






Figure 2: Of the six components that significantly predicted diagnosis, the three 
components where GM volumes were relatively greater in controls are displayed 
here. Blobs represent voxels above the threshold of Z>13.11 . Red = He 
temporal component, blue = He parietal component, green = He frontal-occipital 
component. 
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Figure 3: Of the six components that significantly predicted diagnosis, the three 
components where GM volumes were relatively greater in patients are displayed 
here. Blobs represent voxels above the threshold of Z>13.11. Red = SZ parietal 
component, blue = SZ frontal-temporal component, green = SZ thalamic 
component. 

65 



REFERENCES: 

1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 
4th ed. Washington, DC; 1994. 

2. Andreasen NC. The evolving concept of schizophrenia: fram Kraepelin to the present and 
future. Schizophren ia Research 1997;28(2-3): 1 05-9. 

3. Jablensky A. The 1 OO-year epidemiology of schizophrenia. Schizophrenia Research 
1997;28(2-3): 111-25. 

4. Bramet EJ, Fennig S. Epidemiology and natural history of schizophrenia. Biological 
Psychiatry 1999;46(7): 871-81 . 

5. Nixon NL, Doody GA. Official psychiatric morbidity and the incidence of schizophrenia 
1881-1994. Psychological Medicine 2005;35(8): 1145-53. 

6. Antonova E, Sharma T, Morris R, Kumari V. The relationship between brain structure and 
neurocognition in schizophrenia: a selective review. Schizophrenia Research 2004;70(2-
3):117-45. 

7. Flashman LA, Green MF. Review of cognition and brain structure in schizophrenia: 
profiles, longitudinal course, and effects of treatment. Psychiatric Clinics of North America 
2004;27( 1): 1-18. 

8. Heinrichs RW. The primacy of cognition in schizophrenia. American Psychologist 
2005;60(3 ):229-242. 

9. Kessler RC, Birnbaum H, Demler 0, Falloon IRH, Gagnon E, Guyer M, et al. The 
prevalence and correlates of nonaffective psychosis in the National Comorbidity Survey 
Replication (NCS-R). Biological Psychiatry 2005;58(8):668-76. 

10. Kendler KS, Gallagher TJ, Abelson JM, Kessler RC. Lifetime prevalence, demographic 
risk factors, and diagnostic validity of nonaffective psychosis as assessed in a US 
community sample. The National Comorbidity Survey. Archives of General Psychiatry 
1996;53(11): 1022-31. 

11. Levav I, Kohn R, Dohrenwend BP, Shrout PE, Skodol AE, Schwartz S, et al. An 
epidemiological study of mental disorders in a 1 O-year cohort of young adu Its in Israel. 
Psychological Medicine 1993;23(3):691-707. 

12. Jablensky A, Sartorius N, Korten A, Ernberg G, Anker M, Cooper JE, et al. Incidence 
worldwide of schizophrenia. British Journal of Psychiatry 1987; 151 :408-9. 

13. Bramet EJ, Dew MA, Eaton WW. Epidemiology of psychosis with special reference to 
schizophrenia. In: Tsuang MT, Tohen M, editors. Textbook in psychiatric epidemiology 
(2nd ed). New York, NY: Wiley-Liss; 2002. p. 365-387. 

14. Hafner H. Onset and early course as determinants of the further course of schizophrenia. 
Acta Psychiatrica Scandinavica, Supplementum 2000(407):44-8. 

15. Hafner H. Gender differences in schizophrenia. Psychoneuroendocrinology 2003;28 Suppl 
2: 17-54. 

16. Hambrecht M, Maurer K, Hafner H. Evidence for a gender bias in epidemiological studies 
of schizophrenia. Schizophrenia Research 1993;8(3):223-31. 

17. Jablensky A, Sartorius N, Ernberg G, Anker M, Korten A, Cooper JE, et al. Schizophrenia: 
manifestations, incidence and course in different cultures. A World Health Organization 
ten-country study. Psychological Medicine - Monograph Supplement 1992;20:1-97. 

18. Gottesman, II. Complications to the complex inheritance of schizophrenia. Clinical 
Genetics 1994;46( 1 Spec No): 116-23. 

19. Cardno AG, Gottesman, II. Twin studies of schizophrenia: fram bow-and-arrow 
concordances to star wars Mx and functional genomics. American Journal of Medical 
Genetics 2000;97( 1): 12-7. 

20. Prescott CA, Gottesman, II. Genetically mediated vulnerability to schizophrenia. 
Psychiatric Clinics of North America 1993; 16(2):245-67. 

66 



21. Bray NJ, Owen MJ. Searching for schizophrenia genes. Trends in Molecular Medicine 
2001 ;7(4): 169-74. 

22. Jones P, Cannon M. The new epidemiology of schizophrenia. Psychiatric Clinics of North 
America 1998;21(1):1-25. 

23. Cardno AG, Marshall EJ, Coid B, Macdonald AM, Ribchester TR, Davies NJ, et al. 
Heritability estimates for psychotic disorders: the Maudsley twin psychosis series. Archives 
of General Psychiatry 1999;56(2): 162-8. 

24. Brown S, Birtwistle J. People with schizophrenia and their families. Fifteen year outcome. 
British Journal of Psychiatry 1998; 173: 139-144. 

25. Murray CJL, Lopez AD, editors. The global burden of disease and injury series, volume 1: 
a comprehensive assessment of mortality and disability from diseases, injuries, and risk 
factors in 1990 and projected to 2020. Cambridge, MA: Harvard University Press; 1996. 

26. Commander M, Sashidharan S, Rana T, Ratnayake T. North Birmingham assertive 
outreach evaluation. Patient characteristics and clinical outcomes. Social Psychiatry & 
Psychiatric Epidemiology 2005;40( 12):988-993. 

27. Davidson L, McGlashan TH. The varied outcomes of schizophrenia. Canadian Journal of 
Psychiatry 1997;42(1):34-43. 

28. Milev P, Ho B-C, Arndt S, Nopoulos P, Andreasen NC. Initial magnetic resonance imaging 
volumetric brain measurements and outcome in schizophrenia: a prospective longitudinal 
study with 5-year follow-up. Biological Psychiatry 2003;54(6):608-15. 

29. Rice DP. The economic impact of schizophrenia. Journal of Clinical Psychiatry 
1999;60(Suppl I ):4-6; discussion 28-30. 

30. Andreasen NC. Understanding the causes of schizophrenia. New England Journal of 
Medicine 1999;340(8):645-7. 

31. Andreasen NC. Schizophrenia: the fundamental questions. Brain Research Reviews 
2000;31 (2-3): 1 06-112. 

32. Schultz SK, Andreasen NC. Schizophrenia. Lancet 1999;353(9162): 1425-30. 
33. McGlashan TH, Fenton WS. Classical subtypes for schizophrenia: literature review for 

DSM-IV. Schizophrenia Bulletin 1991;17(4):609-32. 
34. an der Heiden W, Hafner H. The epidemiology of onset and course of schizophrenia. 

European Archives of Psychiatry & Clinical Neuroscience 2000;250(6):292-303. 
35. Andreasen NC, Flaum M, Schultz S, Duzyurek S, Miller D. Diagnosis, methodology and 

subtypes of schizophrenia. Neuropsychobiology 1997;35(2):61-3. 
36. Kasai K, Iwanami A, Yamasue H, Kuroki N, Nakagome K, Fukuda M. Neuroanatomy and 

neurophysiology in schizophrenia. Neuroscience Research 2002;43(2):93-110. 
37. Pearlson GO, Marsh L. Structural brain imaging in schizophrenia: a selective review. 

Biological Psychiatry 1999;46(5):627-49. 
38. Andreasen NC, Paradiso S, O'Leary OS. "Cognitive dysmetria" as an integrative theory of 

schizophrenia: a dysfunction in cortical-subcortical-cerebellar circuitry? Schizophrenia 
Bulletin 1998;24(2):203-18. 

39. Andreasen NC, Nopoulos P, O'Leary OS, Miller DO, Wassink T, Flaum M. Defining the 
phenotype of schizophrenia: cognitive dysmetria and its neural mechanisms. Biological 
Psychiatry 1999;46(7):908-20. 

40. Pearlson GO, Petty RG, Ross CA, Tien A Y. Schizophrenia: a disease ofheteromodal 
association cortex? Neuropsychopharmacology 1996; 14( 1): 1-17. 

41. Pearlson GO. Neurobiology of schizophrenia. Annals of Neurology 2000;48(4):556-66. 
42. Hafner H. Epidemiology of schizophrenia. A thriving discipline at the turn of the century. 

European Archives of Psychiatry & Clinical Neuroscience 2000;250(6):271-3. 
43. Lichtermann 0, Karbe E, Maier W. The genetic epidemiology of schizophrenia and of 

schizophrenia spectrum disorders. European Archives of Psychiatry & Clinical 
Neuroscience 2000;250(6):304-10. 

67 



44. Goldberg TE, Weinberger DR. A case against subtyping in schizophrenia. Schizophrenia 
Research 1995; I 7(2): 147 -52. 

45. Stompe T, Ortwein-Swoboda G, Ritter K, Marquart B, Schanda H. The impact of 
diagnostic criteria on the prevalence of schizophrenic subtypes. Compr Psychiatry 
2005;46(6):433-9. 

46. Giuliani NR, Calhoun VD, Pulver A, Schretlen OJ, Cascella N, Keshavan M, et al. A Large 
Scale, Multi-Site Investigation of Gray Matter Differences in Schizophrenia Using 
Optimized Voxel-based Morphometry. American Journal of Psychiatry 2006;Submitted. 

47. Good CD, Johnsrude IS, Ashburner J, Henson RN, Friston KJ, Frackowiak RS. A voxel
based morphometric study of ageing in 465 normal adult human brains. NeuroImage 
2001;14(1 Pt 1):21-36. 

48. Wen W, Sachdev PS, Chen X, Anstey K. Gray matter reduction is correlated with white 
matter hyperintensity volume: a voxel-based morphometric study in a large 
epidemiological sample. Neuroimage 2006;29(4): 1 031-9. 

49. Jones PB, Tarrant CJ. Developmental precursors and biological markers for schizophrenia 
and affective disorders: specificity and public health implications. European Archives of 
Psychiatry & Clinical Neuroscience 2000;250(6):286-91. 

50. Shenton ME, Dickey CC, Frumin M, McCarley RW. A review ofMRl findings in 
schizophrenia. Schizophrenia Research 2001 ;49(1-2): 1-52. 

51. Ward KE, Friedman L, Wise A, Schulz Sc. Meta-analysis of brain and cranial size in 
schizophrenia. Schizophrenia Research 1996;22(3): 197-213. 

52. Lawrie SM, Abukmeil SS. Brain abnormality in schizophrenia. A systematic and 
quantitative review of volumetric magnetic resonance imaging studies. British Journal of 
Psychiatry 1998; 172: 11 0-20. 

53. Wright IC, Rabe-Hesketh S, WoodruffPW, David AS, Murray RM, Bullmore ET. Meta
analysis of regional brain volumes in schizophrenia. American Journal of Psychiatry 
2000; 157(1): 16-25. 

54. Antonova E, Kumari V, Morris R, Halari R, Anilkumar A, Mehrotra R, et al. The 
relationship of structural alterations to cognitive deficits in schizophrenia: a voxel-based 
morphometry study. Biological Psychiatry 2005;58(6):457-67. 

55. Andreasen NC, Flaum M, Swayze V, 2nd, O'Leary OS, Alliger R, Cohen G, et al. 
Intelligence and brain structure in normal individuals. American Journal of Psychiatry 
1993; 150( 1): 130-4. 

56. Haier RJ, Jung RE, Yeo RA, Head K, Alkire MT. Structural brain variation and general 
intelligence. Neuroimage 2004;23(1 ):425-33. 

57. Gaser C, Nenadic I, Buchsbaum BR, Hazlett EA, Buchsbaum MS. Ventricular enlargement 
in schizophrenia related to volume reduction of the thalamus, striatum, and superior 
temporal cortex. American Journal of Psychiatry 2004; 161 (1): 154-6. 

58. Styner M, Lieberman JA, McClure RK, Weinberger DR, Jones DW, Gerig G. 
Morphometric analysis of lateral ventricles in schizophrenia and healthy controls regarding 
genetic and disease-specific factors. Proceedings of the National Academy of Sciences of 
the United States of America 2005; 1 02(13):4872-7. 

59. Honea R, Crow TJ, Passingham 0, Mackay CEo Regional deficits in brain volume in 
schizophrenia: a meta-analysis ofvoxel-based morphometry studies. American Journal of 
Psychiatry 2005; 162( 12):2233-45. 

60. Onitsuka T, Shenton ME, Salisbury OF, Dickey CC, Kasai K, Toner SK, et al. Middle and 
inferior temporal gyrus gray matter volume abnornlalities in chronic schizophrenia: an MRI 
study. American Journal of Psychiatry 2004; 161 (9): 1603-11. 

61. Pearlson GO. Superior temporal gyrus and planum temporale in schizophrenia: a selective 
review. Progress in Neuro-Psychopharmacology & Biological Psychiatry 1997;21 (8): 1203-
29. 

68 



62. Gaser C, Nenadic I, Volz HP, Buchel C, Sauer H. Neuroanatomy of "hearing voices": a 
frontotemporal brain structural abnormality associated with auditory hallucinations in 
schizophrenia. Cerebral Cortex 2004; 14( 1 ):91-6. 

63. Flaum M, O'Leary OS, Swayze VW, 2nd, Miller DO, Arndt S, Andreasen NC. Symptom 
dimensions and brain morphology in schizophrenia and related psychotic disorders. Journal 
of Psychiatric Research 1995;29(4):261-76. 

64. Barta PE, Pearlson GO, Powers RE, Richards SS, Tune LE. Auditory hallucinations and 
smaller superior temporal gyral volume in schizophrenia. American Journal of Psychiatry 
1990;147(11):1457-62. 

65. Vita A, Dieci M, Giobbio GM, Caputo A, Ghiringhelli L, Comazzi M, et al. Language and 
thought disorder in schizophrenia: brain morphological correlates. Schizophrenia Research 
1995; 15(3):243-51. 

66. Menon RR, Barta PE, Aylward EH, Richards SS, Vaughn DO, Tien AY, et al. Posterior 
superior temporal gyrus in schizophrenia: grey matter changes and clinical correlates. 
Schizophrenia Research 1995; 16(2): 127-35. 

67. Turetsky B, Cowell PE, Gur RC, Grossman Rl, Shtasel DL, Gur RE. Frontal and temporal 
lobe brain volumes in schizophrenia. Relationship to symptoms and clinical subtype. 
Archives of General Psychiatry 1995;52(12):1061-70. 

68. Sigmundsson T, Suckling J, Maier M, Williams S, Bullmore E, Greenwood K, et al. 
Structural abnormalities in frontal, temporal, and limbic regions and interconnecting white 
matter tracts in schizophrenic patients with prominent negative symptoms. American 
Journal of Psychiatry 2001; 158(2):234-43. 

69. Gur RE, Turetsky 81, Cowell PE, Finkelman C, Maany V, Grossman Rl, et al. 
Temporolimbic volume reductions in schizophrenia. Archives of General Psychiatry 
2000;57(8):769-75. 

70. Sanfilipo M, Lafargue T, Rusinek H, Arena L, Loneragan C, Lautin A, et al. Cognitive 
performance in schizophrenia: relationship to regional brain volumes and psychiatric 
symptoms. Psychiatry Research 2002;116(1-2):1-23. 

71. Hoff AL, Riordan H, O'Donnell 0, Stritzke P, Neale C, Boccio A, et al. Anomalous lateral 
sulcus asymmetry and cognitive function in first-episode schizophrenia. Schizophrenia 
Bulletin 1992; 18(2):257-72. 

72. Nestor PG, Shenton ME, McCarley RW, Haimson J, Smith RS, O'Donnell B, et al. 
Neuropsychological correlates of MRI temporal lobe abnormalities in schizophrenia. 
American Journal of Psychiatry 1993; 150( 12): 1849-55. 

73. DeLisi LE, Sakuma M, Tew W, Kushner M, Hoff AL, Grimson R. Schizophrenia as a 
chronic active brain process: a study of progressive brain structural change subsequent to 
the onset of schizophrenia. Psychiatry Research 1997;74(3):129-40. 

74. Geschwind N, Levitsky W. Human brain: left-right asymmetries in temporal speech region. 
Science 1968; 161 (83 7): 186-7. 

75. Shapleske J, Rossell SL, Woodruff PW, David AS. The planum temporale: a systematic, 
quantitative review of its structural, functional and clinical significance. Brain Research 
Brain Research Reviews 1999;29(1):26-49. 

76. Barta PE, Pearlson GO, Brill LB, 2nd, Royall R, McGilchrist IK, Pulver AE, et al. Planum 
temporale asymmetry reversal in schizophrenia: replication and relationship to gray matter 
abnormalities. American Journal of Psychiatry 1997; 154(5):661-7. 

77. Hirayasu Y, McCarley RW, Salisbury OF, Tanaka S, Kwon JS, Frumin M, et al. Planum 
temporale and Heschl gyrus volume reduction in schizophrenia: a magnetic resonance 
imaging study of first-episode patients. Archives of General Psychiatry 2000;57(7):692-9. 

78. Kwon JS, McCarley RW, Hirayasu Y, Anderson JE, Fischer lA, Kikinis R, et al. Left 
planum temporale volume reduction in schizophrenia. Archives of General Psychiatry 
1999;56(2): 142-8. 

69 



79. Petty RG, Barta PE, Pearlson GO, McGilchrist IK, Lewis RW, Tien AY, et al. Reversal of 
asymmetry of the planum temporale in schizophrenia. American Journal of Psychiatry 
1995; 152(5):715-21. 

80. Rossi A, Stratta P, Mattei P, Cupillari M, Bozzao A, Gallucci M, et al. Planum temporale in 
schizophrenia: a magnetic resonance study. Schizophrenia Research 1992;7( 1): 19-22. 

81. Kasai K, Shenton ME, Salisbury OF, Hirayasu Y, Onitsuka T, Spencer MH, et al. 
Progressive decrease of left Heschl gyrus and planum temporale gray matter volume in 
first-episode schizophrenia: a longitudinal magnetic resonance imaging study. Archives of 
General Psychiatry 2003;60(8):766-75. 

82. Barta PE, Powers RE, Aylward EH, Chase GA, Harris GJ, Rabins PV, et al. Quantitative 
MRI volume changes in late onset schizophrenia and Alzheimer's disease compared to 
normal controls. Psychiatry Research 1997;68(2-3):65-75. 

83. Shenton ME, Kikinis R, Jolesz FA, Pollak SO, LeMay M, Wible CG, et al. Abnormalities 
of the left temporal lobe and thought disorder in schizophrenia. A quantitative magnetic 
resonance imaging study. New England Journal of Medicine 1992;327(9):604-12. 

84. Marsh L, Harris 0, Lim KO, Beal M, Hoff AL, Minn K, et al. Structural magnetic 
resonance imaging abnormalities in men with severe chronic schizophrenia and an early 
age at clinical onset. Archives of General Psychiatry 1997;54(12): 1104-12. 

85. Hulshoff Pol HE, Schnack HG, Mandl RC, van Haren NE, Koning H, Collins DL, et al. 
Focal gray matter density changes in schizophrenia. Archives of General Psychiatry 
2001;58(12):1118-25. 

86. DeLisi LE, Hoff AL, Schwartz JE, Shields GW, Halthore SN, Gupta SM, et al. Brain 
morphology in first-episode schizophrenic-like psychotic patients: a quantitative magnetic 
resonance imaging study. Biological Psychiatry 1991 ;29(2): 159-75. 

87. Gur RC, Alsop 0, Glahn 0, Petty R, Swanson CL, Maldjian JA, et al. An fMRI study of 
sex differences in regional activation to a verbal and a spatial task. Brain and Language 
2000;74(2): 157-70. 

88. Goldberg TE, Gold JM, Greenberg R, Griffin S, Schulz SC, Pickar 0, et al. Contrasts 
between patients with affective disorders and patients with schizophrenia on a 
neuropsychological test battery. American Journal of Psychiatry 1993; 150(9): 1355-62. 

89. Torres 11, Flashman LA, O'Leary OS, Swayze V, 2nd, Andreasen NC. Lack of an 
association between delayed memory and hippocampal and temporal lobe size in patients 
with schizophrenia and healthy controls. Biological Psychiatry 1997;42( 12): 1 087-96. 

90. Goldman-Rakic PS, Selemon LD. Functional and anatomical aspects of prefrontal 
pathology in schizophrenia. Schizophrenia Bulletin 1997;23(3):437-58. 

91. Mesulam MM. Large-scale neurocognitive networks and distributed processing for 
attention, language, and memory. Annals of Neurology 1990;28(5):597-613. 

92. Mesulam M. Neurocognitive networks and selectively distributed processing. Revue 
Neurologique 1994; 150(8-9):564-9. 

93. Brazo P, Delamillieure P, Morello R, Halbecq I, Marie RM, Dollfus S. Impairments of 
executive/attentional functions in schizophrenia with primary and secondary negative 
symptoms. Psychiatry Research 2005; 133(1 ):45-55. 

94. Suzuki M, Nohara S, Hagino H, Takahashi T, Kawasaki Y, Yamashita I, et al. Prefrontal 
abnormalities in patients with simple schizophrenia: structural and functional brain-imaging 
studies in five cases. Psychiatry Research 2005; 140(2): 157-71. 

95. Pearlson GO, Barta PE, Powers RE, Menon RR, Richards SS, Aylward EH, et al. Ziskind
Somerfeld Research Award 1996. Medial and superior temporal gyral volumes and cerebral 
asymmetry in schizophrenia versus bipolar disorder. Biological Psychiatry 1997;41(1): 1-
14. 

96. Eidelberg 0, Galaburda AM. Inferior parietal lobule. Divergent architectonic asymmetries 
in the human brain. Archives of Neurology 1984;41 (8):843-52. 

70 



97. Goldstein JM, Goodman JM, Seidman LJ, Kennedy ON, Makris N, Lee H, et al. Cortical 
abnormalities in schizophrenia identified by structural magnetic resonance imaging. 
Archives of General Psychiatry 1999;56(6):537-47. 

98. Niznikiewicz M, Donnino R, McCarley RW, Nestor PG, Iosifescu OV, O'Donnell B, et al. 
Abnormal angular gyrus asymmetry in schizophrenia. American Journal of Psychiatry 
2000: 157(3 ):428-3 7. 

99. Jayakumar PN, Venkatasubramanian G, Gangadhar BN, Janakiramaiah N, Keshavan MS. 
Optimized voxel-based morphometry of gray matter volume in first-episode, antipsychotic
naive schizophrenia. Progress in Neuro Psychopharmacology & Biological Psychiatry 
2005;29( 4 ):587-91. 

100. Buchanan RW, Francis A, Arango C, Miller K, Lefkowitz OM, McMahon RP, et al. 
Morphometric assessment of the heteromodal association cortex in schizophrenia. 
American Journal of Psychiatry 2004; 161 (2):322-31. 

101. Frederikse M, Lu A, Aylward E, Barta P, Sharma T, Pear1son G. Sex differences in inferior 
parietal lobule volume in schizophrenia. American Journal of Psychiatry 2000; 157(3):422-
7. 

102. Calhoun VO, Adali T, Stevens MC, Kiehl KA, Pekar JJ. Semi-blind ICA offMRI: a 
method for utilizing hypothesis-derived time courses in a spatial lCA analysis. Neurolmage 
2005;ln press. 

103. Andreasen NC, Flashman L, Flaum M, Arndt S, Swayze V, 2nd, O'Leary OS, et a l. 
Regional brain abnormalities in schizophrenia measured with magnetic resonance imaging. 
JAMA 1994;272(22): 1763-9. 

104. Suzuki M, Nohara S, Hagino 1-1, Kurokawa K, Yotsutsuji T, Kawasaki Y, et al. Regional 
changes in brain gray and white matter in patients with schizophrenia demonstrated with 
voxel-based analysis ofMRI. Schizophr. Res. 2002;55( 1-2):41-54. 

105. Bottmer C, Bachmann S, Pantel .I, Essig M, Amann M, Schad LR, et al. Reduced cerebellar 
volume and neurological soft signs in first-episode schizophrenia. Psychiatry Research 
2005; 140(3):239-50. 

106. Szeszko PR, Gunning-Dixon F, Goldman RS, Bates J, Ashtari M, Snyder P J, et al. Lack of 
normal association between cerebellar volume and neuropsychological functions in f1rst
episode schizophrenia. American Journal of Psychiatry 2003; 160( 1 0): 1884-7. 

107. Ho B-C, Mola C, Andreasen NC, Cerebellar dysfunction in neuroleptic naive schizophrenia 
patients: clinical, cognitive, and neuroanatomic correlates of cerebellar neurologic signs. 
Biological Psychiatry 2004;55( 12): 1146-53. 

108. Danos P. Pathology of the thalamus and schizophrenia--an overview. Fortschritte der 
Neurologie-Psychiatrie 2004;72( 11 ):621-34. 

109. Lewis OA. GABAergic local circuit neurons and prefrontal cortical dysfunction in 
schizophrenia. Brain Research Reviews 2000;31(2-3):270-276. 

110. Bunney WE, Bunney BG. Evidence for a compromised dorsolateral prefrontal cortical 
parallel circuit in schizophrenia. Brain Research - Brain Research Reviews 2000;31(2-
3):138-46. 

111. Andreasen NC, O'Leary OS, Cizadlo T, Arndt S, Rezai K, Ponto LL, et al. Schizophrenia 
and cognitive dysmetria: a positron-emission tomography study of dysfunctional prefrontal
thalamic-cerebellar circuitry. Proceedings of the National Academy of Sciences of the 
United States of America 1996;93( 18):9985-90. 

112. Andreasen NC. The role of the thalamus in schizophrenia. Canadian Journal of Psychiatry 
1997;42(1 ):27-33. 

113. Brickman AM, Buchsbaum MS, Shihabuddin L, Byne W, Newmark RE, Brand J, et al. 
Thalamus size and outcome in schizophrenia. Schizophrenia Research 2004;71(2-3):473-
84. 

71 



114. Arciniegas D, Rojas DC, Teale P, Sheeder J, Sandberg E, Reite M. The thalamus and the 
schizophrenia phenotype: failure to replicate reduced volume. Biological Psychiatry 
1999;45( 10): 1329-35. 

115. Volz H, Gaser C, Sauer H. Supporting evidence for the model of cognitive dysmetria in 
schizophrenia--a structural magnetic resonance imaging study using deformation-based 
morphometry. Schizophrenia Research 2000;46( 1 ):45-56. 

116. Ananth H, Popescu I, Critchley HD, Good CD, Frackowiak RS, Dolan RJ. Cortical and 
subcortical gray matter abnormalities in schizophrenia determined through structural 
magnetic resonance imaging with optimized volumetric voxel-based morphometry. Am. J. 
Psychiat.2002;159(9):1497-505. 

117. Mitelman SA, Brickman AM, Shihabuddin L, Newmark R, Chu KW, Buchsbaum MS. 
Correlations between MRI-assessed volumes of the thalamus and cortical Brodmann's areas 
in schizophrenia. Schizophrenia Research 2005;75(2-3):265-81. 

118. Buchanan RW, Breier A, Kirkpatrick B, Elkashef A, Munson RC, Gellad F, et al. Structural 
abnormalities in deficit and nondeficit schizophrenia. American Journal of Psychiatry 
1993; I 50( 1 ):59-65. 

119. Dazzan P, Morgan KD, Orr KG, Hutchinson G, Chitnis X, Suckling J, et al. The structural 
brain correlates of neurological soft signs in AESOP first-episode psychoses study. Brain 
2004;127(Pt 1):143-53. 

120. Staal WG, HulshoffPol HE, Schnack HG, van Haren NE, Seifert N, Kahn RS. Structural 
brain abnormalities in chronic schizophrenia at the extremes of the outcome spectrum. 
American Journal of Psychiatry 200 I; 158(7): 1140-2. 

121. Preuss UW, Zetzsche T, Jager M, Groll C, Frodl T, Bottlender R, et al. Thalamic volume in 
first-episode and chronic schizophrenic subjects: a volumetric MRI study. Schizophrenia 
Research 2005;73(1 ):91-1 0 1. 

122. Mitelman SA, Byne W, Kemether EM, Hazlett EA, Buchsbaum MS. Correlations between 
volumes ofthe pulvinar, centromedian, and mediodorsal nuclei and cortical Brodmann's 
areas in schizophrenia. Neuroscience Letters 2006;392( 1-2): 16-21. 

123. Jeste DV, McAdams LA, Palmer BW, Braff 0, Jernigan TL, Paulsen JS, et al. Relationship 
of neuropsychological and MRI measures to age of onset of schizophrenia. Acta 
Psychiatrica Scandinavica 1998;98(2): 156-64. 

124. Middleton FA, Strick PL. Basal ganglia and cerebellar loops: motor and cognitive circuits. 
Brain Research Reviews 2000;31(2-3):236-250. 

125. Hokama H, Shenton ME, Nestor PG, Kikinis R, Levitt J1. Metcalf 0, et al. Caudate, 
putamen, and globus pallidus volume in schizophrenia: a quantitative MRI study. 
Psychiatry Research 1995;61(4):209-29. 

126. Kawasaki Y, Suzuki M, Nohara S, Hagino H, Takahashi T, Matsui M, et al. Structural 
brain differences in patients with schizophrenia and schizotypal disorder demonstrated by 
voxel-based morphometry. European Archives of Psychiatry & Clinical Neuroscience 
2004;254(6):406-14. 

127. Gur RE, Maany V, Mozley PD, Swanson C, Bilker W, Gur RC, Subcortical MRI volumes 
in neuroleptic-naive and treated patients with schizophrenia. American Journal of 
Psychiatry 1998;155(12):1711-7. 

128. Taylor S, Christensen JD, Holcomb JM, Garver DL. Volume increases in striatum 
associated with positive symptom reduction in schizophrenia: a preliminary observation. 
Psychiatry Research 2005; 140(1 ):85-9. 

129. Spinks R, Nopoulos P, Ward J, Fuller R, Magnotta VA, Andreasen NC. Globus pallidus 
volume is related to symptom severity in neuroleptic naive patients with schizophrenia. 
Schizophrenia Research 2005;73(2-3):229-33. 

72 



130. Stratta P, Mancini F, Mattei P, Daneluzzo E, Casacchia M, Rossi A. Association between 
striatal reduction and poor Wisconsin card sorting test performance in patients with 
schizophrenia. Biological Psychiatry 1997;42(9):816-20. 

131. Weickert TW, Goldberg TE, Gold JM, Bigelow LB, Egan ML Weinberger DR. Cognitive 
impairments in patients with schizophrenia displaying preserved and compromised 
intellect. Archives of General Psychiatry 2000:57(9):907-13. 

132. Hill SK, Ragland JD, Gur RC, Gur RE. Neuropsychological profiles delineate distinct 
profiles of schizophrenia, an interaction between memory and executive function, and 
uneven distribution of clinical subtypes. J Clin Exp Neuropsychol 2002;24:765-80. 

133. Turetsky BI, Moberg PJ, Mozley LH, Moelter ST, Agrin RN, Gur RC, et al. Memory
delineated subtypes of schizophren ia: relationsh ip to clinical, neuroanatomical, and 
neurophysiological measures. Neuropsychology 2002; 16:481-90. 

134. Malaspina 0, Friedman JH, Kaufmann C, Bruder G, Amador X, Strauss 0, et al. 
Psychobiological heterogeneity offamilial and sporadic schizophrenia. Biological 
Psychiatry 1998;43(7):489-96. 

135. Van Os J, Marcelis M, Sham P, Jones P, Gilvarry K, Murray R. Psychopathological 
syndromes and familial morbid risk of psychosis. British Journal of Psychiatry 
1997; 170:241-6. 

136. Roy MA, Merette C, Maziade M. Subtyping schizophrenia according to outcome or 
severity: a search for homogeneous subgroups. Schizophrenia Bulletin 2001;27(1):115-38. 

137. Marengo J. Classifying the courses of schizophrenia. Schizophrenia Bulletin 
1994;20(3):519-36. 

138. Andreasen NC, Olsen S. Negative v positive schizophrenia. Definition and validation. 
Arch ives of General Psychiatry 1982;39(7): 789-94. 

139. Kendler KS, McGuire M, Gruenberg AM, Walsh D. Examining the validity of DSM-III-R 
schizoaffective disorder and its putative subtypes in the Roscommon Family Study. 
American Journal of Psychiatry 1995; 152(5):755-64. 

140. Grube BS, Bilder RM, Goldman RS. Meta-analysis of symptom factors in schizophrenia. 
Schizophrenia Research 1998;31(2-3):113-20. 

141. Zakzanis KK. Neuropsychological correlates of positive vs. negative schizophrenic 
symptomatology. Schizophrenia Research 1998;29(3):227-33. 

142. Davis JM, Chen N. The effects of olanzapine on the 5 dimensions of schizophrenia derived 
by factor analysis: combined results of the North American and international trials. Journal 
of Clinical Psychiatry 200 1;62(10):757-71. 

143. Stober G, Franzek E, Beckmann H. The role of maternal infectious disease during 
pregnancy in the etiology of schizophrenia in the offspring. Eur Psychiatry 1992;7: 147-152. 

144. Beckmann H. Franzek E, Stober G. Genetic heterogeneity in catatonic schizophrenia: a 
family study. American Journal of Medical Genetics 1996;67(3):289-300. 

145. Sallet Pc' Elkis H, Alves TM, Oliveira JR. Sassi E, de Castro CC, et al. Rightward cerebral 
asymmetry in subtypes of schizophrenia according to Leonhard's classification and to 
DSM-IV: a structural MRI study. Psychiatry Research 2003; 123( 1 ):65-79. 

146. Sponheim SR. Iacono WG, TllLlras PO, Nugent SM, Beiser M. Sensitivity and specificity of 
select biological indices in characterizing psychotic patients and their relatives. 
Schizophrenia Research 2003;63(1-2):27-38. 

147. Sponheim SR, Iacono WG, Thuras PO, Beiser M. Using biological indices to classify 
schizophrenia and other psychotic patients. Schizophrenia Research 2001 ;50(3): 139-50. 

148. Tsuang MT, Faraone SV. The frustrating search for schizophrenia genes. American Journal 
of Medical Genetics 2000;97(1): 1-3. 

149. Rossi A, Bustini M, Prosperini P, Marinangeli MG, Splendiani A, Daneluzzo E, et al. 
Neuromorphological abnormalities in schizophrenic patients with good and poor outcome. 
Acta Psychiatrica Scandinavica 2000; 101 (2): 161-6. 

73 



150. Ho BC, Andreasen NC, Nopoulos P, Arndt S, Magnotta V, Flaum M. Progressive structural 
brain abnormalities and their relationship to clinical outcome: a longitudinal magnetic 
resonance imaging study early in schizophrenia. Archives of General Psychiatry 
2003 ;60( 6):585-94. 

151. Mitelman SA, Shihabuddin L, Brickman AM, Hazlett EA, Buchsbaum MS. Volume ofthe 
cingulate and outcome in schizophrenia. Schizophrenia Research 2005;72(2-3):91-108. 

152. Mitelman SA, Shihabuddin L, Brickman AM, Hazlett EA, Buchsbaum MS. MRI 
assessment of gray and white matter distribution in Brodmann's areas of the cortex in 
patients with schizophrenia with good and poor outcomes. American Journal of Psychiatry 
2003; 160(12):2154-68. 

153. Wassink TH, Andreasen NC, Nopoulos P, Flaum M. Cerebellar morphology as a predictor 
of symptom and psychosocial outcome in schizophrenia. Biological Psychiatry 
1999;45( 1 ):41-8. 

154. Deister A, Marneros A. Long-term stability of subtypes in schizophrenic disorders: a 
comparison of four diagnostic systems. European Archives of Psychiatry & Clinical 
Neuroscience 1993;242(4): 184-90. 

155. Mitelman SA, Shihabuddin L, Brickman AM, Buchsbaum MS. Cortical intercorrelations of 
temporal area volumes in schizophrenia. Schizophrenia Research 2005;76(2-3):207-29. 

156. Mitelman SA, Buchsbaum MS, Brickman AM, Shihabuddin L. Cortical intercorrelations of 
frontal area volumes in schizophrenia. Neuroimage 2005;27(4):753-70. 

157. Benes FM. Emerging principles of altered neural circuitry in schizophrenia. Brain Research 
Reviews 2000;31 (2-3):251-269. 

158. Wible CG, Shenton ME, Hokama H, Kikinis R, Jolesz FA, Metcalf 0, et al. Prefrontal 
cortex and schizophrenia. A quantitative magnetic resonance imaging study. Archives of 
General Psychiatry 1995;52(4):279-88. 

159. Tien A Y, Eaton WW, Schlaepfer TE, McGilchrist IK, Menon R, Powers R, et al. 
Exploratory factor analysis of MRI brain structure measures in schizophrenia. Schizophr 
Res 1996; 19(2-3):93-1 0 1. 

160. Wright IC, Sharma T, Ellison ZR, McGuire PK, Friston KJ, Brammer MJ, et al. Supra
regional brain systems and the neuropathology of schizophrenia. Cerebral Cortex 
1999;9(4):366-78. 

161. Mesulam MM. Schizophrenia and the brain. New England Journal of Medicine 
1990;322(12). 

162. Schlaepfer TE, Harris GJ, Tien A Y, Peng LW, Lee S, Federman EB, et al. Decreased 
regional cortical gray matter volume in schizophrenia. American Journal of Psychiatry 
1994; 151 (6):842-8. 

163. Bell AJ, Sejnowski TJ. An information-maximization approach to blind separation and 
blind deconvolution. Neural Computation. 1995;7(6): 1129-59. 

164. Nakai T, Muraki S, Bagarinao E, Miki Y, Takehara Y, Matsuo K, et al. Application of 
independent component analysis to magnetic resonance imaging for enhancing the contrast 
of gray and white matter. Neuroimage 2004;21(1):251-60. 

165. Calhoun VD, Adali T, Giuliani NR, Pekar JJ, Kiehl KA, Pearlson GO. Method for 
muItimodal analysis of independent source differences in schizophrenia: combining gray 
matter structural and auditory oddball functional data. Hum Brain Mapp 2006;27(1):47-62. 

166. Hyvarian A, Oja E. Independent component analysis: algorithms and applications. Neural 
Networks 2000; 12(4-5):411-30. 

167. Pearlson GO. New insights on the neuroanatomy of schizophrenia. Current Psychiatry 
Reports 1999; 1 (1 ):41-5. 

168. Spitzer RL, Williams JBW, Gibbon M, First MB. Structured Clinical Interview for DSM
III-R-Patient Version (SCID-P, 511/89). New York, NY: Biometrics Research Department, 
New York State Psychiatric Institute; 1989. 

74 



169. First MB, Spitzer RL, Gibbon M, Williams J13W. Structural Clinical Interview for DSM-IV 
Axis Disorders (SCID-IV). New York, NY: Biometrics Research Department, New York 
State Psychiatric Institute; 1997. 

170. Ashburner J, Friston KJ. Voxel-based morphometry--the methods. Neuroimage 2000; 11 (6 
Pt 1):805-21. 

171. Giuliani NR, Calhoun VD, Pearlson GD, Francis A, Buchanan RW. Voxel-based 
morphometry versus region of interest: a comparison of two methods for analyzing gray 
matter differences in schizophrenia. Schizophrenia Research 2005;74(2-3): 135-47. 

172. Ashburner J. Friston K. Multimodal image coregistration and partitioning--a unified 
framework. NeuroImage 1997;6(3):209-17. 

173. Jones OK, Symms MR, Cercignani M, Howard RJ. The effect of filter size on VBM 
analyses of DT-MRI data. Neuroimage 200526(2):546-54. 

174. Li Y, Adali, T., Calhoun, V.D. Sample Dependence Correction For Order Selection In 
FMRI Analysis. Proc. ISBI 2006. 

175. Hosmer OW, Lemeshow S. Applied logistic regression. 2nd ed. New York: Wiley
Interscience; 2000. 

176. Kramer MS. Clinical epidemiology and biostatistics: a primer for clinical investigators and 
decision-makers. Berlin: Springer-Verlag; 1988. 

177. Talairach J, Tournoux P. Co-planar stereotactic atlas of the human brain: 3-dimensional 
proportional system - an approach to cerebral imaging. New York, NY: Thieme Medical 
Publishers; 1988. 

178. Lancaster JL, WoldorffMG, Parsons LM, Liotti M, Freitas CS, Rainey L, et al. Automated 
Talairach atlas labels for functional brain mapping. Hum. Brain Mapp. 2000; I 0(3): 120-31. 

179. Gur RE, Cowell PE, Latshaw A, Turetsky BI, Grossman RI, Arnold SE. et al. Reduced 
dorsal and orbital prefrontal gray matter volumes in schizophrenia. Archives of General 
Psychiatry 2000;57(8):761-8. 

180. Csernansky JG, Schindler MK, Splinter NR, Wang L, Gado M, Selemon LD, et al. 
Abnormalities of thalamic volume and shape in schizophrenia. Am J Psychiatry 
2004; 161 (5):896-902. 

75 


