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Abstract 

Models of cognition propose a hierarchical structure for human cognitive processes where the 

sequences of human action are organized into parts or subunits of analysis that can be grouped into 

progressively more complex, inclusive higher-order functions. The organizational structure from partial to 

whole might be reflected in the neural representations that underlie human behaviour, and in its genetic 

underpinnings. The objective of the present study was to explore a putative hierarchical organization of the 

genetic influences underlying cognitive domains. Thirty four studies of the heritability of cognition on 

population-based samples were reviewed, which included measures of intelligence, verbal and performance 

abilities, memory, working memory and speed of processing. Results indicate that specific cognitive domains 

respond to diverse proportions of genetic underpinnings such that higher-order cognitive functions present 

high heritability estimates, while lower-order functions respond to small/moderate heritability estimates. 

Based on current understanding of the developmental processes of the neurobiological substrates of human 

cognition, the genetic contributions to cognitive abilities seem to be organized in line with the ontogenic 

maturation of the brain. We discuss the large genetic control of the combinatory capacity of basic cognitive 

functions, and its interaction with environmental influences.  

 

 

Keywords: heritability, cognition, hierarchical organization, neurodevelopment, review. 
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With the advances in technology and the emergence of 

new statistical approaches, the last decades have witnessed 

outstanding scientific progress in the study of the 

neurobiological bases of psychological phenomena. 

Analyses of anatomical lesions and functional brain 

processes have promoted the understanding of human 

cognitive abilities as mental processes that express the 

functioning of neural pathways and synaptic connections 

(Clerget, Winderickx, Fadiga, & Olivier, 2009; Robinson, 

Shallice, Bozzali, & Cipolotti, 2010; Soderlund et al., 

2006). These brain processes are assumed to constitute the 

biological basis of human behaviour necessary to adapt to 

a changing physical and social environment. At the 

molecular level, genes involved in neurotransmitters have 

been specifically associated with cognitive performance, 

and are presumed to present a regulatory activity that 

builds and maintains brain functioning and mind 

processing (Carlier & Roubertoux, 2010). 

These findings integrate to a vast research focused on 

the environmental influences of human cognition, while 

gene-environment interaction studies are showing that the 

nature versus nurture debate on the possible causal 

processes of cognitive domains may be futile. Individual 

variation in human cognition cannot be exclusively 

explained by either genes or environment (Rutter, 2007). 

Furthermore, and contrary to what was once assumed, 

ongoing research on neurogenetics shows that gene 

expression is not uniform across the cerebral cortex, and 

that the proportion of genetic determination and 

environmental effects regulating specific cognitive 

domains varies greatly (Ramus, 2006).  

Psychological models of cognition propose a 

hierarchical structure for human cognitive processes 

(Carroll, 1997). This hierarchical structure organizes the 

sequences of human action into parts or subunits of 

analysis, with the subunits being simpler elements, or of 

lower order, that can be grouped into progressively more 

complex, inclusive higher-order functions (Botvinick, 

2008). In addition, the organizational structure from partial 

to whole in human action might be reflected in the neural 

representations that underlie it. For example, the prefrontal 

cortex has been associated with cognitive control or the 

ability to guide behaviour in accordance with objectives, 

plans and broad conceptual knowledge (Duncan, 2001). 

This ability seems to be organized in such a way that the 

rostral regions of the frontal cortex are associated with 

demands for control and representations that are 

progressively more abstract, and that it is maintained by a 

hierarchical organization reflected in the functioning of the 

brain (Badre, Hoffman, Cooney, & D'Esposito, 2009).  

Such hierarchical organization according to which 

more complex functions require a number of subunits to 

process and analyse cognitive information, has been 

proposed to reflect the genetic contributions underling 

these highly complex networks (Deary, Penke, & Johnson, 

2010; Plomin, Pedersen, Lichtenstein, & McClearn, 1994). 

Accordingly, the contributions of these genetic 

components on neurocognition may become larger as the 

complexity of the tasks increases from  lower-order to 

higher-order cognitive functions (Beaujean, 2005). 

However, there is still not reported review systematically 

addressing this topic, although there seems to be a large 

body of information on the heritability estimates of 

cognitive functions.  

In the present study, we explored a putative 

hierarchical organization of the genetic influences 

underlying human cognitive domains. We addressed the 

relative contribution of genetic and environmental factors 

on the variability of higher-, middle- and lower-order 

domains of human cognition by systematically reviewing 

previously published reports on the heritability of these 

cognitive functions.  

 

Methods 

A Pubmed search for reports on the heritability of 

human cognition published until October 2010 was 

undertaken to identify empirical studies that explored the 

relative proportion of genetic and environmental 

influences on normal cognitive variability. Various 

keywords and truncated terms (indicated with an asterisk) 

related to higher- and lower-order cognition were used, 

including: Cognit*, neurocog*, intel*, IQ, memory, 

attent*, executive function, prefrontal function, working 

memory, processing speed, reaction time. These terms 

were combined with heritab*. The searches were limited 

to peer-reviewed reports published in English.  

A total of 285 hits were returned. Studies focused on 

any type of pathological process were excluded from the 

analysis, as did articles that dealt with exceptionally high 

or low cognitive performance compared to the expected 

normal variation in general population. Among the 85 

articles that resulted from this criteria, 7 were reviews, 13 

were author’s comments, and 25 focused on either 

variables that did not concern the objective of our study 

(such as temperament), or studied specific genes and 

polymorphisms. Finally, 6 studies were excluded based on 

methodological characteristics such as genetically isolated 

samples (1 study), very small sample sizes (1 study), and 

reliability of the measures (4 studies). A total of 34 studies 

reported clear cross-sectional data of heritability estimates 

in human cognitive domains of interest and were further 

analyzed.  

In order to classify higher-, middle- and lower-order 

functions, we used as a reference models that have been 

previously put forward for human cognitive structure and 

functioning (Botvinick, 2008; Carroll, 1997). In keeping 

with this background, in the present review we use the 

term “lower-order” functions for those cognitive processes 
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that are considered to be the constituent subunits of 

middle-order functions, which in turn are grouped into 

progressively more complex or “higher-order” cognitive 

processes. 

 

Results 

Out of the 34 empirical studies included, 9 were based 

on subjects between the ages of 2 and 13, while 4 reported 

the heritability estimates of samples ranging from 65 to 98 

years old. As has been recently proposed by longitudinal 

studies, heritability seems to vary considerably according 

to age groups. An increase in the heritability of global 

cognitive abilities has been reported in the range of 23% to 

62% from early infancy to prepubescent childhood 

(Bartels, Rietveld, Van Baal, & Boomsma, 2002; Davis, 

Haworth, & Plomin, 2009; Polderman et al., 2006). Later 

in the lifespan the tendency seems to be reversed, 

decreasing in adults over 75(Finkel, Pedersen, Plomin, & 

McClearn, 1998). In order to prevent an age bias in the 

results, we based our review only on reports that included 

subjects above the age of 13, and below 66 years old. The 

studies, organized by the cognitive domains of interest, are 

reported in Table 1. Nevertheless, the available 

information on other age groups might broaden the 

understanding of these processes, and thus we included 

these data as complementary information among the 

results.  

The models of cognitive organization used in the 

revised publications include within the broad construct of 

intelligence a series of functions that are also considered 

complex, such as memory or executive control. In the 

following sections we consider the nature of the genetic 

and environmental influences on the specific components 

of these constructs. Several studies assessed more than one 

cognitive domain; we included all the measures examined 

in each report among our results.  

 

General Intellectual Ability 

The range of heritability for measures of general 

intelligence varied from moderate values (66% of 

explained variance) in a sample of 22000 subjects 

(Haworth et al., 2009) to the highest estimate of 87% 

reported in a study that included samples from different 

countries (Wright et al., 2001).  

As mentioned before, the range of heritability for 

measures of general intelligence across age groups is 

broad. The lowest values for intelligence (23% of 

explained variance) were reported in samples of twins 

aged between 2 and 5 years (Bartels, et al., 2002; Spinath, 

2003), followed by estimates of 62% in subjects between 7 

and 10 years (Davis, et al., 2009). This tendency over the 

early years of life continues into adolescence, as studies 

that include subjects between 9 to 17 years of age show a 

significant increase in the genetic component of 

intelligence: starting at 41% at age 9, increasing to 55% 

during prepubescent stage, and finally reaching 66% in 

adolescence. Results for adults over 65 tend to be more 

uniform, with reported values in the range of 53% to 68% 

(Giubilei et al., 2008; McClearn et al., 1997; Read et al., 

2006).  

 

Performance Ability 

The construct of general intellectual ability can be 

decomposed into middle-order constitutive subunits, such 

as performance or crystallized intelligence. The lowest 

estimates reported for this domain were 35% in a family-

based study (Alarcon, Plomin, Fulker, Corley, & DeFries, 

1998) and 43% in a twin-based study (Luciano et al., 2001 

). The highest estimates reached 83% of the total variance 

explained (Luciano et al., 2005).  

When the analysis focused on lower-order components 

of this general performance ability, heritability values 

diminish to between 8% and around 50%. The lowest 

value corresponded to the measure of Picture Completion 

(Rijsdijk, Vernon, & Boomsma, 2002). The highest 

estimates were for the test Block Design (Finkel, 

Pedersen, McGue, & McClearn, 1995; Plomin, et al., 

1994).  

A similar trend of results was found for older adults 

aged over 65 years: values ranged from 32% to 51% of the 

variance in general performance ability explained by 

genetic influences (McClearn, et al., 1997; Read, et al., 

2006).  

 

Verbal Ability 

A second middle-order constitutive subunit that was 

identified among studies was the verbal aspect of 

intelligence or fluid intelligence. The lowest estimate 

reported for the general verbal ability was 26% (Alarcon, 

et al., 1998). Following this value, the range of heritability 

was moderate to high: 55% to 85% (Luciano, et al., 2001 ; 

Posthuma, de Geus, & Boomsma, 2001).  

When the analysis focused on functions that are 

hierarchically simpler, heritability values diminished to 

between 33% and 65% for verbal subtests, specifically for 

the Information test (Finkel, Pedersen, McGue, et al., 

1995; Plomin, et al., 1994; Rijsdijk, et al., 2002).  

These subcomponents of the higher-order global 

function of intelligence have also been studied in subjects 

over the age of 65, where verbal ability gave a heritability 
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of between 38% and 55% (McClearn, et al., 1997; Read, et 

al., 2006).  

 

Memory  

 A theory that is generally shared among 

specialists is that memory could also be modelled by its 

own hierarchical organization; there would be a higher-

order, general memory ability, composed of more or less 

specific skills. Based on this idea, multifactorial studies of 

adults aged between 27 and 64 examined the heritability of 

memory as a construct made up of specific short-term 

memory functions, verbal memory and visual memory 

(Finkel, Pedersen, & McGue, 1995). The hypothesis of a 

hierarchical organization of the memory was not supported 

by the results. Although memory for faces reached low 

estimates (16% - 40%), the average of the results for the 

specific tests showed a variation of between 40% and 

56%, while the general construct of memory (of higher 

order) was found to have an average heritability of 54%. 

This same study found no significant differences in the 

estimates of heritability between different age groups 

including young adults, adults, and elderly adults (Finkel, 

Pedersen, & McGue, 1995). 

Within this context, conservative results for moderate 

heritability estimates along memory measures have also 

been found by studies on different age groups. In children 

aged between 6 and 13 years, the proportion of the 

variance explained by genetics for face memory was 32% 

- 38% (immediate and differed recall, respectively), 38% 

for probe recall and 56% for learning (Thapar, Petrill, & 

Thompson, 1994). These last results were repeated in a 

more recent study, with values for heritability in tasks of 

visual learning of 45%, and tasks of directed learning of 

37% (Luo, Thompson, & Detterman, 2003).  

 When adults over 64 years of age are considered, 

different studies also converge on similar results. 

Performance of long-term episodic memory responds 

partially to genetic variability, with a heritability of 34%-

54% (Giubilei, et al., 2008; Read, et al., 2006). When 

memory is evaluated in a multifactorial way, as in the 

study of adults mentioned above, once again we find 

moderate values for the genetic influence associated with 

face memory (51%) and visual memory (46%) (Plomin, et 

al., 1994). Performance of general memory ability in 

subjects over 80, has given heritability estimates of 43%-

52% (McClearn, et al., 1997; McGue & Christensen, 

2001).  

 

Speed of Information Processing 

The estimates of the general construct of this cognitive 

ability showed a heritability of between 24% to 70% 

(Finkel, Pedersen, McGue, et al., 1995; Plomin, et al., 

1994; Posthuma et al., 2003) (Luciano, et al., 2001 ; 

Posthuma, Mulder, Boomsma, & de Geus, 2002; Wright, 

et al., 2001). By contrast, the heritability of the sub-

components of this domain varied from as low as 11%  

(although in one study there was no evidence for 

heritability in the reaction time of a physical identity test 

(Neubauer, Spinath, Riemann, Angleitner, & Borkenau, 

2000)) to 61% (Luciano, et al., 2005; Luciano, et al., 2001 

; Neubauer, et al., 2000; Posthuma, et al., 2001; Wright, et 

al., 2001).  

Just as for the construct of intelligence, younger groups 

seem to present lower values for the influence of genetics 

on processing speed. In subjects aged between 6 and 12, 

heritability values for reaction and inspection times were 

between 20% and 53% (Luo, et al., 2003), while in groups 

of adolescents the estimates were between 60% and  64% 

(Luciano et al., 2001; Rijsdijk, Vernon, & Boomsma, 

1998; Wright, et al., 2001). At the other end of the age 

range, in a population of people over 80 the estimate of 

heritability showed stable results and presented a value of 

62% (McClearn, et al., 1997), although one Swedish 

sample of individuals over the age of 65 showed lower 

influence of genetic factors on this particular domain 

(Finkel, Pedersen, McGue, et al., 1995).  

 

Working Memory  

The concept of working memory consists of a multi-

component system that is responsible for the active 

maintenance and manipulation of information (Baddeley, 

2003). One of the paradigmatic tests for measuring this 

cognitive function is the Wisconsin Card Sorting Task 

(WCST) (Heaton, Chelune, Talley, Kay, & Curtiss, 1993), 

which evaluates cognitive flexibility and ability to change 

sets. However, the heritability of performance in this test 

is the object of much controversy, given that some studies 

of adult populations find no evidence for genetic 

influences (Kremen, Eisen, Tsuang, & Lyons, 2007; 

Taylor, 2007), while other studies have reported a 

moderate heritability of around 45% (Anokhin, Heath, & 

Ralano, 2003). These contradictory findings might be 

explained by sex specificity, as suggested by the 

longitudinal development of the genetic component of the 

variance in performance in the WCST between 12 and 14 

years of age (Anokhin, Golosheykin, Grant, & Heath, 

2010).  

Meanwhile, tasks of attention control and interference 

resistance have been reported to have moderate values of 

heritability, varying from 38% to 53% (Taylor, 2007). The 

highest estimates for the executive control component of 

working memory corresponded to the measure of Digit 

Span (66%) (Finkel, Pedersen, & McGue, 1995) and the 

Working Memory Subscale of the Wechsler Adult 
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Intelligence Scale (65%) (Posthuma, et al., 2003). A lower 

value of 56% was reported in a sample of subjects between 

15 and 18 years of age (Rijsdijk, et al., 2002), and of 43% 

in adults between 27 and 49 years; (Finkel, Pedersen, & 

McGue, 1995). Of note, the digit span test is commonly 

used to evaluate working memory, as this tasks involves 

mental double tracking in which operations of memory 

and reversibility must be performed simultaneously. 

There are several studies that focus on the subsystems 

that constitute working memory. These studies report 

more moderate values for the visuo-spatial sketchpad: 

46% (Wright, et al., 2001) and 19% (Kremen et al., 2007). 

Even if it may be controversial due to the lack of clear 

evidence to support it, some authors postulate that working 

memory could be characterized by being, in part at least, a 

modality-specific system. In this way, a spatial working 

memory should be identifiable and could be differentiated 

from a verbal working memory. Although a study of 

young subjects aged between 14 and 29 provided evidence 

in favour of this, the proportion of the variance explained 

by genetic factors in each type of working memory did not 

seem to vary consistently (43% - 48% for verbal working 

memory, and 45% - 49% for spatial working memory) 

(Ando, Ono, & Wright, 2001). 

These last subcomponents of executive control have 

also been studied in a sample of 12-year-old twins, with 

reported heritabilities between 70% and 75% (Stins, van 

Baal, Polderman, Verhulst, & Boomsma, 2004). Beyond 

the difference in age with respect to the studies mentioned 

above, it is interesting to point out that in this case the 

researchers evaluated the time taken to respond as an 

index of the efficiency of the attention control system. The 

authors attribute these high heritability values to a general 

executive control factor, while the efficiency of the system 

that grapples with the answer to the problem resulted in a 

moderate heritability: 49%. In this last case, both the 

measure used and the heritability estimated coincide with 

those reported for adults. However, when the Digit Span 

test was assessed in a sample of children between 7 and 9 

years of age, the reported heritability was 36% (Kuntsi et 

al., 2006).  

The general executive control factor has also been 

studied in subjects over 65 (Swan & Carmelli, 2002). This 

domain resulted in a heritability of 79%, while for the rest 

of the subcomponents evaluated (verbal fluency, attention 

control, resistance to interference), the heritability varied 

within moderate values: 34% to 50%. In a different study 

using the same age-range population, these values reached 

a maximum of 62% (Giubilei, et al., 2008).  

 

Discussion 

All of the cognitive domains covered in our review 

showed some degree of heritability, which supports the 

importance of genetic influences in determining individual 

differences in human cognitive abilities. Interestingly, 

specific cognitive domains responded to diverse 

proportions of genetic underpinnings. High heritability 

estimates were found for the General Intellectual Ability, 

followed by General Performance and Verbal Abilities, 

and middle-order Speed of Processing, Working Memory 

and Memory. Low heritability estimates were found for 

the subcomponents, or lower-order domains.  

This variability may respond to a hierarchical 

organization of the genetic architecture of human 

cognition. Intelligence is a highly complex construct, 

which involves a variety of functions such as the capacity 

to understand verbal meaning, spatial skills, and abstract 

reasoning. The neurobiological underpinnings of 

intelligence have been associated with total brain size, 

white matter volume, and a sophisticated network of 

cerebral regions including dorsolateral prefrontal cortex 

(DLPFC), parietal lobe, anterior cingulated cortex and 

specific regions in the temporal and occipital lobe (Jung & 

Haier, 2007). Of interest, the neurobiological basis of 

verbal aspects of intelligence have been reported to  

include the same regions as global intelligence, though the 

left hemisphere has been found to be particularly involved 

in these processes (Deary, et al., 2010). Performance 

aspects of intelligence seem to be somewhat more 

dependent on brain functioning that possibly includes the 

frontal lobe, prefrontal and parietal cortex, although 

findings in this respect are not conclusive.  

Executive control refers to cognitive inhibition and 

flexibility, which has been associated at the 

neuroanatomical level with prefrontal rostral activation 

areas of the cortex (Frith & Dolan, 1996) that are part of 

the more inclusive working memory domain (Karlsgodt et 

al., 2010). Our results highlight that working memory 

seems to respond in the same way as intelligence to a 

hierarchical organization, in which the lower-order 

components present a lower proportion of genetic effects 

in their interindividual variability. However, the 

heritability of working memory, taken as an overall 

measure, does not reach such high levels as general 

intelligence. In this way, working memory might be 

considered a subcomponent of global intellectual 

performance, and therefore a possible source of individual 

differences. Being a complex domain, it seems possible to 

speculate that executive control and general intelligence 

might share similar genetic structures (Aukes et al., 2009). 

Our results for speed of information processing follow 

a similar trend of results. In this respect, it is noteworthy 

that this cognitive domain has been shown to make a 

substantial genetic contribution to the learning and general 

cognitive abilities (Luo, et al., 2003), and that individual 

differences in speed of information processing have been 

suggested to underlie the interindividual variability in IQ 

measurements. Tests used to assess this domain require a 
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cluster of functions highly correlated with intelligence, 

such as motor persistence, response speed and visual-

motor coordination (Lezak, 2004), and some authors posit 

that this domain is a fundamental predictor of cognitive 

changes due to cerebral development and aging (Head, 

Rodrigue, Kennedy, & Raz, 2008). These results are 

supported by the association between speed of processing 

and axonal myelinisation of the central nervous system 

(Posthuma, et al., 2001), and by the finding of shared 

genetic components in the correlation between processing 

speed and general cognitive ability (Finkel & Pedersen, 

2000). However, the moderate value for heritability 

indicates that environmental factors play a fundamental 

role in this domain in all the age ranges.  

 The results for memory seem to contrast with 

other cognitive functions in two main aspects: i) estimates 

show only moderate heritability, and ii) the heritability of 

the more general component of memory was similar to 

that found for the subcomponents; being the more 

complex functions as heritable as the lower-order ones. 

These results suggest characteristics of genetic structure 

that are different from those found in other cognitive 

functions, supporting stable genetic and environmental 

contributions to memory performance. Interestingly, the 

temporal brain regions that support the functioning of this 

cognitive domain seem to develop independently from the 

frontal areas of executive control (Shaw et al., 2008), 

suggesting that memory can be differentiated from 

intelligence in its basic structure. The first can be 

essentially conceptualized as a relational code, resulting 

from divergence of connectivity into multiple networks, 

that may form analytical and discriminant neural networks 

associated by experience. In contrast, intelligence more 

likely results from both convergence and divergence of 

connectivity into large networks (i.e. integration and 

distribution of information along separate channels) 

(Fuster, 2003). 

Further evidence for a hierarchical organization of 

cognition comes from recent studies of the ontogenic 

development of the human brain. According to these 

studies, the primary motor and sensorial areas of the brain 

are completely formed first, followed by superior and 

inferior parietal areas that involve spatial orientation, 

development of language and attention. The frontal and 

occipital poles, involved in the senses of smell and taste, 

and the primary visual cortex, also mature early (Gogtay et 

al., 2004). Once the neurobiological bases of these 

cognitive abilities is established, the process continues 

with the maturation of areas of the frontal lobe involved in 

executive functions, higher attentional processes, and 

motor control. The temporal cortex, which constitutes a 

heteromodal association region and is involved in the 

integration of processes of memory, audiovisual 

association and recognition of objects, continues its 

maturation process even after other association areas 

whose functions are articulated within the temporal cortex 

have finished their developmental process (Raznahan et 

al., 2011).  

These findings indicate a relatively long ontogenic 

period required for the developmental maturation of 

higher-order cognitive functions when compared to those 

of lower order. This mechanism indicates that pre-

established processes may sum up to constitute a more 

complex domain. It is possible that the found heritability 

estimates of complex cognitive domains reflect the 

summed genetic influences of the other simpler, yet 

constitutional, cognitive subcomponents, leading to an 

increase in the heritability of the tasks with their 

corresponding loading on general intelligence (Karlsgodt, 

et al., 2010). In this way, the multi-component structure of 

intelligence would respond to a polygenic substrate in 

which the constituent subunits have lower estimates of 

heritability than the more general construct. It is possible 

that cognitive associations at higher cortical levels, and 

thus the acquisition of new knowledge, can be understood 

as a self-adjustment of weights in self-organized 

associative networks (Kohonen, 1977, 1984). 

A further, not exclusive, explanation for these findings 

point in the direction of a large genetic control of the 

combinatory capacity of basic cognitive functions, which 

seems to be to some extent shared by cognitive systems 

(Marcus, 2006). Unlike other cognitive functions, 

intellectual capacity cannot be limited to one region of the 

brain or to a specific neural network. Furthermore, the 

differences found in the heritability of intelligence 

throughout the lifespan probably reflect a global dynamic 

functioning that involves other cognitive domains, brain 

systems, and the influence of the environment. Given that 

the functional connections among single brain areas 

respond to a dynamic organization that develop during 

ontogenic learning (Luria, 1966, 1973), such combinatory 

capacity is probably facilitated by experience from 

environment-dependent processes. The impact of society 

on cognitive processes has been largely addressed by 

studies on the development of language(Kotik-Friedgut, 

2006). This process, that involves both physical 

maturation and cultural modelling, provides the 

psychological functions of adults its final appearance. In 

this way, the mutual dependency between cognitive 

domains and cultural settings might enhance the 

development of intellectual performance, allowing 

subjects to recognize and confront the complexity of the 

human world. 

This review has several limitations. First, although the 

reliability of the measures was considered in the inclusion 

criteria, the variability among the across the studies 

reviewed may limit the generalizability of the conclusions. 

An exception for this may be the measures of general 

intellectual ability, a construct that is robust to differences 

in the subtests used to assess it (Johnson, Bouchard, 

Krueger, McGue, & Gottesman, 2004; Johnson, te 
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Nijenhuis, & Bouchard, 2008). Likewise, the 

heterogeneity in terms of measures and sample sizes 

among studies make the summarized data not suitable for 

a meta-analytic study, which would help gain insight into 

the processes described in this systematic review. Second, 

only a few studies mention methodological concerns of 

design in family and twin data, such as selective pairing, 

peri-natal and postnatal factors (Stromswold, 2006), the 

effect of contrast, or statistical difficulties. Third, possible 

sources of variation in the heritability estimates are 

particular characteristics of the genetic pool and the typical 

environmental influences of each culture and of literacy 

teaching (Grigorenko, LaBuda, & Carter, 1992; Rushton, 

Bons, Vernon, & Cvorovic, 2007) and socio-economic 

level (Turkheimer, Haley, Waldron, D'Onofrio, & 

Gottesman, 2003). 

Regardless of its limitations, the present review 

provides systematic evidence for a renewed perspective to 

understand the etiological underpinnings of psychological 

processes. Rapid and consistent progress of scientific 

development has promoted substantial results supporting 

that cognitive abilities are, to a large extent, genetically 

determined (Nilsson, Van Broeckhoven, & Adolfsson, 

2001). However, it is not without the influence of 

environment that these neurobiological underpinnings of 

human cognitive traits may reach their current appearance 

and phenotypic variability. In this regard, the genetic 

contributions to cognitive abilities seem to be organized in 

line with these neurobiological substrates: as ontogenic 

maturation of functions determines a progressively more 

complex organization, heritability becomes consequently 

larger in higher-order domains.  
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ABSTRACT 

Objective: Mental health disorders are commonly associated with cognitive impairments. The 

aim of the present study was to examine the effect of child maltreatment on cognition, above 

and beyond other environmental and genetic and components, and whether this effect varied 

according to socioeconomic status (SES).  

Method: A monozygotic twin-based design allowed disentangling the cognitive effects of 

individually experienced childhood maltreatment from putative confounding factors (i.e. shared-

environmental and genetic). 188 healthy adult subjects (94 twin pairs) were assessed for 

childhood maltreatment (Adverse Childhood Experiences Questionnaire - ACE), verbal 

memory (Wechsler Memory Scale-III) and SES (Hollingshead, 1975). Main effects and 

interaction between ACE and SES on memory were estimated using generalized least squares 

models.  

Results: Both SES and ACE showed detrimental effects on adult memory. However, the effect 

of individually experienced ACE could only be distinguished from other shared-environmental 

and genetic effects in higher SES families. Specific to high-SES group, twins with an increased 

number of early experiences of maltreatment presented reduced memory performance than their 

genetically identical co-twins.  

Conclusion: Enriched environments provide a more advantageous context for early unique 

environmental experiences to influence cognitive processes. A more stressful SES context may 

limit the expression of individual differences on cognitive development.  

 

Keywords: socioeconomic status, childhood adversity, memory, individual differences, twin-based study.  

Significant Outcomes:  

- Individually experienced childhood maltreatment predicted worse memory performance in 

enriched SES environments.  

- The association between individually experienced childhood maltreatment and memory was not 

significant in the lower SES families. This effect could not be distinguished from that of other 

shared environmental and genetic components in these subjects.  

- Childhood maltreatment and socioeconomic status warrant further study as potential 

environmental contributors to adult mental health.  

 

Limitations:  

- The measure of childhood adverse experiences relies on retrospective judgement of the subjects.  

- Other variables involved in neurodevelopmental maturation may help explain a larger proportion 

of the variance in adult memory; these variables are not included due to the limited sample size.  

- Definitive conclusions on causal inferences are not possible given the cross-sectional nature of 

the design.  
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INTRODUCTION 

It is becoming progressively accepted that early 

experiences of maltreatment have a great impact on adult 

mental health and associated cognitive impairments. High 

rates of child maltreatment are commonly found in adult 

subjects with severe neuropsychiatric disorders (1-4). 

Furthermore, childhood maltreatment has been found to 

predict an increased risk for maladaptative behaviour, 

attenuated psychiatric symptoms, and deviant patterns of 

memory processing in general population samples (5-7).  

The neurobiological substrates of these dysfunctions 

involve atypical hypothalamic-pituitary-adrenal axis 

regulation (HPA) (8), which in turn has been linked to an 

accelerated loss of hippocampal neurons (9). These 

mechanisms may underlie previous findings of altered 

expression of hippocampal-related cognitive domains - 

such as memory - in subjects who have suffered recurring 

exposure to experiences of maltreatment (10-11). 

However, the available literature on the association 

between early trauma and adult memory processing 

presents conflicting findings (12-13), which suggest a 

complex interplay of diverse influences impacting the 

phenotypic variability of memory (14-15).  

Interestingly, lower SES subjects have been reported 

to present worse memory functioning (16-17) while the 

underlying mechanism of this association also seems to 

involve stress-related processes. Studies show increased 

cortisol secretion and basal levels of catecholamines in 

lower SES subjects (18-19), indicating higher changes in 

the processes of stress response that may impact adult 

cognition (20).  

Although individuals who belong to lower SES 

usually report higher frequencies of childhood 

maltreatment, the association between these 

environmental influences is not necessarily causal (21). 

An early approach to this matter, which highlights other 

types of associations, distinguishes environmental 

influences between: i) proximal settings and ii) a distal, 

relatively stable context in which the first are embedded 

(22). Interpersonal relationships - as those involved in 

childhood maltreatment - are proximal in that they define 

the context that immediately confronts the person. The 

distal environmental influences are defined as 

macrosocial units of analysis, such as socioeconomic 

status (SES) (23).  

The specific impact of childhood maltreatment on 

memory has proven difficult to assess due to the large 

number of factors involved, such as genetic background, 

familial cohesion and shared values, and availability of 

external support (24). In the present study we used a 

monozygotic-twins based approach to disentangle the 

unique environmental effect of childhood maltreatment, 

free of confounding due to shared genetic or 

environmental factors within families (25-28). We 

propose the individually experienced child maltreatment 

will contribute to the variance of adult memory 

performance. However, given the more stressful 

environment that characterizes disadvantageous contexts, 

we predict that individually experienced childhood 

maltreatment will significantly affect memory in subjects 

from higher levels of SES, while this effect will be 

reduced in low-SES families.  

Aims of the study 

The goal of the present study was to explore whether 

the effect of individually experienced childhood 

maltreatment on adult memory varies as a function of 

differences in socioeconomic contexts, in a model that 

allows controlling for shared genetic and environmental 

confounding factors.  

 

MATERIAL AND METHODS 

Sample 

The sample consisted of 188 healthy adult subjects (94 

monozygotic (MZ) pairs) recruited from the University of 

Barcelona Twin Registry and media advertisements. The 

sample of monozygotic twins was drawn from a larger 

sample collected as a part of a comparative study of the 

putative neurobiological correlates of schizophrenia 

(EUTwinsS study). Twins between 17 and 65 years old 

were included when no personal history of neurological 

disorder and no current substance dependency could be 

detected. All subjects were from Caucasian origin.  

Genomic DNA was extracted from peripheral blood 

cells of all participants using the Real Extraction DNA 

Kit (Durviz S.L.U., Valencia, Spain). Zygosity was 

assessed by genotyping 16 highly polymorphic 

microsatellite loci (SSRs). Twins with only one divergent 

allele were genotyped a second time to limit the scope for 

genotyping error. Identity on all the markers can be used 

to assign monozygosity with greater than 99% accuracy 

(29). Written informed consent was obtained from all 

participants after a detailed description of the study aims 

and design, approved by the local Ethics Committee. All 

procedures were carried out according to the Declaration 

of Helsinki.  

 

Measures 

Verbal Memory task 

Immediate and delay memory performance were 

assessed by means of the logical memory subtests from 
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the Wechsler Memory Scale, Third Edition (30). This test 

measures free recall following auditory presentation of an 

unfamiliar story, both immediately after presentation and 

following a 30 minutes delay.  Immediate memory scores 

showed scale mean values of 10.03, SD = 2.72, and delay 

recall presented scale mean values of 10.13, SD = 2.68. A 

total memory score for each subject was calculated as the 

individual mean score of the sum of the raw scores of 

both subtests.  

Socioeconomic Status (SES) during childhood  

Information was collected using the four-factor index 

of social status developed by Hollingshead (1975), which 

estimation includes gender, marital status, occupation and 

level of school completed by the parents during the twins’ 

childhood. Specifically, occupation was assigned to one 

of nine categories ranging from “Farm labourers/Menial 

service workers” to “Higher executives/Proprietors of 

large businesses/Major Professionals”. Level of school 

completed was assigned to one of seven categories 

ranging from “less than seventh grade” to “graduate 

professional training”. The four factors were combined to 

produce a composite measure of SES, with higher scores 

indicating higher SES. The expected range according to 

original guidelines is 8 to 66.  

Childhood Maltreatment 

An adapted version of the Adverse Childhood 

Experiences (ACE) Questionnaire (31) was used. The 19 

items included address 3 types of experiences of abuse 

(emotional, physical and contact sexual abuse), and 2 of 

neglect (both physical and emotional), as well as 

experiences of exposure to household dysfunction during 

childhood (exposure to substance abuse, mental illness, 

violent treatment of mother, criminal behaviour in the 

household, and parental separation or divorce). The 

adaptation consisted of the inclusion of questions 

regarding parental loss and bullying. Following the 

original guidelines, the number of adverse childhood 

experiences was summed to obtain a total ACE score 

calculated for each subject. This ACE total score reflects 

the count of the number of adverse childhood 

experiences, which has been originally designed to assess 

their cumulative impact on development.  

Individually experienced Childhood Maltreatment 

Individually experienced childhood maltreatment was 

identified when any difference was detected in within-pair 

comparisons of ACE scores. In a sample of genetically 

identical individuals, this measure provides an estimate of 

individually experienced events free of confounding due 

to shared genetic or environmental factors (25-26).   

When any difference was detected in between-pair 

comparisons of ACE scores, family-wide components of 

childhood maltreatment were identified. These are shared-

environmental and genetic factors common to both twins 

in a pair, and define those influences that place children at 

risk of experiencing childhood maltreatment, such as the 

number of siblings in the household, accessibility to 

health care, and genetic characteristics (32). 

 

Statistical Analysis 

Two core Generalized Least Squares analyses 

(generalized estimating equations) were conducted using 

Stata.9 software. This method of estimation explicitly 

allows for the correlation structure present in any given 

twin-pairs sample (33). Specifically, the model takes into 

account a common correlation within each pair of twins 

and independence between unrelated individuals. For 

completeness, the robust method for standard error 

estimation was used (34). 

The first analysis explored the direct association 

between socioeconomic status and ACE total score on 

memory performance. This constituted an initial step that 

aimed at describing the phenotypic relationships among 

variables.  

To examine our hypotheses, a second analysis was 

performed where the effect of ACE on memory was 

decomposed into that owing to within-pairs differences of 

ACE scores and that responding to between-pair 

differences (35). The formulation of this model was:  

Yij = β0 + βw (Xij – i) + βb i  

Where Y denotes the outcome (memory performance 

during adulthood), X the covariate of interest (ACE 

Score), i twin pairs and j individual within twin pair. i 

represents the mean value of childhood adverse events for 

twin pair i. The within-pair coefficient βw gives the 

expected change in memory performance in adulthood for 

a one-unit change in the difference between the individual 

X and the twin-pair average of ACE, while holding the 

latter constant. Given that this analysis was performed in 

genetically identical monozygotic twins, βw represents an 

association that is free of confounding due to factors that 

are common to the two twins, and therefore is a measure 

of unique environmental effects of ACE on the 

association. This parameter supports interpretation in 

terms of possible causal mechanisms related to 

individually experienced childhood maltreatment (27). 

The between-pair coefficient βb gives the expected change 

in memory performance for a one-unit change in the twin-

pair average of ACE score, while holding the individual 

deviation from the average constant. It provides a 

measure of family-wide (both genetic and environmental) 

effects on the association (28).  
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Specifically, in this second analysis the independent 

variables of interest were individually experienced 

childhood maltreatment (i.e. unique environmental effects 

of ACE), family-wide components of childhood 

maltreatment (i.e. family-wide effects of ACE) and 

socioeconomic status. Two-way interaction effects 

between unique environment and SES, and family-wide 

factors and SES, were added to the model. 

Whenever a twin pair could not confirm either 

occupation or level of education of the parents, missing 

data was generated in SES scores. This was the case in 34 

twin-pairs, which were excluded from further analyses. 

These pairs were not significantly different from the rest 

of twins in the terms of total memory scores (p=0.2) 

neither in total ACE scores (p=0.8). Effect sizes were 

calculated at all steps of analyses using eta square (η
2
) to 

express the strength of the association between the 

independent variable and the dependent variable. This 

parameter allows the estimation of the proportion of 

variance in the outcome accounted for by the predictor 

(36).  

All analyses were controlled for age and sex of the 

subjects.  

 

RESULTS 

Sample characteristics  

Table 1 summarizes the sample distribution on 

measures of socioeconomic status, ACE scores, and 

memory. Memory scores were standardized to a z metric 

with a mean of zero and a standard deviation of 1, which 

allows for the interpretation of β coefficients as the 

standard deviation unit change in memory performance.   

Overall, 73.1% of the subjects reported at least one 

exposure to ACE, while 5.2 % had experienced more than 

4 types of childhood maltreatment. 51.5% of the subjects 

reported events of abuse, 20.9% events of neglect, and 

20.5% household dysfunction. The within-pairs 

correlation of ACE scores for the complete sample was 

r=0.62 (p<0.001), which suggests that co-twins differed in 

their exposure to childhood maltreatment. 

 

Phenotypic associations between SES, ACE and 
memory 

As expected, the phenotypic analysis showed that 

memory performance increased with a more advantageous 

socioeconomic context (β=0.02, SE=0.01, p<0.01, 95% 

CI=0.01 to 0.04) and decreased as ACE added 

progressively (β= -0.11, SE=0.04, p<0.01, 95%CI= -0.19 

to -0.04). Effects sizes showed that a similar proportion of 

the variance in memory performance was accounted for 

by both predictors (SES η
2
=0.12, ACE η

2
=0.10).  

 

Effects of SES, unique environment and family-
wide factors of ACE on memory  

In the second analysis, the effect of ACE was 

decomposed into that owing to family-wide contributors 

and that responding to unique environment. Table 2 

presents a complete description of the results of main 

effects and interactions. 

Main effects  

The analysis of the main effects of family-wide factors 

showed that the memory scores of twin pairs significantly 

worsen 0.12 SD with a progressively increasing number 

of adverse childhood events (p<0.05). The effect size of 

this association was η
2
=0.07.  

A trend towards significance was found in the unique 

environmental effects of ACE on memory, according to 

which twins who had suffered more childhood adverse 

events than his or her co-twin showed a decreased 

memory performance (p=0.08). The analysis of the effect 

size resulted in η
2
=0.04, indicating that 4% of the 

variance of memory was accounted for by these unique 

environmental effects.   

The main effect of socioeconomic status was 

significant (p<0.01) and resulted in an effect size of 

η
2
=0.11.  

Interaction  

Results showed that only the interaction between SES 

and the unique environmental effect of ACE presented a 

trend towards significance (p=0.067, 95% CI: -0.011 to 

0.001). The effect size of the interaction was η
2
=0.04.  

Table 1 

Demographic distribution and description of measures. 

 Mean SD Range 

Age 34.32 12.51 17.05 to 61.31 

Years of education 16.69 3.77 7 to 28 

% Women 63.8%   

Socioeconomic Status 36.19 14.61 8 to 60.5 

Total ACE Score 2.79 1.9 0 to 11 

Total Memory Score 33.46 8.76 7 to 55.5 

ACE=Adverse Childhood Experiences Questionnaire. 
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In order to further explore these results, “low” and 

“high” SES levels groups were defined at the 0.5 

cumulative percent in the sample, and the effects of 

family-wide and unique environment ACE on memory 

were examined in each SES group. Separate generalized 

least squares analyses were run. The model included 

family-wide and unique environment as independent 

variables, and memory as outcome variable. Again, 

analyses were controlled for age and sex of the subjects. 

The Wald test was used to examine the equality of family-

wide and unique environment coefficients within each 

SES group. Results are shown in Table 3. 

Results showed that only in the high SES group 

unique environmental ACE significantly contributed to 

differences in memory performance and presented a 

relatively large effect size (p<0.01, η
2 
=0.24).  

The examination of the equality of β coefficients 

showed significant differences between the effects of 

family-wide and unique environment factors in the high 

SES group (Wald Χ
2
= 8.76, p<0.05). These effects could 

not be distinguished in low SES (Wald Χ
2
= 1.44, p=0.49).  

DISCUSSION 

In the present study, we proposed that the impact of 

individually experienced child maltreatment would vary 

as a function of the larger socioeconomic context in 

which this association was embedded. The results of the 

interaction between unique environment effects of ACE 

and SES indicated a trend towards significance, which we 

further analyzed by comparing these effects within high- 

and low-SES groups. In agreement with our hypothesis, 

significant effects of individually experienced childhood 

maltreatment were found in families from high SES. By 

contrast, in the low-SES group these unique 

environmental effects could not be differentiated from 

other family-wide influences that might be involved in the 

association. 

It has been previously posited that stress is associated 

with altered cognition and psychopathology through 

neurobiological pathways that involve HPA regulation 

(37). These findings strongly support the contribution of 

stress-related neurodevelopmental processes on adult 

impaired performance. However, reports also show that 

there exists inter-individual variability in the 

susceptibility to the detrimental consequences of 

particular stressful experiences (38). Genetic factors seem 

to underlie these differences in outcome, such that 

varying genetic sensitivity to stress may modulate the 

impact of environmental stressors. Evidence in this 

direction comes from an increasing body of work on 

gene-environment interaction models, in both general 

population and clinical samples (39-41). Our study adds 

Table 3  

Family-wide and unique environmental effects of childhood adversity on memory by socioeconomic (SES) 

group. 

β SE      P 95% CI η
2
 Wald Test  

Low SES  

Family-wide -0.16 0.14 0.230 -0.435 to 0.105 0.05 
p=0.49 

Unique 0.004 0.06 0.944 -0.122 to  0.131 0.001 

High SES  

Family-wide   -0.07  0.07 0.285 -0.210 to  0.062 0.04 
p<0.05 

Unique  -0.22 0.08 <0.01 -0.375 to  -0.066 0.24 

Results of generalized least square analyses adjusted for age and sex of the twins. 

Table 2    

Main effects and interaction of socioeconomic status (SES), family-wide effects of childhood 

maltreatment (Family-wide), and unique environmental effects of childhood maltreatment (Unique) on 

memory performance. 

 

β SE      P 95% CI η
2
 

Main effects  

Family-wide -0.12 0.05 <0.05 -0.232 to -0.019 0.07 

Unique -0.10 0.06  0.08 -0.208 to  0.013 0.04 

SES  0.02  0.01 < 0.01 0.007 to  0.040 0.11 

Interaction  

Family-wide x SES  0.01  0.01 0.248 -0.003 to  0.013 0.01 

Unique x SES -0.01 0.01 0.067 -0.011 to  0.001 0.04 

Results of generalized least square analyses adjusted for age and sex of the twins. 
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further complexity to these models by highlighting 

putative interactions between diverse environmental 

contributions to inter-individual variability in a 

genetically informative design.  

A monozygotic twin-based model allowed us to assess 

the unique environmental effect of childhood 

maltreatment free of confounding due to shared genetic or 

environmental factors. Results indicate that individual 

experiences of maltreatment have relevant influences 

specific to each child, of particular importance for the 

development of individual differences in memory. 

However, this effect was specifically evident only in 

higher SES subjects, where a resourceful and predictable 

distal SES environment may provide a supportive context 

for individually experienced events to affect cognitive 

development. By contrast, results suggest that a lower, 

more stressful SES may limit the impact of unique 

experiences on this complex trait (22, 42).  

Previous studies have provided evidence suggesting 

that the relative influence of genes and environment on 

cognition varies with the broader socioeconomic status 

where the children were raised. Specifically, genetic 

influences have been found to be larger in higher SES 

(43-44). Although this result might initially appear to 

differ from our findings, the divergence may be only 

apparent since the mechanisms involved in the 

interpretation of both analyses are similar. The authors 

posit that advantageous socioeconomic contexts may 

provide the opportunity for children to express their 

genetic potential for cognitive development, which 

increases the heritability of cognition in high-SES 

populations (45). Our findings extend these conclusions to 

the effect of unique environmental influences, indicating 

that these individually-experienced events may find a 

more suitable context to impact cognitive development in 

a stable, enriched environment. Since genetic and unique 

environmental effects are not mutually exclusive, it is 

possible that gene-environment interactions may be 

implicated in the results (46).   

While a number of studies have confirmed the 

negative influences of stress on the development of 

psychopathology and impaired cognition (e.g (47-49), 

enriched environments may impact this association 

significantly (50). Recently, animal models of psychiatric 

disorders have shown that advantageous environments 

have an important effect on developmental plasticity of 

brain and behaviour, and may be able to modulate 

progression to pathogenesis (51). Furthermore, a high-

SES context has been associated with an increased risk 

for schizophrenia in subjects with low cognitive 

functioning (17).   

In this regard, our study presents two main 

implications. First, results showing significant effects of 

individually experienced childhood maltreatment on 

memory provide evidence for environmentally-mediated 

phenotypic plasticity in the development of this human 

complext trait. Second, the differences found for this 

effect across SES suggest that environmental enrichment 

should be considered as a potential source of confound  in 

studies of adult cognition and psychopathology.  

The application and interpretation of our results 

should be considered under some limitations. In first 

place, the measure of childhood adverse events relied on 

retrospective judgement of child experiences. However, 

adult retrospective reports of childhood maltreatment 

have been shown to likely be underestimated (11) and 

therefore the potential bias in our results would be that of 

reporting a weaker association between ACE score and 

memory than what can be found in longitudinal studies. 

Secondly, we did not count with a direct measure of 

physiological stress that would allow for more conclusive 

results in terms of the neurobiological substrates of stress-

response mechanisms. Finally, although the inclusion of 

environmental variables increases statistical power to 

detect moderating effects of the environment (52), we did 

not specifically test for gene-environment interaction 

effects due to the limited sample size of our study. The 

same applies for other variables that may add to explain a 

larger proportion of the variance in the association, such 

as cannabis abuse or factors involved in 

neurodevelopmental maturation.  

Our findings build on previous work according to 

which the quality of SES environment impacts to create 

vulnerabilities or resilience mechanisms that result in 

differences in adverse outcomes in adulthood (53). These 

diverse mechanisms may be in line with preceding results 

showing that the early life stress present in lower levels of 

SES may mediate disparities in cognitive ability (54), and 

reveal a public health dimension of child maltreatment 

and socioeconomic status. However, we were able to 

confirm the detrimental consequences of child 

maltreatment on adult cognition even in an advantageous 

socioeconomic context. In this regard, our results 

highlight that early experiences of adversity may per se 

produce lasting detrimental consequences on adult 

performance.  
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ABSTRACT  

The functional variant Val
158

Met in the gene coding for the enzyme catechol-O-

methyltransferase (COMT) is involved in the modulation of dopamine availability in the 

prefrontal cortex. It has been suggested that the interaction between this genotype and specific 

early environmental factors could be used to predict variation in cognitive flexibility. However, 

other genetic variants and environmental factors that place subjects at risk may confound the 

association and produce the inconsistent results commonly found in the literature. We assessed 

the association between childhood maltreatment, COMT genotypic variability and cognitive 

flexibility in a sample of healthy adult monozygotic twins. This twin-based approach allowed us 

to test the putative interaction effects free from potential confounding factors that are common 

to the two twins (i.e. other genetic and shared-environmental components). The unique 

environmental effects of childhood adversity on adult cognitive flexibility could only be 

distinguished from that of other family-wide factors in Met/Met subjects. Specifically, in this 

genotype group, unique environmental effects of childhood adversity were found to 

significantly impact cognitive performance. Interestingly, the direction of the results showed 

that exposure to stressful early experiences was associated with enhanced cognitive flexibility. 

These results suggest not only that COMT genotypic variability may increase a subject’s 
cognitive vulnerability to stress, but also that COMT may operate as a plasticity gene that 

provides differential cognitive capacity to respond to environmental stressors. 
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INTRODUCTION  

The dopaminergic neurotransmission system within the 

fronto-striato-thalamic circuits has been implicated in the 

functioning of prefrontal-related cognitive domains 

(Barnett et al., 2011, Goldman-Rakic et al., 2000). These 

findings have promoted the search for genes with a role in 

the metabolism of dopamine such as the gene coding for 

the enzyme catechol-O-methyltransferase (COMT), which 

is responsible for the extraneuronal degradation of 

synaptically released dopamine (Greenwood & 

Parasuraman, 2003). The functional polymorphism 

Val
158

Met of the COMT gene affects dopaminergic 

pathways related to prefrontal cognitive functioning, such 

as cognitive adaptability to environmental change, by 

increasing or decreasing the enzymatic activity of the 

protein (Meyer-Lindenberg et al., 2006, Slifstein et al., 

2008). The Val
158

 form of COMT has higher activity at 

physiological temperature, which underlies the increased 

brain activity of the enzyme in Val
158

 homozygotes (Chen 

et al., 2004). The high-activity form of COMT may lead to 

cortical hypodopaminergia, thus increasing the risk for 

deficits in cognitive flexibility (Caldu et al., 2007, De 

Frias et al., 2005).  

However, recent meta-analyses suggest that the effect of 

COMT genotype on prefrontal cognitive functions may be 

weaker than initially believed (Barnett et al., 2008). 

Interestingly, Val carriers show a lower incidence of 

anxiety-related traits along with the abovementioned 

diminished cognitive functioning, while the improved 

performance of Met carriers is associated with impaired 

emotional processing evidenced by a greater limbic and 

prefrontal activation in response to negative stimuli 

(Smolka et al., 2005). These findings have encouraged a 

model of interaction between COMT genotypic variants 

and environmental stressors, which may be involved in 

mechanisms of emotion processing associated with the 

phenotypic variability of cognitive traits in the population 

(Enoch et al., 2009, Stefanis et al., 2007). Among other 

environmental stressors, childhood maltreatment and 

neglect, and general deprivation of normal parental care 

during infancy, are especially noteworthy given their direct 

impact on normal adult development of higher-order 

cognition (Cicchetti & Toth, 2005).  

Nevertheless, contradictory findings in gene-

environment interaction studies have raised important 

concerns (Duncan & Keller, 2011). A key limitation is the 

possibility that other genetic components, such as variation 

in genes that are not included in the model, may be 

implicated (Barnett et al., 2011). Similarly, the specific 

effects of the environmental stressor may be confounded 

with those of other variables that could increase the 

subjects’ risk of experiencing that particular stressor 

(Arseneault et al., 2008). The study of twin pairs provides 

an exceptional opportunity to overcome these limitations, 

as it allows the effects of environmental events to be 

decomposed into those attributable to within-pair 

differences and those attributable to between-pair 

differences (Macgregor et al., 2000). In genetically 

identical individuals, the effects of within-pair differences 

are free from confounding factors that are common to both 

twins (i.e. genetic and shared-environmental components 

of the variance), and are therefore a measure of the unique 

environmental effects of the stressful event (Carlin et al., 

2005). 

In the present study, we examined the putative 

interaction effects between COMT Val
158

Met 

polymorphism and the unique environmental effects of 

childhood adversity on cognitive flexibility, over and 

above other genetic and shared-environmental 

components, in a monozygotic-twin based design. A 

differential capacity of the genotype to respond to 

environmental factors would be indicated by an association 

between the genotype and the environmental variance of 

monozygotic twin pairs (Birley et al., 1997).  

 

MATERIALS AND METHODS 

Sample 

The initial sample consisted of 234 adult Caucasian 

subjects recruited from the University of Barcelona Twin 

Registry and originally collected as a part of a comparative 

study of the putative neurobiological correlates of 

schizophrenia (EUTwinsS study). Twins between 17 and 

65 years old, with no personal history of neurological 

disorders or substance dependency, were included. A 

further exclusion criterion was a personal history of 

psychiatric medical treatment, which excluded 16 subjects. 

The final sample comprised 218 healthy adult subjects 

with a mean age of 33.27 years, SD= 12.5 and mean years 

of education of 17.4, SD=3. Gender distribution showed 

that 62.8% of the twins were women.  

Zygosity was assessed by genotyping 16 highly 

polymorphic microsatellite loci (SSRs; PowerPlex
®
 16 

System Promega Corporation). Identity on all the markers 

can be used to assign monozygosity with greater than 99% 

accuracy (Guilherme et al., 2009). Zygosity analysis of all 

109 twin pairs showed that 85 were monozygotic (170 

subjects) and 24 were dizygotic (48 subjects). Written 

informed consent was obtained after a detailed description 

of the study objectives and design, which were approved 

by the local ethics committee. All procedures were carried 

out in accordance with the Declaration of Helsinki.  

Genotyping 

Genomic DNA was extracted from peripheral blood cells 

using the Real Extraction DNA Kit (Durviz S.L.U., 

Valencia, Spain) or from buccal mucosa by means of a 
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cotton swab and a BuccalAmp DNA Extraction Kit 

(Epicentre
®
 Biotechnologies, Madison, WI, USA). 

Genotyping of the COMT Val
158

Met (rs4680) single 

nucleotide polymorphism (SNP) was determined using 

Applied Biosystems Taqman 5’-exonuclease assays. The 

final volume PCR reaction was 5 �L, using 10 ng of 

genomic DNA, 2.5 �L of TaqMan Master Mix, and 0.125 

�L of 40x genotyping assay. The cycling parameters were 

as follows: 95 °C for 10 minutes, followed by 40 cycles of 

denaturation at 92 °C for 15 seconds and 

annealing/extension at 60 °C for 1 minute. Polymerase 

chain reaction plates were read on an ABI PRISM 7900HT 

instrument with SDS v2.1 software (Applied Biosystems). 

Childhood Adversity  

We used an adapted version of the Adverse Childhood 

Experiences Questionnaire (Felitti et al., 1998), which 

included parental loss and bullying. Nineteen items 

addressed three types of experiences of abuse (emotional, 

physical, and sexual), two of neglect (physical and 

emotional), and exposure to household dysfunction 

(substance abuse, mental illness, violent treatment of 

mother, criminal behavior, and parental separation or 

divorce). The test-retest reliability for every question in 

both the Questionnaire and the total score are reported in 

the good to excellent range (Dube et al., 2004), and no 

evidence of response rate bias has been found (Edwards et 

al., 2001). In our study, the count of adverse childhood 

experiences was used to obtain a total Childhood 

Adversity Score (CAS) for each subject that was originally 

designed to assess their cumulative impact on childhood 

development (Anda et al., 2006).  

Cognitive Assessment  

The subjects were assessed using the computerized 

version of the Wisconsin Card Sorting Test (WCST) 

(Heaton et al., 1993). The primary outcome measure was 

the widely used perseverative errors score, a measure of 

cognitive flexibility that is sensitive to an individual’s 

ability to fluently shift cognitive sets in response to a 

changing environment, while maintaining a general 

instruction (Barnett et al., 2007). Impaired performance in 

the WCST has been associated with prefrontal cortex 

activation alterations due to cortical dysregulation of 

dopaminergic neurotransmission (Meyer-Lindenberg et al., 

2002). WCST perseverative error scores were standardized 

to a z metric with a mean of zero and a standard deviation 

of 1, which allows for the interpretation of β coefficients 

as the standard deviation unit change in performance. 

Lower scores indicate better performance (i.e. lower 

number of perseverative errors). 

Statistical Analyses  

All analyses were conducted using Stata.9 software. In 

all cases, we used a generalized least squares approach 

(generalized estimating equations), which explicitly allows 

for the correlational structure present in any given twin-

pair sample (Hanley et al., 2003). Specifically, this method 

of estimation takes into account a common correlation 

within each pair of twins and independence between 

unrelated individuals. For completeness, we used the 

robust method for standard error estimation and confidence 

intervals. 

First, we analyzed the association between COMT 

genotype, total Childhood Adversity Score and WCST 

perseverative errors in the whole sample of twins (both 

monozygotic and dizygotic). This analysis was the initial 

step in examining the association among variables in a 

representative sample of healthy adult individuals. The 

model included COMT genotype and CAS as the 

independent variables of interest, and WCST perseverative 

errors as the dependent variable. An interaction term of the 

effect between COMT genotype and CAS was added to the 

model. Analyses were adjusted for the subjects’ age, 

gender and number of years in education.  

In order to achieve our main objective, we fitted a second 

general regression model using only the monozygotic twin 

pairs. In this sample of pairs of genetically identical 

subjects, the effects of childhood adversity were 

decomposed into those attributable to within-pair 

differences and those attributable to between-pair 

differences (Mann et al., 2004). This procedure helped 

analyze the information about the value of cognitive 

flexibility, as assessed by the WCST perseverative error 

scores, with respect to childhood adverse experiences in 

the co-twin, as well as the subject’s own adverse childhood 

experiences. In this context, a within-pair βw coefficient 

represents an association that is free from confounding 

factors that are common to both twins, and is therefore a 

measure of the unique environmental effects of adverse 

childhood events on the association. Complementarily, a 

between-pairs βb coefficient measures family-wide (both 

genetic and environmental) effects on the association 

(Johansson-Kark et al., 2002). 

The effects of unique environmental (i.e. within-pair βw 

coefficient) and family-wide (i.e. between-pairs βb 

coefficient) contributors to variance in cognitive flexibility 

were analyzed for each COMT genotype group: Val/Val, 

Val/Met and Met/Met. This allowed us to obtain an 

estimate of βw and βb effects for each genotype.   

Within each genotype group, we determined the 

significance of any difference found between the effects of 

βw and βb using the test of equality of coefficients (lincom 

command)(Statacorp, 2005). Non-significant values 

indicate equality of coefficients, and thus the effects of 

childhood adversity cannot be attributed purely to within-

pair mechanisms but may rely on other factors shared by 

the twins, such as common environment or other genotypic 

variants. When coefficients are not equal, the interpretation 
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depends on the results for each estimate (Carlin et al., 

2005).  

Effect sizes were calculated at all steps of analyses using 

eta square (η
2
). This parameter allows the estimation of the 

proportion of variance in the outcome accounted for by the 

predictor (Cohen, 1988).  

 

RESULTS  

Demographic characteristics and descriptive 
analyses 

Genotyping analysis identified 50 monozygotic subjects 

with Val/Val genotype (29.4%), 80 with Val/Met genotype 

(47.1%), and 40 with Met/Met genotype (23.5%). Among 

the dizygotic twins, 17 subjects were Val/Val (35.4%), 26 

Val/Met (54.2%) and 5 Met/Met (10.4%), with 18 

concordant pairs and 6 discordant for the genotype. One 

subject from each twin pair was randomly selected to 

estimate Hardy-Weinberg equilibrium. Genotype 

frequencies did not depart it (Χ
2
=0.0 p=1). The allele and 

genotype frequencies were statistically similar (p>0.05) to 

those previously described in Spanish samples (Aguilera et 

al., 2008).  

There were no significant differences across genotype 

groups in age, gender, number of years in education and 

total Childhood Adversity Scores. Differences in the raw 

scores of WCST perseverative errors were found, 

according to which the Val/Val genotype group showed 

the worst performance (β= -1.85, p<0.05). Specifically, the 

mean score for Val/Val subjects was 14.5, SD=10.5; for 

Val/Met subjects was 11.2, SD=7.9; for Met/Met subjects 

was 11.1, SD=8.  

The first analysis, addressing the associations between 

variables based on the complete sample (N=218 subjects), 

showed main effects of total CAS on cognitive 

adaptability, such that the number of WCST perseverative 

errors increased with adverse childhood experiences 

(β=0.07, SE=0.02, 95% CI=0.02 to 0.11, p<0.01). The 

effect size of this association was η
2
=0.07. The main effect 

of COMT genotype on cognitive adaptability was not 

significant in this model (β= -0.18, SE=0.1, 95% CI= -0.38 

to 0.02, p=0.08). Analyses showed evidence of interaction 

effects between total CAS and COMT genotype on 

cognitive flexibility (β= -0.05, SE=0.02, 95% CI -0.1 to -

0.003, p<0.05). The effect size of this interaction was 

η
2
=0.04. Specifically, Val/Val subjects showed inferior 

performance as exposure to adverse childhood events 

increased progressively (Figure 1).  

Unique and Family-wide Effects of Childhood 
Adversity  

In order to achieve our main objective, the variance of 

the total CAS was decomposed into between-pair 

differences and within-pair differences in the 

monozygotic-twin sample. Between-pair differences 

showed a mean score of 2.4 (SD=1.97), with values 

ranging from 0 to 12. The mean score of within-pair 

differences was 0.13 (SD= 0.85) and ranged between -3 

and 3. The within-pair CAS correlation was not equal to 1 

in this sample of monozygotic twins (r=0.86, p<0.001), 

which indicated the existence of non-shared contributing 

causes.  

 

Figure 1 

Interaction effects of COMT genotypes and exposure to adverse childhood events on cognitive flexibility in the complete 

sample of twins (N=218 subjects).  Higher Wisconsin Card Sorting Test (WCST) z scores indicate worse performance.  

 

 

Results of the initial analysis corrected for age, gender and years of education. Y axis represents WCST perseverative errors 

z scores (mean=0, SD=1). For illustration purposes, individual total Childhood Adversity Scores (CAS) are shown as 

“Lower” or “Higher”.  
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The family-wide and unique environmental effects of 

total CAS on cognitive flexibility were tested across the 

genotype groups and are reported in Table I. In the 

Met/Met group, the analysis of the unique environmental 

effects of total CAS showed a significant association with 

cognitive flexibility. Accordingly, subjects who had 

experienced a progressively increasing number of adverse 

childhood events presented a 0.25 SD better WCST 

performance (i.e. committed less perseverative errors) than 

their co-twin, who had experienced fewer adverse 

childhood events. Because the analyses were based on 

genetically identical individuals, these results indicate that 

experiencing adverse events in childhood has a per se 

environmentally mediated effect on adult cognitive 

flexibility specifically in Met/Met genotype subjects.  

These findings can be illustrated by the regression trends 

of the unique environmental effects of adverse childhood 

events experienced by one twin as compared to his or her 

co-twin. Figure 2 shows a significant decrease in the 

number of WCST perseverative errors committed (i.e. 

better cognitive flexibility) by the co-twin who 

experienced more adverse childhood events in the group of 

Met/Met subjects. There was no evidence for this effect in 

the other genotype groups.  

Family-wide factors (both genetic and shared-

environmental) were significantly associated with WCST 

perseverative errors in the Val/Val and Met/Met groups, 

such that in both groups cognitive flexibility deteriorated 

significantly as the adverse childhood events increased 

progressively for any given twin pair. Effect sizes were 

relatively larger in the Met/Met genotype group.  

Test of Equality of Unique and Family-wide Effects of 

Childhood Adversity Scores across COMT Genotypes 

The test of equality of coefficients showed significant 

differences between the unique environmental and family-

wide effects of total CAS in the Met/Met group (p<0.01, 

95% CI= 0.12 to 0.64). This reveals that the unique 

environmental effect of childhood adversity on cognitive 

adaptability can be distinguished from effects attributable 

to familial factors.  

No evidence for differences between coefficients was 

found either in the Val/Val group (p= 0.64, 95%CI= -0.46 

to 0.28) or the heterozygous group (p=0.53, 95% CI= -0.31 

to 0.61).  

 

DISCUSSION  

According to accumulating information that promote a 

modulating role of COMT Val
158

Met functional 

polymorphism on the inter-individual variability of 

cognitive response to environmental change (Tunbridge et 

al., 2006), our study based on a twin sample presents 

evidence of interaction between this genotype and 

childhood adversity on the phenotype. Results from the 

initial analyses based in the complete sample of both 

monozygotic and dizygotic twins indicate that being a 

carrier of the Val/Val genotype may make subjects more 

vulnerable to the detrimental effects of childhood 

maltreatment. However, the examination of family-wide 

and unique environmental effects of childhood 

maltreatment allowed the identification of more complex 

Figure 2

Within-pair comparisons of 85 monozygotic twin pairs (N= 170 subjects) addressing unique environmental effects of 

adverse childhood experiences on cognitive flexibility according to COMT genotype group. Higher Wisconsin Card 

Sorting Test (WCST) z scores indicate worse performance.  

 

 

Y axis represents WCST perseverative errors z scores (mean=0, SD=1). For illustration purposes, each twin of a pair was 

labelled as “Lower” or “Higher” Childhood Adversity Score (CAS) with respect to the total CAS of their co-twin (Axis X).  
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relationships among the variables reflecting a differential 

contribution to the variability observed in adult cognition. 

Using the test of equality of effects, family-wide effects 

of childhood adversity were distinguished from unique 

environmental effects only in Met/Met carriers. This 

finding may be in line with previous reports that associate 

the Met allele with neural substrates of negative versus 

positive emotion processing (Williams et al., 2010). An 

increased activation in brainstem, amygdala, basal ganglia 

and medial prefrontal regions has been reported among 

Met carriers when subjects are exposed to negative stimuli 

(Smolka et al., 2005). This pattern of negativity bias may 

reflect risk for depressive and anxiety disorders associated 

with stress vulnerability in this genotype group (Conway et 

al., 2010). In this context, the results of our study may be 

suggestive of a particular receptiveness of this genotype to 

the impact of environmental negative stimuli.  

The unique environmental effects of childhood adversity 

were associated with a reduced number of perseverative 

errors in Met/Met carriers. The fact that this association 

was only observed in Met/Met allele carriers denotes that 

the superior cognitive performance commonly found in 

this group may be at least partially explained by genotype-

related mechanisms of response to environmental change. 

The Met allele has been proposed to confer increased 

dopamine concentrations cortically, leading to an increase 

in the stability of networks mediating higher-order 

cognition, while the Val allele may be implicated in a 

complementary plasticity mechanism of the cognitive-

related neural pathways (Bilder et al., 2004). The WCST is 

one of the most sensitive measures for assessing frontal 

cortical functions, in particular dorsolateral regions 

(Demakis, 2003), and a valid index of adaptability in 

behavioral programming that includes abstract reasoning 

and the ability to develop and maintain an appropriate 

problem-solving strategy to achieve a goal (Heaton et al., 

1993). In this context, our results may be indicative of a 

relative cognitive capacity of Met/Met carriers to 

strengthen from environmental risk experiences by 

developing strategies that enhance the resistance to later 

stress (Rutter, 2006).  This putative increased resilience in 

Met/Met genotype subjects may be specific to cognitive 

outcomes, while the higher incidence of anxiety traits 

observed in previous studies (Heinz & Smolka, 2006) may 

be caused by a relatively independent underlying 

mechanism involved in emotional responses to stressful 

events. 

Finally, family-wide effects of childhood adversity were 

associated with a poorer performance in cognitive 

flexibility in both Met/Met and Val/Val carriers. This 

coefficient reflects the effects of any environmental or 

genetic factors that are shared by both twins and that place 

the subjects at risk of maltreatment, such as living in a 

deprived area, common exposure to infections or toxins, 

and/or carrying genotypic variants that could increase the 

twins’ probability of being exposed to risky environments 

(i.e. gene-environment correlation) (Plomin et al., 2008). 

Our model does not assess these factors separately; βb 

involves a number of influences that may have varying 

effects (Carlin et al., 2005). Therefore, this mechanism 

does not posit a causal relationship, but rather suggests that 

factors shared by the members of a family or a community 

may be involved in the mechanisms that associate 

childhood adversity with a decreased cognitive outcome. 

This indicates that family-wide stressful contributors of 

childhood adversity may have a detrimental effect on 

Table I. Results of the underlying unique environmental and family-wide effects of childhood adversity on 

cognitive flexibility according to COMT Val
158

Met genotype. Analyses were performed in the sample of 85 

monozygotic twin pairs (N=170 subjects). 

 Parameter Estimate SE P-value 95% CI η2 
Test of equality of 

coefficients 

Val/Val        

 Unique 0.05 0.16 0.77 (-0.26 to 0.36) 0.005  

 Family-wide 0.13 0.06 <0.05 (0.02 to 0.25) 0.184 p=0.64 

Val/Met        

 Unique -0.06 0.19 0.77 (-0.44 to 0.33) 0.003  

 Family-wide 0.09 0.07 0.2 (-0.05 to 0.23) 0.042 p=0.53 

Met/Met        

 Unique -0.25 0.13 <0.05 (-0.5 to -0.01) 0.105  

 Family-wide 0.13 0.03 <0.001 (0.06 to 0.19) 0.460 p<0.01 
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cognition even in subjects carrying the “cognitively 

beneficial” Met/Met genotype. 

A diathesis-stress model of the development of human 

cognition posits that the phenotypic variability in the 

population may be explained by the interaction between an 

individual’s background and the events experienced during 

his or her lifespan. Our results support this model since 

they show, as other results have shown previously, that 

variation in COMT gene is among the vulnerability factors 

that make some individuals more likely to be adversely 

affected by exposure to environmental stressors (Savitz et 

al., 2008, Van Winkel et al., 2008a, Van Winkel et al., 

2008b). However, when these analyses were controlled for 

possible confounding factors in the monozygotic-twin 

based model, we detected an improved cognitive outcome 

in association with the unique environmental effect of the 

stressor in Met/Met allele subjects. This particular finding 

may be more accurately explained by individual genotypic 

differences associated with developmental plasticity and 

not only by an increased liability to a disorder (Belsky & 

Beaver, 2011). By influencing the phenotypic response to 

environmental stress, COMT gene may thus operate as a 

“plasticity gene” and not only as a “vulnerability gene” 

(Belsky & Pluess, 2009). Indeed, evidence for this process 

has been found in COMT and other genotypic variants 

associated with SCL6A4 and MAOA (Antypa & Van Der 

Does, 2010, Laucht et al., 2011, Taylor et al., 2006, 

Widom & Brzustowicz, 2006). 

The application and interpretation of our results should 

be considered with some limitations. First, the measure of 

adverse childhood events relied on the retrospective 

judgment of experiences. However, it has been shown that 

adult retrospective reports of childhood abuse are likely to 

underestimate events (Anda et al., 2006), and therefore the 

potential bias in our results would be of reporting a weaker 

association between total CAS and cognitive flexibility 

than what can be found in longitudinal studies. Second, the 

measure used to assess adverse childhood events 

comprises a range of different experiences (i.e. abuse, 

neglect, household dysfunction) that may have diverging 

effects. The limited sample size in the present study 

prevented us from explicitly testing these specific effects, 

which would have implied including a larger number of 

variables in the model and the matter of multiple testing. 

Finally, although our study may represent a significant 

step in controlling for genetic and shared-environmental 

effects, this methodology does include other potential 

biological processes and mechanisms of gene expression 

that may be involved in the association, such as the 

epigenetic processes that are presumed to be implicated in 

the phenotypic differences of monozygotic twins.  

In conclusion, we present evidence that childhood 

maltreatment and variation in the COMT Val
158

Met 

functional polymorphism have interactive effects on the 

cognitive flexibility to environmental change of healthy 

adults. By means of a strategy focused on key 

determinants of the power of gene-environment studies 

(i.e. a SNP with a common minor allele, a continuously 

distributed outcome, and a precise measure of 

environmental impact (Burton et al., 2009, Wong et al., 

2003)), our findings provide evidence for a differential 

capacity of COMT genotype carriers to respond to 

environmental factors, such that the Met allele may 

modulate neural substrates of cognitive resilience. 

Although further research is needed, our findings provide 

support for a model of differential susceptibility to stress 

in human cognitive traits (Belsky et al., 1997, Boyce & 

Ellis, 2005).  
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ABSTRACT 

While evidence is accumulating to support specific neurocognitive deficits as putative 

endophenotypes for schizophrenia, the heritability of these tasks in healthy subjects is not well 

established. Moreover, there is uncertainty about the nature of the relationship between these 

cognitive domains and whether they share common genetic influences. In the present study, 529 

healthy adult twins from two centres within the European Twin Study Network on 

Schizophrenia (EUTwinsS) were assessed for cognitive functions previously found to be 

compromised in schizophrenia. Latent variable components were explored through Structural 

Equation Modelling, with Intelligence Quotient and a measure of executive control of working 

memory (letter-number sequencing task) yielding the highest heritability estimates: h
2
=0.77 and 

h
2
=0.57 respectively. The exploration of shared aetiological factors between these traits by 

bivariate genetic analysis showed that their phenotypic correlation was almost entirely attributed 

to shared genetic underpinnings (rph-a=95.5%). We discuss the potential use of a combined 

measure of the relationship between highly heritable endophenotypes to improve the ability of 

molecular studies to detect the genetic mechanisms underlying complex disorders.  

Keywords: cognition, heritability, endophenotypes, healthy population, aetiology.  
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INTRODUCTION 

Schizophrenia is a severe mental illness that 

constitutes the fifth cause of years lost due to 

disability worldwide (WHO 2004). Despite scientific 

efforts that have lasted more than a century, the 

substantial variation in its clinical presentation 

introduces important limitations to unravelling the 

underlying causes of this disorder. Indeed, large 

phenotypic differences are found between patients in 

terms of age at onset, outcome, course of the illness 

and type and severity of symptoms (Fanous and 

Kendler 2005;  Goldberg et al.).  An added related 

level of complexity comes from genetic studies. These 

have identified that, as other complex genetic diseases, 

schizophrenia does not show a simple Mendelian 

pattern of inheritance but rather expresses the 

combined influence and interaction of multiple genes 

(Craddock et al. 2007;  Lander and Schork 1994).  

One strategy to reduce this heterogeneity is to 

focus on characteristics of the illness whose 

expression is biologically less complex than the 

clinical syndrome, known as endophenotypes 

(Gottesman and Gould 2003). The endophenotype 

strategy aims at identifying predisposing genes for 

schizophrenia by indexing processes 

pathophysiologically more proximal to genetic effects 

than the complex clinical manifestations of the 

disorder (Anokhin et al. 2010;  Viding and Blakemore 

2007). In this regard, neurocognitive deficits are 

among the most promising endophenotypes for 

schizophrenia, since they constitute solid indicators of 

increased risk for the disorder and further present a 

clear neurobiological foundation. However, which 

specific cognitive domains, among those found altered 

in schizophrenia, meets endophenotype criteria is not 

well established. For a potential marker to be 

considered an endophenotype, it needs amongst others 

to be: i) associated with illness in the population, ii) 

present in unaffected family members to a greater 

extent than the general population, and iii) heritable 

(Kendler and Neale 2010).  

Regarding the first of these criteria, deficits in 

general intellectual ability (as measured with the 

intellectual quotient or IQ) and in more specific 

neurocognitive functions such as working 

memory/executive function and verbal memory have 

consistently been revealed in patients with 

schizophrenia (Eisenberg and Berman 2010;  Forbes et 

al. 2009;  Toulopoulou et al. 2010) and are detectable 

even years before the onset of symptoms (Cannon et 

al. 2002). Furthermore, these domains have been 

proposed to be specifically altered in unaffected 

family members of the patients (Goldberg et al. 2011;  

Sitskoorn et al. 2004), suggesting that these cognitive 

deficits in healthy relatives could be caused by 

common genes of risk for the disease. However, the 

heritability of such cognitive tasks has been only more 

recently examined (Owens et al. 2010;  Owens et al. 

2010;  Toulopoulou et al. 2007), with results leading 

to further discussion.  

A key controversial topic is highlighted by the fact 

that the observed heritabilities for most neurocognitive 

traits impaired in schizophrenia tend to be lower than 

the reported heritability (h2
) of 80% for the phenotype 

of the illness (Cardno et al. 1999;  Flint and Munafo 

2007). Interestingly, this may not be the case for IQ, 

which shows a high h2
 ranging up to 0.87 (Bouchard 

and McGue 2003;  Deary et al. 2010). However, this 

construct refers to general cognitive processes which 

neurobiological underpinnings seem to involve 

genetically complex morphological brain structures 

such as total brain size and white matter volume. 

Furthermore, a large number of genetic variants have 

been implicated in the phenotypic expression of 

intelligence (Davies et al. 2011), which challenges its 

validity as an endophenotypic trait.  

By contrast, the genetic influence on further 

cognitive tests studied in schizophrenia consistently 

present with relatively smaller reported h2
, but these 

are assumed to reflect a more precise neurobiological 

pathway than that underlying IQ. Specifically, the 

reported heritability estimates for logical memory tests 

range between 0.34 to 0.56 (Finkel et al. 1995;  Wang 

et al. 2010), while  measures of declarative memory

have been suggested to respond to neural activation of 

the medial temporal lobe (Kandel 2000). When found 

significant, the highest h2
 reported for verbal 

flexibility as assessed by measures of verbal fluency is 

0.53 (Aukes et al. 2008), whereas performance in this 

             Table 1.  

Demographic distribution for the complete sample 

 MZ DZ Total Sample p* 

n=186 pairs n=78 pairs n=264 pairs  

Age 37.6 (13) 40.6 (13.5) 38.4 (13.2) 0.10 

Years of education 14.6 (3.2) 14.8 (3) 14.6 (3.1) 0.62 

Gender (% males) 32.8 28 31.4 0.45 

               Mean values and standard deviation are reported, except otherwise specified.  

              *T-test for independent samples performed on one randomly selected member of each twin pair.  
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test has been specifically associated with left-

prefrontal activation (Birn et al. 2010). Results for the 

TMT, which assesses visuo-spatial processing, have 

varied from a complete lack of genetic influence on 

the phenotype (Quinones et al. 2009) to a moderate 

effect up to 0.43 of its variability attributed to genetic 

variation (Owens et al. 2010). Interestingly, 

performance in this task seems to respond to 

mechanisms associated with fronto-thalamic cerebral 

functioning (Stuss et al. 2001). Finally, only one 

publication has estimated the proportion of genetic 

influence on the executive control aspect of working 

memory as assessed by the widely used letter-number 

sequencing test (LNS), which was found to be 0.39 

(Greenwood et al. 2007). This task has been linked to 

neurobiological substrates involving prefrontal and 

parietal cortex (Koenigs et al. 2009).  

For this reason, research on schizophrenia and on 

other genetically complex brain diseases now tend to 

focus on the combined use of genetically overlapping 

neurocognitive domains proposed as endophenotypes. 

Indeed, if one gene or set of genes contribute to more 

than one of these neurobiological traits (a mechanisms 

known as pleiotropy), then a combination of such 

endophenotypes may be useful to detect those 

underlying genes (Braff et al. 2007). Following this 

rationale, each of the proposed endophenotypes must 

respond to high heritabilities separately that suggest a 

large genetic influence in its phenotypic expression 

(Aukes et al. 2008;  Greenwood et al. 2011;  Husted et 

al. 2009).  

A further concern in this line of work is the use of 

a wide range of cognitive tests across studies of 

schizophrenia, preventing the identification of specific 

targets for research. During the last years, this issue 

has led to the development of standardized 

neuropsychological batteries that propose specific 

tests to examine cognitive deficits in schizophrenia, 

including the assessment of IQ, TMT, verbal fluency, 

letter-number sequencing and verbal logical memory 

(Gur et al. 2007;  Nuechterlein et al. 2008). Our 

analyses are based on these tests that are part of 

standardized assessments of schizophrenia, which 

were examined for their heritability in order to detect 

those presenting the largest genetic influences in our 

sample.  

Classical twin studies are one of the most powerful 

designs for detecting the relative contribution of 

genetic and environmental factors on a measured 

variable (Boomsma et al. 2002). In the present study, 

we aimed to test the potential use of a combined 

measure of neurocognitive traits proposed as 

candidate endophenotypes by examining its genetic 

architecture in a sample of adult healthy twins.  

MATERIALS AND METHODS 

Cognitive data were available from 529 healthy 

adult twins (264 twin pairs) drawn from two research 

institutions forming part of the European Twin Study 

Network on Schizophrenia (EUTwinsS). For the 

present study, one sample was drawn from London, 

United Kingdom – Institute of Psychiatry – and the 

other from Barcelona, Spain – Universitat de 

Barcelona. Recruiting was conducted among healthy 

twins between 17 and 65 years of age, from Twin 

Registers and by advertisement in national media.  

Clinical assessment was carried out on all twin 

pairs using the Structured Clinical Interview for DSM-

IV (First et al. 1997) and/or the General Health 

Questionnaire (Sánchez-López and Dresch 2008) and 

the Schedule for Affective Disorders and 

Schizophrenia – Lifetime Version (Spitzer 1978). 

Healthy twins were included when no personal or 

family history of psychosis, no personal history of 

neurological disorder or a systemic illness with known 

Table 2.  

Sample distribution of neurocognitive measures in the complete sample, and within-pairs 

correlations according to zygosity groups

Mean (SD) MZ correlations DZ correlations 

Logical memory - Immediate 27.46 (6.89) 0.44 0.17 

Logical memory - Delay 23.7 (7.89) 0.51 0.20 

Verbal fluency - Phonemic 17.78 (5.09) 0.54 0.38 

Verbal fluency - Semantic 21.18 (5.82) 0.48 0.20 

Trail Making Test - A 28.17 (9.48) 0.39 0.42 

Trail Making Test - B 60.78 (21.19) 0.49 0.37 

Letter-number Sequencing 11.29 (2.99) 0.57 0.30 

Intellectual Quotient 107.47 (13.97) 0.76 0.57 
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neurological complications and no current substance 

misuse or dependency could be detected. Written 

informed consent was obtained from all participants 

following a detailed description of the aims and 

design, after the study was approved by the local 

Ethics Committees.  

Zygosity was confirmed by genotyping highly 

polymorphic microsatellite loci (SSRs) and/or a 

standardized twin likeness questionnaire  (Cohen et al. 

1975). Identity on all the markers can be used to 

assign monozygosity with greater than 99% accuracy 

(Guilherme et al. 2009). The combined sample 

included 186 monozygotic (MZ) twin pairs and 78 

dizygotic (DZ) twin pairs. Demographic 

characteristics for the complete sample according to 

zygosity group are shown in Table 1.  

Neurocognitive assessment 

A common protocol was used in both sites that 

included: 

Immediate and Delay Logical Memory  (Wechsler 

1997). In these tests participants are read two 

contextually related short stories and asked to recall 

story details, providing with a naturalistic method to 

measure declarative memory (Lezak 2004). We 

merged this data using age-corrected z-scores 

according to the standardization sample from the UK-

WMS-R and Spain-WMS-III Manuals, respectively.  

Semantic and Phonemic Verbal Fluency. These tests 

examine verbal conceptual organization and mental 

flexibility, and programming of verbal production 

(Lezak 2004). We used the standard procedure of 

evaluation, where subjects are asked to produce as 

many words as possible in one minute that are 

associated to a semantic category (in  the present case, 

animals) and a phonemic category (words starting 

with the most frequent letter in the local language).  

Trail Making Test A & B (Reitan 1992). These tests 

provide a measure of visuo-spatial and motor 

response, involving aspects of psychomotor speed and 

visual scanning (TMT-A) as well as visuo-motor set 

shifting abilities (TMT-B). Scores for TMT-A and 

TMT-B were recorded as seconds to task completion, 

according to standard procedures.  

Letter-number sequencing test (LNS) (Wechsler 

1997). Performance in this test involves categorizing 

letters and numbers that are presented in an unordered 

sequence into separate classes, and reordering the 

stimuli. It provides a measure of a central executive 

component of working memory, which concerns 

maintenance and complex manipulation of various 

forms of information.  

General Intellectual Ability (Wechsler 1997). A full-

scale Intelligence Quotient (IQ) score was derived 

from the assessment in the London sample. A short-

form score was used in the Barcelona sample that 

included the subtests of Vocabulary, Information, 

Block Design and Matrix Reasoning. This 

combination has high reliability and validity scores, of 

0.963 and 0.922 respectively (Sattler 2008).  

Participants were administered the test according to 

local standard procedures.  

Statistical analysis  

Following the rationale of the study, and in order 

to capture those traits which phenotype significantly 

expressed the largest influence of genetic variation in 

Table 3.  

Heritability and environmental estimates according to ACE models resulting from univariate analyses for 

each cognitive trait. Significant A and C sources of variation are highlighted.3

A  (95% CI)  C  (95% CI)  E  (95% CI)  

Logical Memory-Immediate 0.44 (0.00-0.56)   0 (0.00-0.40)   0.56 (0.44-0.70) 

Logical Memory-Delay 0.50 (0.00-0.60)   0 (0.00-0.50)   0.50 (0.40-0.62) 

Verbal Fluency - Phonemic 0.29 (0.00-0.62)   0.25 (0.00-0.56)   0.46 (0.37-0.58) 

Verbal Fluency - Semantic 0.39 (0.00-0.56)   0.06 (0.00-0.48)   0.55 (0.44-0.68) 

Trail Making Test - A 0.00 (0.00-0.33)   0.40 (0.07-0.50)    0.60 (0.50-0.71) 

Trail Making Test - B 0.23 (0.00-0.58)   0.25 (0.00-0.53)   0.51 (0.41-0.63) 

Letter-Number Sequencing 0.53 (0.09-0.67)   0.04 (0.00-0.44)   0.43 (0.34-0.54) 

Intellectual Quotient 0.46 (0.15-0.81)   0.31 (0.00-0.60)   0.23 (0.17-0.30) 

    A=additive genetic effects, C=shared environmental effects, E=unique environmental effects 

3
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our sample, we first obtained the heritability estimates 

of each separate neurocognitive test using a univariate 

genetic model approach. This approach allowed us to 

differentiate between additive genetic variance (A), 

shared environmental variance (C) and unique 

environmental variance or random deviation that is not 

shared by family members (E) (Rijsdijk and Sham 

2002). 

To estimate the genetic overlap between those 

traits that presented the highest heritabilities, we used 

a bivariate approach. This approach allowed us to 

decompose the covariance of traits into estimates of 

their genetic correlation (rg), shared-environmental 

correlation (rc) and nonshared environmental 

correlation (re). A genetic correlation of 1.0 implies 

that all additive genetic influences on the first trait 

also impact on the second trait. However, these 

correlations do not consider the heritability of each 

assessed trait, and therefore it could be possible that a 

putative large genetic correlation explained only a 

limited part of the phenotypic covariation between the 

traits. Further analyses were run to combine the results 

of the heritability estimates with those consequent to 

this analysis in order to compute the part of the 

phenotypic correlation due to genetic and 

environmental effects (Hall et al. 2007;  Rijsdijk et al. 

2005).  

Structural equation modelling on twin data enables 

the estimation of latent variance components based on 

the contrast between MZ and DZ twins.  Assuming 

that both types of twins share their environment to the 

same extent, MZ and DZ twins present the same 

degree of correlation for the environmental component 

of the variance, while the correlation for the genetic 

component differs. In this way, heritability can be 

estimated as an index for the relative contribution of 

genetic effects to the total phenotypic variance 

(Plomin et al. 2008). 

Complementary, we compared the fit of the ACE 

model to the saturated statistics, and to models 

dropping either additive genetics effects, shared 

environment, or both. This examination was based on 

the chi-squared goodness-of-fit statistic. Because 

variance components are constrained to be 

nonnegative in this kind of studies, concerns have 

been raised about the P values obtained from classical 

likelihood ratio tests on the basis of a chi-squared 

distribution (Carey 2005;  Dominicus et al. 2006). 

Therefore, we further calculated corrected P values by 

halving the P values obtained in the original analyses 

(Hallberg et al. 2008). Absence of significance of the 

parameter indicates that the observed values do not 

significantly diverge from the expected values. 

Sources of variation were computed in Mx (Neale 

1999).  

RESULTS 

Independent samples T-test and �2
 test based on 

one randomly selected member of each twin pair 

resulted in statistically significant differences in age 

and years of education across sites (p<0.001 and 

p<0.01 respectively) (Rebollo et al. 2006). The mean 

values for each raw measure, their standard deviations 

and the correlations found in the complete sample 

within MZ and DZ pairs are reported in Table 2. The 

inspection of the MZ/DZ correlation suggests that all 

of the measures may be influenced by genetic 

components, with the exception of TMT-A. We 

proceeded the analyses using the standard residual 

values for each neurocognitive test adjusted for age, 

gender, years of education and site (Zeegers et al. 

2004). 

Maximum-likelihood parameter estimates of 

univariate analyses and best-fitting model of each 

neurocognitive measure are reported in Table 3. The 

analysis of the proportion of the variance attributed to 

genetic variability (A) and its 95% confidence 

intervals showed that two of the proposed cognitive 

endophenotypic measures presented significant 

genetic influences in our sample. Specifically, 

intellectual quotient and letter-number sequencing test 

showed significant influences of genetic and unique-

environmental effects, and comparison of the fit of the 

variance decomposition models showed that AE was 

the best-fitting model for these measures. The 

standardized estimates for this best-fitting model 

reported were A=0.77 (95% CI=0.70 to 0.82) for IQ 

and A= 0.57 (95% CI=0.46 to 0.66) for LNS.  

ACE was the best fitting model for both subtests of 

verbal fluency and TMT-B. The heritability estimates 

for measures of phonemic verbal fluency and semantic 

verbal fluency, as well as for TMT parts A and B, 

showed nonsignificant effects of genetic components. 

The CE model was a better fit for TMT-A subtest, 

with standardized estimates for this model being C = 

0.40 (95% CI: 0.28 to 0.50) and E=0.60 (95% CI: 0.50 

to 0.71).  

Both immediate and delay memory tests showed 

moderate influences of genetic variability, although 

these results were initially not statistically significant 

in our sample. Although the fitting-model analysis of 

these measures in the original chi-squared goodness-

of-fit statistics supported that an ACE model was the 

best fitting model, the corrected P values suggested 

that an AE model could best describe this data. 

According to this last model, the heritability estimates 

for these measures were moderate: h2
for immediate 

logical memory was 0.44 (95% CI: 0.31 to 0.56), and 

for delay logical memory was 0.50 (95% CI: 0.38 to 

0.60). Therefore, we identified IQ and LNS as the 
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traits that presented the largest genetic influences in 

our sample.  

We performed a bivariate analysis on IQ and LNS 

to test the extent to which these measures shared the 

same genetic variance. The power of this analysis in 

our study, based on the combined sample size of 264 

twin pairs and at the 0.05 significance level, was high 

(0.889). The phenotypic analysis resulted in 

significant positive correlation between these 

measures (rph= 0.45, 95% CI= 0.36 to 0.53).  

The most parsimonious model of the variance 

decomposition for the bivariate analysis was a model 

in which additive genetic influences and unique 

environmental influences significantly contributed to 

the phenotype, while dropping the shared-

environmental influences did not result in a worst fit 

(�2
=1.96, p=0.58). The decomposition of the shared 

etiological causes suggested that the correlation was 

exclusively due to shared genetic influences (ra=0.66, 

95% CI=0.53 to 0.77), while unique environment 

influences were not shared between the two traits. 

Figure 1 shows the bivariate pathway model and 

results.  

When the heritability estimates of each trait was 

considered in the analysis, the part of the phenotypic 

correlation that could be attributed to genetic factors 

was rph-a=0.43 (calculated as rph-a=�h
2

iq* ra *� h
2

wm), 

and to unique environmental influences was rph-

e=0.016 (calculated as rph-e=�e
2

iq* re *� e
2

wm). That is, 

95.5% (rph-a=0.43/ rph= 0.45)*100) of the phenotypic 

correlation between IQ and LNS was accounted for by 

shared genetic influences.  

DISCUSSION 

The most relevant finding of our study was that 

the two most heritable domains in our sample (i.e. 

intellectual quotient and letter-number sequencing 

test) were phenotypically correlated and shared 66% 

of their genetic origin, with 95.5% of the phenotypic 

correlation being attributable to shared genetic 

influences.  Our results suggest that the same gene or 

set of genes contribute to the phenotypic expression 

of these traits. Therefore, a combined measure of such 

highly heritable endophenotypic traits may be a useful 

tool for the identification of specific genetic 

components and variability associated with this 

complex disorder (Schork et al. 2007).  

The association between working memory and 

intelligence is one that has been previously 

acknowledged. Reports based on healthy population 

samples have found measures of working memory to 

be good predictors of intelligence, while the analysis 

of the underlying factor structure of this relationship 

has shown that the latter account for both shared and 

unique variance of intelligence measures, including 

shared genetic components (Hansell et al. 2005;  

Luciano et al. 2001;  Unsworth 2009). In the present 

study we focused on tasks that have been proposed as 

candidate endophenotypes for schizophrenia. The 

large genetic overlap found for the phenotypic 

correlation between IQ and LNS suggests that these 

two putative endophenotypes share common genetic 

influences in healthy population. More importantly,

the proportion of genetic components affecting their 

phenotypic correlation is larger than that found for 

each endophenotype taken individually. In this regard, 

our results provide evidence for the specific use of a 

bivariate measure of IQ and LNS scores in samples of 

patients that could be the focus of molecular studies 

aimed at identifying genes involved in schizophrenia.  

The proposed strategy of using a combined 

measure of highly heritable endophenotypes has 

proven successful in previous linkage analyses of 

complex traits. A special case was a simulation study 

of Kofendred Personality Disorder focused on 

genome-wide information, which confirmed the 

implication of genetic variability in chromosomes 1, 3, 

5 and 9 in the disease (Ghosh 2005). The authors 

found that the linkage analyses based on a combined 

measure of different personality traits was more 

powerful than those based only on affectation status. 

Similarly, the study of alcoholism has also benefited 

from this approach. Using a bivariate multipoint 

linkage method, researchers succeeded to identify 

linkage for electrophysiological traits that had been 

proposed as endophenotypic markers for the disease, 

specifically in chromosome 7q (Warren et al. 2005). 

Figure 1. Bivariate model pathways reporting 

genetic and unique environmental correlation 

between intelligence quotient (IQ) and the letter-

number sequencing test (LNS). 

A=additive genetic effects, E=unique-environmental effects, 

rg=genetic correlation, re=unique-environmental correlation. 

3
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More recently, researchers have proposed that the 

identification of the genetic basis of successful 

cognitive aging may also benefit from a combined use 

of particular cognitive measures (Greenwood et al. 

2011). Furthermore, the bivariate analysis of 

biological markers has been found to improve 

diagnostic specificity for Alzheimer Disease (Ma et al. 

2009).  

The use of a combined measure of previously 

posited endophenotypes to improve the power of 

molecular studies has been proposed in schizophrenia 

research based on samples of patients (Aukes et al. 

2009;  Greenwood et al. 2007). Interestingly, 

performance in working memory was found to be 

particularly significant in these studies, and the most 

recent of these reports further analyzed its relationship 

with IQ. It is important to notice that potential 

differences between healthy controls and clinical 

samples should be considered, as heritability estimates 

may decrease when diagnosis of schizophrenia is 

included in the analysis (Chen et al. 2009). However, 

our study was based on similar measures than those 

used in the mentioned approaches based on samples of 

patients, and further reached equivalent results. 

Molecular studies of specific genes associated with 

intelligence and working memory are in line with a 

putative genetic overlap among these measures. Some 

of these genes have, as well, been proposed as 

candidate genes for schizophrenia (Tunbridge et al. 

2006). The COMT gene, which codes for the catechol-

O-methyl transferase enzyme involved in the 

modulation of catecholamines such as dopamine, has 

been associated with both intelligence performance 

(Barnett et al. 2007) and working memory (Dickinson 

and Elvevag 2009;  Rosa et al. 2004), specifically with 

the letter-number sequencing task (Bruder et al. 2005). 

Dystrobrevin binding protein-1 (dysbindin), a gene 

that influences glutamate signalling, has also been 

found in association with these cognitive 

endophenotypes (Burdick et al. 2007;  Fatjo-Vilas et 

al. 2011;  Zinkstok et al. 2007). In this regard, the 

large number of genes implicated in the expression of 

intellectual ability (Payton 2009;  Shaw 2007) might 

be reduced if genetic overlap with working memory is 

considered in the analysis.  

We included three tests that have been 

interchangeably used to measure working memory in 

previous reports: the verbal fluency tests, the Trail 

Making Test, and LNS. Our analyses suggest that 

these measures have distinct genetic architecture, with 

only the central executive element showing high and 

significant influence of genetic effects. These results, 

based on selected neurocognitive endophenotypes, are 

in agreement with previous studies where different 

working memory tasks showed diverging estimates 

depending on the measure explored (Posthuma et al. 

2003;  Sleegers et al. 2007), and are further supported 

by relatively specific neurobiological pathways 

recognized for each of these domains (Karlsgodt et al. 

2011). Taken together, the findings imply that the 

mentioned tasks can hardly be taken in exchange, 

particularly for their use in studies aiming at 

identifying putative genetic components of complex 

traits.  

Our results on memory traits require further 

consideration. The univariate analysis of both tests of 

logical verbal memory showed that genetic variation 

does influence the performance in these tasks. 

However, we found that such genetic effects were 

only moderate, which is in accordance with previous 

literature reported for measures of declarative memory 

and mentioned in the introduction. Given such 

moderate heritability and the rationale of our study - 

based on the identification of the most largely 

genetically determined traits-, these measures were no 

longer pursued in bivariate analyses. Nevertheless, it 

is worth noticing that a recent study in a sample of 

schizophrenic patients has reported no genetic overlap 

between logical verbal memory and general 

intellectual ability, while each endophenotype was 

found to be genetically related to schizophrenia 

independently (Owens et al. 2010). Thus, memory 

deficits may respond to a specific set of genes also 

involved in schizophrenia, and different from those 

expressed in intellectual performance. It is therefore 

possible that a multivariate measure including tasks of 

memory performance may independently be useful in 

the search of specific genes, or sets of genes, involved 

in this complex disorder. 

Two main limitations need acknowledgement. In 

first place, given the very large sample sizes required 

to detect shared environmental effects on 

neurocognition, our study may be underpowered to 

reflect this component on the measures assessed.  

However, we could confirm enough power of the 

bivariate analysis to detect shared genetic influences, 

which was the main objective of our work. Secondly, 

and as has been previously described, it is possible 

that a deviation from a 1:1 in the MZ:DZ ratio may 

lead to a decrease in power for detecting moderate 

heritabilities (Martin et al. 1978;  Neale et al. 1994). 

Nevertheless, the univariate analysis in our study was 

aimed at identifying highly heritable cognitive traits, 

which could be accomplished by our design. 

Furthermore, the heritability estimates obtained by 

these analyses are in line with published literature 

available, and the proportion of genetic influences 

were expected and in accordance with previous 

reports.  
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In brief, our study posits the genetic overlap of the 

neural pathways of intelligence and the executive 

control processes of working memory, as assessed by 

the letter-number sequencing test, and highlights the 

genetic determination of individual differences in 

cognitive domains. The shared components found 

provide biological support to the existence of 

reciprocally influencing processes between these two 

putative endophenotypes. Such identification of highly 

heritable and genetically correlated traits can 

potentially improve the ability of molecular studies to 

detect particular genetic mechanisms concerning the

phenotype, while the combined use of genetically 

overlapped neurocognitive traits could enhance the 

detection of risk associated with schizophrenia. 

Further research including specific genetic variants 

will probably lead to the examination of a putative 

causal course and the joint action of sets of candidate 

genes in these processes.  
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                         ORIGINAL INVESTIGATION     

 Increased familiarity of intellectual defi cits in early-onset 
schizophrenia spectrum disorders  
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LOURDES FAÑANÁS1           

1Departament de Biologia Animal, Facultat de Biologia, Universitat de Barcelona. Institut de Biomedicina de la Universitat 
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                                 Abstract 
  Objectives.  Early-onset schizophrenia is considered to be neurobiologically similar to adult-onset forms, although it repre-
sents a more severe expression of the disorder. In the present study, we explored putative larger familial vulnerability of 
intellectual impairments in early-onset schizophrenia spectrum disorders (EOS) when compared to adult-onset (AOS) 
families.  Methods.  A sample of 340 subjects including schizophrenia spectrum disorder patients, their fi rst degree relatives 
and age-matched healthy controls was assessed on intelligence quotient (IQ). We used linear regression analysis and intra-
class correlation coeffi cients (ICC) to explore familial aggregation of IQ across age at onset groups.  Results.  The relationship 
between IQ level of patients and their fi rst-degree relatives showed positive linear association ( β   �  0.43 ,   P  �  0.01 ). High 
signifi cant familial aggregation was found for intelligence quotient in EOS families (ICC  �  0.618,  P  �   0.01), while AOS 
families responded to lower estimates (ICC  �  0.204,  P  �   0.26; between ICC comparison  z  �   1.993,  P  �   0.05).  Conclusions.  
High aggregation of intellectual performance in the EOS group suggests larger familial vulnerability in early-onset forms 
of the disease when cognitive functions are considered. Within a continuum of psychopathology in schizophrenia spectrum 
disorders, specifi c genetic effects are discussed for distinct onset forms that might be in line with a neurodevelopmental 
model of the disease.   

  Key words:   Schizophrenia  ,   early-onset  ,   intelligence  ,   vulnerability  ,   genetics   

  Introduction 

 Cognitive impairments, in particular intellectual defi -
cits, are indicators of increased liability to develop 
schizophrenia spectrum disorders (Jones et al. 1994). 
Indeed, level of intelligence quotient (IQ) at psychosis 
onset has been reported to predict illness severity 

(Leeson et al. 2009). Research in this fi eld has been 
enhanced by the evidence that 70% of the patients 
with schizophrenia present alterations in global cogni-
tive performance (Palmer et al. 1997) and that 
20 – 60% of the variance in measures of outcome can be 
attributed to such impairments (Green et al. 2004). 
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identifi cation of cognitive familial features of the early 
variants of the disease. The study of intellectual per-
formance in fi rst-degree relatives of early-onset schizo-
phrenia spectrum disorder patients can provide further 
insight on putative genetic components involved in 
the cognitive profi les found for the patients. 

 A further diffi culty in the fi eld regards data inclu-
sion for analyses. Since IQ scores under 85 are con-
sidered to lie in the range of a diagnosis of mild 
mental retardation, EOS studies usually exclude 
cases presenting low levels of IQ. However, one third 
of the patients with EOS have IQ levels lower than 
70 (Hollis 2000b), and it has recently been reported 
that 10 out of 35 patients (28.6%) who later develop 
schizophrenia spectrum disorders in adult life present 
childhood IQ under 85 (Koenen et al. 2009). Given 
that the neurocognitive profi le of EOS patients is yet 
to be established, and restrictions on level of IQ are 
not currently included as diagnostic criteria, the 
exclusion of low IQ patients encourages the elimina-
tion of an important proportion of clinically and 
genetically relevant cases (Kyriakopoulos and Frangou 
2007) that are crucial in the examination of the neu-
rodevelopmental hypothesis of schizophrenia. 

 The present study was designed to examine the 
familial aggregation of intellectual performance in a 
sample of patients with schizophrenia spectrum dis-
orders, their fi rst-degree relatives, and healthy con-
trol subjects, including all ranges of IQ levels. We 
hypothesized that intellectual impairment would 
show higher familial penetrance in the early forms 
of the disease. To test this hypothesis, we studied the 
association between the level of IQ of the patients 
and that of their fi rst-degree relatives. We analyzed 
the degree of resemblance in IQ scores between 
patients and their fi rst-degree relatives within each 
onset group, and the variability of such familial 
resemblance across onset forms. Complementary 
results on the comparative study of levels of IQ in 
EOS and AOS patients are also reported.   

 Materials and method  

 Sample 

 The sample consisted of 340 Caucasian subjects, out 
of whom 95 were patients, 171 their fi rst-degree 
relatives with no history of schizophrenia spectrum 
disorders and 74 healthy subjects. 

 Patients with a schizophrenia spectrum diagnosis 
were consecutively recruited from two mental health 
centres in Catalonia (Spain), with previous referral 
from mental health services or psychiatric emergency 
units in general hospitals. Patients were included 
when no more than 4 years had passed since the 
onset of the fi rst psychotic symptoms and no presence 

 Poor IQ performance has also been found in 
healthy fi rst-degree relatives of patients with schizo-
phrenia when compared to control subjects (Egan et 
al. 2001; Groom et al. 2008; Nam et al. 2009). These 
fi ndings highlight a familial component for the rela-
tionship between impairments in IQ and schizophre-
nia. Furthermore, twin studies have shown that these 
two phenotypes present a large genetic overlap (Tou-
lopoulou et al. 2007, 2010), which suggests common 
etiopathological factors and shared underlying devel-
opmental alterations. 

 The inner relationship between IQ defi cits and the 
phenotype of schizophrenia has been supported by 
prospective studies, reporting early occurrence of 
intellectual impairment even years before the onset 
of the symptoms that determine the disorder (Can-
non et al. 2002). Moreover, low IQ and poor neuro-
motor and language development during childhood, 
as well as other neurodevelopmental markers such 
as minor physical anomalies, have been found to be 
associated with schizophrenia spectrum disorders in 
adulthood (Fish and Kendler 2005) and specifi cally, 
with early-onset forms (Nicolson et al. 2000; Hooper 
et al. 2010). 

 Early-onset schizophrenia (EOS), defi ned as illness 
onset before the age of 18, is considered to be clini-
cally and neurobiologically similar to adult-onset 
schizophrenia (AOS) and common aetiology has 
been proposed (Kumra et al. 2000; Remschmidt 
et al. 2007). However, the earlier forms of the disease 
present more severe clinical expression, high inci-
dence of treatment refraction, and very poor outcome 
(Hollis 2000b; Rapoport et al. 2005). What is more, 
patients presenting early-onset schizophrenia have 
been found to show a generalized neurocognitive 
defi cit when assessed by a broad battery (Kravariti 
et al. 2003; Holmen et al. 2009) and the defi cits pro-
fi le of these patients remain relatively stable during 
adolescence (Frangou et al. 2008). 

 From a neurodevelopmental perspective, the men-
tioned differences between EOS and AOS may 
respond to particular pathophysiological characteris-
tics associated to a greater genetic vulnerability in the 
EOS group (Rapoport et al. 2009). In this respect, the 
study of intellectual impairments in the early-onset 
forms of schizophrenia spectrum disorders and their 
families constitutes a valuable approach toward under-
standing the aetiology of the abnormal neural devel-
opment leading to the emergence of the disease. 

 Unfortunately, distinctive characteristics of intel-
lectual impairment in EOS are still unclear. Existing 
evidence largely lacks the direct comparison of cogni-
tive traits between EOS and AOS patients, which 
could lead to the specifi cation of a particular perfor-
mance across age at onset of symptoms. Moreover, 
there is only preliminary information available on the 
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who were matched to the patients by age according 
to the age at onset group. Controls were recruited 
from non-medical staff working in the university, 
plus independent sources in the community includ-
ing secondary schools. 

 All participants provided written consent after 
being informed about the study procedures and 
implications. In the case of patients and controls 
below the age of 18, written informed consent was 
also obtained from the parents or legal guardians. 
The study was performed in accordance with the 
guidelines of the institutions involved and was 
approved by the local ethics committee of each par-
ticipating centre. All procedures were carried out 
according to the declaration of Helsinki.   

 Cognitive assessment 

 General cognitive function was examined in terms 
of Intellectual Quotient (IQ). Standard age-adjusted 
scores were used in all subjects. The complete 
Wechsler Intelligence Scale was administered by 
trained psychologists in its Adult (Wechsler 1997) or 
Children (Wechsler 1991) version, according to the 
subjects ’  age at time of administration. Cognitive 
assessment in patients was performed when they had 
achieved stabilization of acute psychotic symptoms. 
IQ in fi rst-degree relatives and healthy controls was 
assessed with a reduced version of the same scales 
that included Information and Block Design Sub-
tests. This short form has high reported reliability 
and validity coeffi cients of 0.922 and 0.865, respec-
tively (Sattler 2008). However, in order to overcome 
potential differences in assessment due to the use of 
short forms (Engelhart et al. 1999), we further report 
secondary analyses based on the same reduced ver-
sion in patients, healthy controls and relatives.    

 Statistical analyses 

 Data were processed using SPSS 15.0 software (Spss 
2008). Between-group comparisons for the complete 
sample and for within age at onset groups was per-
formed using analysis of variance with Bonferroni 
correction including family as a random factor, and 
linear regression analysis. All analyses were adjusted 
by age, gender and years of education of the subjects 
when appropriate. 

 Familial aggregation was estimated by intraclass 
correlation coeffi cient (ICC) (SPSS: liability analysis, 
two factors  –  mixed effects), calculated as a function 
of the within- and between-families variance. If there 
is no aggregation of the trait within families (i.e. if 
the trait is randomly distributed), then ICC  �  0. If 
there is aggregation within families, then ICC is sig-
nifi cantly different from 0. The intraclass correlation 

of sensory nor motor severe disturbances were 
detected in their medical history. 

 Age at onset was recorded with the Symptom 
Onset in Schizophrenia inventory (Perkins et al. 
2000), considering the presence of fi rst psychotic 
symptoms as the onset starting point. This inventory 
enables the characterization of initial states of a psy-
chotic illness by rating the presence and onset date 
of positive, negative and disorganized symptoms. 
Patients were stratifi ed in two groups according to 
this assessment, with early-onset schizophrenia group 
comprised by patients who were younger than 18 
years old at the time of illness onset. This resulted in 
61 patients in the early-onset group and 34 patients 
in the adult-onset group. Even though this age limit 
is arbitrary, it roughly corresponds with the upper 
age cut-off in most published studies of child and 
adolescent psychosis, and is also the lower age cut-
off for most adult psychosis studies and clinical ser-
vices (Hollis 2000a). 

 Patients ’  diagnoses were assigned according to 
DSM-IV-TR criteria. Moreover, KSADS (for 
patients under 18 years old) and CASH (for adult 
patients) schedules (Andreasen et al. 1992; Geller 
1996) were completed using direct observation dur-
ing the index admission, information provided by 
close relatives, and a comprehensive review of med-
ical records. The majority of patients in the two 
groups were treated with atypical antipsychotics 
(81.8% EOS, 97% AOS). The diagnosis breakdown 
of patients was: 42.6% schizophrenia (23% para-
noid, 10.3% undifferentiated, 8.1% disorganized, 
1.2% catatonic), 14.9% schizophreniform disorder, 
10.3% schizoaffective disorder, 1.2% delusional dis-
order and 31% psychotic disorder not otherwise 
specifi ed (NOS). None of the patients presented a 
diagnosis of pervasive developmental disorders 
(PDD). The proportion of psychotic disorder NOS 
was expected in a sample characterized by a large 
presence of EOS cases and a short time of assess-
ment from onset of fi rst symptoms. This group of 
patients also showed clear psychotic symptomatol-
ogy that confi rmed the diagnosis of schizophrenia 
spectrum disorders. We further tested the homoge-
neity of premorbid adjustment in this group respect 
other diagnoses (Premorbid Adjustment Scale) 
(Cannon-Spoor et al. 1982), and found no statisti-
cally signifi cant differences ( F   �  0.006,  P  �   0.939, 
age as covariate). 

 Out of the 171 fi rst-degree relatives included in 
the present study, mothers represented 42.1% of the 
sample, fathers 30.4% and siblings 27.5%. 77 relatives 
corresponded to 34 early-onset patients, and 94 to 32 
adult-onset patients. Finally, the control group com-
prised 74 mentally healthy control subjects with nei-
ther personal nor familiar history of mental disorders 
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4 X. Goldberg et al.

between increasing genetic risk for schizophrenia 
spectrum disorder and cognitive dysfunction, with 
fi rst-degree relatives presenting intermediate results 
between healthy controls scores and patients worse 
performance. Secondary analyses using IQ short 
forms in the three groups showed consistent results. 

 As expected, 33% of all patients ( n  �   30) showed 
IQ scores lower than 70. Mean IQ was 75.4 
(SD  �  16.1) for EOS patients, and 83.1 (SD  �  13.4) 
for AOS patients. Although level of IQ performance 
was lower in EOS patients, the difference with AOS 
patients was not statistically signifi cant ( F  �   2.75, 
 P  �   0.101). We found the same trend in relatives 
across onset groups, with mean IQ for EOS relatives 
being 93.9 (SD  �  14.3), mean IQ for AOS relatives 
95.2 (SD  �  13.4), and no statistical difference 
( F  �   0.91,  P  �   0.341). Furthermore, when age at 
onset of symptoms was studied as a continuous vari-
able associated to level of IQ, lack of signifi cance in 
the relationship between these traits was confi rmed 
( β   �  0.64, SE  �  0.34,  P  �   0.066).   

 Familial aggregation of intellectual impairment 
across age at onset groups 

 Given that mothers, fathers and siblings of all patients 
were comparable in terms of IQ scores, analyses 
were run on the basis of an average measure of all 
fi rst-degree relatives of each family in both early-
onset and adult-onset families. 

 We fi rst performed a linear regression analysis of 
the complete sample to explore the relationship 
between the level of IQ of patients and that of their 
relatives. We found positive linear association between 
these two traits ( β   �  0.43, SE  �  0.14,  P   �   0.01), with 
consistent secondary analyses of IQ short forms 
scores (Figure 1). 

 Unlike regression analyses, Intraclass Correlation 
Coeffi cient provides a measure of the magnitude of 
an assessed effect, by exploring the extent to which 

method was fi rst introduced by Fisher (1925) and it 
has been subsequently used for the analysis of segre-
gation in independent nuclear families on develop-
mental alterations such as chromosomal disorders 
and schizophrenia (Morton et al. 1971; Stene and 
Stengel-Rutkowski 1977; Gourion et al. 2003). Test 
of equality of two correlation coeffi cients was per-
formed using Stata.9 (Statacorp 2005).    

 Results  

 Sample description 

 For the complete sample, statistically signifi cant dif-
ferences were found between patients, fi rst-degree 
relatives and control subjects for gender ( χ  2   �  21.1, 
 P  �   0.01), age ( F   �  87.5,  P  �   0.01) and years of edu-
cation ( F  �   26.8,  P  �   0.01). Estimated mean IQ in 
mothers was 93.2 (SD  �  12.1), 97.3 (SD  �  14.9) in 
fathers and 93.9 (SD  �  14.7) in siblings. The differ-
ences between these scores did not show statistical 
signifi cance when compared ( F  �   3.5,  P  �   0.114). 
Therefore, the IQ scores of fi rst-degree relatives were 
grouped together for further analyses. The demo-
graphic characteristics of the complete sample strat-
ifi ed by age at onset groups are reported in Table I.   

 Intellectual impairments as vulnerability markers 
across age at onset groups 

 Prior to the analysis of familial aggregation, we stud-
ied intellectual defi cits as putative biological markers 
in our sample. Mean IQ in patients was 78.1 
(SD  �  15.5), fi rst-degree relatives 94.6 (SD  �  13.8) 
and healthy controls 103.6 (SD  �  8.9). Statistical 
analysis resulted in signifi cant differences ( F  �   25.07, 
 P  �   0.01), which were confi rmed in post hoc analyses 
between patients and relatives ( P  �   0.01), patients 
and controls ( P  �   0.01), relatives and controls 
( P  �   0.05). This shows a dose – response relationship 

  Table I. Demographic and clinical characteristics of the complete sample, stratifi ed by age at onset group.   

Early-onset SSD Adult-onset SSD

Patients 
 n  �   61

Relatives 
 n  �   77

Controls 
 n  �   18

Patients 
 n  �   34

Relatives 
 n  �   94

Controls 
 n  �   56

Gender (% males) 63.9 41.6 61.1 79.4 40.4 57.1
Mean age (SD) 15.8 (1.6) 41.8 (1.6) 15 (3) 23.5 (2.7) 44.8 (1.8) 27.6 (2.1)
Years of education 10.2 (0.5) 11.6 (0.5) 13.3 (0.8) 14.1 (0.8) 11 (0.5) 16.3 (0.6)
Age at onset 14.3 (1.9)  –  – 22.4 (3.5)  –  – 
[range] [7.4 – 17]  –  – [18 – 30.8]  –  – 
Time from onset ∗ 17.3 (12.4)  –  – 16.1 (13.3)  –  – 
[range] [0.72 – 43.8]  –  – [0.5 – 47.84]  –  – 

   SSD, schizophrenia spectrum disorder.  ∗ Data shown in months. Time from onset was fi xed at a maximum of 4 years since the onset of 
fi rst symptoms to inclusion in the study. No differences were found for time from onset between early-onset SSD and adult-onset SSD 
patients ( P  �   0.65).   
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Increased familiarity of intelligence in EOS        5

aggregation of intellectual performance, which con-
trasted with low and non-signifi cant familial aggre-
gation in the adult-onset forms. The analysis of the 
difference between both ICC scores showed a mar-
ginal signifi cance level. 

 Our results support the hypothesis of greater 
familial vulnerability associated to an earlier mani-
festation of schizophrenia spectrum disorders, 
expressed as disruptions on intellectual performance. 
Such increased familiarity may respond to a greater 
genetic diathesis for IQ impairments within early-
onset forms, although more salient environmental 
factors and/or the interaction between genetic and 
environmental components involved in the disease 
could also play a role in explaining these fi ndings. 

 Positive linear association between the IQ scores of 
the patients and that of their fi rst-degree relatives 
found for the complete sample, support the expected 
familial infl uence on the level of IQ for all patients. 
However, the analysis of ICC confi rmed high familial 
aggregation of intellectual impairments of the early 
forms of the disease, which could be distinguished 
from lower ICC scores in the adult-onset group. 
These results highlight the diversity among familial 
and aetiological characteristics of schizophrenia spec-
trum disorders according to different ages at onset of 
the symptoms. Moreover, our fi ndings support the 
identifi cation of early-onset forms as a more homo-
geneous phenotype for cognitive impairments, 
responding to greater familial loading. 

variables in a common class are related (McGraw 
1996). ICC allows to quantify the degree to which 
the patients in each onset group and their corre-
sponding relatives (with whom they share around 
50% of their genetic background) resemble each 
other in terms of their IQ results. In the case of our 
study, we used ICC to explore variability among 
families according to different age at onset groups, 
and to evaluate the hypothesis that EOS had higher 
familial aggregation than AOS. 

 Results showed an IQ intraclass correlation coef-
fi cient of 0.618 ( P  �   0.01) for the group of 34 fami-
lies of early-onset patients. The same analysis, on 32 
families of adult-onset, resulted in a lower ICC esti-
mate and did not yield statistically signifi cant results 
(ICC  �  0.204,  P  �   0.265). Secondary analyses based 
on the same short form of IQ estimation in both 
relatives and patients, showed consistent results 
(ICC in EOS families  �  0.589,  P  �   0.05; ICC in 
AOS families  �  0.261,  P  �   0.206). Additionally, we 
used the test of equality of two correlation coeffi -
cients to compare both ICC results. We found higher 
intra-familial correlations in the group of EOS 
( z   �  1.993,  P  �    0.046) (Figure 2).    

 Discussion 

 In the present study, we used a family-based design 
to explore familial aggregation of IQ levels in a sam-
ple of families with one proband affected with 
schizophrenia spectrum disorder, including both 
early-onset and adult-onset cases. We found that the 
earlier forms of the disease presented high familial 

  

Figure 1.     Scatter plot and trend line of the association between 
level of IQ of patients with schizophrenia spectrum disorders 
( �  IQ Sz Patients) and level of IQ of their fi rst-degree relatives 
( �  IQ Sz Relatives). Regression analyses confi rmed linear 
association between both phenotypes ( β   �  0.43, SE  �  0.14, 
 P  �   0.01).  

  

Figure 2.     Scatter plot of the IQ scores of each patient with 
schizophrenia spectrum disorder ( �  IQ Sz Patients) and the 
corresponding family ( �  IQ Sz Relatives). Intraclass correlation 
coeffi cient (ICC) analysis resulted in higher familial aggregation 
of IQ performance for the early-onset group (ICC  �  0.618) than 
for the adult-onset group (ICC  �  0.204).   
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 Some limitations of our study need to be acknowl-
edged. In fi rst instance, a larger sample size could 
allow the inclusion of families from a wider range of 
age at onset, broadening our results. Secondly, it is 
expected that around 11% of the diagnoses of 
psychotic disorder NOS (two cases in our sample) 
could change to diagnoses not included in schizo-
phrenia spectrum disorders (Salvatore et al. 2009). 
This limitation is nevertheless overcome for the pur-
pose of our study by the presence of psychotic symp-
toms at time of onset in all included patients. In third 
place, groups were not matched for years of educa-
tion, a variable that is known to infl uence perfor-
mance in neuropsychological assessment (Lezak 
2004). We handled this limitation by adjusting 
analyses to years of education, among other vari-
ables. Finally, our cross-sectional design does not 
allow exploring the developmental characteristics 
of the differences between EOS and AOS patients. 
A follow-up approach would help in the identifi ca-
tion of such changes. 

 Taken together, our fi ndings provide empirical evi-
dence for the suggested existence of an illness subgroup 
 –  within a continuum of psychopathology  –  character-
ized by high familial loading associated with an early 
onset of schizophrenia spectrum disorders (Hallmayer 
et al. 2005). This would be in agreement with other 
authors, who promote an aetiological perspective of 
schizophrenia similar to other genetically infl uenced 
neurodevelopmental disorders that express early in the 
lifespan and present clear cognitive dysfunction (Castle 
and Murray 1991). Furthermore, our results support 
early-onset cases as a more homogeneous group within 
schizophrenia spectrum disorders, which can poten-
tially enhance molecular studies of the disease.    
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 The lack of signifi cance in ICC of the AOS group 
contrasts with previous studies that have found 
familial similarity for IQ in adult forms of schizo-
phrenia (Gur et al. 2007). Unfortunately, to our 
knowledge there is no prior report on the ICC esti-
mates of adult-onset schizophrenia to which our 
results could be compared. However, a possible 
interpretation for this fi nding points in the direction 
of a greater genetic vulnerability in EOS, while the 
expression of the disease in adulthood might be 
infl uenced in a relatively larger proportion by envi-
ronmental components. 

 In this regard, since brain systems develop at spe-
cifi c rates in particular time periods of a subject ' s life 
(Gogtay et al. 2004), the distinct time of onset of 
schizophrenia spectrum disorders might be associ-
ated with differential mechanisms in the cerebral 
maturation of these patients (Shaw et al. 2006; Shaw 
2007). Specifi c genetic effects involved in the age in 
which the phenotype is expressed, could also be 
refl ected in the particular cognitive profi le of early-
onset families. Certainly, the increased familiarity 
reported for the early-onset group would be in accor-
dance with this interpretation. 

 Within patients, we found that lower IQ scores 
in the earlier-onset forms were of about one stan-
dard deviation from adult-onset forms of the disor-
der. However, this difference did not reach 
statistical signifi cance when adjusted for develop-
mental characteristics, and analyses failed to fi nd 
linear association between low IQ and age at onset 
of the disorder. These results replicate, in a sample 
of patients that do not exclude cases with IQ scores 
lower than 70, previous evidence suggesting conti-
nuity between different age at onset forms of schizo-
phrenia spectrum disorders, with deep intellectual 
impairment in the earlier forms (Rhinewine et al. 
2005; White et al. 2006). To our knowledge, only 
one prior study is an exception to these fi ndings 
(Biswas et al. 2006). 

 In the interpretation of these results, misdiagnose 
of PDD among the EOS forms is usually a matter 
of concern (Dossetor 2007), since both specifi c and 
shared genetic mechanisms may underlie these two 
disorders (Rapoport et al. 2009). This discussion is 
particularly focused on patients with psychotic dis-
order NOS, a category that has been proposed to 
refl ect shared aetiological components with both 
PDD and schizophrenia (Kumra et al. 2000). In this 
regard, we did not fi nd clinical support for PDD 
among our psychotic disorder NOS subgroup. Nev-
ertheless, autistic traits were not specifi cally assessed 
as a part of our study design, and we cannot discard 
the presence of shared features among these disor-
ders that show neurodevelopmental alterations in 
their origins. 
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Large individual variation in the clinical presentation of schizophrenia-spectrum disorders raises key ques-

tions regarding their aetiological underpinnings. In this respect, age at onset of the disorder is a particularly

interesting marker of liability, as it has been reported to be associated with other signs of developmental

compromise, such as male gender, increased presence of familial history of psychosis and poor premorbid ad-

justment, as well as a more severe clinical outcome in terms of cognition and symptomatology. The associa-

tion between these variables has encouraged a neurodevelopmental perspective of the aetiological

mechanisms involved in the pathophysiology of schizophrenia. However, the complex relationships within

neurobiological liability markers, and between these markers and clinical outcome, remain to be understood.

In the present study, we used a path-analytic approach to explore: i) the fit of the model to observed data;

and both ii) direct and iii) indirect associations between the variables. In a sample of 106 patients with

schizophrenia-spectrum disorders, we found a good fit of the model to the observed data, providing further

evidence that supports a neurodevelopmental pathway to the disease in a subgroup of patients. However, the

most parsimonious model showed complex relationships, where age at onset and premorbid functioning

acted as mediators between gender, familial history of psychosis and clinical outcome. These findings refine

earlier explanations of the neurobiological basis of schizophrenia, with potential applications in genetic stud-

ies based on more homogeneous forms of the disease. We further discuss the putative implications of our

results in clinical practice and prevention policies.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The diagnostic criteria that identify schizophrenia as a distinct neu-

ropsychiatric entity are composed of precisely defined symptoms and

signs. Yet practitioners are confronted daily with a further inherent

characteristic of this disorder: its phenotypic complexity. It is not only

the age at onset of the first symptoms that shows large heterogeneity

among patients, but also the type of onset, its course and the associated

level of neurocognitive impairment. Such individual variation in the

clinical presentation of the disease has raised key questions regarding

its aetiological underpinnings, especially in terms of liability factors

and developmental processes.

Age at onset of the first symptoms is a particularly interesting

aetiological marker in the heterogeneous pathways to schizophrenia,

and it has been proposed to provide important clues for unravelling

the genetic origins of the disease (Delisi, 1992). Specifically, the

early onset forms of the disorder (EOS) are associated with a family

history of psychosis (Esterberg et al., 2010), while relatives of EOS

patients show increased morbid risk when compared to relatives of

subjects with adult-onset forms (Nicolson et al., 2003; Goldberg

et al.). In addition, EOS patients present a poorer level of premorbid

adjustment (Larsen et al., 2004), and are more likely to be male

(Leung and Chue, 2000). This last finding concurs with evidence sug-

gesting that male patients more commonly present pre- or peri-natal

complications and structural brain abnormalities than their female

counterparts (Castle and Murray, 1991). This evidence, which in-

volves several markers of developmental compromise, has promoted

the theory that EOS cases may respond to particular pathophysiolog-

ical characteristics associated with a greater genetic vulnerability

than other patients with schizophrenia (Rapoport et al., 2009). This

increased genetic vulnerability probably includes both susceptibility

factors for the illness and modifying factors acting independent of

disease risk (Cardno et al., 2001).

Such genetic determination of the age at onset has been linked to

disturbances in the development of particular brain pathways and

Schizophrenia Research 133 (2011) 143–149
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neural differentiation that also seems to be reflected in the clinical ex-

pression of EOS subjects. In patients showing all ranges of age at onset

of schizophrenia, the level of neurocognitive impairment can vary

from intellectual quotient (IQ) scores under 70 to an above-average

performance (Palmer et al., 2009). However, deep neurocognitive

impairment has been reported for EOS patients (Rajji et al., 2009),

while candidate genes for schizophrenia have been related to lower

cognitive abilities in childhood onset patients (Rapoport et al.,

2005). Additionally, a more defective outcome in this age-at-onset

group is further supported by its associated presence of more severe

negative symptoms (Ritsner et al., 2005). In this regard, the clinical

variability found at different stages of the illness onset might mirror

the genetic complexity of the disease, where the diverse effects of

developmental genes may be periodically expressed, both during

maturation and later in adulthood (Delisi, 1997).

The study of these underlying vulnerability substrates has pro-

moted a neurodevelopmental perspective of the aetiological basis of

schizophrenia-spectrum disorders. Two main approaches have been

proposed, which may explain at least in part its phenotypic variabil-

ity (Crow, 1980; Murray et al., 1992; Andreasen, 2000; Jablensky,

2006). The first has been referred to as “negative syndrome” or def-

icit, type II schizophrenia, and is primarily characterised by negative

symptoms and poor neurocognitive performance and generally

expressed in male EOS cases with a family history of psychosis. The

second, “positive syndrome”, or non-deficit, type I schizophrenia, is

characterised by positive symptoms and a later onset often associat-

ed with a better outcome and neurocognitive profile. It has been sug-

gested that these latter characteristics are most reactive to

environmental factors, in contrast with the first approach, which

has been shown to respond largely to genetic and developmental

components in its aetiology. In summary, this proposed neurodeve-

lopmental perspective of the disease defines two main illness sub-

groups – within a continuum of psychopathology – that could

potentially refine the phenotypic complexity of schizophrenia-spec-

trum disorders.

Despite the fact that these well-defined models of schizophrenia

are widely accepted, the inner relationships among the proposed

neurobiological liability markers, including their direct and indirect

predictive value to clinical outcome, are less clear. The direct associa-

tion between presence of familial history of psychosis and both neu-

rocognitive impairment and a high severity of negative symptoms

(Vazquez-Barquero et al., 1996; Malaspina et al., 2000) has been chal-

lenged by mediation effects reported for age at onset and premorbid

adjustment (Larsen et al., 2004; Walshe et al., 2007). Interestingly,

gender has been shown to influence premorbid adjustment (Preston

et al., 2002; Norman et al., 2005), but does not seem to be involved

in the relationship between family history and age at onset (Esterberg

et al., 2010). Consequently, there is a complex series of interrelation-

ships among these variables that remains to be understood. The

simultaneous testing of such interrelationships by means of a path-

analytic methodology would provide further insight into the neurobi-

ological mechanisms leading to schizophrenia, and potentially help

improve the identification of subgroups of patients that may present

a less heterogeneous phenotype. This method may increase the

power of genetic studies, further enhance the predictive value and

identification of populations at particular risk of developing the disor-

der, and potentially have consequences for treatment and prevention.

Path-analytic models have been used successfully in previous

schizophrenia studies of the complex relationships between mea-

sures of functional competence (Bowie et al., 2008), outcome (Brekke

et al., 2005) and theory of mind (Couture et al., 2011), among other

characteristics. However, the association between age at onset, main

liability markers (i.e. familial history of psychosis, gender and pre-

morbid adjustment) and clinical outcome, including symptoms and

neurocognition, has not yet been tested as an organised model. The

main objective of our study was to analyse the relationship between

these traits by exploring: i) the fit of the proposed theoretical

model to observed data, ii) direct effects, and iii) indirect effects

among the variables of interest.

2. Materials and methods

In order to ensure variability on age at onset of the disorder,

patients were consecutively recruited from two mental health centres

in Catalonia (Spain) that are specialised in Child and Adolescent, and

Adult Psychiatry, respectively. Subjects with a schizophrenia-spectrum

diagnosiswere includedwhen nomore than five years had passed since

the onset of the first symptoms and no presence of severe sensory or

motor disturbances were detected in their medical history. A total of

106 patients, with a mean age=18.5 years (SD=4.4) and mean time

from onset=19.4 months (SD=14.9), were included. See Table 1 for

more detailed demographic characteristics.

Patients were diagnosed in accordance with DSM-IV-TR criteria.

Moreover, K-SADS (for patients under 18 years old) and CASH (for

adult patients) schedules (Andreasen et al., 1992; Geller et al., 1996)

were completed using direct observation during the index admission,

information provided by close relatives and a comprehensive review

of medical records. The majority of patients (87.4%) were treated

with atypical antipsychotics. The diagnosis breakdown was: 44.3%

schizophrenia, 15.1% schizophreniform disorder, 8.5% schizoaffective

disorder, 31.1% psychotic disorder NOS and 1% delusional disorder.

None of the patients presented a diagnosis of pervasive developmental

disorders.

All participants provided written informed consent, which was

obtained from parents or legal guardians in the case of patients

below the age of 18. The study was approved by the local ethics com-

mittees and all procedures were carried out in accordance with the

Declaration of Helsinki.

2.1. Markers of liability and clinical outcome measures

2.1.1. Age at onset
We recorded the age at onset of the first psychotic symptoms as

the onset starting point, using the Symptom Onset in Schizophrenia

inventory (Perkins et al., 2000).

2.1.2. Familial loading index (FLI)
We conducted the Family Interview for Genetic Studies (Maxwell,

1992) with the parents, which provided lifetime prevalence of schizo-

phrenia-spectrum disorders among 1355 relatives (311 were first-

degree relatives, 737 were second-degree relatives and 307 were cous-

ins). We used a continuous measure of familial loading (Verdoux et al.,

1996), with values over 1 indicating a higher probability that the pro-

band is familial, and values below 1 indicating sporadic cases.

2.1.3. Premorbid adjustment index (PAI)
We used the Cannon-Spoor Premorbid Adjustment Scale

(Cannon-Spoor et al., 1982), where lower scores represent a better

adjustment.

Table 1

Demographic characteristics of the patients sample (N=106).

Mean (SD) Minimum Maximum

Age 18.5 (4.4) 12.3 31.5

Years of education 11.6 (3.1) 5 20

Intellectual quotient 77.9 (16.0) 51 129

Time from onset (*) 19.4 (14.9) 0.5 60

Male gender (%) 69.8 – –

*Data shown in months. Time from onset was fixed at a maximum of five years from

the onset of first symptoms to inclusion in the study.
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2.1.4. Composite index of symptoms (CIS)
We used the continuous measure of the composite index proposed

in the original guidelines of the Positive and Negative Syndrome Scale

(PANSS) (Kay et al., 1987). Negative values indicate a predominance

of negative syndrome.

2.1.5. Cognitive ability index (CAI)
In order to capture variability in cognitive performance, we used a

composite estimate of IQ and memory age-adjusted scores (Ammari

et al., 2010). Specifically, the complete Wechsler Intelligence Scale

was used in its adult(Wechsler, 1997a) or children (Wechsler,

1991) version, depending on the age of the subject at the time of

the assessment, along with Logical Memory, Verbal Pairs and Visual

Reproduction subtests (Wechsler, 1997b). The inclusion of EOS

patients in our sample required further design considerations. As

reported in previous findings, one third of EOS patients have an IQ

lower than 70 (Hollis, 2000), and 28.6% who later develop schizo-

phrenia-spectrum disorders in adult life present an IQ under 85 in

childhood (Koenen et al., 2009). Although scores under 70 are consid-

ered to lie in the range of mild mental retardation, and scores under

85 are categorised as borderline intellectual functioning (DSM-IV-TR

criteria), we included these cases in order to avoid eliminating an

important proportion of clinically and genetically relevant cases

(Kyriakopoulos and Frangou, 2007) that are crucial in the proposed

neurodevelopmental model.

2.2. Statistical analyses

Data analysis was performed using SPSS 17.0 software for

Windows. We used Pearson Correlations to describe the relationships

between the variables and path analysis with maximum likelihood

estimation to test the predictive effect of gender and the familial load-

ing index (FLI) on age at onset and the premorbid adjustment index

(PAI), and both the direct and indirect effects of these traits on neuro-

cognition and symptomatology as outcome variables. Path analysis

was conducted by means of AMOS 18.0 software and the significance

of indirect effects was tested using a bootstrapping method (Shrout

and Bolger, 2002).

We hypothesised that independent variables (gender and familial

loading index) would predict outcome variables (composite index of

symptoms and cognitive ability index) either directly or indirectly via

premorbid adjustment and age at onset of the disorder. In modelling

these relationships, our main assumption was that PAI and age at onset

preceded cognitive performance. Although previous research has sug-

gested that in some patients with schizophrenia neurocognitive impair-

ment might be present before the onset of the first symptoms (Cannon

et al., 2002), it is also widely accepted that altered performance occurs

after the onset of the disease (Goldberg and Green, 2002). For that rea-

son, and given that the patients in our sample were tested after diagno-

sis, we decided to include neurocognitive impairment as an outcome

variable in ourmodel. Genderwasmodelled so that it was not associated

with FLI or cognition, in accordance with a lack of association found in

previous reports (Ammari et al., 2010; Esterberg et al., 2010).

First we tested this theoretically driven model (model 1, Fig. 1),

and progressively excluded effects that were not statistically signifi-

cant in order to identify the most parsimonious model. Model fit

was assessed using several indices (Byrne, 2010): i) Chi-square statis-

tic (χ2), a measure of misfit where non-significant values imply a

good fit of the model to the data; ii) goodness of fit index (GFI) and

adjusted GFI (AGFI), which indicate the proportion of the variance

in the sample variance–covariance matrix that is accounted for by

the model, and is expected to be greater than 0.95 and 0.85, respec-

tively; iii) root mean square error of approximation (RMSEA), which

estimates the lack of fit compared to the saturated model, and

where values up to 0.05 indicate a good fit; iv) comparative fit

index (CFI), which compares the fit of the proposed model to a null

model where none of the variables are associated, and values larger

than 0.95 indicate a good fit.

3. Results

3.1. Sample characteristics

Demographic and clinical characteristics of the complete sample

are described in Table 1. The proportion of male patients was high,

as anticipated by the range of age at onset that was part of our

study design. Also in line with the design, the inclusion of patients

with an IQ lower than 70 was reflected in low average IQ scores.

The sample distributions of the variables included in the path

analysis are presented in Table 2. The inspection of Pearson's correla-

tions confirmed complex pathways among the liability markers and

clinical outcome measures (Table 3). This indicates putative direct

and indirect associations between these traits that were further tested

in path analysis.

Fig. 1. Model 1, which includes all theoretically-driven associations between markers of liability to schizophrenia. Lack of statistical significance of some of the explored effects suggests

that the model may be overcomplicated. Standardised regression weights for the direct effects are shown. *=pb0.05. **=pb0.01. ***=pb0.001.
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3.2. Path analysis

3.2.1. Model fitting (Table 4)
Model 1 (Fig. 1) showed good fit statistics. The correlation between

error terms of cognition and symptomswas significant, so this pathwas

retained in future analysis. However, a lack of statistical significance of

some regression weights showed that the model may be overcompli-

cated. In turn, the predictive effect of gender on age at onset almost

reached significant estimates (β=−0.164, p=0.067). Therefore, we

analysed a second model (model 2) that excluded clearly non-signifi-

cant paths, while maintaining the association between gender and age

at onset.

Model 2 also showed a good fit to the data. A lack of statistical sig-

nificance of the predictive effect of gender on age at onset was also

found in this model (β=−0.163, p=0.067). For this reason, a third

model was tested (model 3) in which the direct effect of gender on

age at onset was also excluded.

In line with previous models, Model 3 also showed a good fit to

the data. All direct effects were highly significant (Fig. 2) and it con-

stituted the most parsimonious of tested models. Therefore, Model 3

was considered to best represent the observed relationships between

the variables. According to the squared multiple correlations results,

Model 3 accounted for 20% of the variance of age at onset, 16% of cog-

nition, 8% of symptomatology and 6% of premorbid adjustment.

3.2.2. Direct effects among measures
Standardised regression weights are shown in Fig. 2. Gender was

directly associated only with PAI, with male gender predicting a

poorer premorbid adjustment. In turn, the level of PAI was negatively

associated with CIS (i.e. a poorer premorbid adjustment predicted a

greater severity of negative symptoms).

Familial forms of schizophrenia predicted an earlier age at onset of

the disorder, which was consequently associated with poorer cogni-

tive performance. Furthermore, FLI was also directly associated with

cognition, with results showing that a family history predicted a

lower cognitive level.

Finally, the level of PAI was negatively associated with age at onset

of the disorder, indicating that a poorer premorbid adjustment pre-

dicted an earlier age at onset.

3.2.3. Indirect effects among measures
The results showed that gender was indirectly associated with age

at onset (standardised indirect effect=0.08, p=0.006), cognition

(standardised indirect effect=0.02, p=0.005), and CIS (standardised

indirect effect=0.07, p=0.006).

Family history was found to have an indirect effect on cognition

(standardised indirect effect=−0.084, p=0.001), as did PAI (standar-

dised indirect effect=−0.087, p=0.003).

4. Discussion

In the present study, we used a path-analytic procedure to explore

the effects of key liability markers of schizophrenia-spectrum disor-

ders on its clinical outcome, in accordance with a neurodevelopmen-

tal perspective of the disease. The results supported this approach

and the corresponding conceptualization of a “negative syndrome”,

as they showed pathways linking an earlier age at onset with poorer

premorbid adjustment, male gender, family history of the disorder,

poorer cognitive performance and a greater severity of negative

symptoms. In accordance with other authors (Carpenter et al., 1988;

Myin-Germeys and Van Os, 2007), such an association provides fur-

ther evidence for the identification of a more homogeneous group

of patients that present a severe form of the disease and whose psy-

chopathological expression may be shaped largely by neurodevelop-

mental alterations. Furthermore, this subgroup of patients could

potentially be differentiated from a second subgroup responding to

a “positive syndrome” schizophrenia, who may present a more

favourable course and outcome.

However, the results also showed that not all neurobiological lia-

bility traits were directly associated with the clinical outcome. The

main finding of our study was that the most parsimonious model in-

volved indirect effects between the traits, indicating distinctive path-

ways and complex associations in the neurodevelopmental processes

leading to disease expression. One of the most interesting of these

complex associations was between gender and measures of outcome.

Our findings are consistent with previous research that indicates that

male patients present a greater severity of negative symptoms (Leung

and Chue, 2000). Nonetheless, such a relationship may not be direct.

We found evidence to support that this association is fully mediated

by the level of premorbid adjustment of the patients. Accordingly,

gender may directly influence the level of psychosocial functioning,

which in turn directly leads to a greater severity of negative symp-

toms. A similar trend of results was found for the association between

gender and cognitive performance: sex differences in this phenotype

were mediated by the level of premorbid functioning and the age at

onset of the disorder.

The effect of sex-related genetic factors (e.g. sex hormones) on the

developing brain may explain the consistent gender differences found

in the level of functioning predating the onset of schizophrenia

(Preston et al., 2002). Sexual differentiation of the brain extends

from the prenatal period to puberty, with male brains showing later

Table 2

Observed sample distribution of markers of liability and clinical outcome included in

the analyses*.

Mean (SD) Minimum Maximum

Familial loading index 1.2 (2) −1.2 7.3

Age at onset 16.9 (4.6) 7.4 30.8

Premorbid adjustment index 0.4 (0.2) 0 1

Cognitive ability index 10.7 (2.1) 6.9 18.8

Composite index of symptoms −5.8 (8.8) −33 23

*Distribution for gender shown in Table 1.

Table 3

Pearson's correlations between markers of liability and clinical outcome.

Gender FLI Age at

onset

PAI CAI CIS

Gender – 0.118 −0.109 −0.246⁎ 0.028 0.121

FLI 0.118 – −0.297⁎⁎ −0.044 −0.287⁎⁎ 0.075

Age at

onset

−0.109 −0.297⁎⁎ – −0.310⁎⁎ 0.331⁎⁎ 0.062

PAI −0.246⁎ −0.044 −0.310⁎⁎ – −0.152 −0.300⁎⁎

CAI 0.028 −0.287⁎⁎ 0.331⁎⁎ −0.152 – 0.203⁎

CIS 0.121 0.075 0.062 −0.300⁎⁎ 0.203⁎ –

FLI=Familial Loading Index; PAI=Premorbid Adjustment Index; CAI=Cognitive

Ability Index; CIS=Composite Index of Symptoms.
⁎ pb0.05.
⁎⁎ pb0.01.

Table 4

Model fit indices for tested models.

χ
2 p df GFI AGFI RMSEA

Values indicative of good fit N0.95 N0.85 b0.05

Model 1.

Theoretically driven
1.936 0.38 2 0.994 0.936 0

Model 2.

Effect of gender on age at onset
3.368 0.85 7 0.989 0.968 0

Model 3.

Excluded all non-significant effects
6.639 0.58 8 0.979 0.946 0

χ
2=chi-square statistic, p=corresponding significance value, where non-significant

values imply a good fit of the model to the data. df=degrees of freedom of the

specified model. GFI=goodness of fit index. AGFI=adjusted goodness of fit index.

RMSEA=root mean square error of approximation. CFI=Comparative Fit Index.
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maturation of neuronal connexions, axonal myelination and laterali-

zation of brain functions (Taylor, 1969; Silk and Wood, 2011). This

slower rate of development might make male subjects more vulnera-

ble to early brain insults that predispose to schizophrenia, which may

contribute to their earlier age at onset of the disorder.

In this regard, studies based on siblings concordant for schizo-

phrenia have shown that genetic determination of the age at onset

may be stronger than sex-related hormonal and/or environmental ef-

fects (Delisi et al., 1987, 1994). Indeed, candidate genes for schizo-

phrenia also seem to be involved in neurotransmission, synaptic

plasticity, and neurodevelopment (Arnold et al., 2005; O'donovan

et al., 2009), processes that are in continuous maturation until adult-

hood. Therefore, the relationship between gender and age at onset

may respond to interactions between risk genetic variants and specif-

ic factors associated with brain developmental periods. This complex

pattern may underlie our results, where gender was directly associat-

ed only with the level of premorbid adjustment, while its association

with clinical outcome was indirect. In this sense, we can speculate

that the association of poor premorbid adjustment with male gender

might not be disease specific (Schmael et al., 2007). As a phenomenon

that may not be exclusive to schizophrenia, it could require further

genetic and/or environmental factors for the phenotype to be

expressed.

The relationship between familial loading index, age at onset and

cognition showed a different structure of paths. We found that a larg-

er FLI directly predicted both an earlier age at onset and poorer cog-

nitive performance. Evidence showed only partial mediation of age

at onset in the association between FLI and cognition, indicating a

more specific, straightforward pathway between the genetic compo-

nents of schizophrenia and its clinical cognitive outcome. These find-

ings are in line with previous studies that highlight a familial

component to the relationship between poor cognitive performance

and schizophrenia (Egan et al., 2001; Groom et al., 2008; Nam et al.,

2009). It has been proposed that such common aetiological factors

share underlying developmental alterations with the age at which

the disease is expressed (Nicolson et al., 2000; Hooper et al., 2010),

suggesting its strong genetic determination and clear association

with the inheritance pattern specific to schizophrenia (Delisi et al.,

1994; Li et al., 2007).

The found differences in the paths leading to clinical symptom-

atology and cognitive outcome may be of interest for understand-

ing the relationships between these traits in schizophrenia. In line

with previous research (Dominguez et al., 2009), we found

evidence for a moderate positive correlation relating impaired cog-

nition and presence of negative symptoms, which suggests that the

concurrence of these traits is not completely arbitrary. However,

the symptoms profile responded directly to premorbid adjustment,

while cognitive performance was directly associated with age at

onset and only indirectly to premorbid functioning. In this regard,

a model according to which negative symptoms and cognition

may be separable, although not completely independent, domains

of schizophrenia (Harvey et al., 2006), may find further support

in these results.

The path-analytic approach in our study implies some limita-

tions. First, it is based on theoretically driven relationships between

variables in a cross-sectional design, and therefore cannot prove

causality. Second, our method, which is based on the assessment

of a general model, does not provide estimates for even more spe-

cific indirect effects of the variables; more detailed models that

focus on particular aspects of these associations are needed to de-

termine such specific estimates. Finally, given the rationale of the

study and the sample size, we were not able to include further vari-

ables of interest that could enhance our understanding of the find-

ings. Of particular interest for inclusion in future studies are

measures of exposure to stress and/or environmental risk factors

and functional outcome.

The final neurodevelopmental model under study (the most parsi-

monious Model 3) accounted for an important proportion of the var-

iance in measures of age at onset (20%) and cognitive performance

(16%). These results highlight the putative role of neurobiological lia-

bility traits in two crucial aspects of clinical practice (Tandon et al.,

2010). On one hand, they might be included as potential guidelines

in the assessment and management of need-adapted treatment

(Leifker et al., 2009). On the other hand, they might operate as

markers in preventive interventions for targeting individuals at risk

of developing particular forms of the disease (Mojtabai et al., 2003;

Keshavan et al., 2011a).

Although not a part of our present study, current efforts to clarify

the pathophysiology of schizophrenia also include models of neuro-

degenerative processes involving brain abnormalities (Gharaibeh

et al., 2000), as well as schemes that propose the integration of di-

verse models of schizophrenia etiopathogenesis (Keshavan et al.,

2011b). Future evidence-based research on the complex relation-

ships among further markers of interest is expected to shed new

light on putative more homogeneous phenotypes for these complex

disorders.

Fig. 2.Model 3 was the best representation of the observed relationships between variables. Distinctive pathways and complex associations lead from liability markers of the disease to

clinical outcome. Standardised regression weights for the direct effects are shown. *=pb0.05. **=pb0.01. ***=pb0.001.

147X. Goldberg et al. / Schizophrenia Research 133 (2011) 143–149



Role of funding source

Funding for this study was provided by: i) Fundación Alicia Koplowitz (2006), ii)

Ministerio de Ciencia e Innovación (SAF2008-05674-C03-01), iii) NARSAD - Senior

Award (2008), iv) Ministerio de Ciencia e Innovación, Instituto de Salud Carlos III,

Centro de Investigación Biomédica en Red de Salud Mental (CIBERSAM), v) Fundació

La Marató de TV3 (014430/31). Ximena Goldberg was supported by a Marie Curie

grant from the EUTwinsS Research Training Network (European Twin Study Network

on Schizophrenia – MRTN-CT-2006-035987). Thanks to Comisionat per a la Universi-

tats i Reserca del DIUE, Generalitat de Catalunya (SGR827). All funding sources had

no further role in study design; in the collection, analysis and interpretation of data;

in the writing of the report; and in the decision to submit the paper for publication.

Contributors

Authors SM and MJM administered the implementation of the protocol. XG, MF

and RP managed the analysis and interpretation of the data. XG and HV undertook sta-

tistical analysis with input from MF. XG wrote the initial manuscript, which was fur-

ther edited by LF, RP and MF. All authors contributed to and approved the final

manuscript.

Conflict of interest

None to declare.

Acknowledgements

We are deeply grateful to all the participants, whose generosity made this work

possible.

References

Ammari, N., Heinrichs, R.W., Miles, A.A., 2010. An investigation of 3 neurocognitive
subtypes in schizophrenia. Schizophr. Res. 121 (1–3), 32–38.

Andreasen, N.C., 2000. Schizophrenia: the fundamental questions. Brain Res. Brain Res.
Rev. 31 (2–3), 106–112.

Andreasen, N.C., Flaum, M., Arndt, S., 1992. The Comprehensive Assessment of Symp-
toms and History (CASH). An instrument for assessing diagnosis and psychopa-
thology. Arch. Gen. Psychiatry 49 (8), 615–623.

Arnold, S.E., Talbot, K., Hahn, C.G., 2005. Neurodevelopment, neuroplasticity, and new
genes for schizophrenia. Prog. Brain Res. 147, 319–345.

Bowie, C.R., Leung, W.W., Reichenberg, A., Mcclure, M.M., Patterson, T.L., Heaton, R.K.,
Harvey, P.D., 2008. Predicting schizophrenia patients' real-world behavior
with specific neuropsychological and functional capacity measures. Biol. Psychiatry
63 (5), 505–511.

Brekke, J., Kay, D.D., Lee, K.S., Green, M.F., 2005. Biosocial pathways to functional out-
come in schizophrenia. Schizophr. Res. 80 (2–3), 213–225.

Byrne, B., 2010. Structural equation modeling with AMOS: basic concepts, applications,
and programming, 2º edition. Taylor & Francis Group, New york.

Cannon, M., Caspi, A., Moffitt, T.E., Harrington, H., Taylor, A., Murray, R.M., Poulton, R.,
2002. Evidence for early-childhood, pan-developmental impairment specific to
schizophreniform disorder: results from a longitudinal birth cohort. Arch. Gen.
Psychiatry 59 (5), 449–456.

Cannon-Spoor, H.E., Potkin, S.G., Wyatt, R.J., 1982. Measurement of premorbid adjust-
ment in chronic schizophrenia. Schizophr. Bull. 8 (3), 470–484.

Cardno, A.G., Holmans, P.A., Rees, M.I., Jones, L.A., Mccarthy, G.M., Hamshere, M.L.,
Williams, N.M., Norton, N., Williams, H.J., Fenton, I., Murphy, K.C., Sanders, R.D.,
Gray, M.Y., O'donovan, M.C., Mcguffin, P., Owen, M.J., 2001. A genomewide link-
age study of age at onset in schizophrenia. Am. J. Med. Genet. 105 (5), 439–445.

Carpenter Jr., W.T., Heinrichs, D.W., Wagman, A.M., 1988. Deficit and nondeficit forms
of schizophrenia: the concept. Am. J. Psychiatry 145 (5), 578–583.

Castle, D.J., Murray, R.M., 1991. The neurodevelopmental basis of sex differences in
schizophrenia. Psychol. Med. 21 (3), 565–575.

Couture, S.M., Granholm, E.L., Fish, S.C., 2011. A path model investigation of neurocog-
nition, theory of mind, social competence, negative symptoms and real-world
functioning in schizophrenia. Schizophr. Res. 125 (2–3), 152–160.

Crow, T.J., 1980. Positive and negative schizophrenic symptoms and the role of dopa-
mine. Br. J. Psychiatry 137, 383–386.

Delisi, L.E., 1992. The significance of age of onset for schizophrenia. Schizophr. Bull. 18
(2), 209–215.

Delisi, L.E., 1997. Is schizophrenia a lifetime disorder of brain plasticity, growth and
aging? Schizophr. Res. 23 (2), 119–129.

Delisi, L.E., Goldin, L.R., Maxwell, M.E., Kazuba, D.M., Gershon, E.S., 1987. Clinical fea-
tures of illness in siblings with schizophrenia or schizoaffective disorder. Arch.
Gen. Psychiatry 44 (10), 891–896.

Delisi, L.E., Bass, N., Boccio, A., Shields, G., Morganti, C., 1994. Age of onset in familial
schizophrenia. Arch. Gen. Psychiatry 51 (4), 334–335.

Dominguez, Mdeg, Viechtbauer, W., Simons, C.J., Van Os, J., Krabbendam, L., 2009. Are
psychotic psychopathology and neurocognition orthogonal? A systematic review
of their associations. Psychol. Bull. 135 (1), 157–171.

Egan, M.F., Goldberg, T.E., Gscheidle, T., Weirich, M., Rawlings, R., Hyde, T.M., Bigelow,
L., Weinberger, D.R., 2001. Relative risk for cognitive impairments in siblings of pa-
tients with schizophrenia. Biol. Psychiatry 50 (2), 98–107.

Esterberg, M.L., Trotman, H.D., Holtzman, C., Compton, M.T., Walker, E.F., 2010. The im-
pact of a family history of psychosis on age-at-onset and positive and negative
symptoms of schizophrenia: a meta-analysis. Schizophr. Res. 120 (1–3), 121–130.

Geller, B., Williams, M., Zimmerman, B., Frazier, J., 1996. Kiddie Schedule for Affective
Disorders and Schizophrenia (WASH-U-KSADS). Washington University, St. Louis.

Gharaibeh, W.S., Rohlf, F.J., Slice, D.E., Delisi, L.E., 2000. A geometric morphometric as-
sessment of change in midline brain structural shape following a first episode of
schizophrenia. Biol. Psychiatry 48 (5), 398–405.

Goldberg, T., Green, M., 2002. Neurocognitive function in patients with schizophrenia:
an overview. In: Davis, K.L. (Ed.), Neuropsychopharmacology: The Fifth Generation
of Progress. American College of Neuropsychopharmacology.

Goldberg, X., Fatjó-Vilas, M., Muñoz, M.J., Campanera, S., Miret, S., Miñano, M.J.,
Aguilera, M., Miralles, M.L., Navarro, M.E., Lázaro, L., Guitart, M., Barrantes-Vidal,
N., Fañanás, L., 2011. Increased familiarity of intellectual deficits in early-onset
schizophrenia spectrum disorders. World J. Biol. Psychiatry 1–8.

Groom, M.J., Jackson, G.M., Calton, T.G., Andrews, H.K., Bates, A.T., Liddle, P.F., Hollis, C.,
2008. Cognitive deficits in early-onset schizophrenia spectrum patients and their
non-psychotic siblings: a comparison with ADHD. Schizophr. Res. 99 (1–3), 85–95.

Harvey, P.D., Koren, D., Reichenberg, A., Bowie, C.R., 2006. Negative symptoms and cog-
nitive deficits: what is the nature of their relationship? Schizophr. Bull. 32 (2),
250–258.

Hollis, C., 2000. Adolescent schizophrenia. Adv. Psychiatr. Treat. 683–692.
Hooper, S.R., Giuliano, A.J., Youngstrom, E.A., Breiger, D., Sikich, L., Frazier, J.A., Findling,

R.L., Mcclellan, J., Hamer, R.M., Vitiello, B., Lieberman, J.A., 2010. Neurocognition in
early-onset schizophrenia and schizoaffective disorders. J. Am. Acad. Child Adolesc.
Psychiatry 49 (1), 52–60.

Jablensky, A., 2006. Subtyping schizophrenia: implications for genetic research. Mol.
Psychiatry 11 (9), 815–836.

Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr. Bull. 13 (2), 261–276.

Keshavan, M.S., Delisi, L.E., Seidman, L.J., 2011a. Early and broadly defined psychosis
risk mental states. Schizophr. Res. 126 (1–3), 1–10.

Keshavan, M.S., Nasrallah, H.A., Tandon, R., 2011b. Schizophrenia, “Just the Facts” 6.
Moving ahead with the schizophrenia concept: from the elephant to the mouse.
Schizophr. Res. 127 (1–3), 3–13.

Koenen, K.C., Moffitt, T.E., Roberts, A.L., Martin, L.T., Kubzansky, L., Harrington, H., Poulton,
R., Caspi, A., 2009. Childhood IQ and adult mental disorders: a test of the cognitive
reserve hypothesis. Am. J. Psychiatry 166 (1), 50–57.

Kyriakopoulos, M., Frangou, S., 2007. Pathophysiology of early onset schizophrenia. Int.
Rev. Psychiatry 19 (4), 315–324.

Larsen, T.K., Friis, S., Haahr, U., Johannessen, J.O., Melle, I., Opjordsmoen, S., Rund, B.R.,
Simonsen, E., Vaglum, P.V., Mcglashan, T.H., 2004. Premorbid adjustment in first-
episode non-affective psychosis: distinct patterns of pre-onset course. Br. J. Psychi-
atry 185, 108–115.

Leifker, F.R., Bowie, C.R., Harvey, P.D., 2009. Determinants of everyday outcomes in
schizophrenia: the influences of cognitive impairment, functional capacity, and
symptoms. Schizophr. Res. 115 (1), 82–87.

Leung, A., Chue, P., 2000. Sex differences in schizophrenia, a review of the literature.
Acta Psychiatr. Scand. Suppl. 401, 3–38.

Li, X., Sundquist, J., Sundquist, K., 2007. Age-specific familial risks of psychotic disorders
and schizophrenia: a nation-wide epidemiological study from Sweden. Schizophr.
Res. 97 (1–3), 43–50.

Malaspina, D., Goetz, R.R., Yale, S., Berman, A., Friedman, J.H., Tremeau, F., Printz, D.,
Amador, X., Johnson, J., Brown, A., Gorman, J.M., 2000. Relation of familial schizo-
phrenia to negative symptoms but not to the deficit syndrome. Am. J. Psychiatry
157 (6), 994–1003.

Maxwell, M.E., 1992. Family Interview for Genetic Studies (FIGS): A Manual for FIGS,
Clinical Neurogenetics Branch, Intramural Research Program. National Institute of
Mental Health, Bethesda, Maryland.

Mojtabai, R., Malaspina, D., Susser, E., 2003. The concept of population prevention: ap-
plication to schizophrenia. Schizophr. Bull. 29 (4), 791–801.

Murray, R.M., O'callaghan, E., Castle, D.J., Lewis, S.W., 1992. A neurodevelopmental ap-
proach to the classification of schizophrenia. Schizophr. Bull. 18 (2), 319–332.

Myin-Germeys, I., Van Os, J., 2007. Stress-reactivity in psychosis: evidence for an affec-
tive pathway to psychosis. Clin. Psychol. Rev. 27 (4), 409–424.

Nam, H.J., Kim, N., Park, T., Oh, S., Jeon, H.O., Yoon, S.C., Lee, Y.S., Lee, W.K., Ha, K., Kim,
J.H., Hong, K.S., 2009. Cognitive profiles of healthy siblings of schizophrenia pa-
tients: application of the cognitive domains of the MATRICS consensus battery.
World J. Biol. Psychiatry 10 (4 Pt 2), 452–460.

Nicolson, R., Lenane, M., Singaracharlu, S., Malaspina, D., Giedd, J.N., Hamburger, S.D.,
Gochman, P., Bedwell, J., Thaker, G.K., Fernandez, T., Wudarsky, M., Hommer,
D.W., Rapoport, J.L., 2000. Premorbid speech and language impairments in
childhood-onset schizophrenia: association with risk factors. Am. J. Psychiatry
157 (5), 794–800.

Nicolson, R., Brookner, F.B., Lenane, M., Gochman, P., Ingraham, L.J., Egan, M.F., Kendler,
K.S., Pickar, D., Weinberger, D.R., Rapoport, J.L., 2003. Parental schizophrenia spec-
trum disorders in childhood-onset and adult-onset schizophrenia. Am. J. Psychia-
try 160 (3), 490–495.

Norman, R.M., Malla, A.K., Manchanda, R., Townsend, L., 2005. Premorbid adjustment
in first episode schizophrenia and schizoaffective disorders: a comparison of social
and academic domains. Acta Psychiatr. Scand. 112 (1), 30–39.

O'donovan, M.C., Norton, N., Williams, H., Peirce, T., Moskvina, V., Nikolov, I., Hamshere,
M., Carroll, L., Georgieva, L., Dwyer, S., Holmans, P., Marchini, J.L., Spencer, C.C.,
Howie, B., Leung, H.T., Giegling, I., Hartmann, A.M., Moller, H.J., Morris, D.W., Shi, Y.,
Feng, G., Hoffmann, P., Propping, P., Vasilescu, C., Maier, W., Rietschel, M., Zammit,
S., Schumacher, J., Quinn, E.M., Schulze, T.G., Iwata, N., Ikeda, M., Darvasi, A., Shifman,
S., He, L., Duan, J., Sanders, A.R., Levinson, D.F., Adolfsson, R., Osby, U., Terenius, L.,
Jonsson, E.G., Cichon, S., Nothen, M.M., Gill, M., Corvin, A.P., Rujescu, D., Gejman,
P.V., Kirov, G., Craddock, N., Williams, N.M., Owen, M.J., 2009. Analysis of 10

148 X. Goldberg et al. / Schizophrenia Research 133 (2011) 143–149



independent samples provides evidence for association between schizophrenia and a
SNP flanking fibroblast growth factor receptor 2. Mol. Psychiatry 14 (1), 30–36.

Palmer, B.W., Dawes, S.E., Heaton, R.K., 2009. What do we know about neuropsycho-
logical aspects of schizophrenia? Neuropsychol. Rev. 19 (3), 365–384.

Perkins, D.O., Leserman, J., Jarskog, L.F., Graham, K., Kazmer, J., Lieberman, J.A., 2000.
Characterizing and dating the onset of symptoms in psychotic illness: the Symp-
tom Onset in Schizophrenia (SOS) inventory. Schizophr. Res. 44 (1), 1–10.

Preston, N.J., Orr, K.G., Date, R., Nolan, L., Castle, D.J., 2002. Gender differences in premorbid
adjustment of patients with first episode psychosis. Schizophr. Res. 55 (3), 285–290.

Rajji, T.K., Ismail, Z., Mulsant, B.H., 2009. Age at onset and cognition in schizophrenia:
meta-analysis. Br. J. Psychiatry 195 (4), 286–293.

Rapoport, J.L., Addington, A.M., Frangou, S., Psych, M.R., 2005. The neurodevelopmental
model of schizophrenia: update 2005. Mol. Psychiatry 10 (5), 434–449.

Rapoport, J., Chavez, A., Greenstein, D., Addington, A., Gogtay, N., 2009. Autism spec-
trum disorders and childhood-onset schizophrenia: clinical and biological contri-
butions to a relation revisited. J. Am. Acad. Child Adolesc. Psychiatry 48 (1), 10–18.

Ritsner, M., Ratner, Y., Gibel, A., Weizman, R., 2005. Familiality in a five-factor model of
schizophrenia psychopathology: findings from a 16-month follow-up study. Psy-
chiatry Res. 136 (2–3), 173–179.

Schmael, C., Georgi, A., Krumm, B., Buerger, C., Deschner, M., Nothen, M.M., Schulze,
T.G., Rietschel, M., 2007. Premorbid adjustment in schizophrenia — an important
aspect of phenotype definition. Schizophr. Res. 92 (1–3), 50–62.

Shrout, P.E., Bolger, N., 2002. Mediation in experimental and nonexperimental studies:
new procedures and recommendations. Psychol. Methods 7 (4), 422–445.

Silk, T.J., Wood, A.G., 2011. Lessons about neurodevelopment from anatomical magnet-
ic resonance imaging. J. Dev. Behav. Pediatr. 32 (2), 158–168.

Tandon, R., Nasrallah, H.A., Keshavan, M.S., 2010. Schizophrenia, “just the facts” 5.
Treatment and prevention. Past, present, and future. Schizophr. Res. 122 (1–3),
1–23.

Taylor, D.C., 1969. Differential rates of cerebral maturation between sexes and between
hemispheres. Evidence from epilepsy. Lancet 2 (7612), 140–142.

Vazquez-Barquero, J.L., Lastra, I., Cuesta Nunez, M.J., Herrera Castanedo, S., Dunn, G.,
1996. Patterns of positive and negative symptoms in first episode schizophrenia.
Br. J. Psychiatry 168 (6), 693–701.

Verdoux, H., Van Os, J., Sham, P., Jones, P., Gilvarry, K., Murray, R., 1996. Does familiality
predispose to both emergence and persistence of psychosis? A follow-up study. Br.
J. Psychiatry 168 (5), 620–626.

Walshe, M., Taylor, M., Schulze, K., Bramon, E., Frangou, S., Stahl, D., Kravariti, E., Daly,
E., Fearon, P., Murray, R.M., Mcdonald, C., 2007. Familial liability to schizophrenia
and premorbid adjustment. Br. J. Psychiatry 191, 260–261.

Wechsler, D., 1991. Wechsler Intelligence Scale for Children, Third edition. The Psycho-
logical Corporation, San Antonio, TX.

Wechsler, D., 1997a. WMS-III. Wechsler Memory Scale, Third edition. The Psychologi-
cal Corporation, San Antonio, TX.

Wechsler, D., 1997b. Wechsler Adult Intelligence Scale, Administration and Scoring
ManualThird edition. The Psychological Corporation, London.

149X. Goldberg et al. / Schizophrenia Research 133 (2011) 143–149



�

� �



#
������<$�&��	��������� � ((+�

�

  Dr Lourdes Fañanás 

Anthropology Unit, Department of Animal Biology 
Faculty of Biology 

�

�

�

�

#�1
�"����8���
1��������!
������������������!
�&!%��11	����������!
������	
������

�

�

�

%��������
����X��Y��#������#
������
����
������!
�%
1���
����������	� ��	��'�����!
�

����	�'���� ��	��'��B��"
����'���� ���
	����������1
�"���������!
�1�
�
����������	��!
�����'�

K�
���/�	��
����!
�
�'��
�����
���!����!
�1������1����������!
�&!%��11	����������!
������	
�

HHHH)
����
"
	�1
��)
����
"
	�1
��)
����
"
	�1
��)
����
"
	�1
���	�	����	��'������!�4�1!�
���$���	�	����	��'������!�4�1!�
���$���	�	����	��'������!�4�1!�
���$���	�	����	��'������!�4�1!�
���$��!
���1	
5�
����������	
������
�������
��!
���1	
5�
����������	
������
�������
��!
���1	
5�
����������	
������
�������
��!
���1	
5�
����������	
������
�������
��

����1�
�����1�
�����1�
�����1�
��������7���
���������7���
���������7���
���������7���
��IIII����	��
���!
���		�����������$�

�

- &������1����������!
�����
1����������
���������!
��������1���

- #���������	����	'�����������
�1�
��������������������

- �������������������!
��������1��

- �������	��
"����������!
������	
��������
		
����	�����
�����

�

�

�

�

�

%��������
����X��Y��

 ���
	�����*���!��(�!�(=�(�

�

�

�

�

�

� �



�

�



#
������<$�&��	��������� � ((9�

�

3
��
��
������
		����

����

-�	�
����	�����%�����
�
	�)
����
�����		��1����&��
�
��0�J��4���
���$�0	�3�	�-�	�
����	�����%�����
�
	�)
����
�����		��1����&��
�
��0�J��4���
���$�0	�3�	�-�	�
����	�����%�����
�
	�)
����
�����		��1����&��
�
��0�J��4���
���$�0	�3�	�-�	�
����	�����%�����
�
	�)
����
�����		��1����&��
�
��0�J��4���
���$�0	�3�	�

*
��������
�	��0�����
*
��������
�	��0�����
*
��������
�	��0�����
*
��������
�	��0�����
�����������'�
	��7���
�&�
:������
�����*��
	����1	
7���
�	���������'�
	��7���
�&�
:������
�����*��
	����1	
7���
�	���������'�
	��7���
�&�
:������
�����*��
	����1	
7���
�	���������'�
	��7���
�&�
:������
�����*��
	����1	
7���
�	��

0��
�
���0��
�
���0��
�
���0��
�
�������

�

K�
���/�	��
����*������7:2-�	����3���
	�&
���`���#�	"�����*��
���*��T��D��`�

*�X�4���
	
��-���
��������
����X��Y���

�

#�!�4�1!�
����3
�
���!��(=��E�-�	�
��++������
����&��
���,+2�,>�

�

����1	���"������	���������"����	�
��	��1�
�
�����:���	T������
�	���������������
	�


�1
����� 
�J��4���`����� 1���
"
� 1�
������� �	�"
� 
�� �
	���:�� �� ��� 
���	��T��� 0��


��
� �
������� 	�� 
���� �
� ������� �
� 	�� 
��
�
���� ��������'
� ��� �������� �
�

����
1����	�����1������	��
��
����
�
����
�'��J�
�!�������������������������������

�
�"�	�
����	�����������
�
	��
����
�����		����	
�����$��A�
	��`�
�������	�������A�

	��1�
�
���������

�������
�!�����������	�����
�1������������A�����7���
�1�
:������

1���
� '� �"A� ���� 
51�
��:�� �	T����� Y�� ���"
� 
�� �`������ �
� �������:�� '�

1����1���	��T��������������:��
���
�
�����"�����	
��!���	
�����������
��T��
���	:�����

�
�a��	�����	�	��1��������	��T���
�	��
�J��4���
�����1	����T�������1�������
�	���

1���
���� �
������	:������ �1	������� 
�� 
	� �
�����		�� �
	� ����"������ #��� 
�������

�a�� J�
���� 1��� ��1�
��
�� 	��� �
	�����
�� ��1	
7��� J�
� 
5���
�� 
���
� 
�����

�������
���
������	:�������
�"�	�
����	������'�
���
�`�����'�
	������
��
	�������
�	T�������

0�� 
	� 1�
�
��
� 
�������� �
� ���	�4:� ���� �1��5����:�� �
� ��Y	����� �
� ���'
�������

@1��!� ���	'���A� ���� 
	� ��7
��"�� �
� 
51	����$� �A� 
	� �7���
� �
	� ��
	�� �� 	��� ������
���
�"������'���A�	�������������
������������
��������������
������
���
��������
��

�
�"�	�
����	�����1����1��
�
��
�J��4���
����'����
51�
��:���	T������#
���	
�����:�

���� �
����� �
� �=;� 1���
��
�� ���� �����:������ �
� ���������� �
	� 
�1
�����


�J��4���`����� �
�a�� ����
����� %#*2�-� �
��
� ���� �
������ �
� ��	��� 
���	� 
��

����	�X�� @0�1�X�A�� ������ 	��� ��7
���� ��
���� 
"�	������ 1���� 	��� �������
��

���	:������ ���
����
��
� 
���������$� �`�
���� !�������� ���	���� �
� 
��
�
����

@z����
� �
� ������ ���	���� �
�*�5�
		�� �>>(A�� 
���� �
� ������� @��"
������� #6#� �
�

&
������� (===A�� '� �7���
� 1�
:������ @z����
� �
� �7���
� &�
:������ �
� ������2

#1����� �>?(A�� ���� 
������ �
� �����
� �	T����� ���	������ ��
���$� �
����
����
�������"�� @���� 
������:�� ��1�
���� �
� 	��� 1���������
�� ���
������ 
�� ����
��
�

���
	
����	�'�
�����@������(=�=AA�'��T�������	T������@0���	��&�)##��
�L�'��

�>?<A�� #
� �
�	�4:� ��� ��Y	����� �
� ���'
������� ���� 
������:�� 1��� Y5���

"
�����	�����1����
"�	����
	�
�
����1�
�����"���
��`�
���'�	�����������	����1����	��


��
�
��������
�	��
�����
��������'�
	��7���
�1�
:����������������
����	�4�����

	��� 
�
����� ������ ���
����� ���� �����
������
� 
����� "�����	
�� ����
� 
	� �
����
����

�������"�� '� 	�� ��������	��T�� ���� "�����	
�� �
1
���
��
��� ���� ��Y	����� ��
����



((;� � #
������<$�&��	���������

�
�	�4�����1���
�����
	�1��������*6#��?�=���
������J�
�	�������������:���
�	���


�
����� �����
����� �
� 
5���:� 
�����
� 
	� `����� �
� �	
�����4���:�� �
����	�

@#!������(==(A��0	��7���
��
	���
	�� ��
�
"�	�����
�����
�`������1�
"��
��
�

"�	�������@ '��
��(=�=A���

�����
��	���������������J�
�
	���
	��������	��
��7��������
���
�����
������

��	������������
�"�����@d(�U���>+;��1�U�=�+?��T����
��
���������
��7���
�U�=�>>,����T4�

���� �����Y�������� �
	���� 
����� �
� �1��5����:�� U� =A� 	�� ���	� �1�'�� ���� 1
��1
���"��


���1����`����� �
� 	�� 
��
�
���� J�
� �
�1���
�T�� �� �	�
������
�� �
	�

�
����
�����		��� #��� 
������� 
	� ��
	�� Y�� 1����������� 
"��
���:� �
	�����
��

��1	
7��� 
���
� 	��� "�����	
��� �
�a�� 	��� ���	
�� 	�� 
���� �
� ������� '� 
	� �7���
�

1�
:������ ��������� ����
������
�� 
���
� 
	� �`�
���� 	�� !�������� ���	�����
� 	��


��
�
����'�
	��
��	������
	��������	T������0�1
�T����
��
��
	��`�
����
������:��
�

��
��� �����
���� �� 	�� 
���� �
� ������� �
� 	�� 
��
�
���� @
�
���� �����
����


��������4���� U� =�=?�� 1� Z� =�=�A�� �� 	�� �������:�� @
�
���� �����
���� 
��������4���� U�

=�=(��1�Z�=�=�A� '��� 	��� �T������ @
�
���� �����
���� 
��������4����U�=�=<��1�Z�=�=�A��

�
������ J�
� ������ 	�� !�������� ���	���� �
� 
��
�
���� @
�
���� �����
����


��������4���� U� 2=�=?,�� 1� Z� =�=�A� ���� 
	� �7���
� 1�
:������ @
�
���� �����
����


��������4����U�2=�=?<��1�Z�=�=�A����������
�
����������
���������
��������:����

�������
��������7������	����
��	����������
�
�����'
��������J�
�	���������
����

�
� ������� Y�� �
1����� ���� ��� 1
��� �7���
� 1�
:������� 
	� �`�
��� ����	�����

1�
�
������
�!�����������	�����
�
��
�
�����1
����
����
�����������"��'��'���

�
"
������ �
� 	��� �T������ �
����"���� 0����� !�		�4���� ������� ��
	���


���1����`������ 1�
"��
��
� 1��1�
����� J�
� ���T��� ��
���� �
� 	��� ���
��

�
������	:������� �
	���������� ���� 
	� �
����
�����		��� �
� 	�� 
�J��4���
����� ����

�1	�������
��1��
����	
���
	���
	��J�
��
�1��1��
�
��
	�1�
�
��
�
����������	�'
��

	�� ��
���������:���
�������Y��!���`�
����
�	��
��
�
����J�
�1���T����
���
�

���	����� ������ 
�� 
	� 
���� �	T����� ���� 
�� 
�������� �
�`������� %���� J�
� 
�����

�������
�� 1���T��� �
�� a��	
�� 1���� �
�
����� ��7
���� 
�� ��
���� �
� 1��
�
��


�J��4���
������
�������
������`��	���1����	
���1	�������
���
�	����
��	������
��	��

1�Y�������	T�����'�
��	���1�	T�������
�1�
"
���:���
�	��
��
�
������

�

�

�

�

�

�

�

�

�



�

�

� �



�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��6�����0����

��%!��	&%��"�����'"�(/�?@AJ@G�

�

�

�


