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Abstract: Recent research has fueled a debate concerning the role of nicotine in the emer-

gence of schizophrenia. The three main hypotheses are: (a) the self-medication effect, (b) the

causal relationship hypothesis, or (c) the shared diathesis hypothesis. To explore this role, the

study of nicotine consumption during the initial prodromal phase of schizophrenia offers

important opportunities. In the present work, 10 relevant studies are reviewed, out of 727

retrieved citations, in order to address questions regarding the prevalence of smoking in the

prodromal period, the time of smoking initiation, existing patterns of tobacco use in relation

with the escalation of prodromal symptoms into first psychotic episode, and potential differ-

ences in symptomatology between smokers and nonsmokers. Even though there was consider-

able heterogeneity among studies, relevant findings are discussed. Prevalence of nicotine use

during the prodromal period was reported to be 16.6–46%. Tobacco use was found to be taken

up most often before or during the prodromal period of schizophrenia. Even though a

protective role of smoking has been reported by one study, other studies report an increased

risk for psychosis, with hazard ratios 2.77 (95% CI: 2.34–3.43) and 2.21 (95% CI: 1.11–4.42)

for female and male heavy smokers (11–20 and >20 cigarettes/day), respectively. In a different

study, the risk of onset was associated with the progressive use of cannabis and tobacco prior to

onset, particularly with rapid escalation to the highest levels of use. Also, nicotine use in ultra

high risk (UHR) for developing psychosis subjects is associated with elevated cognitive

performance, namely better processing speed, visual learning, and spatial working memory.

As a conclusion, it appears that evidence accumulates supporting a possible etiologic role of

smoking, in the emergence of schizophrenia along with diverse effects on patients’ sympto-

matology, already demonstrable at the prodromal phase. Future research employing better-

defined criteria should further explore the patterns of use and effects of nicotine during the

schizophrenia prodrome.
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Introduction
The nicotine consumption rate is high in the mentally ill and seems to remain high

over the last years, in contrast to the decline of smoking prevalence observed in the

general population.1–3 A recent study has found that prevalence of smoking in

adults with any mental disorder was 36.1%, compared to 21.4% in individuals

without any mental disorder,4 but rose significantly (even four to five times higher

than the healthy population) in severe or psychotic disorders such as schizophrenia,

bipolar disorder, schizoaffective disorder, Posttraumatic Stress Disorder, and sub-

stance use disorder.5–7 Particularly in schizophrenia, well over 60% of the patients

have been found to be smokers according to previous and more recent studies,6,8
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reporting, for example, a current smoking prevalence of

64% in patients with schizophrenia versus 19% in men-

tally healthy controls in routine clinical settings.8 A study

that included a large multi-ethnic sample of schizophrenic

patients showed that 72% of them smoke daily, versus

29% of the controls.6 Moreover, individuals with schizo-

phrenia consume more tobacco and extract higher amounts

of nicotine from their cigarettes, as compared to smokers

in the general population.9

Three main hypotheses have been employed as an

explanatory basis for this comorbidity, which need not be

mutually exclusive: (a) the self-medication hypothesis,

which considers that patients use tobacco to gain relief

from symptoms of the disease or from treatment-related

side effects, (b) the shared diathesis hypothesis, where

there is an assumed shared genetic basis between smoking

and schizophrenia, and (c) the third hypothesis that

includes a causal relationship between the two, according

to which tobacco is viewed as a putative causal risk factor

for the illness.10 Concerning the self-medication hypoth-

esis, the anxiolytic effect of nicotine is well known, and

recent data provide evidence that the inhibition of β2*
nicotinic acetylcholinergic receptors (nAChRs) may

relieve anxiety.11–13 Tobacco smoking has been reported

to normalize prepulse inhibition (PPI) in NMDA receptor

antagonist models of psychosis.14,15 In addition, nAchR

dysfunction is associated with sensory processing deficits

in schizophrenia, like a p50 response or prepulse inhibition

of the startle response, and evidence also suggests that the

α7 nAchR function contributes to the positive effect of

nicotine in cognitive deficits. The α7 and β2 nAchR sub-

units are involved in the cognitive, affective, and negative

symptoms of the illness, which show less response to

antipsychotic treatment,9,16 and can be alleviated by nico-

tine consumption.9 Besides affecting symptoms of the

illness, smoking has been reported to decrease extrapyra-

midal side effects either directly or by reducing antipsy-

chotic drug levels.17–19

On the other hand, recent findings from GWAS studies

have come to suggest a more complex role for tobacco use

than that of solely self-medicating symptoms or adverse

effects, such as a condition with some common genetic

basis, or possibly one that stands for a causal factor some-

where in the pathophysiological process underlying the

illness.10,20 The link between altered brain function and

dimensions of schizophrenic symptoms, namely positive

(hallucinations, delusions, and thought impairments),

negative (diminished emotional expression, loss of

motivation, and psychosocial impairments),21 or cognitive

(disorganized thought, attention, and working memory

deficits), has been approached by the neurotransmitter

hypotheses, including dopamine and glutamate

neurotransmission,22,23 alterations in the serotonergic

system,24 and dysfunction of the GABAergic neurons.25

The role of the cholinergic system, that includes nicotinic

and muscarinic neurotransmission, presents considerable

interest. It has been reported that schizophrenic patients

have reduced alpha-4 and alpha-7 nicotinic receptor brain

expression in various cerebral areas.26 The fact that the

cholinergic system interacts with the glutamatergic,

GABAergic, and the other projection systems strengthens

the hypothesis that it may play a key role in the pathophy-

siology of schizophrenia,27 with implications for the role

of tobacco use, which interferes with these receptors.

The relation between cigarette smoking and the initial

prodromal period of schizophrenia is less studied. The schi-

zophrenia prodrome is defined as the period preceding the

onset of active psychosis, characterized by the presence of

heterogeneous and non-specific symptoms and types of beha-

vior, that mark a departure from the premorbid, baseline

state, and the beginning of the illness, when frank psychosis

has not manifested yet.28,29 Its duration varies from some

weeks to several years.30 The prodromal period can impor-

tantly be an opportunity for early intervention31 and also can

offer insights into the pathophysiology of the disease.32 For

the purpose of identification and intervention, the Ultra High

Risk (UHR)33,34 and the Basic Symptom (BS) concept

criteria35 are endorsed, which are complementary to each

other and are used in recently released guidelines for early

detection.31 Still, constellations of non-specific symptoms

that have been described include impairment in concentra-

tion, depressive mood, sleep disturbance, anxiety, irritability/

anger, suspiciousness, quarreling, aggressiveness, hypera-

cousia, restlessness, suicidal ideas, mood swings, preoccupa-

tion, somatic/cenesthetic symptoms, lack of appetite, and

compulsive behavior.29 During the prodromal period of schi-

zophrenia, core psychotic symptoms are present in attenuated

form, as thought, speech and perception disorders,36 and

comorbid diagnoses like major depression and cannabis

abuse are frequently met.37 At the biological level, the pro-

dromal period corresponds to gray matter thinning in the

prefrontal cortex, parahippocampal gyrus, superior temporal

gyrus, which is steeper in at-risk individuals who eventually

convert to psychosis compared with non-converters. This

process possibly involves inflammation, microglial activa-

tion, and deficits in NMDA-dependent synaptic plasticity.32
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White matter loss and disruption of myelination may also

take place, completing the conceptualization of schizophre-

nia as a brain dysconnectivity disorder.38 It is possible that

smoking could interfere with increasing dopamine synthesis

and release in the striatum, as a downstream effect of NMDA

hypofunction, developing during the prodromal phase.32

Smoking has been shown to inhibit expression of genes

related to myelin synthesis and maintenance in mice,39 and

heavy smokers have been shown to have abnormal integrity

of white matter in anterior corpus callosum;40 the impact of

smoking on myelin integrity, neuroplasticity, and subsequent

brain dysconnectivity in susceptible, at-risk individuals

remains to be explored. Still, data about nicotine consump-

tion patterns and effects during the prodromal phase of

schizophrenia appear to be insufficient.

According to Kelly and McCreadie, the onset of smoking

occurs before the onset of schizophrenia, defined as the first

contact with services, by 11 years on average.41 Beratis et al

found that in 86% of the patients smoking initiation preceded

the disease onset and defined the time at which the first

prodromal symptoms of the illness appeared.42 Sandyk and

Kay found that patients with schizophrenia who consumed

tobacco had a significantly earlier age of onset of the illness,43

but others have not confirmed this difference.42 Initiation of

cigarette smoking may coincide with the prodromal period of

the disorder and the prevalence of smoking in future schizo-

phrenia patients was higher, according to Weiser et al.44 More

recent data have shown that daily tobacco use is associated

with decreased risk45,46 or increased risk of developing

psychosis,47 as well as earlier onset of psychosis compared

to nonsmokers.48 Nicotine dependence is related with more

severe symptoms and poorer outcome in the schizophrenic

population.9

In short, the complexity of the relationship between

tobacco consumption and schizophrenia appears to be

worthy of investigation, but the reasons why people with

psychosis are keener to smoke than the general population

remain unclear.48,49 The association between smoking and

the prodromal period seems even less studied, even though

the investigation of this relation could shed some light on

pathophysiologic mechanisms of the disease. In view of

this, a review of the existing literature addressing this issue

appears to be warranted. This present study attempts to

address some of the questions regarding this matter and

can be summarized as follows:

1. When does the initiation of smoking occur, in rela-

tion to the onset of prodromal symptoms?

2. What is the prevalence of tobacco smoking in the

prodromal period?

3. Are there patterns of tobacco use somehow related to

the escalation of prodromal symptoms leading to

active psychosis, and does smoking have any influ-

ence on transition rates or age of onset for psychosis?

4. Are there any differences between smokers and

nonsmokers regarding clinical symptoms, cognition

or neurobiological correlates?

Methods
The electronic databases PubMed, PubMed Central, and

Scopus were used to search for original studies relevant to

nicotine use during the initial prodromal period of schizo-

phrenia (last date accessed was the 31st of March 2018). We

used the search terms “schizophrenia” or “psychosis” AND

“prodromal” AND “nicotine” OR “smoking” OR

“tobacco”. We also searched for additional articles in the

reference lists of the retrieved publications. A flow diagram

of the screening process can be seen in Figure 1.

The selection process was carried out by two investi-

gators separately, AG and MS. In case there was dis-

agreement on whether to include or exclude a study, a

decision was made after discussion. Inclusion criteria that

had to be met were: (a) the use of ICD or DSM criteria

for the diagnosis of schizophrenia, excluding studies

where recruited subjects were prospectively diagnosed

with prodromal symptoms, and therefore had not yet

converted to a diagnosable psychotic disorder, (b) reports

of any data regarding the initial prodromal period of

schizophrenia and nicotine consumption, irrespective of

definition criteria for the prodrome or for smoking status,

(c) the discrimination between nicotine use and use of

other substances, and (d) peer-reviewed English language

papers. Exclusion criteria were (a) not referring to schi-

zophrenia, focusing on organic or substance-induced psy-

choses, (b) not distinguishing or controlling for the use of

other substances, (c) not referring to the prodromal per-

iod, and (d) language other than English or not peer-

reviewed papers, for example, conference abstracts.

Data collected were the design and setting of the studies,

sample sizes, definitions of the prodromal status, defini-

tion of smoking status, criteria for smoking heaviness or

dependence, and main results of the study relevant to the

prodrome of the disease and smoking. Gathered data

were used for the narrative/qualitative synthesis of the

results.
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Results
Ten full-text articles have been reviewed, in which a report

on the probable relationship between smoking and prodromal

period was noted. Study characteristics, sample sizes, and

main findings of reviewed articles regarding smoking and the

prodromal period of psychosis are demonstrated in Table 1.

There was considerable heterogeneity of studies, regarding

sample sizes, design (longitudinal or cross-sectional) criteria

employed for definition of prodromal period, and methods

used to assess nicotine use.

Initiation of smoking in relation with the

initial prodrome
Age of smoking initiation was studied by Riala et al who

examined a 1966 birth cohort study comprising 11,017 indi-

viduals in Northern Finland.50 It was found that age of

initiation of smoking preceded the illness onset in patients

with schizophrenia by 2.3 (SD=6.6) years, which was sig-

nificantly shorter than in patients with other mental disorders.

The time difference between initiation of smoking and onset

of the disease was even shorter, 0.9 (SD=5.8) years, in

individuals who were not treated in a hospital for comorbid

substance use disorder, comprising 77% of the group with

schizophrenia. Based on the close temporal relationship, the

authors concluded that smoking initiation may occur as a

result of shared genetic risk between smoking and premorbid

developmental deviance of schizophrenia. They also stated

that this could be an indicator of the prodromal period, where

patients are more prone to smoke to alleviate prodromal

symptoms of the illness, in line with the self-medication

hypothesis.50 In a study conducted in China, it was found

that 73% of the schizophrenia patients had started smoking

before the disease onset by a mean of 7.6 (SD=10.2) years.

According to the authors, smoking could have been asso-

ciated with prodromal symptoms, although they argue that

7 years seem to be a long period to be characterized as

prodromal phase of the illness51 and thus schizophrenic

patients may have started tobacco use during the premorbid

period. In a different study,52 the risk of daily smoking

initiation was found to be significantly higher in schizophre-

nia patients than in healthy controls preceding the initiation

of psychiatric medication 5 years (assuming that this is a time

when prodromal symptoms have not yet occurred). The

authors conclude that the difference in the hazard of smoking

initiation cannot be explained by either the illness, its

Figure 1 Flow diagram of the screening procedure.
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treatment, or the prodromal period, and therefore a genetic

component of this vulnerability in patients with schizophre-

nia must be considered.52 The age at onset of psychosis was

not found to be significantly different between smokers and

nonsmokers in two studies,50,51 but a positive correlation

between age of smoking initiation and the age at onset of

illness was reported (r=0.12, P=0.005).51

Prevalence of smoking in the prodromal

period and risk factors for smoking initiation
Prevalence of nicotine use during the prodromal period

varies among studies (16.6–46%). In the study conducted

by Cadenhead, prevalence of current smokers was found to

be 18% in at-risk individuals (N=89) and 32% in early

psychosis patients (N=75) (converted to psychosis-and

therefore no longer prodromal within the past 2 years)

versus 14.1% in the control nonpsychiatric group

(N=85).53 Another estimate is provided by Gupta and

Mittal,54 in a smaller sample, where UHR patients (N=35)

reported nicotine use at a rate of 46% versus the 22% of the

control group (N=32, P≤0.05).54 In the study of Buchy et al,

the rate of tobacco use in a sample of Clinical High Risk

(CHR) individuals (N=170) was 33.3%, with 2.8% corre-

sponding to dependence or abuse.55 Prevalence of nicotine

use was 16.6% in the CHR sample of Kristensen and

Cadenhead (2007).56 Riala et al examined a number of

known risk factors for smoking in the general population,

namely male sex, low primary family socioeconomic status,

poor school performance, single-parent family, alcohol use,

parental smoking, to see if these could account for the

elevated rates of smoking in patients with schizophrenia.

Only the father’s smoking at home was found to elevate the

risk of smoking in the group of schizophrenia, giving an

odds ratio of 3.5 (95% CI: 1.9–11.3, P=0.035). Data for

maternal smoking were not available.50 Diaz et al have

found that patients with schizophrenia have a higher hazard

of becoming smokers 5 years before the psychosis onset,

and presumably before the prodromal onset; the cumulative

hazard for smoking initiation remains high after the age of

20 and at least for 10 years more, compared to healthy

controls. This difference could not be demonstrated

between mood disorder patients and controls.52 The authors

discuss that a shared genetic vulnerability should be part of

any explanatory hypothesis of this association, pointing out

that people prone to schizophrenia are also prone to smok-

ing initiation, not only in adolescence but also later (until at

least their 30 years of age).52T
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Predictive risk for schizophrenia and

transition to psychosis
Zammit et al report findings on a cohort study of Swedish

conscripts, comprising 50,087 men aged 18–20.46 The

cohort study was followed up for a period of 27 years

regarding the development of schizophrenia, based on the

Swedish National Register of Inpatient Care. The authors

found that after adjusting for a number of confounding

factors, including IQ, cannabis use, place of upbringing,

and personality factors related to social integration

(including number of close friends, relationships with

women and sensitivity of the subject), there was no sig-

nificant association between smoking at age 18 and devel-

oping of schizophrenia within 5 years of follow-up. They

continued that this time frame corresponds to a possible

prodromal period, where some of the subjects might have

already started to smoke to relieve prodromal dysphoric

symptoms. For medium (11 to 20 cigarettes/day) and

heavy smokers (>20 cigarettes/day), there was actually a

significantly lower risk for developing the disease after 5

or more years from conscription, with an adjusted hazard

ratio of 0.8 (95% CI=0.7–0.9, P=0.003) This result leads

the authors to assume the possibility of a protective role of

smoking, that is also found to be specific to schizophrenia

and not to other psychoses.46 Kendler et al in 2015 con-

ducted larger Swedish cohort study, comprising 1,413,849

women from the birth registry (mean age of 27.3 and

followed up for a mean of 18.5 years), as well as

233,879 men from the conscript registry (mean age of

18.5 and followed up for a mean period of 7.9 years).

They reported that according to their findings, smoking

prospectively predicts risk for schizophrenia.47 In this

work, a clear dose–response relationship was demon-

strated between smoking and the future occurrence of

schizophrenia. Hazard ratios after adjustment for possible

confounders (age, family and community, level socioeco-

nomic status and drug abuse) were 1.92 (95% CI: 1.59–

2.33) and 2.77 (95% CI: 2.34–3.43) for female light (1–10

cigarettes/day) and heavy smokers (11–20 and >20 cigar-

ettes/day), respectively, and in the male sample 1.62

(95% CI: 1.00–2.62) and 2.21 (95% CI: 1.11–4.42),

respectively. Nicotine dependence was indirectly estimated

by the continuation of smoking during the third trimester

of pregnancy and by higher rates of future chronic obstruc-

tive pulmonary disease (COPD). Furthermore, the risk did

not decline as the time to schizophrenia onset increased,

and therefore the authors assumed that the association is

not substantially attributed to the presence of a prodrome.

Looking at the hazard ratios calculated for relative pairs

discordant for smoking, they found them to be 3.87

(95% CI=2.86–5.25) in cousins, 4.75 (95% CI=2.27–

9.91) in half-sisters, 2.27 (95% CI=1.59–3.23) in full

sisters, and 30% and 69% higher risk for non-affective

psychosis in the light smoking and heavy smoking

co-twin, respectively. It is suggested that a shared famil-

ial/genetic background only partly accounts for the comor-

bidity of schizophrenia and smoking.47 Not much evidence

exists concerning conversion to psychosis specifically. No

association was found between tobacco use (or cannabis)

at baseline and transition to active phase in the study by

Buchy et al, yet the authors note minimal rates of abuse or

dependence in this sample, only 1.4% for each of these

severity categories.55 In another study, nicotine use

(amount smoked per day ranged from 0.125 to 1.5 packs

per day) was found to be significantly associated with later

conversion to psychosis (Fisher’s Exact Test P=0.005), but

the 4 subjects out of 6 who converted smoked nicotine as

well as cannabis.56 Compton et al examined a group of

109 socially disadvantaged first-episode patients, compris-

ing patients with schizophrenia (56.9%), schizophreniform

disorder (20.2%), schizoaffective disorder (7.3%), psycho-

tic disorder not otherwise specified (11.0%), brief psycho-

tic disorder (3.7%), and delusional disorder (0.9%), who

were retrospectively assessed for prior and current alcohol,

cannabis and tobacco use, and ages at onset of prodromal

and psychotic symptoms. It was shown that the risk of

onset was associated with progression of cannabis and

tobacco use prior to onset, particularly with rapid progres-

sion to the highest levels of use of these substances.57

Effects of smoking relevant to the

prodromal period
Cadenhead conducted a study in 2011 on startle reactivity

and prepulse inhibition (PPI) as markers in prodromal and

early psychosis. She proposed an interaction between early

nicotine exposure and risk for psychosis. She suggested

that neurobiological changes in the early course of illness

are perhaps alterable by substances including nicotine as

well as cannabis and antipsychotic medication. Smoking

was associated with larger PPI in both the control and the

at-risk (AR) group, defined by SIPS criteria. However, a

reduction in PPI was observed in patients with early psy-

chosis (within 2 years from onset of active psychosis) that

smoked. It is argued that the observed PPI reduction in
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these patients may represent an interaction between early

nicotine exposure and risk for psychosis with malevolent

effects, whereas the larger PPI in the AR group could

relate to compensatory processes close to, but before, the

onset of active psychosis.53 In a similar line, supportive of

the self-medication hypothesis, nicotine use in UHR for

developing psychosis subjects is associated with elevated

cognitive performance, as reported in the study by Gupta

and Mittal, in 2014. In this study, smoking was associated

with better processing speed, visual learning and spatial

working memory among the UHR group.54

Discussion
The relationship between tobacco consumption and schizo-

phrenia has gained research attention in recent years, but

perhaps not to the extent at which other substances, ie,

cannabis, have been studied.48 This is mirrored by the num-

ber of the studies that were found, as there is a relative lack of

studies addressing the relationship between schizophrenia

and nicotine, and even less articles that focus on the impor-

tance of smoking during the prodromal period of psychosis.

There were somemethodological issues during the search for

relevant papers that should be pointed out. First, the defini-

tions of the prodromal period and age of onset of schizo-

phrenia vary between studies. In many cases, the prodrome is

only supposed to exist for a set time period before psychosis

onset.46,49,50 Also, the age of onset of psychosis is frequently

calculated as either the age of first hospitalization, age at

starting medication,46,47,50,52 was not specified,51 or included

criteria for conversion.53,55–57 It is well known that psychosis

onset can be well before first hospitalization, and Durations

of Untreated Psychoses (DUPs) range between 9.3 and 147.2

weeks, according to a recent meta-analysis.58 Another short-

coming is that nicotine use is not separated by the use of other

substances,56 most importantly cannabis, for which quite

more literature exists.59 Not all studies use a measure or a

scale for nicotine dependence,51,52,55,60,61 but rather report

number of cigarettes per day,46,47,50,56,57 or treat this variable

dichotomously,53 or use indirect measures for dependence.47

Also, patterns of use and longitudinal assessments of smok-

ing habits are examined in only two studies.56,57 Some stu-

dies are based on rather small samples.54,56 Still, smoking

habits in patients with schizophrenia during or even before

the prodromal period present particular interest, deserve

more research attention, and call for a multifaceted approach.

Prevalence of smoking in this population is high and

significantly higher than healthy controls and being in this

group increases risk for smoking initiation.47,52,53 This is

in accordance with a recent review focusing on cardiome-

tabolic risk factors in UHR patients; prevalence of smok-

ing in UHR subjects was 33% (95% CI=0.24–0.42;

I2=82.4%; total pooled subjects n=629), with an odds

ratio of 2.3 (P=0.05; 95% CI=1.48–3.48; total pooled

subjects n=938), compared to healthy controls.62 Serious

concerns are raised for the physical health of this popula-

tion, given the detrimental effects of smoking on respira-

tory and cardiovascular function, and negative influence

on life expectancy. Vigorous programs for smoking cessa-

tion should try to address this need, even more because

smoking cessation rates in patients with schizophrenia lag

behind those of the healthy population.63,64 From a differ-

ent point of view, it is this proneness of schizophrenic

people to smoking that stresses the complex interplay

between the illness and nicotine use and could shed light

on a possible mediating or etiologic role of nicotine in the

evolving disease, complementing the self-medication

aspects of tobacco use.

In some of the reviewed articles, the study of the

prodrome has served to rule out the self-medication

hypothesis, or better disentangle the exact significance

and role of smoking in the evolution of the disease.46,47,52

The reviewed studies suggest that tobacco use is taken up

most often at the premorbid or the prodromal period of

schizophrenia and cannot therefore be attributed to symp-

toms of active psychosis,50–52 possibly pointing to a shared

vulnerability between the two. Accordingly, a recent meta-

analysis found that the time of smoking initiation preceded

the illness onset by 5.3 years on average, with prevalence

of smoking at first presentation for treatment being

58.9%,65 which is even higher than during the prodromal

phase, indicating maybe an escalation of use and also

implicated in the study of Compton et al.57

On the other hand, evidence accumulates regarding a

possible etiologic role of smoking in the pathogenesis of

schizophrenia. In the articles reviewed, Zammit et al46

argue for a protective role of nicotine for medium and

heavy smokers, in contrast to Kendler et al,47 who have

found increased risk for the illness associated with smoking

in a dose-response mode. The protective role of nicotine is a

rather surprising result, but it is possible that it could be

attributed to bias. This can be explained by the fact that the

authors have, amongst other confounders controlled for poor

social integration, stating that this is a risk factor for smoking.

However, poor social integration, corresponding to sensitiv-

ity and lack of close friends or relationships, could also well

be part of a premorbid personality related to schizophrenia,66
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or could be a manifestation of prodromal symptoms of the

illness, such as social isolation. By treating this as a con-

founder, a possibly significant proportion of subjects already

at grave risk for schizophrenia is excluded from analysis,

leading to biased results. Distribution of ages at onset for the

two sexes should also be considered. Males get ill mostly

around 15–25 years old, with onset of illness beyond 35 years

of age being rarer for them, whereas for women two similar

peaks exist, before and after 35.29 By treating this as a

confounder, a possibly significant proportion of subjects

already at grave risk for schizophrenia is excluded from

analysis, leading to biased results. Distribution of ages at

onset for the two sexes should also be considered. Males

get ill mostly around 15–25 years old, with onset of illness

beyond 35 years of age being rarer for them, whereas for

women two similar peaks exist, before and after 35.67,68 We

think that the period of observation of Kendler et al for the

male and female cohort study is more fitted to the particula-

rities of the age of onset in schizophrenia in the two sexes.

Data regarding the course of nicotine consumption during

prodromal period through transition are lacking; in the study

of Compton et al,57 an escalation to highest levels of use is

implicated in subjects who convert to psychosis. Buchy et al

failed to find an association,55 but assessment of use was only

cross-sectional at baseline, with abuse or dependence being

considerably low or minimal, and these may have led to a

negative result. In a recent meta-analysis, risk ratio for new

psychotic disorder was 2.18, a modest effect, and people who

smoke in the first episode of psychosis have earlier ages of

onset of psychosis.48 In the studies included in this review that

focuses on the prodromal period, this difference is not found,

and the age at onset of schizophrenia is not lower in patients

who have started smoking before onset, compared to nonsmo-

kers. Also, the age at onset of smoking does not differ between

schizophrenia patients and controls.

The role of several neurochemical circuitries in the patho-

physiology of schizophrenia has been extensively studied,

including the dopaminergic pathway, the glutamate dysfunc-

tion, the serotonergic and GABAergic system, and the choli-

nergic system, the latter of which is probably the most relevant

regarding the physiological effects of nicotine on the brain and

its possible connection with schizophrenia.69 Stimulation of

nicotine acetylcholine receptors in the brain dopamine recep-

tor system may have positive effects in sensory processing

deficits in schizophrenic patients,70 and this also seems true for

the prodromal period, according to the reviewed studies.53,54

Particularly interesting is the increased PPI in at-risk indivi-

duals that smoke, compared to at-risk nonsmokers, implicating

a positive influence of nicotine on compensatory processes

before the transition to psychosis, a finding that is reversed

after the establishment of active psychotic symptoms.

Smoking could relieve patients from negative or cognitive

symptoms by increasing the mesocortical DA activity,

although DA neurotransmission is already hyperactive in sub-

cortical regions, ie, the nigrostriatal pathway, which is related

to the positive symptoms.71 Smoking could also be used by a

patient as an anxiolytic agent, due to the inhibition of nicotinic

Ach receptors (nAchRs).11 Anxious distress and depressive

symptoms are very common in patients at risk for psychosis,

particularly in early stages, and in patients with prevalent

paranoid symptoms.72 Nicotine, even in healthy subjects,

alters the bioavailability of neuroregulatory molecules such

as catecholamines, monoamines, hypophyseal hormones, and

cortisol, providing immediate improvement in affect or per-

formance in response to environmental demands.20 In the

present review, no articles examining differences in symptoms

other than cognitive in at-risk individuals were identified,

between smokers and nonsmokers. Nevertheless, the above

could be supportive of the self-medication hypothesis in this

population, also described as a prevalent hypothesis about the

link between smoking and schizophrenia in many articles.71

On the other hand, a most convincing insight on the biolo-

gical link between schizophrenia and smoking comes from

latest genetic studies that strongly suggest that nicotine con-

sumption and schizophrenia share some genetic liability.73,74

Recently, a multi-stage schizophrenia genome-wide association

study (GWAS) was performed by Schizophrenia Working

Group of the Psychiatric Genomics Consortium and 108 schi-

zophrenia-associated genetic loci were identified. The presence

of an associated variant in the CHRNA5-A3-B4 gene cluster

might reflect a dose–response relationship between the heavi-

ness of smoking and the schizophrenia risk,75 while a variant

within the CHRNA5-A3-B4 gene cluster was strongly asso-

ciated with the heaviness of smoking.76 A genetic variation in

CHRNA7 gene has been associated with higher risk for nico-

tine dependence in schizophrenic patients, and there are multi-

ple nAChR genes that have been proposed to play a role for the

increased susceptibility to smoking in these patients.77,78 These

could mean that there is shared genetic architecture between

schizophrenia and smoking, but it could also indicate a causal

association between smoking and schizophrenia.79 In the Chen

et al study, the results support the self-medication hypothesis, as

well as a causal link between smoking and schizophrenia, and

evidence of the shared vulnerability hypothesis is provided,

with shared genes involved in neuroplasticity processes and

cognitive functions.80 Furthermore, some researchers have
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employed the method of mendelian randomization, as a means

to overcome confounding in observational studies, by using

genetic variants that increase risk for a condition, as a proxy

measure of this condition.81 The study of Gage et al investi-

gated causality in associations between smoking initiation and

schizophrenia and was not supportive of a causal effect of

schizophrenia risk on becoming a smoker, but there was some

evidence of a causal effect of being a smoker, and maybe of the

heaviness of smoking, on the risk of schizophrenia.79 The study

of Wooton et al, which used a similar approach but captured

smoking duration heaviness and cessation suggested a causal

effect of smoking status on schizophrenia and depression as

well, but there was also evidence for causation in the opposite

direction; genetic risk for schizophrenia and depression was

found to increase lifetime smoking.82

On the neurotransmitter level, effects of nicotine on the

dopamine system may have similarities to psychosis, as it

may cause changes in the dopaminergic system, by indu-

cing a supersensitivity of the D2-receptors.48,83,84 This

might be better understood by the dopamine–acetylcholine

balance hypothesis.85 Maladaptive changes in dopaminer-

gic signaling may be produced by high nicotine concen-

trations through the nAchR function alteration,9

contributing to glutaminergic signaling modulation, and

thus influencing cognition and behavior.86 In conclusion,

smoking can be seen as a condition that schizophrenia-

prone subjects are prone to take up, and also a condition

that itself has some role in the etiology of the illness.

In view of the above, could smoking during the prodromal

period deteriorate the course of the disease? Findings from

different studies are inconclusive on the matter. Even though

there appears to be evidence of a strong association between

nicotine abuse and relapses in general49,87,88 and a greater risk

on hospitalization,89 other studies report no clear association

between the two.90 Only one of the reviewed studies provided

evidence of escalation of tobacco use as psychosis got immi-

nent; still, because the data about nicotine consumption patterns

during the prodromal phase are yet insufficient, clearly more

relevant studies are needed.

Limitations of the present study are the considerable het-

erogeneity of the articles as well as that some studies rely on

small samples. The heterogeneity included several methodo-

logical differences, such as varying sample sizes and designs,

definitions of prodromal period, age of onset of schizophrenia,

and assessment of nicotine use. We should also note that the

use of only unspecific databases (and not more or specific

ones), the limited search to English language only, and not

using truncations and controlled vocabulary could have influ-

enced the search results.

Conclusion
The reviewed articles imply a link between smoking onset and

the prodromal period (or the premorbid period) of schizophre-

nia, explained by association and the close temporal relation-

ship of the initiation of smoking and the onset of psychosis, the

high prevalence of nicotine use in patients at the prodromal

phase, the possible escalation of use, a higher hazard of

developing schizophrenia in smokers in a dose-dependent

mode, and the amelioration of cognitive measures in prodro-

mal individuals who smoke. This complex interplay corre-

sponds to three explanatory hypotheses not necessarily

mutually exclusive: the shared vulnerability, the causal role,

and the self-medication effect. Further research is needed to

clarify whether nicotine consumption has a direct effect on the

altered genetic substrate and if cigarette smoking should be

examined as an environmental risk factor for developing schi-

zophrenia. Moreover, it is very important to identify, in future

studies, the role of nicotine or smoking patterns during the

early, prodromal stages of the illness. The investigation of a

possible link between smoking patterns and specific schizo-

phrenic symptoms, like negative/positive symptoms or cogni-

tive deficits would be a great challenge for the future, along

with a clearer understanding of the role of the cholinergic

system’s role in the pathophysiology of psychosis and possibly

a consideration for public health.
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