
be useful to set the stage for a more holistic program of re-
search on healthy pregnancy and prevention of psychosis. We
have highlighted three central questions that could be ame-
nable to research and might be significant for public health in-
terventions. We should bear in mind, however, that the results
of such research may offer guidance, but may not provide un-
equivocal answers.

Finally, we note that, with few exceptions3, studies of pre-
natal factors and psychotic disorders have been done in high-
income countries. This makes it difficult to generalize any ho-
listic framework to lower-resource settings, where maternal
exposures and conditions affecting pregnancy are different,
and access to prenatal care is more limited. Interventions may
need to be integrated into broadly conceived programs, such
as the Maternal Health Thematic Fund10; and we may need to
consider, for example, whether reducing maternal mortality
and obstetric fistulas could result in less childhood trauma
and thereby benefit offspring neurodevelopment. A global ap-
proach to healthy pregnancy and psychosis will depend upon
the expansion of research to diverse low- and middle-income
country settings.

Ezra Susser1,2, Katherine Keyes1, Franco Mascayano1
1Department of Epidemiology, Mailman School of Public Health, Columbia University,
New York, NY, USA; 2Division of Social Psychiatry, New York State Psychiatric Institute,
New York, NY, USA

1. Susser E, Terry MB, Matte T. Paediatr Perinat Epidemiol 2000;14:98-100.
2. Abel KM,Wicks S, Susser ES et al. Arch Gen Psychiatry 2010;67:923-30.
3. Susser E, St Clair D. Soc Sci Med 2013;97:325.
4. Susser E, Keyes KM. JAMA Psychiatry 2017;74:349-50.
5. Magnus P, Birke C, Vejrup K et al. Int J Epidemiol 2016;45:382-8.
6. Roffman JL, Eryilmaz H, Huntington FC et al. Effects of prenatal exposure

to population-wide folic acid fortification on cortical thickness in youth.
Presented at the Annual Meeting of the Society for Biological Psychiatry.
Atlanta, 2016.

7. Michels KB, Xue F. Int J Cancer 2006;119:2007-25.
8. Aviv A, Susser E. Int J Epidemiol 2013;42:457-62.
9. Clark LA, Cuthbert B, Lewis-Fernández R et al. Psychol Sci Public Interest

2017;18:72-145.
10. TheMaternal Health Thematic Fund. Towards equality in access, quality of

care and accountability. NewYork: UnitedNations Population Fund, 2017.

DOI:10.1002/wps.20554

Serotonin, psychedelics and psychiatry

Serotonin is a key neuromodulator known to be involved in
brain development, perception, cognition, and mood. How-
ever, unlike as with dopamine for example, a compelling uni-
fied theory of brain serotonin function has not yet been estab-
lished. This is likely due to the exceptional complexity of the
serotonin system,with its 14+ receptors, over twice the number
identified for any of the othermajor neuromodulator systems1.

Serotonin has been implicated in several major psychiatric
disorders, and most obviously in depression. Chronic medica-
tion with selective serotonin reuptake inhibitors (SSRIs) re-
mains the dominant treatment for unipolar depression, and
SSRI prescription rates have been increasing year-on-year at
record levels. Such widespread SSRI use has not noticeably
impacted on depression prevalence, however, and questions
continue to be asked about the safety, efficacy and general
philosophy of chronic pharmacotherapy.

Historically, psychiatry has been a divided house, with the
psychodynamic model dominating the first half of the 20th
century, and the biomedical model ever since. It is natural for
early perspectives within nascent disciplines to overshoot in
confidence before maturing and moderating over time. Such
has been the case with psychodynamic psychology for ex-
ample, and there are reasons to suspect that something similar
may be happening in relation to the pharmacological model.

This subtle shift in perspective is especially evident in con-
temporary serotonin and depression research. Until recently,

it was not unusual to hear patients, doctors and even psychia-
trists speak with presumed authority about how deficient sero-
tonin functioning is causal of depression, offering solace in the
view that “serotonin is to blame”. As with genetic determin-
ism, one should be mindful of the emotional function of such
explanations – especially in psychiatry, the most personal of
medical disciplines.

So what is the relationship between serotonin and depres-
sion? A fair (but unsatisfactory) answer to this question is that
“it is complex”. Not wishing to sit on the fence, however, a
more constructive statement is that there is increasing evi-
dence that serotonergic processes play a critical role inmediat-
ing an individual’s sensitivity to context2. For example, within
the last decade, seminal work has been done to demonstrate
how genetic variation within3 and pharmacological manipula-
tions of4 the serotonergic system interact significantly with en-
vironmental factors to determine outcomes in mental health.
The natural implication is that the pure pharmacological mod-
el can explain only part of themental health picture.

What, then, is the alternative? By implication, we should be
looking for a hybrid model, a middle-way, that combines the
precision, potency and cost-effectiveness of biomedicine with
the depth of insight and roundedness of psychology. There is
already evidence that SSRIs, in combination with evidence-
basedpsychotherapies, offer (marginally) superior efficacyover
either treatment alone5 –but should our search stophere?
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In 1975, the Czech psychiatrist S. Grof compared the poten-
tial impact of psychedelic drugs on psychiatry to that of the
microscope on biology and, while this analogy may strike
some as laughable, let us reflect for a moment that human re-
search with psychedelics has been effectively moribund since
the restrictive drug policy reforms of the 1960s-70s, and has
only recently been revived6.

Classic serotonergic psychedelics – such as LSD, psilocybin
and dimethyltryptamine – all possess agonist properties at the
5-HT2A receptor subtype, and 5-HT2A receptor agonism is
known to be the pharmacological trigger of the “psychedelic
experience”1. Crucially, there is also a wealth of evidence to
implicate 5-HT2A receptor signaling in processes of plasticity,
such as neurogenesis, neurodevelopment, learning, extinction
learning, cognitiveflexibility andenhancedenvironmental sen-
sitivity1.

Added to this, the subjective quality of a psychedelic experi-
ence is highly susceptible to contextual influence, for example
from the environment in which it occurs as well as from the ex-
pectations of the “tripper” and those around him or her2.
Moreover, the quality of an acute psychedelic experience ap-
pears to be a highly reliable predictor of subsequent long-term
mental health outcomes7. Another predictor of long-term psy-
chological outcomes is the degree of increase in the complex-
ity or “entropy” of brain activity recorded during the psyche-
delic experience, and this brain effect is hypothesized to be
relatively unique to psychedelics, and key to an understanding
of their exceptional phenomenology and therapeutic poten-
tial8.

Within the last 12 years, a growing body of evidence, albeit
from mostly small scale pilot studies, has suggested that psy-
chedelics, combined with contextual manipulation (such as
music listening and psychological support), can offer a safe
and effective treatment for a range of different psychiatric dis-
orders6. Where successful, the treatment effect appears to be
rapid and enduring. Moreover, promising outcomes have not
just been seen in depression, but in addiction and other dis-
orders as well6. That just one or two treatment sessions can
yield therapeutic effects lasting for several months is unprece-
dented in modern psychiatry. Of course, incredible claims re-
quire credible evidence but, with large randomized controlled

trials beginning with psilocybin for depression9, the required
roads are being laid.

A simple and plausible model of therapeutic mechanisms
of psychedelic treatments would greatly complement this on-
going clinical work. The thesis is put forward here that sero-
tonin differentially encodes behavioral and physiological re-
sponses to uncertainty. More specifically, it is proposed that
the limbic-rich inhibitory postsynaptic 5-HT1A receptor sub-
type provides basal control during normal conditions, via
moderating emotion and anxiety, and promoting a general-
ized patience. On the other hand, the cortically-rich 5-HT2A
receptor subtype is hypothesized to engage more during con-
ditions of crisis, when the above-mentioned default mecha-
nism becomes suboptimal, e.g. when an individual’s internal
and/or external milieu becomes so changeable and/or incon-
sistent with his/her prior beliefs and behaviors that significant
revisions becomemandated1.

Viewed through a Bayesian lens, it is proposed that the
principal functional effect of 5-HT2A receptor stimulation is to
relax prior assumptions or beliefs, held at multiple levels of the
brain’s functional hierarchy: perceptually, emotionally, cogni-
tively and philosophically (e.g., in terms of biases). In so doing,
it opens a door to heightened sensitivity to context2, an ideal
pre-condition for effective change.
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Insomnia and inflammation: a two hit model of depression risk and
prevention

Depression is projected to increase by 2030 to a position of
the greatest contributor to illness burden, due to its nearly 20%
prevalence and its over 75% rate of recurrence. Moreover,
even when pharmacological treatments are delivered, only

about 30% of depressed adults achieve remission. The Nation-
al Academy of Medicine has called for efforts to develop,
evaluate and implement prevention strategies focused on de-
pression1. However, to define those to be targeted for depres-
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