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Abstract

Background

It is challenging to define likely food allergy (FA) in large populations which limited the num-
ber of large studies regarding risk factors for FA.

Objective

We studied the prevalence and characteristics of self-reported FA (s-rFA) in the large, popu-
lation-based Dutch Lifelines cohort and identified associated risk factors.

Methods

Likely food allergic cases (LikelyFA) were classified based on questionnaire reported char-
acteristics consistent with FA. Subjects with atypical characteristics were classified as Inde-
terminate. We investigated 13 potential risk factors for LikelyFA such as birth mode and
living on a farm and addressed health-related quality of life (H-RQOL).

Results

Of the 78, 890 subjects, 12.1% had s-rFA of which 4.0% and 8.1% were classified as Like-
lyFA and Indeterminate, respectively. Younger age, female sex, asthma, eczema and nasal
allergy increased the risk of LikelyFA (p-value range <1.00%1072°°—1.29%1077). Living in a
small city/large village or suburb during childhood was associated with a higher risk of Like-
lyFA than living on a farm (p-value = 7.81*¥10™* and p = 4.84*107%, respectively). Subjects
classified as Indeterminate more often reported depression and burn-out compared to those
without FA (p-value = 1.46*107* and p = 8.39*10" '3, respectively). No association was
found with ethnicity, (duration of) breastfeeding, birth mode and reported eating disorder.
Mental and physical component scores measuring H-RQOL were lower in both those classi-
fied as LikelyFA and Indeterminate compared to those without FA.
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Conclusion

The prevalence of s-rFA among adults is considerable and one-third reports characteristics
consistent with LikelyFA. Living on a farm decreased the risk of LikelyFA. The association of
poorer H-RQOL as well as depression and burn-out with questionable self-perceived FA is
striking and a priority for future study.

Introduction

Food allergy (FA) is defined as an adverse health effect arising from a specific immune
response that occurs reproducibly on exposure to a given food [1]. These immediate, IgE
mediated reactions to food have a high impact, both socially and financially [2,3]. Previous
research indicated that self-reported FA (s-rFA) was associated with psychiatric disorders such
as depression and internalization of problems [4,5]. Despite the major impact it has on patients
and their families, the pathogenesis of FA remains poorly understood and so far, there is little
knowledge regarding the characteristics of subjects with s-rFA in the general population.

In 1994, the prevalence of FA and food intolerances was studied by a questionnaire in a ran-
dom sample of 1 483 Dutch adults. Approximately 12.4% answered ‘yes’ to “Do you have aller-
gic or intolerance reactions after eating or drinking specific foods; or are there any foods you
do not use anymore because they give you trouble?” [6]. In only 12/73 subjects (16.4%) with s-
rFA or food intolerance, could this be confirmed by either a positive double-blind placebo-
controlled food challenge (DBPCFC n = 9) or a prolonged glucose tolerance test (n = 3) [6].
The latter was performed in subjects suspected of glucose intolerance. Moreover, the foods
listed are more likely to be involved in food intolerance based on a non-allergic adverse reac-
tion and the DBPCFCs protocol was highly different from current standards [7]. In a more
recent study, 25% of 3 864 Dutch adults reported adverse reactions to foods [8]. A meta-analy-
sis described the prevalence of FA in European adults using the following definitions; s-rFA, s-
rFA accompanied by positive sIgE and challenge proven FA [9]. The prevalence according to
these definitions was 5.1%, 2.2% and 0.1-3.2%, respectively. This shows that the prevalence of
FA is considerable, but highly dependent on the used definition [10].

In a telephone survey among 5 300 households in the US, Sicherer et al. documented that
18/93(19.4%) adults with s-rFA had no convincing reaction based on reported symptoms and
timing of onset of symptoms [11]. In a two-staged questionnaire among 1 583 adults from
Central Brazil, Silva et al. found that 89/104(85.6%) subjects with s-rFA were not considered to
have FA based on the reported food, symptoms, timing of onset and reproducibility of symp-
toms, and effect of food exclusion [12]. With a false positive rate between 19.4% and 85.6%,
these studies show that s-rFA overestimates the prevalence of FA.

This study, based on the population-based cohort Lifelines [13], aimed to describe the prev-
alence of likely as well as questionable, self-perceived FA among Dutch adults and to identify
risk factors for both conditions. We were interested in the association with age, gender, other
atopic diseases, mode of delivery, breastfeeding and early farm exposure. Cases with likely FA
were defined as those who reported foods, symptoms and characteristics consistent with FA.
In this definition, we aimed to optimize the specificity for FA. Controls were those who
reported that they did not have FA. The remainder, classified as Tndeterminate’, reported FA
but with foods, symptoms and/or characteristics other than those consistent with FA. By
studying the association of mental disorders and health-related quality of life (H-RQOL) with
cases, controls and this ‘Indeterminate’ group, we aimed to further characterize these
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populations. Of special interest in this regard is the Indeterminate group with questionable,
self-perceived FA, about which very little is currently known, despite its substantial prevalence.

Methods
Lifelines

Lifelines is a multi-disciplinary prospective population-based cohort study examining, in a
unique three-generation design, the health and health-related behaviors of 167,729 persons liv-
ing in the northern Netherlands. It employs a broad range of investigative procedures in assess-
ing the biomedical, socio-demographic, behavioral, physical and psychological factors which
contribute to the health and disease of the general population, with a special focus on multi-
morbidity and complex genetics [13,14]. This cohort is broadly representative of socioeconomic
characteristics, lifestyle, diseases and general health of the population in the northern Nether-
lands [15]. Recruitment of participants was performed between 2006 and 2013. From 2014
onwards, subjects were invited to complete a second examination, including the “Food Allergy
Questionnaire” (FAQ). We included adults who completed this before 01-01-2017. Children
received the FAQ after this date and were therefore not included. The LifeLines cohort study
was approved by the Medical Ethics Committee of the University Medical Center Groningen,
Groningen, The Netherlands (2007/152). All subjects gave written informed consent.

Classification of subjects

Subjects were classified as ‘not having FA’ (NoFA), ‘likely to have FA’ (LikelyFA) or Indetermi-
nate. Our aim was to maximize the specificity of the FAQ for the classification of likelyFA
since we wanted to distinguish immediate allergic reactions to food from other (non-)allergic
food hypersensitivities or intolerances. Subjects were classified as ‘NoFA’ if they answered ‘I do
not have food allergy’ to Question 1 (Which of the following food-items cause an allergic
reaction?).

Subjects were classified as ‘LikelyFA’ if they reported:

B atleast one food (e.g. apple, peanut, egg, milk) consistent with immediate allergic reac-
tions to food AND

B atleast one symptom (e.g. diarrhea, urticaria, wheezing) consistent with immediate aller-
gic reactions to food AND

® other characteristics of FA consistent with immediate allergic reactions to food (listed in
Table 1 and Fig 1).

The classification of which foods, symptoms and other characteristics of FA are consistent
with immediate allergic reactions to foods is described in the supporting information. Subjects
were classified as Indeterminate if they could not be classified as NoFA or LikelyFA. More spe-
cifically, this group included subjects with s-rFA who reported:

® only symptoms to
® foods uncommon or unproven to be elicitors of immediate allergic reactions and/or

® only symptoms other than those consistent with immediate allergic reactions to foods
and/or

® only symptoms and/or foods associated with other disorders (such as lactose intolerance)
and/or
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® one or more other (diagnostic) characteristics which are not consistent with allergic reac-
tions to food (listed in Table 1 and Fig 1).

We hypothesized that the factors above indicate a potential false-positive case and to maximize
the specificity of the questionnaire, we chose to exclude these patients from the LikelyFA group.

Lifelines Cohort
n=167,729

Completed the 2nd screening
including the FAQ n=79,964

Completed q1 of the FAQ and
were therefore included in the

study n=78,890

Answered "l dont't have FA" to
Q1: n=69,410

NoFA: n=69,357

Reported any food in Q1: n=53
(87.9%) = ¥ &

Reported one or more food(s) or
‘other' to Q1: n=9,480

At least one food AND at least one
symptom reported consistent with
immediate allergic reactions to food: n=
6,929

No food AND/OR no symptom reported
consistent with immediate allergic
reactions to food®: n= 2,551

Only likely characterstics:

Any unlikely charactersticst:
n=3,178

n=3,751

LikelyFA:
n=3,178 (4.0%)

Indeterminate:
n=6,355 (8.1%)

Self-reported FA:
(6,355 + 3,178 =) n=9,533 (12.1%)

Fig 1. Flowchart of the study population and food allergy classification. FAQ = Food Allergy Questionnaire. Q1 = question 1 (Which of the following food-items cause
an allergic reaction?). NoFA = no food allergy, LikelyFA = likely food allergy. As indicated, only subjects who reported at least one food and at least one symptom
consistent with immediate allergic reactions to food and who reported only likely characteristics of food allergy were classified as LikelyFA. All other cases who reported
any food in Q1 were classified as Indeterminate. * n = 372 only reported a food which caused an allergic reaction, which is not described in S1 Table since it was reported in
less than 1:1000 of patients with s-rFA. Furthermore, n = 312 only reported something other than a food such as ‘T don’t know’,” currently under investigation’ or ‘not
applicable’. ® These unlikely characteristics are symptoms appearing after a day or more, following at least a normal portion or more, symptoms persisting for >1 week, a
diagnosis by an alternative practitioner without a diagnosis by any clinician and a negative double-blind, placebo-controlled food challenge, see Table 1.

https://doi.org/10.1371/journal.pone.0231818.9001
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Sensitivity analyses

By excluding subjects who were diagnosed by only a (non-medical) alternative practitioner,
some truly food allergic patients might be excluded from the LikelyFA group. We tested this in
a sensitivity analysis where we did not take this variable into account for the classification of
subjects. Furthermore, we performed a sensitivity analysis in subjects with any clinician diag-
nosed LikelyFA only.

Subjects with s-rFA who reported other disorders (irritable bowel syndrome, Crohn’s dis-
ease, ulcerative colitis, rheumatoid arthritis or candida) in the ‘Other namely. . .." option of
question 1 and/or 2 of the FAQ were classified as Indeterminate since it was possible that these
non-allergic diagnoses were the cause of the reported symptoms following the consumption of
foods. A sensitivity analyses was performed regarding the influence of these disorders on the
associations with H-RQOL.

In an additional sensitivity analyses we tested whether excluding subjects with only apple
allergy, as a proxy for oral allergy syndrome, changed the results.

Risk factors

The following risk factors were tested for association with all subgroups; gender, age, doctor’s
diagnosis of asthma, nasal allergy including hayfever and eczema. The following self-reported
risk factors were tested for association with LikelyFA compared to NoFA: ethnicity, any breast-
feeding, duration of breastfeeding, living environment before the age of 5 years and birth
mode (caesarean versus vaginal delivery). The definitions of these risk factors are described in
the supporting information.

Mental disorders and H-RQOL

For all subgroups, associations were studied with H-RQOL and three self-reported mental dis-
orders: burn-out, depression and eating disorder. H-RQOL was determined using the RAND-
36 questionnaire, which is the Dutch version of the SF-36 [16]. We calculated the general men-
tal and physical component score (MCS and PCS) by performing a Z-score transformation of
the subscales of the RAND-36 using the mean and standard deviation from the Dutch general
population [17,18].

Statistical analysis

Analyses were performed using SPSS 22 (IBM, Chicago, USA). Because of 14 tested variables,
a two-sided Bonferroni-adjusted threshold of (0.05/14 =) 3.57* 1072 was used. Associations
were tested by logistic regression analysis adjusted for age, gender, asthma, nasal allergy and
eczema since these variables were considered as potential confounders.

Results
Prevalence

In total, 79 964 subjects completed the second screening and 78, 890 subjects completed at
least question 1 of the FAQ and were included in this study. Approximately 4.0% and 8.1%
were classified as LikelyFA and Indeterminate, respectively (see Fig 1). Taken together, the
prevalence of s-rFA was 12.1%. Apple was the most prevalent reported allergenic food, fol-
lowed by cow’s milk and hazelnut. The proportion of subjects with s-rFA classified as Indeter-
minate is highly variable between the reported foods, as 77.9% of subjects reporting cow’s milk
allergy was classified as Indeterminate, compared to 43.6% and 40.1% for apple and hazelnut,
respectively (see Table 1). Interestingly, the majority of the subjects reported that they
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diagnosed their food allergy themselves (n = 6620, 69.8%) and only 13.2% of these subjects
(n = 873) had also been diagnosed with food allergy by a clinician (including dieticians).

Risk factors for food allergy

As indicated in Table 2 and Fig 2, a younger age was associated with a higher risk of LikelyFA
(OR = 0.99 per year, p = 1.291077). In addition, females had a higher risk of LikelyFA com-
pared to males (OR = 1.87, p = 9.73*10>°). Subjects classified as LikelyFA and Indeterminate
more often reported asthma and eczema compared to subjects classified as NoFA. The preva-
lence of any nasal allergy including hay fever was double and triple that seen in subjects classi-
fied as Indeterminate and LikelyFA, respectively, compared to those classified as NoFA (46.0%
and 64.9% compared to 22.8%, p<1.00*10~>*° for both associations). Nasal allergy was the
only atopic morbidity which was more prevalent in subjects classified as LikelyFA compared to
those classified as Indeterminate after adjusting for potential confounders (OR = 2.10,
p=129107%).

Approximately 76.2% of all subjects were breastfed and the prevalence of LikelyFA was
4.52% and 5.05% in the breastfed and not breastfed subjects, respectively. Breastfeeding was
not associated with FA (OR = 1.04, 95%CI = 0.95-1.14, p = 0.37). In breastfed subjects, a
shorter duration of breastfeeding was not associated with LikelyFA (OR = 0.98, p = 0.38, see S1
File of Sla Fig). Approximately 99.3% was of Western/Eastern European ethnicity. There was
no association between FA and ethnicity (see S1 File of S1b Fig).

The prevalence of FA was 3.05% among adults who lived on a farm during childhood,
which was lower compared to adults who lived in a small city/large village or a suburb of a
large city (5.16% with OR = 1.27, p = 7.81*10~* and 4.97%, OR = 1.34, p = 4.84*10™*, respec-
tively, both adjusted for age, gender, asthma, eczema and nasal allergy, see Fig 3). Of the 1 818
subjects born by caesarean section, 4.73% (n = 86) was classified as LikelyFA which was not dif-
ferent among subjects born by vaginal delivery (4.61%, n = 2 933/63 640, OR = 0.97, 95%
CI=0.77-1.22,p = 0.79).

Mental disorders and H-RQOL

There was no difference in the prevalence of reported burn-out, depression and eating disor-
der for the subjects classified as LikelyFA compared to those classified as Indeterminate or
NoFa after adjustment for potential confounders, see Table 2. Interestingly, there were more
subjects reporting burn-out and depression in the Indeterminate group, compared to the NoFa
group (OR = 1.54, p = 8.39°10 ’and OR = 1.26, p = 1.46"10™*, respectively). Both subjects clas-
sified as LikelyFA or Indeterminate scored lower compared to those classified as NoFA on the
PCS and MCS measuring H-RQOL (see Table 2). There was no significant difference between
subjects classified as LikelyFA and Indeterminate after Bonferroni correction for multiple test-
ing (PCS: OR = 1.01, p = 0.05 and MCS: OR = 1.01, p = 0.03).

Sensitivity analysis (see supporting information)

Subjects diagnosed by an alternative practitioner reported more foods, symptoms and charac-
teristics inconsistent with FA compared to the remaining subjects with s-rFA. The prevalence
of “any clinician diagnosed LikelyFA” (including dieticians) is only 38.5% of the prevalence of
LikelyFA.

Excluding cases from the Indeterminate group with other disorders (e.g. celiac disease, lac-
tose intolerance, ulcerative colitis) did not change the reported association with H-RQOL.
Only 43.0% of the 430 subjects with only apple allergy were classified as LikelyFA. Excluding
these cases did not change the results of any reported association.
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Table 2. Characteristics of the study population.

Total n = 78,890 NoFA Indeterminate | Likely FA LikelyFA vs NoFA Indeterminate vs NoFA LikelyFA vs Indeterminate
n=69,357 n=6,355 n=3,178
n (valid%) | n (valid%) n (valid%) Unadjusted Adjusted® OR, Unadjusted Adjusted® OR, Unadjusted | Adjusted®
OR, 95%CL, p | 95%CI, p OR, 95%CL, p  95%CI, p OR, 95%CL p | OR, 95%CI,
P
Male 29,417 (42.4) | 1,845 (29.0) 863 (27.2) | 1.98 1.87 1.80 1.75 1.10 1.11
1.83-2.14, 1.72-2.03 1.70-1.91, 1.65-1.86 1.00-1.21 1.00-1.22
4.40*107% 9.73*107°° 2.17°107% 8.57°107%! 0.06 0.05
Age in years 50.5,12.6 495,122 479,122 | 0.98 0.99 0.99 1.00 0.99 0.99
mean, SD 0.98-0.99 0.99-1.00 0.99-1.00 1.00-1.00 0.99-0.99 0.99-1.00
2.39%107! 1.29°1077 51710 " 0.61 2.41*107° 0.03*107*
Asthma 5,054 (7.4) | 871(13.7) 591 (18.6) | 2.93 1.53 2.02 1.37 1.45 1.15
m=148¢ | m=123 m =76 2.66-3.21 1.39-1.70 1.87-2.18 1.27-1.49 1.29-1.63 1.02-1.29
8.96107 ' 6.34°10""7 2391077 1.83°10 2.4071071° 0.03
Any form of 15,518 (22.8) | 2,883 (46.0) 2,025 6.26 5.40 2.89 2.59 2.17 2.10
nasalallergy | |m=1347 m=9 (64.9) 5.80-6.75 4.99-5.85 2.74-3.04 2.46-2.74 1.98-2.37 1.92-2.30
?;ll:dmg hay m =58 <1.00°107%° | <1.00*107° | <1.00°107° | <1.56*107%° | 1.68*107° 1.29%107>°
Eczema 9484 (13.9) | 1550 (24.4) 887 (27.9) | 245 1.68 2.03 1.64 1.21 1.04
m=1124 m=74 m =51 2.26-2.66 1.55-1.83 1.91-2.16 1.54-1.75 1.10-1.33 0.94-1.15
3.14*1071%° 5.46*107> 269107113 1.63*102 1.21*10°* 0.49
Burnout 2,336 (3.5) | 353(5.7) 148 (4.5) | 1.37 1.22 1.66 1.54 0.82 0.82
m=3314 | m=200 m=79 1.15-1.62 1.02-1.46 1.48-1.86 1.37-1.74 0.68-1.00 0.67-1.01
3.10°107* 0.03 6.57°107'8 8.39*107" 0.06 0.06
Depression 2,811 (42) | 361(5,9) 140 (4,8) | 1.15 0.96 1.40 1.26 0.82 0.83
m=3203 |m=195 m=78 0.97-1.36 0.81-1.15 1.25-1.57 1.18-1.48 0.67-0.99 0.68-1.01
0.11 0.67 4.12°107° 1.46" 107 0.04 0.07
Eating disorder | 384 (0.6) 64 (1.0) m = 206 | 26 (0.8) 1.45 1.01 1.80 1.34 0.81 0.80
m =3 364 m = 82 0.97-2.16 0.67-1.52 1.38-2.34 1.01-1.76 0.51-1.27 0.50-1.27
0.07 0.97 0.16*10°° 0.04 0.35 0.34
H-RQOL m=1303 |'m=91 m=59 0.98 0.98 0.97 0.98 1.01 1.01
median, IQR
PCS 55.26, 53.94, 5431, 0.97-0.98 0.98-0.99 0.97-0.98 0.97-0.98 1.00-1.01 1.00-1.01
50.98-57.72 | 48.10-57.20 48.92- 4.90*1072° 3.34*107"! 5551077 1.27°107* 0.06 0.05
57.38
0.98 0.99 0.98 0.98 1.00 1.01
MCS 53.37, 52.28, 52.58, 0.98-0.99 0.99-1.00 0.98-0.98 0.98-0.99 1.00-1.01 1.00-1.01
49.02-56.36 | 46.72-55.82 47.02- 1.625107" 0.52*107* 7.27°107°! 8.26"1072° 0.16 0.03
55.87

Significant associations are highlighted. Vs = versus, CI = confidence interval, OR = odds ratio, H-RQOL = health-related quality of life, PCS = physical component
score, MCS = mental component score, m = missing
* adjusted for age in years, gender, asthma, nasal allergy, eczema (when not the tested variable). Relevant confounders changed the beta coefficient of the risk factor in

the logistic regression by 10% or more [19] and are listed in S3 Table.

https://doi.org/10.1371/journal.pone.0231818.t002

Discussion

Of this cohort of 78, 890 Dutch adults, approximately four percent reported FA with a culprit
food, symptom and characteristics which we classified as consistent with LikelyFA. Addition-
ally, eight percent was classified as having questionable, self-perceived FA without these fea-
tures. Taken together, the prevalence of s-rFA was 12 percent. Interestingly, the majority of the
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Being male and an older age were associated with a lower risk of FA (OR per year=0.99,
95%CI=0.99-1.00, p=1.29*10"and OR for being female=1.87, 95%Cl=1.72-2.03, p=9.73*10°)
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Fig 2. The prevalence of LikelyFA per age category and gender. Being male and an older age were associated with a lower risk of FA (OR per
year = 0.99, 95%CI = 0.99-1.00, p = 1.29"10 7and OR for being female = 1.87, 95%CI = 1.72-2.03, p = 9.73*10™°).

https://doi.org/10.1371/journal.pone.0231818.9002

30R=1.39, 95%Cl=1.23-.58, p=3.48*10-/, adjusted for age, gender, asthma, eczema and
nasal allergy OR=1.14, 95%CI=0.99-1.30, p=0.06

*b OR=1.73, 95%Cl=1.52-1.98, p=4.52*10-'¢, adjusted for age, gender, asthma, eczema
and nasal allergy OR=1.27, 95%ClI=1.11-1.47, p=7.81*10*

*¢OR=1.67, 95%Cl=1.43-1.95, p=1.51*10-%°, adjusted for age, gender, asthma, eczema
and nasal allergy OR=1.34, 95%Cl=1.14-1.57, p=4.84*10*

4 OR=1.356, 95%Cl=1.11-1.66, p=0.04*10-1, adjusted for age, gender, asthma, eczema

and nasal allergy OR=1.08, 95%CI=0.88-1.34, p=0.46
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Fig 3. The prevalence of LikelyFA per answer as reported to the question ‘What is the best description of the place where you lived
most of the time when you were younger than 5 years old?’. * OR = 1.39, 95%CI = 1.23-.58, p = 3.48"10-7, adjusted for age, gender,
asthma, eczema and nasal allergy OR = 1.14, 95%CI = 0.99-1.30, p = 0.06. *® OR = 1.73, 95%CI = 1.52-1.98, p = 4.52*10-°, adjusted for
age, gender, asthma, eczema and nasal allergy OR = 1.27, 95%CI = 1.11-1.47, p = 7.81* 107%. *“ OR = 1.67, 95%CI = 1.43-1.95, p=151"10
~19 adjusted for age, gender, asthma, eczema and nasal allergy OR = 1.34, 95%CI = 1.14-1.57, p = 4.84*10~*. ¢ OR = 1.356, 95%CI = 1.11-
1.66, p = 0.04*10-", adjusted for age, gender, asthma, eczema and nasal allergy OR = 1.08, 95%CI = 0.88-1.34, p = 0.46.

https://doi.org/10.1371/journal.pone.0231818.9003
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subects with self-reported food allergy did not visit a clinician to confirm their self-made
diagnosis.

The reported prevalence of food allergy is comparable to the in 1994 reported prevalence of
s-rFA or food intolerance among 1483 Dutch adults, which was 12.4% [6] and the in 2015
reported prevalence of self-reported adverse reactions to Europrevall priority foods among 3
864 Dutch adults, which was 10.8% [8]. Although this would suggest that there has been no
increase in the prevalence of food allergy over the last 24 years, we cannot exclude such an
increase since our study population is larger and older compared to the study of 1994. Our
study population with s-rFA had a median age of 45-54 years compared to 35-44 years in the
study of 1994. Thus, age differences may have obscured an increase in prevalence since 1994.

The prevalence of s-rFA is higher than the prevalence of s-rFA in European adults in a
meta analyses of 6 studies (5.1%). However, these studies were published between 2001 and
2008 and only one investigated western European subjects. Our prevalence of LikelyFA, 4.1%,
is almost twice the prevalence of s-rFA plus sIgE positivity to at least one food in European
adults, which was estimated at 2.2% [9].

Allergies associated with cross-reactivity to tree-pollen such as apple and hazelnut allergy
were most commonly reported in subjects classified as LikelyFA (n = 1112 and n = 979, respec-
tively) and 64.9% of subjects classified as LikelyFA reports any form of nasal allergy. Fortunately,
progression to systemic symptoms and anaphylaxis is rare in these pollen-related allergies [20].

Allergic comorbidities and food allergy

Both subjects classified as LikelyFA and Indeterminate reported asthma and eczema more
often than subjects classified as NoFa and nasal allergy was the only allergic morbidity which
was more prevalent in subjects classified as LikelyFA compared to those classified as Indetermi-
nate. In addition, nasal allergy was a relevant confounder in the majority of the associations as
indicated in S3 Table. This indicates that nasal allergy was more specifically associated with
this questionnaire-based definition of LikelyFA which might be due to reports of foods cross-
reacting with tree-pollen. Apple and hazelnut were the most often reported allergenic foods
with a prevalence of 1.4% and 1.2%, respectively. Both food allergies can be caused by cross-
reactivity and were documented to be foods to which adults are commonly sensitized (9.3%
and 6.5%, respectively) [21,22].

Other risk factors associated with food allergy

We report an association between the living environment during childhood and the risk of FA
in adult life. Those who lived on a farm had a lower risk of FA compared to those who lived in
a more urban environment. This confirms previous findings in 38 465 children of the US, in
which there was an association between living in a rural area and having a lower risk of FA
compared to living in an urban center [23]. In addition, our results indicate that this effect
continues into adulthood. Several hypotheses have been put forward to explain this phenome-
non, including the exposure to an increased microbial diversity, higher vitamin D levels and
less exposure to ambient pollutants [23]. Environmental exposures may have epigenetic effects.
Recently, DNA methylation differences in several genes including STAT6 were reported in
farmers’ compared to non-farmers’ children [24]. STAT6 gene variants have previously been
associated with DBPCFC diagnosed FA [25]. Exposure to farm milk was reported to be
inversely associated with sensitization to foods in 7 606 children [26] and with higher numbers
of regulatory T cells in 298 children [27]. This might be due to the consumption of bovine
miRNAs in cow’s milk which are altered by high-heat treatment as applied to commercial milk
[28].
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We found a higher prevalence of FA in females and an older age was associated with a
lower risk of FA. This replicates findings of a study of 2.7 million health records in the US
which additionally reported a higher prevalence in subjects of Asian ethnicity [29]. We did not
replicate this last finding since the association did not remain significant after adjusting for
potential confounders, which was not performed previously. Moreover, our study was poten-
tially underpowered to find an association with ethnicity since 99% of our population was of
Western/Eastern European ethnicity. We cannot distinguish whether the association with age
is based on a cohort effect or reflects a true association of FA with a younger age. The associa-
tion of FA with gender was recently reviewed but the exact mechanism remains unknown
[30]. The authors report lower IgG4 concentrations in females and discuss social and environ-
mental gender-specific differences influencing allergen exposure [30,31]. Furthermore, estro-
gen enhances humoral immunity and sex hormone receptors have been found on the surface
of lymphocytes and mast cells [30,32].

We were not able to replicate previous findings regarding the association between a longer
duration of breastfeeding and a lower risk of FA [33]. This might be due to the studied popula-
tion since this previous study used DBPCFC in children to distinguish food allergic cases from
controls. Furthermore, the full range of duration of breastfeeding in months was studied
instead of the ordinal answer options provided in the Lifelines questionnaire. In addition, we
currently had no data available regarding family history of atopy, which is likely to influence
this association through reverse causation [33].

Characteristics of subjects classified as indeterminate

Approximately 66.7% of subjects with s-rFA was classified as Indeterminate. This is intermedi-
ate compared to the reported prevalences of unconvincing FA in studies from the USA and
Central Brazil, which reported 19.4 and 85.6%, respectively [11,12]. The first study considered
symptoms and timing of their onset. We used all criteria of the second study except the repro-
ducibility and exclusion of the food from the daily diet which might explain our lower percent-
age of unconvincing FA. Interestingly, of subjects reporting cow’s milk allergy, 77.9% was
classified as Indeterminate, compared to 43.6% and 40.1% for subjects reporting apple and
hazelnut, respectively. This phenomenon was previously reported and might be due to confu-
sion with lactose intolerance [12].

We defined subjects with a diagnosis by only an alternative practitioner as Indeterminate
and showed that these subjects report more culprit foods and fewer symptoms, foods and char-
acteristics that are consistent with FA when compared to other subjects with s-rFA. This sug-
gests that alternative practitioners make more false positive diagnoses of FA than other
caregivers. A review on this subject reported that there is no evidence for the diagnostic value
of kinesiology and electrodermal testing, techniques frequently used by practitioners of alter-
native or complementary medicine [34].

We showed that subjects classified as Indeterminate reported more depression and burn-
out than subjects classified as NoFa. This was not seen for subjects classified as LikelyFA. How-
ever, both subjects classified as Indeterminate and LikelyFA scored lower on both the MCS and
PCS measuring H-RQOL compared to subjects classified as NoFA. Whether the poorer
H-RQOL is a cause or consequence of questionable, self-perceived FA remains to be deter-
mined. Furthermore, this poorer H-RQOL could be caused by other comorbidities in these
subjects, although the sensitivity analyses shows that this is not the case for celiac disease, irri-
table bowel syndrome, ulcerative colitis or lactose intolerance. The difference of the mean
between subjects classified as LikelyFA and NoFA was 1.3 and 1.1 for the PCS and MCS,
respectively. The standard deviation was 7.3 and 8,3 for the PCS and MCS, respectively, and a
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difference above half the standard deviation was previously suggested as the threshold for a
clinically important difference [35]. Therefore, the clinical relevance of this reported difference
in H-RQOL might be limited for individual subjects.

A recent review on psychosocial functioning of food allergic children and adolescents
reported an association with internalizing of problems and bullying [36], which might influ-
ence the prevalence of mental disorders in adulthood. In addition, it was shown that atopic dis-
eases and depression tend to occur together in families and twins and a small shared genetic
effect for atopic diseases and depression was found [37,38]. Our data confirms that question-
able, self-perceived FA is prevalent and associated with considerable psychological morbidity
in adults. Thus, although the diagnosis may be questionable from a purely medical perspective,
this is a group with a high morbidity that warrants more attention in future research. Interest-
ingly, previous research indicated that in adults with suspected FA, a negative DBPCFC (FA
ruled out) was associated with an improved H-RQOL 6 months later, especially when the test
excluded all food allergies [39]. However, seemingly paradoxically, children also benefit from a
positive DBPCFC confirming FA [39]. This suggests that subjects suffer from uncertainty
regarding their food allergic status and this may partly explain the poorer H-RQOL in subjects
in the indeterminate group.

Strengths and limitations

This study is the largest population-based study on the prevalence of questionnaire-reported
likely FA in Europe to date. As with most questionnaires on FA, it is not validated but based
on expert opinion and previous studies defining FA by questionnaires [40,41]. In this classifi-
cation, specificity was preferred over sensitivity to minimize the number of false positive cases
within the LikelyFA group. Therefore, it is possible that there are subjects with FA in the Inde-
terminate group since there are probably subjects with FA who experience (less classic) allergic
symptoms after eating (less classic) foods. Especially those who have experienced allergic reac-
tions infrequently, or are allergic to a food rarely eaten or rarely involved in allergic reactions,
will be prone to inappropriate exclusion from the LikelyFA group. The classification of
reported foods was based on an extensive literature search but for some foods, literature was
limited and their involvement in IgE-mediated FA cannot be excluded altogether. Within the
Lifelines cohort there was no data available regarding sensitization or skin-prick testing, so we
were unable to analyze the contribution of these parameters to the diagnosis. Validation of FA
status of both subjects classified as LikelyFA and Indeterminate by DBPCFC testing would be
preferable but was not feasible.

Conclusions

The prevalence of s-rFA among Dutch adults is considerable and only one-third reports char-
acteristics consistent with FA. We found no evidence of an increased prevalence of s-rFA in
Dutch adults compared to 1994. Females had a higher risk of FA and an older age was associ-
ated with a lower risk of FA. Living on a farm during childhood was associated with a lower
risk during adulthood. Subjects with questionable, self-perceived FA reported a poorer
H-RQOL compared to controls, just like subjects with likely FA. However, subjects classified
as Indeterminate reported burn-out and depression more often compared to controls without
FA. Whether this is a cause or consequence of perceived FA remains unclear. The high preva-
lence and considerable psychological burden of questionable, self-perceived FA makes this
phenomenon a priority for future research. Furthermore, subjects with self-diagnosed food
allergy should be stimulated to visit a clinician to confirm or reject this diagnosis which might
improve their quality of life.
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Supporting information

S1 Table. Frequency and classification of foods as reported in response to question 1:
‘Which of the following food-items cause an allergic reaction?’ — ‘Other namely . . ’. Subjects
reporting foods from panel A were classified as likely food allergic when they met the criteria
for the other questions as well. The foods in panel B may be reported by subjects along with
foods from panel A, but are insufficient to classify a subject as ‘Likely having food allergy’
when reported alone. DBPCFC(s) = double-blind, placebo-controlled food challenge(s).The
subjects’ wording has been paraphrased and translated to approach the intent of the original.
Therefore, some answers are non-specific. “ Common, less common, uncommon or unproven
food allergy due to cross-reactive IgE sensitization to foods [1], see paragraph ‘Classification of
foods’.

(DOCX)

$2 Table. Frequency and classification of symptoms as reported in response to question 2:
‘Which symptoms occur after eating or drinking the food item you are allergic to?’ — ‘Other
namely .. .’. Subjects reporting symptoms from panel A were classified as likely food allergic
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(DOCX)

S$4 Table. Characteristics of the 2.142 subjects who developed immediate reactions to
foods (within seconds). Of these subjects, the majority was classified as LikelyFA (n = 1301,
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