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Population-based incidence

of all-cause anaphylaxis and its
development over time: a
systematic review and
meta-analysis

Vanessa Puhringer’, Bernd Jilma'™ and Harald Herkner?

'Department of Clinical Pharmacology, Medical University of Vienna, Vienna, Austria, 2Department of
Emergency Medicine, Medical University of Vienna, Vienna, Austria

Introduction: It is extremely difficult to compare studies investigating the
frequency of anaphylaxis making it challenging to satisfactorily assess the
worldwide incidence rate. Using a systematic review and meta-analysis, this
publication aims to determine the current incidence of all-cause anaphylaxis
worldwide. Additionally, we investigated whether the incidence of anaphylaxis
has changed over time and which factors influence the rates determined by
individual studies.

Methods: A literature search was performed in four databases. All articles that
reported relevant information on population-based incidence rates of all-cause
anaphylaxis were included. The protocol was published on INPLASY, the
International Platform of Registered Systematic Review and Meta-analysis
Protocols.

Results: The database query and screening process resulted in 46 eligible articles
on anaphylaxis. The current incidence worldwide was found to be approximately
46 cases per 100,000 population per year (95% CI 21-103). Evaluating
confounding factors showed that studies wusing allergy clinics and
hospitalizations as data source result in comparably low rates. Moreover,
children are less prone to develop anaphylaxis compared to the general
population. Using a random effects Poisson model we calculated a yearly
increase of anaphylaxis incidence by 7.4% (95% CI 7.3-7.6, p <0.05).

Discussion: This seems to be the first approach to analyze every reported all-
cause anaphylaxis incidence rate until 2017 for an at most accurate
determination of its epidemiology. Based on these results, future research could
investigate the underlying causes for the rising incidence in order find ways to
decrease the condition’s frequency.

Systematic Review Registration: , identifier [INPLASY202330047].
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EBSCO CINAHL, Elton B. Stephens company cumulative index to nursing and allied health literature; ED,
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NIAID-FAAN, national institute of allergy and infectious diseases and the food allergy and anaphylaxis
network; PRISMA, preferred reporting items for systematic reviews and meta-analyses; WAO, world allergy
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first described
approximately 100 years ago (1), can be summarized as an acute,

Anaphylaxis, a condition which was
systemic and very severe type of allergic reaction. Similarly to
other allergic reactions, anaphylaxis most frequently works
through an IgE (immunoglobulin E) -mediated immunologic
mechanism. After binding of the allergen to the allergen-specific
IgE receptor (FceRI) complex, IgE triggers the release of
inflammatory mediators (e.g., histamine, tryptase) and cytokines
from mast cells and basophils. This leads to immunologic
reactions such as vasodilation and increased vascular
permeability (2-4). Non-IgE mediated anaphylaxis can be
immunologic or non-immunologic (earlier referred to as
anaphylactoid reactions) and present the same way as IgE-
mediated anaphylaxis. According to the criteria defined by the
NIAID/FAAN (National Institute of Allergy and Infectious
Disease and the Food Allergy and Anaphylaxis Network)
Symposium, the clinical picture of anaphylaxis varies
significantly. It may involve a combination of cutaneous,
respiratory, cardiovascular and gastrointestinal symptoms, as well
as organ dysfunction and hypotension (2, 3, 5).

There is no universally accepted definition of anaphylaxis (2, 6—
). This makes it difficult to compare the results of studies and
determine the worldwide population-based incidence rate (10-12).
Other factors could also influence the calculated incidence rate
(13-

or retrospective, patient hospitalization vs.

). These include the study design applied [e.g., prospective
ED (emergency
department) attendance] and the analyzed area. Some researchers
related ICD
Classification of Diseases) codes from national databases without

retrieve cases with anaphylaxis (International

further review of patient records (16-18). Others apply published
diagnostic criteria for anaphylaxis ( ), eg, the definition
established by the NIAID/FAAN Symposium (2).

A considerable number of publications claim that the incidence
). Other articles,
however, state that the incidence relative to the included number of
). Turner et al.
(28) found a steady increase in hospital admissions due to

of anaphylaxis is increasing over time (10, 11,

inhabitants is constant (26) or even decreasing (
anaphylaxis from 1992 to 2008 but a rather constant incidence
rate from 2008 to 2012. Anderson et al. (29) reported an
increasing anaphylaxis incidence in patients aged below 20 but a
constant incidence rate for all patients aged 20 years and older.
Knowing the incidence of anaphylaxis allows a better analysis
of trends over time. This can be used to monitor the impact of
changes introduced in anaphylaxis guidelines, of new diagnostic
possibilities or hospital admission regulations (30). Anaphylaxis
can be caused by various allergens, including food products,
drugs, insect venoms, exercise or latex. Sometimes these reactions
are caused by multiple factors, or the responsible proteins remain
unidentified (31,
mechanisms of anaphylaxis is given in the World Allergy
Organization (WAO) Guidance 2020 (5). Anaphylaxis is also
frequently found in patients with hereditary alpha tryptasemia

). An overview on the triggers and related

and/or clonal mast cell disorders (33, 34), which can lead to

particularly severe, recurrent or protracted anaphylaxis (35, 36).
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This article investigates the incidence of all-cause anaphylaxis.
With the help of the PRISMA (Preferred Reporting Items for
), this
systematic review and meta-analysis aims to determine the

Systematic reviews and Meta-Analyses) guideline (

current population-based incidence rates of

worldwide and per continent. Additionally, it evaluates whether

anaphylaxis

the incidence has increased during the past decades. By analyzing
confounding factors, potential underlying reasons for the wide
range of reported incidence rates are sought to be identified.

The protocol for this systematic review and meta-analysis was
registered and published on the International Platform of
Registered Systematic Review and Meta-analysis Protocols
( ) with  the  registration = number
INPLASY202330047. The manuscript was prepared following the

PRISMA Statement (37).

2.1. Data sources

A systematic query combining anaphylaxis and epidemiology
related terms was performed with four electronic databases, i.e.,
MEDLINE (RRID:SCR_002185, by OVID), EBSCO CINAHL
[(Cumulative Index to Nursing and Allied Health Literature),
RRID:SCR_022707, by EBSCOhost], Web of Science (RRID:
SCR_022706) Core Collection (by Clarivate Analytics) and LILACS
(Latin American and Caribbean Health Science Information).

2.2. Search strategy

The search strategies applied in each of these databases are
shown in the of this article
( -54). The search strategy was designed
for MEDLINE based on a publication by Panesar et al. (38). It
was then adapted for use in the three other databases. As the
aim was to assess the development of incidence over time, no

limitation on the year of publication was set.

2.3. Screening methodology

The publications resulting from the database queries were
imported into the Reference Manager program (version 11).
Automatic and manual duplicate checks were performed to
eliminate publications retrieved from multiple databases. The
resulting publications were screened based on the criteria below.
The flow diagram illustrating the search and screening process is
shown in .

Some publications were already excluded based on the title or
on the publication type indicated on the NCBI (National Center for
Biotechnology Information, RRID:SCR_006472) website (

). Other publications were excluded after
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g Mediine: 483 | | CINAHL: 157 | | Web of Science: 1,190 | |LiLACS: 47|
s
S | Total titles: 1,877 |
=]
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o [ Duplicates: 226 )-l
©
=
| Original references: 1,651 1
o Excluded during title screen: 247
£ Review: 160
= Case report / study / series: 30
8 Irrelevant topic / no relevant information : 28
- Practice guideline: 14
@ Non-research letter: 6 1
Study protocol: 3
Editorial: 2
Position article: 2
Meeting report: 1
Other language: 1
Abstracts screened: 1,404
Excluded during abstract screen: 509
Irrelevant topic / no relevant information: 365
Review: 52
Case report / study / series: 45
Total number of exposures < 100: 34
Anaphylactoid reaction only: 8
Practice guideline: 2
Meeting report: 1
Position article: 1
Study protocol: 1
z Full text review for eligibility: 895
2 Excluded during full text review: 849
=) Irrelevant topic / no relevant information: 604
E Exposure based: 130
Review: 31
Anaphylactoid reaction only: 26
Cause specific: 16
Case report / study / series: 11
Non-research letter: 10
Anaphylaxis death only: 6
Duplicate information: 5
Practice guideline: 4
Meeting report: 2
© Position article: 2
9 Study protocol: 2
=
o | ilncluded in analysis: 46
-
FIGURE 1
Flow diagram illustrating the database search process and the subsequent article screen. CINAHL: Cumulative Index to Nursing and Allied Health
Literature; LILACS: Latin American and Caribbean Health Science Information Database.

reading the abstract and for others reading the full text was
essential. Due to the large amount of articles that were retrieved
from the databases, the screening was performed by one person
and a subsequent quality check by spot samples. For all instances
during the screening procedure: In case a specific level of
screening did not give enough information to allow evaluation of
eligibility, the publication was taken to the next level in order to
prevent risk of selection bias. All articles that did not meet any
of the exclusion criteria and that included relevant information
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on population-based incidence rates of all-cause anaphylaxis were
included in this analysis.

2.4. Eligibility criteria and study selection
In general, the following study designs were included: cohort

studies, cross-sectional studies, case control studies, randomized
controlled trials and pharmacovigilance studies. Reviews,

frontiersin.org
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discussions, non-research letters, editorials, practice guidelines,
study protocols, position articles, meeting reports, case reports,
case studies, case series and animal studies were, on the other
hand, excluded. This concept is similar to the one published by
Panesar et al. (38). Whilst some of these study designs were
already included or excluded via the search parameters in the
mentioned databases, an additional selection process was
necessary during the article screen.

For this analysis, only all-cause population-based incidence
rates of anaphylaxis were included—i.e., publications where the
stated  the

publications which reported on non-IgE-mediated reactions or

authors reactions were anaphylactic. Hence,
‘anaphylactoid reactions’ were excluded. The same is true for
results on prevalence or exposure based frequencies, as well as
for publications reporting on cause specific incidence rates or
solely on anaphylaxis caused death.

In cases where research was performed on a population of a
specific age range, the publication was included if the size of the
respective reference population was available or if the incidence
rate was readily provided in the article. These publications are
. Articles

for which the size of the reference population was not known

indicated via footnotes under

could not be included. As far as language is concerned, articles
written in English or German were included.

2.5. Risk of bias assessment

For all publications included in the analysis, a risk of bias
assessment was undertaken by using a set of ten questions.
Those involved both internal and external validity plus a
summary rating (39). The analysis was performed by two
independent reviewers. Disagreement was resolved by discussion.

2.6. Data extraction

The following variables were extracted for the incorporated
publications: period of analysis, country of analysis, size of
reference population, data source, anaphylaxis definition, incidence
per 100,000 population per year and, if applicable, population age
range. These data are outlined in , 57.In
many articles the incidence rate of anaphylaxis per se was not
stated. In this case the rate was calculated using the data available.
If necessary, population sizes of each year studied were looked up
on given websites, and the resulting average number of
inhabitants was used for the incidence rate calculation.

2.7. Meta-analysis

This study calculated the current population-based incidence
rate of all-cause anaphylaxis worldwide, analyzed its development
over time, and compared the incidence rates between the
investigated continents. Moreover, key characteristics of included

articles (i.e, data source or population age range) were
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investigated as confounding factors. Poisson regression was used
to model incidence rates. To allow for within and between study
variability we used random effects models. Average event rates
across all studies were calculated using a plain random effects
Poisson model. Potential predictors of event rates were used as
covariates in these models. For predictors on a continuous scale
we modelled these on the original scale as well as indicator
variables. The likelihood ratio test was used to test deviations
from linearity. A bubble plot of the association between years
and event-rate was generated, weighted for the inverse variance
of the individual studies’ estimates. If the rate published in an
article was not specific to one year but concerned a period, the
middle year of this period was used for the chart. For data
management and analyses Microsoft Excel (RRID:SCR_016137)
and Stata (RRID:SCR_012763) 14.2 were used. Generally, a two-
sided p-value <0.05 was considered statistically significant.

3.1. Database query and article screen

The database queries resulted in a total of 1,877 publications
and 1,651 publications after all duplicates were removed. The
article screen identified 46 articles that met the predefined
inclusion criteria published between 1993 and 2017 ( ).
The 46 publications on anaphylaxis contained 119 individual
incidence rates. All eligible articles were published in English.

3.2. Risk of bias

The risk of bias assessments done according to Hoy et al. (39)
resulted in 59% (n=27) of studies with low, 35% (n=16) with
moderate and 7% (n=3) with high risk of bias. In the majority
of articles, the representativeness of the national population and
the target population as well as an insufficiently proven reliability
of the study instrument have led to an increased risk of bias.
Details are shown in

3.3. Sources of data and anaphylaxis
definition

A high number and wide range of incidence rates (from 0.49 to
328.7 cases per 100,000 population per year) for all-cause
anaphylaxis was received. The studies used hospitalizations or
(EDs),
providers and epinephrine prescriptions as source for data. All

admissions, emergency departments multiple care
data points related to “allergy clinics, specialists and EDs” (40)
and to a health maintenance organization database (18) were
reported from the same publications, respectively.
Additionally to the data sources, the applied definitions of
anaphylaxis were investigated and presented in
. In summary, several studies searched based on ICD

codes (n=33) or text strings (n=7) entered in healthcare
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databases. Thereby, 22 restricted their query to terms specific for
anaphylaxis and 18 included also signs and symptoms. Four
studies used a code-based algorithm by Harduar-Morano et al.
(41). In articles where patient records were manually reviewed,
nine were based on self-defined criteria and nine on published
recommendations for anaphylaxis definitions, such as the
NIAID/FAAN anaphylaxis criteria (3) or the WAO anaphylaxis
guidelines (42). The authors of three publications measured the
incidence of anaphylaxis based on the number of epinephrine
prescriptions. Even though total mast cell tryptase is a serologic

),

tryptase levels were not part of the anaphylaxis definitions for

marker that can assist in the diagnosis of adult anaphylaxis (

the data used in our analysis. Overall, 37 different definitions of
anaphylaxis were used out of the 46 publications incorporated in
our meta-analysis.

3.4. Current anaphylaxis incidence rate

An attempt was made to identify the worldwide incidence of
all-cause anaphylaxis. The weighted approximate rate was found
to be 44 cases per 100,000 population per year (c=136). After
that, the articles were grouped into time quintiles based on
their years of analysis in a way that all quintiles contained an
equal amount of data points. It is more applicable to consider
only the past quintile (years of analysis 2010-2014) for the
calculation of a currently applicable incidence rate, which was
determined to be 46 cases per 100,000 population per year

10.3389/falgy.2023.1249280

As an additional step, the incidence rates were calculated
specifically for each continent of analysis based on all eligible
articles: The results per 100,000 population per year were as
follows: 8 cases for Asia, 17 cases for Australia, 43 cases for
North America and 71 cases for Europe.

presents a forest plot related to these four continents.
The average incidence rate for South America could not be
calculated due to the small amount of data available: Hoyos—
Bachiloglu et al. (44) reported 1.41 cases per 100,000 population
per year in Chile. In one publication (45) the country or
continent of analysis was not mentioned but the authors are
affiliated with the Mayo Clinic in the United States (9.69 cases
per 100,000 population per year).

Within each continent a north-south gradient of incidence
rates could not be identified ( ). Indeed
countries had similarly high and low incidence rates, regardless
of their location in the north or the south.

Another statistical analysis revealed that when adjusting for the
changes in years, the effect on the continent differences is not
changed. The same is true for the effect of the difference in
continents on the change in years.

3.5. Development of anaphylaxis incidence
over time

In order to determine whether the anaphylaxis rate has
increased in the past decades, a bubble plot was created

(95% CI 21-103). ( ). It presents the incidence rates of all incorporated
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FIGURE 2
Development of all-cause anaphylaxis incidence (per 100,000 population per year) over time. Each data point represents an annual rate reported by the
original articles. The larger bubble, the higher weighted the data point is
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articles per 100,000 population per year against the years of
analysis (1983-2014) including a trend line.

As seen in and , incidence
rates were available for years of analysis between 1983 and 2014.
The highest density of data is available between 2000 and 2010.
Most reported incidence rates of anaphylaxis lie between 0 and
30, while several lie between 30 and 62 anaphylaxis cases per
100,000 population per year. From the publications by Simons
et al. (46) and Tejedor Alonso et al. (

200, and from Pourang et al. (18) rates higher than 300 cases per

) rates between 100 and

100,000 population per year were determined. The higher
weighted publications were found to report comparably low
incidence levels, thus the rates of >100 cases per 100,000
population per year are illustrated by relatively small bubbles.

Although the association represented by the trend line is not
satisfactorily described with a linear model, shows a
significant tendency of anaphylaxis increase over the past decades.

The subsequently performed random effects Poisson regression
demonstrated a yearly rise of all-cause anaphylaxis incidence by
7.4% (95% CI 7.3-7.6, p<0.05) and a 25.0% (95% CI 24.4-25.6,
p<0.05) rate increase per time quintile. This result is not
influenced by potential outlier values, which was evaluated by a
sensitivity analysis that excluded all incidence values >300 cases
per 100,000 population obtained for the years 2008-2010.

3.6. Evaluation of confounding factors

It was evaluated whether any other factors related to the design
of the analyzed studies could have an impact on the resulting
incidence rate. First, the source of data was analyzed by applying
publications that involve multiple clinical settings as basis for
calculation: Compared to that, allergy clinics (IRR=0.1, p =0.02)
as well as a composite of admissions, hospitalizations and
(IRR=03, p=0.04)
incidence rates. On the contrary, publications using epinephrine
prescriptions (IRR=1.9, p=0.43), specialist practices (IRR = 8.6,
p=0.17) or a health maintenance organization (IRR=8.9,

inpatients showed significantly lower

p=0.07) as data source resulted in almost 2-9 times higher
incidence rates. For emergency related sources (e.g., departments,
physicians, transports) a similar incidence rate as in publications
with multiple clinical settings was found (IRR=0.9, p=0.9).

Compared to publications that included an entire population (53
cases per 100,000 population per year), the articles that analyzed only
pediatric inhabitants (5 cases per 100,000 pediatric population per
year, IRR=0.1, p<0.05) or only adult inhabitants (20 cases per
100,000 adult population per year, IRR =0.4, p =0.24) resulted in
lower incidence rates. Consequently, children are significantly less
prone to suffer from anaphylaxis than the general population. A
forest plot is given in

The main aim of this study, which was compiled taking into
account the PRISMA guideline (37), was to identify the current
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population-based incidence rate of all-cause anaphylaxis
worldwide using a systematic review and meta-analysis. The
publications analyzed were very heterogeneous by rarely using
the same study design or definition of anaphylaxis, which
complicated the comparability of the study results. In the 46
articles included in this meta-analysis, 37 different definitions of
anaphylaxis were used. This high variability is a known challenge
in anaphylaxis research (10-12).

The results of our incidence analysis ranged from 0.49 to 328.7
anaphylaxis cases per 100,000 population per year. This wide range
of incidence rates, even when using a similar analysis period, was
also found in the systematic review by Panesar et al. (30). Three
publications (18, 20, 46) reported incomparably high incidence
rates (i.e., >100 cases per 100,000 population per year); however,
these studies applied differing methods of analysis. Simons et al.
(46) determined the incidence of anaphylaxis in Canada based
on the number of epinephrine prescriptions. Their study showed
a high incidence rate, although only one epinephrine dispensing
per individual was applied for the calculation. Nevertheless,
physicians could have prescribed epinephrine for sensitization
therapy, as a precaution for positive skin test or in vitro test
results or for symptoms similar to anaphylaxis (
et al. (

anaphylaxis in California by searching a health maintenance

). Pourang
), on the other hand, investigated the incidence of

organization database for anaphylaxis related ICD codes.

Tejedor Alonso et al. (20) used a database that incorporated
data from various clinical settings (EDs, hospitalizations, allergy
clinics, etc.) in Spain. After a search for anaphylaxis related
keywords, they additionally reviewed the patient records
according to the NIAID/FAAN criteria of anaphylaxis (2). In
another study (47), the authors investigated only the admissions
and retrieved anaphylaxis cases using a validated ICD-9-CM
(Clinical Modification) code algorithm (41) without performing
further review of patient charts. The resulting incidence rates
were substantially lower (i.e., approximately 1.8 cases per 100,000
population per year) than in their previous publication in 2012
(20). In a third study by Tejedor Alonso et al. (

rate was as low as 1.7 cases per 100,000 population per year. In

), the incidence

this study an admissions database was searched for both specific
and unspecific anaphylaxis codes. After this a manual review was
performed. By looking at the methodology of these three studies,
one could argue that the discrepancy in incidence rates results
from using key words instead of ICD codes. This is, however,
rather unlikely because the medical review of patient charts
would have eradicated incorrectly classified cases. Instead, the
high incidence rate in their first study (48) presumably comes
from the fact that multiple clinical settings, rather than only
included. Other studies discussed

systematic review (49—

admissions, were in this
) used databases incorporating all care
providers and obtained incidence rates between 15.6 and 61.4
cases per 100,000 population per year.

The above-described findings are supported by the statistical
examination of confounding factors within this meta-analysis: it
does not come surprising that the incidence rates solely based on
data from allergy clinics or hospitalizations were significantly

lower than those involving multiple clinical settings. Importantly,
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the meta-analysis revealed higher incidence rates for publications
that used epinephrine prescriptions, specialist practices or a
health maintenance organization only as their data source.

The current incidence of anaphylaxis was determined with
meta-analysis by taking into account rates assigned to the last 5
years of analysis (i.e., 2010-2014), and it resulted in 46 cases per
100,000 population per year. The rather broad associated 95% CI
range (i.e, 21-103) is explained by the above mentioned
heterogeneity in original study designs and reported individual
incidence rates. Similarly as detected by another systematic
review focusing on fatal anaphylaxis (52), our study showed a
lower incidence rate in children compared to the general
population. Dividing the results into the continents that were
investigated, the average rates (per 100,000 population per year)
were substantially higher in Europe (71 cases) and North
America (43 cases) than in Asia (8 cases) and Australia (17
cases). To determine whether the risk of anaphylaxis is truly
higher in Europe and North America than in other regions or
whether this finding is a result of different thresholds for disease
further
necessary using a harmonized method of analysis.

definition, international cross-continental research is

As authors often claim that the incidence of anaphylaxis might
be increasing with time (10, 11, 16-19), this study was designed to
investigate the development of anaphylaxis incidence during the
past decades. Looking at publications individually, Hananashvili
et al. 2016 (21) reported a sudden increase in incidence rates
between 2010 and 2011 (from 7.83 to 21.15 cases per 100,000
population per year), which reportedly comes from an increased
rate in the Jewish subpopulation studied. A large rise in
incidence rates within one year of analysis, typically does not
result from an increased number of reactions; it may rather be a
consequence of an altered threshold of hospital admission, a
changed method of case processing due to the introduction of
new diagnostic materials or a new guideline on anaphylaxis
definition.

As shown by the bubble plot including weighted rates of
individual articles and a connecting trend line, the incidence rate
of anaphylaxis has steadily risen by approximately 7.4% per year.
Several causes could lead to this observation. An augmented use
of allergenic agents, such as peanuts or latex and westernization
(53) could result in a true change in the epidemiology of
anaphylaxis. Another reason would be an improved recognition
and recording system in healthcare (54). According to several
national health surveys (55), the number of food allergies in the
U.S. has tripled between 1993 and 2006. It was discussed that
physicians working in various areas of expertise apply different
definitions for food allergies. Thus, overestimation might result
(e.g.
intolerance) or unspecific diagnostic tests (56). Others believe

from the inclusion of other food-related diseases
that the rate increase over a relatively short time period was too
rapid to be caused by changes in recognition or diagnostic
labelling (

In general, all study designs that may be used to determine the

), but results from multiple causes.
incidence of anaphylaxis have both advantages and drawbacks,

which could lead to over- or underestimation: database queries
that include symptom related terms without further review of
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patient records, or inclusion of non-IgE-mediated reactions due
to missing immunologic tests, will lead to inclusion of false-
positive cases and overestimation. In contrast, searching only
specific anaphylaxis terms might lead to underestimation of
anaphylaxis frequency due to the known under-diagnosis (e.g.,
mild anaphylaxis, anaphylaxis death) and under-reporting of
further
underestimation is the use of databases capturing only ED visits

this acute reaction (58-62). A potential  for
or hospitalizations (27) rather than national healthcare databases,
as done in the majority of articles included in this systematic
review. For the above-mentioned reasons, the incidence rates of
often be

systematic review presents a meta-analysis of a large number of

anaphylaxis  will over- or underestimated. This
results since 1983 and therefore attenuates these deviations.

Few systematic reviews assessing the incidence of anaphylaxis
in a population-based manner have been published thus far.
Panesar et al. (38) limited the area of analysis to Europe and the
publication period to 2000-2012 and identified a range of
incidence rates between 1.5 and 7.9 per 100,000 person-years.
Umasunthar et al. (63) focused exclusively on food induced
anaphylaxis. The American College of Allergy, Asthma and
Immunology Epidemiology of Anaphylaxis Working Group also
investigated the frequency of anaphylaxis. However, the included
articles were not based on a systematic database query but were
selected by the committee, a method which could increase the
risk of selection bias (12). The authors identified the frequency
of anaphylaxis to be approximately 50-2,000 episodes per
100,000 persons. Wang et al. (64) investigated the worldwide
incidence of anaphylaxis specifically in children and also yielded
a wide range of incidence rates (from 1 to 761 per 100,000
person-years). Perez-Codesido et al. (52) published a systematic
review after analyzing observational studies specifically on fatal
anaphylaxis and determined a mortality rate of 0.002-2.51 deaths
per million person-years.

Our study looked at systematically retrieved articles concerning
all-cause anaphylaxis without limitation on time of publication,
country of analysis or population age group to receive the most
complete picture possible. The differences in case definitions and
data sources used in the original articles, on the other hand, may
have led to an increased confounding of the results. Furthermore,
as literature in the past differentiated between anaphylaxis and
non-IgE mediated “anaphylactoid reactions”, this study focused
on IgE-mediated anaphylaxis. However, other pathways such as
the mast cell-specific receptor Mas-related G protein-coupled
receptor X2 (MRGPRX2) activation can also trigger events with
). Another limitation is the fact that the
screening of literature articles was performed by only one person

this clinical picture (

and a subsequent quality check by spot samples rather than
using a two-eye principle due to the large amount of articles that
were retrieved from the databases. This, however, seems to be the
first study to determine the development of anaphylaxis
incidence over multiple decades by pooling and analyzing the
results of all systematically retrieved anaphylaxis incidence
reports using meta-analysis.

In conclusion, this systematic review and meta-analysis
demonstrated that the frequency of anaphylaxis in the population
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worldwide has increased over the past decades, and it revealed a
current incidence rate of approximately 46 cases per 100,000
population per year. Further research is necessary to uncover the
underlying causes for this increased incidence. Knowing the
target cause will be the basis for developing strategies to
minimize the number of future reactions.

The original contributions presented in the study are included
in the article/ , further inquiries can be

directed to the corresponding author.

VP designed the study, performed the collection and analysis of
data and wrote the manuscript. BJ supervised the study, undertook
the quality check and critically reviewed the manuscript. VP and BJ
performed the risk of bias assessment. HH conducted the statistical
analysis and contributed to the interpretation of the results. All
authors contributed to the article and approved the submitted

version.

This project was funded by the Medical University of Vienna,
Department of Clinical Pharmacology.

1. Portier P, Richet CR. De I'action anaphylactique de certains venins. CR Soc Biol.
(1902) 54:170-2.

2. Sampson HA, Muioz-Furlong A, Campbell RL, Adkinson NF, Bock SA, Branum
A, et al. Second symposium on the definition and management of anaphylaxis:
summary report - second national institute of allergy and infectious disease/food
allergy and anaphylaxis network symposium. ] Allergy Clin Immunol. (2006)
117:391-7. doi: 10.1016/.jaci.2005.12.1303

3. Sampson HA, Muioz-Furlong A, Bock SA, Schmitt C, Bass R, Chowdhury BA,
et al. Symposium on the definition and management of anaphylaxis: summary
report. J Allergy Clin Immunol. (2005) 115:584-91. doi: 10.1016/j.jaci.2005.01.009

4. Peavy RD, Metcalfe DD. Understanding the mechanisms of anaphylaxis. Curr
Opin Allergy Clin Immunol. (2008) 8:310-5. doi: 10.1097/ACI.0b013e3283036a90

5. Cardona V, Ansotegui IJ, Ebisawa M, El-Gamal Y, Fernandez Rivas M, Fineman
S, et al. World allergy organization anaphylaxis guidance 2020. World Allergy Organ J.
(2020) 13:100472. doi: 10.1016/j.waojou.2020.100472

6. Brown AF, McKinnon D, Chu K. Emergency department anaphylaxis: a review of
142 patients in a single year. J Allergy Clin Immunol. (2001) 108:861-6. doi: 10.1067/
mai.2001.119028

7. Brown SG. Clinical features and severity grading of anaphylaxis. J Allergy Clin
Immunol. (2004) 114:371-6. doi: 10.1016/j.jaci.2004.04.029

8. Kane KE, Cone DC. Anaphylaxis in the prehospital setting. ] Emerg Med. (2004)
27:371-7. doi: 10.1016/j.jemermed.2004.04.018

9. Klein JS, Yocum MW. Underreporting of anaphylaxis in a community emergency
room. ] Allergy Clin Immunol. (1995) 95:637-8. doi: 10.1016/S0091-6749(95)70329-2

10. Decker WW, Campbell RL, Manivannan V, Luke A, St Sauver JL, Weaver A,
et al. The etiology and incidence of anaphylaxis in Rochester, Minnesota: a report
from the Rochester epidemiology project. J Allergy Clin Immunol. (2008)
122:1161-5. doi: 10.1016/j.jaci.2008.09.043

Frontiers in

10.3389/falgy.2023.1249280

We thank the Medical University of Vienna, Department of
Clinical Pharmacology for funding this project and for the
provision of study materials.

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

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

The Supplementary Material for this article can be found
online at:

11. Fuzak JK, Trainor J. Comparison of the incidence, etiology, and management of
anaphylaxis over time. Pediatr Emerg Care. (2013) 29:131-5. doi: 10.1097/PEC.
0b013e31828058cd

12. Lieberman P, Camargo CA, Bohlke K, Jick H, Miller RL, Sheikh A, et al.
Epidemiology of anaphylaxis: findings of the American college of allergy, asthma
and immunology epidemiology of anaphylaxis working group. Ann Allergy Asthma
Immunol. (2006) 97:596-602. doi: 10.1016/S1081-1206(10)61086-1

13. Wood RA, Camargo CA, Lieberman P, Sampson HA, Schwartz LB, Zitt M, et al.
Anaphylaxis in America: the prevalence and characteristics of anaphylaxis in the
United States. J Allergy Clin Immunol. (2014) 133:461-7. doi: 10.1016/j.jaci.2013.08.
016

14. Sheikh A, Alves B. Age, sex, geographical and socio-economic variations in
admissions for anaphylaxis: analysis of four years of English hospital data. Clin Exp
Allergy. (2001) 31:1571-6. doi: 10.1046/j.1365-2222.2001.01203.x

15. Camargo CA, Clark S, Kaplan MS, Lieberman P, Wood RA. Regional differences
in EpiPen prescriptions in the United States: the potential role of vitamin D. J Allergy
Clin Immunol. (2007) 120:131-6. doi: 10.1016/j.jaci.2007.03.049

16. Lin RY, Anderson AS, Shah SN, Nurruzzaman F. Increasing anaphylaxis
hospitalizations in the first 2 decades of life: New York state, 1990-2006. Ann
Allergy Asthma Immunol. (2008) 101:387-93. doi: 10.1016/S1081-1206(10)60315-8

17. Mulla ZD, Simons FE. Concomitant chronic pulmonary diseases and their
association with hospital outcomes in patients with anaphylaxis and other allergic
conditions: A cohort study. BMJ Open. (2013) 3. doi: 10.1136/bmjopen-2013-003197

18. Pourang D, Batech M, Sheikh J, Samant S, Kaplan M. Anaphylaxis in a health
maintenance organization: International classification of diseases coding and
epinephrine auto-injector prescribing. Ann Allergy Asthma Immunol. (2017)
118:186-90.el. doi: 10.1016/j.anai.2016.10.027

19. Moro Moro M, Tejedor Alonso MA, Esteban Hernandez J, Mugica Garcia MV,
Rosado Ingelmo A, Vila Albelda C. Incidence of anaphylaxis and subtypes of


https://www.frontiersin.org/articles/10.3389/falgy.2023.1249280/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/falgy.2023.1249280/full#supplementary-material
https://doi.org/10.1016/j.jaci.2005.12.1303
https://doi.org/10.1016/j.jaci.2005.01.009
https://doi.org/10.1097/ACI.0b013e3283036a90
https://doi.org/10.1016/j.waojou.2020.100472
https://doi.org/10.1067/mai.2001.119028
https://doi.org/10.1067/mai.2001.119028
https://doi.org/10.1016/j.jaci.2004.04.029
https://doi.org/10.1016/j.jemermed.2004.04.018
https://doi.org/10.1016/S0091-6749(95)70329-2
https://doi.org/10.1016/j.jaci.2008.09.043
https://doi.org/10.1097/PEC.0b013e31828058cd
https://doi.org/10.1097/PEC.0b013e31828058cd
https://doi.org/10.1016/S1081-1206(10)61086-1
https://doi.org/10.1016/j.jaci.2013.08.016
https://doi.org/10.1016/j.jaci.2013.08.016
https://doi.org/10.1046/j.1365-2222.2001.01203.x
https://doi.org/10.1016/j.jaci.2007.03.049
https://doi.org/10.1016/S1081-1206(10)60315-8
https://doi.org/10.1136/bmjopen-2013-003197
https://doi.org/10.1016/j.anai.2016.10.027
https://doi.org/10.3389/falgy.2023.1249280
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

Plhringer et al.

anaphylaxis in a general hospital emergency department. J Investig Allergol Clin
Immunol. (2011) 21:142-9.

20. Tejedor Alonso MA, Moro Moro M, Mugica Garcia MV, Esteban Hernandez J,
Rosado Ingelmo A, Vila Albelda C, et al. Incidence of anaphylaxis in the city of
Alcorcon (Spain): a population-based study. Clin Exp Allergy. (2012) 42:578-89.
doi: 10.1111/j.1365-2222.2012.03930.x

21. Hananashvili I, Givon-Lavi N, Bartal C, Broides A. Anaphylactic reactions in
adult patients in Southern Israel. Asian Pac J Allergy Immunol. (2016) 34:44-50.
doi: 10.12932/AP0521.34.1.2016

22. Liew WK, Williamson E, Tang ML. Anaphylaxis fatalities and admissions in
Australia. J Allergy Clin Immunol. (2009) 123:434-42. doi: 10.1016/j.jaci.2008.10.049

23. Gupta R, Sheikh A, Strachan DP, Anderson HR. Time trends in allergic
disorders in the UK. Thorax. (2007) 62:91-6. doi: 10.1136/thx.2004.038844

24. Mullins RJ, Dear KB, Tang ML. Time trends in Australian hospital anaphylaxis
admissions in 1998-1999 to 2011-2012. J Allergy Clin Immunol. (2015) 136:367-75.
doi: 10.1016/j.jaci.2015.05.009

25. Sheikh A, Alves B. Hospital admissions for acute anaphylaxis: time trend study.
Br Med ]. (2000) 320:1441. doi: 10.1136/bm;.320.7247.1441

26. Bohlke K, Davis RL, DeStefano F, Marcy SM, Braun MM, Thompson RS.
Epidemiology of anaphylaxis among children and adolescents enrolled in a health
maintenance organization. J Allergy Clin Immunol. (2004) 113:536-42. doi: 10.1016/
j.jaci.2003.11.033

27. Beyer K, Eckermann O, Hompes S, Grabenhenrich L, Worm M. Anaphylaxis in
an emergency setting - elicitors, therapy and incidence of severe allergic reactions.
Allergy. (2012) 67:1451-6. doi: 10.1111/all.12012

28. Turner PJ, Gowland MH, Sharma V, Ierodiakonou D, Harper N, Garcez T, et al.
Increase in anaphylaxis-related hospitalizations but no increase in fatalities: An
analysis of United Kingdom national anaphylaxis data, 1992-2012. J Allergy Clin
Immunol. (2015) 135:956-63.el. doi: 10.1016/j.jaci.2014.10.021

29. Anderson A, Lin R, Shah S. Increase in hospitalizations for anaphylaxis in the
first two decades of life. J Allergy Clin Immunol. (2008) 121(2):S27. doi: 10.1016/j.
jaci.2007.12.111

30. Panesar SS, Javad S, de Silva D, Nwaru BI, Hickstein L, Muraro A, et al. The
epidemiology of anaphylaxis in Europe: a systematic review. Allergy. (2013)
68:1353-61. doi: 10.1111/all.12272

31. Boros CA, Kay D, Gold MS. Parent reported allergy and anaphylaxis in 4173
South Australian children. J Paediatr Child Health. (2000) 36:36-40. doi: 10.1046/j.
1440-1754.2000.00444.x

32. Lieberman P, Nicklas RA, Oppenheimer J, Kemp SF, Lang DM, Bernstein DI,
et al. The diagnosis and management of anaphylaxis practice parameter: 2010
update. J Allergy Clin Immunol. (2010) 126:477-80.e42. doi: 10.1016/j.jaci.2010.06.022

33. Kacar M, Rijavec M, Selb J, Koro$ec P. Clonal mast cell disorders and hereditary
o-tryptasemia as risk factors for anaphylaxis. Clin Exp Allergy. (2023) 53:392-404.
doi: 10.1111/cea.14264

34. Greiner G, Sprinzl B, Gorska A, Ratzinger F, Gurbisz M, Witzeneder N, et al.
Hereditary o tryptasemia is a valid genetic biomarker for severe mediator-related
symptoms in mastocytosis. Blood. (2021) 137:238-47. doi: 10.1182/blood.2020006157

35. Boehm T, Reiter B, Ristl R, Petroczi K, Sperr W, Stimpfl T, et al. Massive release
of the histamine-degrading enzyme diamine oxidase during severe anaphylaxis in
mastocytosis patients. Allergy. (2019) 74:583-93. doi: 10.1111/all.13663

36. Grafeneder J, Ettl F, Warenits A-M, Buchtele N, Lobmeyr E, Staudinger T, et al.
Multi-phasic life-threatening anaphylaxis refractory to epinephrine managed by
extracorporeal membrane oxygenation (ECMO): a case report. Front Allergy. (2022)
3:934436. doi: 10.3389/falgy.2022.934436

37. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009) 6:
€1000097. doi: 10.1371/journal.pmed.1000097

38. Panesar SS, Nwaru BI, Hickstein L, Rader T, Hamadah H, Ali DF, et al. The
epidemiology of anaphylaxis in Europe: protocol for a systematic review. Clin
Transl Allergy. (2013) 3:9. doi: 10.1186/2045-7022-3-9

39. Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of bias
in prevalence studies: modification of an existing tool and evidence of interrater
agreement. ] Clin Epidemiol. (2012) 65:934-9. doi: 10.1016/j.jclinepi.2011.11.014

40. Helbling A, Hurni T, Mueller UR, Pichler WJ. Incidence of anaphylaxis with
circulatory symptoms: a study over a 3-year period comprising 940,000 inhabitants
of the Swiss Canton Bern. Clin Exp Allergy. (2004) 34:285-90.

41. Harduar-Morano L, Simon MR, Watkins S, Blackmore C. Algorithm for the
diagnosis of anaphylaxis and its validation using population-based data on
emergency department visits for anaphylaxis in Florida. J Allergy Clin Immunol.
(2010) 126:98-104.e4. doi: 10.1016/j.jaci.2010.04.017

42. Simons FE, Ardusso LR, Bilo MB, El-Gamal YM, Ledford DK, Ring J, et al. World
allergy organization guidelines for the assessment and management of anaphylaxis.
World Allergy Organ J. (2011) 4:13-37. doi: 10.1097/WOX.0b013e318211496¢

Frontiers in

10.3389/falgy.2023.1249280

43. Motosue MS, Bellolio MF, van Houten HK, Shah ND, Campbell RL. Increasing
emergency department visits for anaphylaxis, 2005-2014. J Allergy Clin Immunol
Pract. (2017) 5:171-175.¢3. doi: 10.1016/j.jaip.2016.08.013

44. Hoyos-Bachiloglu R, Morales PS, Cerda J, Talesnik E, Gonzilez G, Camargo CA,
et al. Higher latitude and lower solar radiation influence on anaphylaxis in Chilean
children. Pediatr Allergy Immunol. (2014) 25:338-43. doi: 10.1111/pai.12211

45. Manivannan V, Hyde RJ, Hankins DG, Bellolio MF, Fedko MG, Decker WW,
et al. Epinephrine use and outcomes in anaphylaxis patients transported by
emergency medical services. Am J Emerg Med. (2014) 32:1097-102. doi: 10.1016/j.
ajem.2014.05.014

46. Simons FE, Peterson S, Black CD. Epinephrine dispensing patterns for an out-
of-hospital population: a novel approach to studying the epidemiology of anaphylaxis.
J Allergy Clin Immunol. (2002) 110:647-51.

47. Tejedor Alonso MA, Moro Moro M, Mosquera Gonzéilez M, Rodriguez-
Alvarez M, Pérez Fernindez E, Latasa Zamalloa P, et al. Increased incidence of
admissions for anaphylaxis in Spain 1998-2011. Allergy. (2015) 70:880-3. doi: 10.
1111/all.12613

48. Tejedor Alonso MA, Moro Moro M, Hernandez JE, Mugica Garcia MV, Albelda
CV, Ingelmo AR, et al. Incidence of anaphylaxis in hospitalized patients. Int Arch
Allergy Immunol. (2011) 156:212-20. doi: 10.1159/000322997

49. Yocum MW, Butterfield JH, Klein ]S, Volcheck GW, Schroeder DR, Silverstein
MD. Epidemiology of anaphylaxis in Olmsted county: a population-based study. J
Allergy Clin Immunol. (1999) 104:452-6.

50. Yang MS, Kim JY, Kim BK, Park HW, Cho SH, Min KU, et al. True rise
in anaphylaxis incidence: epidemiologic study based on a national health
insurance database. Medicine (Baltimore). (2017) 96:€5750. doi: 10.1097/MD.
0000000000005750

51. Lee S, Hess EP, Lohse C, Gilani W, Chamberlain AM, Campbell RL. Trends,
characteristics, and incidence of anaphylaxis in 2001-2010: a population-based
study. J Allergy Clin Immunol. (2017) 139:182-8.e2. doi: 10.1016/j.jaci.2016.04.029

52. Perez-Codesido S, Rosado-Ingelmo A, Privitera-Torres M, Pérez Fernandez E,
Nieto-Nieto A, Gonzalez-Moreno A, et al. Incidence of fatal anaphylaxis: a
systematic review of observational studies. J Investig Allergol Clin Immunol. (2022)
32:245-60. doi: 10.18176/jiaci.0693

53. Neugut AI, Ghatak AT, Miller RL. Anaphylaxis in the United States: an
investigation into its epidemiology. Arch Intern Med. (2001) 161:15-21. doi: 10.
1001/archinte.161.1.15

54. Gupta R, Sheikh A, Strachan D, Anderson HR. Increasing hospital admissions
for systemic allergic disorders in England: analysis of national admissions data. Br
Med J. (2003) 327:1142-3. doi: 10.1136/bmj.327.7424.1142

55. Branum AM, Lukacs SL. Food allergy among children in the United States.
Pediatrics. (2009) 124:1549-55. doi: 10.1542/peds.2009-1210

56. University of California, Santa Cruz. The squishy science of food allergies (2010).
Available  at:  https://www.coursehero.com/file/10747185/2015-01-30-NYT-The-
Squishy-Science-of-Food-Allergies/## (Accessed July 17, 2018).

57. Poulos LM, Waters AM, Correll PK, Loblay RH, Marks GB. Trends in
hospitalizations for anaphylaxis, angioedema, and urticaria in Australia, 1993-1994
to 2004-2005. J Allergy Clin Immunol (2007) 120:878-84. doi: 10.1016/j.jaci.2007.
07.040

58. Cetinkaya F, Incioglu A, Birinci S, Karaman BE, Dokucu AL Sheikh A. Hospital
admissions for anaphylaxis in Istanbul, Turkey. Allergy. (2013) 68:128-30. doi: 10.
1111/all.12069

59. Poachanukoon O, Paopairochanakorn C. Incidence of anaphylaxis in the
emergency department: a 1-year study in a university hospital. Asian Pac ] Allergy
Immunol. (2006) 24:111-6.

60. Gibbison B, Sheikh A, McShane P, Haddow C, Soar J. Anaphylaxis admissions to
UK critical care units between 2005 and 2009. Anaesthesia. (2012) 67:833-9. doi: 10.
1111/§.1365-2044.2012.07159.x

61. Mikinen-Kiljunen S, Haahtela T. Eight years of severe allergic reactions in
Finland: a register-based report. World Allergy Organ ]. (2008) 1:184-9. doi: 10.
1097/WOX.0b013e3181898224

62. Braganza SC, Acworth JP, Mckinnon DR, Peake JE, Brown AF. Paediatric
emergency department anaphylaxis: different patterns from adults. Arch Dis Child.
(2006) 91:159-63. doi: 10.1136/adc.2004.069914

63. Umasunthar T, Leonardi-Bee ], Turner PJ, Hodes M, Gore C, Warner JO,
et al. Incidence of food anaphylaxis in people with food allergy: a systematic
review and meta-analysis. Clin Exp Allergy. (2015) 45:1621-36. doi: 10.1111/cea.
12477

64. Wang Y, Allen K], Suaini NH, McWilliam V, Peters RL, Koplin JJ. The global
incidence and prevalence of anaphylaxis in children in the general population: a
systematic review. Allergy. (2019) 74:1063-80. doi: 10.1111/all.13732

65. McNeil BD. MRGPRX2 And adverse drug reactions. Front Immunol. (2021)
12:676354. doi: 10.3389/fimmu.2021.676354


https://doi.org/10.1111/j.1365-2222.2012.03930.x
https://doi.org/10.12932/AP0521.34.1.2016
https://doi.org/10.1016/j.jaci.2008.10.049
https://doi.org/10.1136/thx.2004.038844
https://doi.org/10.1016/j.jaci.2015.05.009
https://doi.org/10.1136/bmj.320.7247.1441
https://doi.org/10.1016/j.jaci.2003.11.033
https://doi.org/10.1016/j.jaci.2003.11.033
https://doi.org/10.1111/all.12012
https://doi.org/10.1016/j.jaci.2014.10.021
https://doi.org/10.1016/j.jaci.2007.12.111
https://doi.org/10.1016/j.jaci.2007.12.111
https://doi.org/10.1111/all.12272
https://doi.org/10.1046/j.1440-1754.2000.00444.x
https://doi.org/10.1046/j.1440-1754.2000.00444.x
https://doi.org/10.1016/j.jaci.2010.06.022
https://doi.org/10.1111/cea.14264
https://doi.org/10.1182/blood.2020006157
https://doi.org/10.1111/all.13663
https://doi.org/10.3389/falgy.2022.934436
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1186/2045-7022-3-9
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://doi.org/10.1016/j.jaci.2010.04.017
https://doi.org/10.1097/WOX.0b013e318211496c
https://doi.org/10.1016/j.jaip.2016.08.013
https://doi.org/10.1111/pai.12211
https://doi.org/10.1016/j.ajem.2014.05.014
https://doi.org/10.1016/j.ajem.2014.05.014
https://doi.org/10.1111/all.12613
https://doi.org/10.1111/all.12613
https://doi.org/10.1159/000322997
https://doi.org/10.1097/MD.0000000000005750
https://doi.org/10.1097/MD.0000000000005750
https://doi.org/10.1016/j.jaci.2016.04.029
https://doi.org/10.18176/jiaci.0693
https://doi.org/10.1001/archinte.161.1.15
https://doi.org/10.1001/archinte.161.1.15
https://doi.org/10.1136/bmj.327.7424.1142
https://doi.org/10.1542/peds.2009-1210
https://www.coursehero.com/file/10747185/2015-01-30-NYT-The-Squishy-Science-of-Food-Allergies/##
https://www.coursehero.com/file/10747185/2015-01-30-NYT-The-Squishy-Science-of-Food-Allergies/##
https://doi.org/10.1016/j.jaci.2007.07.040
https://doi.org/10.1016/j.jaci.2007.07.040
https://doi.org/10.1111/all.12069
https://doi.org/10.1111/all.12069
https://doi.org/10.1111/j.1365-2044.2012.07159.x
https://doi.org/10.1111/j.1365-2044.2012.07159.x
https://doi.org/10.1097/WOX.0b013e3181898224
https://doi.org/10.1097/WOX.0b013e3181898224
https://doi.org/10.1136/adc.2004.069914
https://doi.org/10.1111/cea.12477
https://doi.org/10.1111/cea.12477
https://doi.org/10.1111/all.13732
https://doi.org/10.3389/fimmu.2021.676354
https://doi.org/10.3389/falgy.2023.1249280
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/

	Population-based incidence of all-cause anaphylaxis and its development over time: a systematic review and meta-analysis
	Introduction
	Methods
	Data sources
	Search strategy
	Screening methodology
	Eligibility criteria and study selection
	Risk of bias assessment
	Data extraction
	Meta-analysis

	Results
	Database query and article screen
	Risk of bias
	Sources of data and anaphylaxis definition
	Current anaphylaxis incidence rate
	Development of anaphylaxis incidence over time
	Evaluation of confounding factors

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


