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Food-Dependent Exercise- and
Pressure-Induced Syndromes
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KEY CONCEPTS

exercise preceded by food ingestion.

of any food (non-specific FDEIA).

* Food-dependent exercise-induced anaphylaxis (FDEIA) is a physical allergy syndrome that occurs only in response to

* The importance of food in eliciting attacks of exercise-induced anaphylaxis (EIA) in some patients may be under-
recognized, and many patients diagnosed with EIA may in fact have FDEIA.

* Food-specific FDEIA has been reported with many different types of food, and in some patients, attacks follow ingestion

* The main treatment for FDEIA is avoidance of ingestion of implicated foods at least 4 hours before exercise.

Convincing evidence for a role of food allergy in other physical urticaria syndromes is currently lacking.

Introduction

The body of literature describing the association between
physical allergy syndromes with the ingestion of food
has grown significantly in the past decade. In these food-
dependent physical allergy syndromes, it appears that two
or more stimuli, which independently do not provoke an
allergic response, do so when combined in sufficient tem-
poral relationship. The clinical manifestations of the aller-
gic response range in severity from itching and hives to
anaphylactic shock. The two recognized physical allergy
syndromes in which food ingestion contributes a “sub-
threshold” precipitating factor are food-dependent exercise-
induced anaphylaxis (FDEIA) and food-dependent delayed
pressure urticaria (FDDPU).

Definitions

The clinical syndrome of exercise-induced anaphylaxis
(EIA) has been described in several comprehensive reviews
[1-11]. It is a physical allergy syndrome with onset gen-
erally during or within minutes of completion of exer-
cise. Initial symptoms consist of a sensation of generalized
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fatigue, warmth, pruritus, cutaneous erythema, and urti-
caria. Progression to other systemic symptoms including
angioedema, dyspnea, cough, wheezing, nausea, vomiting,
abdominal cramping, diarrhea, malaise, laryngeal edema,
hypotension, vascular collapse, and loss of consciousness
can follow. The attack can last from 30 minutes to 4 hours.
Headache may persist following an attack for 24-72 hours.
Various types and intensities of exercise may precipitate
attacks. Jogging is the most commonly reported provoking
exercise, but walking, bicycling, racquet sports, skiing, aero-
bics, dancing, soccer, and swimming have also been reported.
Importantly, other reported provoking activities include
horseback riding, raking leaves, and shoveling snow [10,11].

In one case series evaluating the frequency of various
etiologies of anaphylaxis, exercise is considered the cause
of anaphylaxis in 5-10% of patients (10-12% of patients
with identifiable causes) referred to allergy and immunol-
ogy clinics after presenting to acute care centers with ana-
phylaxis [12].

EIA appears to be associated with atopy in up to 50%
of patients [1]. Women with EIA appear to be at least
twice as likely as men to respond to epidemiologic surveys,
but whether they in fact are more likely to experience
EIA, as has been stated in other reviews on the subject, is
unknown [13].

Little is known about the natural history of EIA, but life-
style modification can certainly reduce the frequency and
severity of attacks. Shadick et al. report on the 10-year



follow-up survey results of one cohort of 279 patients with
EIA [13]. The response rate of women was twice that of men.
The mean age at the time of first EIA attack was 26 years,
with a range of 3-66 years. Forty-seven percent of respond-
ents reported a decrease in the frequency of attacks, and
41% reported being completely free of attacks, in the preced-
ing year. Subjects reported reducing attacks by avoiding exer-
cise during extremely hot or cold weather (44%), restricting
exercise during allergy season (36%) or humid weather
(33%), and avoiding certain foods before exercise (37%).

Though considered by some to be another example of
exercise-induced urticaria and anaphylaxis [9], there is
rather convincing evidence that cholinergic urticaria (CU)
is clinically distinct from EIA [14,15]. First, exercise, not
heat, sweat, nor rise in body temperature has been identi-
fied to be the provoking factor for EIA. Second, the hives
that occur in EIA are typically larger and distinct in appear-
ance from the classic punctuate hives seen in CU. Third,
CU can be associated with bronchospasm but vascular col-
lapse occurs rarely. Laryngeal edema and stridor can occur
in EIA, but no change in pulmonary function was observed
in patients with EIA who underwent exercise challenge.
Finally, studies have found elevated tryptase levels follow-
ing attacks of EIA, but not CU [16,17].

FDEIA refers to a physical allergy syndrome in which
attacks of EIA occur only when exercise is preceded by
ingestion of a specific food (specific FDEIA) or any food
(non-specific EIA).

A far less common type of exercise-induced urticaria and
anaphylaxis, variant-type EIA, has been identified. These
patients have attacks characterized by eruptions of punctu-
ate urticaria, progression to vascular collapse, and are pre-
cipitated by exercise only and not passive warming [1,18].

Delayed pressure urticaria is a physical urticaria charac-
terized by the development of hives and angioedema 30
minutes to 6 hours after the application of a sustained pres-
sure stimulus on the skin. Underlying chronic idiopathic
urticaria is usually present. A few reports have suggested
that food may play a role in some cases of DPU.

Food-dependent, exercise-induced
anaphylaxis

Epidemiology

In recent years, it has become clearer that a subset of patients
with EIA can completely prevent exercise-induced attacks by
avoiding either specific foods or non-specific food ingestion
in the hours before exercise. In the survey results of their
cohort of 279 patients with EIA, Shadick ef al. reported that
37% of patients were able to reduce or eliminate attacks
by avoiding certain foods [13]. A report of survey results
obtained from another cohort of 199 EIA patients noted
54% of patients considered food ingestion or intake of spe-
cific foods to be a factor in the development of attacks [19].
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In order to determine the prevalence of FDEIA in pre-
adolescent school children in Japan, Aihara and colleagues
conducted a survey of junior high school nurses represent-
ing 76,226 students in Yokohama [20]. Twenty-four cases of
EIA (12 boys and 12 girls) and 13 cases of FDEIA (11 boys
and 2 girls) were identified, with prevalences of 0.031%
and 0.017%, respectively. Ten of 12 patients with FDEIA
had other allergic disorders.

In a review of 167 cases of FDEIA in the Japanese litera-
ture since 1983, Harada and colleagues [21] described sev-
eral characteristics of the disease, including a recent upward
trend in the number of reports of FDEIA, male predomi-
nance, adolescents accounting for more than half of the
cases, and a history of atopy in 40% of affected individuals.

Clinical features

The first case of EIA associated with food ingestion was
reported by Maulitz et al. in 1979 [22]. This case involved a
runner who developed anaphylactic reactions when he ran
within 8-12 hours of ingestion of shellfish. The patient ran
regularly, averaging 50-130km per week. Over a 3-year
period prior to diagnosis of the condition, the patient sus-
tained approximately 10 bouts of transient facial flushing
and edema, with diffuse urticaria and pruritus occurring
during or immediately after exercise. Two of the reactions
resulted in almost complete upper airway obstruction requir-
ing emergency therapy with epinephrine and antihistamines.
The patient had no initial suspicion of allergic sensitivity to,
or clinical reactions following, shellfish ingestion, but even-
tually the association with exercise was made. During further
evaluation, he had positive immediate reactions with epicu-
taneous skin testing to clams, oysters, shrimp, crab, peanuts,
trees, grasses, and weeds. Once the diagnosis was made and
causative foods identified, avoidance of ingestion of these
foods for at least 12 hours prior to exercise resulted in almost
complete elimination of any further reactions.

In all cases of FDEIA, ingestion of the implicated food or
non-specific food ingestion followed by exercise provokes the
attack, and neither food ingestion nor exercise alone is suf-
ficient. The nature of the attacks in FDEIA is indistinguishable
from those described in patients with EIA. In their report on
the clinical characteristics of 54 patients with FDEIA, Romano
et al. found the most common symptoms to be pruritus
(94% of patients), urticaria (85%), and angioedema (83%).
Other common symptoms included flushing (74%), dyspnea
(70%), gastrointestinal disturbances (nausea, diarrhea, colic,
vomiting: 35%), hypotension (33%), and upper respiratory
disturbances (choking, throat constriction, and hoarseness:
30%) [23].

The most common implicated foods are wheat, shellfish,
alcohol, and a variety of fruits and vegetables, though over
40 different foods have been reported (see Table 47.1). In
Japan, wheat and shellfish are implicated in the major-
ity of cases of FDEIA, whereas case series reports from the
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Table 47.1 Foods reported to be associated with FDEIA

>10 cases reported <10 cases reported

Alcohol Apple Mushroom
Barley Almonds Mustard
Celery Banana Onion
Cheese Beef Orange
Milk Cabbage Peas
Oats Chicken Pear
Peach Corn Penicillium
Peanut Egg (contaminated food)
Rye Fennel Pistachio
Soybean Fish Poppy seed
Shellfish Garlic Pork
Strawberry Grape Potato
Tomato Hazelnut Rice
Wheat Kiwi Snail
Lentil Spinach
Lettuce Umeboshi
Litchi (combination w/wheat)
Walnut

United States and Europe implicate a wider variety of foods
[13,15,22-42].

In a subset of patients with EIA associated with food
ingestion, a specific food cannot be identified. Among the
54 patients with FDEIA reported by Romano et al., a caus-
ative food could not be identified by history or specific
IgE testing in six subjects [23]. Another case series of 11
Japanese patients with FDEIA, 4 were not sensitive to any
specific food [25].

As with EIA, a variety of types and intensities of exer-
cise can provoke attacks. Running, jogging, walking, soc-
cer, dancing, and racquet sports are the most commonly
reported provoking exercises for FDEIA [13,23,25]. The
time between food ingestion and exercise generally ranges
between 30 minutes and 4 hours, with the vast majority
occurring within 2 hours [23]. The distance runner first
described by Maulitz ef al. in 1979 reported attacks 5, 20,
and 24 hours after shellfish ingestion [22], but no cases of
food-and-exercise challenge (FEC) confirmed cases with
ingestion-to-exercise intervals greater than 6 hours have
been reported. Whether the intensity of exertion corre-
lates with the severity of the attack remains unclear, but
the duration of exercise necessary to provoke an attack can
range from 10 to 50 minutes. A single case of FDEIA has
been reported in which the attack only occurred if the food
(celery) was ingested within 2 hours after exercise [30].

It is unknown whether the amount of allergen ingested
has an impact on the elicitation or severity of the attacks
in FDEIA. Case series reporting FEC results do not specify
the amount of food ingested prior to exercise. Hanakawa

and colleagues reported a case of FDEIA in which the sys-
temic allergic reaction depended on the amount of allergen
ingested [43]. A 24-year-old woman with EIA associated
with wheat ingestion had a class 2 positive radioallergo-
absorbent test (RAST) for wheat and gluten, class 3 posi-
tive RAST for rye, and positive skin prick tests (SPTs) for
wheat, bread, gluten, and udon (Japanese wheat noo-
dles). Challenge tests with bread were performed. Exercise
following ingestion of 64g, but not 45g, of bread induced
generalized urticaria. Challenge tests with udon also pro-
voked urticaria in a dose-dependent manner: 200g, but not
100 or 150, elicited symptoms. They concluded that a neg-
ative challenge in patients suspected to have FDEIA may
result from an insufficient amount of ingested food allergen
(or sub-threshold exercise).

In some cases, a combination of two different foods fol-
lowed by exercise may be required to elicit a reaction. Aihara
et al. [28] reported a case of a 14-year-old boy with FDEIA
diagnosed by provocation testing with the simultaneous
ingestion of wheat and umeboshi (unripe plums pickled in
brine and other ingredients, used in Japanese cooking), fol-
lowed by exercise. Provocation tests with wheat or umeboshi
alone failed to produce the transient increase in plasma his-
tamine levels and drop in forced expiratory volume in 1 sec-
ond (FEV1) elicited by the combination of food allergens.
Again, this could partly account for negative challenge tests
in patients with a strong clinical history for FDEIA. More
recently, a case of FDEIA was reported in a 48-year-old
woman that could only be provoked by a combination of food
additives, ethanol, wheat flour, and exercise, whereas exercise
challenges with or without ingestion of food additives, etha-
nol or wheat individually were negative [39].

Cross-reactivity of allergenic food components may also
play an important role in FDEIA. Palosuo ef al. examined the
sera of 23 adult patients with wheat-dependent EIA for cross-
reactivity of wheat omega-5 gliadin with other cereal pro-
teins. They found that gamma-70 and gamma-35 secalins in
rye and gamma-3 in barley cross-react with omega-5 gliadin
[44]. In addition, two patients in their cohort of wheat-
specific FDEIA reported exercise-induced allergic symptoms
after rye ingestion. This suggests that rye and barley may also
elicit exercise-induced symptoms in patients with wheat-
specific EIA. Romano et al. noted that in their cohort of
patients with FDEIA, 9 of 14 patients with tomato-specific
FDEIA had positive skin tests for grasses with structural cross-
reactivity with tomato. IgE cross-reactivity has also been
reported in patients with mustard-specific FDEIA to mugwort
pollen, celery-dependent FDEIA to mugwort pollen, and
snail-dependent FDEIA to dust mite allergen [34,35,45].

Aspirin, non-steroidal anti-inflammatory drugs (NSAIDs),
and possibly other medications may have a key role in elic-
iting or enhancing food-dependent, exercise-induced reac-
tions. Dohi et al. described two patients who recalled that



aspirin taken 30 or 60 minutes before food intake pro-
voked exercise-induced reactions that were more severe
than without aspirin [25]. In another case series of three
patients with FDEIA, Harada et al. found that aspirin added
to FEC was required to provoke a systemic reaction in two
patients, and was sufficient to provoke systemic symp-
toms when combined with food (without exercise) in one
patient [46].

In order to investigate the effect of aspirin in provoca-
tion tests and in SPT of patients with FDEIA, Aihara et al.
performed provocation challenges with combinations of
food, exercise, and aspirin. Pre-treatment with aspirin was
associated with enhanced SPT reactions to food, but not his-
tamine, in five of eight (62.5%) patients. Of three patients
who did not react to food and exercise, two reacted when
challenged with the combination of food, exercise, and aspi-
rin. In addition, two of three patients with positive challenges
to food and exercise also had a positive challenge when
food was combined with aspirin instead of exercise [47]. In
another case series, Dohi et al. described three patients in
whom aspirin ingestion followed by specitic foods and exer-
cise elicited more severe attacks with less exercise than when
food and exercise were not preceded by aspirin ingestion [48].
Taken together, these data suggest aspirin may contribute to
the severity of FDEIA reactions. Cross-reactivity of this aspi-
rin effect on FDEIA severity with NSAIDs is supported by
the finding by Romano et al. that three of five patients who
reported taking aspirin shortly before FDEIA attacks had also
taken NSAIDs before other FDEIA attacks [23].

Other factors that appear to be capable of contributing to
the elicitation or severity of FDEIA attacks include psycho-
logical stress, abnormal response of the autonomic nervous
system, menstruation, fatigue, lack of sleep, and seasonal
variation [23,25].

Diagnostic considerations

Differentiating FDEIA from other clinical entities involv-
ing food, exercise, urticaria, respiratory symptoms, or col-
lapse may be difficult (Table 47.2). Unless the association of
exercise-induced attacks with specific or non-specitic food
ingestion can be identified historically, patients with FDEIA
may be misdiagnosed as having EIA. Idiopathic anaphy-
laxis, food- and drug-induced anaphylaxis, and anaphylaxis
associated with systemic mastocytosis lack a clear associa-
tion with exertion.

CU should also be distinguished from FDEIA. As discussed
above, CU is a physical urticaria syndrome characterized by
small, punctate wheals that develop in response to elevation
in body temperature such as through exercise, exposure to
hot water, sweating, fever, or emotional stress. The symp-
toms are generally limited to the skin, can be associated
with wheezing, but not stridor, laryngeal edema, or vascular
collapse. The provocation of the other physical urticarias by
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Table 47.2 Differential Diagnosis of FDEIA

Differential diagnosis of FDEIA

Anaphylaxis syndromes
Idiopathic
Food induced
Drug induced
Exercise-induced syndromes
Exercise-induced anaphylaxis
Physical urticarias
Cholinergic
Delayed pressure
Solar
Aquagenic
Exercise-induced bronchospasm
Cardiac arrythmias
Other
Other urticaria
Idiopathic/autoimmune urticaria
Systemic mastocytosis
Vasovagal syncope—presyncope
Carcinoid syndrome
Psychogenic
Shock
Septic
Cardiogenic
Hypovolemic

exposure to sunlight, water, vibration, and pressure should
be readily distinguished from FDEIA on the basis of history.

The phenomenon of exercise-induced bronchospasm that
can occur in patients with asthma presents with dyspnea,
cough, and wheezing provoked by exercise but is rarely asso-
ciated with pruritus, urticaria, upper respiratory obstruction,
or vascular collapse. Non-allergic causes of vascular collapse
such as neurocardiogenic syncope and cardiac arrhythmias
that can be associated with exercise and/or food ingestion also
lack these characteristic features of anaphylaxis.

Diagnosing underlying food sensitivity in patients with
FDEIA may prove difficult. The history is the most impor-
tant diagnostic tool. Special emphasis should be placed on
obtaining a detailed account of the symptoms of the attack,
timing in relation to food and exercise, specific foods and/or
medications (as well as quantities) ingested prior to attack,
and other allergic history. The best clue comes from the
presence of intermittent or sporadic exercise-induced reac-
tions superimposed on the baseline of consistent, uneventful
exercise. Although a specific food is usually implicated as a
co-precipitating factor (specific FDEIA), some patients suffer
from EIA after any food ingestion (non-specific FDEIA) [23].
In many cases of FDEIA, the association with food ingestion
may not have been made, thereby unnecessarily restrict-
ing affected patients’ ability to exercise. Some cases may
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even be labeled idiopathic. A confounding factor that may
complicate the process of making an accurate diagnosis
may be the lag in time between ingestion and reaction.
This may rarely extend to 12-24 hours, making the asso-
ciation with a specific food trigger extremely difficult. The
association of EIA episodes with a specific food may also be
missed in cases when the implicated food is a dietary staple
such as wheat. Varjonen et al., for example, reported a series
of five patients who could only associate the attacks of ana-
phylaxis with exercise, but were found to have detectable
IgE on SPT and were able to exercise safely be eliminating
wheat from the diet [49]. The accurate diagnosis can further
be obscured by the requirement, in at least a few cases, of
other factors such as aspirin or NSAID ingestion, psychologi-
cal stress, menstruation, and seasonal or temperature vari-
ation. Some patients considered to have exercise-induced
or “idiopathic” anaphylaxis without apparent relationship
to food may in fact be reacting to unidentified ingestants,
a combination of allergenic ingestants, or a cross-reacting
ingestant.

Specific IgE testing in the form of SPT or RAST can be
quite useful, especially as an opportunity to minimize
exercise restrictions for affected patients. The vast major-
ity of cases of FDEIA with a specific food identified as a
co-precipitating factor have positive SPTs to the implicated
food. Based on their findings in 54 patients with FDEIA,
Romano and colleagues stress the importance of both in
vivo and in vitro testing to an extensive panel of foods [23].
After detailed histories, patients were subjected to SPT to
26 commercial food allergens, SPTs with 15 fresh foods,
and RAST for 31 food allergens. Forty-eight patients had
suspected a particular food in association with attacks; six
could not recall a certain food. Fifty-two patients were posi-
tive to at least one food; two had no positive results at all.
All suspect foods were positive and each of the three tests
revealed varying degrees of sensitivity, with positive results
not discovered by the other tests. Exercise challenges fol-
lowing meals lacking the foods that elicited positive results
on SPT or RAST failed to elicit reactions.

In another study of 19 patients referred for evaluation for
anaphylaxis that occurred during or immediately follow-
ing exercise, screening SPT and/or RAST to foods ingested
prior to the episode of EIA revealed sensitization in 17.
Avoidance of the identified foods 5 hours prior to exercise
successfully prevented recurrence in 15 of these patients
during the follow-up period (median 2 years) [29].

Special consideration of the limitations of specific IgE
testing in the evaluation of patients with possible wheat-
dependent EIA should be noted. Omega-5 gliadin (the major
allergen responsible for wheat-dependent EIA) exists in the
insoluble gliadin fraction of wheat proteins, which is lacking
from commercial testing reagents [44,50]. The clinical impli-
cation is that the detection of IgE sensitization to wheat with
commercial test reagents is impaired and this may lead to the

incorrect diagnosis of EIA or nonspecific FDEIA, rather than
wheat-specific EIA. In vitro IgE testing to omega-5 gliadin is
not currently commercially available.

Though considered to be the gold-standard for confirming
the diagnosis of FDEIA, the role of food-and-exercise provo-
cation challenges in the clinical setting is unclear. The deci-
sion to perform such provocation challenges should include
consideration of the risk of patient harm resulting from posi-
tive challenges, the possibility of a false-negative challenge,
and the ease of avoidance of the suspected food prior to
exercise. One approach used by some authors [23,29] is per-
forming observed exercise challenges following meals lack-
ing the suspected food(s), thereby providing reassurance that
patients can safely exercise as long as the implicated food is
eliminated from the diet.

Pathophysiology

The mechanism whereby exercise and food ingestion elicit
the allergic response resulting in urticaria and anaphylaxis is
not entirely understood. Food and exercise appear to act as
two sub-threshold stimuli that individually are inadequate
to produce mediator release from mast cells or basophils,
yet when combined in a temporal relationship can produce
mast cell or basophil degranulation. Support for the concept
that mast cell degranulation is involved comes from studies
involving electron microscopy of biopsy specimens obtained
from exercise-induced urticarial lesions in patients with EIA
showing ultrastructural evidence of mast cell degranulation
[17]. Furthermore, a number of endogenous peptides can
release histamine from mast cells both in vivo and in vitro
[51]. These peptides include substance P, vasoactive intes-
tinal peptide (VIP), calcitonin gene-related peptide (CGRP),
gastrin, pentagastrin, and endorphins [51-54]. Release of
these peptides occurs via various stimuli, including exercise,
digestion, anxiety, pain, and local irritation. Any of these
factors could be involved in physical urticarias or other
allergic syndromes, including chronic urticaria, asthma, aller-
gic rhinitis, and anaphylaxis, but studies showing increases
in any of these endogenous peptides in response to exercise
in patients with FDEIA are lacking.

Increased levels of histamine and tryptase have been
observed after exercise in patients with EIA [3,16]. Exercise
alone was sufficient to produce a rise in histamine in 6 of
11 patients with FDEIA, and exercise preceded by provoca-
tive foods was necessary in one additional patient [25].

Kivity et al. studied the effect of compound 48/80, a mast
cell degranulating agent, on SPT in five subjects with FDEIA
who had previous skin reactivity to provocative foods and
five normal controls. Intradermal injection of compound
48/80 was associated with a much larger wheal response
in four subjects with FDEIA as compared to controls after
FECs, but not after food- or exercise-only challenges. The
histamine wheal response in these subjects was not signifi-
cantly changed [55]. Similar increases in exercise-induced



wheal responses have been found in other studies using
compound 48/80 and codeine [56,57]. These findings sug-
gest reactions in patients with FDEIA are produced by
a direct effect of exercise and food allergen on mast cell
releasability, rather than an increased sensitivity to his-
tamine. This also implies that IgE and food antigens may
interact with mast cells to lower the threshold to another
stimulus, such as exercise, to produce the anaphylactic
response.

The high prevalence of atopic diseases in patients with
FDEIA and the finding that most patients with challenge-
proven food-specific FDEIA have detectable IgE antibod-
ies to implicated foods on SPT or RAST leave little doubt
that IgE plays an important role in triggering attacks of
FDEIA [20,21,23,25]. In addition to possible effects on
mast cell releasability, exercise may also serve to facili-
tate increased small intestine allergen absorption. In one
study of six patients with wheat-dependent EIA and four
healthy controls, Matsuo et al. found that serum levels of
gliadin, a major wheat allergen, rose in parallel with allergic
responses following wheat ingestion and exercise [58]. An
explanation for this observation comes from studies on the
effects of exercise on intestinal function and hemodynam-
ics showing that reduction of splanchnic blood flow from
exercise causes epithelial barrier disruption and increases in
intestinal permeability [59-61].

Other studies involving wheat-dependent FDEIA in Japan
have provided further support for IgE-mediated food allergy
in at least this subset of patients. Some of the IgE-binding
epitopes for two important allergens in wheat-dependent
FDEIA, omega-5 gliadin and a high-molecular-weight glute-
nin, have been identified [62,63]. In both cases, the epitope
appears to be linear, rather than conformational. Interestingly,
neither wheat-sensitive subjects with atopic dermatitis nor
healthy controls demonstrated reactivity with epitope-specific
IgE testing.
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Figure 47.1 Schematic
representation of role of exercise in
food-specific EIA. Sub P, substance
P; VIP, vasoactive intestinal peptide;
CGRP, calcitonin gene-related
peptide; G/PG, gastrin/pentagastrin.
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Of the additional cofactors that have been reported to
possibly contribute to FDEIA attacks, the potential role of
aspirin in enhancing FDEIA reactions has been most widely
studied. Aspirin and other NSAIDs are capable of provoking
or exacerbating hives in up to 30% of patients with chronic
urticaria and angioedema through inhibition of cyclooxy-
genase-1 (COX-1) [64]. The observation that aspirin and
other NSAIDs appear to provoke or exacerbate reactions in
patients with FDEIA could, at least in part, also be attrib-
utable to COX-1 inhibition, but other mechanisms may
also be involved. Aspirin, like exercise, appears to increase
intestinal permeability through damage to gut epithelial
tight junctions [65]. Matsuo et al. showed that co-ingestion
of aspirin and wheat in patients with wheat-dependent EIA
resulted in a rise in serum levels of gliadin and clinical aller-
gic reactions [58]. Further studies are required to determine
what potential role other cofactors such as medications,
psychological stress, menstruation, fatigue, and lack of sleep
may play in FDEIA responses.

Taken together, these observations provide some insight
into the processes whereby food and exercise combine to
produce anaphylactic reactions (see Fig. 47.1). In sensitized
individuals, immunologically intact food antigen is absorbed,
but in the absence of exercise, an immune response does not
occur. When food ingestion is followed by exercise, the clini-
cally observed reaction that follows is likely brought about
by at least two key concomitant mechanisms: enhanced mast
cell releasability and altered intestinal permeability. Serum
levels of a number of the endogenous peptides known to
induce mast cell degranulation including substance P, VIP,
CGRP, gastrin, pentagastrin, and endorphins have been
shown to increase in response to exercise [55-58]. In addi-
tion, intestinal epithelial barrier disruption associated with
reduced splanchnic blood flow leads to altered intestinal
permeability and the potential for enhanced absorption of
immunologically intact food antigens [62-65]. Aspirin and

Enhanced

mast cell
releasability

Anaphylaxis

Altered

intestinal
permeability

T Absorption of
food allergens
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NSAIDs can further potentiate these effects through COX-1
inhibition (and increased mast cell releasing factors, such as
LTC4) and disruption of intestinal epithelial tight junctions.
The result is the observed clinical allergic reaction.

Treatment

Avoidance of ingestion of any implicated foods in sufficient
temporal proximity to exercise is the cornerstone of man-
agement of FDEIA. Prospective, controlled studies designed
to evaluate the minimal time interval between provoking
foods and exercise are lacking, but for patients with specitic
FDEIA, avoidance of implicated foods 4-6 hours prior to
exercise usually prevents an urticarial or anaphylactic reac-
tion following exercise. In cases of non-specitfic FDEIA, avoid-
ance of all foods for at least 6-8 hours prior to exercise is
recommended [66]. Of 43 patients with food-specific FDEIA
advised to avoid implicated foods for 4 hours prior to exer-
cise, none had experienced reactions after a mean of over
4 years of follow-up. In addition, none of the five patients
with non-specific FDEIA advised to avoid exercise for at
least 4 hours after any meal had experienced reactions [23].
Because lower levels of exertion such as walking and activ-
ities not considered to be exercise such as yard work and
ironing clothes have been reported to provoke EIA, some
patients might prefer complete avoidance of implicated
foods [31]. Inquiring about and tailoring exercise regimes
as indicated to avoid co-precipitating factors such as aspirin
and NSAID ingestion, menstruation, seasonal variation, and
extremes of weather should also be considered [13].

The utility of various medications taken prior to exercise in
patients with FDEIA has not been established. Antihistamines
taken either daily or one-half hour before exercise may help
blunt the attack [67]. However, no data exist to suggest that
this therapy can eliminate or prevent episodes. Oral cromo-
lyn has also been reported to successfully prevent attacks
[28,68]. The leukotriene antagonists, zafirlukast and mon-
telukast, have been shown to attenuate exercise-induced
bronchoconstriction, but no studies have evaluated this class
of agents in FDEIA so far [69,70].

When attacks do occur, early intervention should help
decrease their severity [1]. Patients should have a clear
understanding of the early signs and symptoms of anaphy-
laxis, and immediate cessation of exercise when they occur
is recommended. Self-injectable epinephrine should be
prescribed for all patients along with the recommendation
to carry it during exercise. Patients with a history of life-
threatening reactions should also consider wearing a medi-
cal alert bracelet and avoid exercising alone. Emergency
treatment at the time of the reaction may be lifesaving,
although deaths attributed to FDEIA are rare [10,71].

The potential role of other treatment modalities such
as anti-IgE therapy or other immunomodulatory agents
requires investigation. Whether induction of tolerance to
exercise following food ingestion can be achieved remains

unknown. In their report on the results of a survey of
patients with EIA, Wade et al. reported one patient who
remained free from exercise-induced attacks while walk-
ing 5 miles per day, but EIA symptoms recurred following
resumption of exercise after a several month period of inac-
tivity. Other patients have described a “refractory period”
following an attack of EIA, during which time they could
exercise without risk of subsequent attack [19].

Delayed pressure urticaria

Clinical features

DPU is another syndrome in which the association has been
made between the ingestion of food and the development
of a physically induced cutaneous reaction [72-80]. This
unusual disease, which is more prevalent than previously
appreciated, is characterized by the delayed onset of deep
cutaneous swellings in areas exposed to prolonged pressure
of variable intensity. The appearance of the pressure-induced
swelling of the hands and feet is indistinguishable from that
of angioedema. The onset of lesions can occur within 30
minutes to 9 hours of application of pressure from a variety
of stimuli (e.g. for the feet, prolonged walking on a hard sur-
face; for the shoulder, carrying luggage; and for the hands,
hammering nails). The lesions usually peak 6-9 hours after
pressure and may last as long as 36 hours. There may be a
refractory period for development of new lesions in locations
with recent urticaria [81]. In 30-90% of patients, DPU can
be associated with chronic idiopathic urticaria [75,77,79].
Some patients develop “flu-like” symptoms (malaise, arthral-
gias, and fever) in association with the skin lesions. Almost
half patients with DPU have an elevated erythrocyte sedi-
mentation rate (ESR) and mild leukocytosis with or without
eosinophilia. Usually the delayed pressure symptoms and
reactivity parallel the activity of the chronic urticaria and
can persist up to 30 years. The condition often creates a sig-
nificant functional disability, especially in individuals whose
occupations require heavy physical labor, such as carpenters,
constructions workers, and auto mechanics [75].

Diagnosis

DPU is best diagnosed by a thorough history. Many
patients have been incorrectly diagnosed as having refrac-
tory angioedema in association with their chronic urti-
caria. The diagnosis can be confirmed using several tests
[74-77,80,81]. The simplest and most reliable test utilizes
151b of weight split into two sandbags connected by a thin
strap. This device is then suspended over the shoulder for
a period of 15 minutes while the patient is walking [74].
The shoulder is examined 4-8 hours after challenge for the
development of a deep, often painful, erythematous swell-
ing. In most cases the test is positive initially. In patients
with a good history and a negative initial test, a follow-up



test at least 48 hours later may be positive. The test can be
negative when the disease is quiescent or in remission.

Pathophysiology

The pathogenesis of DPU remains unclear. Lesions can be
induced by injections of compound 48/80 into the skin,
suggesting that release of mast cell mediators may be
important in lesion induction [82]. Increased histamine
levels have been shown in skin blisters above the lesions
[77]. Biopsy specimens reveal mild mononuclear perivascu-
lar infiltrates with some eosinophils and a small number of
polymorphonuclear leukocytes [83]. Fibrin deposition and
edema among the collagen fibers at the pressure challenge
site suggest a similarity between the lesions of DPU and
those generated by the cutaneous late-phase reaction seen
after allergen injection [84]. Barlow [85] proposes a lower
threshold in DPU patients to form wheals compared to con-
trol subjects. Hermes and colleagues noted endothelial cell
upregulation of tumor necrosis factor (TNF)-o and IL-3 in
non-lesional skin of patients with DPU, and upregulation
of TNF-a production in perivascular cells [86]. They sug-
gest a role for these cytokines in the pathogenesis of DPU
by an induction of sub-threshold inflammation in endothe-
lial cells of uninvolved skin. Kallikrein generation [77], leu-
kotriene production [77], and cytokine release in lesions
[82] have been hypothesized but, to date, not confirmed.
As with other causes of urticaria, aspirin appears to have a
potentiating effect on the development of urticarial lesions
in DPU [87,88].

Treatment

The pressure-induced lesions of most patients with DPU
respond poorly to standard drugs used in the treatment of
chronic urticaria and angioedema. The only medications
that consistently relieve the delayed pressure symptoms are
systemic corticosteroids [74-76,79]. Some patients require
relatively high doses of these agents and prolonged therapy
to remain functional and able to work. The delayed pres-
sure component often does not respond to conventional H1
antihistamine alone or to a combination of H1 and H2 anti-
histamines [71-76,79]. Cetirizine reportedly has been etfec-
tive in some patients [88,89]. Leukotriene antagonists have
been shown effective in chronic idiopathic urticaria but are
poorly studied in DPU [91-95]. Berkun and colleagues [94]
reported the first case of a patient with steroid-dependent
DPU responding to the leukotriene antagonist montelukast.
One small randomized, double-blind study of 20 patients
with DPU comparing loratadine to loratadine plus monte-
lukast found the combination to be more effective at sup-
pressing pressure-induced reactions than loratadine alone
[95]. Another small study showed the addition of theophyl-
line to cetirizine to be more effective than cetirizine mono-
therapy [96]. Sulfasalazine, at doses used in inflammatory
bowel disease, was found to be an effective steroid-sparing
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agent for angioedema in two patients with refractory DPU
[97]. Some patients [75] respond partially to NSAIDs, but
this has not been observed consistently [79]. Limited stud-
ies have demonstrated the effectiveness of higher potency
topical corticosteroids [98,99]. High-dose
immunoglobulin induced remission or improved symp-
toms in five of eight patients with DPU considered to be
severe and refractory to other therapies or responding only
to oral corticosteroids [100]. The role in DPU of other agents
used with some success in chronic idiopathic urticaria
such as antimalarials [101], hydroxychloroquine [102],
cyclosporine [103], dapsone [104,105], pentoxifylline [105],
methotrexate [106], stanozolol [107], and calcineurin
inhibitors [108] remains to be seen.

intravenous

Food-related delayed pressure urticaria

Specitic causal factors for DPU are rarely identified; however,
Davis and colleagues [109] identitied specific food ingestion
as an exacerbating factor. In this report, six selected patients
with challenge-proven DPU and chronic idiopathic urticaria
were studied, all of whom required daily prednisone for
symptomatic control. The patients either fasted, receiv-
ing only water, or were given a diet of untlavored Vivonex
for a minimum of 48 hours. In five of the six patients, both
spontaneous urticarial lesions and pressure-induced symp-
toms cleared after 24-48 hours of fasting. A control group of
patients with chronic urticaria was treated in the same way,
but none responded to the fast. All patients who had resolu-
tion of urticaria with fasting had at least one positive delayed
cutaneous reaction (measured at 6 hours) on SPT with food
antigens. Ingestion of foods producing a positive delayed
cutaneous reaction was followed within 2-24 hours by
recurrence of spontaneous and pressure-induced urticaria.
Interestingly, RAST to foods causing positive delayed cuta-
neous reactions and recurrence of urticaria were negative.

A subsequent report described two patients with DPU in
whom lesions could be elicited when they had eaten typical
foods but not when they had been on at least 5 days of an
elimination diet [110]. Skin testing was not described, how-
ever. In another study by Czarnetzki ef al. [111], 13 patients
with DPU and positive cutaneous prick testing responses to
foods failed to respond to elimination diets. All of the subjects
underwent testing to a large battery of common allergens,
including food extracts. Seven of these patients had posi-
tive early cutaneous reactions (15 minutes), and six devel-
oped positive late cutaneous reactions (after 6 hours). None
of the patients, however, showed any improvement on diets
that eliminated those food antigens to which they developed
a late cutaneous reaction. It is not clear whether any of the
patients fasted for any prolonged period of time to exclude
other allergens that were not part of the skin test battery.

Although a role for food ingestion in the causation of DPU
has been suggested, it has not been well documented or
proved. In over 20 years since the report by Davis et al. [109]
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summarized above, few studies convincingly implicating
food ingestion as a possible cause of DPU have been pub-
lished. Vidal er al. reported one additional case of delayed
pressure urticaria that appeared to occur only in associa-
tion with egg ingestion [112]. Whereas none of the patients
reported in the case series by Davis et al. had detectable IgE
to the suspected foods, this patient did have egg-specific IgE
detected on RAST and SPT.

Thus, while efforts to exclude specific foods as contrib-
uting factors to cutaneous eruptions in patients with DPU
appear unlikely to contribute significantly, given the high
morbidity of DPU in some patients, including the potential
requirement for long-term systemic corticosteroid therapy,
it may be worthwhile to consider ingestants as aggravating
factors in almost any patient with DPU.

Other food/physical syndromes

Strong evidence for the role of food in eliciting other physical
allergy syndromes is lacking. Zuberbier and colleagues [113]
describe the case of a 43-year-old woman with angioedema
resulting from a combination of non-specific food intake
and elevation of body temperature. Pseudoallergic reactions
to hot, cold, or spicy foods may elicit CU responses, but true
allergic responses involving food ingestion have not been
reported to contribute to other physical urticaria syndromes
including dermographism, solar urticaria, aquagenic urti-
caria, or vibratory angioedema.

Conclusions

Of the physical allergy syndromes, food allergy appears to
play a role in a significant subset of patients with EIA and
possibly DPU. In the case of FDEIA, the historical asso-
ciation of specific or non-specific food ingestion with the
exercise-induced attacks may not be readily apparent but
may not be uncommon. As a result, in patients with EIA
in whom the possibility that food may be contributing to
anaphylaxis attacks cannot be excluded historically, a thor-
ough investigation including specific IgE testing to a variety
of common foods should be considered. Because nearly all
patients with specific FDEIA are able to prevent attacks of
EIA by avoiding suspected foods 4 hours before exercise,
this approach may contribute significantly to the quality of
life in patients who may otherwise impose disabling restric-
tions on their physical activity in an effort to avoid attacks.
Though the role of food allergy in DPU is less clear, the sig-
nificant morbidity of pressure avoidance and lack of proven
non-toxic therapies for this condition also warrant consid-
eration of foods as potential co-precipitants. Future studies
are clearly needed to help guide clinicians in the manage-
ment and treatment of these chronic conditions.
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