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Abstract

Background: Cigarette smoking is consistently more common among schizophrenia patients than the general population 
worldwide; however, the findings of studies in Japan are inconsistent. Recently, the smoking rate has gradually decreased 
among the general population.
Methods: We performed a meta-analysis of smoking status in a large Japanese cohort of (1) 1845 schizophrenia patients and 
196 845 general population and (2) 842 schizophrenia patients and 766 psychiatrically healthy controls from 12 studies over a 
25-year period, including 301 patients and 131 controls from our study.
Results: In our case-control sample, schizophrenia patients had a significantly higher smoking rate than healthy controls 
(P = .031). The proportion of heavy smokers (P = .027) and the number of cigarettes smoked per day (P = 8.20 × 10–3) were 
significantly higher among schizophrenia patients than healthy controls. For the smokers in the schizophrenia group, 
atypical antipsychotics dosage was positively correlated with cigarettes per day (P = 1.00 × 10–3). A meta-analysis found that 
schizophrenia patients had a higher smoking rate than the general population for both men (OR = 1.53, P = .035; schizophrenia 
patients, 52.9%; general population, 40.1%) and women (OR = 2.40, P = 1.08 × 10–5; schizophrenia patients, 24.4%; general 
population, 11.8%). In addition, male schizophrenia patients had a higher smoking rate than male healthy controls (OR = 2.84, 
P = 9.48 × 10–3; schizophrenia patients, 53.6%; healthy controls, 32.9%), but the difference was not significant for women 
(OR = 1.36, P = .53; schizophrenia patients, 17.0%; healthy controls,14.1%). Among both males and females, schizophrenia 
patients had a higher smoking rate than both the general population (OR = 1.88, P = 2.60 × 10–5) and healthy controls (OR = 2.05, 
P = .018). These rates were not affected by the patients’ recruitment year (P > .05). The cigarettes per day values of schizophrenia 
patients and the general population were 22.0 and 18.8, respectively.
Conclusions: Schizophrenia patients are approximately 2 times more likely to smoke than the general population and healthy 
controls based on data collected over a decade in Japan.

Keywords:  general population, healthy controls, meta-analysis, number of cigarettes smoked per day, Schizophrenia, 
smoking rate
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Introduction

Patients with schizophrenia (SZ) have increased mortality and 
morbidity compared with the general population (GP) (Capasso 
et al., 2008). Patients have a lifespan 10 to 20 years shorter than 
that of the GP, mainly due to metabolic syndrome (MetS) and 
premature cardiovascular disease (Capasso et al., 2008; Walker 
et al., 2015). The prevalence of MetS is >30% higher in SZ patients 
than in the GP (Mitchell et al., 2013). The reasons for the occur-
rence of MetS in SZ are complex and include increased gen-
etic risk (van Winkel et al., 2010a, 2010b), the cardio-metabolic 
side effects of antipsychotics (Rummel-Kluge et al., 2010), and 
an unhealthy lifestyle, including high rates of cigarette smok-
ing (Mitchell et al., 2013; Vancampfort et al., 2013). Cigarettes are 
very sophisticated tools for delivering nicotine to the brain, and 
smokers tend to keep the number of cigarettes smoked daily 
relatively constant (Benowitz, 1988). Smokers with SZ are also 
likely to be heavy smokers who smoke more cigarettes and 
consume larger total cigarette volumes than smokers in the GP 
(Tidey et  al., 2005). Smoking stimulates dopaminergic activity 
in the brain by inducing its release and inhibiting its degrad-
ation (Sagud et al., 2009). Additionally, smoking can reduce defi-
cits related to dopamine hypofunction in the prefrontal cortex 
(Sagud et al., 2009).

A meta-analysis and several studies have indicated that 
SZ patients have a much higher prevalence of current tobacco 
smoking and heavy smoking than the GP (de Leon and Diaz, 
2005; Hartz et al., 2014) regardless of country, with the exception 
of 2 countries: Japan and Colombia (de Leon and Diaz, 2005). The 
meta-analysis included one Japanese study of 137 SZ patients 
and 11.429 members of the GP (Mori et  al., 2003). Mori et  al. 
(2003) reported that the smoking prevalence was not higher in 
the SZ group (34%) compared with the GP (37%). On the other 
hand, Shinozaki’s study (2011) of 172 SZ patients and 7496 and 
20 000 GP members reported that the SZ group had higher smok-
ing rates (40.7%) compared with the 2 GP groups (24.2% and 
26.1%) (Shinozaki et al., 2011). These contrasting results indicate 
that findings regarding the smoking rate in Japan are incon-
sistent. Smoking behavior is a treatable cause of morbidity and 
mortality in SZ. Given the severe health impairments caused by 
the comorbidity of tobacco smoking in SZ, understanding the 
precise epidemiology of this comorbidity is clinically important.

The GP is a heterogeneous cohort, although its definition 
depends on the study. Some studies screened to ensure absence 
of SZ or bipolar disorder within GP members and their first-
degree relatives (Hartz et al., 2014), whereas other studies may 
have included individuals with mental illnesses other than SZ 
or SZ itself in the GP cohort (Mori et al., 2003; de Leon and Diaz, 
2005; Shinozaki et al., 2011). Psychiatric disorders, such as major 
depressive or bipolar disorders, are also associated with high 
rates of current smoking and heavy smoking (Hartz et al., 2014; 
Luger et al., 2014). Thus, a meta-analysis of SZ patients and the 
GP would reduce the OR of smoking behaviors. For this reason, 
designs comparing SZ patients and psychiatrically healthy con-
trols (HCs) may be a better way to study the association between 

SZ and smoking behavior. In this study, we used 2 types of con-
trol subjects: people from the GP and psychiatrically HCs (i.e., 
those without psychiatric disorders). In addition, because gen-
der is a major determinant of current smoking in all countries 
(de Leon and Diaz, 2005), gender stratification is important. The 
purpose of this study was to clarify the association of smoking 
behaviors with SZ in a Japanese population.

In this study, a meta-analysis was undertaken to determine 
whether SZ patients have a higher prevalence of current smok-
ing compared with the Japanese GP. To more precisely detect the 
association between smoking and SZ, we conducted a meta-
analysis to compare the prevalence of smoking between SZ 
patients and HCs. These meta-analyses included gender strati-
fication. In addition, we examined whether the outcomes were 
affected by the patient’s recruitment year because the smoking 
rate has gradually decreased among both males and females in 
the GP in Japan.

Methods

Our Case-Control Subjects

Our case-control subjects consisted of 304 SZ patients (144 
males/160 females, mean age ± SD: 50.6 ± 15.0  years) and 131 
HCs (84 males/47 females, 35.3 ± 11.3 years). These subjects were 
recruited as a portion of a community-based sample. All subjects 
were of Japanese descent, and all were biologically unrelated to 
at least the second degree. The SZ patients were recruited from 
both the outpatient and inpatient populations at Kanazawa 
Medical University Hospital and related psychiatric hospitals 
(Sakuragaoka Hospital, Ishikawa and Green Hills Wakakusa 
Hospital, Toyama). Each SZ patient had been diagnosed by at 
least 2 trained psychiatrists based on unstructured clinical 
interviews, medical records, and clinical conferences (Ohi et al., 
2016, 2017a, 2017b, 2017c; Yasuyama et al., 2017). Diagnoses were 
made according to the criteria in the DSM-IV. The HCs were 
recruited through local advertisements and from the hospital 
staff at Kanazawa Medical University. The HCs were evaluated 
using unstructured psychiatric interviews to exclude individu-
als with current or past contact with psychiatric services and 
those who had received psychiatric medication. Subjects were 
excluded from the analysis if they had neurological or medical 
conditions that could affect the central nervous system, includ-
ing atypical headaches, head trauma with loss of consciousness, 
chronic lung disease, kidney disease, chronic hepatic disease, 
active cancer, cerebrovascular disease, epilepsy, seizures, sub-
stance-related disorders, or mental retardation. Smoking status 
was defined as current smokers (daily smokers) and nonsmokers 
(past or never smokers), and the number of cigarettes smoked 
per day (CPD) was obtained via self-report. Heavy smoking was 
defined as smoking ≥30 cigarettes per day (de Leon and Diaz, 
2005). Demographic information for current smokers and non-
smokers among the patients and controls is shown in Table 1. 
Among 304 patients, 290 received antipsychotics (67 typical, 131 
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atypical, and 92 a combination of typical and atypical), whereas 
14 patients had received no antipsychotics at the time of the 
investigation. The current clinical symptoms and side-effects 
of the antipsychotics in the SZ patients were evaluated using 
the Positive and Negative Syndrome Scale (PANSS) (Kay et  al., 
1987) and the Drug-Induced Extra-Pyramidal Symptoms Scale 
(DIEPSS) (Inada et al., 2002), respectively. Written informed con-
sent was obtained from all subjects after the procedures were 
fully explained. This study (G113) was performed according to 
the World Medical Association’s Declaration of Helsinki and 
was approved by the Research Ethical Committee of Kanazawa 
Medical University.

Meta-Analysis of Studies Reporting the Current 
Smoking Rate in Japanese SZ Patients

We searched for the studies that we used in our meta-analysis 
in the PubMed and Web of Science databases by using the search 
terms (“smoking” or “tobacco” or “cigarette”) and “schizophre-
nia” and (“Japan” or “Japanese”). Our search data encompassed 
all publications up to September 2017. Additionally, references 
cited in the publications that we obtained were searched to 
identify additional potentially relevant studies that might not 
be listed in PubMed and Web of Science. Studies were included 
in the meta-analysis if they met the following criteria: (1) pub-
lished in a peer-reviewed journal in English; (2) study subjects 
comprised Japanese SZ patients; and (3) current smoking data 
for male and female patients separately were available or could 
be obtained from corresponding authors. We excluded studies 
with potentially biased samples, such as pharmacological tri-
als, smoking treatment interventions, and trials that matched 
patients to HCs by smoking status. If the same data were 
reported in more than one article, only the paper with complete 
data and the largest sample was included in the meta-analysis. 
Available information on age, gender, age at onset, duration of 
illness, diagnostic criteria, and smoking status definitions was 
also collected. Two raters (K.O. and T.S.) independently verified 
the validity of the data in all the included articles.

Smoking Rates among the Japanese GP

Japan Tobacco, Inc. (JT), which has a governmental monopoly on 
all tobacco products in Japan, annually reports current smoking 
rates for the GP (for males and females separately). Participants 
older than 20 years are selected using a stratified 2-stage sam-
pling method. The smoking status was defined as current daily 
smokers or nonsmokers. According to estimated year that SZ 
patients were recruited to each study, we selected the JT data for 
GP members recruited the same year. The mean age of the par-
ticipants and whether one year’s participants overlapped with 
another year’s were not publicly available.

Statistical Analyses

Statistical analyses were performed using IBM SPSS Statistics 
24.0 software (IBM Japan, Tokyo). Because we recruited a por-
tion of a community-based sample, most demographic vari-
ables, including age and years of education, did not fit a normal 
distribution based on the Kolmogorov-Smirnov test (P > .05) as 
described in most clinical studies. Therefore, the continuous 
variables, such as age and years of education, were analyzed 
using the nonparametric Mann-Whitney U test. The differences 
in categorical variables, such as gender, were analyzed using 
Pearson’s χ2 or Fisher’s exact tests. To control for confounding 
factors such as age and gender, the difference in prevalence 
of current smoking between the SZ patients and the controls 
was analyzed using logistic regression, with the prevalence as 
a dependent variable, diagnosis as an independent variable and 
age and gender as covariates. The difference in CPD between 
the SZ patients and the controls or the relationships between 
CPD and clinical variables, such as chlorpromazine equivalents 
(CPZ-eq.), was analyzed using multiple linear regressions, with 
CPD as a dependent variable and diagnosis or clinical variables 
as independent variables. Age and gender were also included as 
covariates to control for confounding factors.

The meta-analyses were performed using the Comprehensive 
Meta-analysis Version 2.0 software package (Borenstein et al., 2005).  

Table 1.  Demographic Variables of Current Smokers and Nonsmokers among Patients with Schizophrenia and Healthy Controls

HCs (n = 131) Patients with SZ (n = 304)

Smoker Nonsmoker Smoker Nonsmoker

Variables n = 21 n = 110 P values (z) n = 76 n = 228 P values (z)

Age (y) 40.9 ± 12.3 34.2 ± 10.9 4.39 × 10–3 (2.9) 51.2 ± 13.0 50.4 ± 15.7 .71 ( .4)
Gender (male/female) 19/2 65/45 6.00 × 10–3 (7.6)a 61/15 83/145 3.32 × 10–11 (44.0)a

Education (y) 16.4 ± 2.0 16.7 ± 2.5 .18 (-1.4) 11.8 ± 2.1 12.0 ± 2.2 .32 (-1.0)
CPD 14.5 ± 6.5 – – 21.1 ± 13.9 – –
Heavy smoker (≥30 cigarettes/d) 0/21 – – 15/61 – –
Total periods of smoking (y) 21.8 ± 13.5 0.3 ± 1.7 1.24 × 10–25 (10.5) 30.0 ± 13.5 0.2 ± 2.0 9.44 × 10–64 (16.9)
Ever/never smoker 21/0 4/106 1.21 × 10–20 (106.0)b 76/0 3/225 1.00 × 10–64 (288.6)a

CPZ-eq atypical (mg/d) – – – 342.5 ± 412.2 305.0 ± 354.1 .88 (.1)
CPZ-eq typical (mg/d) – – – 552.6 ± 746.5 409.6 ± 663.4 .021 (2.3)
Age at onset (y) – – – 23.1 ± 7.9 24.9 ± 10.7 .65 (-0.5)
Duration of illness (y) – – – 28.1 ± 15.1 25.5 ± 17.2 .19 (1.3)
PANSS positive symptoms – – – 15.7 ± 5.7 15.0 ± 5.5 .15 (1.4)
PANSS negative symptoms – – – 19.6 ± 6.0 19.4 ± 6.6 .76 (.3)
DIEPSS total – – – 0.6 ± 0.8 0.7 ± 0.9 .66 (-0.4)

Abbreviations: CPD, cigarettes smoked per day; CPZ-eq., chlorpromazine equivalents of total antipsychotics; DIEPSS, Drug-Induced Extra-
Pyramidal Symptons Scale; HC, healthy control; PANSS, Positive and Negative Syndrome Scale; SZ, schizophrenia. 
Means ± SD are shown. P values < 0.05 are shown in boldface and underlined.
aχ2 test. 
bFisher’s exact test. 
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Cochran’s Q statistical test was performed to assess possible 
heterogeneity among the individual studies. The pooled ORs 
and 95% CIs were estimated using the random-effects model 
if there was evidence of heterogeneity (P < .10). Otherwise, the 
fixed-effects model was used (P > .10). Publication bias was 
assessed using Egger’s regression asymmetry test with a fun-
nel plot of the log OR against standard error in each study. The 
pooled ORs and 95% CIs are graphically presented in a forest 
plot, in which the weight of a particular study is represented by 
the size of a specific square. Finally, to estimate the impact of 
the patients’ estimated recruitment year on outcomes, the mod-
erator variable was evaluated using a meta-regression analysis. 
The significance level was set as 2-tailed P < .05 for all statistical 
tests except the heterogeneity analysis, for which P < .10.

Results

Our Case-Control Subjects

Among 304 SZ patients and 131 HCs, the SZ patients (76/304: 
25.0%) showed a significantly higher prevalence of current 
smoking (21/131: 16.0%, χ2 = 4.3, P = .039). As the incidences of 
smoking among men were obviously higher than those among 
women in the GP (supplemental Figure 1), we investigated the 
current smoking rate stratified by gender (male and female). 
Male SZ patients (61/144: 42.4%) had a significantly higher 
prevalence of current smoking than male controls (19/84: 22.6%, 
χ2 = 9.1, P = 2.59 × 10–3), while female SZ patients (15/160: 9.4%) 
did not show a significantly higher current smoking rate than 
female controls (2/47: 4.3%, χ2 = 1.3, P = .26). After adjusting age 
and gender as covariates, the difference in the prevalence of 
current smoking between the patients and HCs was still signifi-
cant. Among the ever-smokers, the rate of former smokers was 
significantly lower among SZ patients (3/79: 3.8%) than among 
controls (4/25: 16.0%, χ2 = 4.5, P = .034). Among the current smok-
ers, 15 SZ patients (15/76: 19.7%, male 13/61: 21.3%, female 2/15: 
13.3%) were heavy smokers, defined as smoking ≥30 CPD; none 
of the HCs were heavy smokers (0/21: 0%, χ2 = 4.9, P = .027). In add-
ition, among the current smokers, CPD was significantly higher 
among the SZ patients (21.1 ± 13.9, male 22.2 ± 14.6, female 
16.7 ± 9.5) than among the controls (B = -8.78, P = 8.20 × 10–3, 
14.5 ± 6.5, male 15.5 ± 6.0, female 5.0 ± 0.0). Therefore, we focused 
on the current smoking rate and CPD of the SZ patients in the 
following analysis. We also investigated the correlation between 
CPD and clinical variables, such as PANSS and DIEPSS scores 
and the CPZ-eq. of typical or atypical antipsychotics (mg/d), 
among SZ patients who were current smokers. The SZ patients 
who were current smokers showed significant positive correla-
tions between the CPZ-eq. of atypical antipsychotics and CPD 
(Figure  1; B = 0.013, P = 1.00 × 10–3). The correlation was still sig-
nificant even after controlling for duration of illness and PANSS 
and DIEPSS scores (B = 0.012, P = 2.49 × 10–3). No correlations were 
identified between CPD and other variables, such as the CPZ-eq. 
of typical antipsychotics and PANSS or DIEPSS scores (P > .05).

Meta-Analysis of Current Smoking Rates between SZ 
Patients and the GP in Japan

We found 89 relevant articles in PubMed and Web of Science 
using the search terms mentioned in the Methods section. Of 
these, a total of 12 studies, including the present study, met 
the inclusion criteria (supplementary Figure  2) for our meta-
analysis (1.845 Japanese SZ patients) (Shimoda et  al., 1999; 
Mori et al., 2003; Yoshimura et al., 2008; Moriwaki et al., 2009; 

Kobayashi et  al., 2010; Shinozaki et  al., 2011; Watanabe et  al., 
2012; Sasayama et al., 2013; Niitsu et al., 2014; Oniki et al., 2016; 
Miyauchi et  al., 2017). Although the definitions of the smok-
ing status differed slightly among the studies (supplemen-
tary Table 1), we were able to obtain current smoking rates for 
Japanese SZ patients. The studies were published between 1999 
and 2017. Sample sizes ranged from 32 to 460. The included 
studies were conducted in 10 cities across Japan (supplemen-
tary Figure  3). To compare current smoking rates between SZ 
patients and the GP, we obtained the smoking rates for the GP 
in Japan from JT (n = 196 845). The characteristics of the samples 
included in the analysis are shown in Table 2.

As there was significant heterogeneity in the current smoking 
rates for males and females among the studies (males: I2 = 87.0, 
P = 2.06 × 10–13; females: I2 = 79.6, P = 4.17 × 10–7; combined: I2 = 86.1, 
P < 1.00 × 10–13), the random-effects model was applied for the meta-
analysis. According to Begg’s funnel plot test for asymmetry (sup-
plementary Figure 4), no evidence of publication bias was observed 
(P = .75). The corresponding forest plot for each current smoking 
rate is presented in Figure 2. Our meta-analysis found significant 
differences in current smoking rates between SZ patients and 
the GP [males: OR (95%CI) = 1.53 (1.03–2.27), P = .035; females: OR 
(95%CI) = 2.40 (1.62–3.53), P = 1.08 × 10–5; combined: OR (95%CI) = 1.88 
(1.40–2.52), P = 2.60 × 10–5]. The SZ patients showed a higher cur-
rent smoking rate than the GP among both men and women 
(males: SZ 52.9% vs GP 40.1%; females: SZ 24.4% vs GP 11.8%). We 
then performed a subgroup meta-analysis of the smoking sta-
tus of inpatients (4 studies) and outpatients (4 studies), although 
the number of studies were limited. Both outpatients and inpa-
tients had marginally higher current smoking rates than the GP  
[supplementary Figure 5, outpatients: OR (95%CI) = 1.56 (1.07–2.28), 
P = .020; inpatients: OR (95%CI) = 2.04 (0.97–4.25), P = .059].

Meta-Analysis of the Current Smoking Rates of SZ 
Patients and HCs in Japan

Of 12 studies that included in a meta-analysis comparing SZ 
patients and the GP, 6 had current smoking information for HCs 

Figure 1.  Correlation between the number of cigarettes smoked per day (CPD) 

and the chlorpromazine equivalents (CPZ-eq.) of atypical antipsychotics (mg/d) 

in patients with schizophrenia (SZ).

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
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as well as SZ patients. We then performed a meta-analysis of the 
current smoking rates of 842 SZ patients and 766 HCs in Japan.

Because there was also significant heterogeneity in the cur-
rent smoking rates of both males and females among the stud-
ies (males: I2 = 83.8, P = 1.02 × 10–5; females: I2 = 73.2, P = 2.22 × 10–3; 
combined: I2 = 79.6, P = 1.25 × 10–7), the random-effects model 
was applied for the analysis. No evidence of publication bias 
was observed (supplementary Figure  4; P = .78). Our meta-
analysis found significant differences in current smoking rates 

between male SZ patients and HCs and between males and 
females combined [Figure  3; males: OR (95%CI) = 2.84 (1.29–
6.25), P = 9.48 × 10–3; combined: OR (95%CI) = 2.05 (1.13–3.71), 
P = .018], but not for females alone [OR (95%CI) = 1.36 (0.52–3.52), 
P = .53]. Although there was no significant difference between 
patients and controls in the smoking rate among women, the 
SZ patients showed a higher current smoking rate than the 
controls (males: SZ 53.6% vs HC 32.9%; females: SZ 17.0% vs 
HC 14.1%).

Table 2.  Demographic Information Included in the Meta-Analysis

SZ patients (n = 1845) GP (n = 196 845) HC (n = 766)

Estimated Diagnostic

Authors City n
Recruitment  
year In/Out Age %M n Age %M n Age %M criteria

Mori et al. (2003) Tokyo 137 1992 Out 36.1 ± 12.1 48.2 11 429 NA 56.8 - - - DSM-IV
Shimoda et al. (1999) Saitama 66 1998 In 49.1 ± 8.7 100 6076 NA 100 - - - DSM-IV
Oniki et al. (2016) Aomori 186 2004 In/Out 50.7 ± 15.2 50.3 10 875 NA 52.9 305 50.7 ± 9.1 43.3 DSM-IV
Kobayashi et al. (2010) All Japan 460 2005 Out 39.2 ± 11.5 53.5 10 391 NA 52.8 - - - ICD-10
Yoshimura et al. (2008) Fukuoka 98 2006 NA 35.0 ± 17.0 53.1 18 595 NA 52.1 - - - DSM-IV
Moriwaki et al. (2009) Aichi 100 2007 NA 51.6 ± 15.7 62.0 19 205 NA 51.5 107 32.7 ± 7.2 66.4 DSM-IV
Shinozaki et al. (2011) Tokyo 172 2008 In 54 54.7 20 000 NA 50.5 - - - DSM-IV
Watanabe et al. (2012) Niigata 157 2009 In 35.5 ± 10.6 50.3 20 807 NA 50.5 136 35.9 ± 9.8 53.7 DSM-IV
Miyauchi et al. (2017) Kanagawa 70 2010 In 56.4 ± 13.0 25.7 20 631 NA 50.6 - - - DSM-IV
Niitsu et al. (2014) Chiba 63 2011 Out 35.9 ± 8.2 41.3 19 064 NA 49.8 52 34.9 ± 7.3 48.1 DSM-IV
Sasayama et al. (2013) Tokyo 32 2012 Out 40.8 ± 8.8 62.5 19 897 NA 50.6 35 41.3 ± 16.4 71.4 DSM-IV
Present study Ishikawa 304 2017 In/Out 50.6 ± 15.0 47.4 19 875 NA 49.3 131 35.3 ± 11.3 64.1 DSM-5

Abbreviations: GP, general population; HC, healthy control; In/Out, inpatients/outpatients; %M, % male; NA, not applicable.

Means ± SD are shown.

Figure 2.  Forest plots demonstrating the ORs of the differences in current smoking rate between patients with schizophrenia (SZ) and the general population (GP). The 

results are presented using ORs with 95% CIs in the forest plots for each study. The diamond (blue: male, red: female, black: combined) in the bottom portion represents 

the pooled OR with a 95% CI. A positive OR indicates that SZ patients have a higher prevalence of current smoking than the GP, while a negative OR indicates that SZ 

patients have a lower prevalence than the GP.

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
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Next, we examined the influence of the year that each study 
was performed on outcomes (supplementary Figure  6). There 
were no relationships between the estimated recruitment year 
of the SZ patients and outcomes (P > .05).

CPD in SZ Patients and the GP

Four studies reported CPD (means ± SDs) in SZ patients with-
out stratification by gender, while JT annually reports CPD (only 
means) in the GP with stratification by gender. We estimated the 
mean CPD for SZ patients and the GP using the meta-analysis 
method and averaging method, respectively. CPD for the SZ 
patients was 22.0 ± 19.0 (I2 = 0, z = 30.9, P < 1.0 × 10–16); for the GP, it 
was 18.8.

Discussion

This is the first pooled study comparing the current smoking 
rates and CPD of SZ patients with those of HCs and the GP in a 
Japanese population. Our meta-analyses of the literature span-
ning approximately 25  years suggest that SZ patients have a 
higher prevalence of current smoking compared with both 
HCs and the GP in a Japanese population, even after control-
ling for gender. These findings were not affected by inpatient/
outpatient status or the patients’ recruitment year. In addition, 
the CPD number was marginally higher for the SZ patients than 
for the GP. Although there was significant heterogeneity in the 
rates among studies, our findings support that SZ patients tend 
to smoke much more than the GP worldwide and are heavy 
smokers.

In the Japanese populations studied, SZ patients smoked 
approximately 2 times as much as the GP and HCs. Compared 
with the worldwide OR (approximately 5) reported in a previous 
meta-analysis (de Leon and Diaz, 2005), the OR in Japan was low. 
In the present meta-analysis, the ORs among studies ranged 
from 0.38 to 17.1 (median = 1.97, mean ± SD = 2.90 ± 3.74); in the 
previous meta-analysis, the ORs among studies ranged from 

0.74 to 26.0 (median = 4.15, mean ± SD = 5.58 ± 5.09), indicating 
that the variations in ORs were similar in the present and pre-
vious meta-analyses. As smoking rates are gradually decreas-
ing throughout the world, the publication year of the included 
studies may have affected the ORs. The studies included in the 
present meta-analysis were published between 1999 and 2017, 
while the studies included in the previous meta-analysis were 
published between 1984 and 2005. The ranges of years were sim-
ilar for the 2 meta-analyses. When we considered the patient 
recruitment year in our meta-regression analysis, the findings 
suggested that SZ patients are prone to smoke more than the 
GP regardless of their country of origin, including Japan, without 
variation according to patient age; however, the difference in the 
current smoking rates of SZ patients and the GP was smaller in 
Japan than in the rest of the world.

We could not statistically compare CPD between SZ patients 
and the GP in a Japanese population because of differences in 
the data collected from SZ patients and the GP, but the CPD was 
higher among the SZ patients (22.0) than among the GP (18.8). 
However, among our case-control subjects, the CPD number 
among the current smokers was statistically higher for the SZ 
patients (21.1 ± 13.9) than for the HCs (14.5 ± 6.5), suggesting that 
Japanese SZ patients are heavy smokers, similar to the findings 
from other countries (de Leon and Diaz, 2005).

As there have been strong gender differences on the inci-
dences of smoking, we investigated the current smoking rate 
stratified by gender (male and female) in this study. Indeed, male 
smokers had an obviously higher prevalence than female smok-
ers among the SZ patients, the GP, and HCs groups (Figures  2 
and 3). In a previous meta-analysis (de Leon and Diaz, 2005), the 
OR among male studies [7.2 (CI, 6.1–8.3)] was higher than the OR 
among female studies [3.3 (CI, 3.0–3.6)]. Consistent with the pre-
vious study, the ORs among male studies using the HCs [2.84 (CI, 
1.29–6.25)] was higher than the OR among female studies [1.36 
(CI, 0.52–3.52)] in the present meta-analysis. In contrast, the 
OR among male studies using the GP [1.53 (CI, 1.03–2.27)] was 
lower than the OR among female studies [2.40 (CI, 1.62–3.53)]. 

Figure 3.  Forest plots demonstrating the ORs of the differences in the current smoking rate between schizophrenia (SZ) patients and healthy controls (HCs). The results 

are presented using ORs with 95% CIs in the forest plots for each study. The diamond (blue: male, red: female, black: combined) in the bottom portion represents the 

pooled OR with a 95% CI. A positive OR indicates that SZ patients have a higher prevalence of current smoking than HCs, while a negative OR indicates that SZ patients 

have a lower prevalence than HCs.

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyy061#supplementary-data
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Compared with the previous meta-analysis, the differences in 
the current smoking rates of SZ patients and the GP or HCs were 
smaller in Japan. These findings undoubtedly suggest that cur-
rent smoking is associated with schizophrenia compared with 
the HCs as well as GP, even after controlling for gender.

In our samples, the findings for the smokers in the SZ group 
showed that atypical antipsychotic dosage was positively cor-
related with CPD. Smoking induces the metabolism of antipsy-
chotics because of an increase in CYP1A2, CYP3A4, and CYP2D6 
enzymes (Dorado et  al., 2006; Sagud et  al., 2009). Therefore, 
smoking is associated with diminished levels of antipsychotics, 
which are metabolized by these enzymes (Sagud et  al., 2009). 
The concentration of antipsychotics is decreased in smokers 
compared with nonsmokers (van der Weide et al., 2003; Nozawa 
et al., 2008). This is particularly important in the case of antip-
sychotics with a narrow therapeutic window. Consequently, SZ 
patients who smoke may require higher dosages of antipsychot-
ics than nonsmokers.

Although nicotine dependence (ND) is highly comorbid with 
SZ, the etiology of this comorbidity is still unknown. As both SZ 
and ND have a high estimated heritability, approximately 80% in 
SZ (Sullivan et al., 2003) and 50% in ND (Li, 2006), there may be 
common genetic factors that predispose individuals to both SZ 
and smoking behaviors. Recently, a genetic correlation between 
smoking behavior and the risk of SZ has been investigated using 
several genome-wide association studies (GWAS) of SZ as well 
as smoking phenotypes (Hartz et al., 2018). Of the smoking phe-
notypes, 3 smoking behaviors (ND, CPD, and ever/never smok-
ing) share a component of a common genetic variation in SZ. 
Therefore, these 3 smoking phenotypes may be useful as inter-
mediate phenotypes of SZ. In the present study, we performed 
a meta-analysis of current smoking rates. Smoking status was 
defined as current smokers (daily smokers) and nonsmokers 
(past or never smokers). Therefore, nonsmokers included ever 
smokers, that is, quitters, and current smokers included indi-
viduals who had not ceased smoking. Thus, the smoking phe-
notypes of ever/never smoker and current/noncurrent smoker 
were slightly different. To clarify the common etiology of smok-
ing behavior and SZ, we should focus on these 3 smoking phe-
notypes in further studies of SZ.

Of 108 genetic loci associated with SZ that were identified 
in the Psychiatric Genomics Consortium (GWAS PGC-II) (Ripke 
et  al., 2014), chromosome 15q25 was a common genetic locus 
that predisposes individuals to both smoking behavior (TAG 
Consortium, 2010; Hancock et  al., 2015; Chen et  al., 2016) and 
SZ (Ripke et al., 2014). The 15q25 contains the α5-α3-β4 nicotinic 
receptor subunit genes CHRNA5, CHRNA3, and CHRNB4 and is 
the strongest genetic contributor to ND and smoking behavior 
(TAG Consortium, 2010; Hancock et al., 2015; Chen et al., 2016). 
These findings suggest that a causal mechanism underlying the 
smoking-SZ association might arise from common genetic fac-
tors. However, considering that SZ patients have a higher preva-
lence of current smoking than HCs and the GP and the analysis 
in the GWAS PGC-II did not adjust for smoking status, the gen-
etic finding that the 15q25 locus is associated with SZ may be 
due to confounding from smoking behavior. There are also other 
possible mechanisms underlying the association: (1) SZ causes 
smoking and (2) smoking causes SZ (Kendler et al., 2015). Thus, 
the causes of the smoking-SZ association are complex, and fur-
ther studies are required to reveal the causal mechanisms.

This study has several limitations. First, the nicotine con-
tent varies among different types of cigarettes, and we did not 
consider nicotine content. The information about the number of 
CPD should be confirmed by biological measures, for example, 

breath CO levels, as the information was obtained by self-report. 
Our sample sizes of the SZ patients and HCs were distinct for 
our case-control analyses as these participants consisted of a 
community-based sample. Therefore, demographic variables, 
such as age and gender, may not have been matched between 
groups, although these variables were treated as covariates. As 
discussed above, the definitions of smoking behaviors, such 
as current smoker and heavy smoker, differed among stud-
ies. The simplest way of describing smoking behaviors is by 
comparing the proportion of individuals who currently smoke 
among groups. In psychiatric epidemiological surveys, current 
smoking is usually defined as current daily smoking. Nondaily 
smokers are very rare among SZ patients. In GP surveys, cur-
rent smokers usually include both current daily smokers and 
nondaily smokers, but the nondaily smokers usually comprise 
<5% of the GP. Heavy smokers are defined as smoking a high 
daily number of cigarettes, but the specific number of CPD used 
to define heavy smokers (10, 20, or 30) differed among studies. In 
addition, heavy smoking is a gross indicator of ND, but correct 
interpretation must take pharmacokinetic factors into account. 
Smoking behaviors may be influenced by socioeconomic and 
educational factors as well as gender (Poirier et al., 2002). In this 
study, we performed meta-analyses with stratification by gen-
der. However, current smoking is also associated with low levels 
of education, and SZ patients have higher percentages of low 
socioeconomic and educational levels compared with the GP 
and HCs. Therefore, comparisons of current smoking between 
SZ and GP groups may produce biased conclusions if socioeco-
nomic and educational levels are not carefully controlled.

In conclusion, our participants replicate evidence that SZ 
patients have a much higher prevalence of current tobacco 
smoking and heavy smoking compared with HCs. The number 
of CPD is correlated with the atypical antipsychotics dosage in 
the patients. Our meta-analysis stratified by gender suggests 
that the prevalence of current smoking in SZ patients is more 
than approximately 2 times higher than the prevalence in the GP 
and HCs without psychiatric disorders in a Japanese population. 
Although the difference in the prevalence between SZ patients 
and the GP in Japan was lower than the differences reported for 
other countries, our findings indicate that SZ patients are heavy 
smokers regardless of their country of residence. Further studies 
are required to reveal the causal mechanisms of the smoking-SZ 
association.
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