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Background. Although patients with chronic schizophrenia have substantially higher smoking rates than either the

general population or patients with other mental illnesses, drug-naive patients with a first episode of schizophrenia

have received little systemic study. This study examined smoking rates, the association between smoking and

symptom severity and cognitive function in Chinese first-episode schizophrenia (FES) patients using cross-sectional

and case-control designs.

Method. Two hundred and forty-four drug-naive FES patients and 256 healthy controls matched for gender, age and

education completed the Fagerström Test for Nicotine Dependence (FTND) and the Repeatable Battery for the

Assessment of Neuropsychological Status (RBANS). Patients were also rated on the Positive and Negative Symptom

Scale (PANSS).

Results. The rate and quantity of smoking were not significantly higher among FES patients compared to the general

population. Among patients, smokers scored higher than non-smokers on the total PANSS and the positive symptom

subscale scores. There were no significant associations between cognitive function and smoking in either FES patients

or healthy controls.

Conclusions. In contrast to studies in patients with chronic schizophrenia, drug-naive FES patients did not smoke

more frequently than the general population. Furthermore, patients with psychotic disorders who smoked did not

exhibit significant cognitive differences compared with those who did not smoke. However, smoking may have other

detrimental effects on physical and mental health, for example on positive symptoms.
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Introduction

Numerous studies have shown that patients with

chronic schizophrenia have higher smoking rates

(50–90%) than the general population (Dalack et al.

1998 ; de Leon et al. 2007 ; Winterer, 2010 ; Zhang et al.

2010). Even after adjusting for marital and socio-

economic status, alcohol use, antipsychotic medica-

tions and institutionalization, these high smoking

rates in schizophrenia persist across cultures and

countries (de Leon & Diaz, 2005). Smokers with

schizophrenia also have higher daily cigarette con-

sumption, favor stronger cigarettes and extract more

nicotine from their cigarettes than other smokers

(Olincy et al. 1997 ; Strand & Nybäck, 2005). It is also

more difficult for people with schizophrenia to quit

smoking compared with the general population (de

Leon & Diaz, 2005). Consequently, this population is

at greater risk of smoking-related illnesses, reduced

quality of life, and death (Ziedonis et al. 2003 ; Kelly

et al. 2011).

In contrast to these detrimental health conse-

quences, it has been suggested that smoking may re-

duce the side-effects of antipsychotic medication,

alleviate negative symptoms and/or neurocognitive

deficits in attention, executive function and spatial

working memory in people with schizophrenia

(George et al. 2002 ; Harris et al. 2004 ; Sacco et al. 2005;
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Smith et al. 2006). Alleviation of some deficits may

reflect nicotinic receptor stimulation, which has been

shown to normalize deficits in auditory sensory gating

in schizophrenic patients and their first-degree rela-

tives (Leonard et al. 2002 ; Freedman et al. 2003 ; Olincy

et al. 2006, 2010 ; Martin & Freedman, 2007 ; Mobascher

& Winterer, 2008). Cigarette smoking may thus be a

form of self-medication in this population (Kumari &

Postma, 2005 ; Leonard et al. 2007 ; Lieberman et al.

2008).

Two small studies (n=22 and n=30 respectively)

in medication-naive patients with a first episode of

schizophrenia have assessed smoking rates (McEvoy

& Brown, 1999; Scottish Schizophrenia Research

Group, 2000) but no studies have compared first-

episode schizophrenia (FES) patients and normal

controls or reported the association between smoking

and clinical symptoms and cognition in FES patients.

In this younger population the illness may not have

been complicated by medical or substance abuse,

co-morbidity, chronic disability or long-term medi-

cation regimens.

The aims of the present study were therefore to (1)

compare the rates of smoking in never-medicated, FES

patients and healthy controls, (2) describe smoking

behavior at the onset of psychosis, and (3) determine

the relationship between smoking and psychopatho-

logical symptoms and cognitive functioning among

patients with schizophrenia compared to appropri-

ately matched controls.

Method

Subjects

We recruited 244 never-medicated, FES patients

(male/female=164/80; age range 16–46 years) from

consecutive admissions to the in-patient unit of Beijing

HuiLongGuan Hospital, a Beijing city-owned psychi-

atric hospital. Diagnosis was made using DSM-IV cri-

teria and confirmed 3–6 months later. Diagnoses were

made for each patient at baseline and at follow-up by

two independent experienced psychiatrists trained to

use the Chinese version of the Structured Clinical

Interview for DSM-IV (SCID; First et al. 2002 ; Phillips

et al. 2007).

Normal controls were recruited from the local com-

munity in Beijing during the same period. The resident

registration files provided a random sample of control

subjects (age 16–46 years), and we sent each subject a

letter explaining the purpose of the study. We selected

those normal subjects who had similar educational

levels and socio-economic status to the patients. Local

officials and health centers arranged for the interviews

and measurements to take place at the center office

at times convenient to the participants. All participants

were interviewed by trained investigators supervised

by a research psychiatrist. Current mental status and

personal or family history of any mental disorder was

assessed using unstructured interviews. No controls

had either a personal history or a family history of a

psychiatric disorder. Of the 356 eligible subjects, 256

(male/female=176/80) completed the baseline inter-

view (participation rate : 72%), and were matched for

age, gender and education.

All subjects were Han Chinese recruited during

the same period from the Beijing area. We obtained

a complete medical history, physical examination

and laboratory tests from both patients and control

subjects. Subjects with medical abnormalities were

excluded from both groups. Neither schizophrenic

patients nor control subjects suffered from either cur-

rent or lifetime drug or alcohol abuse/dependence.

Two participants (0.8%) with FES were excluded for

concomitant alcohol abuse/dependence, and both

were smokers.

All subjects gave written informed consent to take

part in the study, which was approved by the

Institutional Review Board of Beijing HuiLongGuan

Hospital.

Measures

Trained research staff administered a detailed ques-

tionnaire documenting sociodemographic character-

istics, medical illnesses and psychological conditions

for each subject. Patient self-reports of the average

number of cigarettes smoked per day in the week be-

fore entry into the study, along with details of their

smoking history and family history of smoking, were

verified in interviews with family members. The

Chinese translation of the standardized Fagerström

Test for Nicotine Dependence (FTND; Fagerström,

1978) was used to measure the degree of nicotine de-

pendence. Additional information was collected from

available medical records and collateral data from

the family and/or treating clinician. Additional visits

were requested to clarify missing or ambiguous data.

Based on the literature (de Leon & Diaz, 2005 ;

Zhang et al. 2012), the subjects were defined as smokers

if they reported smoking more than one cigarette

daily and had smoked regularly for more than 1 year.

Former smokers were defined as those who had pre-

viously smoked more than one cigarette daily for

1 year or more, but had quit smoking for more than

1 year. Individuals who had smoked less than 100

cigarettes during their lifetime were defined as ‘never

smokers ’ (Wing et al. 2011). We defined heavy smok-

ing as smokingo30 cigarettes (or 1.5 packs) per day by

self-report based on definitions from epidemiological
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survey and schizophrenia studies (de Leon & Diaz,

2005). Smoking status was verified biochemically

by expired carbon monoxide (CO) levels o10 ppm

(Wing et al. 2011), assessed using the BreathICO

device (Vitalograph, UK). As there were only two and

five former smokers in the FES patient and healthy

control groups respectively, never smokers and

former smokers were combined and defined as ‘non-

smokers ’.

Psychopathological assessment

Four psychiatrists assessed levels of schizophrenia

psychopathology using the Positive and Negative

Syndrome Scale (PANSS; Kay et al. 1987). All psy-

chiatrists had been trained in the appropriate use of

the rating scales before the study began. After training,

repeated assessment showed that the psychiatrists

maintained an inter-observer correlation coefficient

greater than 0.8 for the PANSS total score.

Cognitive function

The Repeatable Battery for the Assessment of

Neuropsychological Status (RBANS; Randolph et al.

1998) was administered individually to measure

cognitive functioning. The RBANS comprises 12

subtests that are used to calculate five age-adjusted

index scores and a total score. The test indices

were : Immediate Memory (comprising List Learning

and Story Memory tasks) ; Visuospatial/Construc-

tional (comprising Figure Copy and Line Orientation

tasks) ; Language (comprising Picture Naming and

Semantic Fluency tasks) ; Attention (comprising Digit

Span and Coding tasks) ; and Delayed Memory

(comprising List Recall, Story Recall, Figure Recall

and List Recognition tasks). Our group has translated

the RBANS into Chinese and established its clinical

validity and test–retest reliability among normal

Chinese populations and schizophrenia patients

(Zhang et al. 2009).

Each patient came to the testing room on a separate

day on which a researcher introduced the patient to

the laboratory and provided a training session to allow

acclimation to the testing environment and the com-

puterized tasks. To reduce or eliminate nicotine with-

drawal effects on cognitive functioning, participants

who smoked were allowed to smoke cigarettes before

testing and during breaks. Acute psychotic symp-

tomatology did not seem to influence completion of

the RBANS.

All clinical measures were administrated before any

psychotropic or other medication was started, typi-

cally no more than 1 week following admission.

Statistical analysis

The prevalence of smoking was analyzed by diagnos-

tic groups stratified by gender with odds ratios (ORs)

comparing patients and healthy controls. We used the

Breslow–Day statistic to test the difference in the risk

for smoking between schizophrenic women and men.

Demographic and clinical variables for smokers and

non-smokers in schizophrenia patients and healthy

controls were compared using an analysis of covari-

ance (ANCOVA), with gender, age and education as

covariates.

For the main models, a multivariate analysis of

variance (MANOVA) on the RBANS total score and

each subscale score was constructed, with diagnostic

group and smoking status as factors, and with age and

education as the covariates. Then the main effect of

diagnostic grouprsmoking interaction was tested.

We also used an ANCOVA to compare the RBANS

scores among the four groups, with Bonferroni ad-

justment for post-hoc pairwise, between-group com-

parisons.

Correlations among demographic and clinical

variables were examined by Pearson correlation coef-

ficients. In the patient group, correlations between the

RBANS total score and the PANSS total score and its

subscale scores, years of education, age of onset, hos-

pitalization, smoking status, and the number of cigar-

ettes smoked per day were examined. In multivariate

regression analyses, all variables were initially entered

simultaneously to determine the overall influence, and

then forward stepwise procedures were used to de-

termine the most significant contributors to any as-

sociations.

All statistical analyses and database manipulations

were performed with SPSS version 15.0 (SPSS Inc.,

USA). All p values were two-tailed at a significance

level of 0.05.

Results

Prevalence and risk of co-morbid smoking in FES

patients

There were no significant differences between FES

patients and healthy controls with regard to gender,

age or education (all p>0.05) (Table 1). The smoking

rate among FES patients (36%) was not significantly

different from that of healthy controls (40%). Al-

though smoking prevalence was substantially greater

in males than females for both patients (male/female :

51% v. 6%, x2=45.9, df=1, p<0.0001) and healthy

controls (male/female : 55% v. 8%, x2=51.9, df=1,

p<0.0001), smoking rates did not differ between FES

and healthy control women or between FES and

healthy control men (both p>0.05). The ORs for
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smoking among FES patients compared to controls

for men and women were not significantly different

(1.27 v. 1.20, p>0.05). In addition, both the quantity of

smoking (15.9¡10.0 v. 14.8¡9.6 cigarettes/day) and

the FTND scores (6.4¡1.7 v. 6.7¡1.9) were not sig-

nificantly different between FES patients and healthy

controls (both p>0.05). Furthermore, both the fre-

quency of heavy smoking (35% v. 33%) and the

prevalence of smoking cessation (former smokers) (8%

v. 10%) were not significantly different between the

FES patients and the healthy controls (both p>0.05).

Among both FES patients and healthy controls,

smokers were older than those without a history of

smoking (both p<0.02). However, neither smokers

nor non-smokers showed an age difference between

patients and controls.

Smoking among the schizophrenic patients

No significant differences in schizophrenia subtypes,

occupation, marital status and educational level

were found between those with and without a history

of smoking after controlling for sex and age (all

p>0.05). Because too few women patients were

smokers, the following analyses were performed only

in men. Of the 83 schizophrenic patients who had ever

smoked, 68% started to smoke before the onset of their

schizophrenic illness, 7% approximately at the time of

onset of illness, and 25% after the onset. The mean age

at which patients started to smoke was 5.3¡6.6 years

younger than the mean age of illness onset. There

was no significant correlation between age at

starting to smoke and age at onset of illness (r=0.16,

p>0.05).

Clinical characteristics associated with co-morbid

smoking in male FES patients

Comparison of FES smokers and non-smokers with

regard to demographic and clinical variables shows

that age of onset of psychosis was significantly later

in smokers than non-smokers (p<0.05) (Table 2).

However, this difference was not independently sig-

nificant after controlling for age (p>0.05). In addition,

a family history of both smoking (especially the

father’s smoking rate) and schizophrenia was greater

in FES smokers than non-smokers (all p<0.05).

Smokers also showed a significantly higher PANSS

total score (p<0.01) and positive symptom score

(p<0.001) than non-smokers (Table 2). The general

psychopathology and negative symptom scores did

not differ between smokers and non-smokers (both

p>0.05). In the smokers with schizophrenia, no sig-

nificant correlations were found between the numbers

of cigarettes smoked per day and the PANSS total

score and its subscale scores (all p>0.05). In addition,

there was no significant difference between former

and never smokers on demographics or clinical vari-

ables (all p>0.05).

Cognitive functioning in male smokers and

non-smokers : case-control comparison

Comparison of the RBANS total and subscale scores

between 80 male FES smokers and 79 non-smokers,

Table 1. Characteristics of smoker and non-smoker drug-naive, first-episode schizophrenia

(FES) patients and healthy controls

FES patients Controls

Smoker

(n=88)

Non-smoker

(n=156)

Smoker

(n=103)

Non-smoker

(n=153)

Gender, n (%)

Male 83 (50.6) 81 (49.4) 97 (55.1) 79 (44.9)

Female 5 (6.3) 75 (93.7) 6 (7.5) 74 (92.5)

Age (years), mean¡S.D. 29.8¡9.3 25.7¡9.2a 29.1¡7.3 25.9¡8.6a

Education (years), mean¡S.D. 11.1¡3.8 11.7¡4.1 11.5¡3.9 12.4¡3.4

S.D., Standard deviation.

There were no significant differences in the demographic data between

schizophrenic patients and healthy controls (all p>0.05). Although smoking

prevalence was substantially greater in males than females for both patients

(p<0.0001) and healthy controls (p<0.0001), smoking rates did not differ between

female patients and controls or between male patients and controls (both p>0.05).
a There was a significant age difference between those with and without a history of

smoking in both patient and control groups (both p<0.02). However, neither smokers

nor non-smokers showed an age difference between patients and controls.
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and between 54 control smokers and 57 non-smokers,

showed that total scores differed among smokers with

schizophrenia (67.5¡17.0), non-smokers with schizo-

phrenia (73.3¡25.5), control smokers (80.5¡10.7) and

control non-smokers (84.7¡15.6) (F=41.5, df=3,264,

p<0.0001) (Table 3). Differences in mean index scores

for the four groups were also significantly different

(from p<0.005 to p<0.0001), and remained significant

after adjusting for age and education.

Significant smokingrdiagnosis effects were ob-

served for all of the RBANS total and subscale scores

(all p<0.05). Furthermore, there were significant di-

agnosis effects on cognitive scores on the RBANS and

all of its five subscales (all p<0.05), except for the

Visuospatial Constructional Index after controlling for

age and education. However, there were no significant

smoking effects on the RBANS total or any subscale

scores (all p>0.05). The schizophrenic smokers and

non-smokers, and the normal smokers and non-

smokers, did not differ in the RBANS total score and

individual index score (all p>0.05). Excluding former

smokers from the non-smoker group, these results re-

mained unchanged (all p>0.05). In addition, there was

no significant difference in the RBANS total score and

individual index score between former and never

smokers either in the whole group or when the normal

controls and patients were examined separately (all

p>0.05).

Among FES patients, including both smokers and

non-smokers, significant correlations were observed

Table 2. Characteristics of smoking and non-smoking male schizophrenic patients

Smoker

(n=83)

Non-smoker

(n=81) F

Adjusted

p valuea

Age of onset (years) 28.0¡9.8 25.0¡9.0 <0.05 N.S.

BMI (kg/m2) 22.5¡3.0 21.6¡3.1 N.S. N.S.

Family history of schizophrenia 35.6 21.0 <0.05 N.S.

Father who smoked 61.3 30.2 <0.01 <0.05

Mother who smoked 5.3 0 <0.05 <0.05

PANSS total score 78.9¡19.8 71.7¡18.8 <0.05 <0.05

Positive symptom subscore 23.4¡6.4 19.3¡6.2 <0.008 <0.01

Negative symptom subscore 20.3¡8.3 20.6¡8.3 N.S. N.S.

General psychopathology subscore 38.0¡10.9 34.7¡9.4 <0.08 N.S.

BMI, Body mass index ; PANSS, Positive and Negative Symptom Scale ; N.S., not significant.

Values given as percentage or mean¡standard deviation.
a Adjusted for age.

Table 3. Total and index scores on the RBANS in FES patients versus healthy controls grouped by smoking

FES Healthy controls

Adjusted Fa pb
Smokers

(n=80)

Non-smokers

(n=79)

Smokers

(n=54)

Non-smokers

(n=57)

Immediate Memory Index 63.5¡17.1 68.6¡19.7 76.2¡13.1 78.9¡17.4 45.8 0.0000

Attention Index 72.2¡21.3 76.3¡18.6 90.2¡15.6 93.3¡20.0 38.3 0.0000

Language Index 80.3¡16.3 76.3¡19.6 94.3¡10.1 96.1¡14.9 33.2 0.0000

Visuospatial/Constructional Index 82.2¡19.1 78.9¡16.7 80.4¡16.2 83.8¡16.3 4.4 0.005

Delayed Memory Index 69.3¡21.7 71.4¡19.6 85.4¡12.2 87.7¡15.7 16.0 0.0000

Total 67.5¡17.0 73.3¡25.5 80.5¡10.7 84.7¡15.6 41.5 0.0000

RBANS, Repeatable Battery for the Assessment of Neuropsychological Status ; FES, first-episode schizophrenia.

Values given as mean¡standard deviation.
a The variables age and education were adjusted in the ANCOVA.
b The p values indicate the comparisons among four groups : schizophrenia smokers, schizophrenia non-smokers, control

smokers and control non-smokers. The results of post-hoc tests showed significant differences between diagnostic groups but not

between smokers and non-smokers.
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between RBANS total scores and each of the following:

years of education; and PANSS total, general psycho-

pathology, negative and positive symptom scores. The

following were not significantly correlated: age ; age

at onset ; duration of illness ; schizophrenia subtype;

smoking status (smokers v. non-smokers) ; and FTND

score. A multivariate regression analysis showed that

three variables accounted for approximately 44% of

the variance of the RBANS total score : years of edu-

cation (t=4.2, p=0.001), PANSS negative symptom

score (t=–3.8, p=0.01), and PANSS general psycho-

pathology score (t=–2.4, p=0.03).

In addition, no significant correlations were ob-

served between the RBANS total score or its domain

scores and the numbers of cigarettes smoked per day

either in the whole smoker group or when the normal

controls and patients were examined separately (all

p>0.05).

Discussion

This study of smoking among FES patients found that,

first, smoking rates did not differ between drug-naive

FES patients and a matched sample from the general

population. Second, a gender difference in smoking

prevalence was noted in both patients and healthy

controls, but smoking rates for FES patients and con-

trols were similar within each gender. Third, positive

symptoms were more often reported by FES smokers

than non-smokers. Fourth, FES patients had signifi-

cantly poorer cognitive performance than healthy

controls (Zanelli et al. 2010), but smokers showed

similar performance in cognitive function comparing

to non-smokers in the FES group or the healthy control

group respectively.

Smoking prevalence in drug-naive FES patients

The smoking rate in our general population sample of

40% is similar to other reports from China (Lee et al.

2009). However, Gu et al. (2009) showed a prevalence

of current or former smoking, defined as smoking

at least 1 cigarette daily for at least 1 year, among

Chinese men at 63% in a nationally representative

sample. A possible reason for this discrepancy may lie

in the age of the participants. We found the high

smoking prevalence of 79.6% for the schizophrenic

patients and 63.0% (353/560) for the control group at

an average age of 46.2 and 46.7 years respectively

(Zhang et al. 2012), whereas the average age for FES

patients and matched controls was only 27.0 years in

our present study. The gap between smoking rates in

men and women is considerably different between the

USA and European countries because of cultural and

social factors (de Leon & Diaz, 2005). It is possible that

our findings in FES patients may be specific to Chinese

people or individuals with Asian ancestry and may

not apply to western FES patients ; two previous

studies reported significantly higher smoking rates

in western FES patients, although the sample sizes

were smaller and control groups were not available

for comparison (McEvoy & Brown, 1999; Scottish

Schizophrenia Research Group, 2000).

The smoking rate in our FES patients was com-

parable to the local population (36% v. 40%) but

substantially lower than that reported in two pre-

vious studies (McEvoy & Brown, 1999; Scottish

Schizophrenia Research Group, 2000) of non-Chinese

FES patients (77% and 73% respectively), which in-

cluded few FES patients (n=22 and n=30) and as-

sessed a different ethnic group. The results in this

Chinese sample may be different from previous

literature because of cultural and economic differences

across the samples. Most of the previous research on

smoking, and that cited in the literature, was com-

pleted more than a decade ago (McEvoy & Brown,

1999; Scottish Schizophrenia Research Group 2000).

Smoking behavior has changed considerably, even in

western countries, over this time. Cultural differences

and different geographical regions, along with the

high rates of smoking in China, may account for these

differences from western samples. It may be that our

findings in the present study cannot be generalized to

those in western samples. In addition, the smoking

rate in our FES patients was significantly smaller than

our previous study in chronic patients with schizo-

phrenia (Zhang et al. 2012), suggesting that exposure

to antipsychotic medications and progression of

the disease may influence smoking rates. Future

studies would benefit from including a matched

group of consecutively admitted, previously medi-

cated patients with schizophrenia as a control com-

parison, which would help to address the impact of

antipsychotic medication on smoking rates.

Numerous reports show that chronic schizophrenic

patients have higher smoking rates than the general

population (de Leon & Diaz, 2005 ; Winterer, 2010).

Data from the current study suggest that smoking

rates may increase sharply as the illness progresses

from its early stages. The reasons for this significant

increase in smoking are unclear. Several hypotheses

have been offered to explain the high prevalence

of smoking in patients with schizophrenia. A popular

hypothesis is the ‘self-medication hypothesis ’, in

which cigarette smoking or cerebral nicotine exposure

may improve symptoms, decrease extrapyramidal

side-effects of antipsychotics, and ameliorate cognit-

ive or theoretically related neurophysiological defi-

cits of schizophrenic patients (Dalack et al. 1998 ;

Kumari & Postma, 2005). Another possibility is that
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schizophrenia and smoking have a shared genetic or

neurobiological susceptibility that is activated through

a common environmental interaction with these

vulnerability factors (Dalack et al. 1998 ; Leonard et al.

2002 ; de Leon & Diaz, 2005, 2012 ; Martin & Freedman,

2007). Genetic studies lend some support to this

shared vulnerability model (Leonard et al. 2002 ;

Freedman et al. 2003). Indeed, identical twins who are

discordant for schizophrenia both show significantly

higher rates of daily smoking and reduced success in

attempts to quit (Lyons et al. 2002). In addition, there

are a variety of behavioral and social factors that

may partially contribute to smoking, including chronic

illness, boredom, reduced quality of life, poor social

adjustment and lower socio-economic status (Samele

et al. 2007). For example, 12% of patients with schizo-

phrenia have reported that smoking helps them to re-

lax and pass the time enjoyably rather than under

tension (Forchuk et al. 2002). Discovering neurobiolo-

gical reasons among these multiple factors may lead to

the future development of novel drugs for treatment,

but psychosocial interventions are clearly crucial for

addressing this lack of tension-relieving activities

other than smoking (Winterer, 2010).

Some studies suggest that nicotine administration

can improve cognitive performance in non-smokers

with schizophrenia (Barr et al. 2008), especially atten-

tional functioning (Harris et al. 2004). Moreover, nic-

otine may initially ameliorate the pre-morbid or

prodromal attention deficits, which are commonly re-

cognized in schizophrenia patients and some of their

first-degree relatives (Smith et al. 2006). Furthermore,

tobacco use is not associated with an earlier onset of

psychosis (Myles et al. 2012) ; instead, we found that

the onset age of psychosis was significantly later in

smokers than non-smokers, which is consistent with

these findings of nicotine improving cognition. As

nicotine relieves this core symptom of psychosis and

schizophrenia, smoking may delay the age of onset of

psychosis (Ma et al. 2010). Whether patients initiate

smoking to self-medicate their pre-morbid neurophy-

siological and cognitive deficits before the full symp-

toms present needs attention, as this difference in

psychosis onset between smokers and non-smokers

disappeared after controlling for age (Weiser et al.

2004). Previous studies have shown that regular to-

bacco use often precedes the onset of psychosis

(Ma et al. 2010 ; Zhang et al. 2010), but early tobacco

uptake may act as a protective factor rather than con-

stituting a risk factor for developing psychotic illness

(Weiser et al. 2004).

Our findings showed that the PANSS total and

positive symptom scores were greater in FES

patients who smoked than in non-smokers. In most

of our patients, smoking preceded the onset of

schizophrenia. It is possible that smoking may have

even resulted in more severe symptoms. Alternatively,

patients with more severe symptoms may have

smoked to counteract these symptoms or used smok-

ing to improve subtle psychotic symptoms occurring

before the onset of full-blown psychosis. However,

we found that chronic schizophrenic patients who

were smokers displayed significantly fewer negative

symptoms than non-smokers (Zhang et al. 2012).

Taking all these results together, the self-medication

concept of smoking in schizophrenia may apply better

to patients with chronic schizophrenia.

Cigarette smoking and symptoms

Numerous studies link smoking and symptomatology

associated with schizophrenia, but very few corrob-

orate an association between smoking and a reduction

in negative symptoms (Dalack et al. 1998). For ex-

ample, acute cigarette smoking following 6–12 h of

abstinence was reported to reduce negative symptoms

of schizophrenia (Smith et al. 2001), but this finding

is not consistent across studies (Aguilar et al. 2005).

Moreover, Goff et al. (1992) found higher levels of both

negative and positive symptoms in smokers compared

with non-smokers. A study by Kelly & McCreadie

(1999) also failed to demonstrate significant symptom

differences between smokers and non-smokers. Other

investigators have shown lower levels of negative

symptoms in heavy smokers compared to light smo-

kers and non-smokers with schizophrenia (Ziedonis

et al. 1994). Consistent with this difference within

schizophrenic smokers, Aguilar et al. (2005) reported

high PANSS total scores in highly dependent smokers

but lower scores in mildly dependent smokers. Our

study corroborates this finding in that positive

symptoms were more often reported by schizophrenic

smokers than non-smokers. We postulate that the

neurobiological mechanism for our finding of higher

positive symptoms in smokers than non-smokers with

schizophrenia may be associated with the increased

dopamine (DA) function caused by cigarette smoking.

Smoking increases the release of DA in the mesolimbic

DA system (Montgomery et al. 2007). Positive symp-

toms of schizophrenia were thought to reflect hyper-

activity of the DA system, especially in subcortical

areas (Moncrieff, 2009). However, George et al. (2002)

and Evins et al. (2005) reported that smoking cessation

was not associated with significant improvement in

positive symptoms, with or without smoking cessation

treatments that have low potency in increasing central

DA such as bupropion and/or nicotine replacement

therapy (NRT), which tends to argue against our

speculation. Thus, this speculation that smoking
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affects the DA system causing increased positive

symptoms needs further evidence.

Smoking and cognition in FES patients

To our knowledge, the present study is the first to

compare cognitive function between smokers and

non-smokers in FES patients and healthy controls. Our

findings suggest that smoking has no association

with additional cognitive impairment or improvement

in FES patients. These results do not support the self-

medication hypothesis (Kumari & Postma, 2005), and

are not in agreement with previous studies showing

that nicotinic agonists may improve cognition in

chronic patients with schizophrenia (Harris et al.

2004 ; Sacco et al. 2005 ; Barr et al. 2008). However, it is

noteworthy that, although there was no significant

difference in cognitive performance on pairwise com-

parison of male non-smokers with schizophrenia

relative to male smokers with schizophrenia, the

numbers in these cohorts were small. Moreover,

because of high inter-individual variability in per-

formance, very little can be concluded from a cross-

sectional, between-subject comparison of cognitive

performance. Hence, the effects of smoking on cogni-

tive performance need further investigation before

firm conclusions can be drawn.

Several limitations of this study should be noted.

First, we selected the healthy controls to be matched

on education to the patients with schizophrenia. This

suggests that the controls were selected from lower

cognitive strata than the patients, because most

patients with schizophrenia have limited educational

opportunities on account of their pre-morbid cognitive

difficulties. Furthermore, the healthy controls in this

study performed comparatively poorly on the cogni-

tive measure (Dickerson et al. 2011). The RBANS sets

a mean of 100 and a standard deviation (S.D.) of 15

for a healthy control sample (Randolph et al. 1998).

Compared to US norms, the controls in this sample

performed 1 S.D. below the mean. Therefore, the heal-

thy controls in the present study could not be con-

sidered a representative sample of healthy controls.

This methodological weakness should be considered

as a caveat to this study. Second, the PANSS was ad-

ministered only to FES patients and not the healthy

controls. As we compared smoking status to clinical

characteristics, it would be of interest to compare

smoking with the subset of individuals who exhibit

psychotic symptoms but do not meet full criteria for

schizophrenia. However, we excluded any healthy

controls who reported any psychotic symptoms on our

screening examination, and did not have any subjects

to address the question of these symptoms without

schizophrenia. Future studies might be able to address

that question. Third, although the RBANS is a well-

established neurocognitive assessment tool and has

previously been used in people with schizophrenia, it

is a fairly brief assessment that does not capture all

aspects of cognitive function. In particular, cognitive

domains such as sustained attention (e.g. the Con-

tinuous Performance Task), visuospatial working

memory and executive function (e.g. the Stroop Color–

Word Test and the Wisconsin Card Sorting Task)

may be more sensitive to identify differences between

smokers and non-smokers with schizophrenia.

In summary, this study failed to show a link be-

tween smoking rates and FES. Among FES patients,

however, smoking was associated with greater psy-

chotic symptoms, specifically positive symptoms. This

may reflect the action of nicotine in increasing meso-

limbic DA and thereby exacerbating symptomatology.

Furthermore, smoking was not related to cognitive

function in this FES sample. Taken together, the re-

sults of our study fail to lend support to the self-

medication hypothesis in FES patients, that is that

these patients smoke to alleviate symptoms related to

schizophrenia or cognitive impairment. On the con-

trary, smoking was associated with an increase in

psychotic symptoms in FES patients. Future studies

are needed to examine this phenomenon in a larger

prospective sample and perhaps in different ethnic

populations.
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