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A B S T R A C T

The “Self-medication hypothesis” that has been developed to explain the effect of nicotine in improving aspects
of cognitive impairment in schizophrenia remains controversial. This systematic review and meta-analysis
compared cognitive functions between smoking and non-smoking schizophrenia patients. The PubMed,
PsycINFO, EMBASE, Web of Science, and Cochrane Library databases were systematically and independently
searched. Basic demographic and clinical characteristics, smoking history and cognitive performance were re-
corded. Seven of the 11 studies included in the study, had meta-analyzable data. Compared to non-smoking
schizophrenia patients, their smoking counterparts showed significant deficits on the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS)-immediate memory (n=739), the RBANS-total score
(n=739) and the Continuous Performance Test-Identical Pairs (n=157). Two of the 4 studies without meta-
analysable data did not report significant group difference in performance on the Wechsler Digit Span Task and
the Beck Cognitive Insight Scale, while the other 2 studies found that non-smokers outperformed than smokers in
problem solving and visual learning. In conclusion, this systematic review and meta-analysis found that smoking
schizophrenia patients had worse performance in certain cognitive tasks than non-smoking patients, casting
doubts on the validity of the “self-medication hypothesis” that needs to be further examined.

1. Introduction

The prevalence of tobacco smoking (smoking thereafter) in schizo-
phrenia patients is between 58% and 90%, with an average prevalence of
62% according to a meta-analysis of 42 studies (de Leon and Diaz, 2005).
This is around 5.3 folds higher than the figures in the general population
(de Leon and Diaz, 2005; McClave et al., 2010) and also higher than in

other psychiatric disorders, such as in bipolar disorder (44%) and in
depression (43%) (Pratt and Brody, 2010; Dickerson et al., 2013).
Smoking is associated with increased morbidity and mortality in schi-
zophrenia (Winterer, 2010) with reduced life expectancy of around 20%
compared with the general population (Hennekens et al., 2005), which
could partly be attributed to smoking-related diseases (McClave et al.,
2010; Irwin et al., 2014; Ruther et al., 2014).
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The reasons for the high prevalence of smoking in schizophrenia
patients are not clear. One possible explanation is the “self-medication
hypothesis” (Kumari and Postma, 2005); i.e., nicotine could improve
negative symptoms, extrapyramidal side effects and certain aspects of
cognitive impairment through increasing dopaminergic and glutama-
tergic neurotransmission in the prefrontal cortex (George et al., 2002;
Dervaux and Laqueille, 2008; Conway, 2009; Wing et al., 2011; Hahn
et al., 2012; Ahlers et al., 2014). Smoking schizophrenia patients sig-
nificantly outperform non-smokers in selective attention tasks
(Hahn et al., 2012). Other studies also investigated the association
between smoking and cognitive functions in schizophrenia using var-
ious measurements (George et al., 2002; Zhang et al., 2012; Iasevoli
et al., 2013; Morisano et al., 2013; Reed et al., 2016), but the findings
have been inconsistent. Zhang et al. (2012) found that non-smoking
patients outperformed smoking patients in visuospatial memory task
measured by Visuospatial/Constructional and Immediate Memory,
while, in contrast, smoking patients outperformed non-smoking pa-
tients in long-term cured recall and recognition/discriminability
(Morisano et al., 2013; Ahlers et al., 2014).

Given the high rates of smoking and cognitive deficits in schizo-
phrenia, and their negative impact on health outcomes, it is important
to examine the relationship between smoking and cognition. Thus, a
systematic review and meta-analysis of comparative studies of cognitive
functions in smoking and non-smoking schizophrenia patients was
conducted. Based on the literature, it was hypothesized that smoking
patients would have a significantly better cognitive performance than
their non-smoking counterparts.

2. Methods

2.1. Selection criteria

According to the PICOS strategy, the following inclusion criteria
were used: Participants (P): smoking patients with schizophrenia; the
diagnosis of schizophrenia and smoking were established in the studies
included in the meta-analysis. Comparison (C): control group was non-
smoking patients with schizophrenia. Outcomes (O): the outcome
measures were cognitive functions measured using any standardized
neuropsychological instruments, such as the Repeatable Battery for the

Assessment of Neuropsychological Status (RBANS) and the Brief
Assessment of Cognition in Schizophrenia (BACS). Study design (S):
case-control study (smoking vs. non-smoking schizophrenia patients) or
cohort study (smoking vs. non-smoking schizophrenia patients; only
baseline data were extracted for analyses).

2.2. Search methods

The PubMed, PsycINFO, EMBASE, Web of Science and Cochrane
Library databases were systematically and independently searched from
their inception date until April 8, 2018 by two reviewers (YYW and
SW). The following search terms were used: (“Schizophrenia”[Mesh]
OR “schizophrenia” OR “schizophrenic disorder” OR “disorder, schi-
zophrenic” OR “schizophrenic disorders” OR “dementia praecox”) AND
(“smoking”[Mesh] OR “tobacco”[Mesh] OR “nicotine”[Mesh] OR
“smoking” OR “tobacco” OR “cigarette” OR “nicotine”) AND (“cog-
niti*” OR “Neuropsycholog*” OR “Memory” OR “Executive Function*”
OR “Attention”). Reference lists of relevant reviews and articles were
also hand-searched to avoid missing any relevant articles.
Corresponding authors of relevant articles were contacted for necessary
information if needed.

2.3. Data extraction

Two reviewers (YYW and SW) systematically and independently
screened the articles and extracted data. Any inconsistencies in the
above procedures were resolved by a discussion with a third reviewer
(YTX). The following information were extracted and tabulated: sample
size, study setting, patients’ demographic and clinical information,
current number of cigarettes smoked, length of smoking and cognitive
performance.

2.4. Quality assessment

As there were no healthy controls in the studies, three domains of
the Newcastle-Ottawa Scale (NOS) were used for study quality assess-
ment: (1) subject selection; (2) comparability of the case and control
groups; and (3) the ascertainment of either the exposure or the outcome
used (Deeks et al., 2003). Any disagreements were discussed and re-
solved with a third reviewer (YTX).

2.5. Data synthesis and statistical analyses

The RevMan software, Version 5.3 (The Nordic Cochrane Center,
The Cochrane Collaboration, Copenhagen) was used to perform the
meta-analysis. Due to the discrepancy in measurements and demo-
graphic characteristics between studies, the random effects model was
used in all meta-analytic outcomes as it is more conservative than the
fixed-effects model (DerSimonian and Laird, 1986). Standardized mean
difference (SMD) with 95% confidence intervals (CIs) was used for
continuous outcomes. Study heterogeneity was measured using I2; I2

values greater than 50% indicated significant heterogeneity
(Higgins et al., 2003). All meta-analytic outcomes were 2 tailed, with
significance level set at 0.05.

3. Results

3.1. Literature search and study characteristics

Eleven case-controls studies of the 1,984 potentially relevant arti-
cles initially identified were included in the systematic review (Fig. 1).
The 11 studies comprised 1437 schizophrenia patients; 916 smokers
and 521 non-smokers with mean ages of 38.4 and 38.1 years, respec-
tively (Table 1). Three studies were conducted in the United States
(n=176), two studies each in China (n=824), Germany (n=152)
and Turkey (n=176) and one study each in Italy (n=59) and Canada/

Fig. 1. Flow diagram of study selection.
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United States (n=50). Ten studies used DSM-IV (American Psychiatric
Association, 1994) and DSM-IV-R (American Psychiatric
Association, 2000) to diagnose schizophrenia, and one study did not
mention diagnostic criteria (Table 1).

3.2. Assessment quality and quality of evidence

The total scores of the amended NOS ranged from 3 to 5 (Table 3).
The scores of the selection and comparability ranged from 0 to 1, and
from 1 to 2, respectively and the all outcome subscale score was 2. Ten
studies reported adequate definitions of schizophrenia. Six studies
matched education level and 10 studies matched age.

3.3. Cognitive functions in schizophrenia

Seven of the 11 studies that reported data on cognitive performance
measured by various instruments had meta-analysable data (Table 1).
Cognitive domains reported by two or more studies were synthesised:
speed of processing (Trail Making A and B), RBANS: (immediate
memory, visuospatial/constructional index, language, attention, de-
layed memory, and total score), Continuous Performance Test-Identical
Pairs (CPT-IP; d’, hit rate, and hit response time), Conner's Continuous
Performance Task (C-CPT; d’, hit rate, hit response time, commission
errors, and variability), and Wisconsin Card Sorting Task (WCST; per-
severative errors, categories completed, and errors) (Figs. 2a and 2b).
Compared with non-smoking patients, smoking patients showed sig-
nificant worse performance in RBANS-immediate memory (n=739;
SMD: −0.22, 95% CI: −0.39 to −0.05, I2= 0%, p=0.01), RBANS-
total score (n=739; SMD: −0.23, 95% CI: −0.40 to −0.07, I2= 0%,
p=0.006) and CPT-IP-hit response time (n=157; SMD: 0.35, 95% CI:
0.03 to 0.67, I2= 0%, p=0.03).

Four studies reported non-meta-analysable data; 2 studies did not
find any significant group differences in cognitive performance on the
Wechsler Digit Span Task and Beck Cognitive Insight Scale, while in the
other 2 studies non-smokers outperformed smokers in problem solving
measured with the BACS, and in the visual learning domain of the Brief
Visuospatial Memory Test-Revised task. In addition, these 2 studies did
not find group differences in the BACS domains except for problem
solving, and neither of the MATRICS Consensus Cognitive Battery
(MCCB) domains except for the visual learning domain (Table 2).

4. Discussion

This was the first systematic review and meta-analysis of com-
parative studies of cognitive performance in smoking and non-smoking
schizophrenia patients. Compared with non-smokers, smokers showed
more deficits in aspects of cognitive performance including the RBANS-
immediate memory, RBANS-total score and the CPT-IP-hit response
time. No significant group differences in other cognitive domains were
observed.

The results did not support the “self-medication hypothesis”
(Kumari and Postma, 2005) that patients smoke to improve cognitive
impairment, and were not consistent with studies that found cognitive
benefits of smoking in schizophrenia (Wing et al., 2011; Hahn et al.,
2012; Ahlers et al., 2014). However, it should be noted that the number
of studies and cognitive domains examined in this meta-analysis were
limited: 4 of the 11 studies did not report meta-analysable data;
variability existed in the 11 studies in terms of the study settings (in-
patients or outpatients), sample size, age range and cognitive mea-
surements; furthermore, schizoaffective disorder was included in some
studies (Wing et al., 2011; Morisano et al., 2013; Roth et al., 2013; Reed
et al., 2016), all of which could bias the findings to an uncertain extent.
In addition, smoking rates tend to significantly increase with the pro-
gress of schizophrenia (Zhang et al., 2012). It is possible that smoking
patients who had already severe cognitive impairment seek “self-med-
ication” by smoking, which could partly explain poorer cognitiveTa
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Fig. 2a. Effect of smoking on cognitive performance in schizophrenia: forest plot.
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performance in certain domains in smoking patients.
There were further limitations to this study. First, several variables

related to cognitive deficits in schizophrenia, such as duration of illness,
age of onset, adolescent age group and use of psychotropic medications,
were not analysed due to insufficient data. It is possible that cognitive
function of adolescents with early onset schizophrenia could be more
affected by the illness itself, thus, further studies are warranted to

address this issue. Second, as shown in the NOS assessment, smoking
and non-smoking patients were not well matched in several studies in
terms of age and educational level that has significant impact on cog-
nitive performance. Third, only a limited number of cognitive domains
were reported in included studies and could be analyzed. Fourth, due to
the lack of prospective cohort studies, only cross-sectional comparative
studies were included in this systematic review thus the causality

Fig. 2b. Effect of smoking on cognitive performance in schizophrenia: forest plot.
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between smoking and cognition could not be examined. Fifth, only
English-language databases were searched. Finally, different cognitive
measures were used across studies, which hinders more sophisticated
analyses, such as subgroup and meta-regression analyses. Moreover,
publication bias could not be assessed because only a few studies used
the same cognitive measures.

In conclusion, this systematic review and meta-analysis found that
smoking schizophrenia patients had worse performance in certain
cognitive tasks than non-smoking patients. These findings cast doubts
on the veracity of the “self-medication hypothesis” in schizophrenia.
The “self-medication” hypothesis needs to be further examined with
large-scale prospective cohort studies employing comprehensive cog-
nitive measures to clarify the impact of smoking on cognitive perfor-
mance in schizophrenia.
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