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Association between cigarette
smoking and the risk of major
psychiatric disorders: a
systematic review and
meta-analysis in depression,
schizophrenia, and bipolar
disorder

Zhonghou Hu*, Enxiu Cui, Bo Chen and Mi Zhang

Third Department of Psychiatry, Yancheng Fourth People’s Hospital, Yancheng, China

Background: The prevalence of cigarette smoking among patients with major
psychiatric conditions is significantly higher than that in the general population.
However, whether there is a causal association between cigarette smoking
and major psychiatric disorders remains unclear. Therefore, we conducted
a systematic review and meta-analysis of cohort studies to elucidate the
association between cigarette smoking and the risk of major psychiatric
disorders, including depression, schizophrenia, and bipolar disorder.

Methods: We systematically searched PubMed, Embase, and the Cochrane
Library for potentially eligible studies from their inception until March 2, 2024. All
pooled analyses were performed using a random-effects model, and exploratory
sensitivity and subgroup analyses were conducted.

Results: Twenty-five cohort studies involving 2,917,030 individuals were
included in the meta-analysis. The summary results indicated that both current
smoking (relative risk [RR], 1.30; 95% confidence interval [CI], 1.18-1.43; P <
0.001) and former smoking (RR, 1.16; 95% CI, 1.09-1.23; P < 0.001) were
associated with an elevated risk of major depression. Additionally, current
smoking was significantly associated with an elevated risk of schizophrenia (RR,
1.84; 95% CI, 1.07-3.19; P = 0.028) and bipolar disorder (RR, 1.54; 95% Cl,
1.22-1.95; P < 0.001).

Conclusion: Current smoking is significantly associated with an elevated risk
of major psychiatric disorders, including major depression, schizophrenia, and
bipolar disorder. Former smokers also have an elevated risk of major depression.
However, it should be noted that, despite these significant associations, due to
the nature of the cohort studies included, this study cannot establish a causal
relationship between cigarette smoking and major psychiatric disorders.

Systematic review registration: https://inplasy.com/inplasy-2024-3-0093/,
identifier INPLASY202430093.
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Introduction

Psychiatric disorders are a major cause of global disability,
affecting an estimated 12.6% of the worlds population and
representing 14.6% of disability-adjusted life years (1). Currently,
nearly two-thirds of individuals with psychiatric disorders
experience their first symptoms before the age of 25, with a median
age of onset of 18 years (2). In this study, we specifically focus
on three major psychiatric disorders: depression, schizophrenia,
and bipolar disorder. These disorders are classified as severe by
authoritative systems like the Diagnostic and Statistical Manual
of Mental Disorders and the International Classification of
Diseases (3). They are characterized by a long-term course that
meets diagnostic criteria and causes significant impairment
in daily functioning. Specifically, depression, schizophrenia,
and bipolar disorder are closely associated with adverse
health outcomes, widespread disruptions in physical and
mental functioning, and pose substantial challenges to public
health (4).

Adults with psychiatric health issues face a greater risk
of smoking-related diseases and mortality compared to those
without psychiatric health problems (5). The higher cigarette
smoking rates among adults with psychiatric health problems
can be attributed to several factors, including targeted marketing
by the tobacco industry (6). In adults with psychiatric health
issues, the cigarette smoking rates are as follows: 40.8% for
severe psychological distress (7), 33.3% for any psychiatric illness
in the past year (8), 30.5% for major depressive disorder (9),
and 26.9% for frequently feeling depressed (10). The exact
mechanisms underlying the association between smoking and
these major psychiatric disorders are complex and not yet fully
understood. However, several lines of research have provided
valuable insights into the possible physiological pathways. Nicotine,
the primary active ingredient in tobacco, plays a crucial role.
It stimulates the release of dopamine in the brain. Prolonged
smoking can lead to dysregulation of the dopamine system, which
is integral to emotional regulation. Disruptions in this system
may exacerbate or contribute to the development of psychiatric
disorders. For instance, an imbalance in dopamine signaling has
been implicated in the pathophysiology of schizophrenia, where
abnormal dopamine release in certain brain regions can lead to
symptoms such as hallucinations and delusions (11). Smoking
also releases inflammatory mediators such as TNF-a, IL-6, and
C-reactive protein. These mediators can penetrate the blood-
brain barrier, activating microglia, the brain’s immune defense
cells. This activation leads to neuroinflammation, which disrupts
neuronal function, damages synaptic connections, and interferes
with neural signal transmission. Moreover, smoking generates a
high abundance of free radicals, initiating oxidative stress. The
brain’s natural defense mechanisms struggle to counteract the
excess free radicals, resulting in neuronal damage and death. This
impairment affects brain regions responsible for emotion, memory,

Abbreviations: Cl, Confidence Interval; NOS, Newcastle—Ottawa Scale; RR,
Relative Risk.
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and decision - making, and long - term oxidative stress is a
significant contributor to the development of psychiatric disorders
(12). In addition, unhealthy lifestyle factors often associated with
smoking can lead to elevated levels of inflammation and increased
oxidative stress in the body. Moreover, prolonged exposure to
high - stress environments or experiencing childhood trauma can
impact the structure and function of the brain. These impacts
include reduced hippocampal volume and diminished prefrontal
cortex function, which are involved in emotional regulation,
memory, and decision - making processes. Consequently, these
changes heighten the risk of developing psychiatric disorders
(13). The complex interplay between smoking and these factors
may contribute to the development and progression of major
psychiatric disorders.

Several systematic reviews and meta-analyses have addressed
the association between cigarette smoking status and the risk of
major psychiatric disorders (14-16). Luger et al. identified 85
studies and found that smoking was associated with a nearly
twofold increase in the risk of depression compared with never
and former smokers. In smaller prospective studies, current
smokers had a higher likelihood of developing depression than
never smokers (14). Hunter et al. systematically searched Medline,
Embase, PsychInfo, Maternity and Infant Care, and Web of Science
and identified 12 studies (nine cohort and three case-control
studies), indicating that smoking and prenatal smoke exposure may
be independent risk factors for schizophrenia (15). Cerimele et al.
identified six studies and found that tobacco use was significantly
associated with the severity and symptoms of bipolar disorder
and reduced functional levels (16). However, these studies have
several limitations: (1) the analyses included cross-sectional studies,
which cannot prove a causal association between smoking status
and the risk of major psychiatric conditions; (2) the included
populations did not exclude individuals with pre-existing major
psychiatric disorders at the outset; (3) the causal association
between smoking and major psychiatric disorders is not strictly
stated, and there are cases where patients with major psychiatric
disorders initiated smoking behavior; and (4) previous studies
lacked in-depth exploratory analysis and did not examine the
strength of the association between smoking and major psychiatric
disorders in different populations. In the present study, we chose
to conduct a systematic review and meta-analysis of cohort studies
to elucidate the association between cigarette smoking status and
the risk of major psychiatric disorders, including major depression,
schizophrenia, and bipolar disorder. Cohort studies are particularly
advantageous in this context as they allow us to follow participants
over time, enabling us to observe the temporal sequence of
events. This temporal dimension is crucial for understanding
the potential exposure-outcome relationship, which is essential in
epidemiological research. However, it is important to acknowledge
that cohort studies also present challenges in establishing causation.
Although they can provide evidence of association, they are subject
to certain limitations. These include the potential for residual
confounding, selection bias, and the influence of unmeasured
confounding factors. Despite these challenges, we believe that
cohort studies offer valuable insights into the natural history of the
relationship between smoking and psychiatric disorders.
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Methods

Data sources, search strategy, and selection
criteria

This review was reported according to the guidelines outlined
in the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) Statement (17). The study was registered on the
INPLASY platform (registration number: INPLASY202430093).
Any cohort study investigating the association between cigarette
smoking and major psychiatric disorders that met the inclusion
criteria, with no restrictions on language or publication status
(published, in press, or ongoing), was eligible. We conducted a
comprehensive search of the PubMed, Embase, and Cochrane
Library electronic databases for articles published through
March 2, 2024, and used (“bipolar disorder” OR “bipolar” OR
“affective disorder”) OR (“major depression” OR “depressive”)
OR (“psychosis” OR “schizophrenia” OR “schizophrenic” OR
“psychotic”) AND (“smoking” OR “cigarettes” OR “tobacco”)
as the search terms. The full search strategy is provided in
Supplementary material 1. To identify additional eligible studies,
we manually searched the reference lists of all relevant original
and review articles. We also used medical subject headings,
methods, patient populations, study designs, exposures, and
outcome variables from these articles to identify relevant studies.

Two independent reviewers screened the titles and abstracts of
the identified studies to determine their eligibility. Full-text articles
of potentially relevant studies were then retrieved and assessed
for final inclusion. Any discrepancies between the reviewers were
resolved through discussion or, if necessary, by consulting a third
reviewer. Studies meeting the following criteria were included: (1)
participants: general population initially without major psychiatric
conditions; (2) exposure: current or former smoking. In each of
the included studies, the definition of “current smoking” typically
referred to individuals who were actively smoking cigarettes at the
time of the study initiation. However, specific definitions varied
among studies. “Former smoking” generally denoted individuals
who had smoked cigarettes in the past but had ceased smoking
at the start of the study; (3) control: nonsmoking; (4) outcome:
effect estimates (odds ratio [OR], relative risk [RR], or hazard ratio
[HR] and 95% confidence interval [CI]) for the association between
cigarette smoking and major psychiatric disorders, including major
depression, schizophrenia, and bipolar disorder; and (5) study
design: cohort design. In studies reporting several multivariate-
adjusted effect estimates, we extracted one effect estimate derived
from the statistical model including the most covariates (18).
Cross-sectional and case-control studies were excluded because a
causal relationship between smoking and the development of major
psychiatric disorders could not be demonstrated.

Data collection and quality assessment

The collected data for each included study included the
following information: first author’s name, publication year,
country, study design, setting, sample size, age at baseline,
percentage of male patients, exposure categories, reported
outcomes and assessment, effect estimate (OR, RR, or HR),
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follow-up duration, adjusted factors, reported effect estimate with
95%CI. Quality assessment of the included studies was conducted
using the Newcastle-Ottawa Scale (NOS). The NOS is a tool
that has been partially validated for the quality assessment of
observational studies in meta-analyses. It evaluates studies based
on three main components: selection (four items), comparability
(one item), and outcome (three items). Each component is scored,
with a total possible score ranging from 0 to 9 points. Higher scores
indicate better methodological quality (19). Two independent
reviewers extracted the data from the included studies using a
standardized data extraction form, and the same two reviewers
independently assessed the methodological quality of each study
using the NOS. In case of any discrepancies between the two
reviewers, a third reviewer was consulted. The third reviewer
referred to the original study for an independent review and
adjudication to resolve the disagreement.

Statistical analyses

To investigate the association between cigarette smoking and
the risk of major psychiatric disorders, we analyzed the effect
estimates (OR, RR, or HR) and their 95%CI reported in each
included study. The combined RR with 95% CI was calculated
using a random-effects model, which accounts for the variability
among the included studies (20). Statistical heterogeneity was
evaluated using the I” statistic and Cochran’s Q test. Significant
heterogeneity was defined as an I° value >50.0% or a P-value
<0.10 (21, 22). The robustness of the pooled RR with 95% CI
was assessed using sensitivity analysis by sequentially excluding a
single study from the overall analysis (23). This approach helps to
identify any individual studies that may have a disproportionate
influence on the overall results. Subgroup analyses were performed
to explore potential sources of heterogeneity and to provide more
detailed insights into the association between smoking and major
psychiatric disorders. Subgroup analyses were performed for major
psychiatric disorders, including major depression, schizophrenia,
and bipolar disorder, according to study design, sex, smoking
intensity, follow-up duration, adjusted levels, and study quality,
and the differences between subgroups were compared using
the interaction t-test, which assumes that the data are normally
distributed (24). A study adjusted for >3 factors was considered a
high-adjusted level, whereas a study adjusted for one or two factors
was considered a low-adjusted level. Publication bias was evaluated
through a combination of qualitative and quantitative approaches,
which included analysis of funnel plots and Egger and Begg tests
(25, 26). All P values reported in this study were two-sided, with
a significance level of 0.05. Statistical analyses were performed
using the Stata software (version 12.0; StataCorp, College Station,
Texas, USA).

Results

Search results
A total of 7,946 literature records were identified through the
electronic search. After removing duplicate articles, 4,617 studies

remained. Based on titles and abstracts, 4,425 studies were excluded
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Articles from PubMed, EmBase
and the Cochrane (n=7946)

Articles identified after duplicate removed (n=4617)

Abstracts and title excluded

| during first screening (n=4425)

|FuII—textevaluations(n=192) | |Hand—searchforreference(n:13)|

| Full-text identified after duplicate removed (n=205) |

Articles excluded (n=180)
Not cohort design (n=102)
Related to disease (n=62)
No sufficient data (n=16)

25 studies included in meta-analysis

FIGURE 1
Details regarding literature search and study selection.

due to irrelevant content, this left 192 full-text studies for further
review. After a detailed full-text review, 167 studies were excluded
for the following reasons: lack of cohort design (n = 89), related
to other diseases (n = 62), and insufficient data (n = 16). The
reference lists of the remaining studies were reviewed, yielding 13
potentially relevant studies, all 13 of these studies were excluded
because they lacked a cohort design (Supplementary material 2).
Finally, 25 cohort studies were selected for inclusion in the meta-
analysis (Figure 1) (27-51).

Study characteristics

of the included studies and their

participants are summarized in Table I. In total, 2,917,030

The characteristics

individuals were included, and the sample size ranged from 671
to 1,647,728. Twenty-one studies were designed as prospective
cohort studies, and the remaining four studies were designed
as retrospective cohort studies. Nineteen studies reported the
association between smoking status and major depression risk,
six studies reported the association between smoking status and
schizophrenia risk, and three studies reported bipolar disorder
related to smoking status. The follow-up duration of included
studies ranged from 1.5 years to 40.0 years. Individual study quality
was evaluated based on the NOS, with five studies scoring 8, 12
scoring 7, and eight scoring 6 (Supplementary material 3).
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Major depression

Eighteen studies reported an association between current
smoking status and the risk of major depression. The overall
analysis indicated that current smoking was associated with an
increased risk of major depression (RR, 1.30; 95% CI, 1.18-
1.43; P < 0.001; Figure 2). Significant heterogeneity was observed
across the included studies (I = 71.9%, P < 0.001). Sensitivity
analysis showed that the pooled RR with 95%CI was robust and
not significantly altered by the sequential removal of any single
study (Supplementary material 4). Subgroup analyses revealed that
current smoking was associated with an increased risk of major
depression in most subsets. However, no significant association was
found between current smoking and the risk of major depression in
the pooled male individuals. Additionally, the association between
current smoking and the risk of major depression was influenced
by the study design (P = 0.024) (Table 2). There was evidence
of significant publication bias in the association between current
smoking and the risk of major depression (P value for Egger’s
test, 0.041; P value for Begg’s test, 0.037; Supplementary material 5).
After adjusting for publication bias using the trim-and-fill method
(52), the conclusions remained unchanged.

Six studies reported an association between former smoking
and the risk of major depression. The summary result indicated
that former smoking was associated with an elevated risk of major
depression (RR, 1.16; 95% CI, 1.09-1.23; P < 0.001; Figure 2).
There was no evidence of heterogeneity among the included
studies (I’ = 0.0%, P = 0.744). The pooled RR with 95%CI
was stable and did not change after the exclusion of any single
study (Supplementary material 4). Subgroup analyses revealed that
former smoking was associated with an increased risk of major
depression when combined with data from prospective cohort
studies, among female participants, in studies with follow-ups >
5.0 years, regardless of the degree of adjustment, and in high-
quality study (Table 2). Reviewing the funnel plot could not rule
out potential publication bias. However, the Egger (P = 0.632) and
Begg (P = 0.707) tests indicated no significant publication bias
(Supplementary material 5).

Schizophrenia

Six studies reported an association between current smoking
and the risk of schizophrenia. The pooled RR indicated that current
smoking was associated with an increased risk of schizophrenia
(RR, 1.84; 95% CI, 1.07-3.19; P = 0.028; Figure 3). Substantial
heterogeneity was observed across the included studies (1> = 95.2%,
P < 0.001). Sensitivity analysis showed that the pooled RR with
95%CI varied due to the broad 95% CI (Supplementary material 4).
Subgroup analyses found that current smoking was significantly
related to an elevated risk of schizophrenia in the following
subsets: irrespective of study design, pooled female individuals, or
both male and female individuals, smoking intensity was heavy,
irrespective of follow-up duration, studies with low adjusted levels,
and studies with high quality (Table 2). There was no significant
publication bias in the association between current smoking and
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TABLE 1 The baseline characteristics of identified studies and involved individuals.

Study Country  Study Setting Sample Age Male Exposure Reported Effect Follow-up  Adjusted factors
design size (years) (%) categories outcomes estimate duration
(years)
Breslau et al. USA Prospective Members of a large 974 21-30 38.0 Current smoking Major depression OR 5.0 Early conduct problems and 8
(27) health maintenance (smoking daily (DSM-III-R) alcohol use disorder
organization in for 1 or more
southeastern months)
Michigan
Murphy USA Prospective Gathered in a 2,204 NA 47.8 Current smoking Major depression RR 18.0-22.0 Year of study, are controlled 6
etal. (28) country in Atlantic (habits and (DPAX) for age and gender
Canada amount)
Zammit UK Prospective Swedish army 50,053 18-20 100.0 Current smoking Schizophrenia HR 27.0 Diagnosis at conscription, 7
etal. (29) (amount) (ICD-8) poor social integration, IQ,
drug use, disturbed behavior,
father’s occupation, place of
upbringing, family
socioeconomic status, family
psychiatric history, and
alcohol problems
Weiser et al. USA Prospective Israel Defense 14,248 NA 100.0 Current smoking Schizophrenia RR 10.2 Presence or absence of a 7
(30) Forces Medical (habits and (ICD-9, ICD-10) nonpsychotic psychiatric
Corps amount) disorder, below-normal social
or intellectual functioning in
adolescence, and
socioeco-nomic status
Johnson and USA Prospective Wisconsin 4,858 53-54 53.6 Current smoking Major depression OR 35.0 Sex and level of education 6
Breslau (31) Longitudinal Study (habits and (DSM-1V)
amount)
Pasco et al. Australia Retrospective | The epidemiology 671 20-84 0.0 Current smoking Major depression OR 10.0 Socio-economic status, 6
(32) of osteoporosis in (>one or two (DSM-IV-TR) alcohol consumption, physical
Australian women, cigarettes per day activity or physical illness
for at least 6
months)
Serensen Denmark Prospective Copenhagen 7,926 26 0.0 Current smoking Schizophrenia, OR 40.0 Age, social class and 8
etal. (33) University Hospital (amount) Bipolar disorder psychopharmacological
(ICD-8,ICD-10) treatment at baseline
Goodwin USA Retrospective | Ohio Army 1,391 35 86.1 Current smoking, Major depression OR 3.0 Age and gender 6
etal. (34) National Guard former smoking (PHQ-9)
Health Initiative (habits)
Mojtabai USA Prospective Residents of Hawaii 33,154 > 18 47.1 Current smoking, Major depression OR 3.0 Gender, age, race/ethnicity, 7
etal. (35) and Alaska, former smoking (DSM-1V) household income, education,
sponsored by the (habits) marital status, physical illness,
National Institute residence, region, lifetime
on Alcohol Abuse history of other mental
and Alcoholism disorders, alcohol disorders,

and nonalcohol drug
disorders.

(Continued)
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TABLE 1 (Continued)

Country  Study Setting Age Male Exposure Reported Effect Follow-up Adjusted factors
design (years) (%) categories outcomes estimate duration
(years)
Wium- Denmark Prospective Copenhagen 63,296 >20 NA Current smoking Schizophrenia, OR 6.0 Age, gender, alcohol 8
Andersen General Population (habits and major depression consumption, physical
et al. (36) Study and the amount) (ICD-8, ICD-10) activity, education, income,
Copenhagen City civil status, body mass index,
Heat Study plasma C-reactive protein and
chronic disease
Kendler Sweden Prospective Nationwide 1,647,728 27 14.2 Current smoking Schizophrenia HR 18.5 Family socioeconomic status 7
etal. (37) Swedish registers (amount) (ICD-9, ICD-10) and community
socioeconomic status
Chang et al. USA Prospective US female nurses 21,728 30-55 0.0 Current smoking, Major depression HR 10.0 Age, education level, race, 8
(38) former smoking (CESD-10, social network, body mass
(amount) GDS-15) index, alternative
Mediterranean diet score,
moderate to vigorous activity,
largest number of drinks in a
single day, comorbidity, hours
of actual sleep per day, and
physical/functional limitation
Carroll et al. USA Prospective CARDIA 3,189 50 45.5 Current smoking Major depression OR 25.0 Sociodemographic, clinical, 7
(39) (amount) (CES-D) and behavioral covariates that
are known risk factors for
CAC and CVD: gender, race,
age, education, total
cholesterol, systolic blood
pressure, diastolic blood
pressure, body mass index,
diabetes status, physical
activity, alcohol use
Knight et al. USA Prospective Lupus Outcomes 546 18-45 6.8 Former smoking Major depression OR 12.0 Physical function, body mass 7
(40) Study (habits) (CES-D) index, diabetes mellitus,
hypertension, and history of
myocardial infarction or
stroke
Zhang et al. Germany Prospective Large Dresden 1,196 18-25 0.0 Current smoking Major depression OR 1.5 Body mass index, alcohol 6
(41) Predictor Study (habits and (DSM-1V) consumption, physical
amount) activity, and physical health
Liuetal. (42) China Prospective SWHS and SMHS 103,595 40-74 48.3 Current smoking, Major depression OR 11.0 Age, marriage, income, 7
former smoking (CES-D) occupation and education
(habits and
amount)
Tomita and South Retrospective | South African 14,118 NA 47.9 Current smoking Major depression RR 7.0 Employment status, 6
Manuel (43) Africa National Income (habits and (CES-D) household income, and
Dynamics Study amount) residence
(Continued)
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TABLE 1 (Continued)

Country

Study

design

Setting

Age
(years)

Exposure
categories

Reported
outcomes

Effect
estimate

Follow-up
duration
(years)

Adjusted factors

Bach et al. Brazil Prospective Young adults living 1,244 18-24 44.8 Current smoking Bipolar disorder RR 5.0 Sex, age, education,
(44) in the urban area of (habits) (SDM-IV and socioeconomic, skin color,
the city of Pelotas ICD-10) current work, liver with
partner
King et al. UK Retrospective | The Health 907,586 15-24 47.4 Current smoking Schizophrenia RR 2.0 Townsend deprivarion score
(45) Improvement (habits and (ICD-9, ICD-10)
Network primary amount)
care database
Bolstad et al. Finland Prospective The Northern 7,660 15/16 49.9 Current smoking Major depression, OR 17.0 Sex, parental psychiatric
(46) Finland Birth (habits and Bipolar disorder disorder, family structure,
Cohort 1986 Study amount) (ICD-10) illicit substance use, Youth
Self Report
Werneck Brazil Prospective Non-probabilistic 4,725 18-59 81.0 Current smoking, | Major depression RR 3.1 Time between visits,
etal. (47) sample of Brazilian former smoking (BDI) chronological age, sex,
adults (habits) number of metabolic risk
factors, self-rated health, and
HS-CRP
Fonseca Brazil Prospective The Lifestyle and 1,034 16-25 57.1 Current smoking Major depression RR 3.0 Age, economic class, living
etal. (48) Health of (habits) (PHQ-9) situation, stress, alcohol
University Students consumption, sedentary
behavior, perception of
change in physical activity
after entering the university,
and short sleep duration
Zhao et al. China Prospective Nationally 16,892 > 18 52.1 Current smoking Major depression RR 2.0 CESD-20 score of baseline
(49) representative and (habits) (CESD-20) survey, gender, marriage,
annual longitudinal education, area of residence,
survey annual personal earning,
social trust, self-rated health,
morbidity of chronic disease,
daytime nap duration, and
drinking alcohol
Pengpid and South Prospective INDEPTH 5,059 > 40 46.4 Current smoking Major depression OR 4.0 Age, sex, country of birth,
Peltzer (50) Africa Community in (habits) (CESD-20) education, marital status,
South Africa wealth index, alcohol
dependence, physical activity,
sedentary behavior,
inadequate fruit/vegetable
intake, body mass index, HIV
positive, cardiovascular
disease, functional disability
Kiviruusu Finland Prospective Finnish-speaking 1,955 22-52 48.6 Current smoking Major depression RR 30.0 Education, marital status, and
etal. (51) pupils in Tampere (habits) (BDI) alcohol use
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Study

current smoking

Breslau 1998 [27]

Murphy 2003 [28]
Johnson 2006 [31]

Pasco 2008 [32]

Goodwin 2013 [34]
Mojtabai 2013 [35]
Wium—Andersen 2015 [36]
Chang 2016 [38]

Carroll 2017 [39]

Zhang 2018 [41]

Liu 2018 [42]

Tomita 2020 [43]

Bolstad 2022 [46]
Werneck 2022 [47]
Fonseca 2022 [48]

Zhao 2023 [49]

Pengpid 2023 [50]
Kiviruusu 2024 [51]
Subtotal (I-squared =71.9%, p = 0.000)

former smoking
Goodwin 2013 [34]
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Association between smoking status and the risk of major depression. RR, relative risk; Cl, confidence interval.

the risk of schizophrenia (P value for Egger’s test, 0.894; P value for
Beggs test, 1.000; Supplementary material 5).

Bipolar disorder

Three studies reported an association between current smoking
and the risk of bipolar disorder. The pooled analysis indicated that
current smoking was associated with an increased risk of bipolar
disorder (RR, 1.54; 95% CI, 1.22-1.95; P < 0.001; Figure 3). No
evidence of heterogeneity was observed among the included studies
(I> = 0.0%, P = 0.518). Due to the limited number of studies
reporting this result, we did not perform sensitivity, subgroup,
or publication bias analyses on the association between current
smoking and the risk of bipolar disorder.

Discussion

This extensive quantitative study encompassed 2,917,030
individuals across 25 cohort studies, representing a diverse
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range of participant characteristics. The results showed that
current smoking was associated with an increased risk of major
depression, schizophrenia, and bipolar disorder, while former
smoking was linked to an elevated risk of major depression.
Sensitivity analysis indicated that the pooled RR with 95% CI
for the association between smoking status and major depression
was robust. However, the association between current smoking
and schizophrenia was not stable. Significant associations between
smoking status and major psychiatric disorders were observed in
most subgroups, and these associations might have been influenced
by the study design.

This study found that current smoking is associated with an
increased risk of major psychiatric disorders, including depression,
schizophrenia, and bipolar disorder, these results were consistent
with previous meta-analysis (14-16). The association between
smoking and psychiatric disorders is complex and may be
influenced by various factors, including individual differences,
genetic predispositions, and environmental factors. For depression,
nicotine, the primary component in cigarettes, rapidly reaches
the brain upon inhalation. It binds to nicotinic acetylcholine
receptors, triggering a cascade of events that ultimately lead to
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TABLE 2 Subgroup analyses for major psychiatric conditions.

Outcomes Factors Subgroups Number of RR and 95%Cl P value I (%) P value for Interaction
studies heterogeneity test
Major depression (current Study design Prospective 15 1.28 (1.15-1.41) <0.001 73.3 <0.001 0.024
smoking vs non-smoking)
Retrospective 3 1.88 (1.37-2.59) <0.001 0.0 0.684
Gender Male 3 1.60 (0.76-3.35) 0.213 85.9 0.001 0.688
Female 6 1.37 (1.17-1.61) <0.001 21.1 0.274
Both 12 1.27 (1.13-1.44) <0.001 78.0 <0.001
Smoking intensity* Mild 4 1.66 (1.20-2.31) 0.002 82.0 <0.001 0.115
Moderate 5 1.26 (1.14-1.40) <0.001 0.0 0.596
Heavy 5 1.52 (1.37-1.68) <0.001 0.0 0.808
Follow-up > 5.0 years 10 1.31 (1.19-1.45) <0.001 56.8 0.008 0.947
<5.0 years 8 1.30 (1.06-1.59) 0.011 79.0 <0.001
Adjusted level High 12 1.23 (1.10-1.38) <0.001 72.6 <0.001 0.077
Low 6 1.52 (1.24-1.87) <0.001 63.2 0.008
Study quality High 10 1.29 (1.19-1.41) <0.001 48.5 0.030 0.645
Low 8 1.37 (1.08-1.75) 0.010 81.7 <0.001
Major depression (former Study design Prospective 5 1.16 (1.09-1.23) <0.001 0.0 0.432 0.905
smoking vs non-smoking)
Retrospective 1 1.20 (0.69-2.08) 0.515 - -
Gender Male 2 1.34 (0.99-1.80) 0.058 8.0 0.297 0.362
Female 3 1.16 (1.07-1.26) <0.001 2.2 0.360
Both 3 1.11 (0.97-1.29) 0.137 0.0 0.452
Follow-up >5.0 years 4 1.18 (1.10-1.25) <0.001 0.0 0.487 0.243
<5.0 years 2 1.06 (0.90-1.26) 0.468 0.0 0.649
Adjusted level High 3 1.15 (1.08-1.22) <0.001 0.0 0.405 0.376
Low 3 1.26 (1.04-1.53) 0.020 0.0 0.496
Study quality High 5 1.16 (1.09-1.23) <0.001 0.0 0.432 0.905
Low 1 1.20 (0.69-2.08) 0.515 - -
Schizophrenia (current Study design Prospective 5 1.60 (1.01-2.52) 0.044 88.2 <0.001 0.453
smoking vs non-smoking)
Retrospective 1 2.26 (1.04-4.92) 0.040 - -
(Continued)
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*Mild: 0-10 cigarettes; moderate: 10-20 cigarettes; heavy: > 20 cigarettes.
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the release of neurotransmitters such as dopamine and serotonin.
Chronic smoking can disrupt the normal regulation of these
neurotransmitter systems (53). In the case of schizophrenia,
current smoking may exacerbate the pathophysiological processes
associated with the disorder. The dopamine hypothesis of
schizophrenia posits that abnormal dopamine signaling in
the brain is a key factor in the development of symptoms.
Smoking-induced increases in dopamine release could potentially
disrupt this already-abnormal dopamine regulation. Moreover,
the neuroinflammatory response triggered by smoking can
affect the integrity of the blood-brain barrier and lead to
microglial activation. This inflammation may contribute to the
neurodegenerative processes observed in schizophrenia. These
structural and functional changes in the brain may be linked
to the exacerbation of symptoms like hallucinations, delusions,
and cognitive impairments in smokers with schizophrenia (54).
Regarding bipolar disorder, the relationship with current smoking
is also complex. Smoking-related oxidative stress can impact
the brain’s energy metabolism and mitochondrial function.
Mitochondria play a crucial role in providing energy for neuronal
activity, and any disruption in their function can lead to abnormal
neuronal excitability. In bipolar disorder, mood swings between
mania and depression may be influenced by these changes in
neuronal energy metabolism (55). However, it is important to note
that the analysis of the association between current smoking and
bipolar disorder was based on only three studies, which represents
a relatively small sample size. This limitation may potentially affect
the reliability of the findings. Although all three studies were
cohort studies with acceptable quality scores on the NOS, the
small number of studies still restricts the generalizability of the
results. Therefore, the findings regarding the association between
smoking and bipolar disorder should be interpreted with caution.
To enhance the robustness of these findings, future large - scale
prospective studies are highly recommended to validate these
results and further explore this relationship. Therefore, in-depth
studies on the effects of smoking on psychiatric health remain an
important area of research.

Similarly, we found that former smoking was associated with an
increased risk of depression. Long-term smoking fosters the brain’s
dependence on nicotine-induced dopamine release. Upon quitting,
dopamine levels drop significantly, impairing emotional regulation
and increasing the risk of inducing or exacerbating depression.
Accompanying withdrawal symptoms, such as anxiety, irritability,
insomnia, and concentration difficulties, directly contribute to
low mood, thereby enhancing the likelihood of depression.
Additionally, the body continues to grapple with accumulated
inflammation and oxidative stress from prior smoking, which
persistently damage brain regions involved in emotional regulation
(56). The absence of smoking as a coping mechanism, without
the adoption of new healthy strategies, complicates emotional
management, further escalating the risk of depression. However,
the studies included did not provide evidence regarding the
association between former smoking and the risk of schizophrenia
and bipolar disorder, which necessitates further exploration in
future research.

The results of the subgroup analyses were largely consistent
with those of the overall analysis. Additionally, we observed that
the association between smoking status and the risk of major
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FIGURE 3

Association between current smoking and the risk of schizophrenia and bipolar disorder. RR, relative risk; Cl, confidence interval

psychiatric conditions can be influenced by the study design. Data
in prospective studies are collected over time, allowing researchers
to better control for confounding factors during the study process.
This design helps in establishing a more robust causal relationship
between smoking and psychiatric conditions. Conclusions from
retrospective studies may be influenced by information and
selection bias, as well as confounding factors. Researchers in
retrospective studies cannot control the data collection process,
which can lead to potential inaccuracies and biases.

Heterogeneity was observed in several parts of our meta-
analysis, which is a common issue in such studies. There could
be multiple sources contributing to this heterogeneity. Firstly,
differences in study design might play a role. Some studies were
prospective cohort studies, while others were retrospective, and
this difference could lead to variations in data collection and
follow-up methods, thereby affecting the observed associations.
Secondly, population characteristics could be a significant source
of heterogeneity. Variations in age, gender, and socioeconomic
status among the participants of different studies might influence
the relationship between smoking and psychiatric disorders.
Additionally, differences in the definition of smoking status, such
as what constitutes current smoking or former smoking, as well
as varying cut-offs for smoking intensity across studies, may
lead to inconsistent results. Geographical location and cultural
differences among the study populations could also influence the
results, as different regions may have different smoking patterns
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and cultural attitudes toward smoking and mental health. Our
subgroup analyses have been instrumental in mitigating some of
the heterogeneity issues. By dividing the studies into subgroups
based on factors like gender, study design, and follow-up duration,
we have been able to identify patterns and potential sources of
variation. However, it is important to note that subgroup analyses
have their limitations and may not fully explain all sources of
heterogeneity. There could still be residual heterogeneity that we
have not accounted for, possibly due to unmeasured factors or
complex interactions between different variables. Future research
could address these limitations by ensuring more detailed data
collection, using standardized definitions for key variables, and
employing more sophisticated statistical methods.

Our
health. Given the observed associations between smoking

findings have important implications for public

and major psychiatric disorders, public health initiatives could
be strengthened by integrating mental health screening into
should
consider screening individuals with psychiatric disorders for

smoking cessation programs. Healthcare providers
smoking behavior and vice versa. By identifying smokers at
risk of developing psychiatric disorders early, targeted smoking
could be
reducing the incidence of psychiatric disorders. Moreover, there

cessation interventions implemented, potentially
could be significant economic implications. Early detection and
intervention of smoking behavior among individuals with mental

health conditions may lead to cost savings by reducing the burden
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on mental health services and minimizing the long-term healthcare
costs associated with treating both smoking-related physical
conditions and psychiatric disorders. In the clinical setting, our
findings suggest that clinicians need to be more vigilant in assessing
the smoking status of patients with psychiatric disorders. Smoking
should be considered as a modifiable risk factor, and smoking
cessation counseling and support should be incorporated into
treatment plans. Collaborative care models, where mental health
professionals and primary care physicians work together, could
be beneficial. This interdisciplinary approach could improve the
management of comorbid conditions, as addressing both smoking
and psychiatric disorders simultaneously may lead to better
patient outcomes. Furthermore, education and prevention play
a crucial role. Public education about the link between smoking
and psychiatric disorders could change behaviors and attitudes
toward smoking, particularly among vulnerable populations.
Educational campaigns in schools, workplaces, and healthcare
settings should target both smokers and those at risk of developing
psychiatric disorders. By raising awareness, individuals may be
more motivated to quit smoking or avoid starting, thereby reducing
the risk of developing psychiatric disorders.

Our study has three key strengths that are worth emphasizing.
First, we included only cohort studies, which can, to some extent,
verify the causal association between smoking and psychiatric
disorders. This design allows for a more robust assessment of
temporal relationships and reduces the risk of reverse causality.
Second, the large sample size in our study enables us to
quantitatively assess the association between smoking and the
risk of psychiatric disorders. This increases the statistical power
and potentially renders our findings more reliable compared to
those from individual studies. Third, we conducted an exploratory
analysis to evaluate the strength of the association between smoking
and the risk of psychiatric disorders in specific populations. This
provides valuable insights into how these associations may vary
across different subgroups, enhancing the depth and applicability
of our findings.

The limitations of this study include the following: (1) due
to the observational nature of the included studies, we cannot
establish causation. Observational studies, such as the cohort
studies included in our meta-analysis, are inherently subject to
residual confounding. Residual confounding occurs when there
are unmeasured or inadequately measured factors that could
influence the relationship between smoking and major psychiatric
disorders; (2) different studies included different adjustment
factors, which may play important roles in the occurrence
and development of psychiatric disorders. This inconsistency
can affect the comparability and reliability of the findings;
(3) the established causal relationship between smoking and
the development of major psychiatric disorders appears limited
and necessitates additional validation (57); (4) regarding the
analysis of socio-economic status, we recognize its potential
importance in understanding the relationship between smoking
and psychiatric disorders. However, due to the lack of reporting
of this information in most of the included studies, we were
unable to perform a subgroup analysis based on this variable;
(5) this study was based on published articles, and access to
unpublished data was unavailable. This makes publication bias
an unavoidable issue, potentially leading to an overestimation or

Frontiersin Medicine

10.3389/fmed.2025.1529191

underestimation of the true effect sizes; and (6) the analysis was
based on aggregated data (without individual data), which limits
our ability to perform more detailed correlation analyses and obtain
comprehensive results.

Conclusion

Current smoking is associated with an elevated risk of several
major psychiatric conditions, including depression, schizophrenia,
and bipolar disorder. Additionally, former smokers exhibit an
increased vulnerability to severe depression. The association
between smoking status and the risk of major psychiatric disorders
may be influenced by the study design, which suggests that
clinicians and mental health professionals should incorporate
patients’ smoking history and quitting status into their assessment
and management of psychiatric disorders, employing targeted
interventions accordingly. For individuals who have quit smoking,
intensified psychological support and social interventions may be
particularly crucial to prevent or alleviate potential psychiatric
symptoms. In the future, more studies are needed to further
elucidate the mechanisms underlying the association between
smoking and psychiatric disorders. This could involve more
comprehensive investigations of biological pathways and the
role of confounding factors. Moreover, to establish a more
definitive causal relationship, future research should consider
employing methods like Mendelian randomization or advanced
causal inference techniques.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

ZH: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Supervision,
Writing — original draft, Writing - review & editing. EC: Data
curation, Investigation, Methodology, Visualization, Writing -
review & editing. BC: Data curation, Investigation, Methodology,
Validation, Writing - review & editing. MZ: Data curation,
Investigation, Methodology, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1529191
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Hu et al.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

References

1. GBD 2019. Diseases and Injuries Collaborators. Global burden of 369 diseases
and injuries in 204 countries and territories, 1990-2019: a systematic analysis
for the Global Burden of Disease Study 2019. Lancet. (2020) 396:1204-22.
doi: 10.1016/S0140-6736(20)30925-9

2. Solmi M, Radua J, Olivola M, Croce E, Soardo L, de Pablo GS, et al. Age at onset of
mental disorders worldwide: large-scale meta-analysis of 192 epidemiological studies.
Mol Psychiatry. (2022) 27:281-95. doi: 10.1038/s41380-021-01161-7

3. World Health Organization. The 10th Revision of the International Classification
of Diseases and Related Health Problems (ICD-10). Geneva: WHO. (1992).

4. Leone M, Kuja-Halkola R, Leval A, D’Onofrio BM, Larsson H, Lichtenstein P,
et al. Association of youth depression with subsequent somatic diseases and premature
death. JAMA Psychiatry. (2021) 78:302-10. doi: 10.1001/jamapsychiatry.2020.3786

5. Williams JM, Steinberg ML, Griffiths KG, Cooperman N. Smokers with behavioral
health comorbidity should be designated a tobacco use disparity group. Am J Public
Health. (2013) 103:1549-55. doi: 10.2105/AJPH.2013.301232

6. Schroeder SA, Morris CD. Confronting a neglected epidemic: tobacco cessation
for persons with mental illnesses and substance abuse problems. Annu Rev Public
Health. (2010) 31:297-314. doi: 10.1146/annurev.publhealth.012809.103701

7. Agaku IT, Odani S, Okuyemi KS, Armour B. Disparities in current
cigarette smoking among US adults, 2002-2016. Tob Control. (2020)
29:269-76. doi: 10.1136/tobaccocontrol-2019-054948

8. Lipari RN, Van Horn SL. Smoking and mental illness among adults in the
United States. Rockville: The CBHSQ Report. (2017). Available at: https://www.samhsa.
gov/data/sites/default/files/report_2738/ShortReport$- $2738.html (accessed March 5,
2024).

9. Han B, Volkow ND, Blanco C, Tipperman D, Einstein EB, Compton
WM. Trends in prevalence of cigarette smoking among US adults with major
depression or substance use disorders, 2006-2019. JAMA. (2022) 327:1566-
76. doi: 10.1001/jama.2022.4790

10. Cornelius ME, Loretan CG, Wang TW, Jamal A, Homa DM. Tobacco product
use among adults - United States, (2020). MMWR Morb Mortal Wkly Rep. (2022)
71:397-405. doi: 10.15585/mmwr.mm?7111al

11. Casale AD, Paolini M, Gentile G, Borro M, Zocchi C, Fiasch¢ E et al.
Dopamine DRD2 and DRD3 polymorphisms involvement in nicotine dependence
in patients with treatment-resistant mental disorders. ] Pers Med. (2022)
12:565. doi: 10.3390/jpm 12040565

12. Mandelli L, Milaneschi Y, Hiles S, Serretti A, Penninx BW. Unhealthy
lifestyle impacts on biological systems involved in stress response: hypothalamic-
pituitary-adrenal axis, inflammation and autonomous nervous system. Int Clin
Psychopharmacol. (2023) 38:127-35. doi: 10.1097/YIC.0000000000000437

13. Pradeep BS, Arelingaiah M, Ramamurthy SV, Suma R, Saraswat N, Reddy AGE,
et al. Health and lifestyle issues among youth: a record analysis of contributing
factors among beneficiaries attending youth mental health promotion clinics (Yuva
Spandana Kendras) in Karnataka, India. Indian ] Community Med. (2023) 48:852-
60. doi: 10.4103/ijcm.ijem_709_22

14. Luger TM, Suls ], Vander Weg MW. How robust is the association between
smoking and depression in adults? A meta-analysis using linear mixed-effects models.
Addict Behav. (2014) 39:1418-29. doi: 10.1016/j.addbeh.2014.05.011

15. Hunter A, Murray R, Asher L, Leonardi-Bee J. The effects of tobacco smoking,
and prenatal tobacco smoke exposure, on risk of schizophrenia: a systematic review
and meta-analysis. Nicotine Tob Res. (2020) 22:3-10. doi: 10.1093/ntr/nty160

16. Cerimele JM, Katon WJ. Associations between health risk behaviors and
symptoms of schizophrenia and bipolar disorder: a systematic review. Gen Hosp
Psychiatry. (2013) 35:16-22. doi: 10.1016/j.genhosppsych.2012.08.001

Frontiersin Medicine

10.3389/fmed.2025.1529191

the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.
1529191/full#supplementary-material

17. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

18. Li XH Yu FE Zhou YH, He J. Association between alcohol consumption and the
risk of incident type 2 diabetes: a systematic review and dose-response meta-analysis.
Am ] Clin Nutr. (2016) 103:818-29. doi: 10.3945/ajcn.115.114389

19. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur ] Epidemiol. (2010)
25:603-5. doi: 10.1007/s10654-010-9491-z

20. Ades AE, Lu G, Higgins JP. The
effects meta-analysis in decision models.
25:646-54. doi: 10.1177/0272989X05282643

21. Deeks JJ, Higgins JPT, Altman DG. Analyzing data and undertaking
meta-analyses. In: Higgins J, Green S, editors. Cochrane Handbook for
Systematic Reviews of Interventions. Oxford, UK: The Cochrane Collaboration.
(2008). doi: 10.1002/9780470712184.ch9

random-
(2005)

interpretation  of
Med Decis Making.

22. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. (2003) 327:557-60. doi: 10.1136/bmj.327.7414.557

23. Higgins JPT, Green S, Cochrane Collaboration. Cochrane Handbook
for  Systematic Reviews of Interventions. Hoboken, NJ: Wiley-Blackwell
(2008). doi: 10.1002/9780470712184

24. Altman DG, Bland JM. Interaction revisited: the difference between two
estimates. BMJ. (2003) 326:219. doi: 10.1136/bmj.326.7382.219

25. Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a
simple, graphical test. BMJ. (1997) 315:629-34. doi: 10.1136/bmj.315.7109.629

26. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. (1994) 50:1088-101. doi: 10.2307/2533446

27. Breslau N, Peterson EL, Schultz LR, Chilcoat HD, Andreski P. Major depression
and stages of smoking. A longitudinal investigation. Arch Gen Psychiatry. (1998)
55:161-6. doi: 10.1001/archpsyc.55.2.161

28. Murphy JM, Horton NJ, Monson RR, Laird NM, Sobol AM, Leighton AH.
Cigarette smoking in relation to depression: historical trends from the Stirling County
Study. Am ] Psychiatry. (2003) 160:1663-9. doi: 10.1176/appi.ajp.160.9.1663

29. Zammit S, Allebeck P, Dalman C, Lundberg I, Hemmingsson T, Lewis G.
Investigating the association between cigarette smoking and schizophrenia in a cohort
study. Am J Psychiatry. (2003) 160:2216-21. doi: 10.1176/appi.ajp.160.12.2216

30. Weiser M, Reichenberg A, Grotto I, Yasvitzky R, Rabinowitz J, Lubin G,
et al. Higher rates of cigarette smoking in male adolescents before the onset of
schizophrenia: a historical-prospective cohort study. Am J Psychiatry. (2004) 161:1219-
23. doi: 10.1176/appi.ajp.161.7.1219

31. Johnson EO, Breslau N. Is the association of smoking and depression a recent
phenomenon? Nicotine Tob Res. (2006) 8:257-62. doi: 10.1080/14622200600576644

32. Pasco JA, Williams L], Jacka FN, Ng E, Henry MJ, Nicholson GC, et al. Tobacco
smoking as a risk factor for major depressive disorder: population-based study. Br |
Psychiatry. (2008) 193:322-6. doi: 10.1192/bjp.bp.107.046706

33. Serensen HJ, Mortensen EL, Reinisch JM, Mednick SA. A prospective study
of smoking in young women and risk of later psychiatric hospitalization. Nord |
Psychiatry. (2011) 65:3-8. doi: 10.3109/08039481003786386

34, Goodwin RD, Prescott M, Tamburrino M, Calabrese JR, Liberzon I, Galea S.
Smoking is a predictor of depression onset among National Guard soldiers. Psychiatry
Res. (2013) 206:321-3. doi: 10.1016/j.psychres.2012.11.025

35. Mojtabai R, Crum RM. Cigarette smoking and onset of mood and anxiety
disorders. Am J Public Health. (2013) 103:1656-65. doi: 10.2105/AJPH.2012.300911

frontiersin.org


https://doi.org/10.3389/fmed.2025.1529191
https://www.frontiersin.org/articles/10.3389/fmed.2025.1529191/full#supplementary-material
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1038/s41380-021-01161-7
https://doi.org/10.1001/jamapsychiatry.2020.3786
https://doi.org/10.2105/AJPH.2013.301232
https://doi.org/10.1146/annurev.publhealth.012809.103701
https://doi.org/10.1136/tobaccocontrol-2019-054948
https://www.samhsa.gov/data/sites/default/files/report_2738/ShortReport$-$2738.html
https://www.samhsa.gov/data/sites/default/files/report_2738/ShortReport$-$2738.html
https://doi.org/10.1001/jama.2022.4790
https://doi.org/10.15585/mmwr.mm7111a1
https://doi.org/10.3390/jpm12040565
https://doi.org/10.1097/YIC.0000000000000437
https://doi.org/10.4103/ijcm.ijcm_709_22
https://doi.org/10.1016/j.addbeh.2014.05.011
https://doi.org/10.1093/ntr/nty160
https://doi.org/10.1016/j.genhosppsych.2012.08.001
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3945/ajcn.115.114389
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1177/0272989X05282643
https://doi.org/10.1002/9780470712184.ch9
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1002/9780470712184
https://doi.org/10.1136/bmj.326.7382.219
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2307/2533446
https://doi.org/10.1001/archpsyc.55.2.161
https://doi.org/10.1176/appi.ajp.160.9.1663
https://doi.org/10.1176/appi.ajp.160.12.2216
https://doi.org/10.1176/appi.ajp.161.7.1219
https://doi.org/10.1080/14622200600576644
https://doi.org/10.1192/bjp.bp.107.046706
https://doi.org/10.3109/08039481003786386
https://doi.org/10.1016/j.psychres.2012.11.025
https://doi.org/10.2105/AJPH.2012.300911
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Hu et al.

36. Wium-Andersen MK, QOrsted DD, Nordestgaard BG. Tobacco smoking is
causally associated with antipsychotic medication use and schizophrenia, but not
with antidepressant medication use or depression. Int J Epidemiol. (2015) 44:566—-
77. doi: 10.1093/ije/dyv090

37. Kendler KS, Lonn SL, Sundquist J, Sundquist K. Smoking and schizophrenia
in population cohorts of Swedish women and men: a prospective co-relative control
study. Am ] Psychiatry. (2015) 172:1092-100. doi: 10.1176/appi.ajp.2015.15010126

38. Chang SC, Pan A, Kawachi I, Okereke OI. Risk factors for late-life depression:
A prospective cohort study among older women. Prev Med. (2016) 91:144-
51. doi: 10.1016/j.ypmed.2016.08.014

39. Carroll A] Ms, Auer R, Colangelo LA, Carnethon MR, Jacobs DR Jr, Stewart JC,
et al. Association of the interaction between smoking and depressive symptom clusters
with coronary artery calcification: the CARDIA study. J Dual Diagn. (2017) 13:43-51.
doi: 10.1080/15504263.2017.1287455

40. Knight AM, Trupin L, Katz P, Yelin E, Lawson EF. Depression risk in young
adults with juvenile- and adult-onset lupus: twelve years of followup. Arthritis Care Res
(Hoboken). (2018) 70:475-80. doi: 10.1002/acr.23290

41. Zhang XC, Woud ML, Becker ES, Margraf J. Do health-related factors predict
major depression? A longitudinal epidemiologic study. Clin Psychol Psychother. (2018)
25:378-87. doi: 10.1002/cpp.2171

42. Liu Q, Cai H, Yang LH, Xiang Y-B, Yang G, Li H, et al. Depressive symptoms
and their association with social determinants and chronic diseases in middle-aged and
elderly Chinese people. Sci Rep. (2018) 8:3841. doi: 10.1038/s41598-018-22175-2

43. Tomita A, Manuel JI. Evidence on the association between cigarette smoking and
incident depression from the South African National Income Dynamics Study 2008-
2015: mental health implications for a resource-limited setting. Nicotine Tob Res. (2020)
22:118-23. doi: 10.1093/ntr/nty163

44. Bach Sd, Cardoso Td, Moreira FP, Mondin TC, Simjanoski M, Kapczinski FP,
et al. Risk factors for new-onset bipolar disorder in a community cohort: a five-year
follow up study. Psychiatry Res. (2021) 303:114109. doi: 10.1016/j.psychres.2021.114109

45. King M, Jones R, Petersen I, Mednick SA. Cigarette smoking as a risk factor
for schizophrenia or all non-affective psychoses. Psychol Med. (2021) 51:1373-
81. doi: 10.1017/50033291720000136

46. Bolstad 1, Alakokkare A-E, Bramness JG, Rognli EB, Levola ], Mustonen
A, et al. The relationships between use of alcohol, tobacco and coffee in
adolescence and mood disorders in adulthood. Acta Psychiatr Scand. (2022) 146:594-
603. doi: 10.1111/acps.13506

Frontiersin Medicine

14

10.3389/fmed.2025.1529191

47. Werneck AO, Vancampfort D, Stubbs B, Silva DR, Cucato GG, Christofaro
DGD, et al. Prospective associations between multiple lifestyle behaviors and depressive
symptoms. ] Affect Disord. (2022) 301:233-9. doi: 10.1016/j.jad.2021.12.131

48. Fonseca LB, Pereira LP, Rodrigues PRM, Muraro AP, Andrade ACS, Pereira RA,
et al. Incidence of depressive symptoms and its association with sociodemographic
factors and lifestyle-related behaviors among Brazilian university students. Psychol
Health Med. (2022) 27:1311-25. doi: 10.1080/13548506.2021.1874432

49. Zhao H, Shi H, Ren Z, He M, Cui L, Wang S, et al. Longitudinal
relationship between body mass index and depressive symptoms among Chinese
adults: the moderating roles of lifestyle factors and age. J Psychosom Res. (2023)
170:111380. doi: 10.1016/j.jpsychores.2023.111380

50. Pengpid S, Peltzer K. Health risk behaviour and persistent and

incident depression among middle-aged and older adults in South
Africa. S Afr ] Psychol. (2023) 53:134-42. doi: 10.1177/00812463221
113413

51. Kiviruusu O, Berg N, Piirtola M, Viertio S, Suvisaari J, Korhonen T, et al. Life
course associations between smoking and depressive symptoms. A 30-year Finnish
follow-up study. Nicotine Tob Res. (2024). Jan 19:ntae012. doi: 10.1093/ntr/ntae012

52. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of
testing and adjusting for publication bias in meta-analysis. Biometrics. (2000) 56:455-
63. doi: 10.1111/j.0006-341X.2000.00455.x

53. Terry AV Jr, Jones K, Bertrand D. Nicotinic acetylcholine

receptors in neurological and psychiatric diseases. Pharmacol Res. (2023)
191:106764. doi: 10.1016/j.phrs.2023.106764

54. Lippiello PM. Nicotinic cholinergic antagonists: a novel approach
for the treatment of autism. Med  Hypotheses.  (2006)  66:985-
90. doi: 10.1016/j.mehy.2005.11.015

55. Cordeiro RC, Lima CNC, Fries GR, Zunta-Soares G, Soares JC,

et al. Mitochondrial health index correlates with plasma circulating cell-
free mitochondrial DNA in bipolar disorder. Mol Psychiatry. (2023)
28:4622-31. doi: 10.1038/s41380-023-02249-y

56. Patten CA, Hiratsuka VY, Nash SH, Day G, Redwood DG, Beans JA,
et al. Smoking patterns among urban Alaska native and American Indian adults:
the Alaska EARTH 10-year follow-up study. Nicotine Tob Res. (2022) 24:840-
6. doi: 10.1093/ntr/ntab245

57. Parekh T, Desai R. Response: risk is not causation. Am J Prev Med. (2020)
58:896-7. doi: 10.1016/j.amepre.2020.01.026

frontiersin.org


https://doi.org/10.3389/fmed.2025.1529191
https://doi.org/10.1093/ije/dyv090
https://doi.org/10.1176/appi.ajp.2015.15010126
https://doi.org/10.1016/j.ypmed.2016.08.014
https://doi.org/10.1080/15504263.2017.1287455
https://doi.org/10.1002/acr.23290
https://doi.org/10.1002/cpp.2171
https://doi.org/10.1038/s41598-018-22175-2
https://doi.org/10.1093/ntr/nty163
https://doi.org/10.1016/j.psychres.2021.114109
https://doi.org/10.1017/S0033291720000136
https://doi.org/10.1111/acps.13506
https://doi.org/10.1016/j.jad.2021.12.131
https://doi.org/10.1080/13548506.2021.1874432
https://doi.org/10.1016/j.jpsychores.2023.111380
https://doi.org/10.1177/00812463221113413
https://doi.org/10.1093/ntr/ntae012
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1016/j.phrs.2023.106764
https://doi.org/10.1016/j.mehy.2005.11.015
https://doi.org/10.1038/s41380-023-02249-y
https://doi.org/10.1093/ntr/ntab245
https://doi.org/10.1016/j.amepre.2020.01.026
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Association between cigarette smoking and the risk of major psychiatric disorders: a systematic review and meta-analysis in depression, schizophrenia, and bipolar disorder
	Introduction
	Methods
	Data sources, search strategy, and selection criteria
	Data collection and quality assessment
	Statistical analyses

	Results
	Search results
	Study characteristics
	Major depression
	Schizophrenia
	Bipolar disorder

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


