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Introduction
Psychosis arises from difficulties establishing 
what is real and what is not, and is characterized 
by disordered thinking and speech, hallucina-
tions and delusions, so-called positive psychotic 
symptoms or experiences. A psychotic disorder 
constitutes more persistent and pervasive psy-
chotic symptoms, typically alongside a number 
of other deficits. One of the most severe psy-
chotic disorders is schizophrenia. It has long 
been acknowledged that there is a strong rela-
tionship between cigarette smoking and psy-
chotic disorders. More recently, smoking has 
also been found to be associated with psychotic 
experiences in the general population.1–3 Rates of 
cigarette smoking in individuals with psychotic 
disorders are 2–3 times greater than those with-
out.4 Moreover, tobacco smokers with psychotic 
disorders display patterns of heavy smoking,5 
severe nicotine dependence4 and are less likely to 
quit than nonsmokers.6 There is an increased risk 
of tobacco-related morbidity and excess mortal-
ity in this population,7 constituting a major con-
tributor to health inequalities.

The reasons underlying the smoking–psychosis 
association are unclear. A number of explanations 

have been proposed, which are not necessarily 
mutually exclusive:

1. Reverse causation: high rates and intensity of 
smoking in individuals with psychotic disor-
ders are secondary to the illness itself, whether 
through self-medication to alleviate symp-
toms or antipsychotic-induced side effects, 
to improve attention and working memory, 
or through a process of institutionalization.

2. Shared liability: psychotic disorders and cig-
arette smoking share some liability, likely 
genetic, and the high prevalence of tobacco 
smoking in this population is a manifesta-
tion of this common liability.

3. Confounding: tobacco smoking is associated 
with established risk factors for psychotic 
disorders, be they social (e.g. adversity) or 
biological (e.g. other drug use), which may 
be causally related to psychosis.

4. Smoking itself is causally related to psychosis: it 
is clear that smoking is neither a necessary 
nor a sufficient factor for the development 
of schizophrenia and related disorders. It 
can be inferred from temporality and dose-
dependence effects, however, that smoking 
could be a primary causative factor for 
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some cases of psychosis, or interact with 
other risk or precipitating factors.

In this paper we review the evidence for these 
hypotheses, using findings from the latest epide-
miological, neuroimaging, genetic and preclinical 
work.

Effects of nicotine on the brain
The main components of tobacco smoke are nic-
otine, which is an alkaloid found in tobacco 
leaves and the neurologically active agent respon-
sible for the addictive properties of cigarettes, 
and tars, the term given to the resinous, partially 
combusted particulate matter which includes 
polycyclic aromatic hydrocarbons, produced by 
the burning of tobacco. Inhalation of cigarette 
smoke distils nicotine from tobacco in the ciga-
rette. Nicotine attaches to tar droplets and is 
absorbed by tissues in the mouth, nose and pul-
monary alveoli, where it enters the pulmonary 
venous circulation.8 Nicotine rapidly crosses the 
blood–brain barrier, reaching the brain 10–20 s 
after inhalation.9

The nicotinic cholinergic receptor and 
neurotransmitter release
Nicotine binds to nicotinic acetylcholine recep-
tors (nAChRs). These are presynaptic receptors 
located throughout the brain, with the highest 
density in the thalamus, basal ganglia and cau-
date nucleus, followed by the frontal, parietal, 
temporal and occipital cortex, hippocampus and 
cerebellum.10 Neuronal nAChRs exist as multi-
ple subtypes of pentameric structures with 
unique combinations of at least 17 (α1–α10, 
β1–β4, γ, δ, ε) genetically distinct subunits; 
these have different distributions, functional 
properties and pharmacological profiles.11 
Nicotine demonstrates the highest affinity for 
nAChRs that contain α4 and β2 subunits; these 
are the most abundant nAChRs in the brain.12 
Nicotine binding opens an intrinsic ion channel 
in the receptor and allows the flow of cations 
(Na+, Ca2+, and K+) through the cell mem-
brane, activating voltage-gated calcium channels 
and leading to neurotransmitter release.8 
Nicotine is known to alter the release of virtually 
all major neurotransmitters, including dopa-
mine, acetylcholine, endogenous opioid pep-
tides, γ-aminobutyric acid (GABA), glutamate, 
noradrenaline and serotonin.13

Addictive and cognitive effects
Nicotine stimulates dopamine release in broad 
target areas throughout the brain. The addictive 
properties of nicotine appear to be primarily asso-
ciated with mesolimbic dopaminergic pathways; 
activation of nAChRs in the ventral tegmental 
area (VTA) results in the release of dopamine in 
the shell of the nucleus accumbens, which is 
important in the perception of pleasure and 
reward.14 Nicotine also increases glutamate and 
GABA transmission in the VTA.15 While nico-
tine-induced GABAergic transmission quickly 
desensitizes, the glutamatergic response does so 
to a lesser degree; there is therefore an overall 
shift where inhibitory GABAergic transmission is 
decreased and excitatory glutamatergic transmis-
sion is increased. This likely contributes to pro-
longed increases in dopamine release and the 
pattern of behavioural reinforcement seen in nic-
otine addiction. Interestingly, this mechanism has 
also been implicated in psychosis, with N-methyl-
D-aspartate (NMDA) receptor hypofunction on 
GABAergic interneurons resulting in reduced 
inhibition of pyramidal glutamate, with excess 
glutamate release leading to activation of dopa-
minergic neurons.16 The pro-cognitive properties 
of nicotine appear to be linked through the nico-
tine-induced release of dopamine in mesocortical 
pathways connecting the VTA with cortical 
regions, including the prefrontal cortex (PFC).14

Sensitivity to nicotine in the adolescent brain
Neural development is far from complete at birth, 
and continues into adolescence and early adult-
hood.17 This is a period of critical vulnerability for 
the initiation of tobacco smoking, with uptake 
during adolescence associated with severe nico-
tine dependence.18 There is variation in the rela-
tionship between nicotine exposure and neural 
structural characteristics across developmental 
epochs, and evidence suggests that nicotine may 
affect the trajectory of brain development, for 
example by modulating prefrontal cortical func-
tion.19 In animal models, frontostriatal circuitry is 
particularly vulnerable to nicotine exposure in 
adolescence,20 with ensuing cognitive deficits 
seen in later adulthood.21,22 Nicotine appears to 
have a role in influencing neuronal growth,23 and 
Nordman and colleagues show that stimulation of 
nicotinic receptors with nAChR agonists (such as 
nicotine) results in a decrease in axonal surface 
area.24 Moreover, chronic exposure to nicotine is 
associated with upregulation of nAChRs,25 and 
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preclinical data suggest that the adolescent brain 
is more vulnerable to nicotine-induced increases 
in nAChR expression than the adult brain.26

Of note, it has been suggested that psychotic dis-
orders such as schizophrenia are neurodevelop-
mental in origin, with the emergence of prodromal 
symptoms typically occurring in adolescence and 
early adulthood. This has led to speculation that 
neurodevelopmental processes that take place 
during this period may be important in the expres-
sion of latent vulnerability for psychosis,27 and 
may be susceptible to the influence of psychoac-
tive substances such as nicotine.

In a recent study, Jobson and colleagues used a 
rodent model of adolescent neurodevelopment to 
show that exposure to nicotine during a critical 
period of adolescent neurodevelopment led to 
long-term behavioural, neuronal and molecular 
phenotypes consistent with mood and anxiety-
related disorders, including an alteration in neu-
ronal activity states in both dopaminergic neuronal 
populations in the mesolimbic VTA, and increased 
spontaneous neural activity in the PFC.28 This 
suggests a convergence of nicotine-induced neu-
roadaptation in the mesocorticolimbic system, 
leading to neuropsychiatric phenotypes which 
persist into adulthood, and has implications for 
the development of pharmacological interventions 
to prevent or reverse the long-term effects of nico-
tine exposure, as well as in identifying those who 
may be at increased risk from nicotine exposure 
during select periods of neurodevelopment.

The smoking–psychosis association: 
candidate hypotheses

Reverse causation
Until recently it was widely assumed that the 
smoking–psychosis association could be explained 
by reverse causation and that cigarette smoking 
was a consequence of the psychotic disorder itself. 
This could arise through: (1) a process of institu-
tionalization, whereby smoking habits are cultur-
ally transmitted via mental health settings; (2) 
due to psychotic individuals who smoke being 
less likely to give up due to more limited access to 
smoking cessation treatment and misguided atti-
tudes regarding the supposed psychological ben-
efits of smoking held by patients or mental health 
staff,29 (3) through boredom, apathy or reduced 
motivation as part of a deficit syndrome; or (4) as 
a deliberate attempt to alleviate the symptoms of 

the disorder or the adverse effects of antipsychotic 
drugs (often referred to as self-medication).

The self-medication hypothesis assumes that 
individuals with psychotic disorders smoke to 
allay clinical symptoms or treatment side effects.30 
Indeed, smokers with schizophrenia more com-
monly attribute their motivation to the calming, 
mood enhancing, and pro-cognitive effects of 
smoking than smoking controls.31 Nicotine has 
been shown to reduce sedating and other side 
effects of antipsychotic medication,32 as well as 
diminish negative psychotic symptoms33 and 
lessen distress. Use of nicotine prior to psychosis 
onset could be attributed to self-medication for 
anxiety in the prodromal phase of the illness.

Cigarette smoking in individuals with psychosis  
may be related to the type of antipsychotic. First 
generation antipsychotics (FGAs) such as halop-
eridol are associated with an increased risk of 
smoking.34 This may be explained by nicotine-
induced increases in dopaminergic activity, 
which compensate for the preferential D2 block-
ade produced by FGAs. Smoking has been associ-
ated with lower levels of antipsychotic-induced 
akathisia,35 possibly suggesting an increased pro-
pensity for smoking in individuals exhibiting 
akathisia, though this is not a universal finding.36 
Interestingly, studies have reported that clozapine 
might reduce smoking in patients with schizo-
phrenia.37–39 Clozapine binds more strongly to D4 
dopamine receptors than to D2 receptors and is 
associated with a lower incidence of extrapyrami-
dal side effects; akathisia is also a rare side effect.40 
Constituents of tobacco smoke can increase the 
metabolism of some antipsychotic drugs through 
induction of cytochrome P450 enzymes,41 thereby 
accelerating their metabolism.

Nicotine has been shown to improve cognitive 
deficits in individuals with psychosis, including 
working memory and attention,42–45 and in this 
context nAChRs have emerged as targets for the 
treatment of cognitive and negative symptoms.46,47 
It is postulated that nicotine compensates a hypo-
dopaminergic state in prefrontal brain regions, 
thought to underlie the negative symptoms and 
cognitive deficits seen in schizophrenia.48 Indeed, 
a recent study by Koukouli and colleagues showed 
that chronic nicotine administration reversed 
hypofrontality in mouse models of schizophre-
nia.49 There is a reduction in the density of α750 
and α4β2 nicotinic receptors51 in postmortem 
brain tissue of patients with schizophrenia, and 
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the degree of upregulation of α4β2 receptors in 
schizophrenia (for a given level of smoking) also 
appears to be impaired,52 further strengthening a 
compensatory role for tobacco smoking in schizo-
phrenia. Moreover, smoking may be implicated in 
improving a number of neurophysiological abnor-
malities associated with psychotic disorders, includ-
ing sensory gating deficits,53,54 pre-pulse inhibition,55 
and abnormal smooth pursuit eye movement.56

The fundamental principle of the self-medica-
tion hypothesis is that psychotic individuals seek 
out nicotine to alleviate the symptoms associ-
ated with the illness or side effects of treatments, 
that is smoking is initiated upon development of 
the illness, or initiation of antipsychotic medica-
tion. Evidence for this, however, is scarce.57 
Furthermore, symptoms of psychosis do not 
appear to be exacerbated by smoking cessation.58 
Not all studies have found an improvement in 
cognition with nicotine use in individuals with 
psychotic disorders,59–61 and many of those that 
did failed to match groups on smoking severity, 
thus the greater nicotine effects in individuals 
with psychosis may reflect more pronounced 
withdrawal-induced deficits, as a result of heavier 
smoking.61 A review conducted by Prochaska and 
colleagues exposed that the tobacco industry 
monitored or directly funded research promoting 
the idea that individuals with schizophrenia need 
tobacco to self-medicate, and that they are less 
susceptible to the harms of tobacco smoking.62 
Such revelations have stimulated further empiri-
cal research and novel and alternative hypotheses 
to the notion of self-medication.63,64

Shared genetic liability
Shared genetic liability to both smoking and psy-
chosis has been suggested based on findings from 
discordant twin and sibling studies of schizophre-
nia.65,66 A Swedish study by Kendler and col-
leagues found, in a co-relative analysis, that heavy 
smokers in discordant monozygotic twin pairs 
were approximately 1.7-times more likely to 
develop psychosis compared with the nonsmok-
ing twin, however, there was only a modest 
decrease in the hazard ratio when comparing full 
siblings to half-siblings, cousins or the general 
population,67 suggesting that genetic factors can-
not fully explain the relationship between smok-
ing and risk of psychosis.

Large scale genome-wide association studies 
(GWASs) have identified risk genes for many 

complex human diseases and traits, including 
schizophrenia68 and smoking behaviour pheno-
types,69 which provide an opportunity to examine 
the genetic relationship between correlated traits, 
as well as identify shared risk genes. The 
Schizophrenia Working Group of the Psychiatric 
Genomics Consortium identified 108 genome-
wide significant loci associated with an increased 
risk of schizophrenia, and one of these is located 
in a cluster of genes, CHRNA5-A3-B5 which 
code for the α5-α3-β4 nicotinic receptor subunit, 
the strongest genetic contributor to nicotine 
dependence.69–71 There are three further genetic 
studies that have also cast nicotine dependence as 
a phenotype that shares genetic liability with 
schizophrenia.72–74 For example, Reginsson and 
colleagues use polygenic risk scores for schizo-
phrenia to predict smoking and nicotine depend-
ence in an Icelandic sample, suggesting shared 
genetic aetiology, and show that as smoking rates 
decline, genetic risk appears to gain importance 
as a determinant of smoking behaviour.74 A 
shared genetic architecture could suggest biologi-
cal pleiotropy, in which a single locus affects mul-
tiple traits; however, alternate explanations are 
possible, involving mediated pleiotropy wherein 
one phenotype is itself causally influenced by the 
second phenotype, consistent with causal or 
reverse-causal effects.75

Causality can be studied in observational epide-
miological studies using Mendelian randomiza-
tion (MR), whereby randomly assorted genetic 
variants that are associated with an environmental 
exposure are used as proxy measures for the expo-
sure itself. Subject to certain assumptions, MR 
has the potential to overcome many of the biases 
that impact the validity of traditional approaches 
such as confounding and reverse causation.76 A 
MR study by Wium-Andersen and colleagues 
found that a single nucleotide polymorphism 
(SNP) in the CHRNA3 gene associated with 
smoking intensity and the likelihood of receiving 
a prescription for antipsychotic medication (con-
sidered a proxy for risk of psychotic illness), sug-
gesting that smoking could have a causal influence 
on the development of psychosis.77 Two-sample 
MR has recently been developed, in which data 
on the gene-risk factor and gene-outcome associ-
ations are taken from different data sources to 
conduct MR analyses.78 Using this technique, 
Gage and colleagues combined SNPs associated 
with smoking initiation (from the Tobacco and 
Genetics Consortium69) and schizophrenia (from 
the Psychiatric Genetics Consortium68) and show 
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little evidence of a causal association between 
smoking initiation and schizophrenia in either 
direction,79 which supports a possible pleiotropic 
effect. However, the authors emphasize that this 
does not rule out a causal effect of smoking on 
schizophrenia related to heavier, lifetime expo-
sure. In a recent study, Wootton and colleagues 
describe the development of a novel genetic 
instrument for lifetime exposure that can be used 
in two-sample MR without the need to stratify by 
smoking status, and using this instrument the 
authors report evidence that the association 
between smoking and schizophrenia is due, at 
least in part, to a causal effect of smoking.80

Confounder, mediator, or a special relationship 
with cannabis?
To further complicate matters, tobacco smoking 
is associated with established environmental risk 
factors for psychosis such as adversity and child-
hood trauma,81 and illicit substance use.82

Cannabis is the most commonly studied illicit 
substance and its association with psychosis is 
widely accepted to be at least partly causal in 
nature, and related to its potency.83 Cannabis and 
tobacco smoking are highly correlated with one 
another,84 and while many cigarette smokers do 
not use cannabis, a high proportion of cannabis 
users smoke tobacco,85 either concurrently as cig-
arettes (co-use) or as a component of cannabis 
joints (simultaneous use).

The relationship between these two substances is 
complex and challenging to disentangle. The 
‘gateway’ hypothesis suggests that tobacco smok-
ing acts as a gateway to the use of cannabis,86 
however, there is evidence for the ‘reverse gate-
way’, whereby cannabis smoking paves the way 
for tobacco initiation,87 as well as evidence impli-
cating genetic factors associated with the use of 
both drugs.84 Tobacco smoking increases the 
amount of tetrahydrocannabinol inhaled per 
gram,88 thus enhancing the subjective effect of 
cannabis. In a naturalistic study of cannabis and 
tobacco co-users, tobacco smoking has been 
shown to mediate the relationship between can-
nabis use and cannabis dependence, even when 
controlling for psychological and demographic 
correlates that could explain this relationship, 
perhaps due to the more addictive properties of 
nicotine.89 Preliminary experimental evidence 
also suggests that tobacco may offset the effects of 
cannabis on delayed verbal recall and working 

memory.90 Co-use of tobacco and cannabis also 
leads to poorer psychosocial, cessation and physi-
cal health outcomes.91,92 Thus, it is plausible that 
tobacco smoking might directly perpetuate can-
nabis dependence and relapse in co-dependent 
users, in this way mediating the risk of developing 
psychosis. Evidence also exists to suggest a pos-
sible synergistic effect whereby the combination 
of tobacco and cannabis gives rise to psychotic 
symptoms.2 There might be implications for clini-
cal practice here, given the lack of empirical 
research guiding treatments for simultaneous and 
co-use of tobacco and cannabis,84,93 particularly 
in those with psychotic disorders.

Recent lines of evidence suggest that the endo-
cannabinoid system, which is implicated in a host 
of physiological processes and the system through 
which cannabis exerts its psychological and physi-
cal effects, may play a role in the rewarding and 
reinforcing effects of nicotine.94 For example, 
genetically deleting or pharmacologically block-
ing CB1 cannabinoid receptors reduces or elimi-
nates many of the behavioural and neurobiological 
effects of nicotine that are responsible for its 
addictive potential.95 There is current interest in 
the endocannabinoid system as a therapeutic tar-
get for nicotine addiction,96 as well as in the treat-
ment of psychosis.97

Causal effect
More recently, attention has been directed towards 
the possibility that tobacco smoking might be 
causally related to risk of psychosis. There are two 
meta-analyses that have reported strong associa-
tions between tobacco smoking and an increased 
risk of having a psychotic disorder estimating odds 
ratios in smokers versus nonsmokers of 6.04 [95% 
confidence interval (CI) 3.03–12.02]57 and 3.22 
(95% CI 1.63–6.33).98 The latter study showed 
that daily smokers experienced their first psy-
chotic episode at an earlier age than nonsmokers 
(weighted mean difference −1.04 years, 95% CI 
−1.82 to −0.26), and for prospective studies, cal-
culated an overall relative risk of new psychotic 
disorders in daily smokers versus nonsmokers of 
2.18 (95% CI 1.23–3.85). Moreover, those with 
psychosis started smoking at a nonsignificantly 
earlier age than did healthy controls (−0.44 years, 
95% CI −1.21 to 0.34). These meta-analyses were 
not able to adjust for substances other than 
tobacco (e.g. cannabis use) as very few studies 
measured or controlled for these variables objec-
tively; they are further limited by comparatively 
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small numbers of longitudinal prospective studies. 
Of note, early initiation of daily smoking is also 
associated with greater risk of later developing a 
psychotic illness, consistent with the hypothesis 
that exposure during a critical period of brain 
development may be specifically associated with 
psychosis risk.63,99

The Bradford Hill criteria can be useful in estab-
lishing epidemiologic evidence of a causal rela-
tionship between a presumed cause and an 
observed effect, and constitute the strength, con-
sistency, specificity, temporality, biological gradi-
ent, plausibility, coherence, experiment, and 
analogy of an association.100 In relation to strength, 
the association reported in prospective studies 
undertaken in the general population identifies a 
modest increase in relative risk. Moreover, the 
association has persisted after adjustment for 
smoking onset during a prodromal period, and 
other risk factors such as socioeconomic status, 
other drug use, baseline psychotic experiences and 
parental psychosis and drug use.63,67 The findings 
appear to be consistent between different popula-
tions.101,102 With the exception of one sample, 
wherein cigarette smoking reduced risk of later 
developing schizophrenia,103 cigarette smoking 
typically predates psychosis onset, thereby satisfy-
ing temporality criteria, and prospective studies 
demonstrate a dose–response effect, suggesting 
that a biological gradient exists.67,104,105 Further, 
daily smoking appears to have a greater effect on 
the positive symptoms of psychosis,106 and there is 
evidence that schizophrenia with comorbid nico-
tine dependence is more severe and has worse 
clinical and functional outcomes.104,107,108 
Smoking affects a number of disease processes, 
therefore limiting the applicability of the specific-
ity criterion, while experimental animal models of 
psychosis do not exist.

If cigarette smoking is causally related to psycho-
sis, we must consider how this might plausibly fit 
with our current understanding of the neurobiol-
ogy of psychosis, which implicates excess subcor-
tical dopamine synthesis and release.109 Nicotine 
appears to increase dopamine release directly and 
to a similar extent as other misused substances, as 
measured in vivo by positron emission tomogra-
phy (PET) in the dorsalventral striatum and basal 
ganglia.110,111 Bloomfield and colleagues, how-
ever, show that moderate smoking does not 
appear to be associated with marked effects on 
striatal dopamine synthesis capacity, in contrast 
with previous findings of elevated dopamine 

synthesis capacity in heavy smokers.112 Nicotine 
alters the release of almost all major neurotrans-
mitters, many of which have been implicated in 
the pathogenesis of psychotic symptoms.13 There 
is also an inverse relationship between smoking 
and risk of Parkinson’s disease,113 a dopamine 
deficiency disorder. Work in animal models 
shows that nicotine exposure might increase D2 
high-affinity receptors114 thus supporting a role 
for nicotine in the induction of supersensitive D2 
receptors, which has been posited as an underly-
ing mechanism for a number of schizophrenia risk 
factors, and as a common pathway for symptoms 
of psychosis.115

Thus far, we have primarily focused on the rela-
tionship between nicotine and dopamine. A num-
ber of other factors, however, have relevance in 
terms of their relationship with both cigarette 
smoking and the pathoaetiology of psychosis. 
First, much attention has recently been directed 
towards inflammation and the neural diathesis-
stress hypothesis of schizophrenia,116 and cigarette 
smoking is highly associated with both the release 
and inhibition of proinflammatory and anti-
inflammatory mediators.117 Indeed, inflammatory 
processes underlie a number of the physical health 
consequences of smoking, and preclinical studies 
show that peripheral inflammation can induce 
neuroinflammation.118 Inflammatory cytokines 
may also modulate dopaminergic and glutamater-
gic neurotransmission directly.119,120 Second, con-
stituents of cigarette smoke have significant effects 
on the endocrine system, for example altering pro-
duction and metabolism of estradiol,121 which is 
thought to contribute to the sex differences in 
schizophrenia incidence,122 as well as cortisol,123 
which has also been implicated in psychosis.124 
Finally, epigenetic processes may mediate the 
relationship between genetic risk burden, environ-
mental exposure, and phenotype, and increasing 
emphasis has been placed on the potential role of 
epigenetic dysfunction in the aetiology of psycho-
sis.125 Smoking is strongly associated with DNA 
methylation in a distinct set of loci,126 thus inves-
tigation of the tobacco epigenetic signature in 
individuals with psychosis may provide insight 
into mechanisms by which tobacco smoking and 
psychosis are associated.

There is increasing acceptance that schizophrenia 
is not a homogenous disorder; instead, it is likely 
that subtypes of schizophrenia exist, reflecting 
distinct neurobiological aetiologies. As the risk 
that smoking confers in the development of 
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cancer varies as the subtype of cancer becomes 
more specific, so too might parallels exist with 
subtypes of schizophrenia.

Discussion
In this review we have compared the evidence for 
four possible explanations for the relationship 
between smoking and psychosis. The elevated 
smoking rates found in those with psychosis led to 
the supposition that these individuals smoke to 
self-medicate, and a self-medication hypothesis 
put forward almost 40 years ago remained the 
default explanation for the association between 
smoking and psychosis. However, over recent 
years, studies have exposed that self-medication 
and reverse causation cannot fully explain the 
association. The jury is out on whether tobacco 
might be causally related to the risk for psychosis, 
or whether the association manifests through a 
shared genetic vulnerability, or is  confounded by 
use of illicit substances or other social factors. Of 
course, if smoking is a causal risk factor for psycho-
sis, this does not preclude the  possibility that 
smoking is also used as a form of self-medication, 
and indeed the dopaminergic effects of nicotine on 
the mesocorticolimbic pathway might support this.

Of growing relevance is the increasing use and 
popularity of nicotine-containing products, par-
ticularly electronic cigarettes (which typically 
contain high levels of nicotine). By encouraging 
the use of such products as part of smoking cessa-
tion programmes, clinicians may be inadvertently 
increasing psychotic symptoms. To our knowl-
edge this has not been studied directly; however, 
Munafo and colleagues reported a modest asso-
ciation with using ‘snus’, a form of buccally 
absorbed moist tobacco, and risk for nonaffective 
psychosis in a large Swedish registry data set.127 
These results suggest that any causal mediator is 
present in unburned tobacco products, and 
although perhaps the most plausible and widely 
studied culprit is nicotine, there are other possible 
mechanisms such as inhibition of monoamine 
oxidase, which is involved in the degradation of 
dopamine.128 It might be that different constitu-
ents account for different neurobiological effects; 
some might improve symptoms, while others 
might exacerbate them. Determining which con-
stituents are responsible may have important 
public health implications.

Nevertheless, the dramatic declines in cigarette 
smoking seen in the general population have not 

been reflected in individuals with psychotic dis-
orders,129 and there is also stark evidence that 
the mortality gap is widening.130 Establishing 
smoke-free inpatient psychiatric units is a goal 
that hospitals and policymakers are increasingly 
supporting, however the impact on long-term 
patterns of smoking in this population remains 
to be elucidated. While science continues the 
challenging task of unravelling this complex rela-
tionship, every effort should be made to imple-
ment change in smoking behaviours in this 
population, with initiation of counselling and 
treatment for nicotine dependence alongside 
treatment for the primary psychotic disorder.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

ORCID iD
Harriet Quigley  https://orcid.org/0000-0003- 
3204-1707

References
 1. Bhavsar V, Jauhar S, Murray RM, et al. 

Tobacco smoking is associated with psychotic 
experiences in the general population of South 
London. Psychol Med 2018; 48: 123–131.

 2. Jones HJ, Gage SH, Heron J, et al. Association 
of combined patterns of tobacco and cannabis 
use in adolescence with psychotic experiences. 
JAMA Psychiatry 2018; 75: 240–246.

 3. van Gastel WA, MacCabe JH, Schubart CD, 
et al. Cigarette smoking and cannabis use are 
equally strongly associated with psychotic-like 
experiences: a cross-sectional study in 1929 
young adults. Psychol Med 2013; 43: 2393–2401.

 4. de Leon J and Diaz FJ. A meta-analysis of 
worldwide studies demonstrates an association 
between schizophrenia and tobacco smoking 
behaviors. Schizophr Res 2005; 76: 135–157.

 5. Williams JM, Ziedonis DM, Abanyie F, et al. 
Increased nicotine and cotinine levels in 
smokers with schizophrenia and schizoaffective 
disorder is not a metabolic effect. Schizophr Res 
2005; 79: 323–335.

 6. Smoking and mental health. London: Physicians 
RCo, 2013.

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com
https://orcid.org/0000-0003-3204-1707
https://orcid.org/0000-0003-3204-1707


Therapeutic Advances in Psychopharmacology 9

8 journals.sagepub.com/home/tpp

 7. Tam J, Warner KE and Meza R. Smoking and 
the reduced life expectancy of individuals with 
serious mental illness. Am J Prev Med 2016; 51: 
958–966.

 8. Benowitz NL. Nicotine addiction. N Engl J Med 
2010; 362: 2295–2303.

 9. Le Houezec J. Role of nicotine 
pharmacokinetics in nicotine addiction and 
nicotine replacement therapy: a review. Int J 
Tuberc Lung Dis 2003; 7: 811–819.

 10. Paterson D and Nordberg A. Neuronal nicotinic 
receptors in the human brain. Prog Neurobiol 
2000; 61: 75–111.

 11. Wu J and Lukas RJ. Naturally-expressed 
nicotinic acetylcholine receptor subtypes. 
Biochem Pharmacol 2011; 82: 800–807.

 12. Wu J, Liu Q, Yu K, et al. Roles of nicotinic 
acetylcholine receptor beta subunits in function 
of human alpha4-containing nicotinic receptors. 
J Physiol 2006; 576: 103–118.

 13. Subramaniyan M and Dani JA. Dopaminergic 
and cholinergic learning mechanisms in nicotine 
addiction. Ann N Y Acad Sci 2015; 1349: 
46–63.

 14. Jasinska AJ, Zorick T, Brody AL, et al. Dual 
role of nicotine in addiction and cognition: a 
review of neuroimaging studies in humans. 
Neuropharmacology 2014; 84: 111–122.

 15. Mansvelder HD, Keath JR and McGehee DS. 
Synaptic mechanisms underlie nicotine-induced 
excitability of brain reward areas. Neuron 2002; 
33: 905–919.

 16. Howes O, McCutcheon R and Stone J. 
Glutamate and dopamine in schizophrenia: an 
update for the 21st century. J Psychopharmacol 
2015; 29: 97–115.

 17. Lebel C and Beaulieu C. Longitudinal 
development of human brain wiring continues 
from childhood into adulthood. J Neurosci 2011; 
31: 10937.

 18. Lanza ST and Vasilenko SA. New methods 
shed light on age of onset as a risk factor for 
nicotine dependence. Addict Behav 2015; 50: 
161–164.

 19. Galván A, Poldrack RA, Baker CM, et al. 
Neural correlates of response inhibition 
and cigarette smoking in late adolescence. 
Neuropsychopharmacology 2011; 36: 970.

 20. Schochet TL, Kelley AE and Landry CF. 
Differential expression of arc mRNA and other 
plasticity-related genes induced by nicotine in 
adolescent rat forebrain. Neuroscience 2005; 135: 
285–297.

 21. Counotte DS, Spijker S, Van de Burgwal LH, 
et al. Long-lasting cognitive deficits resulting 
from adolescent nicotine exposure in rats. 
Neuropsychopharmacology 2009; 34: 299–306.

 22. Fountain SB, Rowan JD, Kelley BM, et al. 
Adolescent exposure to nicotine impairs adult 
serial pattern learning in rats. Exp Brain Res 
2008; 187: 651–656.

 23. Rüdiger T and Bolz J. Acetylcholine influences 
growth cone motility and morphology of 
developing thalamic axons. Cell Adh Migr 2008; 
2: 30–37.

 24. Nordman JC and Kabbani N. An interaction 
between α7 nicotinic receptors and a G-protein 
pathway complex regulates neurite growth in 
neural cells. J Cell Sci 2012; 125: 5502.

 25. Sallette J, Pons S, Devillers-Thiery A, et al. 
Nicotine upregulates its own receptors through 
enhanced intracellular maturation. Neuron 
2005; 46: 595–607.

 26. Mansvelder H and Goriounova N. Nicotine 
exposure during adolescence alters the rules 
for prefrontal cortical synaptic plasticity during 
adulthood. Front Synaptic Neurosci 2012; 4:3.

 27. Walker E, Shapiro D, Esterberg M, et al. 
Neurodevelopment and schizophrenia: 
broadening the focus. Curr Dir Psychol Sci 2010; 
19: 204–208.

 28. Jobson CLM, Renard J, Szkudlarek H, et al. 
Adolescent nicotine exposure induces 
dysregulation of mesocorticolimbic activity states 
and depressive and anxiety-like prefrontal cortical 
molecular phenotypes persisting into adulthood. 
Cereb Cortex. Epub ahead of print 15 August 
2018. DOI: 10.1093/cercor/bhy179.

 29. Szatkowski L and McNeill A. Diverging trends 
in smoking behaviors according to mental health 
status. Nicotine Tob Res 2015; 17: 356–360.

 30. Kumari V and Postma P. Nicotine use in 
schizophrenia: the self medication hypotheses. 
Neurosci Biobehav Rev 2005; 29: 1021–1034.

 31. Gurpegui M, Martínez-Ortega JM, Jurado D, 
et al. Subjective effects and the main reason for 
smoking in outpatients with schizophrenia: a 
case-control study. Compr Psychiatry 2007; 48: 
186–191.

 32. Goff DC, Henderson DC and Amico E. 
Cigarette smoking in schizophrenia: relationship 
to psychopathology and medication side effects. 
Am J Psychiatry 1992; 149: 1189–1194.

 33. Smith RC, Singh A, Infante M, et al. Effects 
of cigarette smoking and nicotine nasal spray 
on psychiatric symptoms and cognition in 

https://journals.sagepub.com/home/tpp


H Quigley and JH MacCabe

journals.sagepub.com/home/tpp 9

schizophrenia. Neuropsychopharmacology 2002; 
27: 479–497.

 34. Wijesundera H, Hanwella R and de Silva VA. 
Antipsychotic medication and tobacco use 
among outpatients with schizophrenia: a cross-
sectional study. Ann Gen Psychiatry 2014; 13: 7.

 35. Barnes M, Lawford BR, Burton SC, et al. 
Smoking and schizophrenia: is symptom profile 
related to smoking and which antipsychotic 
medication is of benefit in reducing cigarette 
use? Aust N Z J Psychiatry 2006; 40: 575–580.

 36. de Leon J, Diaz FJ, Aguilar MC, et al. Does 
smoking reduce akathisia? Testing a narrow 
version of the self-medication hypothesis. 
Schizophr Res 2006; 86: 256–268.

 37. Drake RE, Xie H, McHugo GJ, et al. The 
effects of clozapine on alcohol and drug use 
disorders among patients with schizophrenia. 
Schizophr Bull 2000; 26: 441–449.

 38. McEvoy J, Freudenreich O, McGee M, et al. 
Clozapine decreases smoking in patients with 
chronic schizophrenia. Biol Psychiatry 1995; 37: 
550–552.

 39. George TP, Sernyak MJ, Ziedonis DM, et al. 
Effects of clozapine on smoking in chronic 
schizophrenic outpatients. J Clin Psychiatry 
1995; 56: 344–346.

 40. Kane JM, Fleischhacker WW, Hansen L, 
et al. Akathisia: an updated review focusing 
on second-generation antipsychotics. J Clin 
Psychiatry 2009; 70: 627–643.

 41. Hukkanen J, Jacob P, Peng M, et al. Effect of 
nicotine on cytochrome P450 1A2 activity. Br J 
Clin Pharmacol 2011; 72: 836–838.

 42. Morisano D, Wing VC, Sacco KA, et al. Effects 
of tobacco smoking on neuropsychological 
function in schizophrenia in comparison to 
other psychiatric disorders and non-psychiatric 
controls. Am J Addict 2013; 22: 46–53.

 43. Sacco KA, Termine A, Seyal A, et al. Effects of 
cigarette smoking on spatial working memory 
and attentional deficits in schizophrenia: 
involvement of nicotinic receptor mechanisms. 
Arch Gen Psychiatry 2005; 62: 649–659.

 44. Wing VC, Bacher I, Sacco KA, et al. 
Neuropsychological performance in patients 
with schizophrenia and controls as a function of 
cigarette smoking status. Psychiatry Res 2011; 
188: 320–326.

 45. Zabala A, Eguiluz JI, Segarra R, et al. Cognitive 
performance and cigarette smoking in first-
episode psychosis. Eur Arch Psychiatry Clin 
Neurosci 2009; 259: 65–71.

 46. Olincy A and Stevens KE. Treating 
schizophrenia symptoms with an alpha7 
nicotinic agonist, from mice to men. Biochem 
Pharmacol 2007; 74: 1192–1201.

 47. Lieberman JA, Dunbar G, Segreti AC, et al. 
A randomized exploratory trial of an alpha-7 
nicotinic receptor agonist (TC-5619) for 
cognitive enhancement in schizophrenia. 
Neuropsychopharmacology 2012; 38: 968.

 48. Howes OD and Kapur S. The dopamine 
hypothesis of schizophrenia: version III—the 
final common pathway. Schizophr Bull 2009; 35: 
549–562.

 49. Koukouli F, Rooy M, Tziotis D, et al. Nicotine 
reverses hypofrontality in animal models of 
addiction and schizophrenia. Nat Med 2017; 
23: 347.

 50. Adams C and Stevens K. Evidence for a 
role of nicotinic acetylcholine receptors in 
schizophrenia. Front Biosci 2007; 12: 4755–4772.

 51. Durany N, Zöchling R, Boissl KW, et al. 
Human post-mortem striatal α4β2 nicotinic 
acetylcholine receptor density in schizophrenia 
and Parkinson’s syndrome. Neurosci Lett 2000; 
287: 109–112.

 52. Breese CR, Lee MJ, Adams CE, et al. 
Abnormal regulation of high affinity nicotinic 
receptors in subjects with schizophrenia. 
Neuropsychopharmacology 2000; 23: 351–364.

 53. Griffith J, E O’Neill J, Petty F, et al. Nicotinic 
receptor desensitization and sensory gating 
deficits in schizophrenia. Biol Psychiatry 1998; 
44: 98–106.

 54. Chen XS, Li CB, Smith RC, et al. Differential 
sensory gating functions between smokers and 
non-smokers among drug-naive first episode 
schizophrenic patients. Psychiatry Res 2011; 
188: 327–333.

 55. Hong LE, Wonodi I, Lewis J, et al. Nicotine 
effect on prepulse inhibition and prepulse 
facilitation in schizophrenia patients. 
Neuropsychopharmacology 2008; 33: 2167–2174.

 56. Tanabe J, Tregellas JR, Martin LF, et al. Effects 
of nicotine on hippocampal and cingulate 
activity during smooth pursuit eye movement in 
schizophrenia. Biol Psychiatry 2006; 59: 754–761.

 57. Myles N, Newall HD, Curtis J, et al. Tobacco 
use before, at, and after first-episode psychosis: 
a systematic meta-analysis. J Clin Psychiatry 
2012; 73: 468–475.

 58. Dome P, Lazary J, Kalapos MP, et al. Smoking, 
nicotine and neuropsychiatric disorders. 
Neurosci Biobehav Rev 2010; 34: 295–342.

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com


Therapeutic Advances in Psychopharmacology 9

10 journals.sagepub.com/home/tpp

 59. Depp CA, Bowie CR, Mausbach BT, et al. 
Current smoking is associated with worse 
cognitive and adaptive functioning in serious 
mental illness. Acta Psychiatr Scand 2015; 131: 
333–341.

 60. Hickling LM, Perez-Iglesias R, Ortiz-García 
de la Foz V, et al. Tobacco smoking and its 
association with cognition in first episode 
psychosis patients. Schizophr Res 2018; 192: 
269–273.

 61. Hahn B, Harvey AN, Concheiro-Guisan M, 
et al. A test of the cognitive self-medication 
hypothesis of tobacco smoking in schizophrenia. 
Biol Psychiatry 2013; 74: 436–443.

 62. Prochaska JJ, Hall SM and Bero LA. Tobacco 
use among individuals with schizophrenia: what 
role has the tobacco industry played? Schizophr 
Bull 2008; 34: 555–467.

 63. Mustonen A, Ahokas T, Nordstrom T, et al. 
Smokin’ hot: adolescent smoking and the risk 
of psychosis. Acta Psychiatr Scand 2018; 138: 
5–14.

 64. MacCabe JH. It is time to start taking tobacco 
seriously as a risk factor for psychosis: self-
medication cannot explain the association. Acta 
Psychiatr Scand 2018; 138: 3–4.

 65. Smith MJ, Barch DM, Wolf TJ, et al. 
Elevated rates of substance use disorders in 
non-psychotic siblings of individuals with 
schizophrenia. Schizophr Res 2008; 106: 
294–299.

 66. Lyons MJ, Bar JL, Kremen W, et al. Nicotine 
and familial vulnerability to schizophrenia: a 
discordant twin study J Abnorm Psychol 2002; 
111: 687–693.

 67. Kendler KS, Lonn SL, Sundquist J, et al. 
Smoking and schizophrenia in population 
cohorts of Swedish women and men: a 
prospective co-relative control study. Am J 
Psychiatry 2015; 172: 1092–1100.

 68. Schizophrenia Working Group of the 
Psychiatric Genomics Consortium. Biological 
insights from 108 schizophrenia-associated 
genetic loci. Nature 2014; 511: 421.

 69. Tobacco and Genetics Consortium. Genome-
wide meta-analyses identify multiple loci 
associated with smoking behavior. Nat Genet 
2010; 42: 441–447.

 70. Hancock DB, Reginsson GW, Gaddis NC, et al. 
Genome-wide meta-analysis reveals common 
splice site acceptor variant in CHRNA4 
associated with nicotine dependence. Transl 
Psychiatry 2015; 5: e651.

 71. Flint J and Munafò M. Genesis of a complex 
disease. Nature 2014; 511: 412.

 72. Chen J, Bacanu SA, Yu H, et al. Genetic 
relationship between schizophrenia and nicotine 
dependence. Sci Rep 2016; 6: 25671.

 73. Hartz SM, Horton AC, Hancock DB, et al. 
Genetic correlation between smoking behaviors 
and schizophrenia. Schizophr Res 2018; 194: 
86–90.

 74. Reginsson GW, Ingason A, Euesden J, et al. 
Polygenic risk scores for schizophrenia and 
bipolar disorder associate with addiction. Addict 
Biol 2018; 23: 485–492.

 75. Gage SH, Davey Smith G, Ware JJ, et al. 
G = E: what GWAS can tell us about the 
environment. PLoS Genet 2016; 12: e1005765.

 76. Zheng J, Baird D, Borges MC, et al. Recent 
developments in Mendelian randomization 
studies. Curr Epidemiol Rep 2017; 4: 330–345.

 77. Wium-Andersen MK, Ørsted DD and 
Nordestgaard BG. Tobacco smoking is causally 
associated with antipsychotic medication use 
and schizophrenia, but not with antidepressant 
medication use or depression. Int J Epidemiol 
2015; 44: 566–577.

 78. Burgess S, Scott RA, Timpson NJ, et al. Using 
published data in Mendelian randomization: 
a blueprint for efficient identification of causal 
risk factors. Eur J Epidemiol 2015; 30: 543–552.

 79. Gage SH, Jones HJ, Taylor AE, et al. 
Investigating causality in associations between 
smoking initiation and schizophrenia using 
Mendelian randomization. Sci Rep 2017; 7: 
40653.

 80. Wootton RE, Richmond RC, Stuijfzand BG, 
et al. Causal effects of lifetime smoking on risk 
for depression and schizophrenia: evidence 
from a Mendelian randomisation study. bioRxiv 
2018.

 81. Stilo S, Di Forti M and Murray R. 
Environmental risk factors for schizophrenia: 
implications for prevention. Neuropsychiatry 
2011; 1: 457–466.

 82. Regier DA, Farmer ME, Rae DS, et al. 
Comorbidity of mental disorders with alcohol 
and other drug abuse. Results from the 
epidemiologic catchment area (ECA) study. 
JAMA 1990; 264: 2511–2518.

 83. Marconi A, Di Forti M, Lewis CM, et al. Meta-
analysis of the association between the level of 
cannabis use and risk of psychosis. Schizophr 
Bull 2016; 42: 1262–1269.

https://journals.sagepub.com/home/tpp


H Quigley and JH MacCabe

journals.sagepub.com/home/tpp 11

 84. Agrawal A, Budney AJ and Lynskey MT. The 
co-occurring use and misuse of cannabis and 
tobacco: a review. Addiction 2012; 107: 1221–
1233.

 85. Hindocha C, Freeman TP, Ferris JA, et al. No 
smoke without tobacco: a global overview of 
cannabis and tobacco routes of administration 
and their association with intention to quit. 
Front Psychiatry 2016; 7: 104.

 86. Kandel D. Stages and pathways of drug 
involvement: examining the gateway hypothesis. 
Cambridge: Cambridge University Press, 2002.

 87. Patton GC, Coffey C, Carlin JB, et al. Reverse 
gateways? Frequent cannabis use as a predictor 
of tobacco initiation and nicotine dependence. 
Addiction 2005; 100: 1518–1525.

 88. Van der Kooy F, Pomahacova B and 
Verpoorte R. Cannabis smoke condensate I: 
the effect of different preparation methods on 
tetrahydrocannabinol levels. Inhal Toxicol 2008; 
20: 801–804.

 89. Hindocha C, Shaban ND, Freeman TP, et al. 
Associations between cigarette smoking and 
cannabis dependence: a longitudinal study of 
young cannabis users in the United Kingdom. 
Drug Alcohol Depend 2015; 148: 165–171.

 90. Hindocha C, Freeman TP, Xia JX, et al. 
Acute memory and psychotomimetic effects 
of cannabis and tobacco both ‘joint’ and 
individually: a placebo-controlled trial. Psychol 
Med 2017; 47: 2708–2719.

 91. Tsai J, Rolle IV, Singh T, et al. Patterns of 
marijuana and tobacco use associated with 
suboptimal self-rated health among US adult 
ever users of marijuana. Prev Med Rep 2017; 6: 
251–257.

 92. Peters EN, Budney AJ and Carroll KM. Clinical 
correlates of co-occurring cannabis and tobacco 
use: a systematic review. Addiction 2012; 107: 
1404–1417.

 93. Thurgood SL, McNeill A, Clark-Carter D, 
et al. A systematic review of smoking cessation 
interventions for adults in substance abuse 
treatment or recovery. Nicotine Tob Res 2016; 
18: 993–1001.

 94. Scherma M, Fadda P, Le Foll B, et al. The 
endocannabinoid system: a new molecular 
target for the treatment of tobacco addiction. 
CNS Neurol Disord Drug Targets 2008; 7: 
468–481.

 95. Gamaleddin IH, Trigo JM, Gueye AB, et al. 
Role of the endogenous cannabinoid system 
in nicotine addiction: novel insights. Front 
Psychiatry 2015; 6: 41.

 96. Hindocha C, Freeman TP, Grabski M, et al. 
Cannabidiol reverses attentional bias to 
cigarette cues in a human experimental model 
of tobacco withdrawal. Addiction 2018; 113: 
1696–1705.

 97. McGuire P, Robson P, Cubala WJ, et al. 
Cannabidiol (CBD) as an adjunctive therapy 
in schizophrenia: a multicenter randomized 
controlled trial. Am J Psychiatry 2017; 175: 
225–231.

 98. Gurillo P, Jauhar S, Murray RM, et al. Does 
tobacco use cause psychosis? Systematic review 
and meta-analysis. Lancet Psychiatry 2015; 2: 
718–725.

 99. McGrath JJ, Alati R, Clavarino A, et al. Age 
at first tobacco use and risk of subsequent 
psychosis-related outcomes: a birth cohort 
study. Aust N Z J Psychiatry 2016; 50: 577–583.

 100. Hill AB. The environment and disease: 
association or causation? Proc R Soc Med 1965; 
58: 295–300.

 101. Sara G, Burgess P, Malhi GS, et al. Differences 
in associations between cannabis and stimulant 
disorders in first admission psychosis. Schizophr 
Res 2013; 147: 216–222.

 102. Myles N, Newall H, Compton MT, et al. 
The age at onset of psychosis and tobacco 
use: a systematic meta-analysis. Soc Psychiatry 
Psychiatr Epidemiol 2012; 47: 1243–1250.

 103. Zammit S, Allebeck P, Dalman C, et al. 
Investigating the association between cigarette 
smoking and schizophrenia in a cohort study. 
Am J Psychiatry 2003; 160: 2216–2221.

 104. Sorensen HJ, Mortensen EL, Reinisch JM, et al. 
A prospective study of smoking in young women 
and risk of later psychiatric hospitalization. Nord 
J Psychiatry 2011; 65: 3–8.

 105. Weiser M, Reichenberg A, Grotto I, et al. 
Higher rates of cigarette smoking in male 
adolescents before the onset of schizophrenia: 
a historical-prospective cohort study. Am J 
Psychiatry 2004; 161: 1219–1223.

 106. Krishnadas R, Jauhar S, Telfer S, et al. 
Nicotine dependence and illness severity in 
schizophrenia. Br J Psychiatry 2012; 201: 
306–312.

 107. Stanley Z, Peter A, Christina D, et al. 
Investigating the association between cigarette 
smoking and schizophrenia in a cohort study. 
Am J Psychiatry 2003; 160: 2216–2221.

 108. Gage SH, Hickman M, Heron J, et al. 
Associations of cannabis and cigarette use with 
psychotic experiences at age 18: findings from 

https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com


Therapeutic Advances in Psychopharmacology 9

12 journals.sagepub.com/home/tpp

the Avon longitudinal study of parents and 
children. Psychol Med 2014; 44: 3435–3444.

 109. Howes OD and Murray RM. Schizophrenia: an 
integrated sociodevelopmental-cognitive model. 
Lancet 2014; 383: 1677–1687.

 110. Brody AL, Olmstead RE, London ED, et al. 
Smoking-induced ventral striatum dopamine 
release. Am J Psychiatry 2004; 161: 1211–1218.

 111. Salokangas RK, Vilkman H, Ilonen T, et al. 
High levels of dopamine activity in the basal 
ganglia of cigarette smokers. Am J Psychiatry 
2000; 157: 632–634.

 112. Bloomfield MA, Pepper F, Egerton A, 
et al. Dopamine function in cigarette 
smokers: an [(1)(8)F]-DOPA PET study. 
Neuropsychopharmacology 2014; 39: 2397–2404.

 113. Quik M. Smoking, nicotine and Parkinson’s 
disease. Trends Neurosci 2004; 27: 561–568.

 114. Novak G, Seeman P and Foll BL. Exposure 
to nicotine produces an increase in dopamine 
D2high receptors: a possible mechanism for 
dopamine hypersensitivity. Int J Neurosci 2010; 
120: 691–697.

 115. Howes OD and Kapur S. The dopamine 
hypothesis of schizophrenia: version III—the 
final common pathway. Schizophr Bull 2009; 35: 
549–562.

 116. Howes OD and McCutcheon R. Inflammation 
and the neural diathesis-stress hypothesis of 
schizophrenia: a reconceptualization. Transl 
Psychiatry 2017; 7: e1024.

 117. Goncalves RB, Coletta RD, Silverio KG, et al. 
Impact of smoking on inflammation: overview 
of molecular mechanisms. Inflamm Res 2011; 
60: 409–424.

 118. Dantzer R. Cytokine-induced sickness behavior: 
mechanisms and implications. Ann N Y Acad 
Sci 2006; 933: 222–234.

 119. Barry S, Clarke G, Scully P, et al. Kynurenine 
pathway in psychosis: evidence of increased 
tryptophan degradation. J Psychopharmacol 
2009; 23: 287–294.

 120. Song C, Merali Z and Anisman H. Variations 
of nucleus accumbens dopamine and serotonin 
following systemic interleukin-1, interleukin-2 
or interleukin-6 treatment. Neuroscience 1999; 
88: 823–836.

 121. Tansavatdi K, McClain B and Herrington DM. 
The effects of smoking on estradiol metabolism. 
Minerva ginecologica 2004; 56: 105–114.

 122. Abel KM, Drake R and Goldstein JM. Sex 
differences in schizophrenia. Int Rev Psychiatry 
2010; 22: 417–428.

 123. Steptoe A and Ussher M. Smoking, cortisol 
and nicotine. Int J Psychophysiol 2006; 59: 
228–235.

 124. Walker E, Mittal V and Tessner K. Stress and 
the hypothalamic pituitary adrenal axis in the 
developmental course of schizophrenia. Annu 
Rev Clin Psychol 2008; 4: 189–216.

 125. Pidsley R and Mill J. Epigenetic studies of 
psychosis: current findings, methodological 
approaches, and implications for postmortem 
research. Biol Psychiatry 2011; 69: 146–156.

 126. Shenker NS, Ueland PM, Polidoro S, et al. 
DNA methylation as a long-term biomarker of 
exposure to tobacco smoke. Epidemiology 2013; 
24: 712–716.

 127. Munafo MR, Larsson Lonn S, Sundquist J, 
et al. Snus use and risk of schizophrenia and 
non-affective psychosis. Drug Alcohol Depend 
2016; 164: 179–182.

 128. Hogg RC. Contribution of monoamine oxidase 
inhibition to tobacco dependence: a review 
of the evidence. Nicotine Tob Res 2016; 18: 
509–523.

 129. Dickerson F, Origoni A, Schroeder J, et al. 
Natural cause mortality in persons with serious 
mental illness. Acta Psychiatr Scand 2018; 137: 
371–379.

 130. Hayes JF, Marston L, Walters K, et al. Mortality 
gap for people with bipolar disorder and 
schizophrenia: UK-based cohort study 2000–
2014. Br J Psychiatry 2018; 211: 175–181.

Visit SAGE journals online 
journals.sagepub.com/
home/tpp

SAGE journals

https://journals.sagepub.com/home/tpp
https://journals.sagepub.com/home/tpp
https://journals.sagepub.com/home/tpp



