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Abstract 

Schizophrenia is a debilitating neurodevelopmental illness which affects around 1% of the population. Dietary requirements for 

choline are high during pregnancy because of its several uses, including membrane biosynthesis, one-carbon metabolism, and 

cholinergic neurotransmission. The perinatal period may be a stage where even small interventions may alter the developmental 

course. By studying the role of choline dependent mechanisms in early brain development, and its relationship to schizophrenia-

associated cognitive deficits, we may develop primary prevention strategies. Dietary choline supplementation during pregnancy for 

preventing the cognitive deficits of schizophrenia requires further exploration. Primary prevention strategies are seldom the goal of 

research. However, Schizophrenia is an illness where it’s imperative to identify novel treatment strategies aimed at normalizing 

early brain development. This review article discusses one such avenue. Here, we review the available literature on the role of 

choline supplementation during pregnancy for the prevention of Schizophrenia. 
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1. Introduction 

Schizophrenia is a debilitating neurodevelopmental illness 

which affects around 1% of the population [2]. The 

pathogenesis begins long before the emergence of psychosis-

as early as during fetal brain development, and is influenced by 

both genetic and environmental factors. 

Cholinergic neurotransmission at nicotinic receptors, is one of 

the pathophysiological mechanisms involved [6, 13]. Choline 

activates these receptors in the fetal brain and facilitates normal 

development of cerebral inhibition, which is found to be 

reduced in Schizophrenia patients. This can be inferred from 

the fact that these adult patients report heightened sensory 

stimulation from subtle environmental cues. For eg. A 

Schizophrenic is unable to block out other people's 

conversations in his background and instead focusses on them 

so much that he has the delusion that he is the subject matter of 

their discussion (Delusion of Reference). 

Both genetically diminished numbers of these receptors as well 

as dietary deficiencies in choline might contribute to 

abnormalities in the development of cerebral inhibition. 

Dietary supplementation in the form of Phosphatidylcholine 

thus emerges as a possible intervention in pregnancy to alter 

the earliest developmental course of this illness.  

Dietary requirements for choline are high during pregnancy 

because of its several uses, including membrane biosynthesis, 

one-carbon metabolism, and cholinergic neurotransmission. 

30% pregnant women were found to have a deficiency. Choline 

is transported actively across the placenta, and sequesters in the 

fetal brain, reaching higher concentration than that in the 

maternal serum. It then activates the nicotinic receptors, chiefly 

in hippocampus. 

Having a parent with schizophrenia increases the risk a child 

will later develop schizophrenia by approximately 10 times, so 

a parental history of schizophrenia is often used as a marker of 

risk. While majority of Schizophrenia patients have the onset 

of hallucinations and delusions between 15 and 35 years of age, 

difficulties in attention, concentration and social interaction 

can be seen from early childhood. Neonatal developmental 

delay in inhibition is associated with attentional deficit even 

during infancy, which has been established as an early 

expression of risk for the disorder. 

Physiological tests of attention are based on the concept that 

selective attention toward one stimulus requires the automatic 

inhibition of attention towards other stimuli. For example, 

when a hippocampal pyramidal cell is tuned to specific 

stimulus characteristics, this also leads to increased activity in 

surrounding inhibitory interneurons. The inhibitory 

interneurons then inhibit activity in neighbouring pyramidal 

cells and also loop back to inhibit the initial pyramidal cell. 

  

Role of Choline in Normal Neurophysiology 
GABA, an inhibitory neurotransmitter of the mature brain, is 

excitatory in early fetal brain development. Expression of the 

membrane chloride transporter KCC2 that switches GABA 

from excitatory to inhibitory is stimulated by activation of 

postsynaptic α7-nicotinic acetylcholine receptors. 

These receptors are expressed at 10-fold higher levels in fetal 

hippocampus than in adult hippocampus, perhaps reflecting 

this critical developmental function, but these receptors are 

diminished in the hippocampal tissue of persons with 

schizophrenia. Innervation of postsynaptic α7-nicotinic 

receptors by cholinergic axons does not occur until the end of 

the third trimester. Instead, they are activated by the millimolar 

concentrations of choline in the amniotic fluid. 

Perinatal choline activates timely development of cerebral 

inhibition, even in the presence of gene mutations that 

otherwise delay it. 
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Additional risk factors and their influence on Choline 

During maternal starvation, the high demand for Choline by 

the fetus is not met. If the mother is a smoker, nicotine reaches 

the fetus and deactivates its alpha-7 nicotinic receptors. 

If the mother has any kind of stress during pregnancy, or an 

infection, the woman preferentially holds choline in her own 

liver, which lowers the levels observed in the serum available 

for the fetus. 

The enzyme phosphatidylethanolamine-N-methyltransferase 

(PEMT) allows for human de novo synthesis of choline. In the 

healthy premenopausal adult female, this de novo synthesis is 

normally sufficient to meet daily needs. But not in the case of 

pregnant women. Polymorphisms in the gene PEMT are 

associated with diminished choline levels. 

  

Testing Method for neuronal inhibition 

One test of inhibition is to examine the decrement in response 

when two stimuli are presented in close succession.P50 

sensory gating method was used. A decrease in the paired 

stimulus paradigm by at least 50% was the pre-determined 

criterion for normal development of cerebral inhibition. The 

ratio of the amplitude of the second P50 wave to the first P50 

wave is the dependent measure. (A ratio of 0 represents 

complete suppression of the second response and is considered 

optimal inhibitory circuit performance; most adults have ratios 

below 0.4).These ratios are higher in Schizophrenia 

  

Main findings from Human studies 

The most notable research in this field was carried out under 

Dr. Robert Freedman in Colorado: In this recent, well-designed 

study, 100 women (93 infants) in their second trimester of 

pregnancy received either placebo or 900 mg 

phosphatidylcholine. There were no side effects for either 

mother or baby. Most of the 46 infants who were exposed to 

choline, as opposed to the 47 infants exposed to placebo, did 

not display an abnormality in their brain responses to specific 

stimuli similar to that seen in most adults with schizophrenia 

(6% displayed this response in the choline group, compared to 

91% for the placebo group). This paper suggests that prenatal 

treatment with choline reduces the chance (by about 75%) the 

child will go on to develop schizophrenia. 

The children in the study are now 4 years old, and are already 

showing fewer early signs of schizophrenia — such as certain 

attention and social problems — than expected. Half of the 

children in the study had an increased risk for schizophrenia 

because their mothers had depression, anxiety or psychosis. 

  

Other Human studies 

 Attention dysfunction in young children (around age six) has 

been accepted as a reliable early marker of schizophrenia. Ross 

and colleagues, however, reviewed infants’ responses to 

specific auditory stimuli and found that even this was 

consistent with a physiological response shared by adults with 

schizophrenia (“P50 sensory gating”) [23]. This demonstrates 

that there is a specific attention dysfunction even in infants who 

are more likely to develop schizophrenia. 

Théberge and colleagues examined brain scans of 19 people 

who had schizophrenia but were not taking antipsychotics (for 

up to 31 months). For both areas of interest in the brain, choline 

levels were increased with relationship to the duration of 

untreated psychosis. This rise in choline levels may reflect 

brain cell loss or damage. While this report is significant, other 

studies conflict with regards to levels of choline in the brains 

of people with schizophrenia. However, this is the first study 

to examine patients who had no current treatment with 

antipsychotics. 

  

Findings from Animal Models 

Genetic studies in rodent models identified CHRNA7, the gene 

that forms the alpha-7 nicotinic acetylcholine receptor 

subunits, as a candidate gene for the deficit in neuronal 

inhibition. 

Single Nucleotide Polymorphisms in this gene's promoter unit 

result in formation of a truncated peptide, causing difficulty in 

assembly of the alpha 7 nicotinic receptors and thus their 

reduced activation. Also, rodent models were created with 

CHRNA 7 mutations such that the nicotinic receptor density 

was reduced by 50%. They were then supplemented with 

choline during pregnancy. The offspring of the mice who were 

supplemented performed better in cognitive and behavioral 

tests. Diminished neurodevelopment was seen in Choline 

deficient piglets as well [31]. 

Rodent models have shown that prenatal or postnatal choline 

supplementation reduces cognitive and behavioral deficits in 

Fetal alcohol spectrum disorders [29] and also ameliorates 

deficits in balance [30]. The mechanism of this can be explained 

by the fact that Choline aids in phospholipid production for 

axonal growth and myelination and acetylcholine 

enhancement. Alcohol is known to cause damage to the brain 

by formation of reactive oxygen species [8, 9]. Choline was also 

found to provide a beneficial effect on social behavior, anxiety, 

and repetitive behaviors in certain mouse models of autism [28]. 

Role of maternal choline supplementation on hippocampal 

cholinergic deficits in mice with Down's syndrome to prevent 

early onset of Alzheimer's was also outlined in some studies [7, 

14]. 

  

Limitations 

First of all, it is necessary to note that certain genes have 

increased expression in fetuses, and these switches to adult 

levels soon after birth. This suggests that the brief window of 

prenatal development may be biologically irreversible. The 

goal of preventive strategies is to affect the pathophysiology of 

an illness early in it's course. However, intervening during this 

prenatal window also means that the unintended effects of the 

preventive treatment will have an impact on the most delicate 

period of development in the human life cycle. Secondly, the 

evidence base supporting prenatal choline supplementation to 

prevent the subsequent schizophrenia development is very 

limited. This is because this field has just begun receiving 

attention. It is also due to the 20-year lag between the 

intervention (prenatal choline supplementation) and the 

outcome of interest (schizophrenia). 

We can think of a retrospective study that examined the serum 

of women from 30 years ago, some of whom had births that 

resulted in an adult offspring with schizophrenia that would 

have been helpful. Unfortunately, such a study has not been 

conducted. 

  

Implications 

Several decades may pass before it could be definitively 

proven whether prenatal choline supplementation affects the 

number of persons who develop schizophrenia eventually [1]. 

Despite this, the short 6-month interval for choline 
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supplementation and the lack of any significant side effects for 

it suggest that intensive dietary intervention might be 

justifiable for pregnant women, to prevent mental illnesses that 

have a huge burden on society much later. In certain 

communities where supplementation isn’t feasible, 

recommendations to increase consumption of choline rich 

products in diet during the last 6 months of pregnancy are 

pertinent. Some of these are meat, soyflour, liver, fish and 

eggs. 

  

Conclusion 

Neurodevelopmental illnesses are the result of a decades-long 

interaction between genetic and environmental factors. The 

perinatal period may be a stage where even small interventions 

may alter the developmental course. By studying the role of 

choline dependent mechanisms in early brain development, 

and its relationship to schizophrenia-associated cognitive 

deficits, we may develop primary prevention strategies. 

Dietary choline supplementation during pregnancy for 

preventing the cognitive deficits of schizophrenia requires 

further exploration. 

 

Key Points 

1. The perinatal period may be a stage where even small 

interventions may alter the developmental course. 

2. By studying the role of choline dependent mechanisms in 

early brain development, and its relationship to 

schizophrenia-associated cognitive deficits, we may 

develop primary prevention strategies. 

3. Dietary choline supplementation during pregnancy for 

preventing the cognitive deficits of schizophrenia requires 

further exploration. 
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