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METHODSSearch strategyArticles were retrieved using a highly
sensitive search strategy implemented in four electronic databases
(OVID MEDLINE, OVID EMBASE, CINAHL, and ISI Web of Science). The
search strategy was devised on OVID MEDLINE and then adapted for
the other databases (see Box E1). Systematic reviews were retrieved
by using the systematic review filter developed at McMaster
University Health Information Research Unit (HIRU)
(http://hiru.mcmaster.ca/hiru/HIRU_Hedges_MEDLINE_Strategies.aspx#Reviews).
We also adapted the search filter from York University Centre for
Reviews and Dissemination
(http://www.york.ac.uk/inst/crd/intertasc/epidemiological_studies.html)
to retrieve the characteristics describing the epidemiology of FA.
The McMaster filter
(http://hiru.mcmaster.ca/hiru/HIRU_Hedges_EMBASE_Strategies.aspx#Prognosis)
was applied for retrieving studies on prognostic factors.
Additional references were located byhand search. Unpublished work
and research in progress were searched through discussion with
experts in the field. There were no language restrictions, and
where possible the literature in languages other than English was
translated. The literature we were unable to translate is shown in
the PRISMA flow diagram (Figure 1).

Inclusion and exclusion criteriaAs per the study design, we
included systematic reviews and meta-analyses, cohort studies,
case-control studies, cross-sectional studies, and routine
healthcare studies. We excluded review and discussion papers,
non-research letters and editorials, case studies and case series,
animal studies, and all randomized controlled trials. Our initial
inclusion criteria were broad by including studies published
worldwide between January 1990 and September 2012. However, after
assessing the large amount of articles, we made further
restrictions to include studies published only in Europe (based on
the United Nations definition
(http://unstats.un.org/unsd/methods/m49/m49regin.htm#europe
accessed on December 28, 2012) between January 1, 2000 and
September 30, 2012, with the exception of Greenland and Turkey,
which were included in the review because we believe they are
culturally and politically more European than North American and
Asia, respectively.

Term Definition

1 exp Food Hypersensitivity/

2 food allerg*.mp.

3 food hypersensitivity.mp.

4 food hypersensitivities.mp.

5 allergy, food.mp.

6 (rat or rats or cow or cows or chicken? or horse or horses or
mice or mouse or bovine or animal$).ti.

7 exp animals/ not humans.sh.

8 6 or 7

9 *Incidence/

10 *Prevalence/

11 (incidence or prevalence or epidemiol$).ti.

12 epidemiologic methods/

13 *cohort studies/

14 controlled clinical trial.pt.

15 *case-control studies/

16 exp Food Hypersensitivity/ep [Epidemiology]

17 exp Hospitalization/

18 exp Hospitalization/sn, td [Statistics & Numerical Data,
Trends]

19 exp Mortality/sn, td [Statistics & Numerical Data,
Trends]

20 exp Epinephrine/ad, tu, th [Administration & Dosage,
Therapeutic Use, Therapy]

21 exp "Cause of Death"/

22 ((adrenaline or epinephrine) adj3 (dispens$ or
prescrib$)).tw.

23 or/9-22

24 or/1-5

25 23 and 24

26 25 not 8

27 limit 26 to yr="1990 - 2012"

Box E1 Ovid Medline search strategy
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Analysis, synthesis and reportingWe recalculated all the
frequency estimates of FA occurrence if adequate data were provided
by authors. If any discrepancies were observed between our
recalculated estimates and those of the authors, we reported our
recalculated estimates. Our recalculated estimates were based on
the minimal measured events rather than extrapolated estimates. In
studies where inadequate data were given to enable recalculation,
we reported the estimates provided by the authors. Where needed and
possible, we contacted authors of primary studies for
clarifications. The 95% confidence intervals (95% CI) of our
recalculations were computed by using the Wilson score method
without continuity correction (15). Different reports from the same
primary study were reported as one study. Although several specific
food allergies were reported across the studies, the focus of the
current report is to present the estimates for ‘any FA’. The other
specific foods will be presented in a future report. In studies
reporting estimates of sensitization to food allergy alongside
cross-reactivity to pollen (wheat and grass), we always used the
true estimates without pollen cross-reactivity, where possible.

We performed a random-effects meta-analysis for clinically and
methodologically comparable studies to estimate the frequency of
FA. The following outcomes were considered: 1. point and life-time
prevalence of self-reported FA; 2. point prevalence of specific IgE
positivity; 3. point prevalence of SPT positivity; 4. point
prevalence of symptoms plus IgE positivity; 5. point prevalence of
symptoms plus SPT positivity; 6. point prevalence of clinical
history or OFC/DBPCFC-positivity; 7. point prevalence of positive
response to food challenge (open food challenge [OFC] or DBPCFC).
For outcomes 6 and 7 above, where a study reported estimates for
both OFC and DBPCFC, the DBPCFC estimates were always used;
otherwise OFC estimates were used if DBPCFC was not done in the
study. We did not present pooled estimates for cumulative incidence
of FA due to inconsistencies and very few data across studies.

We aimed to present stratified pooled estimates by different age
groups (1 year and under, 2-5 years, 6-10 years, 11-17 years, 18-60
years, and older than 60 years). However, due to several
overlapping ages of participants across the studies, the
age-stratified pooled estimates were more feasibly computed for the
age groups 0-17 years (children) and 18 years

and over (adults). A study with overlap between these two age
groups was included in either age group if the age distribution was
skewed to that age group. For studies that gave frequency estimates
at different ages for the same individuals, we used the estimates
for the highest age in computing the pooled estimates. We also
present the pooled estimates stratified by geographical region in
Europe (i.e., East, West, South, North, and ‘Europe’; the last
group being for studies that included several European countries
and gave overall estimate for all the countries and in which it was
not possible to calculate the frequency for each country studied)
using the classification by the UN
(http://unstats.un.org/unsd/methods/m49/m49regin.htm#europe
accessed December, 2012). Due to methodological differences across
the studies investigating the risk and prognostic factors for FA
(varied risk and prognostic factors studied, differences in study
design, differences in statistical methods employed across studies,
differences in factors considered for adjustment, and others), we
did not perform meta-analysis for these studies.

RESULTS

Study characteristicsThe characteristics, main results, and the
overall risk of bias grading of the studies included for review are
shown in Table E1. Of the 56 studies reviewed, 31 were
cross-sectional, 19 cohort, three were systematic reviews, and
three case-control studies. Over 50% of the studies were conducted
in northern European countries. A majority of the studies (n=37)
were undertaken only in children. Ten studies assessed FA only by
self-report, 10 only by specific-IgE or SPT positivity, while the
remainder was a combination of self-report, specific-IgE or SPT
sensitization, and food challenge. Twenty-six of the studies
undertook food challenges for verifying FA, and 22 of these
employed DBPCFC. A majority of the studies (n=49) reported point
prevalence as the occurrence measure for estimating the frequency
of FA. The majority of studies had a moderate risk of bias (Table
E2).

Frequency of FASelf-reported FA: details of studiesEighteen of
the 27 studies on self-reported FA included children (i.e., < 18
years). Two studies
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reported cumulative incidence in children: one study from
Denmark reported the cumulative incidence of self-reported FA by
the age of 6 years as 11.6% (27-29), whereas one study from the UK
reported estimate of 25.8% by the age of 1 year and 28.1% by the
age of 3 years (85-87). The lowest (1.6%) and highest (38.7%) point
prevalence of FA were reported in Italy (20) and Norway (52),
respectively (Figure E1). The lowest and highest life-time
prevalence of FA was found in Turkey (5.7%) (59) and Poland (41.8%)
(53), respectively (Table E3). The range of point prevalence of
self-reported FAfor all age groups was 1.6% to 38.7% and the
highest point prevalence was found in the age group 2-5 years
(Table 1). The range of life-time prevalence of self-reported FA
for all age groups was 5.7% to 41.8% and the highest life-time
prevalence was found in the age group 6-10 years (Table E3).

FA by positive SPT or IgE to specific food allergens: details of
studies

Of the 18 studies
(17-19,27-29,35-42,47,50-52,61-64,67-70,76,77,81,82,85-88) that
defined FA by means of specific sensitization (positive SPT or IgE)
to food allergens, 12 were undertaken among children (Table E4).
The frequency of FA as defined by positive specific-IgE was
generally higher than corresponding positive SPT, and often the
correlation between the two types of tests was low. The cumulative
incidence of positive SPT or specific-IgE to at least one food by
the age of 4 years was reported to be 5.5% in Finland (69). The
cumulative incidence of positive specific-IgE by 6 years was 47.3%
in Denmark (27-29), while that of positive SPT was 5.3% by the age
of 3 years in the UK (Table E4) (85-87). The point prevalence of
positive SPT to at least one food was lowest in France (1.8%) (67)
and highest in the UK (7.7%) (88). In general, the point prevalence
of SPT positivity was highest in Northern Europe than other regions
(Figure E3), with only one study each being undertaken in Western
and Southern Europe. No study was found from Eastern Europe on FA
by SPT positivity to any specific food allergen. Studies on
specific-IgE positivity to food allergens were from only Northern
and Western Europe. The point prevalence of positive specific-IgE
was lowest in Finland (2.0%) (41) and highest in Germany, Italy,
Norway, and Denmark (each country having approximately 22%) (Table
E4) (18). In general, the point prevalence was higher in Western
than in Northern Europe (Figure E2), although only

one study was undertaken in Western Europe. The range of the
prevalence of positive SPT positivity for all age groups was 1.8%
to 6.1%, with the highest prevalence in the age group the 6-10
years; that of positive specific-IgE ranged from 2.0% to 52.0%, the
age group 6-17 also having the highest prevalence (Table 1).

FA defined by symptoms plus allergic sensitization and by
clinical history or food challenge

Nine studies (23,48,53,60,67,68,78-80,85-88) defined FA based on
symptoms plus sensitization (SPT and IgE) to specific food
allergens (n=5) or based on convincing clinical history or
positivity to food challenge (OFC or DBPCFC) (n=4) (Table E5). All
of these studies were among children and a majority from Northern
Europe (n=6) (23,48,53,68,85-88). FA based on symptoms plus
sensitization involved subjects who were symptomatic for FA
(usually by self-report) and subsequently had positive results when
they underwent SPT or IgE tests. On the other hand, FA based on
clinical history or food challenge was defined as either having a
convincing clinical history (without any food challenge) or being
positive with food challenge.

The pooled point prevalence of symptoms plus positive IgE to at
least one food was similar in Northern and Western Europe (Figure
3). The lowest (2.2%) and highest (4.6%) point prevalence of
symptoms plus positive specific-IgE to at least one food were both
found in Germany (78-80). The range of the point prevalence of
symptoms plus positive specific-IgE by age group was 1.3% to 4.6%,
those 1 year and less having the lowest frequency (Table 1).

The point prevalence of symptoms plus SPT positivity was just
highest in Southern Europecompared toother regions (Figure 4). The
lowest point prevalence was found in France (0.1%) (66) and the
highest in Germany (13.1%) (77-79). The range of the point
prevalence of symptoms plus positive SPT by age group was0.1% to
13.1%, the age groups 6-10 and 11-17 years having the lowest
estimates.

The overall pooled point prevalence of clinical history or food
challenge positivity was lowest in the UK (1.1%) (87) and highest
in Norway (6.8%) (53) (Table E5). The range of the point prevalence
of clinical history or food challenge by age group was 1.1% to
6.8%, the age group 2-5 years having the highest frequency (Table
1). Differences may be explained by the use of
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OFC versus DBPCFC.

There was significant heterogeneity between the studies (P <
0.05 for I2) despite stratification by age and region.

Challenge-verified FA: details of studies

Of the 12 primary studies
(23,27-29,34,48,60,65,66,68-70,78-80,85-88) that assessed FA by
performing food challenge (OFC or DBPCFC), eight only included
children (23,27-29,48,60,68-70,85-88) and nine came from Northern
Europe (23,27-29,48,65,66,68-70,85-88), two from Southern Europe
(34,60), and one from Western Europe (78-80) (Table E6). Three of
the studies reported cumulative incidence of challenge positive FA
by 1 year (1.5% [95% CI 0.9-2.5]) (27-29), by 4 years (3.3% [95% CI
2.8-3.9]) (69,70), and by 6 years (3.6% [95% CI 2.3-5.4]) (85-87).
The lowest point prevalence of challenge-verified FA was found in
the UK (almost zero per cent) (85-87) while the highest was found
in Germany (5.7%) (78-80) (Table E6). The range of the point
prevalence of challenge-verified FA was from 0% to 5.7%, with the
age group 11-17 having the highest frequency (Table 1). There was
significant heterogeneity between the

studies (P < 0.05 for I2) even after stratification by age
and region.

Cumulative incidence

Only one of the nine studies in these categories reported
estimates for cumulative incidence (84-86), showing that the
cumulative incidence of FA by the age of 3 years was 6.0% (95% CI
4.6-6.7) based on clinical history or OFC positivity and 5.0% (95%
CI 3.8-6.5) based on clinical history or DBPCFC positivity.

Risk and prognostic factors for FAAlthough a number of the
reviewed studies examined the risk and prognostic factors for
self-reported FA and sensitization to specific food allergen, a
priori, we were interested in studying the risk and prognostic
factors for clinician-diagnosed or objectively-verified FA, which
is expected to give stronger evidence for causality and would be
more meaningful for clinical intervention. Thirteen studies
(22,24-26,32,34,40,46,53,58,68-70,73,84-87) were found of which 11
were among children (Table 3). Due to several methodological
differences between the studies, they were not combined in a
meta-analysis.
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