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INTRODUCTION

The notion that food causes neurological illness or behavioral change is distin-
guished by the amount of passion this concept evokes. No other set of disorders
involving adverse reactions to foods or additives is characterized by so many de-
voted believers and dedicated nonbelievers.

There are understandable reasons for these positions. Neurological disor-
ders, of themselves, are extremely complex, being perturbations of complex sys-
tems. The tools to measure objective neurological change are not easily
accessible or familiar to allergy specialists. Often the neurology specialist is un-
familiar with the clinical pathophysiological features of hypersensitivity disor-
ders. Many times, the end point of a challenge relies on the subjective response
and cooperation of the patient. For example, investigators must depend on the
subject to tell them whether a headache occurs and how great is the pain.

Other barriers interfere with clear evaluation. These include the incomplete
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understanding of the epithelial blood—brain barrier in humans and which factors
lead to its disruption [1-3]. There is also variability in the nervous system’s gen-
eration of neurotransmitter, which can be influenced by diet, immune responses,
and psychological factors [4]. Recent demonstrations of cytokine generation in
the nervous system and cytokine receptors on neural cells are adding another set
of factors to consider [5,6].

Nevertheless, there are sufficient observations in the medical literature to
allow the reader to form an opinion about the relevancy and importance of food
triggered disorders of the nervous system. Some of the works cited are from the
earlier literature, which emphasize description rather than the testing of hypothe-
ses and have no P values. These studies remain as valuable clinical insights.
Time has proved them to be correct, even if the initial methods are not up to the
standards of the recent modern medical literature.

PATHOPHYSIOLOGY OF FOOD DERIVED
NEUROLOGIC DISORDERS

Mechanism of the Reactions
Toxic Reactions

Foods may contain substances that are directly toxic to the nervous system.
These are a natural component of the food or a result of microbial or human con-
tamination. Members of the mushroom family contain powerful muscarinic
agents. Fortunately, with commercial mushroom farming, toxic reactions from
mushroom are uncommon. Contamination of food with C. botulina toxin causes
an often fatal neurological disease. A product of a wheat smut is a recognized
source of the hallucinogen lysergic acid diethylamide (LSD), which causes seri-
ous disorganization of cerebral nervous system function.

Intolerant Reactions

Foods can contain substances with desirable pharmacological activities.
Chocolate is capable of uplifting moods, containing phenylethylamine, caf-
feine, and theobromine. Alcoholic beverages in moderate amounts have pleas-
ant effects for humans. For people who have diminished activity of the
respective catabolic enzymes, chocolate can cause excessive stimulation and
modest amounts of alcohol cause inebriation and “hangover.” Caffeine in a cup
of coffee has a mild stimulant effect for most people, but others experience
anxiety or insomnia with this same drink. Red wine—induced headaches occur
in people who are deficient in the enzyme phenylsulfone transferase or mon-
amine oxidase.
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Food Hypersensitivity

An immune-mediated reaction implies a specific sensitization to a food antigen
and similar cross-reacting antigens. Perturbation of the nervous system results
from the activity of biological modifiers generated by the immune response.
Both the more classic mediators and more recently described cytokines can in-
fluence nervous system function [7,8]. There is evidence that a nearby local al-
lergic response can alter function of the peripheral nerves [8a].

Food Idiosyncracy

Food idiosyncracy is a proposed mechanism for the role of dyes and preserva-
tives in attention deficit hyperreactivity disorder. It may explain the Chinese
restaurant syndrome associated with monosodium glutamate. Headaches have
been described on challenge of patients with these sensitivities. It has been sug-
gested that the reactions may be mediated through NO, increasingly recognized
as an important inflammatory mediator [9].

ACTIONS OF ALLERGY-RELATED MEDIATORS
IN THE NERVOUS SYSTEM

Most of the information about the actions of neurotransmitters in the nervous
system is based on studies in animals or in human brain slices. Interpretations of
the results and their meaning for human illness must consider this. The animal
species used for models do not always share similar patterns of nervous system
reactions with humans. For example, a neurotransmitter may be stimulatory in
one species and inhibitory in another. Interpreting results of studies in isolated
human brain slices also must be cautious. With these caveats, the results to be
described do give us a conceptual basis to explain how allergic reactions could
affect the nervous system.

Histamine

Histamine serves a critical role in activation and regulation of the central and pe-
ripheral nervous systems. Three differing pharmacological receptors for hista-
mine, H,, H,, H,, have been described, with the use of different antagonists [10].
Central nervous system histamine is synthesized from histidine by neurons in the
hypothalamus. Pyridoxal phosphate is a key cofactor in histamine synthesis. The
brain contains two systems for degrading histamine, the enzymes diamine oxi-
dase and imidazole N-methyl transferase. Under normal circumstances, periph-
eral histamine appears not to cross the blood-brain barrier [11]. However, during
food triggered allergic reactions, plasma histamine levels can increase more than
10-fold to 100-fold. These levels may overcome the capacity of the blood-brain
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barrier. Higher concentrations of peripheral histamine break down the endothe-
lial blood-brain barrier [12]. Release from perivascular mast cells found in the
brain may contribute to histamine levels, after an antigen—antibody reaction.

Histamine, acting through its H, receptor, increases reuptake of norepi-
nephrine (noradrenalin) and serotonin in brain slice experiments [13]. Histamine
stimulates alertness in rodents, cats, and probably in humans by the H, receptor
[14]. This may explain the sedating effect of the classic H, antagonists. The H,
and H, receptors are important in the autoregulation of histamine synthesis [15].
All three histamine receptors are found on cerebral blood vessels. Blocking H,
and H, receptors has not proved to be clinically effective in migraine therapy or
prophylaxis. Animal studies suggest blockade of the H, receptor may have po-
tential value in preventing vascular headaches [16]. Histamine applied to the
brain causes electroencephalographic (EEG) abnormalities, increasing the fre-
quency of electrical spikes [17].

Adding histidine the precursor to histamine to the diet increases the hista-
mine concentration in the central nervous system of rats and in peripheral ba-
sophils. Pyridoxine added to the diet also raises the central nervous system
(CNS) histamine content. The combination increases CNS histamine levels more
than either agent alone [18].

Serotonin

Only 2% of the body’s serotonin is found in the central nervous system, 8% is
bound to platelets, and 90% is in the enterochromafin cells of the intestine [19].
Serotonin is synthesized by cells in the hypothalamus. Increases in dietary tryp-
tophan and vitamin B, will increase the concentration of serotonin in the brain
[18]. It is possible that the massive release of serotonin from platelets during a
migraine attack may transiently increase brain serotonin level. Serotonin is im-
portant in regulating mood, appetite, and sleep [20]. It is a spasmogenic media-
tor, constricting the external carotid system arteries. Serotonin release in
migraine may represent an attempt to reverse the vasodilatation of a migraine. If
serotonin is depleted, then migraine frequency and intensity increase [21].

Prostaglandins and Leukotrienes

Prostaglandin D perturbs the effectiveness of the epithelial blood-brain barrier,
with resultant increased permeability and acute cerebral edema in animals [22].
Cerebral edema has been described in immune complex—mediated serum sick-
ness affecting the central nervous system [23].

Prostaglandin E2 causes hypalgesia and is an antagonist of natural and
synthetic opioids [24]. When injected peripherally, prostaglandin E2 causes a
short-lived migraine attack [25].

Leukotrienes also can cause cerebral edema, by perturbing the blood-brain
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barrier They also cause recruitment of inflammatory cells into the brain [26].
Leukotrienes and prostaglandins are synthesized by a number of different cell types
in the nervous system, including the microglial cells, epithelial cells, and astrocytes.

Bradykinin

When it is injected subcutaneously, bradykinin causes pain and erythema. If it is
applied to the central nervous system, bradykinin excites the sensory neurons
mediating the pain response. The application leads to peripheral hypalgesia [27].
Intracerebral bradykinin also magnifies the inflammatory reaction of car-
rageenan-induced paw edema in rats [28]. Bradykinin is yet another mediator ca-
pable of disrupting the integrity of the endothelial blood—brain barrier, allowing
for passage of other molecules and cerebral edema [29].

Platelet Activating Factor

The mediator platelet activating factor (PAF) has a number of actions, many of
which are associated with the late-phase allergic response. PAF has dramatic ef-
fects in the nervous system. It causes increased vascular permeability and break-
down of the blood-brain barrier [30]. In disorders such as migraine, there is
evidence of increased platelet activation. The platelets of migraine patients
demonstrate decreased responses when treated with exogenous PAF, suggesting
they are already in an up-regulated state [31].

Neuropeptides

Neuropeptides are a group of peptide hormone—like molecules, which include
substance P (SP), neuropeptide Y (NP-Y), calcitonin gene-related peptide
(CGRP), and vasoactive intestinal peptide (VIP). Neurokinin is a presumed
cause of the pain of migraine. Neuropeptides have a wide range of activities.
They are released during peripheral allergic reactions and can affect the nervous
system through this mechanism. SP, VIP, and CGRP are potent vasodilators.
NPY is a vasoconstrictor found in a network of sympathetic fibers in arteries,
arterioles, and veins [32]. Neuropeptides can be responsible for some of the
pain described in certain allergic reactions. They also cause vasospasm of the
cranial vessels. Levels of VIP and CGRP are elevated in cluster headaches, but
only CGRP level is elevated during a migraine Neuropeptides are important
neuroregulators [33].

Complement

Various components of the complement cascade are synthesized by astro-
cytes, ependymal cells, microglia, and neurons. These cells also express re-
ceptors for complement fractions. The synthesis of complement and its
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receptors on membranes is regulated by both proinflammatory and antiinflam-
matory cytokines. Complement components participate in immune reactions
of antigen and antibody in the nervous system. It has been suggested that
complement may have additional nonimmune functions in the central nervous
system [34].

Cytokines

There is strong evidence that cytokines act as bidirectional messengers between
the immune system and nervous system [35]. The ever increasing number of rec-
ognized cytokines indicates that it may be some time before the exact pathways
and interactions will be understood. Interleukin 1 (IL-1) generated from periph-
eral immune reactions stimulates release of corticotropin releasing factor in the
brain. IL-1 also increases the levels of norepinephrine in the central nervous sys-
tem [36]. Nerve growth factor (NGF) synthesis is increased by tumor necrosis
factor o (TNF-o) and IL.-1. NGF is synthesized peripherally and will pass into
the brain only when there is an inflammatory process that perturbs the
blood-brain barrier [37]. Patients with common migraine demonstrate the spon-
taneous release of TNF-al from mononuclear cells at a rate greater than that of
nonmigrainous control subjects [38]. Cytokines found in the nervous system re-
sult from local production but also are derived from peripheral cell synthesis.
This allows peripheral immune responses to influence the activities of the ner-
vous system [39].

ALLERGY IN THE NERVOUS SYS'I:EM

Do significant allergic responses occur in the nervous system, or are the reported
clinical allergic disorders of the nervous system the result of peripheral mediator
overflow into the nervous system? There is insufficient evidence to answer this
question in humans; animal models may be unsuited to answer it. Large macro-
molecules are normally able to penetrate the brain of the rat [40]. In humans,
such permeability has been reported only in autoimmune disease, such as CNS
lupus erythematosus [41]. Animal experiments show breakdown of the epithelial
blood-brain barrier by the common allergic mediators. It is unknown whether
these effects occur in humans, but it appears reasonable to consider this distur-
bance of the blood-brain barrier in humans probable.

Although there is a relative paucity of perivascular mast cells in the CNS, an
attenuated immunoglobulin E (IgE) antigen-mediated response can likely occur.
Circulating basophils also move through the CNS with the potential for further in-
teraction and mediator release. How much these components can contribute to cen-
tral nervous system derangement is unclear. At present it appears both local and
peripheral sensitivity reactions are involved in human disorders.
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CLINICAL NERVOUS SYSTEM DISORDERS
ASSOCIATED WITH ADVERSE FOOD REACTIONS

Migraine

Food induced or dietary migraine has been extensively studied. The association
between migraine and diet is better established than any other aspect of food re-
lated neurological disease. More recent studies, utilizing double-blind placebo-
controlled studies, have demonstrated that food or additives can trigger
migraine. Some of these studies also have provided evidence for the involve-
ment of mast cells and basophils (see below, Refs. 64—66).

There are several references in the Talmud that describe a hemicranial
throbbing headache associated with eating certain foods. In the nineteenth cen-
tury, migraine was considered one of the atopic disorders, along with eczema,
rhinitis, and asthma. At the beginning of the twentieth century, pioneers in allergy
research, including Richet, classified migraine as an anaphylactic disorder [42].

Surprisingly, after all this time, the exact relationship between migraine
and the atopic disorders is not resolved. This difficulty may be overcome, at
some future date, as the important mechanistic differences between classic and
common migraine are considered in the analysis. Food- and foodstuff-provoked
head aches are typically common migraines without any aura. In some patients, a
throbbing unilateral or bilateral headache without the characteristic nausea and
vomiting occurs. These are simple vascular headaches. In both cases food related
headaches seem to arise from disturbance in vessels predominantly of the exter-
nal carotid system. In classic migraine with aura, there are defects in intracere-
bral electrical activity or blood flow [43].

Older Clinical Reports

Brunton in 1883 reported that milk and eggs caused migraine attacks in his pa-
tients. Brown almost 40 years later found that food hypersensitivity was one of
the four commonly recognized precipitants of migraine attacks [44].

Vaughan, in one of the most insightful early reports, described his experi-
ence with food related migraines. His study involved 33 patients, 12 of whom had
relief of migraines using dietary avoidance He noted that the foods triggering mi-
graine caused a late-phase response when he performed allergy skin testing [45].

De Gowin reported that 78% of migraine patients could obtain complete
or partial relief from dietary manipulations based on history and intradermal
food skin tests [46]. Eyermann evaluated 63 patients with allergic headaches,
which were characterized as unilateral and throbbing. Often the headache was
preceded by unilateral nasal congestion, clear nasal discharge, abdominal dis-
comfort, and nausea. Over a third of the patients improved with elimination
diets [47].
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Nonallergic Mechanisms

Besides allergic mechanisms, other dietary factors provoking migraine have
been reported. These include a number of monamines (tyramine, phenylethy-
lamine), which are vasoactive and can enter the central nervous system. Other
food additives or chemical components of foods can trigger migraine, including
sodium metabisulfite, monosodium glutamate, sodium nitrite, sodium nitrate,
and histamine. [48,49]. Many patients with migraine experience a typical attack
or an unusual bitemporal pulsatile headache after eating smoked meats,
sausages, and flavored cheeses. Nitrates and nitrites are potent vasodilators, and
the amount tolerable to the general population, which is estimated and approved
as up to 500 ug/g, has deleterious effects in migrainers. This is an example of the
nonspecific vascular hyperreactivity in migraine analogous to the bronchial hy-
perreactivity of asthma. Migraine patients demonstrate a shift to the left in the
dose—response curve to the nonspecific cerebral vasodilatation caused by carbon
dioxide or histamine [50].

Alcoholic beverages, particularly red wines, are common precipitants of
migraine. Red wine contains alcohol, histamine, and many phenylsulfones, all of
which individually can trigger migraine attacks. Ethanol is a peripheral vasodila-
tor, does not affect intracerebral blood vessels. Tt can, however, affect branches
of the external carotid. In a very interesting study, the ability of equivalent
amounts of ethanol provided as vodka or red wine to provoke a migraine in pa-
tients was tested. The amount of ethanol in the volume of red wine that triggered
a migraine was dispensed in the form of vodka and did not cause a migraine. The
conclusion was that the phenolic monamines in the wine were the significant
precipitants [51].

Reports of challenge provocation of migraine headaches by aspartame,
monosodium glutamate, and metabisulfite have appeared in the medical litera-
ture [52]. On the other hand, studies attempting to define the value of routine
avoidance of these food components have shown disappointing clinical results.
There was little change in migraine frequency or intensity. This is particularly
true of diets avoiding the monamines such as tyramine, in spite of the fact that
tyramine appeared capable of altering EEG patterns of migraine patients [53].

Later Clinical Reports

Unger and Unger described an extensive experience in the diagnosis and treatment
of migraine. They reported achieving good clinical results using a combination of
therapies including elimination diets. Thirty-five of 55 patients had complete relief
of migraines, and another 9 had a 75% improvement. They observed that foods
seem to trigger attacks directly or can serve as facilitators of migraines triggered
by other factors such as fatigue, stress, or hormonal events [54]. This aspect of
food induced disease, that is, facilitation, has been more recently reported and con-
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firmed by blind challenges in disorders such as food related exercise induced ana-
phylaxis and delayed pressure urticaria. There is a need for a careful study evaluat-
ing the same relationship of two stimuli in triggering migraines.

With the advent of radioallergo sorbent test (RAST) technology, Monro
asked whether this new tool could help predict an successful avoidance diet for
migraine patients. Twenty-three of 36 subjects with migraine who were placed
on an extensive elimination diet trial with reintroduction had decreased migraine
attacks. Unblinded rechallenges triggered attacks. Monro discovered that a per-
forming a panel of 25 in vitro RAST food tests for specific IgE predicted the
foods that were the triggers of migraine in the patients who obtained relief. In
general the RAST values at foods provoking migraine were highly positive [55].

In an earlier report, Grant, a neurologist, used a lengthy strict elimination
diet beginning with lamb and pear and then single food introductions after 5
days, to evaluate the role of diet in migraine subjects. With this meticulous and
laborious approach, of 60 patients, 51 became migraine-free, and 9 improved.
From 1 to 30 foods appeared to provoke attacks of migraine (average number
was 10 foods). No double-blind challenges were performed. Grant used a pulse
test to determine whether the subject was sensitive to a food. This test is gener-
ally considered invalid. Some of the remarkable results may have been placebo
effects [56].

Double-Blind Placebo-Controlled Studies of
Food Related Migraine

A series of double-blind placebo-controlled studies have been performed in the
last two decade (Table 1). These studies have provided double-blind placebo
controlled evidence that ingesting certain foods would reproducibly provoke a
migraine. In general, the rate of migraine during placebo challenges was less
than 15%. Active foods suspected of causing migraine administered in a double-
blind fashion triggered migraine in 70% of the challenges.

Egger et al. reported on 99 migrainous children, who were placed on an
oligoantigenic diet consisting of one meat (chicken or lamb), one starch (rice or
potato), one fruit (apple or banana), one vegetable (brassica), water, and vitamin
supplements. Children who improved then had foods reintroduced to determine
which may have precipitated migraine. Eighty-eight children completed the diet
trial. Seventy-eight children became free of migraine, 4 improved, and 6 showed
no benefit. Upon reintroduction of foods, 74 children had one or more foods that
seemed to trigger migraines.

* Forty children underwent double-blind placebo-controlled challenges, us-
ing masked whole foods. Migraine responses occurred in 6 of 40 placebo chal-
lenges (15%) and in 26 of 40 active challenges (65%). If allergy skin testing had
been used to plan the diet, only 3 children would have had all the dietary precip-
itants of migraine eliminated [57].
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TAaBLE 1 Double-Blind Placebo-Controlled Challenges in Migraine®

Author Number  Placebo Placebo Active Active Mediator
[Ref.] subjects  positive negative positive negative changes
Egger 40 6 34 30 10 No
[571
Mansfield 10 0 10 8 2 Histamine
[58]
Vaughan 23 3 20 16 7 No
(591
Olsen 5 0 5 5 0 Histamine
(601 PGD,
Steinberg 1 0 1 1 0 Histamine
[611 PGF,
Total 79 9(114%) 70(88.6%) 60(75.9%) 19 (24.1%)

s See text for references; in all cases in which mediators were measured, they in-
creased during a migraine-producing challenge. PG = prostaglandin.

Mansfield, Vaughn, and colleagues studied 43 adults with at least four
common migraine episodes per month. The subjects were diagnosed and re-
ferred from the neurology service. The patients were placed on an elimination
diet trial, based on the patient’s history and food allergy skin testing. If there
were no positive skin test, results, then the subjects were placed on a milk, egg,
wheat, corn-free diet.

Thirteen of the 43 subjects had a 66% or greater reduction in migraine at-
tacks during the diet trial. Double-blind placebo-controlled challenges were per-
formed in seven subjects with opaque capsules containing 8 g of freeze dried
foods or the equivalent number of placebo capsules. No placebo responses oc-
curred, whereas five of seven active challenges led to migraines. In 3 subjects
who agreed to another blind challenge, plasma histamine levels rose during the
active food challenge, that induced migraine, while staying unchanged in the
placebo challenges (Fig. 1). The plasma histamine level peaked just before or at
the onset of the migraine. Overall dramatic improvement occurred in 30% of the
study subjects, with a confirmation rate of 70% by double-blind placebo-con-
trolled challenges. This study also provided the first demonstration of mediator
elevations during a blind food challenge triggering migraine.

In accord with Egger’s findings, prick skin testing read at 15 minutes was
not useful to determine the foods involved in provoking migraine. However, pa-
tients with any allergic sensitization were more likely to have food triggered
migraines than nonallergic subjects [58].

Vaughn, in a follow-up study, reported a series of 104 subjects with at least
three migraines per month. They were all placed on a milk; egg; wheat; corn-free
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diet along with avoidance of foods suggested by history, or skin test-positive
foods. Forty of the 104 subjects had at least a 50% reduction in migraines during
the diet trial. Eight became headache-free.

Subsequently, 27 of 36 subjects who underwent open food reintroduction
could identify one to four foods that precipitated migraine. Twenty-three patients
underwent a double-blind challenge phase that consisted of 2 days of placebo
capsules alternating with 2 days of active food capsules. A positive response was
a migraine on either the first or second active challenge day without a headache
on the placebo days.

In 3 of the subjects, migraine occurred during the placebo days; active
challenge triggered migraines in 15 subjects, with 4 subjects not having mi-
graines on either day. In this study, there did not appear any benefit of immediate
allergy food skin tests in identifying migraine provoking foods [59].

Olsen studied five subjects from the study group with repeat double-blind
placebo-controlled challenges. He measured changes in plasma histamine and
prostaglandin D, (PGD,) levels. The placebo challenges did not trigger mi-
graines or changes in the levels of the mediators. Histamine levels increased
markedly during the food provoked migraine just before or at the time of mi-
graine. PGD, level increased at the same time as histamine level, and also 4 to 6
hours after challenge. Histamine did not increase at the later time. The investiga-
tors suggested that lack of elevated histamine level made the role of the basophil
less important in the pathogenesis of the migraine attack [60]. This finding if
confirmed would greatly alter the concepts of basophil dynamics in migraine. In
contrast, in a single case example, a woman with beef induced migraines showed
elevations of histamine and PGF,, levels during active challenge but not during
placebo challenge [61].

Guarisco and colleagues studied 22 adolescents with at least two migraines
per month. Twenty one teenagers with migraine served as controls. The study
group ate an oligoantigenic diet while the controls ate their usual diets. If a study
subject improved, then foods were introduced in a open fashion. Foods thought
to cause migraine were retested with a modified blind challenge. Twelve patients
completed the oligoantigenic diet phase. Six became migraine free, five im-
proved. There were no changes in the control diet group [62].

Marteletti discovered that cytokines in plasma were altered during a food
challenge-induced migraine. The levels of I1-4 and I1-6 decreased after a posi-
tive challenge result, whereas levels of IFN-y and granulocyte macrophage co-
lary stimulating factor (GM-CSF) increased [63]. This suggests possibly
important interactions between the nervous system and the immune system in
dietary migraine at a level distinct from hypotheses offered prior to the recogni-
tion of the cytokines.

The foods that have been commonly associated with migraine and for
which there is double-blind confirmation are shown in Table 2.
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TABLE 2 Foods and Additives Commonly
Reported to Cause Migraine or Headaches
Confirmed by Blinded Challenges?®

Possible enzyme deficiency
Red wine

Monosodium glutamate
Sodium metabisulfite

Aged cheeses

Aspartame sweetened foods
Vasoactive agents

Alcoholic beverages—ethanol, aromatic compounds
Chocolate—phenylethylamine, theobromine
Coffee—caffeine

Coca-Cola

Allergic mechanisms

Cow’s Milk

Wheat

Corn

Legumes—peas, beans. peanuts
Cinnamon

Pork

Eggs

Coffee

Shrimp

2 Any food appears capable of causing allergic mi-
graine. In general allergy is a response to foods
commonly eaten and unrecognized.

Laboratory Evidence of the Relationship Between Allergy
Food and Migraine

There are a number of abnormalities described in migraine patients that are
shared with other recognized food allergic subjects. The serum or plasma hista-
mine level at baseline is generally higher in migraine patients than normal indi-
viduals [64]. Spontaneous release of histamine from basophils is increased in
migraine [65]. Basophil degranulation occurs during migraine attacks including
release of heparin [66].

Platelets in migraine are activated and demonstrate increased aggregation
in nonstimulated and epinephrine stimulated studies [67]. Releasable platelet
serotonin level decreases during a migraine attack, whereas serum levels of sero-
tonin and its metabolites increase [68].

Recently, it was reported that release of TNF, was higher from cells of mi-
graine patients than normal individuals [38].
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Common migraine subjects have evidence of nonspecific vascular hyper-
activity, which may even be unilateral on the side where headaches most often
occur. Migraine patients have a lower threshold to the vasodilating effects of car-
bon dioxide and histamine [69]. Intravenous histamine given to normal individu-
als causes a bilateral throbbing headache, with the same response occurring in
migraine patients at lower concentrations. Interestingly, the side where the pa-
tient usually suffered the migraine attack often demonstrated a response at an
even lower histamine dose. The contralateral side did not start pulsating until a
higher histamine or carbon dioxide concentration was used [70]. These results
are analagous to the nonspecific hyperactivity that occurs in the nose of rhinitics
and the lungs of asthmatics.

At present, the bulk of migraine therapy is either symptomatic relief or pro-
phylaxis based on neurovascular mechanisms. The approach is similar to using
bronchodilators to treat asthma. The finding of nonspecific hyperreactivity and the
clinical benefit of corticosteroids in migraine suggest that attention to inflamma-
tory mechanisms would be worthwhile for migraine. One might expect a increase
in histamine and carbon dioxide tolerance after a period of successful allergen
avoidance. Presumably these changes would be associated with clinical improve-
ment. Recently developed oral agents that affect the arachidonic acid, lipoxyge-
nase pathways, or agents such as azelastine may also benefit such patients.

Cluster Headaches

Cluster headache shares many metabolic and pathological abnormalities with
migraine; however, it clearly has a number of important differences. Except for
dietary agents that are vasodilators, there is no evidence to support an important
role for food and foodstuff in the provocation of the clusters. The headaches are
usually unlateral, described as boring or piercing, and can be accompanied by ip-
silateral nasal symptoms and Horner’s syndrome. They occur in groups or clus-
ters of headache and relief and headache and relief, with several or groups
during any given day. Elevations of plasma histamine level during the clusters
are much greater than those found in common migraine during an attack. Eleva-
tions of levels of urinary serotonin metabolites are also found in cluster headache
attacks, suggesting release and physiological activity as seen in migraine. The
cluster headaches respond to corticosteroids, sumatriptan, calcium channel block-
ers, oxygen, and intranasal lidocaine. There is a beneficial response to the combi-
nation of H, and H, antagonists, not reported in migraine. This may reflect a
difference in pathogenesis. Platelet abnormalities are found in cluster headaches
comparable to those of migraine headaches. Serotonin is released during clusters
comparable to those of migraine. Similar but not exact perturbations of neu-
ropeptides and cytokines have been found in cluster headache patients and in mi-
graine patients [71,72].
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Epilepsy

A link between migraine and epilepsy has been suggested by many authors
[73,74]. Epileptics were reported to have the same spasmogenic substance in
their blood as asthmatics, migrainer patients, and atopic eczema patients [75].
Pioneer neurologists such as Foster Kennedy described convulsions presumed
caused by food allergy [76]. Dr. Kennedy personally observed acute transient
edema of the optic nerve and retina caused by food allergy.

Ward and Patterson evaluated 1000 epileptics in two long-term residential
facilities. They used 100 normal individuals and 100 mentally retarded patients as
their control population. They tested all subjects with 64 to 72 scratch food skin
tests. The incidence of at least one positive test result was 57% in the epileptics,
38% percent in the mentally retarded controls, and 8% in the normal patients [78].

Wallis et al. reported 38% of epileptic subjects reacted to one or more food
allergens with only 4% of the control population reacting [79]. These pioneer in-
vestigators thought that allergy sensitization provoked some seizures and that al-
lergic management could decrease seizure frequency and severity.

Dr. Susan Dees tested this hypothesis by treating 22 epileptic patients with
a combination of desensitization, avoidance measures, and antiallergic medica-
tions. Epileptic problems decreased in 18 of 22 epileptic children. Nine of the 20
treated patients taking anticonvulsants were able to stop the medications. In a
control group of 15 nonallergic epileptic children, only 1 of 15 was able to dis-
continue anticonvulsant drug therapy during the study. There were only minimal
changes in the comparison patients’ clinical status [80].

Egger more recently reported that an oligoantigenic diet decreased
seizures in 63 epileptic children. Forty-five of the epileptic children also suf-
fered from migraine or hyperactivity. Epilepsy by itself occurred in only 18
children. Twenty-five subjects became seizure-free, and 11 others improved.
All of the subjects who improved had epilepsy plus migraine or hyperactivity.
The 18 patients who had epilepsy as a single problem did not improve on the
diet [81].

The diet was followed by a reintroduction phase, with certain foods being
associated with the return of seizures. On the basis of the responses during the
reintroduction phase, 16 subjects underwent placebo-controlled blinded food
challenges. Eight children out of 16 had seizures with one or more food chal-
lenges. No seizures occurred during the placebo challenges [81].

Attention Deficit Disorder Hyperactivity Syndrome

In 1922 Shannon reported that food sensitivity affected learning ability and ac-
tivity. [82] Differing food allergy problems have been suggested as triggers of at-
tention deficit disorder hyperactivity (ADHD) syndrome. These include sucrose
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and preservatives, pharmacologically active foods (caffeine), and immunologi-
cal food reactions.

Sugar (Sucrose) Sensitivity

There is a popular idea that sucrose is an important cause of behavior problems.
Studies of sucrose’s effects on behavior and attention have shown that even rel-
atively large amounts of sucrose did not adversely affect behavior, except per-
haps in some preschool children [83-90]. There may be local cerebral
dysfunction in glucose metabolism among adults who had been hyperactive in
childhood [91].

Dyes and Preservatives

Dr. Ben Feingold wrote a book to the lay community proposing that dyes, preser-
vatives, and salicylates from the diet caused attention deficit hyperreactivity dis-
order {92]. The hypothesis was not tested in scientific study before being
proclaimed to the public. Testimonials to the diet’s effectiveness abounded.

After an enthusiastic public response, investigators evaluated the hypothe-
sis that dye, preservative, and salicylate caused ADHD with blinded placebo-
controlled methods. In no study did the diet control symptoms better rhan
stimulants In fact, only one subgroup of patients appeared to benefit from the
diet. This was the group of younger preschool children {93]. Table 3 summarizes
some of these studies [94-99].

It soon became apparent that the Feingold diet did not remove salicylates
and these components now appear of less concern.

Blind Controlled Studies

Besides the study by Egger, other investigators have reported experience with
food related ADHD. In a recent study by Carter with a double-blind placebo-
controlled challenge phase with 16 children with ADHD, the children were more
symptomatic on food dye and preservative challenge days, compared to placebo
days. They were less symptomatic on the days off dyes and preservatives [100].

Boris and Mandel reported a similar study confirming a benefit of remov-
ing dyes and preservatives from the diet of ADHD children. Sixteen of 26 chil-
dren showed lessened symptoms on the dye- and preservative-free diet.
Complete symptom relief was not obtained [101].

Egger, using the same type of oligoantigenic diet described, noted im-
proved behavior in 62 of the 76 children with ADHD he studied. Many children
appeared to be adversely affected by benzoic acid and tartrazine. However, there
were no children identified as solely reactive to one or the other or both of these
agents. Forty-six different food sources provoked hyperactivity. During the
oligoantigenic diet trial, 21 children’s behavior became completely normal. Dur-
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TasLE 3 Trials of Feingold Hypothesis in Attention Deficit Hyperactivity
Disorder

First [Reference] Subjects,

author year Number  Blinded Results Raters Comments
Cook [94] 15 No Improved P Order
1976 on diet effect
Conners [95] 15 Yes Improved Pand T Younger
1976 on diet better
Harley [96] 36 Yes Diet was Pand T Younger
1978 Superior children
nine Challenges
challenges 1/9 worse
Goyotte [97] 16 >=6Yr Yes Challenges  Authors  All had
1978 13<= 5yr d>6 yrno responded
effect to diet
<Syr
worsen
Williams  [98] 26 Yes 8 improve Pand T Modest
1978 on diet effect
Medication
superior
Egger [99] 76 PartI=no Improved= PandN  Noeffect
1985 Part2=yes 62 andPsy on
psycho-
logical
Normal = 21 testing
28 have
rechallenge
return to
hyperactive

P, parents; T, teachers; N, neurologists; Psy, psychologists.

ing the double-blind challenge diets, suspected foods more often were associated
with behavioral changes than were the placebos [99].

Kittler and Baldwin reported normalization of EEG result abnormalities in
9 of 20 children with behavior disorders while they were on an elimination diet.
No blinded challenges were performed. No performance changes occurred in
tests of intellectual function, even when the EEG result improved [102].

Diet may stimulate hyperactive behavior as a result of pharmacological
activity such as that of caffeine in cola drinks or coffe, and phenylethylamine
in chocolate. There is marked variation in the catabolism of these agents.
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Insomnia and increased activity, with a letdown and lethargic phase, can occur.
Aspartame and monosodium glutamate can show an excitogenic effect on EEG
of animal models. In larger doses, they also lower the seizure potential of the
animals [103,104].

Food or foodstuffs presumably acting on an allergic basis may aggra-
vate attention deficit syndrome. The group most likely to benefit from diet
control are preschool children. Studies have tested the hypothesis that food or
food additives affect behavior and learning in children. There is an effect of
diet on affected children. Children with the milder behavioral changes appear
to benefit from diet changes alone, making this approach sufficient for their
care. Severely affected children still require the other recognized means of
treatment. However, we believe dietary factors should be explored in these
patients also.

Tension Fatigue Syndrome: Allergic Toxemia

In 1930, Rowe described a syndrome of “allergic toxemia” caused by food
allergy [105]. The symptoms of this syndrome were (a) drowsiness; (b) men-
tal confusion, (c) lack of initiative, (d) slowness of thought, (e) fatigue, (f)
weakness, (g) bodily aches, (h) irritability; (i) and a feeling of being poi-
soned. The patients often had gastrointestinal complaints. The average age of
these patients was 45 years. They were most often female. These types of pa-
tients are presently diagnosed as having chronic fatigue syndrome. Rowe re-
ported great benefit with diets. There were no double-blind challenges or
controls in his studies.

The symptom complex was renamed the allergic tension—fatigue syn-
drome by Speer [106], who added the important concept of fatigue, which was
not relieved by rest. He stressed the occurrence of insomnia in some patients and
an uncomfortable, nonphysiological fatigue. He and others, such as Crook, be-
lieved that food allergy was an important provoker of this symptom [106]. Re-
cent work suggests that allergic reactions of the tension—fatigue syndrome may
be mediated through cell sensitization [107].

One controlled study of patients confirming that food allergy provocation
of the syndrome occurs has been performed [108]. This study is only partially
accepted by the general medical community. The described symptoms are com-
mon to patients seen by physicians in all specialties.

A recent study of patients who described food related fatigue symptoms
discovered a large percentage with depressive disorders [109].

At present there is a clear need for additional studies of food and foodstuff
in the diverse group of patients who present the symptoms of chronic fatigue. At
present there is no clear support for a prominent role of food allergy in the patho-
genesis of chronic fatigue syndrome.
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Meniere's Syndrome, Vertigo, and Fluctuating
Hearing Loss

Duke placed five patients with Meniere’s syndrome on elimination diets that al-
lowed long-term relief [110]. That food allergies trigger vertigo, along with more
classic Meniere’s syndrome symptoms, is a well accepted idea among otolaryn-
gological allergists [111,112].

Some infants and young children suffer from benign paroxysmal vertigo
with fluctuating hearing loss. They improve on an avoidance diet. Challenges
with cow’s milk provoke the symptoms. This is the best demonstration that
foods can affect the vestibular and auditory organs [113].

Paralytic Syndromes

Stafferi reported that hemiplegia and allergic symptoms routinely followed in-
gestion of certain foods in a patient [114]. Although the authors stated similar
cases had ben described, they cited no references, so that this statement is not
verifiable. At this present time, there is no support for this association.

Insomnia

Kahn observed infants who were fitful sleepers or insomniacs in a pediatric sleep
laboratory. When the infants drank cow’s milk or cow’s milk—derived formulas,
the symptoms were present. If cow’s milk or cow’s milk formula was replaced in
the diet, the infants slept normally. Upon reintroduction of cow’s milk, the sleep
disturbance returned. The infants did not demonstrate specific anti—cow’s milk
immmunoglobulin E (IgE) antibodies [115].

Metabolic Psychiatrict Disease

Dohan, a psychiatrist, noted that the incidence of schizophrenia was decreased
among the populations of the Nazi occupied countries during World War II.
The populations had a restricted diet. Normal dietary items such as wheat were
expropriated for use by the German army and civilians. He subsequently theo-
rized that gluten was a factor in the pathogenesis of schizophrenia. In a series
of articles, Dohan reported resolution of schizophrenic episodes was more
rapid on a wheat-free diet and specified the medication requirements for suc-
cessful treatment [116]. There is a blind challenge study that supports Dohan’s
conclusions [117].

A rather interesting case report described a nurse who repeatedly suffered
depressive symptoms after blinded challenges with cow’s milk but not placebo
[118]. Investigators in Norway provided evidence that autisitic children fare bet-
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ter on a milk-free and gluten-free diet. The excretion of abnormal urinary peptides
by autistic patients was decreased. The change in peptide excretion was associ-
ated with improved autistic symptoms [119].

Special Considerations in the Evaluation of
Food Triggered Neurological Disorders

Details of the general approach to the evaluation of food related illness are dis-
cussed in other chapters. As stated in the Introduction to this chapter, there re-
mains a great deal of controversy about neurological, neuromuscular, emotional
or psychiatric disease that is caused by dietary factors [120] (in spite of the well
recognized effects of things humans eat and drink on their physical health, per-
formance, and mood.)

It is important to understanding the role of unique hypersensitivy to di-
etary factors as a possible cause of neurological disease for the evaluating
physician to think about other recently described mediators such as the cy-
tokines that change during immune hypersensitivy responses. There is evidence
for the activation of sensitized mononuclear cells which can participate in these
reactions. The modification by peripheral immune responses in nervous system
function has been described [8]. The metabolic disturbances demonstrated in
serum during certain illnesses such as migraine suggest that we need to reexam-
ine concepts about mediator exclusion from the central nervous system by the
blood-brain barrier. The previously described evidence from animal models
suggests high concentrations of these mediators will disrupt the epithelial
blood-brain barrier.

There are some special issues relating to neurological disease possibly
caused by food or foodstuff. The first step is taking a detailed history of the prob-
lem from the patient or parent. The second step is providing for a period of
symptom diet diary recording by the patient. It is important to be candid with the
patient about the present state of knowledge and disagreement. However, for
each patient a careful evaluation can lead to an accurate evaluation of dietary ef-
fects on the medical condition of concern.

1. The evaluation may take place over a long period of observation,
sometimes involving months, with careful well planned recording of food symp-
tom diaries. The patient should be aware of the importance of this recording dur-
ing a baseline period, during the elimination diet trial, and during a
reintroduction phase. Figure 2 is a modified milk, egg-, corn-, and wheat-free
diet that we have found useful to begin the evaluation.

2. Foods or foodstuffs that seem to be incriminated during the open
trial should be confirmed by blind challenges if at all possible. This may not al-
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Please Note :

1. For this diet, all fruit and vegetables except for lettuce and melons must be cooked

2. All foods should be either fresh or frozen

3. Avoid foods containing preservatives or colorants, dry cereals, dried frmts

4. Avoid smoked meats or cheeses, hot dogs, sausages, ham, bacon

5. It is best to avoid alcohol or keep intake to a minimum (less good), you must avoid red
or rose wines

6. Try to limit the use of cokes, coffee, tea, chocolate. Use decaffeinated drinks whenever
possible.

7. Avoid chewing gums, thickened salad dressings

8. Avoid any foods whicli you have found cause headaches

FOODS YOU MAY EAT
Tapioca Beef Asparagus
White Potato Chicken Spinach
Rice Pork (Not ham or smoked) Carrots
Sweet Potato Squash Cranberries
Lettuce Chard Apricots
Maple Syrup Peaches Pears
Beets Gelatin (plain) Pineapple
Artichoke Apples Grapes
Avocado Melons Sorghum
Water Club Soda Coffee
Tea Vegetable Oil Vegetable (100%) Shortening
Vinegar Salt, Pepper, Garlic, Onion

FIGURE 2 Migraine diet: a modified milk-, egg-, wheat-, and corn-free diet.

ways be possible in today’s medical environment. However, if the food or
foodstuff is very difficult to avoid or a major diet constituent, approval can be
usually obtained.

3. An analog scale can be helpful to determine degrees of pain or
increases in subjective discomfort. Figure 3 is an example of a recording
device for migraine. This device can be used during the trial as well as the
challenges.

4. With respect to laboratory testing, skin tests, that allow for evaluation
of late-phase responses as well as early responses may be of greater utility than
simple immediate skin tests. However, this area needs further study before it will
be clear how much additional benefit late-phase testing will offer.

Radioallergosorbent testing (RAST), perhaps because it is less sensitive
than usual skin testing, may actually be superior in diagnosing IgE-mediated
food reactions affecting the nervous system. Additional studies like Monro’s are
required to confirm whether this is true [55].
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Please complete this record as soon as you can. Accurate information will help us better
understand how 1o help relieve your migraines.

Migraine Headache Record Patient Name
Date

What time did the attack start ?: am/pm date
What time did it stop?: am/pm  date

Did you have any sensations before this attack? yes no
If yes, what were they?:

Where was the headache? Right Side Left Side Both Sides

What was the pain like?:  Constant Throbbing  Pulsating  Sharp Pressure
How much did it hurt at the peak of the pain ?: -

a little mild moderate severe very severe excruciating

1) @ &) @ ) ©

Place a mark on the line which best describes your pain.

Did you also have?: Nausea Vomiting Abdominal Pain Light Sensitivity
Did you take any medications? Yes No

What medicines in what doses and when did you take them?

medication name dose used time taken

1

2
3
4
S
6

Comments

Ficure 3 Example of a recording device for a migraine.

REFERENCES

1. Wald M, Unterberg U, Baethmann A, Schilling L. Mediators of blood brain barrier
dysfunction and formation of vasogenic brain edema. J Cereb Blood Flow Metab
1988; 8:621-633.

2. Betz AL, Goldstein GW, Katzman R. Blood-brain cerebrospinal fluid barriers. In:
Siegel G, Agrano FF, Albers RW, eds. Basic Neurochemistry: Molecular, Cellular
and Medical Aspects: 4th ed. New York: Raven Press, 1989.




Neurological Manifestations 313

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lassmann H, Rossler K, Zimprich F, Vass K. Expression of adhesion molecules
and histocompatibility antigens at the blood-brain barrier. Brain Pathol 1991;
1(2):115-123

Benveniste EN. Inflammatory cytokines within the central nervous system:
sources, function, and mechanism of action. Am J Physiol 1992; 263 (1):1-16.
Suzumura A. Cytokine network in the central nervous system. Nippon Rinsho
1994; 52(11):2887-2893.

Otten U, Gadient RA. Neurotrophins and cytokines—intermediaries between the
immune and nervous systems. Int J Dev Neurosci 1995; 13(3-4):147-151.

Rivest S, Lacroix S. Influence of cytokines on neuroendocrine functions during
immune response: mechanisms involved and neuronal pathways. Ann Endocrinol
(Paris) 1995; 56(3):159-167.

Press GD, Green JP. Histamine as a neuroregulator. Rev Neurosci 9:209-222.

. Undem BJ, Myers AC, Weinreich D. Angtigen-induced modulation of auto-

nomic and sensory neurons in vitro. Int Arch Allergy Appl Immunol 1991;
94(1-4):319-324.

Scher W, Scher BM. A possible role for nitric oxide in glutamate (MSG)-induced Chi-
nese restaurant syndrome, glutamate-induced asthma, “hot dog headache,” pugilistic
Alzheimer’s disease, and other disorders. Med Hypotheses 1992; 38(3):185-188.
Arrang JM. Pharmacological properities of histamine receptor subtypes. Cell Mol
Biol 1994; 40(3):275-281.

Nowak JZ. Histamine in the central nervous system: its role in circadian rhythmic-
ity. Acta Neurobiol Exp (Warsz) 1994; 54 (suppl):65-82.

Schilling L, Wahl M. Effects of antihistamines on experimental brain edema. Acta
Neurochir Suppl (Wien) 1994; 60:79-82.

Young CS, Mason R, Hill SJ. Inhibition by H1 antihistamines of the uptake of no-
radrenaline and 5-HT into rat brain synaptosomes. Biomed Pharmacol 1988;
37(5):978-981.

Monnier M, Sauer R, Hatt AM. The activating effect of histamine on the central
nervous system. Int Rev Neurobiol 1970; 12:265-305.

Arrang JM, Devaux B, Chodkiewicz JP, Swartz TC. H, receptors controle hista-
mine release in human braine. Neurochem 1988; 81(1):105-108.

Onodera K, Watanae T. Possible roles of brain histamine H, receptors and the
pharmacology of its ligands. Nihon Shinkei Seishin Yakurigaku Zasshi 1995;
15(2):87-102.

Kostopoulos G, Psarropoulos C, Hass HL. Membrane properties, response to
amines and retanic stimulation of hypocampal neurons in the genetically mutant
epileptic tolering mouse. Exp Brain Res 1988; 72:43-50.

Lee NS, Muhs G, Wagner GC, Reynolds RD, Fisher H. Dietary pyridoxine inter-
action with tryptophan or histadine on brain serotonin and histamine metabolism.
Pharmacol Biochem Behav 1988; 29: 559-564.

Clark WG, Brater DC, Johnson AR. Serotonin, kinins, and miscellaneous autacoids.
In: Goth’s Medical Pharmacology. 12th ed. St. Louis: Mosby, 1988, pp 214-226.
Chase TN, Murphy DL. Serotinin and central nervous system function. Annu Rev
Pharmacol 1973; 13:181-197.




29a.

30.

31.

32.

33,

34,

35.

36.

37.

64:269-273.

Wahl M, Schilling L, Unterberg A, Baethmann A. Mediators of vascular and
parenchymal mechanisms in secondary brain damage. Acta Neurochir Suppl
(Wien) 1993; 57.64-72.

Page CP, Archer CB, Paul W. Paf-acether. A mediator of inflammation and asthma.
Trends Pharmacol Sci 1984; 5:239.

Hanington E, Jones RJ, Arness JA et al. Migraine: A platelet disorder. Lancet
1981; 2:720.

Edvinsson L, Goadsby PJ. Neuropeptides in migraine and cluster headache.
Cephalalgia 1994; 14(5):320-327.

Hanley MR. Peptide regulatory factors in the nervous system. Lancet 1989 June
17; 1(8651):1373-1376.

Barnum SR. Complement biosynthesis in the central nervous system. Crit Rev
Oral Biol Med 1995; 6(2):132-146.

Benavides J, Toulmond S. Role of cytokines in the central nervous system. Thera-
pie 1993; 48(6):575-584.

Benvfeniste EN, Benos DJ. TNF-alpha-and IFN-gamma-mediated signal transduc-
tion pathways: effects on glial cell gene expression and function. FASEB J 1995;
9(15):1577-1584.

Friden PM, Walus LR, Watson P, Doctrow SR, Kozarich JW, Backman C, Berman

H Onffar B Rlnam F CGranhalm AT RlanA_hreain harriar nanatratinn and in sriva




Neurological Manifestations 315

39.

40.

41.

42,

43,

45.
46.
47.
48.
49.
50.
51.
52.

53.

53a.

54.

54a.

55.

56.
57.

58.

Venere A, Jirillo E. Are TNF-alpha and IL-1 beta relevant in the pathogenesis of
migraine without aura? Acta Neurol (Napoli) 1991; 13(2):205-211.

Villiger PM. Interactions between the nervous and the immune system. Schweiz
Med Wochenschr 1994; 21 124(20):857-866.

Hemmings WA. The entry into the brain of large molecules derived from dietary
protein. Proc R Soc Lond (Biol) 1978; 200:175-192.

Cochrane GC, Koffler D. Immune complex disease in experimental animal and
man. Adv Immunol 1973; 16:185-264.

Vaughan WT, Black JH. Migraine. In: Practice of Allergy. St. Louis: CV Mosby,
1948, pp 1027-1039.

Olesen J, Larsen B, Lauritzen M. Focal hyperemia followed by spreading oligemia
and impaired activation of rCBF in classic migraine. Ann Neurol 1981;
9:344-352.

Brown TR. Role of diet in etiology and treatment of migraine and other types of
headache. JAMA 1921; 77:1396.

Vaughn WT. Allergic migraine. JAMA 1927; 88:1383.

DeGowin EL. Allergic migraine a review of sixty cases. J Allergy 1932; 3:557.
Eyermann CH. Allergic headache. J Allergy 1931; 2:106.

Sandler M, Youdim MBH, Hanington E. A phenylethylamine oxidising defect in
migraine. Nature 1974; 250:335.

Koehler SM, Glaros A. The effect of aspartame on migraine headache. Headache
1988; 28:10-13.

Spierings LH. Craniovascular accompaniments of the vascular headache of the mi-
graine type. Headache 1979; 19(7):397-399.

Littlewood JT, Glover V, Davies PTG, Gibb C, Sandler M, Rose FC. Red wine as a
cause of migraine. Lancet 1988 Mar 12; 1(8585):558-559.

Perkin JE, Hartje J. Diet and migraine: a review of the literature. J Am Diet Assoc
1983; 83:459-463.

Medina JL, Diamond S. The role of diet in migraine. Headache J 1978;
18(1):31-34.

Moffett A, Swash M, Scott DF. Effect of tyramine in migraine: a double-blind
study. J Neurol Neurosurg Psychiatry 1972; 35:496-499.

Unger AH, Unger L. Migraine is an allergic disease. J Allergy 1952; 23:429.
Fukutomi O, Kondo N, Agata H, Shinoda S, Shinbara M, Orii T. Abnormal re-
sponses of the autonomic nervous system in food-dependent excercise-induced
anaphylaxis. Ann Allergy 1992; 68(5):438-445.

Monro J, Carini C, Brostoff J, Zilkha, K. Food allergy in migraine: study of dietary
exclusion and RAST. Lancet 1980; 2:1-3.

Grant ECG. Food allergies and migraine. Lancet: 1979 May §; 1(8123):966-967.
Egger J, Carter CM, Wilson J, Turner MW, Soothhill JF. Is migraine food allergy?
A double-blind controlled trial of oligoantigenic diet treatment. Lancet 1983;
2:865-867.

Mansfield, LE, Vaughn TR, Waller SF, Haverly RW, Ting S. Food allergy and adult
migraine. Double-blind and mediator confirmation of an allergic etiology. Ann Al-
lergy 1985; 55:126-130.




316

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

68a.

69.

70.

70a.

71.

72.

73.

74.

75.

76.

77.

Mansfield

Vaughn TR, Stafford WW, Miller BT, Nelson HS. Food and migraine headache
(MIG):a controlled study (abstr). Ann Allergy 1988; 56:522.

Olson GC, Vaughn TR, Ledoux RA. Food induced migraine:search for immuno-
logic mechansims (abstr). J Allergy Clin Immunol 1989; 83:238.

Steinberg M, Page R, Wolfson S. Food induced late phase headache (abstr). J Al-
lergy Clin Immunol 1988; 81:185.

Guariso G, Bertoli S, Cernetti R, Battistella PA, Setari M, Zacchello F. Migraine
and food intolerance: a controlled study in pediatric patients. Pediatr Med Chir
1993 Jan-Feb 15; (1):57-61.

Martelletti P, Stirparo G, Rinaldi C, Frati L, Giacovazzo M. Disruption of the im-
munopeptidergic network in dietary migraine. Headache 1993; 33(10):524-527.
Heatley RV, Dengurg JA, Bayer N. Increased plasma histamine levels in migraine
patients. Clin Allergy 1982; 12:145-149.

Sanders WM, Zimmerman AW, Mahoney MA, Ballow M. Leukocyte histamine
release in migraine. Headache 1978; 20:307-310.

Thonnard-Neumann E, Neckers LM. Immunity in migraine: the effect of heparin.
Ann Allergy 1981; 47:328-332.

Hanington E. Migraine: the platelet hypothesis after 10 years. Biomed Pharma-
cother 1989; 43:719-726.

D’Andrea G, Welch KMA, Grunfeld MS, Joseph R, Nagel-Leiby S. Platelet nor-
epinephrine and serotonin balance in migraine. Headache 1989; 29:657—659.
Waldenlind E, Ross SB, Saaf J, Ekbon K, Wetterberg L. Concentration and uptake
of 5-hydroxytryptamine in platelets from cluster headache and migraine patients.
Cephalalgia 1985; 5:45-54.

Engel D. Studies on headache produced by carbon dioxide, histamine and adrena-
lin. Acta Neurochir (Wien) 1969; 21(4):263-283.

Sakai F, Meyer JS. Abnormal cerebrovascular reactivity in patients with migraine
and cluster headache. Headache 1979; 19(5):257-266.

Harer C, Von Kummer R. Cerebrovascular CO, reactivity in migraine: assessment
by transcranial doppler ultrasound. J Neurol 1991; 238:23-26.

Connors MJ. Cluster headache: a review. J Am Osteopath Assoc 1995;
95(9):533-539.

Kittrelle JP, Grouse DS, Seybold ME. Cluster headache. Arch Neurol 1985;
42:496-498.

Dewar DC. The allergic approach to epilepsy, a critical review. Practitioner 1941;
147:776-778.

Pardee L. Two cases demonstrating allergic reactions in epilepsy. J Nerv Ment Dis
1938; 88:89-91.

Van Leeuwen S, Zeydner W. On the occurence of a toxic substance in the blood of
cases with bronchial asthma, urticaria, epilepsy and migraine. Br J Exp Pathol
1922; 3:282-288.

Kennedy F Cerebral symptoms induced by angioneurotic edema. Arch Neurol
Psychiatry 1926; 15:28-33.

Pagniez P, Lietaud P. Phenomena of the anaphylactic type in the pathogenesis of
certain epileptic attacks. Presse Med 1919; 27:693-696.




Neurological Manifestations 317

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Ward JF, Patterson HY. Protein sensitization in epilepsy, a study one thousand
cases and one hundred controls. Arch Neurol Psychiatry 1927; 17(8):427—443.
Wallis RM, Nicol WD, Craig M. The importance of protein hypersensitivity in
the diagnosis and treatment of a special group of epileptics. Lancet 1923;
1:741-743.

Dees SC, Lowenback H. Allergic epilepsy. Ann Allergy 1951; 8:446-458.

Egger J, Carter CM, Soothill JF, Wilson J. Oligoantigenic diet treatment of chil-
dren with epilepsy and migraine. J Pediatr 1989; 114(1):51-58.

Shannon WR. Neuropathic manifestations in infants and children as a result of
anaphylactic reaction to foods contained in their diet. Am J Dis Child 1922;
24:89-94.

Rapoport JL, Kruesi MJ. Behavior and nutrition: a mini review. ASCD J Dent
Child 1984; 51(6):451-454.

Hendley ED, Conti LH, Wessel DJ, Horton ES, Musty RE. Behavioral and meta-
bolic effects of sucrose-supplemented feeding in hyperactive rats. Am J Physiol
1987; 253(3 pt 2):R434-R443.

Kruesi MJ, Rapoport JL, Cummings EM, Berg CJ, Ismond DR, Flament M,
Yarrow M, Zahn-Waxler C. Effects of sugar and aspartame on aggression and ac-
tivity in children. Am J Psychiatry 1987; 144(11):1487-1490.

Brenner A. Sugar and behavior. Md Med J 1987; 36(5):409-410.

Kanarek RB. Does sucrose or aspartame cause hyperactivity in children? Nutr Rev
1994; 52(5):173-175.

White JW, Wolraich M. Effect of sugar on behavior and mental performance. Am J
Clin Nutr 1995; 62(suppl 1):2425-274S; discussion 2475-2498S.

Wolraich ML, Wilson DB, White JW. The effect of sugar on behavior or cognition
in children: a meta-analysis. JAMA 1995; 274(20):1617-1621.

Conners CK, Blouin AG. Nutritional effects on behavior of children. J Psychiatr
Res 1982-83; 17(2):L193-L201.

Zamethetkin AJ, Nordahl TE, Gross M, King AC, Sekmple WE, Runsey J, Ham-
burger S, Cohen RM. Cerebral glucose metabolism adults with hyperactivity of
childhood onset. N Engl J Med 1990; 323:1361-1366.

Feingold BF. The role of diet in behavior. Ecol Dis 1982; 1(2-3): 153-165.

Taylor E. Food additives, allergy and hyperkinesis. J Child Psychol Psychiatry
1979; 20:357-363.

Cook PS, Woodhill JM. The Feingold dictary treatment of the hyperkinetic syn-
drome. Med J Aust 1976; 2:85-90.

Conners CK, Goyette CH, Southwick MA, Lees JM, Andrulonis PA. Food addi-
tives and hyperkinesis. Pediatrics 1976; 58:154-166.

Harley JP, Ray RS, Tomasi L, Eichman PL, Mathews CG, Chun R, Cleeland CS,
Traisman E. Hyperkinesis and food additives: testing the Feingold hypothesis. Pe-
diatrics 1978; 61:818-828.

Goyette CH, Conners CK, Pettita, Curtiss LE. Effects of artificial colors on hyper-
active children. A double blind challenge study. Psychol Pharm Bull; 1978;
14:39-40.

Williams JI, Cram DM, Tausing FT, Webster MB. Relative effects of drugs and




318

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Mansfield

diet on hyperactive behaviors: an experimental study. Pediatrics 1978;
61:811-817.

Egger J, Carter CM, Graham PF, Grumely D. Controlled trial of oligoantigenic
treatment in the hyperkinetic syndrome. Lancet 1985 Mar 9; 1(8428):540-545.
Carter CM, Urbanowiez M, Hemsley R, Mantilla L, Strobel S, Graham PF, Taylor
E. Effects of a few food diet in attention deficit disorder. Arch Dis Child 1993;
69(5):564-568.

Boris M, Mandel FS. Food and additives are common causes of attention deficit
hyperactive disorder in children. Ann Allergy 1994; 72(3):462—468.

Kittler FJ, Baldwin DC. The role of allergic factors in the child with minimal brain
dysfunction. Ann Allergy 1970; 28:203-206.

Ting B, Knott MD, Mansfield LE, Ting S. Effects of oral cromolyn (C) on food-in-
duced headaches and behavioral changes. Presented at the XII International Con-
gress of Allergology and Clinical Immunology, Washington DC, Oct. 1985.
Maher TJ, Wartman RJ. Possible neurologic effects of aspartame, a widely used
food additive. Environ Health Perspect 1987; 75:53-57.

Rowe H. Allergic toxemia and migraine due to food allergy. Cal West Med 1939;
33:785-793.

Speer F. The allergic tension-fatigue syndrome. Pediatr Clin North Am
1954;1019-1028.

Kendo N, Shinoda S, Ayala H. Fuji H. Lymphocyte responses to food antigens in
food senstiive patients with allergic tension fatigue syndrome. Biotherapy 1992;
5:281-284.

Crook WG, Harrison WW, Crawford SE, Emmerson BS. Systemic manifestations
due to allergy. Pediatrics 1961; 27:710-799.

Hickie I, Lloyd A, Wakefield D. Immunological and psychological dysfunction in
patients receiving immunmotherapy for chronic fatigue syndrome. Aust NZ J Psy-
chiatry 1992; 26:249-256.

Duke WW. Meniere’s syndrome caused by allergy. JAMA 1923; 81:2179-2181.
Clemis JD. Medical management of Meniere’s disease. Arch Otolaryngol 1969;
89:116-119.

Derebery MJ. Allergic and immunologic aspects of Meniere's disease. Otolaryngol
Head Neck Surg 1996; 114:360-365.

Dunn DW, Snyder CH. Benign paroxysmal vertigo of childhood. Am J Dis Child
1976; 130:1099-1100.

Staffieri D, Bentolila L, Levit L. Hemiplegia and allergic symptoms following in-
gestion of certain foods: a case report. Ann Allergy 1952:38-39.

Kahn A, Rebufatt E, Blum D, Casimir G, Duchateau J, Mozin MJ, Jost R. Diffi-
culty in initiating and maintaining sleep associated with cow’s milk allergy in in-
fants. Sleep 1987; 10(2):116-121.

Dohan FC. Cereals and schizophrenia: data and hypothesis. Acta Psychiatr Scand
1966; 25:125-132.

Vlissides DN, Venulet A, Jenner FA. A double blind gluten free/gluten load con-
trolled trial in a secure ward population. Br J Psychiatry 1986; 148:447-452.




Neurological Manifestations 319

118. Mills N. Depression and food intolerance: a single case study. Hum Nutr 1986;
40(2):141-145.

119. Kanivsberg DM, Wiig K, Und G, Nodland M, Rerchelt KL. Dietary intervention in
autistic syndromes. Brain Dysfunc 1990; 3:315-327.

120. Frieri M. A consideration of the controversial relationships of attention deficit dis-
order, autism, and chronic fatigue with allergy and immunity. NCMC Proc
1996:16-19.







