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Food allergy (FA) is increasingly reported in Europe, however, the latest prevalence

Funding information the most updated estimates of the prevalence and trends of FA in Europe. Databases
DBV Technologies SA were searched for studies published between 2012 and 2021, added to studies pub-
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lenge 0.8% (95% CI 0.5-0.9). While lifetime prevalence of self-reported FA and food

challenge positivity only slightly changed, the point prevalence of self-reported FA,
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tial biases.

KEYWORDS

1 | INTRODUCTION

The frequency of food allergy (FA) in Europe has been increasingly
reported over the past decades. However, the data supporting an
increase are mainly anecdotal, considering that the latest systematic
report on FA epidemiology was published by the European Academy
of Allergy and Clinical Immunology (EAACI) in 2014 based on the
articles published between 2000 and 2012.%2 That report provided
a detailed overview of the epidemiology of FA, including estimates
of the incidence, prevalence, and time trends of any FA, as well as
the so-called eight big foods, i.e., cow's milk, egg, wheat, soy, peanut,
tree nuts, fish, and shellfish.

It is now 10years since the EAACI-commissioned systematic
review was completed. Several studies have been published since
then, indicating that an update of the previous review is now war-
ranted. By bringing together the evidence generated from the
previous systematic review together with more recent studies,
we have the opportunity to make clearer estimates of the inci-
dence, prevalence, and time trends of FA in Europe. The update
will also give greater opportunity to estimate the epidemiologi-
cal burden of FA across various population subgroups (e.g., age
and regions). Furthermore, this update is an excellent opportu-
nity to identify and estimate the epidemiological burden of po-
tentially “new” and “emerging” food allergy in Europe, beyond
the so-called eight big foods. The aim of the current work was
to update the previously EAACI-commissioned systematic review
on the incidence, prevalence, and time trends of FA in Europe by
identifying, critically appraising, and synthesizing evidence from
studies now published since the previous systematic review was
completed (2012). The current article reports on the estimates of
the frequency of any FA.

2 | METHODS
2.1 | Protocol registration
The protocol for this review was registered with the International

Prospective Register of Systematic Reviews (PROSPERO; reference
CRD42021266657) prior to undertaking this review.

slgE and SPT positivity increased from previous estimates. This may reflect a real in-
crease, increased awareness, increased number of foods assessed, or increased num-
ber of studies from countries with less data in the first review. Future studies require
rigorous designs and implementation of standardized methodology in diagnosing FA,

including use of double-blinded placebo-controlled food challenge to minimize poten-

epidemiology, Europe, food allergy, sensitization, systematic review

2.2 | Search strategy

The search strategy was adapted from the previously published
EAACI review. The two concepts of FA and epidemiology were
combined to identify all relevant literature (including both articles,
conference abstracts or posters, and theses) from the electronic
databases. Six databases were searched: MEDLINE, EMBASE,
CINAHL, Web of Science, Cochrane Library, and Scopus. Compared
with the EAACI review from 2014, Cochrane Library and Scopus
were added among the databases in acknowledgement of the ad-
vancements that have occurred in the indexing of studies on the
topic since the first review was done. A few more keywords were
also included in the current review to ensure that it was updated
with all the new and emerging keywords on FA. Experts on the topic
of FA were consulted to ensure that the study identification proce-
dure did not miss any relevant work. No language restrictions were
applied in the database searches. When possible, studies published
in languages different from English were translated by researchers
fluent in the language to permit data extraction. When it was not
possible to translate the article, but an English abstract was availa-
ble, data extraction from the abstract was performed. The few cases
for which neither abstract nor full article data extraction was pos-
sible have been reported. Detailed description of the search strate-
gies employed are available in Box S1 of the Supporting Information

section of the online version of this article.

2.3 | Inclusion and exclusion criteria

The studies included in the current review comprised studies pub-
lished from January 1, 2000 to June 30, 2021 (i.e., studies published
in the previous systematic review, and studies identified in the cur-
rent update). All studies that examined subjects with suspected
FA, of any age and gender, and of any European country as defined
by the United Nations (see Appendix 1) were considered eligible.
Studies from Greenland and Turkey were also included, similarly to
what was done in the previous EAACI review. The following types
of studies were considered for inclusion: systematic reviews and
meta-analyses, prospective and retrospective cohort studies, cross-

sectional studies, case-control studies, clinical trials, and routine
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healthcare studies. Expert reviews or other reviews that are not sys-
tematic reviews, discussion papers, non-research letters and editori-
als, qualitative studies, case studies, case series, and animal studies

were excluded from the present work.

2.4 | Study selection

All records obtained from the databases searches were exported to
EndNote 20 (Clarivate Analytics, 2020) for de-duplication. Following
this, all relevant articles were exported to Rayyan (https://rayyan.
ai) for titles and abstracts screening, and to manage all the re-
trieved records. Titles and abstracts screening was performed by
four independent reviewers (SN/GS and YA/MA), working in pairs.
Disagreements between reviewers were resolved with consensus
when possible or by consultation with the project PI (BN). The full
texts of the potentially eligible studies were then assessed by the
same four independent reviewers, similarly to what was done for
the titles and abstracts selection. The Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) flow diagram was

used to document the screening process.

2.5 | Risk of bias assessment

Risk of bias in individual studies was independently assessed for
each study by the four reviewers (SN/GS and YA/MA), working in
pairs, by employing the Critical Appraisal Skills Programme (CASP;
http://www.casp-uk.net) quality assessment tool. The same tool
was also used in the previous EAACI systematic review. Accordingly,
all studies were assigned an overall rating, along with a separate rat-
ing for each different components of the individual studies (i.e., ap-
propriateness of the study design for the research question, risk of
selection bias, exposure measurement, and outcome assessment).
Any discrepancy was resolved by consensus or arbitrated by the
project PI (BN).

2.6 | Dataextraction

Data were collected from included studies using a customized
data extraction form. All data extracted were reported in a stand-
ardized and reproducible fashion. The developed form was first
piloted with a small number of included studies and approved
by all reviewers before it was employed to extract data from all
studies. The form was stored on a Google Drive (Alphabet Inc.,
Mountain View, CA, USA) repository online to make all the infor-
mation promptly available to all reviewers. Similar to the selection
process, the extraction of all data was performed by four review-
ers, working in pairs (SN/GS and YA/MA). Each pair conducted
an independent extraction of the assigned records. After cross-
checking, all disagreement were addressed and further arbitrated
by the project PI (BN).

2.7 | Data analysis, synthesis, and reporting

We recalculated all the frequency estimates of FA occurrence if ad-
equate data were provided by authors. If any discrepancies were ob-
served between our recalculated estimates and those of the authors,
we reported our recalculated estimates. Our recalculated estimates
were based on minimal measured events rather than the extrapo-
lated ones. The 95% confidence intervals (95% Cl) were obtained by
employing the Wilson score method without continuity correction.’
Heterogeneity was assessed using I? statistics. For studies that pre-
sented missing data, thus not allowing estimates recalculation, we
reported the estimates provided by the authors. Where needed and
possible, we contacted authors of primary studies for clarifications.
Countries outside the Organization for Economic Co-operation and
Development (OECD) definition of Europe were included in the
systematic review but were not included in meta-analysis, similarly
to what was done in the previous version of the systematic review
and meta-analysis. An exception was made for Lithuania and Russia,
which had recorded FA data for meta-analysis also in the previous
study. According to the criteria above, Albania, Bulgaria, Croatia, and
Ukraine were included in the systematic review, but not in the cur-
rent meta-analysis.

Random-effects meta-analysis was performed for all studies
that provided numerical data in order to derive pooled estimates
across studies. The meta-analysis was conducted using the soft-
ware Stata (StataCorp. 2019. Stata Statistical Software: Release 16;
StataCorp LLC, College Station, TX, USA). The following outcomes
were defined: 1. lifetime and point prevalence of self-reported
FA; 2. lifetime and point prevalence of self-reported physician
diagnosed FA (i.e., doctor-diagnosed FA reported by a subject in
a questionnaire); 3. point prevalence of sIgE positivity; 4. point
prevalence of SPT positivity; 5. point prevalence of symptoms plus
slgE positivity; 6. point prevalence of symptoms plus SPT positiv-
ity; 7. point prevalence of clinical history or food challenge (OFC
or DBPCFC)-positivity; and 8. point prevalence of positive food
challenge (OFC or DBPCFC). Meta-analysis included the studies
reporting on any FA published in the previous EAACI review and
those obtained from the current updated searches. As was done
in the previous EAACI review, data were also stratified by age
category, in children (0-17 years) and adults (18 years and over),
and by European region (Northern-Eastern-Southern-Western
Europe) following the classification by the United Nations (see
Appendix 1). In case of overlap between the two age categories,
or between groups, the estimate was included in either age group
if the age distribution was skewed to that age group, following
the approach used in the 2014 EAACI review. An exception was
made for the United Kingdom, which was assigned to Western
Europe instead of Northern Europe, as was done in the previous
EAACI review. In the meta-analysis, we estimated the updated
prevalence of FA for the period 2000-2021. In addition, we also
performed and reported meta-analysis separately for the studies
published during 2012-2021, which were compared with the esti-
mate obtained in the previous review for the period 2000-2012.

8518017 SUOWILIOD 3AIERID 3|qedlidde au Aq pauenob a1e Sajole VO ‘SN 0 S3INJ 104 A%eiq 1T 8UIIUO AB|IM UO (SUORIPUCD-PUR-SLLBYLI0D" A8 1M AR 1[eul [UO//SaNY) SUORIPUOD Pue SLWLB | 3Y} 885 *[2202/TT/y2] uo Ariqiauluo AB|im ‘uoiduweuyinos JO AisieAlun Aq 09SST  IIB/TTTT OT/I0p/wo0 A3 1M Ateq i puljuo//Sdny Wol) papeolumoq ‘0 ‘Se6686€T


https://rayyan.ai
https://rayyan.ai
http://www.casp-uk.net

SPOLIDORO ET AL.

3 | RESULTS
3.1 | Study selection and characteristics

The study selection and screening process of the current update are
illustrated in the PRISMA flow chart presented in Figure 1. A total of
38,903 records were retrieved from the databases searched. After
de-duplication, 33,875 records were selected for screening. Based

on titles and abstracts, 33,625 records were excluded due to being

clearly ineligible or not fulfilling the inclusion criteria. Out of the re-
maining 250 records, two full-text articles could not be retrieved,
and the abstracts did not include any relevant information. They
were therefore excluded. Of the remaining 248 records, 72 reports
were included in this review. The new reports included were based
on 54 newly identified studies, and on one study already included
in the previous review but presenting updated data for the cohort
enrolled in the study. Putting together the number of reports (and

studies) included in the first systematic review from EAACI, with the

[ Previous studies ] [ Identification of new and updated studies via databases and registers ]
Studies included in Records removed before
15 previous version of screening:
® review (n= 56) Records identified from: Duplicate records removed
& Databases (n= 38903) (n=5028)
= Reports of studies Registers (n= 0) Records marked as ineligible
S included in previous by automation tools (n= 0)
= version of review (n= 75) Records removed for other
reasons (n= 0)
Records screened Records excluded
(n=33875) (n=33625)
A4
g’ geng;tg)sought for retrieval »| Reports not retrieved (n= 2)
G
* \ 4
Reports assessed for eligibilit
(n=p248) IR ’
Reports excluded: (n=176)
Reason 1: FA in high-risk
i groups/case series (n= 80)
Reason 2: not matching our
- topic (n=171)
New studies included in review Reason 3: not systematic
() (n=54) review or Systematic review
Studies already included in the with no original data (n= 10)
previous review but reporting Reason 4: published prior to
updated estimates on the cohort September 2012 (n=4)
enrolled (n=1) Reason 5: not European
2 Reports of new included studies country (n=2)
S (n=172) Reason 6: duplicate papers
S (n=3)
£ Reason 7: duplicate results
v present in other papers (n=3)
Reason 8: paper could not be
> | Total studies included in review translated (n=3)
(n=110)
— Reports of total included studies
(n=147)

FIGURE 1 PRISMA flow diagram for updated systematic review on prevalence of food allergy in Europe, 2000-2021.
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records screened and included for the current review (September
2012 to June 2021), the total number of reports included was 147,
which were based on 110 studies.*"*%°

Of the 110 studies, 62 were cross-sectional studies, 41 were
cohort studies, three were case-control studies (of which one
nested-control), three were systematic reviews, and one was a
population-based study. Most of the studies included only children
(n = 76 studies). FA was investigated exclusively by self-report in
26 studies, whereas in 17 studies FA was only investigated by sIgE
and/or SPT positivity. Nine studies reported only on physician/cli-
nician diagnosed FA (in three cases, self-reported). The remaining
58 studies were a combination of self-report, self-report physician
diagnosis, sIgE or SPT sensitization (with or without symptoms),
clinical diagnosis/clinical history, and/or food challenge (OFC and/
or DBPCFC). The majority of the studies (n = 94) reported point
prevalence as the occurrence measure for assessing the frequency
of FA, and in 69 of the studies point prevalence was the only occur-
rence measure provided. Lifetime prevalence was the second most
reported type of estimate, while cumulative incidence was investi-

gated in only 15 studies.

3.2 | Risk of bias assessment

Overall, the risk of bias assessment for individual studies graded by
the CASP quality assessment tool indicated that most of the studies
had a moderate risk of bias (91 out of 110 studies). Table S2 sum-
marizes the grading of the main CASP quality assessment features
for all studies.

3.3 | Frequency of any FA

The ranges of estimates for any FA categorized by age groups, and
by different methods of assessment are presented in Table 1, based
on the data extracted from the articles published between January
2000 and June 2021. Detailed results on the prevalence and inci-
dence reported by each study are included in Tables S1-S6 of the
Supporting Information section in the online version of this article.
The pooled estimates for the prevalence of FA in Europe for the
periods 2000-2021, 2000-2012, and 2012-2021 are presented
in Figures 2-6 and further elaborated below. The forest plots for
pooled data from studies published for the period 2000-2021, are
included in the Supporting Information section of the online version
of this article, along with the heterogeneity measurements for the
studies included in the analysis (Figures S1-528). As observed for
the review published on data from 2000 to 2012, the heterogene-
ity between the studies was still significantly high (I? 280 in each
case) in the updated pooled data for 2000-2021, regardless of age
group and European region, which reflects the variations in estimate

of prevalence of FA between studies and across places.

3.3.1 | Self-reported FA

The overall pooled estimate of self-reported lifetime prevalence of
any FA was 19.9% (95% Cl 16.6-23.3%); 18.7% vs. 22.8% for children
and adults, respectively. Self-reported point prevalence of any FA
was 13.1% (95% CI 11.3-14.8%); 14.2% vs. 12.3% for children and
adults, respectively. The lifetime prevalence of any FA was lowest
in Southern Europe and highest in Eastern Europe. The point preva-
lence was lowest in Western Europe and highest in Eastern Europe.
However, for both lifetime and point prevalence, Eastern Europe
was also the region with the lowest number of studies reporting on
FA prevalence. Overall, the lifetime prevalence did not substantially
differ between the estimates in 2000-2012 (17.3%) and 2012-2021
(19.8%). However, there was almost three times increase in point
prevalence between 2000 and 2012 (5.9%) and 2012 and 2021
(14.9%) (Figure 2).

3.3.2 | Self-reported physician diagnosed FA

The overall pooled estimate for self-reported physician-diagnosed
lifetime prevalence of any FA was 6.6% (95% Cl 5.2-7.9%); 9.3%
vs. 5.0% for children and adults, respectively. Self-reported
physician-diagnosed point prevalence of any FA was 4.9% (95%
Cl 2.7-7.1%); 3.8% vs. 6.9% for children and adults, respectively.
The lifetime prevalence of any FA was lowest in Southern Europe
and highest in Eastern Europe, while the point prevalence was
lowest in Western Europe and highest in Southern Europe (al-
though based on only one study). For point prevalence, no data
were available on Eastern Europe. No estimates for self-reported
physician-diagnosed FA were available for the previous system-
atic review for the period 2000-2012, thus the calculated esti-
mates were based only on the studies obtained for the period
2012-2021 (Figure 3).

3.3.3 | Food sensitization (FS) by positive
slgE and SPT

The overall pooled estimate for point prevalence of sIgE positiv-
ity to any FA was 16.6% (95% Cl 12.3-20.8%); 18.4% vs. 11.2%
for children and adults, respectively, lowest in Northern Europe
and highest in Western Europe. Specific IgE positivity to any
FA was 10.1% during 2000-2012 and 17.4% during 2012-2021
(Figure 4).

The overall pooled estimate for point prevalence of SPT positiv-
ity to any FAwas 5.7% (95% Cl 3.9-7.4%); 4.5% vs. 21.4% for children
and adults, respectively, lowest in Southern Europe and highest in
Western Europe. No data were available for the Eastern European
region. SPT positivity to any FA was 2.7% during 2000-2012 and
6.9% during 2012-2021 (Figure 4).
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SPOLIDORO ET AL.

Lifetime prevalence of self-reported any FA in Europe, 2000-2021

Lifetime prevalence of self-reported any FA in Europe, 2000-2012

‘ Alle rgy o E;?g, WILE YJ—7

Lifetime prevalence of self-reported any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% CI)| | Groups No. studies Prevalence (95% CI)| | Groups No. studies Prevalence (95% Cl)
Al 20 - 19.94 (16.61,23.28) | | All 10 . 17.29 (16.96, 17.61) | | All 10 —_— 19.79 (15.50, 24.07)
Age groups Age groups Age groups
Children (0-17 years) 14 —— 18.71 (14.67,22.75) | | Children (0-17 years) 7 . 17.42 (16.88,17.96) | | Children (0-17 years) 7 —_— 18.23 (13.77, 22.68)
Adults (18+ years) 6 —_— 22.83(16.33,29.33) | | Adults (18+ years) 3 . 17.22 (16.82,17.63) | | Adults (18+ years) 3 ————————) 2339(13.16, 33.63)
Region Region Region
Eastern Europe 4 —_—— 33.95(24.36,43.54) | | Eastern Europe 1 - 4160 (39.50,43.70) | | Eastern Europe 3 ——————> 31.38(18.96, 43.80)
Northern Europe 5 —_— 22.90 (10.40,35.39) | | Northern Europe 1 — 30.30 (26.70,31.90) | | Northem Europe 4 —_— ) 21.84(843,35.25)
Southem Europe 11 - 12.26(10.12,14.41) | | Southem Europe 4 . 862 (8.21,9.02) Southem Europe 7 —_— 13.93 (10.76, 17.09)
Western Europe 8 —_— 2222(15.78,28.66) | | Western Europe 3 - 23.82(22.94,24.71) | | Westemn Europe 5 —_— 20.78 (16.08, 25.47)
T T T T T T T T T
0 10 30 60 0 10 20 45 0 10 20 30

Point prevalence of self-reported any FA in Europe, 2000-2021

Point prevalence of self-reported any FA in Europe, 2000-2012

Point prevalence of self-reported any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% Cl)| | Groups No. studies Prevalence (95% CI)| [ Groups No. studies Prevalence (95% CI)
Al 42 - 13.09(11.33, 14.84) | | All 17 . 5.89 (5.71,6.07) All 24 - 14.95 (12.82, 17.09)
Age groups Age groups Age groups
Children (0-17 years) 27 —- 1421 (11.41,17.01) | | Children (0-17 years) 11 . 6.86 (6.58, 7.15) Children (0-17 years) 16 —— 16.19 (12.67, 19.76)
Adults (18+ years) 14 - 12.25 (9.21, 15.30) Adults (18+ years) 6 . 5.05 (4.82,5.28) Adults (18+ years) 8 —— 14.60 (10.59, 18.63)
Region Region Region
Eastern Europe 3 —_——————————————) 28.88(2.28,55.8) Eastern Europe 1 —_—— 330 (1.20, 5.40) Eastern Europe 2 ——e—) 41.52(32.04,51.01)
Northem Europe 15 —- 15.28 (1243, 18.13) | | Northem Europe 7 - 1451 (13.88,15.15) | | Northern Europe 8 — 13.13 (9.77, 16.49)
Southem Europe 10 —— 10.59 (.38, 14.80) Southem Europe 2 - 3.45 (2.45, 4.45) Southem Europe 8 —_— 12.41(7.80, 17.02)
Western Europe 12 —_ 9.52 (6.50, 12.54) Western Europe 6 . 3.28 (312, 3.45) Westem Europe 6 —_— 13.30 (9.04, 17.57)
T T T T T T T T T
o 10 30 50 0 5 10 20 0 10 30 50

FIGURE 2 Pooled estimates for self-reported any food allergy in Europe for lifetime (top) and point prevalence (bottom) between 2000

and 2021, 2000 and 2012, and 2012 and 2021.

Lifetime prevalence of self-reported physician-diagnosed any FA in Europe, 2012-2021

Point prevalence of self-reported physician-diagnosed any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% CI) Groups No. studies Prevalence (95% CI)
All 6 — 6.60 (5.25, 7.94) All 7 —_— 4.87 (2.68, 7.06)
Age groups Age groups
Children (0-17 years) 4 —_— 9.28 (6.83, 11.73) Children (0-17 years) 5 R 3.75 (2.05, 5.45)
Adults (18+ years) 2 —_— 5.01(2.88,7.14) Adults (18+ years) 2 6.88 (1.73, 15.48)
Region Region
Eastern Europe 2 12.29 (3.92, 20.66) Eastern Europe No data No data
Northern Europe 2 _— 5.10 (1.46, 8.73) Northern Europe 2 _— 4.88 (4.15,5.61)
Southem Europe 4 —_ 5.22 (3.76, 6.69) Southern Europe 1 _ 6.48 (4.30, 8.66)
Western Europe 3 — 6.76 (5.39, 8.12) Western Europe 3 _— 5.32 (1.77,8.87)
T T T T T T
0 5 10 30 0 2 5 10

FIGURE 3 Pooled estimates for self-reported physician diagnosed any food allergy (i.e., doctor-diagnosed FA reported by a subject in a
questionnaire) for lifetime (left) and point prevalence (right) between 2012 and 2021.

3.34 |

The overall pooled estimate for prevalence of symptom plus sIgE positiv-
ity to any FAwas 2.9% (95% Cl 2.1-3.6%); 3.5% and 2.4% for children and
adults, respectively. The prevalence was lowest in Southern Europe and
highest in Eastern Europe. Estimates for symptom plus sIgE positivity
to any FA was similar during 2000-2012 (2.7%) and 2012-2021 (2.9%).

Symptom plus sIgE or SPT positivity FA

The overall pooled estimate for prevalence of symptom plus SPT

positivity to any FA was 2.4% (95% Cl 1.3-3.4%), all studies being

only available for children and none for adults. The prevalence was
lowest in Southern Europe and highest in Western Europe, but data
were unavailable for Eastern Europe. Estimates for symptom plus
specific SPT positivity to any FA was 1.5% during 2000-2012 and
1% during 2012-2021 (Figure 5).
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SPOLIDORO ET AL.
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Point prevalence of IgE sensitization to any FA in Europe, 2000-2021

Point prevalence of IgE sensitization to any FA in Europe, 2000-2012

Point prevalence of IgE sensitization to any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% CI)| | Groups No. studies Prevalence (95% CI)| | Groups No. studies Prevalence (95% CI)
Al 14 — 16.56 (12.35, 20.77) All 7 - 10.07 (9.39, 10.76) All 7 —_—— 17.38 (11.58, 23.18)
Age groups Age groups Age groups
Children (0-17 years) 10 — 18.40 (12.25,24.56) | | Children (0-17 years) 6 - 12.22 (11.35,13.08) | | Children (0-17 years) 4 ——————— 1827(9.57,26.98)
Adults (18+ years) 5 —_— 11.24 (2.21,20.27) Adults (18+ years) 2 - 4.11(3.15,5.07) Adults (18+ years) 3 —_——————————) 1449(2.32,31.30)
Regions Regions Regions
Eastern Europe 1 - 16.70 (15.05, 18.35) Eastern Europe No data No data Eastern Europe 1 - 16.70 (15.05, 18.35)
Northern Europe 10 — 13.79(9.59,17.99) || Northem Europe 6 . 9.77 (9.04, 10.50) Northern Europe 4 _— 12.11 (4.57, 19.66)
Southern Europe 2 —_— 16.38 (3.02, 35.78) Southern Europe No data No data Southern Europe 2 ——————) 16.38(3.02, 35.78)
Western Europe 4 — 22.27(16.37,28.16) | [ Western Europe 1 - 11.70 (9.80, 13.60) || Westem Europe 3 —e— 2521 (2242,27.99)
T T T T T T T T T
0 10 30 60 0 10 20 45 0 10 20 30

Point prevalence of SPT sensitization to any FA in Europe, 2000-2021

Point prevalence of SPT sensitization to any FA in Europe, 2000-2012

Point prevalence of SPT sensitization to any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% Cl)| | Groups No. studies Prevalence (95% Cl)| | Groups No. studies Prevalence (95% Cl)
Al 13 - 566 (3.90, 7.42) Al 5 . 2,68 (2.38, 2.99) Al 8 —_— 6.94 (3.52, 10.44)
Age groups Age groups Age groups
Children (0-17 years) 13 - 451 (2.89,6.13) Children (0-17 years) 5 . 268 (2.38, 2.99) Children (0-17 years) 7 —_— 5.13 (1.80, 8.45)
Adults (18+ years) 1 - 21.39(18.76,24.27) | | Adults (18+ years) No data No data Adults (18+ years) 1 — 21.39 (18.76, 24.27)
Regions Region Regions
Eastem Europe  No data No data Eastern Europe  No data No data EasternEurope  No data No data
Northern Europe 2 - 5.12(253,7.71) Northern Europe 1 - 3.70 (220, 6.00) Northern Europe 1 - 6.35 (5.19, 7.75)
Southern Europe 4 - 2.99(0.73,6.71) Southern Europe 1 - 4.20 (2.15,6.25) Southern Europe 3 — 261(1.72,6.95)
Western Europe 6 - 7.01(3.77,10.25) Western Europe 3 . 1.80 (1.50, 2.10) Western Europe 3 —_— 10.54 (3.78, 17.29)
T T T T T T T T T
0o 10 30 60 0 0 20 45 0 10 20 30

FIGURE 4 Pooled estimates for sIgE (top) or SPT (bottom) sensitization to any food allergy in Europe between 2000 and 2021, 2000 and

2012, and 2012 and 2021.

Point prevalence of symptom plus IgE sensitization to any FA in Europe, 2000-2021

Point prevalence of symptom plus IgE sensitization to any FA in Europe, 2000-2012

Point prevalence of symptom plus IgE sensitization to any FA in Europe, 2012-2021

Point prevalence of symptom plus SPT sensitization to any FA in Europe, 2000-2021

Groups No. studies Prevalence (95% CI)| | Groups No. studies Prevalence (95% CI) | | Groups No. studies Prevalence (95% Cl)
Al 7 — 2.89 (215, 3.63) Al 3 — 2.66 (1.66, 3.66) All 4 —— 2.91(2.01,3.82)
Age groups Age groups Age groups
Children (0-17 years) 4 —_— 3.51(2.60, 4.43) Children (0-17 years) 2 — 3.57 (2.77,4.37) Children (0-17 years) 2 —_— 345 (2.22,4.68)
Adults (18+ years) 2 —_— 2.36 (1.23,3.49) Adults (18+ years) 1 —_— 2.20(0.75, 3.65) Adults (18+ years) 1 —_—— 2.36 (1.23,3.49)
Regions Regions Regions
Eastern Europe 2 —_— 4.08 (1.35, 6.82) Eastern Europe No data No data Eastern Europe 2 —_— 4.08 (1.35,6.82)
Northern Europe 4 —_— 3.00 (1.47,4.52) Northern Europe 1 —_— 3.00 (2.10, 3.90) Norther Europe 3 —_— 3.02(0.82,5.21)
Southern Europe 3 —_— 1.83(0.73,2.93) Southern Europe  No data No data Southern Europe 3 —_— 1.83(0.73,2.93)
Western Europe 4 —_— 3.22(2.10,4.33) Western Europe 2 —_— 2.57 (1.32,3.82) Western Europe 2 —_— 3.15(1.68, 4.61)
T T T T T T T T T
0 2 5 10 0 2 5 10 0 2 5 10

Point prevalence of symptom plus SPT sensitization to any FA in Europe, 2000-2012

Point prevalence of symptom plus SPT sensitization to any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% CI)| | Groups No. studies Prevalence (95% CI) | | Groups No. studies Prevalence (95% Cl)
Al 5 b 2.35(1.29, 3.40) Al 4 —_— 1.52(1.29, 1.74) All 1 — 0.99 (0.78, 1.25)
Age groups Age groups Age groups
Children (0-17 years) 5 —_ 2.35(1.29,3.40) Children (0-17 years) 4 — 152 (1.29, 1.74) Children (0-17 years) 1 —— 0.99 (0.78, 1.25)
Adults (18+ years) ~ No data No data Adults (18+ years)  No data No data Adults (18+ years)  No data No data
Regions Regions Regions
Eastern Europe No data No data Eastern Europe No data No data Eastern Europe No data No data
Northern Europe 1 - 1.60 (0.90, 2.30) Northern Europe 1 —_—— 1.60 (0.90, 2.30) Northern Europe  No data No data
Southern Europe 2 - 1.36 (0.57, 2.16) Southern Europe 1 —_— 1.80 (1.30, 2.30) Southern Europe 1 —_ 0.99 (0.78, 1.25)
Western Europe 2 ——————  654(6.20,19.28) Western Europe 2 —— 1.40 (1.14, 1.66) Western Europe No data No data
T T T T T T T T T
0 5 10 20 0 1 2 3 0 1 2 3

FIGURE 5 Pooled estimates for symptoms plus sIgE (top) or SPT (bottom) sensitization to any food allergy in Europe between 2000 and

2021, 2000 and 2012, and 2012 and 2021.
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SPOLIDORO ET AL.

Point prevalence of clinical history o food challenge positivity to any FA in Europe, 2000-2021  Point prevalence of clinical history or food challenge positivity to any FA in Europe, 2000-2012  Point prevalence of clinical history or food challenge positivity to any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% Cl)| | Groups No. studies Prevalence (95% Cl)| | Groups No. studies Prevalence (95% Cl)
Al 7 — 2.73(1.27,4.19) Al 4 — 260 (2.08, 3.12) Al 3 —_— 250 (0.35, 5.35)
Age groups Age groups Age groups
Children (0-17 years) 7 —_— 2.73 (127, 4.19) Children (0-17 years) 4 — 2.60 (2.08, 3.12) Children (0-17 years) 3 _— 2.50 (0.35, 5.35)
Adults (18+ years)  No data No data Adults (18+ years)  No data No data Adults (18+ years)  No data No data
Regions Regions Regions ‘
Eastern Europe  No data No data Eastern Europe  No data No data Eastern Europe  No data No data
Northern Europe 2 _— 4.85 (1.35,8.36) Northern Europe 4 — 260 (2.08, 3.12) Northern Europe 1 —— 3.21(2.38, 4.04)
Southern Europe 1 . 0.16 (0.08, 0.30) Southern Europe  No data No data Southern Europe 1 r 0.16 (0.08, 0.30)
Western Europe 3 —— 1.86 (0.95, 2.76) Western Europe  No data No data Western Europe 0 0.10(0.10, 0.10)
T T T T T T T T T T
0 2 5 10 0 1 3 5 0 2 10

Point prevalence of food challenge positivity to any FA in Europe, 2000-2021  Point prevalence of food challenge positivity to any FA in Europe, 2000-2012  Point prevalence of food challenge positivity to any FA in Europe, 2012-2021

Groups No. studies Prevalence (95% Cl)| | Groups No. studies Prevalence (95% Cl)| | Groups No. studies Prevalence (95% Cl)
Al 17 — 082 (0.52,0.92) Al 12 - 093 (0.82, 1.05) Al 5 —— 0.36 (0.17, 0.55)
Age groups Age groups Age groups
Children (0-17 years) 11 —— 0.67 (0.41,0.92) Children (0-17 years) 9 - 0.99 (0.80, 1.18) Children (0-17 years) 3 —- 0.23(0.06, 0.41)
Adults (18+ years) 5 —_— 1.43 (0.65,2.22) Adults (18+ years) 4 - 0.89(0.75, 1.04) Adults (18+ years) 1 —-— 0.36 (0.2, 0.61)
Regions Regions Regions
Eastern Europe  No data No data Eastern Europe  No data No data Eastern Europe  No data No data
Northern Europe 5 _— 1.33 (0.50, 2.15) Northern Europe 9 - 1.12 (0.90, 1.34) Northern Europe  No data No data
Southern Europe 5 - 0.26 (0.12, 0.41) Southern Europe 2 . 0.21(0.14, 0.28) Southern Europe 3 —— 0.24 (0.05, 0.44)
Western Europe 6 _— 1.13 (0.44, 1.83) Western Europe 2 —_— 3.14 (258, 3.70) Western Europe 1 —— 0.36 (0.16, 0.56)
T T T T T T T T T
0 1 2 3 0 1 3 5 0 1 2 3

FIGURE 6 Pooled estimates for clinical history or food challenge positive any food allergy (top) and for food-challenged verified any food
allergy (bottom) in Europe between 2000 and 2021, 2000 and 2012, and 2012 and 2021.

3.3.5 | FA defined by clinical history or
food challenge

The overall pooled estimate for prevalence of clinical history or food
challenge (OFC or DBPCFC) positivity to any FA was 2.7% (95% Cl
1.3-4.2%), all studies being only available for children and none for
adults. The prevalence was lowest in Southern Europe and highest
in Northern Europe. No data were available for Eastern Europe re-
gion. Between 2000 and 2012 and 2012 and 2021, the prevalence
of clinical history or food challenge FA was 2.6% and 2.5%, respec-
tively (Figure 6).

3.3.6 | Food challenge-verified FA

The overall pooled estimate for prevalence of food challenge (OFC
or DBPCFC) positivity to any FA was 0.8% (95% Cl 0.5-0.9%); 0.7%
vs. 1.4% for children and adults, respectively. The prevalence was
lowest in Southern Europe and highest in Northern Europe. There
were no estimates from Eastern Europe. The prevalence was 0.9%
during 2000-2012 and 0.4% during 2012-2021 (Figure 6).

3.4 | Time trends of frequency of FA
Dataontimetrends of FAin Europe arereportedin Table 2. In addition

to the three studies originally reported in the previous systematic re-
view, two more studies were identified and included in this update,

giving a total of five studies.?%>>737:6576:136-138.141 £ out of the five
studies were undertaken in the United Kingdom,2""65'76’136'138'141
while the remaining one took place in Finland.®®> We also added up-
dated trends on the frequency of FA for one of the studies already
reported in the review from 2014.13671%8141 Three of the studies re-
ported trends for both any FA and specific FA. One study reported
the trends of hospital admission rate for FA,>>~>’ while one study
reported trends for doctor-diagnosed peanut aIIergy.76 While the
available data remained limited to allow clear conclusion on the cur-
rent time trends in the incidence or prevalence of FA, the additional
data from this updated review may suggest a slight but progressive
increase of clinician-diagnosed FA in the United Kingdom, with re-
ported prevalence going from 0.6% in 2000 to 1.3% in 2015,%’ but a
slight decrease in point prevalence self-reported FA, with estimates
going from 8.5% to 7.2% at 1 year, from 9.2% to 8.4% at 2years, and
from 9.1% to 8.3% at 3-4years in two birth cohort born in 1989-
1990 and in 2001-2002, respectively.'*¢71%8141 |y Finland, the prev-
alence of self-reported FA was not relevantly changed from 2009 to
2013 (2.7% vs. 2.5%).%°

4 | DISCUSSION
4.1 | Statement of principal findings
The current systematic review and meta-analysis provides the most

updated estimates of the frequency of FA in Europe for the period
2000-2021. We estimate that the lifetime and point prevalence of
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self-reported any FA currently stand at 20% and 13%, respectively.
The point prevalence of sensitization as assessed by slgE stands at
17%, skin prick test 6%, and food challenge positivity 1%. While
the lifetime prevalence of self-reported FA and point prevalence
of food challenge positivity only slightly changed during the period
2000-2012 and 2012-2021, the point prevalence of self-reported
FA, slgE and SPT positivity increased between the same periods.
However, based on clinical history or positive food challenge (OFC or
DBPCFC), FA increased from 2.6% in 2000-2012 to 3.5% in 2012-
2021. Overall, there was no apparent pattern in the frequency of FA
in children and adults across the different measures of assessment,
nor a consistent pattern by European regions.

4.2 | Strengths, limitations, and implications of the
current review update

As with the previous EAACI-led systematic review>? we followed
recommended rigor in undertaking this updated review, which in-
cluded a comprehensive search of the extant literature and a sys-
tematic approach at every stage of the review process. Additional
databases were included in the current update, more than were in-
cluded in the previous review to ensure that we did not miss any rel-
evant study given the advancement made in the literature collection
over the last decade. In keeping with the previous review that in-
cluded studies investigating frequency of FA using all possible meth-
ods to measure FA (e.g., self-report, specific sensitization to foods,
food challenge, and their various combinations), as well as including
different measures of occurrence of FA (e.g., point prevalence, life-
time prevalence, and incidence), the current review remains so far
the most comprehensive in providing a clear picture of the burden
of FA in Europe.

As observed in the previous review,! most studies in this up-
date also failed to make any distinction between IgE or non-IgE FA
phenotypes, thus it was impossible to present estimates of preva-
lence of FA by its IgE-mediated and non-IgE-mediated phenotypes.
Overall, the quality of studies included in the review remained mod-
erate as it was in the previous review, indicating that in going for-
ward, the quality of the underlying evidence needs to be improved.
Although the previous review highlighted the need for improved as-
sessment of FA through increased use of the gold standard DBPCFC
measurement, we did not observe such improvement in this update,
regardless of the European region. This is an aspect that still re-
quires further attention. However, OFC is traditionally more com-
monly used than DBPCFC, since DBPCFC can be challenging in its
application. Many symptomatic individuals may be excluded from
DBPCFC due to co-existing disease, labor intensity, lack of validated
and blinded challenge materials, or refusal of the individuals, which
usually leads to an underestimation of actual frequency of FA. In
this case, we highlighted in the previous review that using estimates
based on convincing clinical history or positive food challenge may
represent the best objective estimates.! Based on these estimates,
FA remained stable between 2000 and 2012 (2.6%) and 2012 and

2021 (2.5%). Still, there was no improvement over the past decade
in the use and definition of FA using convincing clinical history or
positive food challenge as only a negligible number of studies used it
to define FA. There was also no improvement in time trends of FA as

only two additional studies®”%>

were found in this update, adding to
the three studies®> 77137138141 £5nd in the previous review. More
time trend studies are required to provide a clearer picture of time
trends of FA overtime.

As forthe possible differences in FAbetween children (0-17 years)
and adults (18years and over), although in most of the cases fre-
quency estimates for FA differed between children and adults, there
was no clear pattern across the different measures of assessment by
age category. For the estimates of FA across the European regions,
estimates were mostly comparable for all the methods of assessment
included in the analysis. However, for self-reported FA, prevalence
estimates were frequently higher in Northern and Eastern regions
compared with Southern and Western regions. Nevertheless, it is im-
possible to infer if the reported data were due to an actual increase
in FA in the specific European population examined or if the higher
(or lower) estimates could result from the different approaches used,
framing of the questionnaire or subjective interpretation of the
studied populations. This is especially true when considering that
the definition of self-reported FA per se can be challenging to estab-
lish. Given that the differences in European regions were far smaller
when FA outcome was defined by objective measures such as SPT
or slgE tests, the probable differences observed for self-reported
FA may depend more on over or under-reporting of the phenomena
across the different regions. Indeed, the observed rise in the point
prevalence estimated for SPT and sIgE FA between 2000 and 2012
and 2012 and 2021 could be partially explained by the fact that more
food allergens are now being investigated by sIgE testing, leading to
a higher number of positive cases found.

A highly significant heterogeneity was observed in the updated
review for the pooled prevalence estimates of studies published
on FA in Europe in the past two decades, regardless of age and
European region. While such heterogeneity may indicate inherent
methodological differences across the studies regarding study im-
plementation and definition of FA, it may also reflect the fact that
indeed estimates of prevalence of FA varies across places in Europe.
Consequently, harmonization of protocols, implementation, and
definition of FA across studies in future studies may not resolve the
heterogeneity between studies.

5 | CONCLUSIONS

This updated systematic review shows that the lifetime prevalence
of FA in Europe has slightly increased since the previous review was
published in 2014. Similarly, the point prevalence, especially for self-
reported and slgE positive FA increased during the same period,
while clinical history and OFC or DBPCFC confirmed FA remained
stable. However, the prevalence of food challenge positivity slightly
decreased during this period. The observed increase may reflect a
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real increase, increased awareness, increased number of food aller-
gens assessed or increased number of studies from countries that
had less data in the first review. The frequency of FA differed in
children and adults, but there were no consistent patterns by age
category across the outcomes investigated. Likewise, no consistent
pattern was observed by European regions, although prevalence of
FA was frequently higher in Northern and Eastern regions compared
with Southern and Western regions. As there seemed to be impor-
tant methodological and diagnostic differences within and across
the European regions, interpretation of the findings requires cau-
tion, especially considering the high heterogeneity among the stud-
ies still observed in this updated review.

Overall, there was no improvement in the design of studies and
diagnostic approaches used between the current update and the
previous review. There is still a need to improve this evidence base
in order to better understand the frequency of FA across Europe,
through which its healthcare and societal burden can be clearer
explained. As indicated in the previous review, future studies still
require rigorous designs and implementation of standardized meth-
odology in diagnosing FA, including use of DBPCFC to minimize po-
tential biases.
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APPENDIX 1

SPOLIDORO ET AL.

Geoscheme of European countries by UN

Eastern Europe
Belarus
Bulgaria

Czech Republic
Hungary
Poland
Moldova
Romania

Russia

Slovakia

Ukraine

Adapted version from https://cies2018.org/wp-content/uploads/List-of-Countries-by-Region-UN-Annex-1l.pdf

* Appended

Northern Europe

Aland*

Channel Islands (Guernsey, Jersey, Sark)
Denmark

Estonia

Faroe Islands

Finland

Iceland

Ireland

Isle of Man

Latvia

Lithuania

Norway

Svalbard and Jan Mayen Islands*
Sweden

UK (England, Scotland, Wales, and
Northern Ireland)

Southern Europe
Albania

Andorra

Bosnia and Herzegovina
Croatia

Gibraltar

Greece

Holy See (Vatican City)
Italy

Kosovo*

Malta

Montenegro

(North) Macedonia
Portugal

San Marino

Serbia

Slovenia
Spain
Turkey*

Yugoslavia (historical)*

Western Europe
Austria

Belgium

France

Germany
Liechtenstein
Luxembourg
Monaco
Netherlands

Switzerland
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