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Smoking behavior is associated
with suicidality in individuals with
psychosis and bipolar disorder: a
systematic quantitative review
and meta-analysis

Jakob Pietschnig!?*, Sandra Oberleiter! and Marcel D. Koéhler?

!Department of Developmental and Educational Psychology, Faculty of Psychology, University of
Vienna, Vienna, Austria, ?Wiener Werkstaette for Suicide Research, Vienna, Austria

Smoking behavior has been well-established to be more prevalent in individuals
with psychosis and bipolar disorder compared to the general population.
However, reports about higher suicide attempt prevalence of smoking compared
to non-smoking patients suggest that smoking behavior may contribute to
identifying at-risk groups of patients in a comparatively easy manner. In the
present systematic quantitative review, we provide meta-analytical evidence on
the smoking and suicide attempt link in 22 studies (k = 27 independent samples;
N =11,452) of patients with psychosis and bipolar disorder. We observed a small
meaningful effect of smoking on suicide attempts (OR =1.70; 95% C/ [148;
1.95]), indicating that smokers have 1.70 the odds of having reported a suicide
attempt compared to non-smokers. This effect generalized across diagnosis
type (i.e., schizophrenia vs. bipolar spectrum disorder), sample type (i.e., in-
vs. outpatients), and participant sex. However, the observed summary effect
appeared somewhat inflated due to publication process-related mechanisms,
showing some evidence for effect-inflating publication bias and a decline
effect. In all, the presently observed smoking and suicide attempt link appears to
be small but meaningful and robust, thus suggesting smoking status represents
a useful variable for the identification of at-risk populations for suicide attempts.
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1 Introduction

It has been well-established that people who have been diagnosed with mental illnesses
have elevated smoking rates (Hartz et al., 2014). For instance, psychotic patients have been
reported to show a smoking prevalence that is more than twice as large compared to that of
the general population (Dickerson et al., 2013). However, individuals with psychosis are not
only more likely to smoke but also to consume more, stronger, and often unfiltered cigarettes
(and therefore more laden with nicotine and tar) (de Beaurepaire et al., 2012). Moreover, they
have been reported to have more difficulty quitting than other individuals (Haustein
etal., 2002).

Several candidate theories have been proposed that may explain the smoking prevalence
differences between healthy adults and individuals diagnosed with psychosis and bipolar
disorder. Arguably, the most prominent theory is currently the self-medication theory (Isuru
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and Rajasuriya, 2019), which postulates that psychotic and bipolar
patients typically show predating substance abuse (i.e., before the
onset of the mental condition), a more substantial nicotine addiction
than general population samples, and an ongoing benefit (e.g.,
counteracting medical side effects, improving cognition) regarding
nicotine consumption (Kumari and Postma, 2005). Other potential
explanations postulate a shared diathesis (e.g., higher risk of
developing mental illnesses and nicotine dependence due to shared
genetic risk factors) between smoking and psychosis (Khokhar et al.,
2018) or a unidirectional causal influence of nicotine on the
development of mental illness (Gurillo et al., 2015).

For individuals with psychosis and bipolar disorders, both
smoking and previous suicide attempts have been suggested to
represent risk factors that put them at a considerably higher risk for
suicide than the general population (Cassidy et al., 2018; Pompili et al,,
2013). The self-medication theory posits that problem-solving
difficulties in people diagnosed with psychosis and bipolar disorder,
which include emotional processing, social clue perception,
attributional style, theory of mind, and the sharing, understanding,
and response to others’ emotions (Bora et al., 2009; Green et al., 2015;
Savla et al., 2013), could be alleviated through the activation of
nicotinic acetylcholine receptors by tobacco in the cerebral cortex area
(Gil and Metherate, 2019). On the one hand, smoking seems to
improve cognitive functions, such as problem-solving and attention
(Knapp et al.,, 2017; Lee and Van Meter, 2020; Martin and Sayette,
2018; Miskowiak et al., 2019). On the other hand, these beneficial
effects are comparatively short-lived, and improvements fade quickly.

Consistent with this idea, some studies have shown that suicide
risk appears to be elevated in smokers with psychosis and bipolar
disorder. Previous meta-analytical accounts on the smoking and
suicide ideation link suggested positive associations in the general
population (e.g., Sankaranarayanan et al, 2015) as well as in
individuals with psychosis (Pietschnig et al., 2019). In fact, (i)
seemingly similar patterns of the smoking and suicidality link that
have been reported in past studies for both patients with psychosis and
bipolar disorders as well as (ii) common proposed candidate
mechanisms that these patterns are rooted in may be interpreted as
evidence for potentially similar associations between smoking and
suicidality in these patient groups.

However, the strength and meaningfulness of this effect in patients
with psychosis and bipolar disorder remains to date unclear. Low
sample numbers and indications of potentially confounding effects of
dissemination bias in a previous meta-analysis on this topic
(Sankaranarayanan et al., 2015), as well as the decline effect (i.e., a
larger likelihood of effect strengths to decrease rather than to increase
over time, e.g., Pietschnig et al., 2019), warrant an update of the
existing evidence. In the present systematic review, we examine all
available evidence of the smoking and suicidality link in individuals
diagnosed with psychosis and bipolar disorder while accounting for
potential influences of dissemination bias.

2 Methods

The present study was preregistered prior to accessing the data.
The preregistration protocol, deviations from the preregistration, and
PRISMA Checklist are available on the Open Science Framework
(OSF; https://osf.io/j69dk and https://osf.io/yxn2k/).
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2.1 Literature search

The literature search was concluded in January 2024. We searched
five databases for eligible published studies (ISI Web of Science,
PubMed, PsychINFO, CINAHL, and Scopus). Furthermore, the Open
Access Dissertation and Theses database (oadt.org) was searched for
grey literature. We used the following search string: (“smok* OR
“nicotine”) AND (“suicide*” OR “suicide attempt”) AND (“psychosis”
OR “psychotic” OR “bipolar” OR “schizophren*”). In August 2024, the
literature search was updated and the search string was extended to
include the search term “tobacco use”

2.2 Inclusion criteria

To be included in the present meta-analysis, studies had to meet
seven inclusion criteria. They had to (i) be observational, (ii) provide
an odds ratio or sufficient statistical parameters to calculate one for
smoking and suicide attempts, (iii) include lifetime or past year
reports of suicide attempts, (iv) report the respective sample size, (v)
report data of people with psychotic disorders (i.e., schizophrenia,
schizoaffective disorder, first-episode psychosis, delusional disorder,
bipolar disorder, or psychotic depression), (vi) comprise adult
participants (mean sample age = 18 years+), and (vii) be published in
English. In all, 3,603 study titles and abstracts were screened after
duplicate removal (see Figure 1 for a PRISMA flow chart). Study
coding was conducted twice independently by one researcher.
Discrepancies were resolved by discussion with another independent
and experienced researcher. All data are provided on the OSE!

2.3 Data extraction and coding

We coded event vs. non-event data (i.e., numbers of smokers and
non-smokers who did or did not attempt suicide) into categories and
recorded study-specific variables: Study type (cohort vs. cross-
sectional vs. case—control); sample type (inpatients vs. outpatients vs.
mixed); diagnosis type (schizophrenia spectrum vs. bipolar spectrum
vs. mixed; of note, a further differentiation according to type of
diagnosis was not feasible due to low study cell counts in terms of
reported diagnoses); sample size; country of publication. In cases of
missing information, data were requested from corresponding authors
by email. If no responses were received, individual entries were coded
as missing.

2.4 Primary study quality assessment

We used the Newcastle-Ottawa Quality Assessment Scale (Wells
etal., 2021) to assess study quality regarding risk of bias assessments
according to an adapted approach for cross-sectional studies
(Durlinger and Pietschnig, 2022). Primary study quality was assessed
by an experienced researcher [J.P.] and rated according to four criteria
(ratings are provided at https://osf.io/brzs4). Rating sum scores were

1 https://osf.io/rsxhp
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PRISMA 2020 flow diagram for updated systematic reviews which included searches of databases and registers
only
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FIGURE 1
PRISMA-flow chart for study inclusion.

subsequently correlated with primary study effect sizes to assess
potential influences of study quality on effect size estimation. No
statistically significant influences of primary study quality ratings on
effect estimation were identified in the present study in a precision-
weighted meta-regression (Q=1.78; p=0.182).

2.5 Statistical analyses
We used random-effects models to calculate summary effects. For

our calculations, odds ratios were transformed into log odds ratios
and, after analysis, back-transformed for ease of interpretation. All
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analyses were conducted with the open source software R 4.10 (R Core
Team, 2023) [packages: metafor (Viechtbauer, 2010), data.table
(Dowle et al., 2019), esc (Lidecke et al., 2019), puniform (van Aert
etal,, 2020), readxl (Wickham et al., 2019), tidyverse (Wickham and
Wickham, 2017), and weightr (Coburn et al., 2019)]. Between-studies
heterogeneity was interpreted according to well-established thresholds
of the I-index [i.e., 25, 50, and 75% representing lower thresholds of
small, moderate, and large heterogeneity, respectively; (Higgins et al.,
2003)]. Following well-established benchmarks, Odds Ratios of 1.44,
2.48, and 4.27 (corresponding to logOR=0.36, 0.91, and 1.45,
respectively) were interpreted as the lower thresholds of small,
medium, and large effects (Cohen, 1988).

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1369669
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Pietschnig et al.

2.6 Moderator analyses

We used mixed-effects subgroup analyses to assess potential
influences of categorical moderators, specifically, diagnosis type
(bipolar vs. schizophrenia vs. mixed), sample type (inpatients vs.
outpatients vs. mixed), and study type (case-control vs. cohort vs.
cross-sectional). We used precision-weighted mixed-effects meta-
regressions to assess the potential effects of the continuous variables
sex (percentage of women within samples) and publication year.

2.7 Publication bias

To detect potential influences of confounding dissemination bias,
we used several different bias detection approaches (i.e., visual funnel
plot inspection, formal funnel plot asymmetry-based assessments,
selection model assessments, and p-value-based methods), following
current recommendations (Siegel et al., 2022). First, we visually
inspected funnel plots for potential asymmetry. Second, Sterne and
Egger’s regression test (Egger et al., 1997) and Trim-and-Fill (Duval
and Tweedie, 2000) were applied. The Sterne and Egger regression
regresses effect standard deviates (i.e., standardized effects) on study
precision. A significant intercept can be interpreted as evidence of
publication bias. In Trim-and-Fill, funnel plot asymmetry is assessed
and excessive effects in terms of strength according to the estimated
summary effect are trimmed. Subsequently, the summary effect is
re-estimated according to the trimmed data set. This iterative
procedure is repeated until no further asymmetry is detected. Then,
trimmed studies are reinserted, and presumably missing effects are
symmetrically imputed on the opposite side of the funnel. Notably, the
resulting adjusted effect size should not be seen as a corrected estimate
but should be rather interpreted in the sense of a sensitivity analysis.

Third, we examined the effects of a moderate one-tailed selection
based on Vevea and Woods (2005) selection model approach. In this
method, effect sizes are weighted according to the publication
likelihood of specific assumed p-values (we followed a standard
weighting scenario as suggested by the authors). Their distribution is
then compared to an unweighted model. The resulting effect estimates
should be similar in the absence of publication bias.

Finally, we used p-uniform (Van Assen et al., 2015) and p-curve
(Simonsohn et al., 2014) to assess potential bias. Both methods are
based on the idea that study p-values are uniformly distributed in the
presence of a null effect. With increasing non-null effect strength, the
p-value distribution becomes increasingly right-skewed. An identical
phenomenon should be observable when focusing exclusively on
p-values that fall below the typically assumed significance threshold
of 0.05. In p-curve, formal tests allow an assessment (i) of the
evidential value of a given set of study effects as well as (ii) effect-
distorting effects of p-hacking (i.e., extensive use of questionable
research practices) based on the observed p-value distributions.

In p-uniform, conditional distributions of significant p-values based
on the corresponding population effect size are compared with a uniform
distribution to assess evidence for p-hacking. Moreover, this approach
allows a summary effect and confidence interval estimation based only
on the observed significant p-values and their associated degrees of
freedom. Following current recommendations, we interpreted p-values
<0.10 or differences between estimated effects exceeding 20% as
indicative of publication bias in all detection methods (Siegel et al., 2022).
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2.8 Final sample

We included 22 studies comprising k=27 independent effect sizes
(N=11,452 patients; mean sample age = 39.5 years). Most participants
were schizophrenic spectrum (n=4,797) and bipolar spectrum
patients (1=4,020), with the remaining samples comprising both
diagnosis types (n=2,635). The majority of samples comprised
outpatients (n=6,269), with the remaining samples consisting of
inpatients (n=2,566) and mixed patient groups (n=2,590). Primary
study characteristics are detailed in Table 1.

3 Results

We observed a small association between smoking and lifetime
suicide attempts, indicating larger odds of smokers than non-smokers
of lifetime suicide attempts (OR=1.70, 95% CI [1.48; 1.95], p<0.001;
Figure 2). There was some evidence for non-trivial, albeit small-to-
moderate, between-studies heterogeneity (I?=40.28), which indicates
effects of moderating variables as a source of the observed differences.

Therefore, we repeated our analyses while excluding two studies that
had categorized smokers vs. non-smokers in a different manner than the
remaining studies (i.e., most studies categorized past smokers into the
non-smoker group while (Ostacher et al., 2006; Icick et al., 2019)
categorized them as smokers). However, results were virtually identical,
indicating no substantial effect of differing group assignments within
primary studies on summary effect estimation (OR=1.65, 95% CI [1.46;
1.85], p<0.001). We, therefore, report all subsequent findings based on
all k=27 available independent effect sizes (numerical outcomes of these
analyses for the subset of k=25 effect sizes were virtually identical).

3.1 Subgroup analyses

Effect sizes were differentiated according to study type (Q=12.141,
p<0.001), with cohort studies yielding a moderate effect (OR=2.76,
p<0.001) that was significantly larger than effects from cross-sectional
(OR=1.58, p<0.001) and case—control studies (OR=1.28, p=0.106).

Groups with different diagnoses showed predominantly small
non-trivial effects that did not significantly differ between groups
(Q=0.864, p=0.353). However, patients with bipolar disorder showed
the numerically largest and non-trivial effect (OR=2.02, p<0.001),
followed by patients with psychosis (OR=1.64, p<0.001), and the
mixed group (OR=1.44, p<0.001).

Similarly, no significant differences between sample types were
observed (Q=1.614, p=0.204), yielding mostly non-trivial but small
effects. The outpatient group showed numerically somewhat larger
effects (OR=1.92, p<0.001) compared to the inpatient (OR=1.67,
p=0.008) and the mixed groups (OR=1.42, p=0.002). Numerical
results of subgroup summary effects are detailed in Table 2.

3.2 Meta-regressions

A precision-weighted meta-regression of publication year on
effect sizes indicated significant decreases in effect strength over time
(b=—-0.097, Q=17.61, p<0.001; Figure 3). Cumulative meta-analyses
supported this finding, indicating almost exclusively continuously
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TABLE 1 Characteristics of included studies according to published reports.

ABojoYyDdAsd Ul SIa13U0I4

S0

610 uISI13UO0L

Study (year) Smokers Non-smokers LBCI UBCI Study type Diagnosis Meanage % Women Sample Country
. . type type
Suicide \[e} Suicide \[e}
attempts suicide attempts suicide
attempts attempts

Altamura et al. - - -

103 20 54 2 27 Cohort sCz 39.1 33.98 Out Italy
(2003)
Jarbin et al. (2004) 41 8 10 2 21 - - - Cohort SCZ 37.1 46.34 Out Sweden
Jarbin et al. (2004) 33 4 4 4 21 - - - Cohort BP 37.1 57.58 Out Sweden
Ostacher et al. - - - _

399 2.74 1.77 4.23 Cohort BP 38.6 54.14 In United States
(2006)
Tancu et al. (2006) 61 21 16 11 13 - - - Case SCZ 41.2 40.98 Mx Israel
Altamura et al. - - - United States

400 262 22 97 19 Cross sCz 37.2 30.5 Out
(2007) and Canada
Altamura et al. - - - France, Italy,

232 131 38 41 22 Cross SCZ 36.4 39.23 Out
(2007) United Kingdom
Altamura et al. - - - Czech, Hungary,

198 96 19 60 23 Cross sCz 38.1 53.03 Out
(2007) Croatia
Altamura et al. - - -

37 20 4 11 2 Cross SCZ 353 37.84 Out South Africa
(2007)
Altamura et al. - - - Argentina and

93 57 6 25 5 Cross SCz 36.7 41.94 Out
(2007) Chile
Baethge et al. (2009) 352 44 116 30 162 - - - Cohort BP 27.7 50.85 Out Italy
Ostacher et al. - - -

116 5 26 3 82 Cohort BP 42 60.34 Out United States
(2009)
Andriopoulos et al. - - -

106 8 71 0 27 Case SCzZ 27.9 30.19 Out Greece
(2011)
Kao etal. (2011) 95 40 22 13 20 - - - Cross sCz 40.1 52.63 Out Taiwan
Gutiérrez-Rojas - - - - - -

108 5.4 1.9 15.5 Cross BP Out Spain
etal. (2012)
Baek et al. (2013) 1,643 195 530 167 751 - - - Cross BP 40.2 68.65 Out United States
Kanwar et al. (2013) 790 - - - - 1.53 1.11 2.11 Cross SCz - - Mx Germany
Sankaranarayanan 1,812 628 579 276 329 - - - Cross MX 38.4 40.51 Out Australia
etal. (2014)
Ducasse et al. (2015) 453 88 104 91 170 - - - Cross BP 423 56.07 Out France

(Continued)
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LBCI, Lower bound of 95% confidence interval; UBCI, Upper bound of 95% confidence interval; cohort, cohort study; cross, cross-sectional study; case, case—control study; SCZ, patients with schizophrenia; BP, patients with bipolar disorder; MX, mixed patient

groups; in, inpatients; out, outpatients; mx, mixed sample of in-and outpatients; references of included studies are available at https://osf.io/beh54.
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decreasing summary effect size estimates when individual study
effects were added in turn according to study publication years
(Figure 4).

In another meta-regression, the percentage of women within
samples showed no significant influences on effect sizes (b=0.004,
Q=1.05, p=0.305; see Figure 5).

3.3 Publication bias

Visual inspection of the funnel plot showed substantial
asymmetry, suggesting inflation of the observed summary effect
(Figure 6). Formal tests in terms of Sterne and Egger’s regression
method yielded significant results, thus supporting this interpretation
(Z=3.81, p<0.001). Results from Trim-and-Fill were consistent with
findings from Sterne and Egger’s regression, indicating nine missing
effect sizes on the left side of the funnel plot and yielding an adjusted
effect of OR=1.51 (LogOR=0.42).

In contrast, the selection model approach did not show evidence
for publication bias, indicating an adjusted summary effect that
remained within 20% of the value of the observed effect (i.e., OR=1.69
vs. 1.70, respectively).

There was no significant evidence for p-hacking according to
p-curve analysis in binomial and continuous tests. Moreover, both
binomial and continuous tests indicated evidence for an appropriate
evidential value of our summary effect calculations (see Figure 7).
Similarly, p-uniform did not yield evidence for p-hacking either
(p=0.989). p-uniform-based summary effect estimations showed a
non-trivial effect, yielding an OR=1.63 (95% CI [1.52; 1.75], p <0.001).

4 Discussion

In the present meta-analysis, we show a small but meaningful
association between smoking and suicide attempts in patients with
psychosis and bipolar disorder, indicating larger numbers of lifetime
suicide attempts of smoking compared to non-smoking patients.
This is important because these findings may contribute to
identifying at-risk groups in terms of suicide in mentally
ill individuals.

The observed smoking and suicide attempt link generalized over
different types of diagnoses (psychosis and bipolar disorder), sample
types (in-and outpatients), and participant sex but was differentiated
according to study type (i.e., cohort vs. cross-sectional and case—
control studies). However, the observed association appears
confounded by dissemination bias and shows cross-temporal effect
declines, thus indicating that our observed summary effect may
be somewhat inflated. Our findings present several points of interest,
as we discuss below.

First, in line with a previous meta-analysis (Sankaranarayanan
et al., 2015), a patient’s diagnostic group (psychosis vs. bipolar
spectrum) did not seem to influence the association between smoking
and lifetime suicide attempts. This observed generalizing effect seems
plausible because psychosis and bipolar disorder patient groups share
comparable (elevated) smoking rates (Dickerson et al, 2013),
neurological pathway processing (Kraguljac et al., 2012), and lifetime
suicide prevalence (Gonda et al, 2012; Siris, 2001) that differ
significantly from general population observations.
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Study name logOdds [95% Cl]
Sankaranarayanan et al. (2014) ¢ 3 0.26 [ 0.06, 0.45]
Baek et al. (2013) i 0.50[0.27, 0.74]
Icick et al. (2019) - 0.07 [-0.20, 0.34]
Kanwar et al. (2013) i 0.43[0.10, 0.75]
Antypa et al. (2016) el 0.47[0.12,0.82]
Ducasse et al. (2015) - 0.46 [ 0.08, 0.84]
Liu et al. (2020) . 0.15[-0.25, 0.55]
Ostacher et al. (2006) Pom 1.01[0.57, 1.44)
Dai et al. (2020) e 0.36 [-0.11, 0.83]
Dickerson et al. (2019) . 0.59[0.09, 1.09]
Baethge et al. (2009) e 0.72[0.20, 1.24]
Altamura et al. (2007) sample 2 ] 0.62[-0.02, 1.25]
Altamura et al. (2007) sample 1 oo 0.85[0.19, 1.50]
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Forest plot of all included studies according to study precision. Effect sizes are provided in log odds ratios with 95% confidence intervals (Cl). Symbol
size varies according to study precision, with larger squares and shorter whiskers indicating higher study precision.

TABLE 2 Overall and subgroup-specific summary effects.

(O] LBCI UBCI p I?
Overall sample
All (k=27) ‘ 1.70 ‘ 1.48 1.95 ‘ <0.001 ‘ 40.28%
Diagnosis type
SCZ (k=16) 1.64 1.39 1.94 <0.001 0.83%
BP (k=8) 2.02 1.42 2.88 <0.001 76.05%
Mixed (k=3) 1.44 1.18 1.75 <0.001 21.11%
Sample type
Inpatients (k=5) 1.67 1.15 2.42 0.008 58.98%
Outpatients (k=17) 1.92 1.56 2.34 <0.001 36.79%
Mixed (k=5) 1.42 1.13 1.78 0.002 38.57%
Study type
Cohort (k=6) 2.76 2.03 3.76 <0.001 <0.01%
Cross-sectional (k=16) 1.58 1.41 1.78 <0.001 8.69%
Case—control (k=5) 1.28 0.95 1.71 0.106 26.55%

LBCI, Lower bound of 95% confidence interval; UBCI, Upper bound of 95% confidence interval; SCZ, patients with schizophrenia; BP, patients with bipolar disorder; I, true heterogeneity/

total observed variation.

However, in contrast to previous findings (Sankaranarayanan
etal,, 2015), effects appeared to be differentiated according to study
type, yielding stronger effects for cohort compared to cross-sectional
or case—control studies. Because prospective cohort studies
epistemologically offer the most rigorous approach in observational
studies (Mann, 2003), this may be interpreted as tentative evidence for

Frontiers in Psychology

effect underestimations in cross-sectional and case—control studies.
However, in light of the comparatively small number of included
studies, potential alternative reasons for effect differentiation cannot
be entirely ruled out.

Second, sample type (in-vs. outpatients) did not significantly
influence the observed summary effect. This is somewhat unexpected
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FIGURE 4
Cumulative forest plot according to study publication year. Effect sizes are provided in log odds ratios with 95% confidence intervals (Cl).

because being less monitored by potentially aiding and intervening  between healthcare satisfaction and subjective quality of life compared
health professionals, especially in the first year of discharge, could  to inpatients (Petkari and Pietschnig, 2015) has led researchers to
arguably be expected to increased suicide attempt prevalence (Chung  argue that outpatients may be at higher risk of attempting suicide than
et al,, 2017; Olfson et al., 2016). The more substantial relationship ~ inpatients. In contrast, other researchers have argued that inpatients
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might be more prone to attempting suicide due to more severe  correlations do not appear to be differentiated according to being
symptoms, which are the cause for their hospitalization (Bostwick and  taken care of in inpatient compared to outpatient settings.

Pankratz, 2000; Zaheer et al., 2018), as opposed to the protective Third, effects generalized across sex, indicating no meaningful
effects of living independently (Cassidy et al, 2018). In any case, our  influences of sex-specific suicide attempt prevalence with respect to
empirical evidence shows that smoking status and suicide attempt ~ smoking status. This is interesting because women typically show
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p-value distributions of significant values according to p-curve. The
observed p-curve includes 21 statistically significant (p < 0.05) results,
of which 21 are p <0.025. There were 6 additional results entered but
excluded from p-curve because they were p >0.05.

higher depression and suicide attempt prevalence than men, although
men typically show a higher prevalence of completed suicides in the
general population (Tsirigotis et al.,, 2011; Varnik, 2012). A similar
pattern has been observed in psychotic patients, with women showing
larger prevalences of depression and suicide attempts than men
(Védrnik, 2012; Austad et al, 2015) and men showing a higher
prevalence in terms of completed suicides than women (Bertelsen
etal., 2007; Healy et al., 2012), although not all patient-based studies
were consistent with these results (Lester, 2006; Carlborg et al., 2008).
Our results contrast prior findings of differentiated smoking effects on
suicide attempts between men and women in young adults of the US
general population that indicated positive associations in men, but no
effects in women (Zhang et al., 2005). This indicates that smoking
status may be useful to identify at-risk groups regardless of patient sex.

Finally, we observed a cross-temporal decline in terms of effect
sizes, indicating stronger effects of studies that had been published in
earlier years. On the one hand, it is possible that smoking status and
suicide attempt associations have genuinely changed in the past
decades, conceivably owing to decreasing global smoking [e.g.,
decreasing sales of cigarettes per adult per day (Forey et al., 2016)] or
suicide attempt prevalence (e.g., Xiao et al., 2021, for US data). On the
other hand, this observation can be plausibly attributed to the
so-called decline effect [i.e., inflated effect sizes having a larger
probability of being published earlier which leads to an inflated
perception of the true effect in the published scientific literature;
(Pietschnig et al., 2019)], thus representing a publication mechanism-
related phenomenon that leads to (non-genuine) inflated effects in the
published literature. This latter interpretation is supported by evidence
for publication bias in funnel-plot asymmetry-based detection
methods, which was observed in our present analyses. The presently
observed small non-trivial summary effect may thus be considered to
represent an upper threshold of the true effect of smoking status and
suicide attempt associations in individuals with psychosis and
bipolar disorder.
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4.1 Limitations

Some limitations of this meta-analysis need to be acknowledged.
First, due to the correlational design of the present study, it was not
possible to empirically establish a causal mechanism in regard to
the smoking status and suicide attempt link of individuals with
psychosis and bipolar disorder. However, the observed non-trivial
link provides a useful means for practical care recommendations.
Second, some statistical noise may have been introduced by
different design characteristics between primary studies that could
not be entirely accounted for in our present meta-analysis (e.g., in
terms of different smoking operationalizations or psychosis and
bipolar disorder assessments). However, this is common in meta-
analytical investigations and was accounted for by modeling
between-studies heterogeneity in terms of random-effects
calculations. Finally, self-reports of lifetime suicide attempts are
susceptible to misclassification (Castelein et al., 2015) and prone to
survival bias (only reports by survivors). Nonetheless, suicide
attempts have been frequently been observed to predict suicide
better than suicide ideation (Millner et al., 2015; May and Klonsky,
20165 Ribeiro et al., 2016). There is no reason to suspect that any of
these points may have introduced any systematic influences on
summary effect estimations, thus providing evidence for the
salience of our observed summary effect.

5 Conclusion

Here, we show evidence for a non-trivial association between
smoking status and lifetime suicide attempts in individuals with
psychosis and bipolar disorder. Smoking patients self-reported
significantly larger numbers of lifetime suicide attempts than
non-smoking patients, regardless of diagnosis type (i.e., psychosis vs.
bipolar spectrum), sample type (i.e., in-vs. outpatients), or sex. This
link appears to be small but meaningful, thus suggesting that smoking
status represents a useful variable for the identification of at-risk
populations for suicide attempts in psychotic patients.
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