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Now the popular subject of dietary books and television 
programmes, the gut-brain connection in its vast complexityis 
becoming better understood. These critical organs communicate via 
bidirectional vagal nerve stimulation, gut-derived neurotransmitters 
like serotonin,andimmunological messengers controlled bygut 
microbiota [1-3]. This physiological communicationis reflected 
clinically in the high rates of gastrointestinal comorbidities 
observed in patients with neuropsychiatric illnesses like 
schizophrenia and autism [3,4]. The key to this connection 
may lie in the gut microbiome, which consists of over 1013 
microorganisms living symbiotically in our gastrointestinal tract 
[5]. Neuropsychiatric medicationscommonly cause gastrointestinal 
symptoms and studies have shown that antidepressantsalter the 
microbiome [6], whilst antipsychotics can cause weight gain due 
to dysregulatedmicrobiota [7]. In turn, optimisation of the gut 
microbiome could improvesymptoms of neuropsychiatric illness, 
making it an excitingtherapeutic target.

Each individual’s gut microbiome is unique, like a gastro-intestinal 
fingerprint. Microbiome profiles can therefore reveal clues 
pertaining todisease pathology. Genomic studies show that there 
is a significant difference in the microbiota profile of patients with 
depression compared to healthy controls,with reduced diversity 
andlower levels of Faecalibacterium [8]. A typical pattern of 
reduced lactobacillus species is seen in patients with schizophrenia 
[9], and significantly low levels of Prevotella in children with 
autism [10]. Patients with Parkinson’s disease also have a distinct 
microbiome profile [11] and germ-free mice transplanted with 
faecal microbiota of Parkinson’s disease patients develop motor 
deficits, unlike mice “humanized” with the microbiota of healthy 
controls [12]. This study illuminates an underlying causal link 
between an altered microbiome and neurological disease.

So what causes variations in microbiota that predispose their 
host to disease? The microbiome is shaped by its environment, 
as demonstrated by the different microbiotic profiles of people 
living in Malawi compared to the USA, in babies delivered 
vaginally or by C-section, and in adolescents growing up in urban 
versus rural environments [13-14]. This might help to explain 
the well-established but poorly understood effect of urbanicity 
as a risk factor for schizophrenia. The risk of schizophrenia with 

an urban upbringing is estimated to be 2.37 times higher than 
in a rural environment [15]. Greater immune activation after 
social stress testing has also been observed in subjects with an 
urban background [16]. Given the proposed immune origins of 
schizophrenia, based on elevated inflammatory markers in these 
patients [17], the microbiome may indeed explain this effect 
alongside other idiopathic symptoms of schizophrenia. 

The study of germ-free mice, raised without exposure to 
microorganisms, provides particularly strong evidence for the 
role of the microbiota in neuropsychiatric disorders. For example, 
germ-free mice display decreased depressive-like behavior and 
better memory performance relative to controls [18]. Furthermore, 
beta amyloid plaques, the hallmark pathology of Alzheimer’s 
disease, do not develop in germ-free mice, suggestingthe absence 
of a functioning microbiome may be protective against dementia 
[19]. Reduced sociability is observed in germ-free mice, which 
indicates that the gut microbiome is necessary for normal social 
behavior [20]. Interestingly, children with autism, whose social 
development is impaired, have a typically altered microbiome 
profile compared to healthy controls [21].

If microbiotadysbiosiscontributes toneuropsychiatric disease, 
restoration of the microbiome could theoretically alleviate 
symptoms. There is abundant evidence for the use of 
probiotics(supplements of beneficial bacteria) in neuropsychiatric 
illness. Probiotics reduce rates of rehospitalisation in bipolar 
disorder [22] and several clinical trials found them to have a 
positive impact on mood and cognition in depressed patients 
[23]. Faecal microbiotal transfer therapy is a novel technique for 
treating clostridium difficile diarrhoea, but has since been trialled 
for other conditions. For example, faecal transplant improvesboth 
behavioural and gastrointestinal symptoms in children with autism 
with positive effects persisting for at least 2 months [24]. Perhaps 
the most sustainable way of positively influencing the microbiome 
is by improvingour diet, as positedin the SMILES trial, which 
resulted in remission of depression in 32% of patients [25]. 
These studieshighlight the need for further classification of the 
microbiome,andencourage a fresh perspective of the human body 
as a holistic system dependent onhealthy interactions between all 
of its constituent parts.
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