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The time has come to use what we have learned over the past century 
and a half about hemispheric asymmetries to understand the bases of 
brain diseases. Left/right differences have been described for cognitive 
function, regional brain activation, neuronal connectivity, cortical 
thickness, structural volume, and neurotransmitter concentration in 
healthy individuals as well as for those with different forms of mental 
dysfunction. The missing element in research is to use these hemispheric 
differences to develop hypotheses to understand the underlying 
causes of the disorders. It is not enough, for example, to describe in 
schizophrenic patients language deficits which are attributable to the 
left hemisphere. Or suggest that impulsivity—a function controlled 
by the right hemisphere—is a problem for individuals with Attention 
Deficit Disorder or addiction. The question is whether there is anything 
about the neurobiology of the left and right hemispheres that we 
can use to give insight to the causes of these brain diseases. Today’s 
technology to understand the brain at the cellular level can now be 
combined with what we know about cognitive behaviors to develop 
appropriate hypotheses.

The most oft-repeated hemispheric asymmetry associated with a 
mental illness is left hemisphere dysfunction or abnormality in patients 
with schizophrenia. This includes functional reduction for language [1], 
abnormal asymmetry for gray matter volume and functional activity 
in the temporal lobe [2], and interhemispheric connectivity [3]. But 
how can we use these observations to better understand the basis of the 
schizophrenic disorder? Conclusions from a recent review [4] were one 
step in the correct direction by taking symptomatology into account 
together with hemispheric function. Here, it was observed that patients 
with an “active” syndrome were more affected by dysfunction in the left 
hemisphere; those with a withdrawn or negative syndrome were more 
affected by dysfunctions in the right hemisphere. These dysfunctions 
included several neurophysiological and behavioral measures. A similar 
distinction was made between patients presenting with a constellation 
of symptoms of “positive” (hyperactivity, grandiosity, hostility, 
suspiciousness, delusion, hallucinations) or “negative” (blunted affect, 
emotional withdrawal, apathy, stereotypy or difficulty in thinking, 
lack of spontaneity) nature [5]. Patients in the “positive” symptom 
group had greater dysfunctions in the left hemisphere; those in the 
“negative” group had greater dysfunctions in the right hemisphere. The 
conclusions for both these studies are reminiscent of the well-known 
(in the psychological literature) of the left/right hemispheric differences 
for approach/avoidance behavior, respectively. These constructs have a 
research track record of activation asymmetries and neurotransmitter 
asymmetries. The strategy now should be to meld these different fields 
to develop hypotheses leading to understanding and treatment of, in 
this case, schizophrenia.

The approach/avoidance dichotomy also plays a role in patients 
with Attention Deficit Hyperactive Disorder (ADHD). Whether the 
behavior in this disorder is considered to be an aggressive approach or 
a failure of inhibition, a more active left hemisphere or a less active right 
hemisphere would be consistent with this observation. Accordingly, 
two studies demonstrate this. One study showed a more active left 
hemisphere in the resting state [6] while another study showed a failure 
of neuronal development in the right hemisphere [7]. Precisely the 
opposite was found in patients with Obsessive-Compulsive Disorder 
(OCD) where there was greater activation in the right hemisphere [8]. 
In keeping with the approach/avoidance dichotomy, this affirms the 
face validity aspect where OCD patients have a greater tendency for 
avoidance. But another study [9] showed increased thickness of the 
anterior cingulate cortex of the left hemisphere in OCD patients as well 
as their siblings. As with schizophrenia, the next step would be to use 
these observations of asymmetry (and the underlying neurobiology) to 
develop hypotheses focused on the underlying neurobiological causes 
of the disorders. An early study in OCD patients attempted to do this by 
observing that there was greater binding for dopamine transporters in 
the left basal ganglia [10]. Clearly these differential asymmetry reports 
need to be reconciled by a team of researchers representing multiple 
disciplines. The point here is that hemispheric asymmetries seem to be 
real and, with greater focus on them, they can better inform etiologies 
of these disorders.

Important places to look for underlying causes of adverse 
symptomatology are in the systems of neuronal activation, connectivity 
and neurotransmitter circuitry. In a recent survey to determine brain 
activation in behaviors related to drug abuse, I compiled lateral, 
cue-activated brain responses for impulsivity—a risk factor for drug 
abuse—and craving. There were more instances across studies of right 
hemisphere activation for measures of impulsivity and left hemisphere 
activation for cue-induced craving [11]. These differential left/
right activation effects coincide nicely with the avoidance/approach 
dichotomy found for other brain diseases mentioned above. Again, 
these observations should be helpful in understanding the underlying 
etiology of drug abuse. Hemispheric laterality is just as important for 
studying drug abuse as it appears to be for psychiatric disorders.
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Can we learn anything about the underlying neurobiology? 
Perhaps so, by determining what effect the drugs themselves have on 
morphological development and functional activation of regions of the 
brain. To answer this question, I compiled data from research reports 
that described which brain structures were affected when exposed to 
the different drugs of abuse (presented at the Annual Meeting of the 
Society for Neuroscience, San Diego, November, 2016). Two surveys 
were conducted: one in which brain measures (primarily cortical 
thickness or gray matter volume) were made in individuals who had 
been prenatally exposed to drugs of abuse; another in individuals who 
became drug dependent either as adolescents or adults. Among the 
results, cocaine is the most illustrative. For both groups of subjects—
those exposed prenatally or as adolescents/adults—affected structures 
were mentioned more often in either the left or right hemisphere rather 
than bilaterally. Furthermore, the unilateral effects were not equally 
distributed between the left and right hemispheres. For individuals 
who were exposed to cocaine prenatally, more structures were affected 
in the left hemisphere; by contrast, more structures were affected in 
the right hemisphere for individuals who had adolescent- or adult-
onset dependence. The switch in distribution was significant (p < 
.05). By contrast, exposure to alcohol had the opposite effect: more 
structures were affected in the right hemisphere for prenatal exposure 
and equally in both for adult-onset dependence. For nicotine there 
was no significant difference affecting one hemisphere more than the 
other for either prenatal or adolescent/adult exposure. When exposed 
to different exogenous substances, what does this tell us about neuronal 
development? More research could help elucidate these questions.

We have come full circle from the studies of lateralization of 
cognitive function dating from the 1960’s together with psychological 
constructs such as approach/avoidance that map to the left/right 
hemisphere dichotomy, and extending to laterality research with 
advanced imaging techniques. Finally, data are emerging in each of 
several disciplines for healthy as well as abnormally-developed brains 
that can now provide clues to underlying causes of mental disorders. 
For example, hemispheric asymmetries are related to differential 
concentrations and activations of neurotransmitter systems, notably 
dopamine. All that is needed now is to heed conclusions from the 
variety of neurobiological studies of hemispheric asymmetry and 
gather research teams with the variety of expertise in neuropsychology, 
neurophysiology, and neuroimaging to generate hypotheses of what 
the laterality data are telling us about brain disorders including those 
of drug abuse. We can no longer live in our silos and feel comfortable 

to only report our observations. The time is now to put our collective 
knowledge together, generate hypotheses and move up to the next level 
of research to understand the neurobiological bases so that prevention 
and intervention strategies can be developed.
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