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ABSTRACT  

Background: The DSM has been criticized for arbitrary categorization of psychiatric 

patients who share similar behaviors, yet have diverse biopsychological profiles. The 

heterogeneity of patient populations has been implicated as an obstacle to research and 

clinical practice. Latent classes – derived from symptom dimensions in a data-driven 

approach – have been proposed as an alternative to the DSM. The classes have been 

suggested to better separate different forms of psychopathology, and to improve the 

homogeneity of diagnostic groups, however it remains to be elucidated whether those 

classes in fact correspond to distinct neurcognitive profiles. This thesis compares the 

two classification systems using morphometric and cognitive endophenotypes.  

Methods: Data used in this research came from a longitudinal study on Genetic Risk 

and Outcome in Psychosis (GROUP) conducted at the UMC Utrecht, the Netherlands. 

Morphometric endophenotypes considered were: grey and white matter volume, and 

the size of the ventricles. Cognitive endophenotypes considered were: overall IQ 

estimate, speed of learning, attention and memory.  

 The differences were analyzed using multivariate analysis of covariance 

(MANCOVA). The analysis was performed in three steps. The DSM diagnoses were 

compared first on cognitive and structural scores, followed by an analysis of 

differences between the latent classes. Finally, diagnostic categories of schizophrenia 

(SZ) and major depressive disorder (MDD) were subdivided into latent classes, which 

were compared on the same measures. 

Results: DSM categories provided better differentiation between groups compared to 

the latent classes. Although both models yielded multivariate and univariate results 

that were statistically significant, diagnoses were preferred due to a slightly bigger 

effect size and a parsimonious number of groups. No differences were found between 
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clusters distinguished within the category of schizophrenia or depression. 

Conclusions: The data validated the use of the DSM categories, and the evidence in 

favor of the latent classes was unsatisfactory. No differences between classes within 

schizophrenia suggest it to be a well-defined construct. No conclusions can be made 

regarding the homogeneity of the major depression category due to a small sample 

size.  
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INTRODUCTION 

Despite a century of research, an enormous progress in neuroimaging, cognitive 

psychology and molecular genetics elucidating the mechanisms of mental disorders 

remains a challenge for the 21st-century medicine (Gaebel and Zielasek, 2009). In 

2010 alone, the combined cost of psychotic (schizophrenia) and affective disorders 

(depression) amounted to "207.3 billion in medical and non-medical expenses (Olesen 

et al., 2012), making psychiatric interventions one of public health priorities (WHO, 

2011). What Psychiatry urgently requires for development of successful interventions, 

however, is a precise definition of psychopathology, and a classification system that 

recognizes its distinct forms within exhaustive and mutually exclusive groups (Gaebel 

and Zielasek, 2009; Derks et al., 2012; van Os and Kapur, 2009). It is a requisite that 

such system considers both, physiological and cognitive markers, instead of 

exclusively relying on behavioral symptomatology. This is a crucial step towards 

progress in the search for risk genes, diagnostic biomarkers, novel treatments and 

prevention strategies (van Os and Kapur, 2009; Nasrallah, Tandon and Keshavan, 

2011; Robins et al., 2012; Kaffman and Krystal, 2012). 

 The fourth edition of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-IV, APA, 2000) is currently the most popular research and diagnostic tool in 

Psychiatry, although the evidence for its categories is lacking or inconclusive (Dutta et 

al., 2007). The DSM provides a list of characteristics that serve as a disorder 

prototype, and a diagnosis is based on a specialist’s assessment of a patient’s 

resemblance to the prototype (see Appendix 1 for a summary of the DSM criteria for 

schizophrenia, bipolar disorder and major depression). This expert-driven approach 

has been implicated in high rates of comorbidity between illnesses, as well as fluidity 

of diagnostic subgroups over time and between locations (Hasler et al., 2004; Dutta et 
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al., 2007). Moreover, the DSM categories have been shown to pose an obstacle to 

research, as the patient populations derived in the process are diverse in their disease 

etiology and progression (Hasler et al., 2004; Dutta et al., 2007; Jansson and Parnas, 

2007; Robbins et al., 2012) and therefore are unsuitable to be a “subject of scientific 

enquiry” (Bentall, Jackson and Pilgrim, 1988).   

 The use of endophenotypes as markers for mental disorders has been proposed 

as a solution to this problem. Endophenotypes are a bridge between genes and 

behavior (Gottesman and Gould, 2003; Rasetti and Weinberger, 2011; Keshavan, 

Prasad and Pearlson, 2007; Allen et al., 2009). They are heritable, state-independent, 

associated with the illness within the population; they co-segregate with the illness 

within families, and are present in affected and non-affected family members at higher 

rate than in the general population (Gottesman and Gould, 2003, p. 639). An ideal 

marker should be well understood within the context of a disorder, have monogenetic 

roots, and be identifiable at a low cost and minimum participant demands, with high 

test-retest and cross-site validity (Gottesman and Gould, 2003, p. 637; Keshavan, 

Prasad, Pearlson, 2007, p. 404-5).  

 The search for the intermediate phenotypes is supported by modular 

neuroscience, which allows identification of distinct patterns of neurocognitive, and 

neurophysiological deficits. The modular approach proposes that a dysfunction in 

circuity active during a particular task will lead to the development of a clinical form 

of a disorder (Zielasek and Gaebel, 2008). Currently employed measures of function 

are neurophysiological, biochemical, endocrinological, neuroanatomical, cognitive 

and neuropsychological (Lenox, Gould, Manji, 2002; Keshavan, Prasad and Pearlson, 

2007; Gottsman and Gould, 2003). The advantage of this framework is that – in 

contrast to the DSM – it allows to formulate predictions about system disturbances, 
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which can be verified experimentally (ibid.). Nonetheless, endophenotypes remain a 

promising idea, rather than a validated concept, and more evidence is necessary before 

they can be used reliably (Lenox, Gould and Manji, 2002). 

 Using endophenotypes in psychiatry appears especially challenging, since mere 

differentiation between psychotic disorders is problematic. For example, a number of 

nosological studies (e.g. Carpenter et al., 2009) indicated a need for a better definition 

of schizophrenia, setting it apart from other disorders with psychotic features. In the 

early 20th century, Kraepelin introduced a dichotomy between schizophrenia and 

affective psychoses, and a distinction between bipolar disorder (BD) and major 

depression (MD) followed in the 1960s (Angst and Perris, 1960, aqi: Hasler et al., 

2006). In contrast with affective psychoses, schizophrenia is associated with long 

duration, bizarre delusions, negative symptoms, cognitive impairment and poor 

outcome (van Os and Kapur, 2009; Dutta et al., 2007). Nevertheless, Jansson and 

Parnas (2007) point out that patients who meet the majority of the criteria “do 

not...constitute a...valid subgroup [but] a severely ill subgroup” (p.1178), suggesting a 

need for a definition that encompasses a wide spectrum of severity.  

 Furthermore, the line of Kraepelinian dichotomy has recently become bleary. 

Although evidence concerning neurocognitive impairment, presumably specific to 

schizophrenia, seems to support the distinction, a growing body of research suggests a 

significant overlap between schizophrenia and affective disorders (Dutta et al., 2007; 

Hasler et al., 2006; Cui et al., 2010; Cui et al., 2011; So#tari$ and Zalar, 2011; Pregelj, 

2009; Schiffer, 2002). First, pharmacological studies have demonstrated that 

antipsychotics can effectively treat schizophrenia and bipolar disorder, implicating a 

common dopaminergic dysregulation (Post, 1999). Additionally, lithium and 

antipsychotics have been shown to be equally effective in patients with schizoaffective 
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disorder, further supporting the hypothesis that affective and non-affective psychoses 

share neural pathways (Casey, 2003; Brockington, 1978). Second, genetic studies have 

shown that schizophrenia and bipolar disorder “run in the families” at rates higher than 

chance (Craddock, O’Donovan and Owen, 2006), implying an overlapping genetic 

contribution. Third, studies investigating structural changes associated with the 

disorders indicate similar white matter abnormalities in all three conditions (e.g. 

Kempton et al., 2011; So#tari$ and Zalar, 2011).  

 Nevertheless, a number of morphometric and cognitive endophenotypes have 

been proposed as distinct for schizophrenia, bipolar disorder and major depression. 

For example, decrease in volume of grey and white matter, and an increase in the 

volume of the lateral ventricles have been reported consistently across a variety of 

studies on schizophrenics (Shepherd et al., 2012; Cahn et al., 2009; Keshavan, Prasad 

and Pearlson, 2007; Andreasen et al., 2011). More specifically, reduced density of the 

grey matter in the prefrontal cortex has been suggested as a structural feature that 

distinguishes patients with schizophrenia from those with bipolar disorder (Keshavan, 

Prasad and Pearlson, 2007). By contrast, a significant reduction in white matter 

volume has been reported as specific to BD, and predictive of lithium response (Hasler 

et al., 2006; Lenox et al., 2002). Furthermore, a reduction of cortical volume of the 

anterior cingulate gyrus, as well as a decrease of the glial cell count in that area, have 

been observed in bipolar disorder (Hasler et al., 2006).  

 Comparably as in the case of BD, volume reduction of the anterior cingulate 

cortex, and glial reduction in that area have been observed in patients with major 

depressive disorder (Hasler et al., 2004). Moreover, there is some evidence pointing 

toward volume reduction of the hippocampus (Arnone et al., 2012) and the amygdala 

(e.g. Burke et al., 2011) as characteristic of MDD, however, the first is not specific to 



5  

major depression, and the latter finding remains inconclusive due to equipment 

limitations. Moreover, Peterson and Weissman (2011) report reduction in cortex 

thickness of the lateral right hemisphere, and deficiencies in white matter in the frontal 

and parietal lobe, and show that the two deficits are highly correlated. Nonetheless, the 

white matter abnormalities observed in major depression are significantly less 

pronounced compared to bipolar disorder (Kempton et al., 2011). It is noteworthy that 

the psychotic features in major depressive disorder have been reported to correlate 

with enlarged lateral ventricles (Keshavan, Prasad and Pearlson, 2007). A summary of 

studies on morphometric changes associated with psychosis reviewed as part of this 

thesis is presented in Appendix 2.  

 Cognitive impairment has been found in numerous studies of patients with 

schizophrenia (Lewis, 2004; Ortiz-Gil et al., 2011; Kalkstein, Hurford and Gur, 2010), 

BD (Hasler et al., 2006; Latalova et al., 2011; Antila et al., 2011; Franton, Allen and 

Cross, 2008) and MDD (Hasler et al., 2004; Peterson and Weissman, 2011). However, 

the deficits detected in schizophrenia have been found to be significantly more 

pronounced, compared to those found in other conditions. Lewis (2004) reports that 

the deficits in schizophrenia – that affect overall IQ, verbal memory and fluency, 

sustained attention and executive functioning – are stable and present since 

adolescence, and could be used as a “nonessential” diagnostic marker. Nevertheless, 

attention deficits have also been shown in bipolar disorder, and major depression 

(Latalova et al., 2011). Furthermore, patients with bipolar disorder were reported to 

score lower on verbal memory tests (Hasler et al., 2006). Additionally, impaired speed 

of learning has been reported to differentiate BD from MDD (ibid.).  

 Major depression has been correlated with deficits in working and long-term 

memory, selective attention and executive function (Hasler et al., 2004). Peterson and 
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Weissman (2011) report that problems with attention have a dose-response 

relationship with the extent of changes to the white and grey matter in patients with 

MD. For a summary of studies of cognitive impairment observed in psychotic 

conditions refer to Appendix 3. 

 Considering the significant overlap between the characteristics of schizophrenia, 

bipolar disorder and major depression, there appears to be a pressing need for a 

reassessment of the definitions and the systems of classification of disorders with 

psychotic features. Minor psychotic symptoms occur in a general population, and 

while manifestation of a clinical form of psychosis can be predicted from a number of 

early factors, little can be said about the qualitative aspects of the disorder. It has been 

suggested that a dimensional approach to diagnostics could be more informative about 

the causes of and the course the illness will take (Gaebel and Zielasek, 2009; Paris, 

2011). Dutta et al. (2007) argue that continuous dimensions convey data on the 

severity, chronicity, and exacerbations of the disorder, but also the risk factors present 

before the onset of disease, response to treatment, and prognosis. As such, a 

dimensional approach to psychosis might prove superior to the DSM categories in its 

applications to preventive, diagnostic, and treatment strategies. Nonetheless, the 

approach is not without its critics. For example, Paris (2011), points out that the 

dimensional scoring in psychiatry is not like ‘staging a tumor,’ but derives from self-

reported data collected with questionnaires of undetermined validity (p. 1340). 

 In response to that, Derks and colleagues (2012) used a data-driven approach to 

categorize patients with a DSM-IV diagnosis of a psychotic disorder based on severity 

of symptoms along five dimensions. Those dimensions were: disorganization (e.g. 

disturbed speech), negative (e.g. rigidity), positive (e.g. delusions), mania (e.g. 

euphoric mood), and depression (e.g. anhedonia) (p. 4). This data-driven approach 
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derived  seven latent classes: Kraepelinian schizophrenia, affective psychosis, manic-

depression, deficit non-psychosis, depression, healthy and no symptoms. Interestingly, 

85% of patients with the DSM diagnosis of schizophrenia fell into the Kraepelinian 

schizophrenia class (severely affected symptom profile, mean IQ 95), suggesting that 

schizophrenia is in fact a well-defined concept, strongly associated with poor outcome. 

In contrast, patients with a diagnosis of bipolar disorder fell into four out of seven 

classes, while those with major depression were assigned to six out of seven, 

indicating that the diagnoses of bipolar disorder and major depression are poorly 

defined. Derks et al.’s classes therefore appear to provide an alternative to the DSM 

that might be able to organize patients into homogeneous groups. However, it remains 

to be elucidated whether those different symptom profiles can indeed be distinguished 

based on their neurocognitive features, and whether the differences between them are 

more pronounced than in the case of DSM categories. 

 This thesis aimed to contribute to endophenotype-based psychiatric nosology in 

three ways. First, the validity of the DSM categories was tested. Patients with three 

distinct DSM-IV diagnoses were compared with each other and against controls, on 

measures of grey and white matter volumes, ventricular sizes, as well as cognitive 

performance. Second, the usefulness of the dimensional approach was verified. The 

latent classes derived by Derks et al. (2012) were compared against each other on the 

same measures as used for the DSM diagnoses. Third, patients classified into one 

diagnostic group were subdivided into the latent classes, which were then compared 

against each other on the same measures as in the previous steps.  

 It was hypothesized that the latent classes created based on symptom dimensions 

would differ from each other, and that the differences would be more pronounced than 

they are for the DSM categories. Similarly, it was expected that there would be 
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differences between latent classes within a diagnosis, which would provide evidence 

for the DSM’s shortcomings in deriving homogeneous patient populations. 

 

METHODS 

Participants: The data for this research has been acquired from an ongoing, 

longitudinal study on Genetic Risk and Outcome in Psychosis (GROUP) conducted at 

the University Medical Center Utrecht. The sample size for this study was N=424, and 

included patients with a DSM-IV diagnosis of schizophrenia (DMS code 295) 

(n=126), bipolar disorder (DMS code 296.40-296.7) (n=12) or major depression (296. 

296.20-296.36) (n=38), and no diagnosis (controls, n=248). Patients with other 

diagnoses were excluded. Descriptive statistics are presented in Table 1.  

 For details on how the diagnosis was obtained please refer to the protocol of the 

UMC Utrecht. For information regarding obtaining latent classes from symptom 

scores consult Derks et al. (2012). The clusters were available in the data set obtained 

for this project.  

Instruments: The diagnosis was made according to the DSM-IV criteria, using the 

Dutch version of the Comprehensive Assessment of Symptoms and History, which has 

been designed to provide information about past signs and symptoms, pre-morbid 

functioning, cognitive functioning, socio-demographic status, treatment, and course of 

illness for research purposes (CASH: Andreasen et al., 1992). The interview was 

performed by at least one independent rater trained in the use of the questionnaire. For 

details refer to the protocol of the UMC Utrecht (Jager, 2011). 

 The Wechsler Adult Intelligence Scale (WAIS-III) is a tool used to measure 

intelligence of adults and adolescents. Three WAIS-III measures were considered in 

this study. First, the overall IQ estimate was used as an indicator of general cognitive 
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ability. Second, the Digit Symbol Substitution sub-score was used as a measure of the 

speed of learning. Third, Block Design and Calculation raw scores were combined and 

considered as a measure of attention. Word Learning Test delayed and immediate 

recall scores were merged and used as a measure of memory. 

 Structural magnetic resonance imaging (MRI) scans of the whole brain were 

obtained on a 1.5 T Philips NT scanner. For technical details and guidelines on image 

acquisition, scaling and calculations, consult the protocol of UMC Utrecht. 

Statistical Analysis: The analysis was performed in three steps. The DSM diagnoses 

were compared first on cognitive and structural scores, followed by an analysis of 

differences between the Derks et al.’s latent classes. Finally, diagnostic categories of 

schizophrenia (SZ) and major depressive disorder (MDD) were subdivided into latent 

classes, which were compared on the same measures.  

 The differences between groups were explored using multivariate analysis of 

covariance (MANCOVA). Calculations were performed separately for cognitive 

scores and structural measurements. Gender and age were entered as covariates in both 

cases, and the intracranial volume was additionally included in the analysis of 

structural differences. Although previous research has shown that duration of illness is 

an important factor in the assessment of patient groups (e.g. Marshall et al., 2005, 

Cascio et al., 2012), it was not considered in this study, because data was available for 

exclusively patients with schizophrenia.  

RESULTS 

DSM diagnostic categories 

Structural measures: A multivariate tests revealed significant between-group 

differences on structural measures: F(12,1095.63)=3.12, p<.000, Wilks’s !=.92, 

partial "2=.03. Furthermore, univariate tests showed significant differences in grey 
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matter (F(3,417)=4.42, p=.005, partial "2=.03), and white matter volume 

(F(3,417)=5,64, p=.001, partial "2=.04), as well as the size of the third ventricle 

(F(3,417)=4.35, p=.005, partial "2=.03).  

 Pair-wise univariate comparisons revealed differences in grey matter volume 

between schizophrenia and controls (M=-8.85, SE=2.66, p=.006, CI95%=[-17.28,-

.42]). Similarly, white matter volume was significantly reduced in patients with
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Table 1. Sample characteristics by diagnosis. 

 Schizophrenia Bipolar disorder Major depressive disorder No diagnosis 

N (% male) 126 (81) 12 (50) 37 (27) 248 (51.20) 

 

Age (M, SD) 26.77 (5.88) 29.08 (6.45) 27.41 (6.93) 26.77 (7.90) 

Structural  

(M, SD) 

Grey matter 

 

White matter 

 

Lateral ventricles 

 

Third ventricle 

729.94 (66.47) 

 

572.63 (68.44) 

 

17.21 (9.33) 

 

.94 (.34) 

724.69 (84.02) 

 

572.74 (48.13) 

 

12.33 (8.05) 

 

.71 (.43) 

712.47 (67.09) 

 

558.92 (65.41) 

 

13.25 (6.50) 

 

.78 (.37) 

 

724.18 (67.53) 

 

573.57 (70.16) 

 

13.99 (10.23) 

 

.77 (.39) 

Cognitive 

(M, SD) 

WAIS IQ Estimate 

 

Speed of Learning  

 

Memory  

 

Attention  

93.43 (15.09) 

 

64.15 (15.50) 

 

28.55 (8.26) 

 

53.75 (19.70) 

101.92 (18.23) 

 

80.00 (21.74) 

 

39.00 (8.19) 

 

50.50 (19.82) 

102.08 (13.56) 

 

78.42 (15.08) 

 

35.65 (7.86) 

 

62.22 (16.45) 

106.29 (15.75) 

 

83.86 (13.86) 

 

37.42 (7.79) 

 

61.26 (16.75) 
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schizophrenia compared to no diagnosis (M=-16.67, SE=4.08, p<.000, CI95%=[-

29.57,-3.76]) (Table 2). Differences in volume of the third ventricle were detected 

between schizophrenia and controls (M=-.14, SE=.04, p=.004, CI95%=[.27, -.01]) 

(Tables 3).  

Table 2. Univariate pair-wise comparisons of means on 

morphometric measures for diagnoses (I). Mean 

differences and standard errors below the diagonal 

represent differences in grey matter volume. Values 

above the diagonal are means and standard errors of the 

measure of white matter volume.  

*Result significant at p<.05  

**Result significant at p<.001 

 

 

 

 

 

 

 

 

 

Table 3. Univariate pair-wise comparisons of means on 

the morphometric measures for diagnoses (II). Mean 

differences and standard errors below the diagonal 

represent differences in the size of lateral ventricles. 

Values above the diagonal are mean differences and 

standard errors in the size of the third ventricle.   

*Result results at p<.05  

**Result significant result at p<.001 

 

 

 

 

Cognitive scores: Multivariate tests detected differences between groups on all 

cognitive measures: F(12,1013.61)=12.08, p<.000, Wilks’s !=.70, partial "2=.11. 

Furthermore, univariate analysis showed significant differences in the overall IQ 

estimate (F(3,386)=21.49, p<.000, partial "2=.14), speed of learning 

(F(3,386)=40,03, p<.000, partial "2=.24), attention (F(3,386)=7.42, p<.000, partial 

"2=.06), and memory (F(3,386)=23.29, p<.000, partial "2=.06).  

 Patients with schizophrenia scored lower on total IQ estimate compared to 

healthy controls (M=-14.56, SE=1.82, p<.000, CI95%=[-19.40,-9.73]), and patients 

with major depression (M=-10.87, SE=3.09, p=.003, CI95%=[-19.06,-2.68]). On the 

measure of speed of learning, there were significant differences between patients with 

schizophrenia and no diagnosis (M=-18.36, SE=1.69, p<.000, CI95%=[-22.82,-

 SZ BD MDD ND 

SZ  -16.36 

(10.90) 

-13.34 

(6.96) 

-16.67** 

(4.08) 

BD 16.19 

(7.12) 

 3.02 

(11.89) 

-.31 

(10.60) 

MDD 8.25 

(4.55) 

-7.93 

(7.77) 

 -3.33 

(6.31) 

ND 8.85* 

(2.66) 

-7.34 

(6.92) 

.60 

(4.13) 

 
W

h
ite m

a
tter v

o
lu

m
e 

Grey matter volume 

 SZ BD MDD ND 

SZ  .22 

(.11) 
.11 

(.07) 
.14* 

(.04) 
BD 4.46 

(2.81) 
 -.11 

(.12) 
-.08 

(.11) 
MDD 2.79 

(1.79) 
1.67 

(3.06) 
 .03 

(.06) 
ND 2.47 

(1.05) 
1.99 

(2.73) 
.32 

(1.63) 
 

T
h

ird
 v

en
tricle 

Lateral ventricles 
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13.89]), and patients with major depression (M=-11.09, SE=2.85, p=.001, CI95%=[-

18.66,-3.52]). Additionally, patients with major depression scored significantly lower 

than persons with no diagnosis (M=-7.27, SE=2.59, p=.031, CI95%=[-14.13, -.40]) 

(Table  

 4).  

Table 4. Univariate pair-wise comparison of cognitive 

scores for diagnoses (I). Mean differences and standard 

errors below the diagonal represent mean differences and 

standard errors of total IQ estimation. Values above the 

diagonal represent mean differences and standard errors 

represent scores on the speed of learning.  

*Result significant at p<.05   

**Result significant at p<.001. 

 

 

 

 The diagnosis of schizophrenia was associated with lower scores on the measure 

of memory compared to no diagnosis (M=-7.44, SE=.91, p<.000, CI95%=[-9.58, -

5.04]), bipolar disorder (M=-9.37, SE=2.98, p=.011, CI95%=[-17.28,-1.47]), and 

depression (M=-4.69, SE=1.54, p=.015, CI95%=[-8.78,-.61]). Attention differed 

between patients with schizophrenia and controls (M=-9.28, SE=2.07, p<.000, 

CI95%=[-14.78,-3.79]), and major depressive category (M=-11.66, SE=3.51, p=.006, 

CI95%=[20.96,-2.35]) (Table 5).  

 

Table 5 Summary of univariate pair-wise comparisons of cognitive scores. Mean differences and standard deviations below the 

diagonal represent scores on the measure of 

attention. Values above the diagonal represent 

means and standard deviations represent scores on 

the measure of memory. *Indicates significant 

results at p<.05  **Result significant at p<.001 

 

 

 

 

 

Latent classes 

For sample characteristics refer to Table 6. 

 SZ BD MDD ND 

SZ  -9.37* 

(2.98) 

-4.69* 

(1.54) 

-7.44** 

(.91) 

BD 6.99 

(6.80) 

 4.68 

(3.17) 

1.93 

(2.93) 

MDD 11.66* 

(3.51) 

4.66 

(7.24) 

 -2.75 

(1.40) 

ND 9.28** 

(2.07) 

2.29 

(6.67) 

-2.38 

(3.18) 

 

M
e
m

o
r
y
 

Attention 

 SZ BD MDD ND 

SZ  -14.44 

(5.53) 
-11.09** 

(2.85) 
-18.36** 

(1.69) 
BD 14.59 

(5.98) 
 3.35  

(5.88) 
-3.91 

(5.44) 
MDD 10.87* 

(3.09) 
-3.72 

(6.37) 
 -7.27* 

(2.59) 
ND 14.56** 

(1.82) 
-.03 

(5.88) 
3.69 

(2.80) 
 

S
p

eed
 o

f lea
rn

in
g
 

Total IQ estimation scores 
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Structural measures: Multivariate test revealed significant differences between the 

latent classes on structural measures: F(24,1539.675)=2.02, p=.002, Wilks’s != .90, 

partial "2=.03. A univariate analysis showed differences in white matter volume 

(F(6,444)=2.29, p=.035, partial "2=.03), and the size of lateral ventricles 

(F(6,444)=2.58, p=.018, partial "2=.03) to be statistically significant.  

 Pair-wise comparisons revealed that the size of the lateral ventricles was reduced 

in no symptoms group compared to healthy controls (M=-5.60, SE=1.75, p=.031, 

CI95%= [-10.95,-.25]) (Table 7). No pair-wise differences were detected in white 

matter volume.  

Cognitive scores: Multivariate analysis revealed differences between clusters on all 

cognitive measures: F(24,1414.086)=4.23, p<.000, Wilks’s !=.79, partial "2=.060. 

Subsequent univariate tests showed significant differences on IQ estimate 

(F(6,408)=9.33, p<.000, partial "2=.12), speed of learning (F(6,408)=12.86, p<.000, 

partial "2=.16), attention (F(6,408)=4.35, p<.000, partial "2=.06), and memory (F(6, 

408)= 8.04, p<.000, partial "2= .11).
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Table 6. Sample characteristics by latent class.  

 Kraepelinian 

schizophrenia 

Affective 

psychosis 

Depression Manic depression Deficit non-

psychosis 

Healthy Controls No symptoms 

N (% male) 139 (75.5%) 41 (70.7%) 41 (22%) 38 (47.4%) 33 (51.5%) 34 (41.2%) 128 (55.5%) 

 

Age (M, SD) 26.91 (6.25) 27.95 (6.87) 29.00 (7.43) 25.76 (8.03) 26.27 (8.91) 28.65 (8.15) 26.41 (7.41) 

Structural 

(M, SD) 

 

Grey matter 

 

White matter 

 

Lateral 

ventricles 

 

Third ventricle 

 

729.73 (147.69) 

 

571.04 (73.20) 

 

16.14 (9.03) 

 

.89 (.36) 

 

724.68 (66.40) 

 

578.78 (57.25) 

 

16.28 (8.48) 

 

.91 (.34) 

 

703.13 (64.61) 

 

548.23 (61.79) 

 

12.74 (6.91) 

 

.81 (.41) 

 

725.43 (76.49) 

 

576.61 (77.23) 

 

13.07 (4.80) 

 

.70 (.27) 

 

718.19 (72.20) 

 

569.46 (63.84) 

 

16.07 (11.11) 

 

.87 (.52) 

 

713.42 (62.06) 

 

574.88 (58.81) 

 

18.20 (21.92) 

 

.78 (.67) 

 

729.27 (65.45) 

 

575.71 (70.92) 

 

12.86 (5.24) 

 

.75 (.27) 

Cognitive 

(M, SD)  

WAIS IQ 

Estimate 

 

Speed of 

Learning  

 

Memory  

 

Attention  

94.16 (15.19) 

 

 

66.81 (16.49) 

 

 

29.67 (19.97) 

 

52.67 (19.97) 

99.51 (12.63) 

 

 

73.79 (17.52) 

 

 

33.89 (8.21) 

 

59.69 (13.93) 

102.98 (12.53) 

 

 

83.12 (11.74) 

 

 

38.39 (6.77) 

 

60.14 (15.26) 

104.42 (16.69) 

 

 

80.61 (16.61) 

 

 

37.56 (7.89) 

 

61.47 (18.59) 

100.50 (19.54) 

 

 

79.09 (19.26) 

 

 

35.45 (9.72) 

 

55.81 (19.40) 

109.35 (15.17) 

 

 

85.03 (15.56) 

 

 

38.12 (8.77) 

 

66.53 (14.81) 

106.69 (15.91) 

 

 

83.21 (13.99) 

 

 

36.70 (7.28) 

 

60.93 (16.98) 
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Table 7 Pair-wise univariate comparisons of morphometric measures between latent classes. Values below the diagonal represent 

mean differences and standard errors in the size of lateral ventricles; above the diagonal – the size of the third ventricle.  

*Indicates result significant at p<.05 
 KSZ AP MD DnP D H NS 

KSZ  -.01 

(.06) 

.14 

(.07) 

-.03 

(.07) 

.01 

(.07) 

.07 

(.07) 

.11 

(.04) 

AP .15 

(1.61) 
 .15 

(.08) 

-.01 

(.08) 

.02 

(.08) 

.09 

(.08) 

.12 

(.06) 

MD -2.32 

(1.68) 

-2.47 

(2.05) 
 -.16 

(.09) 

-.13 

(.08) 

-.06 

(.07) 

-.03 

(.07) 

DnP .58 

(1.76) 

.43 

(2.12) 

2.90 

(2.15) 
 .03 

(.08) 

.10 

(.09) 

.13 

(.07) 

D -1.88 

(1.68) 

-2.03 

(2.04) 

.44 

(2.06) 

-2.46 

(2.14) 
 .07 

(.08) 

.10 

(.07) 

H 2.80 

(1.76) 

2.65 

(2.11) 

5.12 

(2.14) 

2.22 

(2.21) 

4.68 

(2.10) 
 .04 

(.07) 

NS -2.81 

(1.12) 

-2.95 

(1.65) 

-.48 

(1.67) 

-3.38 

(1.76) 

-.93 

(1.66) 

-5.60* 

(1.75) 
 

T
h

ird
 v

en
tricle

 

Lateral ventricles 

KSZ- Kraepelinian schizophrenia; AP – affective psychosis; MD – manic depression; DnP – deficit non-psychosis; D – 

depression; H – healthy; NS – no symptoms.  
 

 Pair-wise comparison revealed significant deficiencies on the overall IQ estimate 

of the Kraepelinian schizophrenia group compared to healthy controls (M=-16.21, 

SE=2.99, p<.000, CI95%=[-25.35,-7.06]), no symptoms controls (M=-13.42, SE=1.92, 

p<.000, CI95%=[-19.28,-7.55]), depression (M=-10.51, SE=2.86, p=.006, CI95%=[-

19.26,-1.76]), and manic depression (M=-11.58, SE=2.85, p=.001, CI95%=[-20.28, -

2.89]) (Table 8). 

 Moreover, significant differences in speed of learning were detected between 

Kraepelinian schizophrenia and healthy controls (M=-15.67, SE=2.98, p<.000, 

CI95%=[-24.77,-6.58]), no symptoms group (M=-14.97, SE=1.91, p<.000, CI95%=[-

20.81,-9.13]), deficit non-psychosis (M=-10.41, SE=3.02, p=.013, CI95%=[-19.64,-

1.18]), depression (M=-12.24, SE=2.85, p<.000, CI95%=[20.95,-3.53]), and manic 

depression (M=-11.69, SE=2.83, p=.001, CI95%=[-20.35,-3.05]) (Table 8). 

 Likewise, Kraepelinian schizophrenia was associated with lower scores on the 

measures of memory compared to healthy controls (M=-6.88, SE=1.58, p<.000, 

CI95%=[-11.72,-2.05]), no symptoms group (M=-6.18, SE=1.02, p<.000, CI95%=[-

9.35,-3.09]), depression (M=-6.12, SE=1.56, p=.002, CI95%=[-10.90,-1.35]), and 
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manic depression (M=-6.64, SE=1.51, p<.000, CI95%=[-11.27,-2.02]) (Table 9). 

 

Table 8. Pair-wise univariate comparisons of cognitive measures between latent classes (I). Values below the diagonal represent 

mean differences and standard errors in the overall IQ estimation;  above the diagonal – the speed of learning.  

*Indicates result significant at p<.05 

 KSZ AP MD DnP D H NS 

KSZ   

-6.67  

(2.77) 

-11.70 

(2.83) 

-10.41 

(3.02) 

-12.24** 

(2.85) 

-15.67** 

(2.98) 

-14.97** 

(1.91) 

AP 

5.42  

(2.79)   

-5.03 

(3.50) 

-3.74 

(3.65) 

-5.57 

(3.49) 

-9.01 

(3.60) 

-8.30 

(2.80) 

MD 

11.58**  

(2.85) 

6.17  

(3.51)   

1.29 

(3.66) 

-.54 

(3.47) 

-3.98 

(3.61) 

-3.27 

(2.82) 

DnP 

7.44  

(3.04) 

2.03 

(3.67) 

-4.14 

(3.67)   

-1.83 

(3.63) 

-5.27 

(3.76) 

-4.56 

(3.02) 

D 

10.51*  

(2.86) 

5.09 

(3.51) 

-1.07 

(3.49) 

3.07 

(3.65)   

-3.44 

(3.55) 

-2.74 

(2.80) 

H 

16.21* 

(2.99) 

10.79 

(3.62) 

4.62 

(3.63) 

8.76 

(3.78) 

5.69 

(3.56)   

.70 

(2.96) 

NS 

13.42**  

(1.92) 

8.00 

(2.82) 

1.83 

(2.84) 

5.97 

(3.03) 

2.91 

(2.82) 

-2.79 

(2.98)   

S
p

eed
 o

f lea
rn

in
g
 

Total IQ estimation 

KSZ- Kraepelinian schizophrenia; AP – affective psychosis; MD – manic depression; DnP – deficit non-psychosis; D – 

depression; H – healthy; NS – no symptoms.  
 

Table 9. Pair-wise univariate comparisons of cognitive measures between latent classes (II). Values below the diagonal represent 

mean differences and standard errors in memory scores;  above the diagonal – the measure of attention.  

*Indicates result significant at p<.05 
KSZ- Kraepelinian schizophrenia; AP – affective psychosis; MD – manic depression; DnP – deficit non-psychosis; D – 

depression; H – healthy; NS – no symptoms.  
 KSZ AP MD DnP D H NS 

KSZ  -6.12 

(3.37) 

-9.07 

(3.37) 

-2.53 

(3.56) 

-8.55 

(3.47) 

-14.57** 

(3.51) 

-8.33* 

(2.27) 

AP 4.09 

(1.51) 
 -2.94 

(4.18) 

3.59 

(4.34) 

-2.43 

(4.23) 

-8.45 

(4.28) 

-2.21 

(3.37) 

MD 6.64** 

(1.51) 

2.55 

(1.88) 
 6.54 

(4.29) 

.52 

(4.15) 

-5.51 

(4.23) 

.74 

(3.32) 

DnP 4.61 

(1.60) 

.52 

(1.95) 

-2.03 

(1.93) 
 -6.02 

(4.31) 

-12.04 

(4.39) 

-5.79 

(3.52) 

D 6.12* 

(1.56) 

2.03 

(1.90) 

-.52 

(1.87) 

1.51 

(1.94) 
 -6.02 

(4.21) 

.22 

(3.36) 

H 6.88** 

(1.58) 

2.79 

(1.92) 

.24 

(1.90) 

2.27 

(1.97) 

.76 

(1.89) 
 6.24 

(3.45) 

NS 6.18** 

(1.02) 

2.09 

(1.51) 

-.46 

(1.49) 

1.57 

(1.58) 

.06 

(1.51) 

-.70 

(1.55) 
 

A
tten

tio
n
 

Memory 

 

Similarly, patients with Kraepelinian schizophrenia achieved lower scores on 

measures of attention compared to the healthy group (M=-14.57, SE=3.51, p=.001, 

CI95%=[-25.35,-3.87]) and no symptoms controls (M=-8.33, SE=2.27, p=.004, 

CI95%=[-15.47,-1.57]) (Table 9). 

Latent classes within a diagnosis: 
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Due to a small sample size (n=12), patients with bipolar disorder were excluded from 

further analysis. Only schizophrenia (n=117) and major depressive disorder (n=34) 

were considered next. For distribution of patients across different latent classes refer to 

Table 10 for schizophrenia and Table 11 for major depression. Within depression, 

only one patient fell into the healthy cluster, which was excluded from subsequent 

calculations.  

 

Table 10.  Sample characteristics by latent class within the diagnosis of schizophrenia. 
 KSZ AP DnP 

N 94 18 5 

 

Age M (SD) 26.73 (5.78) 27.17 (6.56) 26.20 (6.61) 

Structural  

M (SD) 

Grey matter 

 

White matter 

 

Lateral ventricles 

 

Third ventricle 

728.62 (66.62) 

 

569.50 (70.13) 

 

16.36 (8.78) 

 

.92 (.34) 

734.50 (51.22) 

 

587.67 (51.03) 

 

20.33 (10.23) 

 

.99 (.32) 

740.64 (115.94) 

 

582.95 (92.25) 

 

23.35 (14.13) 

 

1.08 (.50) 

Cognitive  

M (SD) 

WAIS IQ Estimate 

 

Speed of learning 

 

Memory 

 

Attention 

93.38 (15.65) 

 

64.20 (15.03) 

 

27.84 (8.03) 

 

52.89 (20.47) 

95.47 (10.25) 

 

65.65 (18.66) 

 

31.60 (9.39) 

 

61.59 (10.36) 

87.40 (18.42) 

 

58.20 (15.27) 

 

32.80 (7.22) 

 

44.40 (23.39) 

 

Table 11. Sample characteristics by latent class within the diagnosis of major depression. 
 KSZ AP D MD 

N 4 4 19 7 

 

Age M (SD) 23.00 (97) 24.50 (4.80) 29.00 (6.31) 28.14 (10.38) 

Structural  

M (SD) 

Grey matter 

 

White matter 

 

Lateral ventricles 

 

Third ventricle 

674.15 (20.10) 

 

530.42 (54.81) 

 

11.62 (5.63) 

 

.66 (.46) 

749.67 (98.22) 

 

626.85 (86.98) 

 

14.39 (5.69) 

 

.67 (.08) 

710.97 (60.19) 

 

544.99 (60.57) 

 

14.30 (7.46) 

 

.86 (.37) 

713.33 (76.49) 

 

575.84 (62.60) 

 

13.39 (5.32) 

 

.82 (.46) 

Cognitive  

M (SD) 

WAIS IQ Estimate 

 

Speed of learning 

 

Memory 

 

Attention 

100.33 (10.12) 

 

81.00 (11.53) 

 

39.00 (10.82) 

 

68.33 (.58) 

97.25 (16.64) 

 

77.25 (11.09) 

 

34.25 (6.13) 

 

54.75 (25.04) 

106.42 (9.99) 

 

84.26 (12.34) 

 

35.65 (5.96) 

 

65.37 (10.44) 

99.14 (20.51) 

 

71 (19.18) 

 

35.43 (11.57) 

 

58.14 (25.47) 

 

Structural measures: No differences were detected on any of the dependent variables 

between patients with major depression classified into different latent classes (F(16, 
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77.014) = 1.06, p=.412, Wilks’s != .55). Similarly, no differences between latent 

classes were detected within the diagnosis of schizophrenia (F(8,234)=.68, p=.712, 

Wilks’s !=.96). 

Cognitive scores: No significant differences were detected on any of the dependent 

variables between patients with major depression classified into different symptom 

dimensions (F(16,67.849)=1.03, p=.442, Wilks’s !=.52). Similarly, no differences 

between clusters were detected for the diagnosis of schizophrenia (F(8,212)=1.85, 

p=.069, Wilks’s !=.87).  

 

Results summary 

Compared to symptom clusters, diagnostic categories provided a better account of 

differences between psychotic disorders on morphometric measures. While the 

multivariate models were comparable, univariate tests revealed differences on all 

structural measures for the DSM categories, but not for the latent classes. Comparison 

of the latent classes on the same measures only reached statistical significance for the 

size of lateral ventricles, and white matter volume. However, the differences in 

ventricular size only distinguished healthy subjects from those with no symptoms. No 

pair-wise differences were found in white matter volume. 

 A different picture emerged from cognitive scores. While univariate tests 

revealed between-group differences on all measures, for both the DSM groups and 

latent classes, the effect sizes were greater for the diagnostic categories. Furthermore, 

the differences on the measures of overall IQ, and attention distinguished between 

schizophrenia and healthy controls, and schizophrenia and major depression. Scores 

on the speed of learning distinguished between schizophrenia and controls, and major 

depressive disorder, as well as between MDD from controls. Memory estimates 
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distinguished patients with schizophrenia from controls, and patients with bipolar and 

major depressive disorders.  

 Comparison of latent classes on cognitive measures differentiated Kraepelinian 

schizophrenia from other clusters, but no other distinctions could be made.  

   

DISCUSSION 

The aim of this study was to contribute to the research into endophenotype-driven 

psychiatric nosology. Two approaches to disorder classification – DSM-IV categories 

and latent classes derived by Derks et al. (2012) – were compared on a series of 

structural and cognitive measurements. It was expected that the latent classes would 

create more homogeneous patient populations, thereby allowing a clearer 

differentiation between forms of psychopathology.  

 The results of this study do not provide support for this hypothesis. The models 

were comparable, with the diagnostic groups being preferable due to a slightly bigger 

effect sizes, and a parsimonious number of groups used in the model. This suggests 

that the latent classes derived from symptom dimensions do not necessarily provide an 

alternative to the categorical approach currently employed in Psychiatry. Since the use 

of a combination of the categories and symptom dimensions has been proposed for the 

DSM-V (Narrow and Kuhl, 2011), it would be relevant to now combine the 

dimensional (latent classes) and categorical approach and test them as one model. The 

model should be subsequently validated with the use of endophenotypes.  

 Previous research suggested that structural abnormalities are qualitatively similar 

across psychotic disorders, however, their severity differs between conditions 

(Keshavan, Prasad and Pearlson, 2007; Tian et al., 2011; Fornito et al., 2009; Kempton 

et al., 2010; Hasler et al., 2006; Nugent et al., 2005; Hallahan et al., 2011; McDonald 
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et al., 2004; Hasler et al., 2004; Peterson and Weissman, 2011; Kempton et al., 2011; 

Bora et al., 2011). It was therefore expected that all patients would show a degree of 

alterations compared to controls, and that schizophrenia will be associated with 

deficiencies of the greatest degree, compared to bipolar disorder and major depression.  

 The outcome of the current investigation provides some support for this notion. 

The category of schizophrenia was clearly distinguishable from controls on all 

morphometric measures, except for the size of the lateral ventricles. No differences 

between schizophrenia, BD or MDD were found.  

 The most pronounced differences between schizophrenia and controls were 

discovered in the volume of white matter. This is an interesting finding, which could 

point toward the importance of the damage brain connectivity in the development of 

psychopathology (e.g. Eulenburgh and Gomeza, 2010; Williams et al., 2007; Cotter, 

Pariante and Everall, 2001). Although the ~4% reduction in white matter volume 

might not be sufficient to be used as a diagnostic marker, fathoming the causes 

underlying the change provides a promising direction for future research into the 

mechanisms of psychosis. For example, the role of toxicity of glutamate in 

compromising the integrity of white matter is an avenue worth exploring (Konradi and 

Heckers, 2003; Coyle, 2006; Mitternauer, 2011; Kubicki et al., 2005; Cherlyn et al., 

2010). 

 Contribution of the enlargement of the lateral ventricles to the development of 

psychotic features did not find support in this study. The differences between 

diagnostic groups failed to reach statistical significance, while for the latent classes the 

differences were only detected between the healthy and no symptoms classes. 

Nevertheless, in the light of a large body of previous research that demonstrated the 

association between ventricular enlargement and psychosis, this might suggest that 
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enlarged ventricles associate with psychotic symptoms in a non-clinical population, 

but their exact role remains to be determined (Dutta et al., 2007).  

 Existing literature suggested that psychotic disorders associate with cognitive 

impairment in varying degree (Lewis et al., 2004; Hofer et al., 2011; Kalkstein, 

Hurford and Gur, 2010; Bonner-Jackson et al., 2010; Hasler et al., 2011; Antila et al., 

2011; Fronton, Allen and Cross, 2008; Hasler et al., 2004; Peterson and Weissman, 

2011). Similarly as in the case of morphometric measures, it was expected that 

cognitive deficiencies would be greatest for the category of schizophrenia, gradually 

followed by BD and MDD patients. 

 As expected, the category of schizophrenia appeared to be the best-defined 

construct, distinguished from controls and MDD on all cognitive measures. No 

differences were found between schizophrenia and BD, with the exception of memory 

scores. This suggests that the cognitive impairment observed in schizophrenia might 

also be present in BD, which could indicate commonalities between the disorders.   

 Additionally, the Kraepelinian class proved to be clearly distinguishable from 

other latent classes. This, combined with the fact that most of the patients diagnosed 

with schizophrenia were assigned to this class, appears to suggest that schizophrenia is 

a developmental disorder, characterized by a large, stable impairment that could be 

considered as a nonessential diagnostic marker (van Os and Kapur, 2009; Pagsberg et 

al., 2007; Rapoport, Giedd and Gogtay, 2012; Lewis, 2004). In contrast, lack of 

differences between MDD and BD categories and controls proposes that those 

conditions are state-dependent phenomena associated with a temporary brain 

dysfunction. This is further supported by clinical observations, whereby patients with 

BD and MDD experience recovery not observed in SZ (Gispen-de Wied, personal 

communication). Therefore Jansson and Parnas’s (2007) call for a definition of 
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schizophrenia as a syndrome that encompasses a wide spectrum of severity remains 

unsupported, as it seems that different diagnostic categories account for the psychotic 

symptoms of lesser severity.  

 Nevertheless, a question of homogeneity of the construct of bipolar and major 

depressive disorders remains. Small sample size and the lack of statistical power 

observed in this study prevent a meaningful discussion about those diagnostic 

categories. It remains to be elucidated whether different latent classes derived within 

each category in fact differ on morphometric and/or cognitive measures.  

LIMITATIONS 

The findings presented in this thesis should be viewed in the light of a number of 

limitations. First, the participants used in this study were obtained through the 

GROUP study, and some of them were first-degree relatives. The observations were 

therefore not independent, and it is plausible that the large overlap between the 

disorders reflects genetic commonalities between the subjects, rather than similarities 

between psychiatric constructs.  

 Second, due to the lack of data, the effect of the duration of illness could not have 

been used as a covariate, which might have produced biased results.  

 Third, there are some limitations to the method of analysis used. The multivariate 

analysis of structural measures for clusters revealed significant differences on all 

measures, but only two statistically significant outcomes were noted in the univriate 

analysis. Moreover, pair-wise comparisons failed to reach statistical significance for 

one of those measures. This suggests that the results of multivariate analysis should be 

approached with caution, as often minor differences can add up to generate a 

significant overall model with no practical relevance (Stevens, 2009).   

 Fourth, comparison between clusters within the diagnosis of major depression did 
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not yield useful results due to unsatisfying statistical power (.61). This prevented 

meaningful discussion about stability of this diagnostic construct. Future studies could 

eliminate this problem by using a larger sample size.  

 Finally, there are some challenges to the methodology used in data collection. 

First, the diagnoses and clusters used in this study were derived using CASH, which is 

an instrument originally developed for assessing schizophrenia. It is likely that this 

tool lacks specificity to delineate boundaries between the other diagnostic categories, 

while providing a false impression of schizophrenia being a well-defined construct.  

 Second, CASH faces an inherent flaw that needs to be addressed to increase its 

utility for classification. The continuous symptom dimensions derived from CASH 

might not offer an improvement on the diagnostic categories, because they are subject 

to a significant overlap, and therefore do not create homogeneous groups by 

definition. For example, the distinction between delusions of guilt (positive), and 

feelings of guilt (depression) might be a matter of severity that does not necessarily 

correspond to different pathological mechanism. Furthermore, psychomotor 

retardation (depression) appears to be comparable with reduced spontaneous 

movement, stupor and rigidity (negative), with the difference again lying in the extent 

of the impairment. Similarly, reduced attention during the interview (disorganization) 

is comparable to reduced concentration (mania and depression). This implies that 

validating latent classes derived from those dimensions through cognitive and 

morphometric measures might be impossible, as they describe similar behaviors. 

 Creating a tool that allows clusters symptoms into exhaustive and mutually 

exclusive constructs should now receive considerable attention from Psychiatrists. 

Furthermore, an attempt should be made to relate behavioral symptoms to brain 

dysfunctions. Within such approach, for example, sleep disturbances and alterations to 
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feeding patterns could be grouped together as dysfunctions of the hypothalamus. 

Similarly, stupor, rigidity, reduced spontaneous movement and psychomotor 

retardation could be grouped together as functions associated with the basal ganglia 

(Purves, 2009).  This is a tedious and daunting task that must be completed before 

meaningful progress in psychiatric research can be made.   

 

CONCLUSIONS 

The data validated the use of the DSM categories, and the evidence in favor of the 

latent classes was unsatisfactory. No differences between classes within schizophrenia 

suggest it to be a well-defined construct. No conclusions can be made regarding the 

homogeneity of the major depression category due to a small sample size. 
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Appendix 1. DSM-IV Diagnostic Criteria for Schizophrenia, Bipolar Disorder and Major Depressive Disorder (APA, 1994).  
*Two or more must be present, each for a significant portion over a one-month period. When delusions are bizarre, or hallucinations feature a one voice continuously commenting on the 

person’s behavior or thoughts, or two voices carrying a conversation, only one Criterion A sufficient for diagnosis. **A distinct period of abnormally and persistently elevated, expansive, or 

irritable mood, lasting at least 1 week (or any duration if hospitalization is necessary). The mood disturbance causes impairment in professional and social functioning, or psychotic features are 

present. The symptoms are not causes by physiological effects of a substance, or a general medical condition. ***Period of elevated expansive or irritable mood lasting at least 4 days, at least 

three of the symptoms characteristic of a manic episode are present. The episode must be associated with a change in a functioning non-characteristic for the person. Without disturbance to 

professional and/or social functioning.        aNational Institute for Mental Health, 2012. Data refers to 12-month prevalence among the adult US population 

 SCHIZOPHRENIA BIPOLAR DISORDER MAJOR DEPRESSIVE DISORDER 

DSM-IV code 295 296 296 

Prevalence 1.2%a 2.6%a 6.7%a 

Subtypes • Paranoid 

• Hebephrenic 

• Catatonic 

• Residual 

• Undifferentiated 

• Bipolar I: at least one manic or one 

mixed episode. 

• Bipolar II: at least one depressive and 

one hypomanic episode. 

• Cyclothymic disorder: numerous 

hypomanic and depressive episodes. 

• Melancholic depression 

• Atypical depression 

• Catatonic depression 

• Seasonal Affective Disorder 

Diagnostic criteria A. Characteristic symptoms*: 

• Delusions 

• Hallucinations 

• Disorganized speech 

• Grossly disorganized or catatonic 

behavior 

• Negative symptoms (i.e. flattened 

affect, alogia, avolition 

B. Social/occupational dysfunction 

C. Duration at least six months, with at 

least one month of symptoms. 

D. Schizoaffective and mood disorders 

have been excluded. 

E. Substance abuse and a general medical 

condition have been excluded. 

F. In case of history of autistic disorder, 

diagnosis of schizophrenia is only 

made if prominent delusions and 

hallucinations are present. 

A. Criteria for a manic episode** 

• Inflated self-esteem or sense of 

grandiosity 

• Decreased need for sleep 

• Unusual talkativeness and pressure 

to keep talking 

• Racing thoughts 

• Distractibility 

• Increase in goal-oriented activity 

• Excessive involvement in 

pleasurable activities 

B. Criteria for a hypomanic*** episode 

C. Critefia for a mixed episode 

• Meets the criteria for a manic and 

major depressive episode over at 

least a week 

D. Criteria for a depressive episode: see 

Major Depressive Disorder 

A. Presence of a single depressive 

disorder, not better accounted for by 

Schizoaffective disorder. 

B. One of the two core symptoms present 

for at least two weeks: 

• Depressed mood 

• Loss of interest or pleasure 

C. Five or more of the following 

symptoms present for >two weeks: 

• Significant weight change (>5%) 

• Disturbed sleep patterns 

• Psychomotor agitation or retardation 

• Fatigue or loss of energy 

• Feelings of worthlessness or 

excessive or inappropriate guilt 

• Diminished ability to think or 

concentrate, indecisiveness 

• Recurrent thoughts of death 

D. The symptoms do not meet the criteria 

for a mixed episode. 
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Appendix 2. Summary of studies on morphometric abnormalities in psychotic 

disorders. A systematic literature search was conducted in PubMed and ScienceDirect 

search engines. Key words used were: morphometry, MRI, schizophrenia, bipolar 

disorder, major depressive disorder, white matter, grey matter, lateral ventricles.  

 
Author(s) and year Study design and sample 

characteristics 

Structural abnormalities 

Keshavan, Prasad 

and Pearlson, 2007 

Schizophrenia: 

Systematic review of 11 

studies published 

1997-2006. 

- Reduction in whole brain 

volume Focal reduction in 

grey matter in the 

hippocampus, amygdala 

- and superior temporal 

gyrus 

- Grey matter density 

reductions in medial 

temporal lobes and the 

- superior temporal gyrus 

- Enlarged ventricles 

- Reduced pFC grey matter 

density 

Tian et al., 2011 Schizophrenia: Crosssectional 

study of patients 

(n=33), their parents 

(n=55), healthy controls 

(n=29). 

- Widespread white matter 

reductions in the bilateral 

frontal lobes, 

- bilateral insulae, occipital 

lobes 

- Reductions of the left 

amygdala and right 

thalamus 

Fornito et al., 2009 Schizophrenia: Case-control 

study, patients 

(n=1646) and controls 

(n=1690). 

- Reductions in grey matter 

density of the insula, 

medial 

- prefrontal, medial 

temporal and striatal 

regions 

- Grey matter volume 

reductions in the dorso-

medial frontal 

- cortex, lateral and orbital 

frontal areas 

Kempton et al., 2010 Schizophrenia: metaanalysis 

of longitudinal 

studies. 

- Enlarged lateral ventricles 

- Progressive enlargement 

greater in patients than in 

healthy 

- controls 

Hasler et al., 2006 Bipolar disorder: 

systematic review. 

- Volume reduction of the 

anterior cingulate cortex 

- Glial reduction in the 

ACC grey matter 

- White matter 

abnormalities predictive 

of lithium response 

Nugent et al., 2006 Bipolar disorder: Case 

control, patients (36) and 

healthy controls (65). 

- Reduction of grey matter 

in the posterior 

cingulate/retrosplenial 

- cortex and superior 

temporal gyrus 

(unmedicated vs 

medicated 

- patients) 

- Reduction in the lateral 

orbital cortex (medicated 

patients vs 

- healthy controls) 

- Increase of white matter 

in the orbital and posterior 



33  

cingulate 

- cortices 

Hallahan et al., 2011 Bipolar disorder: Megaanalysis, 

total sample 321 

patients and 442 healthy 

controls. 

- Increased volume of the 

right lateral ventricle 

- Increased left temporal 

lobe and right putamen 

- Increased hippocampal 

and amygdala volume in 

patients on 

- lithium. 

McDonald et al., 

2004 

Bipolar disorder: metaanalysis 

of 26 studies on a 

total of 404 independent 

patients 

- Enlargement of the right 

lateral ventricle 

Hasler et al., 2004 Systematic review of 

studies on MDD endophenotypes. 

- Volume reduction of the 

anterior cingulate cortex 

- Glial reduction in the grey 

matter 

- Reduction of the 

hippocampal volume 

- Enlarged amygdala 

Peterson and 

Weissman, 2011 

MDD - Reduction of cortex 

thickness of the lateral 

right hemisphere 

- Bilateral hypoplasia of 

frontal and parietal white 

matter 

Kempton et al., 2011 MDD - Lateral ventral 

enlargement 

- Increased CSF production 

- Reduction in volume of 

the basal ganglia, 

thalamus, 

- hippocampus, frontal 

lobe, orbitofrontal cortex, 

gyrus rectus 

Bora et al., 2011 Cross-sectional study of 

MDD patients (n=986) and 

healthy controls (n=937). 

- Grey matter reduction in 

rostral anterior cingulate 

cortex 

- Grey matter reductions in 

dorsolateral and 

dorsomedial 

- prefrontal cortex 

- Amygdala and 

parahippocampal grey 

matter volume reduction 
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Appendix 3. Summary of studies on cognitive impairment in patients with 

psychotic disorders. A systematic search was conducted using PubMed and 

ScienceDirect search engines. The key words used were: cognition, cognitive 

endophenotype, attention, learning speed, memory, schizophrenia, major depression, 

bipolar disorder. Meta-analyses, systematic reviews and original studies were 

considered. 

 
Author(s) and year Study design and sample 

characteristics 

Cognitive impairment 

Lewis, 2004 Schizophrenia: review of 

literature 

- Overall IQ 

- Verbal fluency 

- Sustained attention, 

memory and executive 

function impairment 

- greater than in affective 

disorders with psychotic 

features 

- Deficits stable over time 

Hofer et al., 2011 Schizophrenia: 

symptomatically remitted 

(n=62) and symptomatic 

patients (n=78) 

- Symptomatic patients 

performed better on tests 

of verbal fluency, 

alertness and optical 

vigilance, compared to 

remitted patients 

Kalkstein, Hurford 

and Gur, 2010 

Schizophrenia: literature 

review. 

- General intelligence 

- Working and verbal 

memory 

- Processing speed 

Hasler et al., 2006 Bipolar disorder: 

systematic review. 

- Speed of learning 

- Attention deficits similar 

to those observed in 

schizophrenia and 

depression 

- Slowness on the Stroop 

test 

- Verbal memory 

- Speed of information 

processing and executive 

function 

Latalova et al., 2011 Bipolar disorder: 

systematic review of 

studies on bipolar patients 

- Sustained deficits on 

attention, memory and 

executive function. 

Antila et al., 2011 Bipolar disorder: familybased, 

case-control study. 

- Impaired processing speed 

underlying other deficits 

in bipolar disorder 

- Impairment not specific to 

BD 

Frantom, Allen and 

Cross, 2008 

Bipolar disorder: study of 

patients with BD I, their 

first degree relatives, and 

healthy controls 

- Deficits on Digit Symbol 

(speed of learning), Block 

Design (attention) and 

Judgement of Line 

Orientation 

Hasler et al., 2004 Major depressive 

disorder: literature review. 

- Speed of learning 

- Memory 

- Selective attention 

- - Executive function 

Peterson and 

Weissman, 2011 

Major depressive 

disorder: literature review. 

- Attention 

- Visual memory 

Marazziti et al., 2010 Major depressive 

disorder: 

- Attention 

- Working memory 

- Executive function: 

problem-solving and task 

planning 

- - Verbal learning 


