful, warrants less priority tllan fleshing out the mechanisms 

of those in hand. Preferably, proposed mechanisms collectively will explicate a web of relationships, 

not a simple causal chain. Third, because some of tile most promising methods of exploring 

causal networks are extremely demanding, and in fact beyond the capacity of most laboratories, 

there is a need to develop shared or readily shareable research resources for pooling data and 

developing and propagating analysis methods. For example, collaborative, multivariate, multilevel 

projects could be a priority for tile RDoC initiative (e.g., Callcins et al. 2007). Finally, although 

cross-disciplinary collaboration among those with distinct expertise is essential, cross-disciplinary 

training of individuals is even more important. This is another area where NIMH/RDoC could 

fruitfully make some extra investments. 

The endophenotype approach was u·anslational before "translational" became a pervasive buzz

word. (" ... the [RDoC] scheme is inherently translational"; Cuthbert & Inse12010a, p. 312). The 

RDoC initiative is arguably a full embrace of the endophenotype u·adition, looking for psycho

logical and biological mechanisms in any domain that provide comprehension of and leverage 

against psychopathology. The field has finally come around to what Gottesman & Shields (1972) 

proposed. Endophenotype research will on ly grow in cenu·ality. 
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