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Supplemental content
IMPORTANCE The 1-year standardized mortality ratio (SMR) of bullous pemphigoid (BP) has
been reported as 2.15 to 7.56 and lower in the US than in Europe.

OBJECTIVE To estimate the worldwide 1-year SMR of BP.

DATA SOURCES PubMed, Embase, Cochrane Library, Google Scholar, Lissa, and gray literature
(eg, medRxiv) were screened for studies of BP published from inception to June 10, 2020,
with review of reference lists.

STUDY SELECTION Retrospective and prospective studies reporting 1-year all-cause mortality
rate in patients with BP and providing age statistics (eg, mean [SD]).

DATA EXTRACTION AND SYNTHESIS Two reviewers independently extracted the data. The
1-year SMR was computed in studies reporting 1-year mortality by combining information on
age obtained from studies with aggregate data and individual data. Risk of representativity,
misclassification, and attrition bias were assessed by a custom tool.

MAIN OUTCOMES AND MEASURES The primary end point was the worldwide 1-year SMR.
Secondary analysis included comparison of 1-year SMRs between continents in a
meta-regression.

RESULTS Three studies were performed in the US (n = 260), 1in South America (n = 45), 16 in
Asia (n =1903), and 36 in Europe (n = 10 132) for a total of 56 unique studies and 12 340
unique patients included in the meta-analysis (mean [SD] age, 77.3 [12.7] years; 55.9%
women). The mean (SD) patient age in the United States was 75.6 (13.7) years; in Asia, 73.8
(13.6) years; and in Europe, 78.1 (12.3) years. The worldwide 1-year SMR was estimated at 2.93
(95% Cl, 2.59-3.28; I? = 85.6%) for all 56 studies. The 1-year SMR in the US was 2.40 (95% Cl,
0.89-3.90; I? = 86.3%) for 3 studies; in Asia, 3.53 (95% Cl, 2.85-4.20; I*> = 86.3%) for 16
studies; and in Europe, 2.77 (95% Cl, 2.35-3.19; I = 86.3%) for 36 studies. After adjustment
on the expected 1-year mortality rate, the European 1-year SMR did not differ significantly
from the 1-year SMR in the United States (-0.48 vs Europe; 95% Cl, -2.09 to 1.14; P = .56)
and Asia (0.51 vs Europe; 95% Cl, -0.56 to 1.58; P = .35). Risk of attrition bias was high (>10%
censorship) in 16 studies (28.6%), low in 16 (28.6%), and unclear in 24 (42.9%). Only 4
studies (71%) had a sampling method guaranteeing the representativity of BP cases in a
population.

CONCLUSIONS AND RELEVANCE Although heterogeneity was high and overall quality of
follow-up was poor, this meta-analysis confirms the high mortality rate among patients with BP.
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ullous pemphigoid (BP) is the most common autoim-

mune subepidermal blistering disease of the skin, which

mainly affects elderly patients with frequent neuro-
logical comorbidities.! Bullous pemphigoid is associated with
significant morbidity and an increased death rate that seems
to differ throughout the world. In Europe, the 1-year death rate
ranged from O to 52%,%> whereas it ranged from 11% to 23%
in the US*® and from O to 42% in Asia.®”

Some authors prefer to compute a standardized mortal-
ity ratio (SMR) to assess the extent to which the mortality of
patients with BP is higher than the mortality due to diseases
that come with old age in this population. The all-cause SMR
of BPis the ratio between the observed all-cause mortality rate
in patients with BP and the expected all-cause mortality rate
in the general population with the same age and sex distribu-
tion as patients with BP. The SMR can be interpreted as a rela-
tive risk of death during a given period (eg, 1 year) compared
with the general population. An SMR of greater than 1.00
means that there is an increased mortality rate relative to the
general population, due to the disease (ie, BP), its treatments,
or comorbidities. Major differences in the all-cause SMR of pa-
tients with BP have been reported from study to study and
country to country, ranging from 2.15 to 7.56%° for 1-year SMR
and from less than 1.00 to 6.60 for global SMR.*1©

Older age, low Karnofsky score, hypoalbuminemia, high
dose of oral corticosteroids, and neurological comorbidities (de-
mentia, Parkinson disease, and stroke) have been reported to
be associated with mortality in European series,'* whereas
the absence of hospitalization of patients with BP in the US has
been suggested to explain the lower death rate of patients with
BPin 1 US study.” To disentangle the discrepancies in the all-
cause mortality of patients with BP among the different stud-
ies throughout the world, we performed a meta-analysis com-
bining individual patient and aggregate data to estimate the
all-cause 1-year SMR of patients with newly diagnosed BP (pri-
mary analysis), assess its heterogeneity, and compare it be-
tween continents.

Methods

This systematic review and meta-analysis was registered on
PROSPERO.! We followed the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE)!®> and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) reporting guidelines.'® Ethics committee approval
was not required for this meta-analysis of published data.

Eligibility Criteria

Inclusion criteria were either prospective or retrospective stud-
iesincluding patients with BP, for which the 1-year overall death
rate could be extracted, and age distribution information of pa-
tients with BP was provided with at least 1 position statistic (eg,
mean or median) or frequency by age class (eg, 20-40 years,
40-60 years, etc). Exclusion criteria were (1) massive inclusion
(=50%) of prevalent cases; (2) inclusion of specific BP popula-
tions that may have a different prognosis (eg, cancer, refrac-
tory BP); (3) inclusion of patients with other pemphigoid with-
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Key Points

Question Is bullous pemphigoid (BP) associated with increased
mortality relative to the general population?

Findings This meta-analysis combining individual and aggregate
data from 56 unique studies of 12 340 unique patients found that
patients with BP had a 2.93-fold increased 1-year mortality rate
compared with the general population. Mortality was associated
with BP itself, adverse effects of treatment, and/or patients’
comorbidities, with infections as the main cause of death.

Meaning These findings may help clinicians in the management of
BP and suggest avoiding aggressive treatments.

out possibility of isolating patients with BP; (4) reports of only
cause-specific mortality; (5) case reports; and (6) systematic re-
views. There was no exclusion based on methodology quality,
diagnosis method, or number of patients.

Information Sources and Literature Search

We performed a comprehensive systematic search in 15 dif-
ferent languages using PubMed, Embase, Cochrane Library
(Cochrane Central Register of Controlled Trials and Cochrane
Database of Systematic Reviews), Google Scholar, Lissa, and
gray literature (http://www.theses.fr and medRxiv) to screen
studies published from inception to June 10, 2020 (first search
in January 2020; updated in June 2020). The main search terms
were pemphigoid AND mortality, death, lethality, survival, or
prognosis, as described in eTable 1 in the Supplement. All
prospective and retrospective studies were included with no
language restriction, and the reference lists in relevant review
articles were scanned manually as well. Two authors of this
study (B.T. and A.G.) screened all eligible articles based on the
title, abstract, and full text, with disagreements identified by
software and solved by consensus (data screening in the
eMethods in the Supplement).

Data Extraction

Data extraction (eMethods in the Supplement) was con-
ducted independently by 2 authors (B.T. and A.G.), with dis-
agreements solved by consensus. The general characteristics
of the studies were recorded: inclusion period, study area, and
whether the follow-up of vital status was obtained passively
(from medical records), actively (telephone calls or email to
patients or family physician), or exhaustively (consultation of
death registry). In addition, the mode of patient’s inclusion
(incident only or prevalent and incident), total number of pa-
tients, and sex ratio when available were recorded. The fol-
lowing statistics about age distribution were retrieved if avail-
able: mean, SD, minimum, maximum, median, quartiles, and
frequency by age class (eg, 18-60 years, 60-79 years, etc). Sex-
specific statistics were retrieved if available. The distribution
of inclusion dates (eg, by 2-year periods) was recorded when
available.

If possible, the Kaplan-Meier method was used for the
estimation of the 1-year death rate (with graphical extraction
from figures and pooling subgroups, if needed). Otherwise, the
number of deaths, survivors, and censorships at 1 year were
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recorded and the death rate was computed with a modified
Kaplan-Meier estimator, assuming a uniform distribution of
censorships (computation of SMRs in the eMethods in the
Supplement).

Frequencies of each cause of death were extracted, count-
ing either causes of deaths of all patients dying during the first
year after BP diagnosis or causes of deaths of patients dying
atany follow-up time that could be longer or shorter than 1 year
or both. Causes of death were not extracted if they were only
reported in a subgroup, such as treatment-related deaths.

Individual patient data were searched for 12 studies*>1%:17-2>
ina previous meta-analysis.?® The authors, contacted by email,
returned deidentified individual data regarding birthdate,
sex, date of diagnosis, date of death, and optionally cause of
death. In addition, published data of 4 studies containing de-
tailed individual data tables were considered as individual
data studies.??”2° Risk of bias was assessed using a 3-dimen-
sional custom tool created for this meta-analysis, remotely
based on Newcastle-Ottawa Scale,*° but adapted to noncom-
parative studies, to assess representativity, misclassification,
and attrition bias (eMethods in the Supplement).

Statistical Analysis

Computation of SMRs for Each Study

The SMRs have been computed as the rate between the crude
1-year death rate and the expected death rate for a general
population of the same country, period, and age pyramid. For
individual data studies, the exact age pyramid was available.
For aggregate data studies, an approximate age pyramid was
estimated by distortion of all individual-data studies pooled
together until it fit the aggregate statistics. A nonlinear spline-
based model fitted on the individual patient data was used to
describe the association of the sex-ratio with age (eMethods
in the Supplement). In aggregate data studies, the age-sex dis-
tribution was derived from this nonlinear model and from the
global sex-ratio of the study. The United Nations mortality table
of each nation was retrieved in October 2019 from the esti-
mates and standard projection variants data sets.? The 5-year
precise age-, sex-, and period-specific death rates were inter-
polated to get 1-year precision assuming a local Gompertz dis-
tribution (eMethods in the Supplement).3? With the 1-year
death rate, joint age-sex distribution, distribution of inclu-
sions and country of inclusions, the SMR was computed
(eMethods in the Supplement).

Estimation and Comparison of Pooled SMRs

The worldwide SMR (primary analysis) was pooled in a ran-
dom-effects linear model without transformation. Continent-
specific death rates and SMRs (secondary preplanned analy-
ses) were estimated in single mixed-effects meta-regression
DerSimonian-Laird linear models. A comparison of SMRs be-
tween continents was performed in a meta-regression with lin-
ear adjustment on the expected 1-year death rate of the study
(denominator of the SMR, quantitative variable). For sub-
group analyses (eg, by age class), the variance-stabilizing square
root transformation was applied to the random-effects model,
to adapt to small samples with a strong covariance between
variance and the proportion (post hoc decision).>?
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Figure 1. Flowchart According to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
for the Systematic Literature Search

60 Additional records identified
through other sources including:

1970 Records identified through
database searching

585 PubMed 29 References
722 Embase 27 Theses

158 Cochrane 4 Other citations
72 Lissa

433 Google Scholar
(15 languages)

‘ 1488 Records after duplicates removed ‘

!

‘ 1488 Records screened ‘

1411 Records excluded
925 Title
—> 262 Abstract
222 Full text
2 Unavailable

77 Full-text articles assessed for eligibility

21 Full-text articles excluded
16 Duplicate cohort
F’ 1 Specific population
4 Insufficient reporting
of mortality data

!

56 Studies included in qualitative synthesis

I

56 Studies included in quantitative synthesis
(meta-analysis)
12340 Patients

Estimation and Comparisons of Crude Death Rates

and Directly Standardized Rates

The worldwide crude 1-year death rate was pooled (post hoc
analysis) in a random-effects linear model, without trans-
formation. The eMethods in the Supplement provides
details of the post hoc multivariate analyses of factors asso-
ciated with death rates. Death rates directly standardized on
the pooled age-sex distribution of individual data studies
were computed in each individual data study (eMethods in
the Supplement).

Long-term Mortality and Causes of Deaths

Long-term mortality was assessed by the crude (unadjusted)
annualized death rates by period (1-2 years, 2-3 years, and 3-5
years) after the inclusion (post hoc analysis) (eMethods in the
Supplement). Causes of death were grouped (eg, pneumopa-
thy into infectious diseases) and described by proportions
(eMethods in the Supplement).

Sensitivity Analyses and Analysis of Publication Bias

Because we noticed that 2 studies with passive follow-up had
very low SMRs,>* significantly below 1.00, we performed a post
hoc sensitivity analysis excluding these 2 studies with the same
model as the primary analysis. We assessed the publication bias
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by a funnel plot by a graphical interpretation. No multiple test-
ing procedures were used. All analyses were performed in R
statistical software, version 3.6 (R Foundation for Statistical
Computing). All tests were 2-sided Wald tests at the 5%
significance level.

|
Results

Study Selection and Characteristics

The search strategy led to a total of 1488 unique citations eli-
gible after title and abstract screening. After screening, 77 full-
text articles were read, and 56 were included in the analysis
(Figure 1). Among the 56 unique articles?12:17-25:27-29.34-66
(12340 unique patients), individual patient data were avail-
able for 16 studies (n = 2122).2%:>10:17-25.27-29 Characteristics of
included studies, published from 1978 to April 2020, are sum-
marized in Table 1.

The meta-analysis included 36 studies (Figure 2)
performed in Europe (n = 10132), including 14 in France
(n = 1733),210:18:27-29,37-44 5 the UK (n = 2922),'>>>43in Swe-
den (n = 381),*7-*° and 1in Denmark (n = 3281).3° A total of 16
studies (n = 1903) were performed in Asia,®7-2225:56-65 includ-
ing Turkey, Iran, Kuwait, Israel, Taiwan, China, Hong Kong, Sin-
gapore, Japan, Thailand, and South Korea. Four studies were
included from North and South America: 3 performed in the
US (n = 260)*>2'and 1in Chile (n = 45).°° The estimated mean
(SD) ages, after pooling studies, were 75.6 (13.7) years in the
US, 73.8 (13.6) years in Asia, and 78.1 (12.3) years in Europe.
Women represented 55.9% and men represented 44.1% of the
12340 patients (mean [SD] age, 77.3 [12.7] years).

Estimation and Comparison of Pooled SMRs

The worldwide 1-year SMR (Figure 3) was estimated at 2.93
(95% CI, 2.59-3.28; I? = 85.6%; 56 studies). The tvalue was es-
timated at 1.13, interpreted as the between-study SD of the true
SMR. Therefore, the typical difference of SMR between 2 stud-
ies was estimated at 1.13, such as would be found for one study
with an SMR at 2.00 and another with an SMR at 3.13. The co-
efficient of variation of the true SMR from study to study was
estimated at1.13/2.93 = 38.5%. The SMR was estimated at 2.77
(95% CI, 2.35-3.19; 36 studies) in Europe, 2.40 (95% CI, 0.89-
3.90; 3 studies) in the US, 3.53 (95% CI, 2.85-4.20; 16 studies)
in Asia, and 2.03 (95% CI, 0.33-3.74; 1 study) in Chile, with a
pooled residual heterogeneity I? = 86.2%. After adjustment
with the expected 1-year death rate in the study (multivariate
meta-regression), the difference between SMR for the US com-
pared with Europe was estimated at —0.48 (95% CI, -2.09 to
1.14; P = .56); between Asia and Europe, 0.51 (95% CI, -0.56
to 1.58; P = .35).

Estimation and Comparison of Crude Death Rates

The crude 1-year death rate from the 56 studies (eFigure 1in
the Supplement) ranged from O to 52.4%.%>° The worldwide
crude 1-year death rate (primary analysis) was estimated at
22.0% (95% CI, 19.4%-24.6%; I* = 89.5%; 56 studies). In Eu-
rope, the crude 1-year death rate was estimated at 23.1% (95%
CI, 19.9%-26.4%; 36 studies); in the US, 17.7% (95% CI, 6.5%-
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28.9%; 3 studies); in Asia, 20.8% (95% CI, 16.0%-25.6%; 16
studies); and in Chile, 11.1% (95% CI, 1.8%-20.4%; 1 study).
Pooled residual heterogeneity was I? = 89.2%. Other post hoc
meta-regression models are described in the eResults in the
Supplement.

Individual Data Analysis

Sixteen studies®*>19:17-25.2729 had individual data available that
were analyzed. Of these studies, 9 were conducted in Europe
(n = 1103),%10:17-20:27-29 3 jn the US (n = 260),*>2'and 4 in Asia
(n = 759).22-2> Of the 9 studies in Europe, 6 (n = 702) were con-
ducted in France.?19:18:27-29 The mean (SD) age of all indi-
vidual data studies pooled together was 76.7 (12.7) (me-
dian, 78.7 [range, 18.9-104.3]) years, with a male-to-female sex
ratio of 0.814. The precise age and sex distribution are shown
in eFigure 2 in the Supplement. The worldwide 1-year random-
effects SMR estimated from these 16 studies was 3.02 (95%
CI, 2.37-3.75, I? = 86.0%). The SMRs in age subgroups are de-
scribed in Table 2. The random-effects SMR was not signifi-
cantly different (P = .78) between men (SMR, 3.00; 95% CI,
2.35-3.73; I? = 70.2%; 16 studies) and women (SMR, 3.17; 95%
CI, 2.34-4.12; I? = 82.7%; 16 studies). Directly standardized
death rates are described in eFigure 3 and the eResults in the
Supplement.

Long-term Mortality

All-cause mortality beyond 1 year, assessed in large
studies?>-36:46:53:57 (=200 patients) with follow-up of at least 3
years and exhaustive mortality reporting, is reported in eTable 2
in the Supplement. The death rates were always higher in the
first year (20% to 27%) than in subsequent years (9% to 16%).

Causes of Death

Atotal of 690 deaths had their causes reported (eResults in the
Supplement). The main causes of death (eTable 3 in the Supple-
ment) were infectious diseases (44.4% at 1 year and 46.1% at
any follow-up time) and cardiovascular diseases (33.2% at 1 year
and 33.9% at any follow-up time).

Sensitivity Analyses and Risk of Bias

After exclusion of the 2 studies®® that had an SMR signifi-
cantly less than 1.00, suggesting a high risk of underestima-
tion of the true death rate, the worldwide 1-year SMR was es-
timated at 3.04 (95% CI, 2.75-3.34; IZ = 78.1%; 54 studies). There
was no evidence of publication bias according to the funnel
plot (eFigure 4 in the Supplement). Risk of attrition bias was
high (>10% censorship) in 16 studies (28.6%), low in 16 (28.6%)
and unclearin 24 (42.9%). The risk of representativity was low
in 4 studies (7.1%); risk of misclassification, 48 studies (85.7%);
and risk of attrition bias, 16 studies (28.6%) (eFigure 5 and
eResults in the Supplement).

|
Discussion

This systematic review and meta-analysis is based on aggre-
gate and individual patient data from 56 studies of patients with
BP involving 12 340 patients from throughout the world,
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Table 1. Characteristics of the Included Studies

Diagnostic Censorship Incident No. of patients  Estimated age, Age distribution
Source Country Period method atly, % only Follow-up (No. female) mean (SD), y data
Bastosetal,’” 2019 72 2015-2018  Unknown 8.0 Yes Passive 187 (112) 81.5(8.6) Individual data
Monshi et al,3* 2020  Austria 2001-2012 IF 8.0 Yes Passive 100 (56) 79.7 (9.7) Position, dispersion
Sticherling et al,>* Austria, 2001-2005 IF 18.5 No Active 54 (39) 77.0(13.7) Position, dispersion
2017 Germany
gié)ls?aard etal,® Denmark  1977-2015  COD 0.0 Yes Exhaustive 3281 (1834) 76.5(12.6) Histogram
Forsti et al,® 2016 Finland 1985-2012 IF 0.0 Yes Exhaustive 198 (102) 77.5(10.4) Position, dispersion
Bernard etal,?” 1986 France 1973-1982 IF Unknown  Yes Passive 57 (31) 75.4(10.7) Position, range
De Rocco,? 1986 France 1975-1984 IF 5.8 Yes Active 103 (57) 75.5(9.2) Individual data
Iljg\é%ndeville etal,?® France 1978-1988 IF 26.7 No Active 30(14) 81.0(6.5) Individual data
Michel et al,>® 1999  France 1981-1995 IF >19.4 Yes Passive 62 (33) 77.0(10.0) Position, range
Taieb et al,?” 1986 France 1982-1984 IF 0.0 Yes Active 10 (4) 74.1(7.8) Individual data
Roujeau et al,>® 1998 France 1985-1992 IF 3.7 Yes Active 217 (120) 79.0(11.0) Position, dispersion
Depaire,?® 1995 France 1993-1995 IF 20.0 No Active 20(14) 80.5(13.7) Individual data
Joly et al,*® 2002 France 1996-1998 IF 38.1 Yes Active 341 (214) 81.4(9.6) Individual data
ggelvGalier etal,*° France 1997-2011 IF Unknown  Yes Passive 178 (122) 79.5(11.8) Position, dispersion
Jolyetal,'©2012 France 2001-2004 IF 35.9 Yes Passive 198 (121) 82.3(9.7) Individual data
glgslpéoulous etal,* France 2004-2017  Unknown Unknown  Yes Unknown 329 (187) 83.3(8.7) Position
Cordeletal,*22009  France 2006-2009 IF Unknown  Yes Active 26 (17) 86.3(8.5) Position, dispersion
g?ﬁt;grit etal,*? France 2010-2015 IF Unknown  Yes Passive 67 (46) 82.0(8.4) Position, dispersion
Clapé et al,** 2020 France 2013-2017 Unknown 8.4 Yes Active 95 (60) 81.8(9.4) Position, dispersion
Rzany et al,** 2002 Germany  1987-1997 IF <8.1 Yes Active 369 (199) 77.8(11.1) Position, dispersion
Kyriakis etal,> 1999  Greece 1987-1988 IF Unknown No Unknown 27 (13) 74.8 (10.6) Position, dispersion
Serwin etal,*> 2014  Poland 1999-2012 IF <41.0 Yes Passive 122 (70) 74.2 (12.1) Position, dispersion
Kalinska-Bienias Poland 2000-2013 IF 0.0 Yes Exhaustive 205 (131) 76.2 (11.8) Histogram
etal,*¢2017
Gualetal,'®2014 Spain 1989-2010 IF 10.9 Yes Passive 101 (49) 77.7 (11.5) Individual data
gggc;a-Doval etal,®  Spain 1998-2003 IF 15.4 Yes Active 26 76.5(11.3) Position, range
Iilgggom etal,*’ Sweden 1996-1997 IF 0.0 Yes Active 11(7) 80.3(8.2) Position, range
gj;élénan etal,*® Sweden 1999-2003 IF Unknown  Yes Passive 138(79) 81.0(10.6) Position, range
Fisch et al,*° 2018 Sweden 2006-2015  Unknown Unknown  Yes Unknown 232(122) 84.6 (6.7) Position, dispersion
Cortésetal,®®2012  Switzerland 1990-2003 IF Unknown  Yes Active 60 (34) 79.5(11.6) Position, dispersion
Cortésetal,®®2011  Switzerland 2001-2002 IF 20.0 Yes Passive 113 (66) 78.1(12.4) Individual data
Burtonetal,®* 1978 UK 1973-1973 IF Unknown  Yes Active 25 (16) 74.8 (14.0) Position
Venning and UK 1975-1988 IF 15.9 Yes Passive 82 (44) 73.9(11.0) Position, range
Wojnarowska,?
1992
Gudi et al,®? 2005 UK 1991-2001 IF Unknown  Yes Passive 83 (50) 79.2 (12.8) Histogram
Perssonetal,® 2020 UK 1998-2017  COD 0.0 Yes Exhaustive 2658 (1497) 77.9 (13.9) Histogram
Angit et al,>4 2011 UK 2006-2007 IF 23.0 Yes Passive 74 (39) 79.7 (9.4) Position, range
Chalmers et al,>® UK and 2009-2013 IF 23.3 No Active 253(120) 77.7 (9.7) Position, dispersion
2017 Germany
Brick etal,! 2014 us 1963-2009 IF 4.9 Yes Passive 82 (46) 77.7 (12.0) Individual data
Colbertetal,”2004  US 1997-2002 IF 18.4 Yes Passive 32(15) 77.0(12.2) Individual data
Parker et al,* 2008 us 1998-2003 IF 0.0 Yes Exhaustive 146 (89) 74.2 (14.6) Individual data
Lietal,?22013 China 1991-2011 IF Unknown  Yes Active 140 (58) 64.7 (13.5) Individual data
Zhang et al,?> 2013 China 2005-2010 IF 23.4 Yes Passive 94 (41) 71.1(12.7) Individual data
Chang,” 2013 :Zlong 2002-2011 IF Unknown  Yes Unknown 121 79.9(9.9) Position
ong
g/lggtari etal,®® Iran 2008-2016 IF 36.2 Yes Passive 69 (41) 69.6 (13.6) Position, dispersion
Kridin et al,®” 2019 Israel 2000-2015 IF 0.0 Yes Exhaustive 287 (168) 77.6(12.1) Position, dispersion
ggzlegnblat etal,® Israel 2009-2016 IF Unknown  Yes Active 87 (40) 79.6 (9.1) Histogram
gggzmori etal,>® Japan 1988-2003  Unknown Unknown  Yes Unknown 26 (15) 73.1(14.3) Position, range
(continued)
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Table 1. Characteristics of the Included Studies (continued)

Diagnostic Censorship Incident No. of patients  Estimated age, Age distribution

Source Country Period method atly, % only Follow-up (No. female) mean (SD), y data
Sasai et al,®® 2015 Japan 2003-2012  Unknown Unknown  Yes Passive 52 (29) 84.3(6.3) Position, range
Lee and Kim,24 2014  South 1993-2013 IF Unknown  Yes Passive 166 (83) 69.9 (14.3) Individual data

Korea
Jeonetal,® 2018 South 2006-2013 IF Unknown  Yes Active 103 (50) 74.4(10.6) Histogram

Korea
Nanda et al,522006  Kuwait 1991-2005 IF 14.0 Yes Passive 43 (36) 65.2(18.8) Histogram
Phoonetal,®32015  Singapore 2002-2011 IF Unknown  Yes Passive 97 (48) 79.0(11.0) Position, dispersion
Caietal,?> 2014 Singapore 2004-2009 IF 0.0 Yes Exhaustive 359 (187) 75.7 (12.6) Individual data
Wei,%4 2018 Taiwan 2012-2017 IF Unknown  Yes Unknown 163 (78) 70.0(12.3) Position, dispersion
Kulthanan et al,®> Thailand ~ 1991-2009 IF Unknown  Yes Passive 58 (42) 69.3(14.7) Position, dispersion
2011
Kizilyel et al,® 2015 Turkey 2003-2013 IF Unknown  Yes Passive 38(23) 62.4(21.0) Position, dispersion
Carvajal Aguilera Chile 2005-2017 IF Unknown  Yes Passive 45 (24) 72.2 (16.6) Position, dispersion

et al,®® 2020

Abbreviations: COD, code from a medical dictionary (eg, International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision); IF, direct
or indirectimmunofluorescence plus standard histologic evaluation.

2 Includes France, the Netherlands, Greece, Bulgaria, Poland, Germany, and
Czech Republic.

Figure 2. Geographic Distribution of Patients With Bullous Pemphigoid at Inclusion in Studies Included in the Meta-analysis

No. of patients .‘ e

including Europe, Asia, the US, and Chile. We found a 2.93-
fold higher risk of all-cause death at 1 year in patients with BP
compared with the general population in the same countries
after adjusting for age and sex in a meta-analysis with a high
heterogeneity (I = 85.6%, T = 1.13). There was no significant
difference between continents.

Kridin et al®” performed a meta-analysis of death rates,
finding a worldwide 1-year death rate similar to ours (23.5%
vs 22.0%). With our combined aggregate-individual data, we
could assess SMRs in all countries and compare SMRs be-
tween continents. Moreover, we analyzed all-cause mortality
beyond 1 year on the most robust studies.

JAMA Dermatology April2021 Volume 157, Number 4

Roujeau et al>® found a high death rate (41% at 1 year). We
confirm the fact that this study has one of the highest death
rates (eFigure 1 in the Supplement) we have seen. Korman®”
hypothesized that the study of Roujeau et al>*® may have a se-
lection bias, favoring the inclusion of severe generalized forms.
Korman also hypothesized that ethnic differences could be the
cause of higher death rates in France; we did not confirm this
latter hypothesis, because most other French studies found
much lower death rates,!8:28:29.38.41-44

We showed a higher all-cause mortality during the first year
of follow-up than thereafter. This finding suggests that the first-
year mortality may be due to BP itself and adverse effects of
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Figure 3. Forest Plot of All-Cause 1-Year Standardized Mortality Ratio (SMR)

No. of All-cause 1-y SMR Weight,
Source Country patients  (95% Cl) %
Europe
Bastos et al,17 2019 72 187 1.92 (1.28-2.56) —l— 2.20
Monshi et al,34 2020 Austria 100 3.32(2.10-4.54) — 1.83
Sticherling et al,3% 2017 Austria and Germany 54 0.90 (0.02-1.78) —— 2.06
Kibsgaard et al,36 2017 Denmark 3281 3.51(3.22-3.80) E 3 2.34
Forsti et al,? 2016 Finland 198 2.15(1.47-2.83) —— 2.18
Bernard et al,37 1986 France 57 5.20 (3.43-6.98) —. 1.45
De Rocco,2 1986 France 103 7.37 (5.95-8.78) —— 1.69
Taieb et al,27 1986 France 10 5.17 (0.51-9.83) 0.44
Devendeville et al,28 1990 France 30 2.19(0.61-3.78) » 1.57
Depaire,2% 1995 France 20 0.99 (0.00-2.35) — 1.73
Roujeau et al,39 1998 France 217 4.43 (3.64-5.22) —— 2.12
Michel et al,38 1999 France 62 1.90 (0.62-3.18) u 1.78
Joly et al, 18 2002 France 341 3.24(2.70-3.78) —l— 2.25
Cordel et al,#2 2009 France 26 1.27 (0.13-2.41) —a— 1.88
Joly et al, 102012 France 198 3.62(2.84-4.41) +—— 2.12
Chevalier et al,40 2016 France 178 4.58 (3.54-5.63) —u— 1.95
Nespoulous et al,#1 2018 France 329 2.98(2.12-3.83) —— 2.08
Cantegrit et al,%3 2019 France 67 3.93 (2.42-5.45) Sl m 1.63
Clapé et al,*4 2020 France 95 3.83(2.52-5.15) ——m— 1.76
Rzany et al,11 2002 Germany 369 3.03 (2.50-3.55) * 2.26
Kyriakis et al,3 1999 Greece 27 0.00 (0.00-0.68) W— E 2.18
Serwin et al,4> 2014 Poland 122 2.86 (1.60-4.12) + 1.80
Kalinska-Bienias et al,46 2017 Poland 205 3.02(2.18-3.85) —u— 2.09
Garcia-Doval et al,8 2005 Spain 26 3.43(1.01-5.85) = 1.08
Gualetal,192014 Spain 101 1.39(0.59-2.20) —— 2.10
Heilborn et al,47 1999 Sweden 11 2.40 (0.00-5.26) 0.89
Kjellman et al,*8 2008 Sweden 138 2.68(1.65-3.70) —— 1.96
Fisch et al, 492018 Sweden 232 2.02 (1.48-2.55) —— 2.25
Cortés et al,20 2011 Switzerland 113 2.44 (1.44-3.43) ——— 1.98
Cortés et al,>0 2012 Switzerland 60 2.77 (1.60-3.93) — = 1.87
Burton et al,>! 1978 UK 25 2.94(1.10-4.78) —_— 1.41
Venning and Wojnarowska,'2 1992 UK 82 2.33(1.13-3.54) 4.—5— 1.84
Gudi et al,52 2005 UK 83 2.80(1.76-3.84) + 1.95
Angit et al,54 2011 UK 74 1.88 (0.74-3.02) —|— 1.88
Persson et al, 3 2020 UK 2658 2.46 (2.02-2.89) - 2.30
Chalmers et al,>> 2017 UK and Germany 253 2.23(1.50-2.97) —I—i 2.15
Total Europe (random effects) 10132 2.77(2.35-3.19) < 67.1
us '
Colbert et al,5 2004 us 32 1.70(0.08-331) —— W—i— 1.55
Parker et al,% 2008 us 146 2.56 (1.58-3.54) + 1.99
Brick et al,2! 2014 us 82 2.83(1.52-4.14) — 177
Total US (random effects) 260 2.40 (0.89-3.90) <<;> 5.31
Asia i
Lietal,222013 China 140 2.96 (1.71-4.21) —m— 1.80
Zhang et al,23 2013 China 94 2.72 (1.57-3.88) + 1.87
Chang,” 2013 Hong Kong 121 6.17 (4.44-7.90) — 1.48
Mokhtari et al,56 2019 Iran 69 4.97 (2.89-7.06) - 1.26
Kridin et al,>” 2019 Israel 287 3.96 (3.14-4.78) —— 2.09
Rozenblat et al,8 2019 Israel 87 3.59 (2.25-4.93) — 1.74
Kanamori et al,>® 2004 Japan 26 3.96 (0.94-6.98) 0.83
Sasai et al,60 2015 Japan 52 4.74 (2.98-6.50) — 1.46
Nanda et al,62 2006 Kuwait 43 3.77 (1.86-5.69) —_—t 1.36
Caietal, 252014 Singapore 359 4.74 (3.92-5.56) —— 2.10
Phoon et al,63 2015 Singapore 97 2.58(1.47-3.70) —m— 1.90
Lee and Kim,24 2014 South Korea 166 3.11(1.87-4.36) —— 1.81
Jeonetal,512018 South Korea 103 3.64(2.13-5.15) — 1.62
Wei,®42018 Taiwan 163 4.88(2.99-6.77) ——— &———— 1.38
Kulthanan et al,65 2011 Thailand 58 2.59(0.44-4.74) = 1.23
Kizilyel et al,® 2015 Turkey 38 0.00(0.00-0.67) W— 2.18
Total Asia (random effects) 1903 3.53(2.85-4.20) <> 26.1
South America
Carvajal Aguilera et al,®¢ 2020 Chile 45 2.03(0.33-3.74) = 1.50
Worldwide (random effects) 12 340 2.93(2.59-3.28) 100
Heterogeneity: x & = 382 (P <.001); I = 85.6%

0 1 2 3 4 5 6 7 8 9 10
All-cause 1-y SMR (95% Cl)

Different sizes of markers indicate different weights. Wide points of diamonds indicate SMR; ends of diamonds, 95% Cl.
2 Includes France, the Netherlands, Greece, Bulgaria, Poland, Germany, and Czech Republic.
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Table 2. All-Cause 1-Year SMR and Absolute Risk Differences of Bullous Pemphigoid by Age®

Age group, y
Variable <60 (n = 210) 60-69 (n =297) 70-79(n=631) 80-89(n=758) >90 (n=226)"
1-y death rate, No.
(%)
Expected 0.9 (0.42) 5.1(1.7) 24.8(3.93) 72.5(9.55) 45.7 (20.22)
Observed 15(7.14) 40 (13.47) 121 (19.18) 224 (29.55) 88(38.94)
ANosallitie ik Abbre\{iatioq: SMR standardized
difference estimate mortality ratio.
(95%C1), % 2 Includes the 16 studies where
Fixed effects 6.7 (3.2-10.2) 11.8(7.9-15.7) 15.2(12.2-18.3) 20.0(16.7-23.2) 18.7(12.4-25.0) individual data are available. Data

Random effects
SMR (95% CI), %
Fixed effects

10.2(6.1-15.2)  13.5(9.7-17.8) 14.1(9.0-20.1)
17.4(9.1-25.8)

25.4(15.2-38.1)

8.0(5.7-10.3)
8.9(6.1-12.1)

4.9(4.1-5.7)

Random effects 4.6 (3.2-6.1)

are estimated in random effects
(planned analysis) and fixed effects
(sensitivity analysis) models.

21.8(13.4-31.4) 18.8(8.6-30.6)

3.1(2.8-3.4)
3.1(2.4-4.0)

1.9 (1.6-2.2)

b )
1.9 (1.4-2.4) Includes 6 patients aged 100 years

orolder.

treatment, whereas some part of the excess mortality beyond
the first year of follow-up may be additionally due to associ-
ated chronic disorders, which are particularly frequent in
patients with BP.”!349:46 Ag expected, infections and cardio-
vascular disorders, which are favored by the older age of
patients with BP and the use of corticosteroids and immuno-
suppressive drugs, were the main cause of death observed in
this meta-analysis.

Asshownin Table 2, the 1-year SMR decreases greatly with
age, although the absolute risk difference at 1 year increases
with age. The very high SMR (>15.00) in younger patients (<60
years) with fewer associated disorders confirms the fact that
BP or its treatment can be deadly. Older patients may either
die of their BP (as demonstrated by the high absolute risk dif-
ference) or of associated disorders, as demonstrated by the high
expected risk of death without BP and lower SMR. Because
SMRs depend on age, they cannot be used to reliably com-
pare the prognosis of BP in different populations with very dif-
ferent average ages. Instead, direct standardization should be
performed.

Strengths and Limitations

Animportant strength of our study was the combination of in-
dividual and aggregate data, allowing inclusion of all studies
reporting basic age statistics and 1-year crude death rate (56
studies), including the ones obtained by graphical extrac-
tion. However, our data were limited because there were few
US studies, only 1 South American study, and no African stud-
ies. Many studies had a poor quality of follow-up, with 1-year
loss to follow-up as high as 38%, and 2 studies had SMRs sig-
nificantly less than 1.00, probably because patients who died
were lost to follow-up.?® Beyond 1 year, mortality data were
too scarce tobereliably included in the meta-analysis. The poor
quality of follow-up may explain another part of the high
heterogeneity we found (I? = 85.6%). Because many patients

ARTICLE INFORMATION
Accepted for Publication: December 10, 2020.

Published Online: March 17, 2021.
doi:10.1001/jamadermatol.2020.5598

Author Affiliations: Department of Dermatology,
Centre Hospitalier Universitaire Rouen, Rouen,
France (Tedbirt, Andrieu, Hébert, Bastos, Joly);

JAMA Dermatology April2021 Volume 157, Number 4

Institut National de la Santé et de la Recherche
Médicale U1234, Centre de Référence des Maladies
Bulleuses Auto-immunes, Normandie University,
Rouen, France (Tedbirt, Andrieu, Hébert, Bastos,
Joly); Department of Biostatistics, Centre
Hospitalier Universitaire Rouen, Normandie
University, Rouen, France (Gillibert); Department of
Dermatology, University Hospitals Cleveland
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Conclusions

This meta-analysis found that patients with BP had a major in-
crease in therisk of all-cause death in all continents, with a non-
significant difference between continents. However, the low
number of US studies cannot allow us to conclude that there
is no difference.
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