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Background

There is increasing research examining excess mortality in
people with bipolar disorder using life expectancy and related
measures, which quantify the disease impact on survival.
However, there has been no meta-analysis to date summarising
existing data on life expectancy in those with bipolar disorder.

Aims

To systematically review and quantitatively synthesise estimates
of life expectancy and years of potential life lost (YPLL) in people
with bipolar disorder.

Method

We searched Embase, Medline, PSycINFO and Web of Science
databases up to 31 March 2021. We generated pooled life
expectancy using random-effects models, and derived YPLL
summary estimate by calculating averaged values weighted by
sample size of individual studies. Subgroup analyses were con-
ducted for gender, geographical region, study period, a given age
(set-age) for lifespan estimation and causes of death. The study
was registered with PROSPERO (CRD42021241705).

Results

Eleven and 13 studies were included in the review for life
expectancy (n=96 601) and YPLL (n = 128 989), respectively.
Pooled life expectancy was 66.88 years (95% Cl 64.47-69.28;
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I?=99.9%, P <0.001), was higher in women than men (70.51
(95% ClI 68.61-72.41) v. 64.59 (95% Cl 61.16-68.03); z=2.00,
P =0.003) and was lowest in Africa. Weighted average YPLL
was 12.89 years (95% Cl 12.72-13.07), and was greatest in Africa.
More YPLL was observed when lifespan was estimated at birth
than at other set-age. YPLLS attributable to natural and unnatural
deaths were 5.94 years (95% Cl 5.81-6.07) and 5.69 years

(95% CI 5.59-5.79), respectively.

Conclusions

Bipolar disorder is associated with substantially shortened life
expectancy. Implementation of multilevel, targeted interventions
is urgently needed to reduce this mortality gap.
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Background

Bipolar disorder is a severe mental disorder that affects more than
1% of the population and constitutes one of the main causes of dis-
ability worldwide."” People with bipolar disorder exhibit markedly
increased risk of premature death, with an approximately two to
three times higher mortality rate relative to the general popula-
tion.>> Natural causes, particularly cardiovascular diseases, respira-
tory diseases and cancers, are a major contributor to excess
mortality associated with bipolar disorder.”™® Literature also con-
sistently has found that patients with bipolar disorder have a
greatly elevated rate of unnatural deaths, especially suicide, com-
pared with the general population.”™ Such mortality gap has per-
sisted>” or even widened®'” in recent decades despite an overall
increase in life expectancy in the general population as a result of
healthcare improvements. This indicates an urgent unmet need to
address physical health inequalities experienced by patients with
bipolar disorder.

Most earlier studies assessed differential mortality between
patients with bipolar disorder and the general population with rela-
tive measures such as standardised mortality ratio (SMR) and mor-
tality rate ratios.* An alternative approach to measure excess
mortality is by estimating life expectancy and years of potential
life lost (YPLL). Life expectancy is a widely used health metric refer-
ring to the number of years a person is expected to live based on the
estimate of the average age at death of the standard population,
although YPLL is the best-known life expectancy-related metric
that denotes the difference between the observed age at death and
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the optimal remaining life expectancy at that age. It is acknowledged
that life expectancy is an intuitive and readily understandable
measure of premature mortality by quantifying the impact of dis-
eases on survival, with more emphasis on the effect of deaths occur-
ring at younger ages. Recently, an increasing number of studies have
been conducted to examine life expectancy and YPLL for people
with bipolar disorder, and mostly suggested 10-15 years shorter life-
span in patients relative to the general population.>”'' ' Notably,
thus far, there has been no study to systematically review the litera-
ture specifically for life expectancy or YPLL in people with bipolar
disorder. However, a comprehensive evaluation of premature mortal-
ity quantified in terms of the magnitude of reduced lifespan associated
with bipolar disorder is crucial for developing effective strategies as
well as optimising resource allocation and healthcare service delivery
to reduce avoidable deaths in this vulnerable population.

Aims

To this end, we conducted a systematic review and meta-analysis
with an aim to provide summary estimates of life expectancy and
YPLL in patients with bipolar disorder. When applicable, meta-
regression models and subgroup analyses stratified by study charac-
teristics encompassing gender, geographical region, study period and
given set-age for life-expectancy estimation was performed to explore
potential sources of heterogeneity. Additionally, we investigated
YPLL estimates attributable to natural and unnatural deaths so as
to quantify their impact on excess mortality in bipolar disorder.
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Method

This study was conducted in accordance with guidelines of Meta-ana-
lysis of Observational Studies in Epidemiology (MOOSE)* and the
Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA;>* Supplementary Table 1 available at https:/doi.org/10.
1192/bjp.2022.19). The study protocol was registered with
PROSPERO (CRD42021241705). As this meta-analysis was based
on published data, the requirement for ethical approval was waived.

Search strategy

We systematically searched four electronic databases (Embase,
Medline, PsycINFO and Web of Science) for articles published
from inception to 31 March 2021. Relevant articles were searched
using the following keywords: (bipolar disorder OR bipolar affective
disorder OR severe mental illness OR mental disorder OR mania
OR affective disorder OR mood disorder) AND (life expectancy
OR lifespan OR years of potential life lost OR years of life lost OR
life years OR life years lost OR survival rate OR premature mortal-
ity). The full search strategy for each database is available in
Supplementary Table 2. We also checked the references of all eli-
gible articles and relevant review articles to identify additional
studies for inclusion in the meta-analysis. Two reviewers (J.K.N.C.
and CW.H.Y.T.) performed the searches independently and then
compared the results. We did not apply any restrictions on language
to the studies.

Inclusion criteria and study selection
Studies were included if they fulfilled the following criteria:

(a) patients aged 15 years or above with bipolar disorder diagnosed
according to ICD or DSM classification (any versions) or by
validated diagnostic instruments that could be mapped to
ICD/DSM criteria; and

reported data on life expectancy and/or YPLL for a bipolar dis-
order cohort relative to the general population or a comparison
group without bipolar disorder.

(b)

We excluded studies that had a sample size for the bipolar disorder
cohort below 50, restricted to subgroups of the population (for
example homeless people, individuals who were incarcerated or
elderly patients) or reported duplicate data.

Following the removal of duplicates, titles and abstracts of the
identified articles were screened independently by two reviewers
(JJKN.C. and CW.H.Y.T.) for potentially relevant studies. The full
text of the publications identified at the screening stage was then eval-
uated independently by two reviewers (JK.N.C. and CW.H.Y.T.)
using our selection criteria to determine the eligibility for inclusion
in data synthesis, with disagreements being resolved by discussion
with other members (W.C.C. and C.S.M.W.) of the research team.

Data extraction and quality assessment

Data were extracted independently by two reviewers (J.LK.N.C. and
C.W.H.Y.T.) from the included studies, and discrepancies were
resolved by consensus. Information extracted included: first
author’s name, year of publication, study country and region,
study design and data sources, study period, diagnostic classification
system, sample size of the bipolar disorder cohort, set-age for life
expectancy estimation, causes of death and estimates of life expect-
ancy and YPLL.

In case of overlapping samples, we selected studies with
reported measures of uncertainty (i.e. s.e., CIs) for life expectancy/
YPLL estimates) and/or with the longest follow-up period. For
natural-cause and unnatural-cause YPLLs, we calculated the mean
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YPLL by averaging across all YPLLs for the respective individual
causes of death (for example cardiovascular diseases and respiratory
diseases for natural cause deaths; suicide and accidents for unnat-
ural cause deaths) if studies reported YPLL for specific causes of
death or the weighted average if number of deaths for each specific
cause of death was reported. We contacted authors to request data if
estimates of life expectancy or YPLL stratified by gender and the
corresponding s.e.s were not reported in the publication.

Risk of bias was assessed independently by two reviewers (J.LK.N.C.
and CW.H.Y.T.) using the Newcastle-Ottawa Scale®* to address the
following three criteria: (a) selection (representativeness, selection of
non-exposed cohort, ascertainment of mortality, mortality was not
present at baseline), (b) comparability (study controlled for covari-
ates), and (c) outcome (assessment of mortality, follow-up duration
>3 years). Disagreements were resolved through consultation with
other members (W.C.C. and C.S.M.W.) of the research team.

Statistical analysis

A random-effects meta-analytic model was adopted to generate a
pooled estimate of life expectancy from included studies.
Heterogeneity was assessed using the chi-squared Cochran’s
Q-test and the I statistic. We applied random-effects meta-
regression models to explore heterogeneity for four pre-specified
study characteristics including gender, geographical regions
(grouped based on continents), study periods of 2000-2005’,
2006-2010’ and 2011-2015’ (categorised according to the middle
year of cohort data collection) and the given set-age for life expect-
ancy estimation (at birth or 15/20 years). Subgroup analyses were
also conducted to examine potential sources of heterogeneity separ-
ately in each of the four pre-specified study characteristics. For
studies that did not report s.e.s of life expectancy estimates, we
extrapolated the pooled s.e. from those studies with reported s.e.s
using a fixed-effects model.> For studies that reported Cls, we con-
verted these to s.e.s before inclusion into the fixed-effects model. In
studies that reported remaining life expectancy at a given set-age
(for example 15 years), we added this age to the estimate of remain-
ing life expectancy to obtain an expected age at death. In studies that
reported multiple estimates of life expectancy using different
set-ages (for example 15 years, 25 years, 35 years), life expectancy
estimate derived from the youngest set-age was selected for analysis.
Publication bias was examined using the funnel plot and Egger’s
regression asymmetry test. We performed two sets of sensitivity
analyses by employing Duval and Tweedie’s trim-and-fill proced-
ure’® as well as sequentially removing one study at a time
(i.e. leave-one-out analysis) to evaluate the stability of results on
pooled estimates of life expectancy.

For YPLL, as most included studies did not report s.e.s or Cls,
we could not perform meta-analysis using the usual variance-
based approaches. This also precluded us from formally quantifying
heterogeneity, publication bias and statistical significance in sub-
group comparison analyses. We followed the approach adopted
by Hjorthgj et al (2017)* to calculate the average YPLL weighted
by the size of individual study populations. The 95% CI around
the weighted-average YPLL was generated using the pooled s.e.
extrapolated from the studies with reported s.e.s by a fixed-effects
model. Subgroup analyses stratified by gender, geographical
region, study period, set-age for life expectancy estimation (at
birth or 15/20 years), and cause of death (natural and unnatural
cause) were performed. We conducted a sensitivity analysis by
excluding a study'® that was removed by the trim-and-fill procedure
in the sensitivity analysis for life expectancy estimates, based on the
assumption that publication bias of the included studies for investi-
gating life expectancy and YPLL would be similar as the latter is
derived from the former. Meta-analysis models were performed in
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R (version 4.0.2) with the metafor package. P < 0.05 was considered
statistically significant.

Results

Study selection

The PRISMA flow diagram describing the process of study identifi-
cation and selection is shown in Fig. 1. Literature search identified
18 412 articles, from which 16 391 remained after removal of dupli-
cates. Upon exclusion of irrelevant studies, we retrieved 121 full-text
articles to be assessed for eligibility. Of these, 108 were excluded
mainly because of a lack of relevant outcomes, absence of original
data or inclusion of patients without diagnosis of bipolar disorder.
A total of 13 publications met inclusion criteria, with 11 articles
reporting both estimates of life expectancy and YPLL, and 2 report-
ing YPLL only. There were five studies reporting data of overlapping
samples for Denmark. Kessing et al (2015)'” was selected for meta-
analysis of life expectancy as it had the largest sample size and
longest follow-up duration relative to other studies. Data from
both Kessing et al'” and Weye et al (2020)*° were included in
meta-analysis of YPLL estimates because these two studies
employed different methodological approaches for YPLL estima-
tion. Kessing et al'” derived YPLL from life expectancy estimation
based on a single fixed set-age'” whereas Weye et al** incorporated
variations in age at onset of bipolar disorder (i.e. age of first-
recorded diagnosis) in the life expectancy calculation.”® Data from
Laursen (2011),'* Laursen et al (2013)"* and Kessing et al'® for
Denmark were not included in the syntheses of pooled life expect-
ancy estimates and weighted average YPLL owing to overlapping
samples, which would otherwise introduce potential bias of
increased risk for type I error, but its data from Sweden and
Finland were included in meta-analysis. Hence, we pooled data
from 9 articles with 11 studies for life expectancy and 11 articles
with 13 studies for YPLL in our meta-analyses (Table 1).

Study characteristics

Overall, the current meta-analysis included 96 601 and 128 989
patients with bipolar disorder for life expectancy and YPLL estima-
tion, respectively. Sample sizes of the included studies varied from
345 to 28 512 patients, with a median of 5096 patients. The included
studies were conducted in Africa (n=1, Ethiopia), Asia (n=2,
Taiwan and Israel), Europe (n=4, Denmark, Finland, UK and
Sweden) and North America (n=1, USA). For most studies,
patient samples were identified via case registers from the healthcare
system. One study used a health insurance case register to identify
patients with bipolar disorder,'® and another study adopted com-
munity survey screening followed by diagnostic confirmation
using semi-structured interview."

Diagnosis of bipolar disorder in all of the included studies was
based on ICD criteria. All but one studies examined the life expect-
ancy and YPLL of patients with bipolar disorder relative to that of
the general population. Crump et al (2013)° estimated life expect-
ancy and YPLL for people with bipolar disorder by comparing
them with the general population without bipolar disorder.
Follow-up duration ranged from 3 to 16 years, with a median of 8
years. There were nine studies reporting gender-specific estimates
for life expectancy and ten for YPLL. Characteristics of the included
studies are presented in Table 1.

Meta-analysis of life expectancy

Figure 2 summarises life expectancy estimates for patients with
bipolar disorder in individual studies. The pooled life expectancy
was 66.88 years (95% CI 64.47-69.28). Significant heterogeneity
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was observed across studies (Q=27 423, P<0.001, I =99.9%).
There was publication bias as indicted by visual inspection of the
funnel plot (i.e. asymmetry) and result of Egger’s test (z=-2.3,
P =0.024; Supplementary Fig. 1). Sensitivity analysis using the
trim-and-fill procedure, with an outlier study' being removed
from the meta-analysis, yielded a pooled life expectancy of
67.44 years (65.20-69.67) and Egger’s test became statistically
non-significant (z=-0.9, P=0.380; Supplementary Fig. 2). The
pooled life expectancy estimates did not differ significantly from
each other when one study was omitted at a time (data not shown).

Subgroup and meta-regression analyses of life
expectancy

Subgroup analyses stratified by gender demonstrated that life
expectancy was significantly lower in men (64.59 years (95% CI
61.16-68.03)) than women with bipolar disorder (70.51 years
(95% CI 68.61-72.41); z=2.00, P =0.003).

Comparison among geographical regions showed that life
expectancy was lowest in Africa (54.12 years (95% CI 42.79-
65.45)), which was significantly lower than that in Asia (67.97
years (95% CI 63.76-72.17); z=2.24, P=0.025) and in Europe
(67.33 years (95% CI 64.37-70.29); z=2.21, P=0.027) but did not
significantly differ from that in North America (65.60 years (95%
CI 55.42-75.78); z = 1.48, P = 0.140; Fig. 3).

When findings were stratified by study period, life expectancy
was lowest in 2000-2005 (62.71 years (95% CI 58.21-67.21)),
which was significantly lower than that in 2006-2010 (69.12 years
(95% CI 65.98-72.25); z=2.29, P=0.022) but not 2011-2015
(66.49 years (95% CI 62.00-70.98); z=12, P=0.245;
Supplementary Fig. 3). No significant difference was observed for
subgroup analyses according to set-age for life expectancy estima-
tion (at birth: 66.43 years (95% CI 63.53-69.32); at 15/20 years:
67.57 years (95% CI 63.71-71.42); z = 0.46, P = 0.645).

Univariate meta-regression analyses revealed that the life-
expectancy estimate was significantly associated with gender
(Q,, =8.6, P=0.003), but not geographical regions (Q,, =527,
P =0.153), study periods (Q,, =5.3, P=0.071) or set-ages for the
life-expectancy calculation (Q,, =0.21, P = 0.645).

A multivariate meta-regression model accounting for all of
these four pre-specified study variables explained 45.9% of the vari-
ance (Q,, =22.7, P=0.002), indicating that there was residual vari-
ance because of heterogeneity in life-expectancy estimates.

Meta-analysis and subgroup analyses of YPLL

As shown in Fig. 4, the weighted average YPLL of patients with
bipolar disorder was 12.89 years (95% CI 12.72-13.07). Sensitivity
analysis with removal of a study'® that contributed to publication
bias in the life-expectancy estimate yielded a similar result of
YPLL (12.85 years (95% CI 12.68-13.03)).

Subgroup analyses stratified by gender showed a slightly greater
YPLL in men (11.77 years (95% CI 11.59-11.94)) than women with
bipolar disorder (10.55 years (95% CI 10.37-10.72)).

Concerning geographical regions, YPLL was greatest in Africa
(29.00 years (95% CI 22.63-35.37)), followed by North America
(21.70 years (95% CI 12.70-30.70)). Studies from Asia (12.29
years (95% CI 5.41-19.17)) and Europe (12.05 years (95% CI
5.47-18.63)) reported comparatively less YPLL.

Subgroup analyses stratified by study period found that the
YPLL estimate in 2000-2005, 2006-2010 and 2011-2015 was
17.71 years (95% CI 17.53-17.88), 12.76 years (95% CI 12.59-
12.94) and 12.71 years (95% CI 12.54-12.89), respectively
(Supplementary Fig. 4).

For studies with YPLL estimated at birth, the weighted average
YPLL was 16.88 years (95% CI 16.70-17.05). For studies with YPLL
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Identification of studies via databases

Identification of studies via other methods

18412 records identified from:
Databases searching:

Embase (n = 7804);
Medline (n = 6568);
PsSyCINFO (n = 3149);
Web of Science (n = 891)

v

removed

2020 duplicate records

1 record
identified from
citation
searching

-

v

16392 records screened

16271 records excluded

N

121 full-text reports assessed for
eligibility

v

108 reports excluded:

e 44 no relevant outcomes
17 reviews or editorials
17 secondary analysis
14 conference abstracts
8 no bipolar disorder

7 full texts not available
1 subpopulation

v

1 report assessed
for eligibility

0 Report
excluded

A4

y

13 reports with 16 studies met
eligibility criteria, with 2 reports

A

and 3 studies being excluded due
to overlapping samples

11 reports with 13 studies were
included in meta-analysis

Fig. 1 PRISMA flow chart for study selection.

estimated at other given set-age (15/20 years), the weighted average
YPLL was 12.25 years (95% CI 12.07-12.43).

Natural and unnatural causes of death contributed to 5.94 years
(95% CI 5.81-6.07) and 5.69 years (95% CI 5.59-5.79) of weighted
average YPLL, respectively (Fig. 5).

Assessment of study quality

Of the 11 studies included in the meta-analysis, eight studies were
rated as of good quality™'"'>'*177>* and three studies were
judged to be of fair quality.”'>?' Failure to adjust for gender as a
covariate was the most common methodological omission. Details
of the quality assessment for individual studies are presented in
Supplementary Table 3.

Discussion

Main findings and interpretation

To our knowledge, this is the first meta-analysis examining life
expectancy and YPLL in people with bipolar disorder. Our main
analyses showed that patients with bipolar disorder experienced
reduced life expectancy relative to the general population, with
approximately 13 years of potential life lost. Consistent pooled esti-
mates of life expectancy were observed in sensitivity analyses cor-
recting for publication bias and using the leave-one-out method,
indicating that our synthesised results were stable and robust.
Significant heterogeneity was detected across studies for life-

https://doi.org/10.1192/bjp.2022.19 Published online by Cambridge University Press

expectancy estimates, and was partly explained by gender and
study period. However, as most included studies examining YPLL
did not report measures of uncertainty (i.e. s.e.s or Cls), level of het-
erogeneity (and statistical difference in subgroup comparison ana-
lyses) for YPLL could not be quantified in our meta-analysis.

Compared with an earlier meta-analysis for schizophrenia, our
results suggest that patients with bipolar disorder have fewer years
of life lost that those with schizophrenia (weighted average YPLL
of 145 years).”” More recent data from Danish case-register
research®®?® also revealed that bipolar disorder was associated
with a smaller life-expectancy gap than substance/alcohol use disor-
ders and schizophrenia. Nonetheless, patients with bipolar disorder
were in general found to display a greater reduction in lifespan (rela-
tive to the general population) than those with common mental dis-
orders including depressive and anxiety disorders.”>*®

Our gender-stratified analyses demonstrated that life expect-
ancy was significantly lower in men with bipolar disorder than in
women with bipolar disorder, whereas slightly more years of poten-
tial life were lost for men (11.77 years) than for women (10.55 years)
with the disorder. We also observed regional differences in life
expectancy for bipolar disorder. Patients in the African study exhib-
ited the shortest lifespan (54.12 years), whereas life expectancy was
highest in Asia and Europe. Similarly, the greatest YPLL was noted
in Africa (29.00 years), and YPLL was least (around 12 years) in Asia
and Europe. Our results might in fact partly reflect cross-regional
differences in the distribution for life expectancy in the general
population,® particularly in Africa.
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Table 1 Characteristics of included studies.

Life expectancy and YPLL for bipolar disorder®

Life expectancy: women 70.4 years, men 67.3 years,

YPLL: women 11.2 years, men 10.1 years

Life expectancy: women 76.0 years, men 73.0 years;

YPLL: women 9.0 years, men 9.0 years

YPLL: 16.1 years; 13.0 years (natural causes), 32.0 years
(unnatural causes)

Life expectancy: women 73.4 years, men 68.9 years,

YPLL: women 9.0 years, men 8.5 years; women 7.5
years, men 6.6 years (natural causes)

Denmark

Life expectancy: women 54.3 years, men 47.1 years;

YPLL: women 11.0 years, men 13.6 years; Finland

Life expectancy: women 51.3 years, men 40.9 years;

YPLL: women 16.2 years, men 19.8 years; Sweden

Life expectancy: women 55.0 years, men 50.5 years;

YPLL: women 12.6 years, men 12.7 years

Life expectancy: 54.1 years; YPLL: 29.0 years

Life expectancy: women 55.2 years, men 48.6 years;

YPLL: women 8.9 years, men 12.1 years, women 6.0
years, men 7.0 (natural causes); women 3.0 years,
men 5.1 years (unnatural causes)

2005 cohort

Life expectancy: women 68.1 years, men 59.8 years,

YPLL: women 12.7 years, men 14.7 years;

2010 cohort

Life expectancy: women 69.8 years, men 60.6 years;

YPLL: women 12.8 years, men 15.5 years

Life expectancy: women 69.9 years, men 66.6 years,

YPLL: women 13.1 years, men 12.6 years

Life-years lost: women 8.1 years, men 8.8 years,

women 4.8 years, men 3.7 years (natural causes),

women 2.4 years, men 5.1 years (unnatural causes)

Life expectancy: 65.6 years;

YPLL: 21.7 years

Set-age for life
expectancy
Author (year) Location Study design Bipolar disorder cohort? Comparison group estimate
Chang et al UK (London) Mental health system case register for women n = 1573, General population At birth
2011)" southeast London, 2007-09 Men n = 1126
Kodesh et al Israel Health system case register, 2003-09 Total n=5732 General population 20 years
(2012)"
Ajetunmobi etal UK (Scotland) Health system case register, population- Women n =2196, General population At birth
(2013)’ based, 1986-2010 Men n = 1680
Crump et al Sweden Health system case register, population- Women n=3918, General population At birth
(2013)° based, 2003-08 Men n =2700 without bipolar
disorder
Laursen et al Denmark; Health system case register, population- Denmark: General population 15 years
(2013)™ Finland; based, 2000-07 women n = 6821,
Sweden Men n = 4280; Finland:
Women n = 5430,
Men n = 4489; Sweden:
Women n =10 988,
Men n =7367
Fekadu et al Ethiopia Door-to-door survey screening followed by Total n=345 General population At birth
(2015)"™® (Butajira diagnostic re-evaluation; cohort
district) established 1998-01, followed up till 2012
Kessing et al Denmark Health system case register, population- Women n =13 548, General population 15 years
(2015)" based, 2000-12 Men n = 9087
Pan et al Taiwan Health insurance case register, population- 2005 cohort: Women n=1111, Men  General population At birth
(2020)"® based, 2005-08 and 2010-13 n=1356; 2010 cohort: Women
n=1431, Men n=1671
Das-Munshi UK (England) Mental health system case register for women n=3019; General population At birth
et al (2020)" southeast London, 2007-14 Men n =2050
Weye et al Denmark Health system case register, population- Total n=28 512 General population N/A®
(2020)%° based, 2000-15
Iturralde et al USA Health system case register, 2010-17 Total n=19 260 Matched sample At birth
(2021)*" without mental
iliness
YPLL, years of potential life lost.
a. There were five studies reporting life expectancy and/or YPLL estimates in Denmark. Data from Kessing et al (2015)"” were included in the meta-analysis of life expectancy estimates because it had the largest sample size and longest follow-up duration relative to other Danish
studies. Data from both Kessing et al (2015)'” and Weye et al (2020) were included in meta-analysis of YPLL estimates because these two studies adopted different methodological approaches for YPLL estimation. Data from Laursen (2011),'? Laursen et al (2013)'* and Kessing
et al (2015)"® for Denmark were not included in the syntheses of pooled life expectancy estimates and weighted average YPLL owing to overlapping samples.
b. Values represented life expectancy and YPLL owing to all causes of death, unless otherwise specified.
¢. Calculation of the reduced remaining life expectancy in Weyes et al (2020)%° took into consideration varying ages at onset of bipolar disorder.
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Studies Life expectancy (95% CI)?
Men
Chang et al (2011)" —— 67.30 (66.10-68.50)
Kodesh et al (2012)'3 u 73.00 (72.80-73.20)
Crump et al (2013)3 | 68.90 (68.70-69.10)
Laursen et al (2013)14P [ | 55.90 (55.70-56.10)
Laursen et al (2013)14.¢ [ | 65.50 (65.30-65.70)
Kessing et al (2015)" —— 63.60 (62.31-64.89)
Das-Munshi et al (2020)" — 66.60 (63.95-69.25)
Pan et al (2020)'84 —a— 59.79 (57.88-61.70)
Pan et al (2020)'8€ —a— 60.62 (58.82-62.42)
RE model (2 = 99.9%, P<0.01) — 64.59 (61.16-68.03)
Wwomen
Chang et al (2011)" - 70.40 (69.5 0-71.40)
Kodesh et al (2012)'3 u 76.00 (75.80-76.20)
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Fig. 2 Meta-analysis on life expectancy in bipolar disorder.

a. Unreported variance was extrapolated from studies with reported s.e.s including Chang et al (2011),"" Fekadu et al (2015),"° Kessing et al (2015),"” Pan et al (2020),® Das-munshi
et al (2020)'° and Iturralde et al (2021).>" b. Data from cohort in Finland in Laursen et al (2013)" is presented. c. Data from cohort in Sweden in Laursen et al (2013)'* is
presented. d. Data from the 2005 cohort in Pan et al (2020)'® is presented. e. Data from 2010 cohort in Pan et al (2020)® is presented. RE, random effect.

Differences in access to and quality of healthcare services and
lifestyle factors might also contribute to the variations in life expect-
ancy across regions. In this context, regional variations in YPLL,
which indicates difference in lifespan between patients and the
general population, would provide more informative cross-regional
comparisons. Of note, our findings of regional differences should be
treated with caution as all of the continents reported in this meta-
analysis except Europe were represented by one or two studies
only. Moreover, data from the African study was based on a small
sample size (n = 345)."

Alternatively, patients with bipolar disorder had significantly
increased lifespan from the period of 2000-2005" to 2006-2010
(from 62.71 years to 69.12 years). We also found a reduced YPLL
of around 5 years across the study periods in patients with bipolar
disorder. This seems to be contrary to the findings of most previous
individual studies that assessed SMR (primarily on an annual basis)
for bipolar disorder and indicated persistent™>” or even a widening
mortality gap® '® in recent decades. However, our analysis compar-
ing life-expectancy/YPLL estimates of three discrete study periods
might be limited by the fact that these periods were categorised
according to the middle year of cohort data collection per study irre-
spective of the length of follow-up and only a small number of
studies were included in each of the three study periods.
Additionally, studies included in the current meta-analysis had an
overall observation period spanning 16 years only (from 2000 to
2015), which might be too short to capture actual temporal trends
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in life expectancy or YPLL but instead reflected short-term fluctua-
tions. Conversely, life expectancy estimated at birth did not differ
significantly from that based on another given set-age (i.e. 15 or
20 years), whereas approximately 5 more years of potential life
were lost in patients whose life expectancy was calculated at birth
(16.88 years) than at 15/20 years of age (12.25 years).

Causes of death

Subgroup analyses on YPLL stratified by causes of death showed
that both natural and unnatural causes contributed to around 6
years of life lost among patients with bipolar disorder. Previous
research has in fact consistently found that bipolar disorder is asso-
ciated with an increased prevalence of physical comorbidity.>*'~*?
Excess mortality by natural causes in bipolar disorder could be
attributable to a multitude of factors including unhealthy lifestyle
such as sedentary behaviours,”* smoking®® and alcohol use, anti-
psychotic-induced metabolic ~ side-effects,” and inequitable
medical care.’>*”*® The link between bipolar disorder and increased
physical morbidity and mortality may also be explained by the pres-
ence of common aetiological factors including shared genetic sus-
ceptibility®® and overlapping pathophysiological mechanisms such
as inflammatory dysregulation.*’

Our results also highlighted the significant impact of unnatural
deaths on reduced life expectancy in bipolar disorder. This concurs
with a recent meta-analysis revealing that patients with bipolar
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North America [ S 65.60 (55.42-75.78) 11.48 (10.18) 0.140
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Fig. 3 Subgroup analysis of pooled life expectancy stratified by geographical regions.
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Fig. 4 Meta-analysis of years of potential life lost (YPLL) in bipolar disorder.

a. Data from cohort in Finland in Lauren et al. (2013)"* is presented. b. Data from cohort in Sweden in Lauren et al (2013)'“ is presented. c. Data from 2005 cohort in Pan et al (2020)'® is
presented. d. Data from 2010 cohort in Pan et al (2020)'® is presented. e. All of the included studies, except Weye et al (2020)?° and Iturralde et al (2021)," did not report variance of
YPLL estimates. The 95% Cls for YPLL estimates in Weye et al (2020)°° were 7.26-10.34 (men) and 6.76-9.44 (women), and in Iturralde et al (2021)?" was 21.52-21.88 for both men and
women combined. f. Variance around the pooled estimates was extrapolated from studies with reported s.e.s including Weye et al (2020)° and Iturralde et al (2021).2"
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Fig. 5 Meta-analysis on years of potential life lost (YPLL) in bipolar disorder owing to natural and unnatural causes.

a. All of the included studies, except Weye et al (2020),° did not report variance of natural-cause and unnatural-cause YPLL estimates. In Weye et al (2020)%°, the 95% Cl of natural-
cause YPLL estimate was 3.43-3.95 (men) and 4.64-5.04 (women), and of unnatural-cause YPLL estimate was 4.93-5.31 (men) and 2.30-2.56 (women). b. Variance around the
pooled estimates was extrapolated from studies with reported s.e.s including Weye et al (2020)?° and Iturralde et al (2021).2

disorder had a seven-fold elevated risk of unnatural cause mortality,
as measured by SMR, relative to the general population.* Although
the data from the included studies did not permit us to further
quantify the contribution of specific unnatural causes to YPLL, sub-
stantial evidence has indicated that suicide is the predominant cause
of unnatural deaths in patients with bipolar disorder whose suicide
risk is 20- to 30-fold greater than that of the general population.*'

Implications

Findings from the current meta-analysis have several important
clinical and research implications. Our results that bipolar disorder
is associated with markedly shortened life expectancy underscores
substantial unmet therapeutic needs for people with the disorder.
Given that YPLLs for natural and unnatural causes are of similar
magnitude, both physical health and suicide risk (as a major con-
tributor to unnatural deaths) should be adequately addressed in
order to significantly reduce the longevity gap for bipolar disorder.
A multilevel intervention framework managing risk factors at the
individual, health system and socio-environmental levels*? should
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be implemented to reduce excess mortality because of physical dis-
eases, such as lifestyle modification, early detection and equitable
treatment of physical morbidity, guideline-concordant monitoring
of medication-induced metabolic side-effects, and coordinated
delivery of mental and physical healthcare.

Concerning suicide prevention, early intervention for bipolar
disorder, with regular systematic suicide risk assessment for early
identification and prompt management of high-risk patients
should be incorporated in clinical practice. This is based on the
premise that suicide risk is highest during the early course of
bipolar disorder,” and accumulating evidence suggests that inter-
vention in the early illness stage is more effective than in later
stages for outcome improvement,*® which in turn lowers recurrence
and suicide rates. In addition, lithium, which has a well-documented
anti-suicidal effect** and is recommended as a first-line agent for
acute mania and maintenance treatment of bipolar disorder,
should be considered as a treatment option for patients at high-
risk of suicide.

YPLL assesses the impact of premature mortality on survival
based on estimating life expectancy at a single fixed age (mostly at
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birth or 15 years). This approach, however, does not reflect the
underlying age-at-onset distribution of the disorder. Recent
research has indicated that life-years lost (LYL),*” a novel health
metric, may represent a more realistic measure of reduced life
expectancy by taking into consideration the variations in age at
illness onset in lifespan estimation.”®*® In fact, several studies on
bipolar disorder or schizophrenia demonstrated that the magnitude
of life expectancy gap between patients and the general population
was influenced by the set-age for lifespan calculation, with life
expectancy gap decreased with increasing set-age.'™*” Our sub-
group analyses also revealed similar findings that life expectancy
estimated at 15/20 years yielded less YPLL than that calculated at
birth. Thus, adoption of the LYL method should be considered in
future studies on bipolar disorder so as to provide more accurate
quantification of reduced life expectancy.

Limitations

Several limitations warrant consideration in interpreting the study
results. First, the current meta-analysis was based on a relatively
limited number of studies (n=13). Notably, life expectancy and
YPLL are much less studied compared with relative risk measures
for mortality (such as SMR) in bipolar disorder. Hence, findings
about life expectancy and YPLL for people with bipolar disorder
should be comprehensively re-evaluated when more studies have
been conducted in this respect. This will also minimise potential
bias in assessing sources of heterogeneity, for instance, by including
a broader representation of geographical regions.

Second, as several studies on life expectancy and most studies on
YPLL in people with bipolar disorder did not report measures of
uncertainty, we extrapolated the pooled s.e. from the fixed-effect
models from these studies to derive 95% Cls of our summary esti-
mates of life expectancy and YPLL. This might, however, comprom-
ise the accuracy of the true variance.

Third, the unavailability of s.e.s or CIs for YPLL in most of the
included studies precluded us from formally quantifying heterogen-
eity and publication bias in our meta-analysis for YPLL.

Fourth, only a small number of studies have examined YPLL for
specific causes of death, thus we were not able to generate pooled
estimates of cause-specific YPLLs.

Fifth, there was significant heterogeneity among studies for life-
expectancy estimates, and it could not be fully accounted for by the
pre-specified study characteristics, thereby indicating the presence
of other unidentified factors. Nonetheless, as data for other poten-
tially relevant variables such as socioeconomic status and depriv-
ation, prescription of psychotropic medications and lifestyle risk
factors were not reported in most included studies, sources of het-
erogeneity could not be further explored in the current meta-ana-
lysis. This also precludes us from clarifying and quantifying the
impact of individual risk factors on excess mortality in people
with bipolar disorder.

Sixth, given that all of the included studies did not differentiate
patient cohorts into disorder subtypes for analysis, potential differ-
ence between people with bipolar I and II disorders in these health
metrics could not be examined.

In conclusion, this meta-analysis indicates that bipolar disorder
is associated with reduced life expectancy, with around 13 years of
life lost relative to the general population. Men with bipolar disorder
have a shorter lifespan than women with the disorder. A comparable
degree of contribution from natural and unnatural deaths to YPLL
for bipolar disorder highlights the importance of developing and
implementing a comprehensive and multipronged interventional
approach, particularly in the early course of illness, to effectively
promote physical health and lower suicide risk, with consequent
reduction of premature mortality.
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