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Lateralisation of brain structure, neurochemicals,
emotionality, and function appears even in animals
(e.g., Vallortigara et al., 1999). Right dopaminergic
lateralisation in the rat’s frontal cortex is associated
with lower anxiety, and its lack to greater anxiety
(Thiel and Schwarting, 2001). Gestational stress
results in long-term changes of dopaminergic
lateralisation, and in reduced hemispheric
asymmetry (Fride and Weinstock, 1988). Emotional
experiences differentially modify left and right brain
neurochemistry, and the lateralisation of motor
behaviour (Alonso et al., 1997).

Human neurodevelopmental disorders may stem
from underdevelopment of normal hemispheric
activity, or exaggeration of normal functional
allocation.  Anomalous lateralisation  may,
secondarily, impact on symptom expression. The
genetic nature of neurodevelopmental disorders
suggests a possible adaptive value. Thus, creativity
associates with depression/mania, meticulous
attention to detail with autism, and high energy and
risk taking with attention deficit hyperactivity
disorder (ADHD) (see Bradshaw, 2001). We review
anomalous brain lateralisation in schizophrenia,
ADHD, Tourette’s syndrome (TS), depression,
autism and obsessive compulsive disorder (OCD).

DEPRESSION

Left prefrontal lesions associate with depression,
right hemisphere (RH) lesions with mania (Rogers
et al., 1998). Neuroimaging studies indicating left
hemisphere (LH) underactivity (Goodwin, 1997)
concur with the emotionality literature: positive
emotions involve greater left frontal activity and
negative emotions greater right frontal activity
(Davidson et al., 1990). Relative left frontal
underactivity is thus consistent with lowered mood.
Studies show decreased right posterior cortex
activity in depression (Deldin et al., 2000).

Impaired verbal fluency (Landro et al., 2001),
probably reflecting left prefrontal functioning,
resolves with antidepressants (Trichard et al.,
1995). Patients show reduced leftward biases in
judgements of happiness (Kucharska-Pietura and
David, 2003), and an abnormally large LH
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advantage for dichotic fused words (Pine et al.,
2000). Increased right ear advantage on the
dichotic fused word task also predicts good
response to fluoxetine (Bruder et al., 1996).

SCHIZOPHRENIA

Greater activation occurs in the left globus
pallidus (Early, 1993), with increased left amygdala
dopamine (Reynolds, 1983). Patients show left
ventricular enlargement (De Lisi et al., 1992) and
corresponding decreases within the left temporal
lobe, amygdala, hippocampus/parahippocampal
region (Cowell et al.,, 1999; Petty, 1999).
Reductions of left planum temporale and left
superior temporal gyrus correlate with severity of
hallucinations and thought disorder (Barta et al.,
1990; Shenton et al., 1992).

Reduced right ear advantage in dichotic
listening (Bruder et al., 1995), greater omission of
right visual field (RVF) targets (Tomer and Flor-
Henry, 1989), difficulties shifting attention to the
RVF (Bustillo et al., 1997), and slow rightwards
movement preparation (Downing et al., 1998), all
suggest abnormal LH functioning.

TOURETTE’S SYNDROME

Various left basal ganglia (BG) regions are
smaller in patients, with loss of normal left greater
than right asymmetry (Petersen et al., 1993).
Reduced right caudate volume, left Ilateral
ventricular volume and loss of normal lateral
ventricular asymmetry occurs (Hyde et al., 1995).
Reduced blood flow occurs in left sided BG
structures (Moriaty et al., 1995).

Adult patients show reduced leftward biases in
line bisection and turning tests (Yazgan et al.,
1995). Pediatric patients bisect lines to the right of
centre, like RH damaged left neglect patients
(Sheppard et al., 2002). While normal children
show no performance asymmetry in movement
latency, TS children show slower movement
preparation for unexpected right targets (Bradshaw
and Sheppard, 2000).
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ATTENTION DEFICIT HYPERACTIVITY
DISORDER

ADHD reflects right sided frontal striatal
dysfunction (Heilman et al., 1991), with smaller
right prefrontal cortices (Hill et al., 2003) and RH
hypoarousal (Zametkin et al., 1990). Patients detect
fewer left targets in letter cancellation (Voeller and
Heilman, 1988), and bisect horizontal lines to the
right of centre; methylphenidate normalises
performance (Sheppard et al., 1999a). Increased
cost of invalid cues for LVF targets also occurs in
patients in visual orienting of attention tasks
(Carter et al., 1995).

AUTISM

Right sided abnormalities are noted in the BG,
frontal cortex (Buchsbaum et al., 1992) and right
anterior cingulate (Haznedar et al., 1997). Muller et
al. (1999, 1998) found reduced left prefrontal, left
thalamus, and right dentate nucleus activation in
patients during language tasks, and reversed
language dominance. Siegel et al. (1992) found
higher metabolic rate in left inferior frontal cortex
and lower metabolic rate in left posterior putamen
in sustained attention tasks. Blood flow is lower in
the left temporal and parietal lobes, and higher in
left frontal and occipital lobes (Hashimoto et al.,
2000).

It has been suggested that pragmatic language
deficits and dysprosodies reflect RH dysfunction,
while LH aspects of language (syntax and
phonology) are not affected in autism (Ozonoff and
Miller, 1996). Movement disturbances occur,
particularly on the right side (Teitelbaum et al.,
1998), and RVF deficiencies occur in serial choice
reaction time and visual orienting of attention tasks
(Rinehart et al., 2002).

OBSESSIVE COMPULSIVE DISORDER

Lacerda et al. (2003a) found higher cerebral
blood flow in right superior and inferior
frontal cortices of medication free individuals.
Greater symptom severity correlated with higher
blood flow in the right BG, while greater illness
duration correlated with greater blood flow in the
right thalamus. Increased right caudate nucleus
volume also occurs (Scarone et al., 1992),
and treatment response associates with reduced
right caudate activity (Baxter et al.,, 1992).
Obsessional state increases blood flow in the right
caudate nucleus (Rauch et al., 1994). Perseverative
errors associate with greater OCD severity
and increased right thalamus activity (Lacerda et
al., 2003b). Reduced inhibition of return for left
targets suggests RH dysfunction (Rankins et al.,
2004).

CONCLUSION

Neuroimaging and neuropsychological evidence
suggests anomalous lateralisation in
neurodevelopmental disorders. LH abnormalities
occur in depression, schizophrenia and TS, and RH
abnormalities in ADHD, autism and OCD.
Differential involvement of the lateralised
neurotransmitter systems (Bradshaw, 2001),
characterise these disorders. Neurotransmitter
distribution is asymmetrical: the LH is dominated
by cholinergic and dopaminergic systems, and the
RH by serotonergic and noradrenergic systems
(Cicchetti and Toth, 1995). This lateralisation of
the psychogenic amines reflects an evolutionary
ancient, lateralised, arousal system. While TS may
be associated primarily with dopaminergic
dysfunction, OCD is probably associated with
serotonergic dysfunction, and ADHD with
noradrenergic and dopaminergic dysfunction
(Sheppard et al., 1999b).

The fact that frontostriatal neurodegenerative
disorders (Parkinson’s and Huntington’s disease)
show largely normal lateralisation (Bradshaw,
2001), suggests that anomalous lateralisation in the
frontostriatal neurodevelopmental disorders may
reflect developmental compromise, at different
stages and different regions, of the unfolding,
maturing neurotransmitter system (Sowell et al.,
2004). The different neurodevelopmental disorders
may reflect differential compromise in time and
place.
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