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All-cause and cause-specific mortality among people with
bipolar disorder: a large-scale systematic review and meta-
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OBJECTIVE: Bipolar disorder (BD) is associated with premature mortality. All-cause and specific mortality risks in this population
remain unclear, and more studies are still needed to further understand this issue and guide individual and public strategies to prevent
mortality in bipolar disorder Thus, a systematic review and meta-analysis of studies assessing mortality risk in people with BD versus
the general population was conducted. The primary outcome was all-cause mortality, whilst secondary outcomes were mortality due
to suicide, natural, unnatural, and specific-causes mortality.

RESULTS: Fifty-seven studies were included (BD; n = 678,353). All-cause mortality was increased in people with BD (RR = 2.02, 95% Cl:
1.89-2.16, k = 39). Specific-cause mortality was highest for suicide (RR = 11.69, 95% Cl: 9.22-14.81, k = 25). Risk of death due to
unnatural causes (RR=7.29, 95% Cl: 6.41-8.28, k = 17) and natural causes (RR = 1.90, 95% Cl: 1.75-2.06, k = 17) were also increased.
Among specific natural causes analyzed, infectious causes had the higher RR (RR = 4,38, 95%Cl: 1.5-12.69, k = 3), but the analysis was
limited by the inclusion of few studies. Mortality risk due to respiratory (RR = 3.18, 95% Cl: 2.55-3.96, k = 6), cardiovascular (RR = 1.76,
95% Cl: 1.53-2.01, k = 27), and cerebrovascular (RR = 1.57, 95% Cl: 1.34-1.84, k = 13) causes were increased as well. No difference was
identified in mortality by cancer (RR=0.99, 95% Cl: 0.88-1.11, k= 16). Subgroup analyses and meta-regression did not affect the
findings.

CONCLUSION: Results presented in this meta-analysis show that risk of premature death in BD is not only due to suicide and unnatural
causes, but somatic comorbidities are also implicated. Not only the prevention of suicide, but also the promotion of physical health and
the prevention of physical conditions in individuals with BD may mitigate the premature mortality in this population. Notwithstanding
this is to our knowledge the largest synthesis of evidence on BD-related mortality, further well-designed studies are still warranted to

inform this field.

Molecular Psychiatry (2023) 28:2508-2524; https://doi.org/10.1038/s41380-023-02109-9

BACKGROUND

Bipolar disorder (BD) is a chronic, often progressive, and disabling
disorder that has peak and median age at onset at age 19.5 and 33
years old [1], and affects roughly one percent of the global
population, regardless of sex, ethnicity, or social income [2-4]. BD
is one of the most incapacitating diseases among young and
working age adults and is strongly associated with lower
productivity levels, functional and social impairment, increased
rates of clinical and psychiatric comorbidities and premature
mortality [5, 6].

The association between mental disorders and mortality is
complex, as the relative risk is the highest for suicide, but the most
frequent causes of the death are the physical comorbidities
associated to it (e.g., metabolic, cardiovascular, cerebrovascular,
infectious, and respiratory diseases) [4, 5]. Although the current
literature has focused on major depression [7] and schizophrenia
[8], a raising body of evidence have been published suggesting
the association between BD and premature death.

Initial studies suggested that higher mortality levels in BD
patients were solely attributed to suicide [9, 10]. New research,
however, indicates an increase in mortality by natural causes. In
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fact, compared to the general population, individuals with BD are
at a greater risk of physical diseases which contributes to increase
the mortality rates [11, 12].

At least part of the increased risk for natural causes of death in
people with BD and other mental disorders is due to unhealthy
lifestyles, adverse effects of psychiatric medications, limited access
to the health care system, and disparities in diagnosis and
treatment of comorbid clinical diseases [13]. Additionally, intrinsic
mechanisms associated to BD such as inflammatory and oxidative
processes, and genetic vulnerability are in turn associated with
mortality [11, 14, 15].

To our knowledge, three reviews investigated excess mortality
in individuals with BD. In 1998, Harris and Barraclough found an
increase of mortality due to violent causes, but only six studies
were included (N=3801) [16]. In their analysis, mortality for
suicide was 11 times more prevalent in BD compared to general
population [16]. In 2009, Roshanaei-Moghaddam and Katon
included 17 studies (N=331,000), showing that BD were
associated with increased premature mortality due to natural
causes, mainly cardiovascular disease [11]. Finally, in 2015, Hayes
et al. included 31 studies (N=305,859) and found a twofold
increase in the overall mortality in BD compared to the general
population [17].

Previous reviews had some limitations as (a) screening in a
single database [11], (b) including the absence of exploring all
sources of heterogeneity, (c) inclusion of a small range of size
effect (SMR), (d) the authors did not perform a quality assessment
[17-19]. Due to the above-cited topics and since more studies
have been published since the last evidence synthesis, an updated
meta-analysis assessing the relative risk of all-cause and cause-
specific mortality in those with BD versus the general population is
needed. In this review, we aimed to fill this gap and conducting a
comprehensive systematic review and meta-analysis on all-cause
and cause-specific mortality relative risk in people with BD
compared with any control group.

METHODS

Protocol and registration

The reporting of this systematic review and meta-analysis was
guided by the standards of Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) [20] and Meta-
analyses Of Observational Studies in Epidemiology (MOOSE) [21].
The PROSPERO protocol was registered on July 14, 2020
(CRD42020192217).

Eligibility criteria

Inclusion criteria were: (1) observational studies that compared
risk of any cause of mortality between (2) patients with BD
(defined according to DSM/ICD criteria or clinical charts) and a
control group, (3) aged 15 years or older or providing estimates in
such an age group. No language restrictions were applied. The
exclusion criteria were the following: (1) studies that did not
specify diagnostic criteria or whose individuals with BD could not
be separated from a broader sample (i.e., a group of subjects with
mood disorders), (2) studies with less than 50 patients, (3) studies
that included solely individuals younger than 15 years old, (4)
studies that included only individuals in a very specific subgroup,
because this subgroup would not be a representative sample of
bipolar disorder (i.e., prison population), (5) duplicated samples
(i.e., a smaller sample from a larger cohort published elsewhere),
(6) randomized controlled trials, (7) systematic or non-systematic
reviews and meta-analysis.

Information sources

Studies were selected by searching in the following databases:
PubMed/Medline, Embase, Web of Science and PsycInfo, up to
July 20th, 2021. References and bibliography list of relevant
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papers were examined to track down potential studies that were
not identified in the initial search.

Search strategy

Studies were screened using the terms related: (1) to bipolar
disorders (e.g., bipolar disorder, bipolar affective disorder, bipolar
iliness, bipolar depression, and mood disorder), (2) to mortality
(e.g., mortality, fatal outcome, life expectancy and death) and (3)
to estimates (e.g., standardized mortality ratio or SMR, hazard ratio
or HR, odds ratio or OR, and mortality rate ratio or MRR). A
complete description of search terms used in each database can
be found in Supplementary Table S1. After the database search,
duplicated papers and samples were removed, and the study
selection started.

Study selection

The studies were first screened based on title and abstract by
authors TB and LSR. Selected studies were analyzed in full text by
two pairs independently (TB and LSR, LT and GHB) and those that
did not met inclusion criteria were removed. Discrepancies in any
phase were discussed between the authors TB, GHB, MS, ED and
BL until a consensus was reached. The remaining papers were
then included in the meta-analysis. The software Covidence was
used to conduct the processes from studies screening to data
extraction [22].

Data extraction

Data extraction was conducted in pairs independently by TB, LSR,
LT and GHB and discrepancies were discussed between authors
until a consensus was reached.

We extracted the author, year of publication, country, sex, study
design, representativeness, setting (inpatient, outpatient, mixed),
BD diagnostic criteria, control group, sample size, outcome,
estimates of mortality risk with dispersion measure, adjusted
versus non-adjusted analyses, and the information needed to
conduct quality assessment.

Statistical analyses

We used RR with 95% Cl to describe the summary results of meta-
analysis. A RR superior to 1 indicating a higher mortality in
individuals with BD, whereas an RR inferior to 1 indicating an
increased mortality in the general population or control group
[23]. We pooled together SMR, MRR, RR, OR, and HR given that as
the event rate was rare, i.e,, less frequent than 10%, and the study
design, population, comparison, and outcome were comparable
[23]. Similar statistical method was used in other meta-analyses
regarding mortality in mental diseases groups [8, 24].

Whenever feasible, subgroup analyses were conducted to
assess the mortality categorical outcomes stratified by representa-
tiveness (whether the sample was representative of the whole
population), sample type (outpatient, inpatient or community),
study design (prospective, retrospective or case-control), location
(Africa, Asia, North America, Europe or other), BD diagnostic
criteria (DSM, ICD or other) the use of a structured interview to
assess patients adjustment by substance use disorder (SUD) and
time-at-risk.

Regarding representativeness, a sample was considered repre-
sentative when used a populational-based design. It was not
considered representative when included inpatients or only
individuals with any specific condition (i.e., only BD patients using
lithium, or individuals with pre-existing somatic disorders).

We used a random-effects model to calculate the summary
RR, based on DerSimonian and Leird method as we could not
assume that the same true effect was present in all studies [25].
Statistical analysis was conducted using Comprehensive Meta-
Analysis (CMA) version 3. Finally, we calculated the prediction
intervals to each meta-analysis to assess the distribution of true
effects [26].
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Heterogeneity and publication bias

Heterogeneity was assessed using the Q-test and the I? statistics.
Publication bias was calculated using Egger’s regression test and
visually assessed by funnel plot [27, 28].

Risk of bias of individual studies

The risk of bias of the included articles was assessed by two
independent reviewers independently (TB and GHB) according to
the Newcastle-Ottawa Scale (NOS). This instrument is used to
evaluate the quality of non-randomized studies in meta-analyses.
The NOS consists of 8 items divided into 3 categories: selection,
comparability, and outcome (cohort studies) or exposure (case-
control studies). Studies scoring 6 or more are considered high-
quality, while those scoring 5 or less are considered of low quality
[29].

Meta-regression

Meta-regression was performed to assess the influence of
confounding factors affecting results and heterogeneity. The
continuous variables chosen to be assessed trough meta-
regression were sample size, percentage of females, mid-point
year of the study, mean follow- up years and NOS score. Since
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3117 papers
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781 duplicates removed

2048 studies excluded based on title and
abstract

232 studies excluded due to:
- 131 for wrong population:
- 97 for including disorders other than 8D
6 for small sample size
- 1 for including individuals aged < 14 years
» - 20 for including specific subgroups
- 9 for wrong comparison group
60 for wrong outcome
15 for wrong study design
- 9 duplicated papers
- 8 duplicated samples

The study of Laursen et al., 2013 comprised 3
different samples, while the studies of Osborn
et al., 2007 and 2008 used the same sample
to assess different outcomes.

PRISMA flowchart. PRISMA Flowchart for elegible and included studies.

mortality may be affected by social conditions, we additionally
included social developing indicators of the countries where the
studies were conducted. Hence, both Social Development Index
(SDI) and Human Development Index (HDI) were also used as
moderators in the meta-regression [30, 31].

Level of certainty of the results

GRADE is a practical to tool evaluate the certainty in the evidence
for systematic review authors and decision-makers. Herein, GRADE
was used to classify the confidence level in the RR estimates as
high, moderate, low, or very low [32].

RESULTS

Study selection

Database search yielded 2336 manuscripts eligible for screening,
after the removal of duplicates. Next, 2048 articles were excluded
based on title and abstract, and 288 papers were retrieved. After
the full-text review, 232 studies were subsequently excluded,
resulting in 56 studies included in this meta-analysis. However, the
study of Laursen et al,, 2013 [33] was comprised of three different
samples, while the studies of Osborn et al. 2007 [34] and 2008 [35]
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Cardiovascular, cancer,

Type of mortality
cerebrovascular

assessed
unnatural, suicide,

All-cause, natural,

NOs?
7

Structured
interview®

No

Represen-
tative®
No

Sample type
Inpatients

Diagnostic
criteria
ICD-9 and 10

Outcome
SMR

Recruitment

Date®
1987-2006

Sample size (men/

continued
Location
woman)
Sweden 17101 (NA/NA)

Westman 2013

Study
[85]

Table 1.

SPRINGER NATURE

Suicide

No

Yes

Community

ICD-9

OR
HR hazard ratio, MRR mortality rate ratio, NA not available, OR odds ratio, RR risk ratio, SCAN Clinical Assessment in Neuropsychiatry, SMR standardized mortality ratio.

®Data since the first individual from the last individual entered and do not necessarily correspond to the data of the last assessment of mortality.

2000-2013
PWhether the sample is representative from the general population or not.

United States 213 (102/111)

Yeh 2019 [86]

“Whether the researchers used a structured interview to recruit individuals to the study.

9The NOS (Newcastle-Ottawa Scale) is used to assess the risk of bias.

€Standard computer codes (Read codes) for general practice in the UK.

used the same sample to assess different outcomes. Hence, the
final analysis was composed by 57 samples [36-90]. Figure 1
presents the PRISMA flow diagram for study selection and PRISMA
Checklist can be found in suplementar material (Table S6)

The main reasons for exclusion were due to population
characteristics (mainly when the population was a specific
subgroup), or when the statistical analyses for BD as a separate
diagnosis. Overall, 124 papers reported data from a broad group,
as severe mental illness, mood disorders or affective disorders,
rather than specifically on subjects with BD. Other seven studies
included a very specific group of bipolar patients, for instance
veterans, long-stay psychiatric patients and people without a fixed
address. Other nine studies included only individuals with BD but
compared physically healthy individuals with BD with subjects
with BD and a comorbid organic disease [91-99]. Eight studies
reported data from duplicated samples and were not included in
the meta-analysis [100-107]. In these cases, we used the most
recent and/or the larger sample to choose the included study.
Finally, 60 studies did not assess mortality. All excluded articles
and the reason for exclusion can be found in the Supplementary
Table S2.

Studies characteristics

The 57 samples included in the analysis comprised 678 353
individuals with BD. Assessment data ranged from 1934 to 2016.
Ten studies did not report data separately from men and women
[108-117] and three studies only included males [118-120]. Sex
analysis included 46 studies with males (k =47 samples, 262 971
individuals) and 43 studies with females (k =44 samples, 342,493
individuals). As most of the included studies were observational
with a longitudinal follow-up with a wide range (1 to 52 years) and
there were not at least ten studies reporting mean age with the
same outcome, it was not possible to calculate the mean age to
use as a moderator in the statistical analysis. The sociodemo-
graphic characteristics of the included studies are compiled in
Table 1. Additional characteristics are available in Supplementary
Table S3.

The samples were obtained from 16 different countries, mainly
from western Europe (k = 35), followed by North America (k= 10)
and Asia (k =9). Africa [121] and Oceania [118] were represented
by one study each, while another study was multicentric [122].
Most of studies used retrospective (k = 28) or prospective cohorts
(k= 26), while few of them were case-control studies (k= 3).
Studies included samples of inpatients (k=28), community
(k =26) or outpatient (k=3). Follow-up time ranged from 1 to
52 years.

Regarding estimates, 35 studies reported SMR, while 12 used
HR, five used OR, four used MRR and one used RR. From the
58 samples included in the final analysis, 26 were considered
representative of the population, while 31 were considered not
representative.

Risk of bias of individual studies

The scores in the NOS ranged from four to eight in the included
studies. Only four up to 56 studies were considered at high risk of
bias [108, 120, 122, 123]. The remaining studies scored six or more
and were considered at a low risk of bias. Individual risks of each
study are presented in Table 1, whereas a detailed scoring is
described in the Supplementary Table S4. Supplementary
Figure S1 shows a visual distribution of risk of bias of individual
studies and Supplementary Figure S2 summarizes the distribution
of biases regarding all included studies.

Overall mortality

All-causes mortality was assessed in 39 samples comprising 450
397 individuals with BD. The pooled RR for overall mortality in the
total population was RR=2.02 (95%Cl 1.89-2.16, p<0.001,
k=39). The RR was similar between men (RR=2.27, 95%Cl

Molecular Psychiatry (2023) 28:2508 — 2524



2.13-243, p<0.001, k=23) and women
2.08-2.46, p < 0.001, k =22).

There was a high between-study heterogeneity, either for total
population (Q =1174.2, p <0.001, I>=96.8%) or sex analysis of
men (Q=180.8, p<0.001, I>=87.8%) and women (Q=317.5,

(RR=12.26, 95%Cl

T.B. Biazus et al.

p <0.001, I>=93.4%). The forest plot for all-cause mortality is

shown in Fig. 2.

Although a high heterogeneity was found, when prediction
interval was calculated, the true effect size remained significant
and ranged from 1.37 in some populations to 2.98 in others,

RR Weight
Study with 95% ClI (%) N
Chang 2012 —|l 111[0.95, 129] 2380 1542
Dutta 2007 —&— 122[0.89, 1.67] 192 235
Ahrens 1995 —a— 123[082, 1.85] 149 440
Tsuang 1980 —— 130[0.99, 1.71] 213 92
Kim 2018 E. N 131[1.11, 1.54] 275 1874
Ramsey 2013 B 142[1.18, 1.70] 264 2519
Fekadu 2015 —a— 150[1.05, 215 1.71 346
Vinogradova 2010 —— 151[1.10, 2.07] 1.91 159
Ajetunmobi 2013 [ | 156[1.50, 1.63] 3.23 9654
Angst 2013 - 157[1.36, 1.82] 2.84 190
Angst 2002 ‘B 158([1.34, 1.86] 275 220
Angst 2005 B 160[1.37, 1.86] 2.80 220
Hoang 2011 [ | 164[155 173] 320 75720
Kay 1977 —a— 170[1.33, 2.18] 228 192
Medici 2015 —B— 170[1.29, 2251 211 15334
Hayes 2017 a 177167, 1.88] 319 17314
Black 1987 —a— 1.86[1.36, 2.55] 1.92 586
Chang 2010 B 195[161, 2.36] 259 2699
Kodesh 2012 - 2.00[ 154, 259] 221 5732
Laursen 2013a - | 208[199, 218] 323 11101
Hoye 2016 B 210[1.86, 2.37] 296 845
Laursen 2013c - | 217[2.09, 225] 324 14307
Crump 2013 ‘B 2.18[1.90, 2.51] 287 6618
Newman 1991 - 229[1.86, 2.82] 250 1429
Westman 2013 [« ] 240[233, 247] 325 17101
Guan 2013 -B- 242[202, 289 266 2077
Pan 2020 [« ] 250[243, 257] 326 103709
Lomholt 2019 a 257[249, 265] 325 23092
Hoang 2013 E - 260[223,303] 280 14017
Osby 2001 a 260[252, 269] 325 15386
Pan 2017 a 260[253, 268] 325 77859
Saku 1995 —a— 262[1.98, 347] 209 187
Laursen 2013b - | 266[249, 2.84] 318 10369
Bratfos 1968 —— 275[192, 393] 171 207
Norton 1984 —— 283[1.98, 404 1.71 791
Schneider 2001 286[093, 880] 033 74
Hjorthej 2015 B 293[258,332] 294 11379
Castagnini 2013 ‘B 330[283, 384] 281 3200
Chen 2010 —— 3.87[3.00, 499] 224 1581
Overall —— 2.02[1.89, 2.16]

Heterogeneity: ©° = 0.04, I> = 96.76%, H* = 30.90

Test of 6, = 6; Q(38) = 1174.37, p = 0.00

Testof 6 =0:z=20.35, p=0.00

Random-effects DerSimonian—Laird model
95% prediction interval

Fig. 2 Forest plot of all-cause mortality.
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regardless the sex (1.73 to 2.98 for males and 1.57 to 3.27 for
females). The results and graphs of prediction interval are
presented in Supplementary Fig. S3.

A significant publication bias was found in the analysis of
overall mortality (Egger’s test p = 0.036). Funnel plot showed that
most of the studies presents a low standard error, which is a
consequence of the large sample sizes of the included studies.
However, there is a homogeneous distribution between results
that does not favor any group, whether the general population or
BD (Supplementary Fig. S4). Both Egger’s test and forest plots
revealed no publication bias for male (p=0.360) or female
(p = 0.328). Summary results for all-cause mortality are presented
in Table 2.

Mortality for specific causes

Mortality also was increased for infectious (RR=4.38, 95%CI
1.51-12.70, p=0.007, k=3), respiratory (RR=3.18, 95%Cl
2.55-3.96, p<0.001, k=6), cardiovascular (RR=1.76, 95%Cl
1.53-2.02, p < 0.001, k = 27), and cerebrovascular (RR = 1.57, 95%
Cl 1.34-1.84, p<0.001, k=13), and causes. Mortality by cancer
was the only specific cause that was not elevated in BD when
compared to general population (RR=0.99, 95%Cl 0.88-1.11,
p=0.894, k=16), as shown in Fig. 3. When stratified by sex,
results were not significant for cancer but remained significant for
all other causes of mortality. Although mortality by infectious
(k=3) and respiratory (k=6) causes were found to be nearly
twofold higher than cardiovascular (k=27) and cerebrovascular

Table 2. Summary of results.

Sex K N Effect size [95%Cl]
All-cause mortality
Total 39 450397 2.02 [1.89-2.16]
Male 23 158752° 2.27 [2.13-2.43]
Female 22 2155052 2.26 [2.08-2.46]
Mortality by natural causes
Total 17 354417 1.91 [1.76-2.07]
Male 11 10378324 2.03 [1.88-2.19]
Female 12 138050°¢ 2.05 [1.95-2.16]
Mortality by unnatural causes
Total 17 349744 7.29 [6.42-8.28]
Male 10 103783? 6.69 [5.85-7.66]
Female 11 138050% 9.33 [8.07-0.78]
Mortality by suicide
Total 25 180210 11.6 [9.23-14.81]
Male 11 47568°°" 14.02 [11.16-17.60]
Female 11 71175 17.53 [10.76-28.54]

Mortality by cardiovascular causes

Total 27 387963 1.76 [1.53-2.02]

Male 13 96411° 1.82 [1.69-1.97]

Female 14 154499°¢ 1.69 [1.44-1.99]
Mortality by cerebrovascular causes

Total 13 165787 1.57 [1.34-.84]

Male 7 56494 1.70 [1.54-1.88]

Female 7 77620 1.70 [1.30-2.23]
Mortality by infectious causes

Total 3 91341 4.38 [1.51-12.70]

Male 2 6680 3.24 [1.90-5.52]

Female 2 8941 2.62 [1.61-4.28]
Mortality by respiratory causes

Total 6 106661 3.18 [2.56-3.97]

Male 5 67192° 3.29 [2.37-4.58]

Female 5 100247° 2.86 [2.05-3.98]
Mortality by cancer

Total 16 203181 0.99 [0.88-1.11]

Male 9 73004° 0.99 [0.93-1.06]

Female 9 104805°¢ 1.03 [0.87-1.21]

12 (%) Egger’s test p value GRADE

9.8 0.036 APPO
87.8 0.360 BPPO
93.4 0.328 BPPO
96.1 0.588 S 00)
87.9 0.893 DPPO
715 0.848 SDDBO
94.1 0.128 farYarYasYas)
87.3 0454 OPDD
86.1 0.082 farYarYasYas)
94.6 0.103 fasYarYarYasy
87.1 0.146 SLDD
975 0.258 SLDD
98.0 0.528 DPOO
733 0.735 DPOO
95.4 0.637 AP0O0
85.6 0.931 P00
0.0 0.434 S 00)
90.9 0.254 DPO0O
94.7 NA** SDO0O
00 NA** DDO0
00 NA** D00
77.4 0.200 SDDO
94.7 0.606 BPPO
95.6 0.507 DPPO
75.0 0.854 DPOO
0.0 0.681 DPOO
79.2 0.901 DPOO

Legend. K, number of samples; N, sample size; The following authors did not report sample size: ®Black 1987, Laursen °2007, <2009 and (d) 2011, and
€Castagnini 2013; Results of the following studies were excluded from analysis due to excessive asymmetry in the 95%Cl: fTsuang 1980, 9Callaghan 2014 and
hAhrens 1995; * Based on Cochrane’s GRADE (Grading of Recommendations Assessment, Development and Evaluation). ** Not enough studies to calculate.

GRADE: OO Q: very low; @HOO: Low; DD : Moderate; DD ED: High.
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(k=13), their results came from a smaller number of studies,
making a comparison not reliable.

A higher SMR was observed for suicide and unnatural causes in
BD when compared to general population. RR for suicide was
11.69 (95%Cl 9,22-14,81, p <0.001, k=25), When stratified by
gender, suicide SMR was higher in woman (17.52 95%Cl,
10.76-28.54, p<0.001, k=11) than in men (14,02, 95%Cl
11.16-17.60, p < 0.001, k = 11). The SMR total for unnatural causes
was 7,29 (IC95% 6.42-8.28, p < 0.001, k= 17). For males the RR for
unnatural causes was 6.69 (95%Cl| 5.85-7.66, p <0.001, k=10),
and for females the RR was 9.33 (8.07-10.78, p < 0.001, K=11).

Only four of the main results were not considered statistically
heterogeneous: mortality from cancer (Q=7.9, p=0443,
I>=0.0%), cerebrovascular (Q=4.9, p=0559, I*>=0.0%) and
infectious (Q=04, p=0.521, >=00%) causes in men, and
mortality from infectious causes in women (Q=0.3, p=0.589,
I =0.0%). None of the meta-analyses of mortality for specific
causes were found to present publication bias.

Prediction intervals showed that the range of the true effects
remained significant only for mortality from natural causes,
unnatural causes, and suicide. Cardiovascular and cerebrovascular
causes were homogeneous distributed only in men with BD.
Summary results for specific mortality are presented in Table 2.

Meta-regression and subgroup analysis

There was no difference in mortality between subgroups when
analyzed by location, sample type, representativeness, study
design, diagnostic criteria, use of structured interview, adjustment
by substance use disorder and adjustment by time at risk
(Table 3).

Meta-regression showed no influence in results in proportion of
females (p=0.577) and sample size (p=0.228). Sociodemo-
graphic variables could not be considered a source of hetero-
geneity: SDI (p=0.319), HDI (p=0.398) and mid-point year
(p =10.578). None of the variables that affect the quality of the
studies were significantly related to RR: NOS (p = 0.433) and mean
follow-up years (p=0.219). When analyzed separately, SMR
heterogeneity was 96.7% and HR heterogeneity was 94.4%.
Finally, the exclusion of different outcomes did not decrease
heterogeneity.

Level of certainty of the results

Based on the GRADE, the mortality for unnatural causes and
suicide showed a high level of certainty, while mortality for all
causes and respiratory causes were rated as moderate level of
certainty. Evidence for cancer, cardiovascular and cerebrovascular
mortality reached a low level of certainty (Table 2). A summary of
findings of the GRADE evidence profile can be found as Supple-
mentary Material in Table S6.

DISCUSSION

The current meta-analysis aimed to systematically review studies
regarding mortality by any and specific causes in BD. Results found
that individuals with BD have a twofold increased risk of premature
mortality when compared to the general population. The largest
effect size emerged for suicide, whose risk was 11 times higher in
BD, especially in women (17 times higher). Mortality by natural,
infectious, respiratory, cardiovascular, and cerebrovascular causes
was also elevated in BD. Cancer was the only studied cause with a
mortality rate that was not significatively higher in BD.

Over the last years, more attention has been paid to the study
of mortality in mental disorders. Although less studied when
compared to other disorders (such as schizophrenia and unipolar
depression), more evidence has emerged on the increased
mortality in individuals with BD [11, 16, 17, 124-126]. Previous
studies have assessed mortality in individuals with BD, however a
novel and robust systematic review and meta-analysis of mortality

Molecular Psychiatry (2023) 28:2508 — 2524
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RR
Cause of death with 95% CI k
Cancer * 0.99[0.88, 1.11] 16
Cerebrovascular B 1.57[1.34, 1.84] 13
Cardiovascular £ 1.76[1.53, 2.02] 27
Natural - | 1.91[1.76, 2.07] 17
Respiratory B 3.18[2.55, 3.96] 6
Infectious o 4.38[1.51, 12.70] 3
Unnatural B 7.29[6.42, 8.28] 17
Suicide —B-11.69[9.23, 14.81] 25
All causes a 2.02[1.89, 2.16] 39
1 2 4 8

Fig. 3 Forest plot of summary results.

in BD was needed, given that the previous reviews did not include
the quality assessment, certainty of evidence, rigorous inclusion
criteria and a robust assessment of heterogeneity. In contrast to
earlier studies, our study provides a detailed analysis about
general and specific mortality causes in BD, including not only
studies that provided SMR, but a range of studies with other effect
measures as RR, HR, MRR, and OR. This approach allows the
inclusion of a larger sample, hence better representing the general
population of individuals with BD. Our research was able to
include 57 studies from 16 different countries (while the meta-
analysis from Hayes included 31 studies) and comprised more
than twice as many subjects with BD than the previous largest
meta-analysis (678 353 vs. 305 859) [17]

In 2020 World Health Organization reported that the leading
causes of death in the general population were ischemic heart
disease and stroke [127]. In our study, we found an increase of
mortality 1.76 and 1.91 times by cardiovascular and cerebrovas-
cular causes in the BD population, respectively. Although different
cardiovascular diseases (coronary disease, atherosclerotic disease,
arrhythmias, and valvular diseases) can have a different impact on
mortality we could not analyze separately the weight of each
cause in mortality mainly because the assessment of these causes
within the studies were through ICD groups that did not
differentiate specific cardiovascular diseases (i.e., 100-152; 170-179).
Unfortunately, most systems of healthcare are not configured to
adequately prevent, diagnose, and treat medical comorbidity in
the mood disorder population [128, 129]. Indeed, people with
mental disorder do receive lower quality of screening and care for
cardiovascular diseases [130].

Risk of natural causes death was almost two times higher in BD,
even though natural causes account for most deaths in this
population. It is essential that prevention strategies, such as
investment in measures to reduce cardiovascular risk factors,
begin to be implemented in this population early on. Some ways
to reduce these risk factors are through psychoeducation of the
target population, encouraging measures that impact adherence
to drug treatment, as well as the implementation of programs that
engage this population in physical activity, investment in a
healthy diet, tobacco cessation, and obesity control. Thus, aiming
to better establish functional and effective public health policies,
may vyield a possible reduction in the impact of modifiable risk
factors on mortality in the BD population. Although, it is important
to emphasize that this review did not evaluate the weight of risk
factors in all and specific-cause mortality in the BD population.

We hypothesize that the increase in respiratory mortality is
mainly due to the high index of tobacco use in this population. It
is well known that tobacco smoking is 2-3 times higher in bipolar
disorder, with estimates ranging from 60-70% in bipolar patients
compared to 25-30% in the general population [131]. Unfortu-
nately, the studies included in this meta-analysis did not report
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rates of smokers, so we could not calculate the weight of tobacco
use in the mortality among bipolar disorder individuals. Regarding
the increase of infectious mortality in the bipolar disorder
population, one possible mechanism is the vulnerability that the
lifestyle of the BD population is involved, such as a higher
prevalence of substance use, such as alcohol and tobacco, poor
diet, and higher rates of sedentarism. These behaviors can
negatively impact the immune system response, contributing to
a mortality increase in this population.

Cancer was the only cause of death without increase in BD
population. Previous metanalyses have shown similar results,
however new evidence of increase of mortality by cancer in BD
has emerged in the last years [54, 132]. Our main hypothesis is
that the factors involved in our findings were related to lower
survival in BD subjects than in the general population associated
to the fact that cancer is a disease affecting predominantly the late
adult or elderly population, and the underdiagnosis of cancer in
this population related to disease stigma, lower seeking for
medical help, and the difficulties of a proper stage treatment
[132, 133]. The lack of significance difference in mortality risk in
the analyzed samples might be due to lower screening rates and
the risk of missed cancer diagnoses in people with mental
disorders compared with the general population. Although, more
studies are needed to confirm this hypothesis.

As showed by our data, in agreement with previous literature,
the RR for suicide and unnatural causes of death was significative
higher in BD than in the general population, namely 11 times
increased in BD individuals. Suicide is the leading cause of
preventable death [117]. Our findings lead us to an understanding
that is necessary an effort to prevent suicide mainly

in the high-risk BD. The improvement of these indices can occur
by public health policies implementation through access to
information about suicide, training of health professionals to
evaluate and manage risk cases, early diagnosis, and implementa-
tion of public health policies to prevent suicide [134, 135].

Considering the findings of this study, it is essential to think in
how early diagnosis in BD may have an impact on the prevention
of disease episodes, clinical comorbidities, adherence to treatment
and, consequently, reducing mortality in this group.

Some limitations should be considered. Observational studies in
the field of psychiatry are often fraught with several biases (e.g.,
reverse causation) and also by a poor control of confounders even
in large-scale, nationwide, studies [136]. Factors such as disease
subtype or symptomatic burden, were not reported in the
majority of the included studies. Because of this limitation we
were not able to take into account these factors in statistical
analysis. Another limitation we could not calculate the mean age
of the sample to perform a meta-regression as most of the
samples were from observational studies (only eight studies
provide mean age), then age was not explored as a source of
heterogeneity.

From the statistical point of view, we were not able to find
clear sources of heterogeneity based on the classical meta-
regression method. Interpreting heterogeneity has been a
persistent difficulty in meta-analyses of prevalence studies,
which often present high 12 values. Even though, a high 12 value
is not always synonymous with high heterogeneity. In meta-
analyses of prevalence, 12 statistics may not be discriminative
and should be interpreted with caution, avoiding arbitrary
thresholds [26].

Prediction intervals predict the range of effect size for any subject
randomly assigned from the population in 95% of the time [28] and
reflect the variation in treatment effects over different settings,
including over future patients [29]. They have been proposed to
have a better appreciation of the uncertainty around the effect
estimate than Cl when heterogeneity is substantial [30] and has
been currently recommended in meta-analyses, especially from
prevalence studies [27-29]. The prediction Interval of all-cause

SPRINGER NATURE

mortality was 1.37 to 2.98. This interval is entirely above 1 and
shows that mortality is elevated when applied in at least 95% of the
individual setting. The same rationale can be applied to mortality for
suicide (prediction interval 3.71 to 36.90) and respiratory causes
(prediction interval 1.65 to 6.12). On the other hand, the prediction
interval for cardiovascular (0.87 to 3.58), cerebrovascular (0.91 to
2.70) and cancer (0.67 to 1.46) contain values below 1 and so,
although on average the mortality seems to be higher, it may not
always be true in an individual setting. In these cases, further
research is needed to identify sources of heterogeneity.

The Cl higher than one indicates that there is robust evidence to
conclude that mortality is higher in most individuals with BD.
However, the prediction interval containing it indicates that
mortality is heterogeneously distributed, and this result does not
apply to 95% of individuals with BD, as Cl would suggest.
Consequently, there must be factors that hinder mortality for
cardiovascular, cerebrovascular, and natural causes to be higher.
This rationale has important clinical implications. Now, it is an
important topic to explore which characteristics make an
individual with BD less susceptible to premature death.

We then conducted meta-regressions to test whether socio-
demographic and methodological factors could represent such
characteristics. Our study found an 12 of 96.8%, and 12 tells us what
proportion of the variance is due to variation in real effects rather
than sampling error [27]. It can be interpreted as 3.2% of the
differences in mortality are due to sampling or population
differences. Hence, it was expected beforehand that meta-
regression of sociodemographic characteristics would fail to find
differences in heterogeneity. Then, methodological aspects are
expected to be relevant. Although not measurable herein, some
methodological features can be quoted as potential sources of
heterogeneity and further included in studies on mortality in BD,
namely: quality of epidemiological data (are databases complete
and reliable?), quality of care (could an efficient and accessible
health system counterbalance the increased mortality risk in
individuals with BD?), and assessment of clinical and psychiatric
comorbidities (is there any confounding factor moderating the
mortality risk in individuals with BD?).

CONCLUSION

According to this meta-analysis, the highest RR for mortality in
individuals with BD emerged for suicide, infectious, respiratory,
cardiovascular, and cerebrovascular causes. Large-scale and well-
designed studies are still needed to identify the main moderators
and mediators of premature mortality in the population. Also,
efforts must be made to prevent suicide and unnatural mortality
causes in the high-risk BD population and to investigate and treat
physical comorbidities. Further research should be undertaken to
identify modifiable factors that might be targeted by interventions
to reduce this gap.
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