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ABSTRACT:  In  the  last  decade  there  has  been  an  exponential  increase  in  studies  on 
neurobiological  measures  in  childhood-onset  schizophrenia  (COS).  There  seems  to  be  a 
consensus that structural changes in COS are more marked than in adolescence-onset (AdOS) or 
adult-onset schizophrenia (AOS). Atrophy of total brain volume is progressive throughout the 
course in COS patients unlike later-onset types where it was static. Smaller than normal amounts 
of regional N-acetylaspartate (NAA) is reported in the hippocampus and dorsolateral prefrontal 
cortex  in  COS. There is  non-suppression of  primitive  reflexes  (neurological  soft  signs)  with 
cortical maturation in patients with COS. COS patients showed significantly greater deficits on 
scales of IQ, memory and perceptuomotor skills as compared to patients with AdOS and AOS. 
This review also discusses the various correlations between biological measures and clinical and 
psychopathological variables. 
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INTRODUCTION
Schizophrenia has been conceptualized as a neurodevelopmental disorder, which occurs 

in the background of genetic vulnerability.1,2 The absence of pathognomonic cellular phenotype 
in schizophrenia was seen as evidence against a neurodegenerative hypothesis of schizophrenia.3 

However,  recent  evidence  suggests  that  certain  clinical  and  neurostructural  changes  are 
progressive,  a  feature  consistent  with  the  neurodegenerative  hypothesis.4 Also,  a  few subtle 
histopathological, neurochemical and neurostructural deficits have been consistently reported in 
schizophrenia.6 Therefore,  currently  the  hypothesis  that  schizophrenia  is  a  limited 
neurodegenerative disorder with neurodevelopmental antecedents is widely accepted.5,6  

Although  schizophrenia  typically  has  its  onset  in  the  late  adolescence  and  early 
adulthood, it is also seen in childhood.7 Childhood-onset schizophrenia (COS) is defined as onset 
of schizophrenic illness before 12 years of age.8,9 It is a rare condition with its prevalence being 
50 times less  than adult-onset  schizophrenia  (AOS).10 The rarity  of the disorder  limits  large 
studies and thus a definitive understanding of the etiopathogenesis of COS. However, studies on 
neuroimaging, molecular genetics, neurochemistry and neurobiology have helped in gradually 
unravelling  the etiopathogenesis  of  COS. It  seems that  though a more  severe form,  COS is 
neurobiologically continuous with AOS.11,12 Early onset of the disorder may be determined by 
late brain maturational processes as well as stressors unique to childhood and adolescence. 

Premorbid Course
Researches on AOS suggests that the pathophysiological onset of schizophrenia predates 

the onset of psychosis;4 and that its premorbid course is characterized by subtle cognitive, social 
and motor  deficits.13 Patients  with AOS experience  a  deterioration  in functioning during the 
prodromal  phase,  which  accelerates  with  the  onset  of  psychosis.14,15  Patterns  of  premorbid 
adjustment during childhood and adolescence and subsequent “psychotic breakdown” have led to 
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a model that integrates neuroplasticity during childhood and adolescence, neurodevelopmental 
vulnerability and neurotoxicity.16 

Studies on premorbid course of COS suggest that a majority (50%-66%) of patients show 
deficits in language, motor and social functioning. Motor functioning deficits were mainly in the 
form of delayed milestones and poor coordination.10 Language deficits were seen in expression 
and  comprehension;11 whereas  social  deficits  were  expressed  as  social  withdrawal  and 
aloofness.10 As with AOS, these disturbances  appeared years  before onset  of psychosis;  and 
probably represent vulnerability factors for COS. 

A study from the United States of America concluded that premorbid impairments in 
COS was more severe than that seen in childhood of AOS patients though qualitatively findings 
were similar.17,18 In particular, impairments in language development were more severe in COS 
than  in  AOS  and  adolescent-onset  schizophrenia  (AdOS).  Therefore  it  seems  that 
pathophysiology of schizophrenia involves the abnormal development of language-related brain 
regions, i.e. temporal and frontal lobes.10  Another difference noted in the premorbid period was 
the  presence  of  transient  persistent  developmental  disorder  (PDD) like  symptoms (echolalia, 
hand  flapping,  pervasive  lack  of  response)  in  COS  but  not  in  AOS.  Early  transient  motor 
stereotypies indicated developmental basal ganglia abnormalities. More cytogenetic anomalies 
have also been reported in COS.19,20    

NEUROBIOLOGY 
An  understanding  of  the  neurobiological  basis  of  schizophrenia  is  critical  for 

establishing its diagnostic validity, predicting outcome, delineating causative mechanisms and 
identifying objective targets for treatment research. Over the past two decades, there have been 
several advances in this field; however, none of abnormalities observed till date are likely to be 
specific  diagnostic  markers  for  COS  but  they  can  serve  as  intermediate  phenotypes  for 
elucidating etiological factors. 21,22     

Neurological soft signs 
Neurological  soft  signs  may  represent  non-specific  brain  damage and dysfunction  in 

subcortical integrative functioning.23-24 Neurological soft signs may be intrinsic or trait-like to the 
schizophrenic illness as they fade away with neurological maturation in control but not in COS 
and AdOS groups.25 They may reflect a neurodevelopmental abnormality that puts children at 
risk for schizophrenia in later life.26,27 

There is higher presence of  neurological  soft  signs in COS as compared to AOS and 
AdOS.28 Higher  frequency of  neurological  soft  signs in  COS suggests  the presence of more 
diffuse brain damage that may explain the relative severity of COS. Severity of neurological soft 
signs is  correlated  with psychopathology and ventricular  volumes.  Studies  suggest  that  COS 
patients have maximum dysfunction in fronto-temporal lobes.28 An anatomical gradient may be 
seen in etiopathogenesis of COS wherein frontal lobe are the most affected followed by temporal 
and parietal lobes. 
Neuropsychology

Intelligence (IQ): COS patients have lower intelligence quotient (IQ) scores than controls 
and later onset types of schizophrenia.29,30 A significant deficit was seen in the premorbid and 
prodromal phases of the illness but the maximum decline in IQ scores was seen following the 
onset  of  psychosis.31 It  has  been  hypothesized  that  COS patients  have  failure  to  make  age 
appropriate gains due to the illness process  rather than an actual deterioration in performance. 
Recent evidence suggests that these cognitive deficits seen in COS may be evidence of an 
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ongoing or  progressive  pathological  process  as  these are  correlated  with  negative  symptoms 
when the illness actually starts.29,30,32

Executive Functioning: COS patients showed more perseverative errors on measures of 
conceptual  reasoning,  set  shifting  (Wisconsin  Card  Sorting  Task),  attentional  capacity  and 
information  processing  as  compared  to  controls.33 However  these  deficits  were  qualitatively 
similar to those found in AOS patients.

Memory: COS patients  had decreased performance on measures of fine motor  speed, 
attention and short-term memory. Rote language skills and simple perceptual functions were not 
impaired.  Deficits were seen in auditory attention,  span of apprehension, verbal memory and 
mental flexibility. Slow reaction time was seen in visual attention and guided search. Also, COS 
patients  have  inability  to  distinguish  important  from  less  important  stimuli  (allocation  of 
attentional resources).33,34 COS patients had greater deficits as compared to AOS and AdOS on 
subtests  of  attention  and  concentration,  delayed  recall,  verbal  retention  for  similar  pairs, 
dissimilar pairs, visual retention, recognition and overall memory in an Indian study.30

Visuospatial organization: Marked deficits in visuospatial and visuomotor organization 
were seen in COS patients.12,30,33  COS patients had significantly higher error scores on Bendor 
Visuo-motor Gestalt test (BVMG) and Nahor Benson Test (NBT) compared to AdOS and AOS 
patients.34 It has been suggested that memory deficits and executive functions deficits may reflect 
involvement of dorso-lateral prefrontal cortex and anterior cingulate cortex in etiopathogenesis 
of schizophrenia. Visuospatial deficits indicate fronto-parietal lobar involvement. 
Neurophysiology

Studies  on  electrophysiology  show  general,  albeit  non-specific  evidence  of  central 
nervous system dysfunction.  More pronounced electroencephalogram (EEG) differences were 
noted in COS as compared to other disorders.35 A study noted that autonomic nervous system 
functioning abnormality in COS was similar to AOS.36 

Smooth pursuit eye-tracking dysfunction is a biological marker that may identify genetic 
risk of COS.35  COS patients had increased smooth pursuit impairments,  decreased amount of 
time spent engaged in tracking target, and increased rates of anticipatory saccades compared to 
children with attention deficit/hyperactivity disorder.37 COS and AOS parents had higher rate of 
dichotomously rated eye-tracking dysfunction than their respective controls (16% vs. 1% and 
22% vs. 4%, respectively).  This study concluded that though genetic  factors underlying eye-
tracking dysfunction appeared more salient for COS, eye-tracking measures should be used with 
caution for endophenotypic definition due to their limited predictive power.37 

P50  auditory  evoked  response  and  anticipatory  saccades  have  also  been  studied  as 
physiological  markers  for  genetic  risk  of  COS.  Parents  of  COS  had  greater  elevation  of 
anticipatory saccades and diminished suppression of P50 auditory evoked responses as compared 
to AOS parents. The authors concluded that inheritance of both anticipatory saccades and P50 
auditory evoked responses from both parents may signify increased genetic risk of COS.35 Both 
responses were linked to α7 nicotinic receptor gene locus on chromosome 15q14.38 Other smooth 
pursuit eye movement measures have been linked to chromosome 6p.39 
Neuroimaging 

Structural neuroimaging: Studies have consistently reported that COS is associated with 
smaller  total  cerebral,  superior temporal  gyrus and cerebellar  volumes; decreased midsagittal 
thalamic  area;  and  increased  lateral  ventricular  volume  and  corpus  callosum  size.40,41 Brain 
abnormality  in  COS correlates  with  symptoms  both  at  the  onset  of  schizophrenia  and  with 
disease progression. Decreased hippocampal volume in AdOS was related to decreased ability of 
patients to learn new information.42,43 Brain morphology findings suggest more severe brain 
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abnormalities  which  could  explain  the  earlier  onset  of  symptoms.44  There  was  greater 
enlargement  of cavum septi  pellucidi  in COS than in AOS patients.  Progressive gray matter 
losses  were  noted  when  COS patients  are  followed  up,  by  adolescence  there  was  a  10.9% 
decrease in frontal gray matter, 8.5% in parietal gray matter and 7% in temporal gray matter. 5 

Repeated serial scans have also demonstrated differential decrease in thalamic and temporal lobe 
structures and increase in ventricular volume.44,45 However, a longitudinal study found that the 
progressive brain changes in COS may level off when these children reach adulthood.54 Brain 
volume losses were not correlated with duration of illness, suggesting that these changes plateau 
off after the initial few years of illness. Prefrontal and temporal grey matter losses in COS may 
be  a  familial/trait  marker.46,47  These  data  are  similar  to  MRI  findings  in  AOS suggesting  a 
continuity of COS and later onset schizophrenia.

Functional neuroimaging: PET studies have demonstrated that  COS is associated with 
smaller  than  normal  amounts  of  regional  N-acetylaspartate  (NAA)  in  hippocampus  and 
dorsolateral prefrontal cortex and abnormal glucose metabolism.48,49 SPECT studies on AOS have 
reported  hypofrontality, and altered temporal lobe and basal ganglia perfusion/metabolism.50 A 
SPECT study of COS showed perfusion defects in temporal (43%), frontal (21%), and parietal 
(14.3%) lobes;  and in  right  thalamus  (14.3%) and  caudate  nucleus  (7.4%).51 These  findings 
suggest the possibility  of temporo-fronto-subcortical  dysfunction in the   etiopathogenesis  of 
COS. 
Neurochemistry

A Magnetic Resonance Spectroscopy study demonstrated that COS group as compared 
to  control  group have  decreased  levels  of  N-acetyl  Aspartate  (NAA,  marker  for  diminished 
neuronal  integrity);  increased  levels  of  creatine/phosphocreatine  (Cr,  marker  for  cell  energy 
demand)  in  superior  anterior  cingulated  gyrus  and  choline  compounds  (Cho,  marker  for 
phospholipid membrane disturbances which are associated with neuronal integrity) in superior 
anterior  cingulate,  frontal  cortex  and  caudate  head.50,52 However,  these  changes  were 
quantitatively as well  as qualitatively similar  to those found in AOS suggesting a biological 
continuum between COS and AOS.

Very few studies have investigated neurotransmitter systems in COS because of the rarity 
of the disorder; and probably because of small sample sizes they have produced inconsistent 
results.53 It  has  been  suggested  that  cholinergic  system  may  be  involved  in  syndrome 
pathogenesis.54 However,  treatment  response  studies  suggest  that  clinical  response  is  not 
correlated with changes in concentration of monoamine metabolites or monoamine ratios in the 
cerebrospinal fluid.55 

Studies in AOS show decreased levels of GABA-synthesizing enzyme (glutamic acid 
decarboxylase [GAD67]) mRNA levels in dorsolateral prefrontal cortex (DLPFC) compared to 
controls. In a family-based association analysis of GAD1 gene (encodes for the protein GAD67), 
COS was found to be more familial and perhaps more genetically determined.56  

GENETIC AND ENVIRONMENTAL FACTORS
Genetic factors

COS  patients  have  higher  rate  (up  to  45%)  of  schizophrenia  spectrum  disorders 
(schizoaffective,  schizotypal,  paranoid personality)  in their  first  degree relatives  compared to 
controls.57 Many COS patients whose family members have schizophrenia spectrum disorders 
had prediagnosis language abnormalities that are more striking than in adult patients.  

Several chromosomal abnormalities have been reported in COS, e.g. Turner’s syndrome, 
translocation of chromosomes 1 and 7, and Velocardiofacial syndrome (deletion of 22q11). 
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Velocardiofacial  syndrome was  found in  6.4% of  COS patients  compared  to  2.0% of  AOS 
patients; and COS patients with the syndrome have high neurodevelopmental impairment.58,59 At 
a  molecular  level,  an  association  between  neuregulin  1  (NRG1)  and  schizophrenia  was 
reported.60 Also, COS subjects with risk alleles have greater total gray and white matter volume 
loss  in  childhood  and a  steeper  rate  of  subsequent  volume loss  in  adolescence.60 However, 
studies have not found ApoE4, HLA or trinucleotide repeats to be associated with COS.61

Environmental factors
A Finnish study that showed an increased incidence of COS in children with perinatal 

hypoxia,  concluded that  environment  can critically  influences  genetic  expression.62 However, 
other  studies  have  not  consistently  revealed  significant  differences  between  COS and  AOS 
groups regarding obstetrical complications. Also, no association has been reported between COS 
and age of onset, socioeconomic status and psychological trauma.

CONCLUSIONS 
The current evidence that demonstrates greater but qualitatively similar neurobiological 

abnormalities in COS vis-a-vis AOS, suggests a continuity between COS, AdOS and AOS. A 
fronto-temporo-parietal  dysfunction  seems  central  to  the  pathogenesis  of  COS.  Cytogenetic 
anomalies  suggest  that  COS may have a neurodevelopmental  basis  originating in  a complex 
interplay of genetic and other factors. COS is likely to be a continuous or multi-event process, 
that is best conceptualized as a unitary progressive-deteriorating developmental disorder.

REFERENCES
1. Murray RM, Lewis SW: Is schizophrenia a neurodevelopmental disorder? BMJ 1987; 295:681–682. 
2. Waddington JL, Lane A, Larkin C, O'Callaghan E. The neurodevelopmental  basis of schizophrenia: clinical 

clues  from  cerebro-craniofacial  dysmorphogenesis,  and  the  roots  of  a  lifetime  trajectory  of  disease.  Biol 
Psychiatry 1999; 46:31-9.

3. Weinberger DR, McClure RK. Neurotoxicity, neuroplasticity, and magnetic resonance imaging morphometry: 
what is happening in the schizophrenic brain? Arch Gen Psychiatry. 2002; 59:553-8.

4. Rapoport JL, Giedd JN, Blumenthal J, Hamburger S, Jeffries N, Fernandez T et al. Progressive cortical change 
during adolescence in childhood-onset schizophrenia: a longitudinal magnetic resonance imaging study. Arch 
Gen Psychiatry 1999; 56:649–654. 

5. Jarskog LF,  Gilmore  JH:  Neuroprogressive  theories.  In  Textbook of  schizophrenia.  Volume 1.  1 st edition. 
Edited by Lieberman JA, Scott Stroup T, Perkins DO. Arlington, VA: American Psychiatric Publishing, Inc;  
2006:137-149.

6. Keshavan MS. Development, disease and degeneration in schizophrenia: a unitary pathophysiological model. J  
Psychiatr Res 1999; 33: 513-521. 

7. Remschmidt H, Theisen FM. Schizophrenia and related disorders in children and adolescents. J Neural Transm 
Suppl. 2005; 69:121-41.

8. Asarnow JR: Annotation: childhood-onset schizophrenia. J Child Psychol Psychiatry 1994; 35:1345–1371. 
9. Gordon CT, Frazier JA, McKenna K, Giedd J, Zametkin A, Zahn T et al. Childhood-onset schizophrenia: an 

NIMH study in progress. Schizophr Bull 1994; 20:697–712. 
10. Remschmidt H. Early-onset schizophrenia as a progressive-deteriorating developmental disorder: evidence from 

child psychiatry. 2002 J Neural Transm. 2002; 109:101-117.
11. Nicolson R, Lenane M, Singaracharlu S, Malaspina D, Giedd JN, Hamburger SD et al. Premorbid speech and 

language impairments in childhood-onset schizophrenia: association with risk factors. Am J Psychiatry 2000; 
157:794–800. 

12. Kumra S, Shaw M, Merka P, Nakayama E, Augustin R. Childhood-onset schizophrenia: research update. Can J 
Psychiatry 2001; 46:923-30. 

13. Reichenberg A, Caspi A, Harrington H, Houts R, Keefe RS, Murray RM et al. Static and dynamic cognitive 
deficits in childhood preceding adult schizophrenia: a 30-year study. Am J Psychiatry 2010; 167:160-9.



                   60

14. Lieberman  JA,  Perkins  D,  Belger  A,  Chakos  M,  Jarskog  F,  Boteva  K,  Gilmore  J.  The  early  stages  of  
schizophrenia:  speculations  on  pathogenesis,  pathophysiology,  and  therapeutic  approaches.  Biol  Psychiatry 
2001; 50: 884-97.

15. Huber G, Gross G, Schuttler R, Linz M. Longitudinal studies of schizophrenic patients. Schizophr Bull 1980; 6: 
592-605. 

16. Mala E. Schizophrenia in childhood and adolescence. Neuro Endocrinol Lett. 2008; 29:831-836.
17. Alaghband-Rad J, McKenna K, Gordon CT, Albus KE, Hamburger SD, Rumsey JM et al. Childhood-onset 

schizophrenia: the severity of premorbid course. J Am Acad Child Adolesc Psychiatry 1995; 34:1273–1283
18. Alaghband-Rad  J,  Hamburger  SD,  Giedd  JN,  Frazier  JA,  Rapoport  JL.  Childhood-Onset  Schizophrenia: 

Biological Markers in Relation to Clinical Characteristics. Am J Psychiatry 1997; 154:64–68 
19. Seal JL, Gornick MC, Gogtay N, Shaw P, Greenstein DK, Coffey M et al. Segmental uniparental isodisomy on 

5q32-qter in a patient with childhood-onset schizophrenia. J Med Genet. 2006; 43:887-92.
20. Addington  AM,  Rapoport  JL.  The  genetics  of  childhood-onset  schizophrenia:  when  madness  strikes  the 

prepubescent. Curr Psychiatry Rep. 2009 Apr;11(2):156-61.
21. Keshavan MS, Tandon R, Boutros NN, Nasrallah HA. Schizophrenia, "just the facts": What we know in 2008 

Part 3: neurobiology. Schizophr Res 2008; 106:89-107.
22. Tarrant CJ, Jones PB. Precursors to schizophrenia: do biological markers have specificity? Can J Psychiatry. 

1999: 44:335-49. 
23. Gupta S, Andreasen NC, Arndt S et al. Neurological soft signs in neuroleptic naı¨ve and neuroleptic treated 

schizophrenic patients. Am J Psychiatry 1995;152: 191–196.
24. Venkatasubramanian  G,  Jayakumar  PN,  Gangadhar  BN,  Keshavan  MS.  Neuroanatomical  correlates  of 

neurological soft signs in antipsychotic-naive schizophrenia. Psychiatry Res. 2008 30; 164:215-222.
25. Karp  BI,  Garvey  M,  Jacobsen  LK et  al.  Abnormal  neurologic  maturation  in  adolescents  with  early  onset 

schizophrenia. Am J Psychiatry 2001; 158:118–122.
26. Erlenmeyer-Kimling X, Golden R, Cornblatt B. A taxometric analysis of cognitive and neuromotor variables in 

children at risk for schizophrenia. J Abnorm Psychol 1989; 98:203–208. 
27. Marcus J, Hans SL, Lewow E, Wilkinson L, Burack CM. Neurological findings in high-risk children: childhood 

assessment and 5-year follow-up. Schizophr Bull 1985; 11:85–100. 
28. Biswas P, Malhotra S, Malhotra A, Gupta N. Comparative study of neurological soft signs in schizophrenia  

with onset in childhood, adolescence and adulthood. Acta Psychiatr Scand 2007; 115:295-303. 
29. Bedwell JS, Keller B, Smith AK, Hamburger S, Kumra S, Rapoport JL. Why does postpsychotic IQ decline in 

childhood-onset schizophrenia? Am J Psychiatry 1999; 156:1996-1967.
30. Biswas  P,  Malhotra  S,  Malhotra  A,  Gupta  N.  Comparative  study  of  neuropsychological  correlates  in  

schizophrenia  with  onset  in  childhood,  adolescence  and  adulthood.  Eur  Child  Adolesc  Psychiatry.  2006 
Sep;15(6):360-366. 

31. Jacobsen  LK,  Rapoport  JL.  Research  update:  childhood-onset  schizophrenia:  implications  of  clinical  and 
neurobiological research. J Child Psychol Psychiatry. 1998; 39:101-13.

32. Hollis  C.  Developmental  precursors  of  child-  and  adolescent-onset  schizophrenia  and  affective  psychoses: 
diagnostic specificity and continuity with symptom dimensions. Br J Psychiatry. 2003; 182:37-44. 

33. Kumra S, Wiggs E, Bedwell J, Smith AK, Arling E, Albus K, Hamburger SD, McKenna K, Jacobsen LK,  
Rapoport JL, Asarnow RF. Neuropsychological deficits in pediatric patients with childhood-onset schizophrenia 
and psychotic disorder not otherwise specified. Schizophr Res. 2000; 42:135-44.

34. Asarnow JR. Annotation: childhood-onset schizophrenia. J Child Psychol Psychiatry. 1994; 35:1345-1371.
35. Ross RG, Olincy A, Harris JG, Radant A, Hawkins M, Adler LE, Freedman R. Evidence for bilineal inheritance 

of physiological indicators of risk in childhood-onset schizophrenia. Am J Med Genet. 1999; 88: 188-99.
36. Zahn TP, Jacobsen LK, Gordon CT, McKenna K, Frazier JA, Rapoport JL. Autonomic nervous system markers 

of psychopathology in childhood-onset schizophrenia. Arch Gen Psychiatry. 1997; 54:904-912. 
37. Sporn A, Greenstein D, Gogtay N, Sailer F, Hommer DW, Rawlings R et al. Childhood-onset schizophrenia: 

smooth pursuit eye-tracking dysfunction in family members. Schizophr Res. 2005; 73: 243-252. 
38. Freedman  R,  Coon  H,  Myles-Worsley  M,  Orr-Urtreger  A,  Olincy  A,  Davis  A,  et  al.  Linkage  of  a 

neurophysiological  deficit  in  schizophrenia  to  a  chromosome 15 locus.  Proc  Natl  Acad Sci  U S A.  1997; 
94:587-592. 

39. Olincy  A,  Young DA,  Freedman  R.  Increased  levels  of  the  nicotine  metabolite  cotinine  in  schizophrenic  
smokers compared to other smokers. Biol Psychiatry. 1997; 42:1-5

40.



     61
41. Frazier  JA, Giedd JN, Hamburger  SD, Albus KE, Kaysen D,  Vaituzis AC et  al.  Brain anatomic magnetic  

resonance imaging in childhood-onset schizophrenia. Arch Gen Psychiatry 1996; 53:617–624
42. Jacobsen LK, Giedd JN, Castellanos FX, Vaituzis AC, Hamburger SD, Kumra S,  et al. Progressive reduction of 

temporal lobe structures in childhood-onset schizophrenia. Am J Psychiatry 1998; 155:678-685. 
43. Nicolson R, Giedd JN, Lenane M, Hamburger S, Singaracharlu S, Bedwell J et al. Clinical and neurobiological 

correlates of cytogenetic abnormalities in childhood-onset schizophrenia.  Am J Psychiatry. 1999; 156:1575-
1579. 

44. Taylor JL, Blanton RE, Levitt JG et al. Superior temporal gyrus differences in childhood-onset schizophrenia. 
Schizophr Res 2005; 73: 235-241. 

45. Nopoulos PC, Giedd JN, Andreasen NC, Rapoport JL. Frequency and severity of enlarged cavum septi pellucidi 
in childhood-onset schizophrenia.  American Journal of Psychiatry 1998; 155:1074-1079. 

46. Giedd JN,  Jeffries  NO, Blumenthal  J,  Castellanos FX, Vaituzis  AC, Fernandez  T,  Hamburger  SD, Liu H, 
Nelson J, Bedwell J, Tran L, Lenane M, Nicolson R, Rapoport JL. Childhood-onset schizophrenia: progressive  
brain changes during adolescence. Biol Psychiatry. 1999; 46: 892-8. 

47. Gogtay N, Lu A, Leow AD, Klunder AD, Lee AD, Chavez A, Greenstein D, Giedd JN, Toga AW, Rapoport JL,  
Thompson PM. Three-dimensional brain growth abnormalities in childhood-onset schizophrenia visualized by 
using tensor-based morphometry. Proc Natl Acad Sci U S A. 2008; 105:15979-84. 

48. Gerber AJ, Peterson BS, Gogtay N, Rapoport JL. Childhood-onset schizophrenia: insights from neuroimaging 
studies. J Am Acad Child Adolesc Psychiatry. 2008 47:1120-4. 

49. Bertolino A, Kumra S, Callicott JH, Mattay VS, Lestz RM et al.  Common pattern of cortical  pathology in 
childhood-onset  and  adult-onset  schizophrenia  as  identified  by  proton  magnetic  resonance  spectroscopic 
imaging.  Am J Psychiatry 1998; 155:1376-1383.

50. Jacobsen LK, Hamburger SD, Van Horn JD, Vaituzis AC, McKenna K, Frazier  JA et al.  Cerebral  glucose 
metabolism in childhood onset schizophrenia. Psychiatry Res 1997; 75:131–144

51. Zakzanis KK, Poulin P, Hansen KT, Jolic D. Searching the schizophrenic brain for temporal lobe deficits: a  
systematic review and meta-analysis. Psychol Med. 2000; 30:491-504.

52. Malhotra S, Gupta N, Bhattacharya A, Kapoor M. Study of childhood onset schizophrenia (COS) using SPECT 
and Neuropsychological assessment. Ind J Psychiatry 2006; 48: 215-222. 

53. O'Neill J, Levitt J, Caplan R, Asarnow R, McCracken JT, Toga AW, Alger JR. 1H MRSI evidence of metabolic 
abnormalities in childhood-onset schizophrenia. Neuroimage. 2004; 21: 1781-9.

54. Werry  JS,  McClellan  JM,  Andrews  LK,  Ham  M.  Clinical  features  and  outcome  of  child  and  adolescent 
schizophrenia. Schizophr Bull. 1994; 20:619-30.

55. Adler LE, Freedman R, Ross RG, Olincy A, Waldo MC.  Elementary phenotypes in the neurobiological and 
genetic study of schizophrenia. Biol Psychiatry 1999; 46: 8-18.  

56. Jacobsen LK, Frazier JA, Malhotra AK, Karoum F, McKenna K, Gordon CT, Hamburger SD, Lenane MC, 
Pickar  D,  Potter  WZ,  Rapoport  JL.  Cerebrospinal  fluid  monoamine  metabolites  in  childhood-onset 
schizophrenia. Am J Psychiatry. 1997; 154: 69-74.

57. Addington AM, Gornick M, Duckworth J, Sporn A, Gogtay N, Bobb A, Greenstein D et al. GAD1 (2q31.1), 
which encodes glutamic acid decarboxylase (GAD67), is associated with childhood-onset schizophrenia and 
cortical gray matter volume loss. Mol Psychiatry. 2005; 10: 581-8.

58. Asarnow RF. What are the boundaries of the schizophrenia phenotype? Biol Psychiatry 1999; 45:12S
59. Usiskin SI, Nicolson R, Krasnewich DM, Yan W, Lenane M, Wudarsky M, et al. Velocardiofacial syndrome in 

childhood-onset schizophrenia. J Am Acad Child Adolesc Psychiatry. 1999;38: 1536-1543.
60. Bassett AS, Hodgkinson K, Chow EW, Correia S, Scutt LE, Weksberg R. 22q11 deletion syndrome in adults  

with schizophrenia. Am J Med Genet 1998; 81: 328-337. 
61. Addington  AM,  Gornick  MC,  Shaw  P,  Seal  J,  Gogtay  N,  Greenstein  D  et  al.  Neuregulin  1  (8p12)  and 

childhood-onset  schizophrenia:  susceptibility haplotypes for  diagnosis  and brain developmental  trajectories.  
Mol Psychiatry. 2007; 12:195-205.

62. Fernandez T, Yan WL, Hamburger S, Rapoport JL, Saunders AM, Schapiro M et al. Apolipoprotein E alleles in 
childhood-onset schizophrenia.  American Journal of Medical Genetics 1999; 88:211-213. 

63. Rosso IM, Cannon TD, Huttunen T, Huttunen MO, Lönnqvist J, Gasperoni TL. Obstetric risk factors for early-
onset schizophrenia in a Finnish birth cohort. American Journal of Psychiatry 2000; 157:801-807. 

Parthasarathy Biswas, Consultant Psychiatrist, Child & Adolescent Psychiatric Unit, Antara Psychiatric Hospital, 
Baruipur, Kolkata


