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ABSTRACT 

 

Fibromyalgia is a chronic pain disorder characterized by multiple symptoms including 

severe fatigue, headache, muscle pain, cognitive dysfunction, and paresthesias.  Up to 81% 

of patients with fibromyalgia (FM) also suffer from irritable bowel syndrome (IBS). The 

objectives of this study were: 1) to evaluate the effect of a 4-week excitotoxin additive free 

diet on symptoms of fibromyalgia (FM) and irritable bowel syndrome (IBS), and then 

further, to use a randomized double blind crossover challenge to determine: 2) whether FM 

symptoms would return more frequently when subjects were challenged with MSG as 

compared to placebo, and 3) whether IBS symptoms returned upon MSG challenge more 

frequently than placebo. Subjects were recruited from the Portland, OR area, and attended a 

2-hour group diet training session and individual clinic appointment before starting a one-

month excitotoxin additive free diet. At the end of the month, subjects reporting greater 

than 30% symptom improvement went onto a 2-week double blind crossover challenge 

period where they were randomized to receive either MSG in juice for 3 days or placebo 

for 3 days. The following week they received whatever they did not receive the first week. 

Eighty-four percent of those who finished the diet reported >30% symptom improvement 

and pre-post diet analysis demonstrated highly significant difference scores for all major 

outcome measures. Total symptom scores (11.4, p<0.0001), fibromyalgia impact 

questionnaire-revised scores (FIQR) (22, p<0.0001), and IBS quality of life (IBS-QOL) 

questionnaire scores (11, p<0.0001) were all significantly reduced, as were visual analog 

pain (VAS) change scores for FM (5.4, p<0.0001) and IBS (4.6, p<0.0001). Challenge 

results demonstrated that diet responders got significantly worse when challenged with 

MSG as compared to placebo in most measures (total symptom score, p<0.02; FIQR, 

p<0.03; and IBS-QOL, p<0.05). VAS for IBS and FM both worsened, but to a lesser 
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degree (mean change of 2.1 (p<0.19) and 2.5 (p<0.07) respectively). The majority of 

responders were still following the diet at 2 months post study which suggests feasibility 

and benefit. Results suggest that the excitotoxin additive free dietary intervention may 

provide significant symptom relief equal to or greater than current pharmacological 

strategies for fibromyalgia patients with IBS. 
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CHAPTER 1  

INTRODUCTION 

 

Fibromyalgia 

Fibromyalgia (FM) is a chronic widespread pain disorder characterized by multiple 

symptoms.
1
 An internet survey conducted by the National Fibromyalgia Association (NFA) 

on 2569 fibromyalgia patients, reported the rank order of symptoms to be: morning 

stiffness, fatigue, non-restorative sleep, pain, forgetfulness, poor concentration, difficulty 

falling asleep, muscle spasms, anxiety and depression.
2
  A similar questionnaire was used 

in Germany to estimate the most commonly reported symptoms in 699 fibromyalgia 

patients. The rank ordered symptoms from that study were: muscle pain, morning stiffness, 

non-restorative sleep, poor concentration, lack of energy, low productivity, and 

forgetfulness.
3
  The 1990 ACR classification of fibromyalgia is defined by only one of 

these symptoms: widespread pain in all four body quadrants lasting at least 3 months, with 

at least 11 of 18 defined tender points upon palpation with 4 kg of pressure.
4
 Based on this 

classification, Wolfe and colleagues estimated the prevalence of primary fibromyalgia to be 

approximately 2% (95% CI 1.4-2.7) in the United States.
5
  Others have reported similar 

prevalence estimates for Canada (3.3%, 95% CI 3.2-3.4)
6
,  Spain (2.4%, 95% CI 1.5-3.2)

7
, 

and Italy (2.2%, 95% CI 1.4-3.2).
8
  A study in Japan demonstrated a prevalence of 2% in 

female healthcare workers. Although, due to high disability rates in FM, the authors 

admitted that this study was biased toward people with the ability to work, and was 

probably an underestimation of the prevalence of FM in this country.
9
  Zeng and colleagues 

have reported the absence of fibromyalgia in China
10

, which one author speculated could 

be due to genetic differences or to differences in the cultural acceptability of reporting 

chronic generalized pain in this country.
11
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The economic costs due to fibromyalgia are great. Total annual costs for FM claimants 

compared to the typical beneficiary were estimated to be $5945 compared to $2486 

respectively. Additionally, the prevalence of disability was found to be twice as high 

among FM workers as compared to overall employees.
12

 

 

Fibromyalgia disproportionately affects women. Females have been estimated to be 7 times 

more likely to have FM than males, with the peak onset occurring in the childbearing 

years.
13

  Many FM patients report the onset of their symptoms following head and neck 

trauma,
14

 infection,
15

 or major life stress.
16-17

 Additionally, slight racial differences have 

been noted in the US, with a slightly higher prevalence in African American women than 

Caucasian women.
18

  Fibromyalgia has also been shown to overlap with other illnesses, 

with the most common one being irritable bowel syndrome.
19

  

 

Irritable Bowel Syndrome 

Irritable Bowel Syndrome (IBS) also presents with gender differences, with studies in 

Western populations estimating that IBS affects women twice as frequently as males.
20

 IBS 

is a symptom complex which includes abdominal discomfort or pain associated with a 

change in stool consistency and frequency. There are three major types of IBS: 

constipation-type, diarrhea-type, and mixed or alternating-type which is characterized by 

both constipation and diarrhea.
21

 The usual age at presentation is 30-50 years, and the 

syndrome has been associated with high health care costs, disability, and work 

absenteeism.
22

  Prevalence estimates in the US range from 3% to 20%, with most studies 

reporting a prevalence of 10-15%.
23

  It has been suggested that FM and IBS may both be 

disorders associated with central sensitization. 
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Central Sensitization 

Although there is currently no biomarker for FM or IBS and the pathogenesis of these 

disorders is still unknown, some research suggests that hyper-stimulation of the central 

nervous system may be playing a role in both FM and IBS. Recently, Yunus and colleagues 

suggested the possible role of central sensitization in FM, IBS, and other similar disorders 

of unknown etiology.
24

 Other disorders that have been suggested to possibly be caused by 

central sensitization include: chronic fatigue syndrome (CFS), post-traumatic stress 

disorder (PTSD), migraine, tempomandibular joint disorder (TMJ or TMD), and restless 

leg syndrome (RLS).
25

 These disorders are commonly seen as co-morbidities along with 

fibromyalgia. It has been estimated that up to 81% of people with fibromyalgia also have 

IBS.
26

 Another study that examined the prevalence of comorbidities in IBS patients 

reported a 40-80% higher prevalence odds of migraine, fibromyalgia and depression in the 

27,402 people whose health data were analyzed.
27

   

 

Central sensitization is thought to occur following peripheral stimulation where 

neurotransmitters and neuromodulators cause a hyperexcitation of postsynaptic neurons. 

Such activation normally follows inflammation or trauma which releases inflammatory 

mediators like bradykinin, serotonin, histamine, prostaglandin, and substance P. These 

peripheral nociceptive signals travel through A-delta and C fibers to both nociceptive and 

wide dynamic range neurons in the dorsal horn. In pain related pathways, dorsal horn 

neurons undergo input from C nociceptive afferent neurons. The activated C nociceptors 

express various neurotransmitters and neuromodulators including substance P, glutamate, 

nitric oxide and nerve growth factor.
24

  The activation of these dorsal horn neurons is 

closely related to a slow temporal summation of activity termed “windup.”
28

 This temporal 
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summation is dependent on the activation of N-methyl-D-aspartate receptors (NMDAR) 

from glutamate as well as substance P synaptic mechanisms.
29

  Like the majority of 

excitatory synapses in the central nervous system (CNS), presynaptic terminals in the 

dorsal horn release glutamate as their primary neurotransmitter.
30

 Postsynaptic glutamate 

receptors include alpha-amino-3-hydroxy-5-methyl-4-isoxazoleproprionate (AMPA), 

kainate (KAI) and the aforementioned NMDA receptor. The NMDA receptor can be 

activated by both glutamate and aspartate, another negatively charged excitatory 

transmitter. Glutamate and aspartate released from C-nociceptors act on the postsynaptic 

receptors and cause enhanced sensitization where the NMDA receptors subsequently react 

more strongly to future inputs.
31

  

 

Excitatory neurotransmission 

Glutamate and aspartate are both negatively charged amino acids which, as mentioned 

above, function as neurotransmitters. Glutamate is the most ubiquitous neurotransmitter in 

the mammalian CNS.
30

  Compared to other neurotransmitters, levels of glutamate are 

extremely high, approximately 1000 fold higher than neurotransmitters like serotonin, 

dopamine, and norepinephrine; approaching 5-10 mmol/kg.
32

 The levels of aspartate are 

also high, reaching 1-5 mmol/kg. Like glutamate, aspartate is also an excitatory 

neurotransmitter, and activates at least one of the glutamate receptors, the NMDAR.
33

 The 

extracellular concentration of both glutamate and aspartate must be kept low to limit 

activation of these receptors to ensure that depolarization caused by glutamate is 

accompanied by sufficient glutamate receptor activation to continue on an excitatory 

signal.
30

 It has long been recognized that large exracellular amounts of either of these 

excitatory neurotransmitters can result in neuronal cell death. Due to this ability, they have 

been coined „excitotoxins.‟
34
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Glutamate transporter dysfunction has been implicated in numerous neurodegenerative 

diseases including amyotrophic lateral sclerosis (ALS),
35

 Alzheimer‟s disease,
36

 

Huntington‟s Chorea,
37

 Parkinson‟s Disease,
38

 epilepsy,
39

 HIV associated dementia,
40

 and 

even in cases of peripheral nerve injury,
41

 schizophrenia,
42

 obsessive compulsive 

disorder,
43

 major depression
44

 and bipolar disorder.
45

 The associated illnesses which fall 

under the category of central sensitization are now being studied for the possibility of 

disordered glutamatergic neurotransmission as well. 

 

Glutamate receptors have been found throughout the body including in the hypothalamaus, 

arcuate nucleus, cerebral endothelium, pineal gland, taste buds, pancreas, placenta, muscle, 

skin, liver, bone, testis, lung, heart, intestine and immune cells.
46

  The vast locations of 

these receptors suggest a wide ranging functionality in the human body, and thus, 

dysfunction in excitatory signaling could also be wide ranging. Glutamate and substance P 

are the primary neurotransmitters released by primary vagal afferents in the gastrointestinal 

(GI) tract, which play an important role in regulating responses in peripheral tissues,
47

 as 

well as in central sensitization occurring with visceral pain.
48

 One type of NMDA receptor, 

the NR2D, was observed to be increased in the skin of subjects with FM as compared to 

controls. Thus, there is biologic plausibility for how glutamate (and other similar 

compounds which activate the NMDA receptor) could theoretically alter or affect 

neurotransmission in both the gastrointestinal system, as well as all areas of the body listed 

above as having glutamate receptors. 

 

Glutamate, Aspartate and L-Cysteine as Additives 
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In addition to being neurotransmitters in vivo, glutamate and aspartate are also found in the 

food supply in both bound and free forms. They are both negatively charged non-essential 

amino acids.
49

  The main source of these amino acids in free form is from food additives. 

The most well known example is monosodium glutamate (or MSG), which was first 

isolated from seaweed in 1908 in Japan.
50

 In 1988, George Schwartz published a book 

including information on the history of MSG production based on translation of Japanese 

historical records.
51

 By 1933 over 10 million pounds of the taste enhancer was being used 

in Japan every year. During World War II, American soldiers tasted the rations of Japanese 

captives and returned to America with stories of the amazing flavor of Japanese rations. 

This led to an investigation by the US military and resulted in a meeting between the 

Quartermasters of the Armed Forces and the major food manufacturers at that time, 

including Pillsbury, Oscar Meyer, Libby, and Campbell Soups in 1948. Following this 

meeting, major food manufacturers began adding MSG to processed foods in the US, and 

the use of this flavor enhancer has doubled every decade since the 1940s.
51

  In 2007, the 

estimated production of MSG was ~2 billion kg/yr, with a projected increase in production 

of ~3%/yr, notably in developing nations.
50

  Today free glutamate is added to many 

processed foods including frozen meals, chips, crackers, soups, canned and boxed goods, 

mixed seasonings, fast food and most of the diet foods on the market. There are a myriad of 

dietary additives which contain these excitotoxins, including additives such as hydrolyzed 

proteins, autolyzed yeast extract, broth, spices, and even the term „natural flavor.‟
52

 

Although some products still contain the additive MSG, these free amino acids are more 

commonly found in American foods in the form of other additives.  

 

Free aspartate is also found in hydrolyzed proteins, but another source of this amino acid is 

from the artificial sweetener Nutrasweet™ or Equal®. Aspartame is a dipeptide of 
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phenylalanine and aspartate,
53

 and is commonly added to diet foods including diet soda, 

yogurt, cereals, chewing gum, breath mints, and chewable vitamins and medications. 

 

In addition, to glutamate and aspartate, a third excitotoxin has been shown to cause a 

similar pattern of damage in the brain as that observed with aspartate and glutamate.
54

 L-

cysteine is an amino acid that is commonly added to baked goods as a dough conditioner. It 

is not as ubiquitous in the diet as the other two amino acids; but in addition to its presence 

in baked goods, it is also present when hydrolyzed proteins are used as additives. 

 

Animal Studies of Excitotoxicity 

A wealth of animal research has been completed on the biological effects of excitotoxins. 

In 1957, the toxic effects of glutamate were first observed by Lucas and Newhouse in the 

retina following subcutaneous injections of glutamate.
55

 Olney has published extensively 

on excitotoxic damage and pioneered the term excitotoxin.
56

 In 1969, Olney published a 

report of brain damage in an infant rhesus monkey after subcutaneous injection with 

monosodium glutamate. The infant was observed to be asymptomatic during a 3-hour 

observation period during which time hypothalamic neuronal cell death was occurring.
57

 

The same year he published his findings from two studies in young mice which were also 

subcutaneously injected with MSG. In one study he reported retinal degeneration,
58

 and in 

the other, he reported that the mice were markedly stunted in their growth, obese (but with 

no observed hyperphagia), and the females were found to be sterile. These changes were 

associated with endocrine abnormalities caused by MSG damage to the circumventricular 

organs including the hypothalamus, which are not protected by the blood brain barrier.
59

 

Since young rodents appeared to be more highly susceptible to excitotoxic damage, he felt 

compelled to speak out against the use of MSG in baby food. In 1970, Olney testified in 
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front of Congress which ultimately led to the direct removal of MSG from baby food;
60

 

although excitotoxins are still inadvertently added to mixed baby food today in other forms 

such as “broth.”
52

 Olney later demonstrated that weanling mice would voluntarily ingest 

aqueous solutions with either MSG, aspartate, or both, in large enough volume to cause 

noticeable damage to the hypothalamus.
61

 Toth and Lajtha also demonstrated that brain 

levels of glutamate and aspartate could be increased through prolonged feeding of 

excitotoxins in areas of the brain protected by the blood brain barrier.
62

 Then in 1990, 

Olney reported that L-cysteine caused a similar pattern of brain damage when systemically 

administered to young rodents. This was mediated through the N-methyl-D-aspartate 

receptor similar to the effect of glutamate or aspartate, and the effect was substantially 

increased in the presence of bicarbonate ion.
63

 In 1994, Olney published concern for the 

young and old in society,
64

 implying that they may be at a higher risk of excitotoxic brain 

damage from these amino acids being used in the food supply.
65

  

 

Other scientists have published on additional effects of excitotoxins. Researchers have 

reported dose-dependent decreases in visual performance in neonatal rats treated with MSG 

subcutaneously.
66

 After a single intraperitoneal injection of either 4 mg/g MSG or 0.5mg/g 

aspartate, adult mice showed impaired memory retention in addition to damaged 

hypothalamic neurons.
67

 Nemeroff injected neonatal rats with 4mg/g of MSG 5 times 

(MSG V group) in the first 10 days of life, and compared them to a group of age matched 

rats injected with the same amount of MSG injected once (MSG I group), as well as to an 

age matched control group never injected with MSG. Locomotor activity was measured at 

2 and 10 weeks after weaning; and nose to anus length, weight and Lee index was 

measured at 13, 31 and 42 weeks of age, right before sacrifice where brains were removed 

and processed for evaluations of histochemical fluorescence in the hypothalamus and 
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endocrine organs. At 2 weeks post-weaning, it was observed that the MSG animals 

appeared hyper-irritable and tended to squeal more than the other animals when touched. 

Both groups of MSG treated rats showed damage to the arcuate region of the 

hypothalamus, whereas saline treated rats did not. The MSG V group had more extensive 

damage in this brain region than the other groups. At approximately 30 days of age, tail 

auto-mutilation was observed in both MSG groups, and not observed in the control group. 

A markedly higher incidence of tail auto-mutilation was observed in the female MSG V 

group than in the male MSG V group or the MSG I treated animals. Females in the MSG V 

group also moved markedly less during the 10 hour active period than the other animals, 

and showed marked obesity at 13, 31 and 42 weeks of age with significant accumulation of 

adiposity. Male and female MSG V animals had smaller pituitaries as compared to 

controls, MSG V females had markedly smaller ovaries and uteri than controls, and the 

MSG V group appeared to have hypoactive thyroid. Moreover, all MSG V animals 

demonstrated an almost complete loss of dopaminergic neurons in the arcuate nucleus.
68

 

Notably, in all of the animal research on excitotoxins, brain damage occurs in the 

circumventricular organs which lay outside the protection of the blood brain barrier.
69

 

 

In addition to the common observation of obesity in mice treated with MSG, marked 

increases in insulin levels have also been noted.
70

 Due to this effect, MSG has also been 

used to induce type II diabetes in mice
71

 and rats.
72

 

 

Human Studies Using Glutamate 

It is estimated that approximately 90% of enteral glutamate and over half of glutamine is 

metabolized by the intestine in humans.
73-74

  There is production of transaminating amino 

acids which produce both glutamate from glutamine and glutamine from glutamate.
74

 In 
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normal healthy humans, the regulation of glutamate level is tightly controlled in the brain, 

which prevents fluctuating plasma levels of glutamate (due to dietary consumption) from 

disrupting neuronal synaptic communication.
75

  L-glutamate and L-aspartate can both be 

synthesized in the brain, have their own transporter system at the blood brain barrier 

(BBB)(system x 
-
), and have been shown to have low rates of uptake into the brain at the 

BBB.
76

  However, research is lacking as to whether brain levels of these neurotransmitters 

could be altered by dietary glutamate and aspartate in the case of BBB disruption. Blood 

brain barrier permeability can occur after all three of the events which have been reported 

prior to the onset of FM symptoms: trauma,
77

 infection,
78

 and stress.
79-80

 Moreover, 

increased brain levels of glutamate have been noted in studies of FM patients compared to 

healthy controls.
81

 

 

Ajinomoto, the company which produces MSG, has published extensively on different 

aspects of glutamate. They have reported on MSG being the “fifth taste” which they called 

umami.
82

 They have reported that umami can be perceived by other mammals outside of 

humans
83

 and that taste preference is influenced by ingested protein.
84

  Recently, a paper 

was published by Pepino et al. reporting that obese women were less able to detect the 

umami flavor and preferred higher concentrations of MSG when delivered in a “soup-like 

vehicle.”
85

 

 

The majority of the studies conducted on the effects of L-glutamate in humans have been 

paid for by the Glutamate Technical Committee in order to disprove the existence of 

Chinese Restaurant Syndrome (CRS) and to prove the safety of the additive for wide-

spread use. Chinese Restaurant Syndrome was first reported in a letter to the New England 

Journal of Medicine from a man who suffered from tachycardia, flushing, burning, 
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numbness at the back of the neck and arms, weakness, and tightness in the chest, after 

eating Chinese food.
86

  Five studies were published from 1969 to 1985 reporting symptom 

occurrence in subjects after challenge with varying amounts of MSG or aspartame.
87-91

 

However, contradictory results were published from other studies
92-95

 which led to lack of 

clarity as to whether or not MSG was causing these symptoms. It was concluded that there 

is possibly a small portion of the population which is sensitive to MSG, but that MSG is 

not a hazard to large segments of the general population.
96

  Normal healthy subjects not 

reporting a sensitivity to MSG, have been reported to be able to tolerate oral doses of up to 

12 grams of MSG with only minor symptoms of lightheadedness and tightness in the 

face,
88

 although most studies of MSG sensitivity have used a maximum of 5 or 6 grams of 

MSG.
92, 94-95

 

 

Thomassen et al studied the effects of administering intravenous doses of MSG (1.2, 2.5 or 

5 mg/kg body weight) during arterial-coronary sinus catheritization (15 subjects) or 

arterial-femoral vein catheritization (13 subjects). The authors reported a resultant increase 

in arterial glutamate concentrations 2.5-5 fold in a dose related manner, arterial insulin 

increased three-fold, and glutamate and glucose increased by 60%. Six patients complained 

of transient burning sensations after the highest doses.
97

  Mourtzakis and Graham published 

a study demonstrating the effects of supplementing MSG versus placebo at 150 mg/kg on 

resting and exercising levels of plasma amino acids. MSG consumption resulted in an 18-

fold increase in plasma glutamate which was larger during exercise than during rest, a 

significant increase in aspartate (thought to be from increased transamination of glutamate), 

elevated insulin, increased plasma alanine, and attenuated ammonia levels during 

exercise.
98

 Graham and colleagues also demonstrated that intramuscular glutamate levels 
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rise ~40% at rest within 40-60 minutes of MSG ingestion.
99

  It is also known that 

endurance training causes increased utilization of glutamate by muscle tissue.
100

   

 

Studies on the effects of injecting MSG into humans have demonstrated increased pain in 

subjects. Svensson and colleagues have investigated symptom occurrence in healthy 

subjects after injection with MSG into the masseter muscle as compared to saline 

injections. They reported that they could invoke pain in the masseter muscle with MSG 

injection but not with saline. In another study, healthy age-matched males and females 

(n=14 each) were injected in the trapezius muscle with 0.4 ml of MSG two times, 5 

minutes apart, and asked to rank any pain that they experienced. Males, but not females, 

ranked the second injection as less painful than the first. Females demonstrated a greater 

susceptibility to temporal summation from the two injections.
101

 Similarly, Cairns et al 

used a rat model with intramuscular injection of 1.0 M of MSG and demonstrated that the 

afferent fiber activation by glutamate injection was greater in female as compared to male 

rats.
102

 

 

Diet and Fibromyalgia Literature 

Only a handful of whole food dietary intervention trials have been conducted in 

fibromyalgia to date. Azad and colleagues used a randomized controlled clinical trial to 

compare the effects of amitriptyline to a vegetarian diet in 78 subjects with FM. The 

amitriptyline group demonstrated significant improvements in fatigue, insomnia, non-

restorative sleep and tender point count (p<0.001), where as the vegetarian group reported 

no significant improvements. Pain measured on a visual analog pain scale improved in both 

the vegetarian diet group (p<0.05) and the amitriptyline group (p<0.001). All participants 
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in the amitriptyline arm chose to discontinue the vegetarian diet and switched over to the 

amitriptyline group citing ineffectiveness and monotony of the diet.
103

 

 

Two studies evaluated the effectiveness of the Living Foods Diet, an uncooked vegan diet 

consisting of vegetables, roots, fruits, berries, germinated seeds, sprouts and nuts; while 

excluding all alcohol, coffee, tea, or table salt. One study was conducted by Hanninen and 

colleagues and included 33 subjects with FM and 42 subjects with rheumatoid arthritis 

(RA), with each group having half assigned to the Living Food diet and the other half to a 

control omnivorous diet. Subjects with FM prepared their own meals and the RA subjects 

received their meals from a research kitchen. The FM subjects reported a significant 

decrease in self-reported morning stiffness using a Likert scale (P<0.01) and a decrease in 

pain at rest on a visual analog pain scale (P<0.01).
104

 The second study evaluating the 

Living Foods diet was a study conducted by Kaartinen et al. Twenty-eight participants self 

selected into either the diet intervention group or the control group. Eighteen FM subjects 

in the intervention group consumed the Living Foods diet for 3 months. At the end of this 

time, the intervention group reported significantly less pain (P<0.01), improved quality of 

sleep (P<0.001), improvement on a general health questionnaire (P<0.05), and decreased 

morning stiffness (P<0.001), as compared to the omnivorous diet placebo group. 

Additionally, BMI (P<0.001), urine sodium (P<0.001), and cholesterol (P<0.01) also 

decreased on the diet. All subjects in the intervention group discontinued the diet after the 3 

month intervention even though improvements were noted. 
105

 

 

Donaldson et al. also used a mostly raw foods vegan diet called the Hallelujah Diet in an 

observational study, which consisted of fruits, vegetables, nuts, carrot juice and dehydrated 

barley grass juice. Participants were to exclude all refined flour, meat, alcohol, dairy and 
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caffeine. Eighteen subjects who had been diagnosed with FM were recruited to follow this 

diet for seven months. Of note, all of these subjects did not all meet the 1990 American 

College of Rheumatology criteria at the time of recruitment. Results demonstrated that the 

mean Fibromyalgia Impact Questionnaire (FIQ) scores decreased by 46% over the 7 

months, and Short Form 36 (SF-36) scores improved in seven of eight domains, with the 

exception being bodily pain. Other significant reductions (P<0.05) were noted in 6-minute 

walk, chair stand, flexibility, and shoulder range abduction. No follow-up information was 

reported in this study as to whether any subjects continued the diet after study completion. 

Moreover, the lack of a control group, and questionable FM diagnosis make the 

comparability of these results questionable.
106

 

 

Deuster and Jaffe published a quasi-experimental study on 51 FM subjects who self 

selected into an intervention or control group. The authors used an author-created novel 

lymphocyte response assay which was used to test for reactivity to approximately 350 food 

antigens and additives. Each subject was counseled to remove all food items which 

contained substances that were shown to be reactive using the assay. All subjects in the 

intervention group also received neutraceuticals including antioxidants, minerals, and co-

factors. The control group continued to follow their normal omnivorous diet. The 

lymphocyte response assay demonstrated the most common reactive substances to be 

monosodium glutamate (MSG), followed by caffeine, food coloring, chocolate, shrimp, 

dairy products and aspartame. Participants completed questionnaires at baseline, 3 months 

and 6 months. Between-group results were not reported; however pre-post results from the 

diet intervention group included a 50% reduction in pain, a 70% reduction in depression, 

50% reduction in fatigue, and 30% reduction in stiffness. Symptom reduction was noted at 
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3 months, stayed consistent at 6 months, and follow-up data for continued dietary 

adherence was not reported.
107

 

 

The above diet and fibromyalgia studies demonstrate the paucity of research that has been 

done in diet and fibromyalgia and that the majority of studies were not randomized and 

some were also not controlled. Most of these studies used a highly restrictive vegan raw 

foods diet which subjects chose to discontinue at the end of each study even though 

improvements were noted on the diet. Only one study
104

 directly measured antioxidant 

increases from the dietary intervention, although all diets focused on raw food consumption 

are likely to increase antioxidant load, and even the study by Deuster and Jaffe
107

 included 

supplements for the intervention group which included antioxidants. One is left to question 

which aspect of the dietary change may have caused improvements. All of these diets 

restricted the consumption of food additives, so there is a possibility that inadvertent 

exclusion of food additives may have contributed to the improvement noted.  Deuster and 

Jaffe‟s study supports this theory, since two major excitotoxins (MSG and aspartame) were 

two of the most highly reactive substances found and removed from the diet in that study. 

Additionally, the highly restrictive nature of these diets makes them unfeasible for subjects 

to follow for a prolonged period of time, which was demonstrated by the discontinuation of 

the vegan diets post-study even when symptom improvement had been noted. If there had 

been specific hypotheses for why improvement occurred, then other “safe” foods could 

have been systematically added back into the subjects‟ diets post-study, to improve long-

term usage of the diet.  

 

In 2001, Smith and colleagues published a case series of 4 patients who discontinued using 

MSG and aspartame from their diets and reported a dramatic recovery of their FM 
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symptoms. Interestingly, 3 of these 4 cases also reported a complete improvement in IBS 

symptoms and chronic fatigue, 2 cases also reported improvements in their 

tempomandibular joint disorder (TMD) pain and gastric esophageal reflux disease, and one 

person stopped having migraines. All four cases reported that symptoms only returned 

when they ate something with MSG or aspartame in it.
108

 This case series is striking not 

only due to the almost complete improvement in FM symptoms, but also the fact that co-

morbid disorders also linked to central sensitization were reportedly improved. Smith 

suggests the need for future research into dietary excitotoxin effects on fibromyalgia; but to 

date, no clinical trial to formally examine the effects of an excitotoxin elimination diet have 

been undertaken. 
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CHAPTER 2 

 

HYPOTHESIS AND SPECIFIC AIMS 

 

The detailed work of John Olney
56-57, 61, 63, 109

 and the thorough review of the excitotoxic 

literature and published list of excitotoxins by Russell Blaylock, MD,
52

 paired with 

personal observations of symptoms associated with ingestion of these food additives, 

inspired the creation of this excitotoxin elimination diet. Work was done over a 2-year 

period to research the food additives and to create a diet that would limit the free amino 

acids glutamate, aspartate and L-cysteine. Preliminary testing was also conducted to find an 

appropriate juice to mask the flavor of MSG for a 2-week crossover challenge in this study. 

 

All work reported in this dissertation is the sole work of the author (KFH) and was not part 

of a larger study. The author created the excitotoxin elimination diet, designed the study, 

ran the clinical trial, and completed all data cleaning and analysis. 

 

Hypothesis 

Due to the associated nature of FM and IBS under the umbrella of central sensitivity 

disorders, I hypothesized that the excitotoxin elimination diet would cause a significant 

reduction in fibromyalgia and IBS symptoms, decrease in pain, and improvement in quality 

of life in male and female subjects age 18-75 who have both FM and IBS. 

 

Specific Aims 

The specific aims of this study were: 
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1. To assess the overall impact of the excitotoxin elimination diet by completing a pre-

post analysis of the following five outcome measures:   

a. The main outcome measure was a total symptom score based on 28 

symptoms including those of FM, IBS, and four symptoms which have been 

questioned to be associated with MSG consumption: sweating, flushing, 

rapid heartbeat, and tightness in the chest. If a subject experienced greater 

than 30% improvement in this outcome they were eligible for the challenge 

portion of the study. 

b. Visual analog pain scale (20cm) ranking FM pain over the prior week 

c. Fibromyalgia Impact Questionnaire–Revised (FIQR): A 100-point measure 

of function, symptoms and overall impact of FM 

d. IBS Quality of Life Questionnaire (IBS QOL): a 100 point measure which 

includes quality of life questions in the following domains: dysphoria, 

interference with activity, body image, health worry, food avoidance, social 

reaction, as well as sexual and relationship issues 

e. Visual analog pain scale (20cm) ranking IBS pain over the prior week 

 

2. To evaluate whether a return of symptoms, and worsening of FM pain and FIQR 

occur after randomized crossover challenge with 5 grams of MSG as compared to 

placebo over three days on each of two consecutive weeks, in those who report a 

≥30% improvement in symptoms on the excitotoxin elimination diet. 

3. To evaluate whether a return of symptoms, and worsening of IBS pain and quality 

of life from IBS occur after randomized crossover challenge with 5 grams of MSG 

as compared to placebo over three days on each of two consecutive weeks, in those 

who report a ≥30% improvement in symptoms on the excitotoxin elimination diet. 
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Figure 1. Consort diagram  
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(N=61)
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Not meeting inclusion
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Refused to participate

(n = 11)
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(N=46)

Completed Diet 
(N=37)

Dropped During Diet 
(N=9)

Did not improve on Diet 
based on total symptom 

score (N=6)

Improved on Diet (>30% 
improvement on Total 
Symptom Score) and 
Randomized (N=30)

MSG Challenge
M/T/W

Placebo Challenge
M/T/W

Improved, but excluded 
for upcoming surgeries 

(N=1)

Dropped out during challenges due to schedule conflict (N=2)
2 subjects excluded, possible juice mix-up (N=1), incomplete data (N=1)

Analyzed N=26
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CHAPTER 3 

A NOVEL EXCITOTOXIN ELIMINATION DIET IMPROVES THE SYMPTOMS 

OF FIBROMYALGIA AND IRRITABLE BOWEL SYNDROME 

  

Abstract 

Fibromyalgia (FM) is a multi-symptomatic disorder defined by a history of chronic pain 

and the presence of painful neuromuscular junctions upon physical exam. Up to 81% of 

patients with FM also suffer from irritable bowel syndrome (IBS). A 4-week dietary 

intervention was conducted in 57 people with FM and IBS (age 51(13) years) based on 

reducing abnormal ascending pain pathways by minimizing dietary additive excitotoxins 

including MSG and aspartame. Pain and overall FM were significantly reduced post-

intervention in the 37 people who completed the diet. Visual analog pain change scores for 

FM (5.4, p<0.0001) and IBS (4.6, p<0.0001) were both significantly reduced, as were 

Fibromyalgia Impact Questionnaire-Revised Scores (22, p<0.0001), number of tender 

points (2.5, p< 0.0003), total myalgic scores (9.5, p<0.0001), IBS Quality of Life (QOL) 

(11, p<0.0001) and total symptom scores (11.4, p<0.0001). Those who discontinued the 

study prior to starting the diet (n=11, 19%) reported concerns about being too sick to 

shop/cook, discontinuing exclusionary medications or the inability to eat out. Those that 

discontinued during the diet (n=9, 15%) reported: schedule conflict/distance issues (3, 5%), 

stressful life events (5, 9%) or the inability to shop/cook during month (1, 2%). Overall, 

84% of those who completed the diet reported >30% improvement in FM and IBS 

symptoms. Those who improved on the diet were similar to non-responders in all respects 

except that they were slightly older (53 vs. 43, p=0.08), had slightly lower baseline myalgic 

scores (34 vs. 40, p=0.09) and were more likely to be post-menopausal (75% vs. 33%, 

p=0.07). At the end of the one month diet, 8 subjects (22%) no longer were considered to 
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have FM based on tender point exam. Results are limited by the lack of a control group, but 

suggest that this novel dietary intervention may be able to beneficially impact symptom 

load, pain and quality of life. Overall, the intervention was feasible and significantly 

improved several validated clinical markers.  
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Introduction 

Fibromyalgia (FM) is a chronic widespread pain disorder characterized by multiple 

symptoms including muscle pain, headache, fatigue, balance problems, and cognitive 

dysfunction.
1
  FM is diagnosed using the 1990 ACR criteria of widespread pain in at least 3 

of 4 body quadrants including the axial spine, and by tender point exam, where a person is 

found to have 11 or more of 18 tender points palpated with 4 kg of pressure by a trained 

examiner.
4
  Emerging neurological findings have been noted in FM patients including 

sensory, motor and gait abnormalities.
110

  It is estimated that ~2% of the general US 

population and ~7% of women suffer from this disorder
5
 and women are seven times more 

likely to have fibromyalgia than men.
13

  Peak onset in females tends to occur in the 

childbearing years.
13

  Many FM patients report the onset of their symptoms following head 

and neck trauma,
14

  infection,
15

 or major life stress.
16

 Economic costs for FM have been 

estimated to be double the typical beneficiary and presence of disability has been estimated 

to be twice as high as the average worker. 
12

    

 

An internet survey of 2596 FM patients by the National Fibromyalgia Association in 2005 

demonstrated that the rank order of symptoms reported by intensity was: morning stiffness, 

fatigue, nonrestorative sleep, pain, memory problems, difficulty concentrating, trouble 

falling asleep, and muscle spasms.
2
  A single pathophysiological framework of FM is 

unknown, but hyperexcitation of the central nervous system is thought to play a role in the 

disorder.
24

  This central sensitization is believed to be associated with continued 

pronociceptive input mediated in part through glutamate and substance P transmission.
31, 

111-112
  Fibromyalgia commonly overlaps with other mysterious illnesses which have also 

been linked to central sensitization. Some of these overlapping illnesses are irritable bowel 

syndrome (IBS), chronic fatigue syndrome (CFS), migraine, tempomandibular joint 
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disorder (TMD), and restless leg syndrome.
25

  The overlapping symptoms in these 

disorders suggest a possible common causal pathway. Up to 81% of FM patients suffer 

from IBS making this the most common co-morbidity in fibromyalgia patients.
19

  

 

Glutamate is the most ubiquitous neurotransmitter in mammalian systems.
75

 In addition to 

the possible role in central sensitization mentioned above, the glutamatergic pathway in the 

central nervous system has also been implicated in other neurological disorders including 

alzheimers, amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), epilepsy, and 

obsessive compulsive disorder (OCD).
30

  Using animal models, neuroscience has 

demonstrated that in high enough amounts, glutamate and related substances have the 

ability to overexcite a neuron to the point of death. This ability of some excitatory 

neurotransmitters to cause cell death has led to them being coined „excitotoxins‟.
56, 113

  

 

Glutamate, aspartate and L-cysteine have all been identified as excitotoxins, and all three 

are commonly found in the American diet in bound and free forms.
65

 Bound forms of these 

amino acids are all meat and non-meat full protein sources. Free forms of these 

excitotoxins are commonly found as flavor enhancing food additives which are ubiquitous 

in the American diet.
52

  Some examples of where these food additives are found include: 

mixed seasonings; spice packets; processed foods including boxed, canned, and frozen 

items; salad dressing, marinades and sauces; vegetarian processed soy foods; medications; 

vitamins; diet foods; yogurt; gum and breath mints. A few foods also contain naturally 

occurring higher amounts of the free-form of these amino acids, which include soy sauce, 

Asian fish sauces, and aged cheeses like parmesan.
114

  Protein powders and Bragg‟s Liquid 

Aminos (currently being sold as a “health” food) also contain these free amino acids.   
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Glutamate is best known in the form of the food additive monosodium glutamate (MSG); 

however this is not the most commonly encountered free form of glutamate in the 

American diet.  Monosodium glutamate was implicated in “Chinese Restaurant Syndrome” 

or the “MSG Symptom Complex” beginning in 1969,
87

  and has been studied in humans for 

years with the conclusion that it does not cause these symptoms in the majority of people, 

but that there is a small percentage of susceptible individuals who have either asthma-type 

reactions or the MSG Symptom Complex of tightness in the chest, rapid heartbeat, 

flushing, sweating, and paresthesias.
87

  In 1970, Dr. John Olney testified before Congress 

about neuronal damage noted in young animals that were fed MSG, which subsequently led 

to its removal from baby food (though glutamate can still be added to mixed baby food 

under other names like “broth”).
60

  The FDA currently considers MSG as a „Generally 

Recognized as Safe‟ food additive and the Joint FAO/WHO Expert Committee on Food 

Additives (JECFA) allocated an „acceptable daily intake (ADI) not specified‟ to MSG, but 

they both concede that there is a sub-set of the population who appears to be sensitive to 

the food additive.
115

  

 

Aspartate, or aspartic acid, is found with glutamate and/or L-cysteine in hydrolyzed protein 

additives, and is found in high amounts in processed soy products like soy sauce and 

Bragg‟s Liquid Aminos. It is also present in foods containing aspartame. Aspartame is 

marketed as Nutrasweet® or Equal® and is a dipeptide of phenylalanine and aspartate 

which is approximately 200 times as sweet as sugar.
53

 Aspartame was discovered 

accidentally in 1965,
116

 marketing commenced in 1981, and in July 1983, aspartame was 

approved for use in carbonated beverages.
117

  Today, aspartame is commonly found in diet 

foods (diet soda, sugar-free items), yogurt, cereals, medications, vitamins, gum, and breath 

mints. 
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L-cysteine appears less frequently in the US diet than the other two excitotoxins. It is used 

as a dough conditioner in bread products, especially tortillas and bagels, in addition to 

being present after the hydrolyzation of proteins which are then used as flavor enhancers. 

Thus, hydrolyzed proteins many times contain all three excitotoxins being removed on this 

diet. L-cysteine has been shown to cause a similar pattern of damage to the 

circumventricular organs in the brain as glutamate and aspartate.
54, 109

 

 

Little dietary research has been completed in FM, and a few studies to date which 

demonstrated beneficial results were highly restrictive diets which subjects had difficulty 

continuing post-study.
118

  Three of these studies were raw food vegan diets,
104-106

 which 

demonstrated beneficial results on the fibromyalgia impact questionnaire, short form-36 

(SF-36), and physical function assessment;
106

 or based on improvements in pain, joint 

stiffness, and quality of sleep.
104-105

 Another study by Deuster and Jaffe used a novel 

lymphocyte response assay to identify dietary constituents that subjects were reactive to, 

and then subsequently removed those food items, which led to improvements in pain, 

depression, energy, and stiffness. 

 

Fibromyalgia is at best, only 30-50% amenable to pharmacological treatments currently on 

the market.
119-122

  Given insufficient symptom response to current medications, efforts to 

identify potential non-pharmacological approaches, including dietary interventions, are 

needed. Smith et al. published a case series of four FM patients who all reported symptom 

improvement after removal of MSG and aspartame (two common excitotoxins) from their 

diets.
108

  Toward this end, Smith discusses the possible role of excitotoxins in FM, and 
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suggests the need for research in this area. To date, no study has been conducted testing the 

effect of eliminating additive excitotoxins from the diet of fibromyalgia or IBS patients.  

 

The objective of this study was to test a novel dietary intervention which limited dietary 

additive excitotoxins (free form only) in FM patients who also suffered from IBS. This diet 

was created using the detailed work of the neurosurgeon Russell Blaylock, MD on 

excitotoxins.
52

  The goal of the diet was to limit the majority of excitotoxic additives that 

subjects are exposed to on a daily basis.  It was hypothesized that there would be a 

significant decrease in the total number of symptoms reported as well as significant 

improvements in both pain and quality of life from baseline after one month on an 

excitotoxin additive free diet.  

 

Methods 

Recruitment 

Male and female subjects age 18-75 with both fibromyalgia and Irritable Bowel Syndrome 

(IBS) were recruited from the greater Portland, Oregon area. Contact information was 

retrieved from a database of fibromyalgia patients who had given consent to be contacted 

about future FM research. Possible subjects were called and informed of upcoming 

information sessions where study details and inclusion/exclusion criteria were discussed.  

Possible subjects had to have access to phone and email throughout the study, had to be 

willing to discontinue medications that affected glutamatergic signaling in the brain 

(gabapentin, pregabalin, and lamotrigine) as well as all IBS medications, and had to be 

willing to alter their diet and not eat out for one month. Exclusion criteria included a 

current diagnosis of Crohn‟s disease, colon cancer or endometriosis; current or planned 

pregnancy; severe asthma requiring hospitalization in the past; alcohol/substance abuse in 
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the prior 2 years; or having had an onset of their IBS symptoms directly following major 

abdominal surgery.  

 

Consent and Group Diet Training 

This research study was approved by the Human Subjects Protection Program at both 

Oregon Health & Science University and the University of Arizona. 

 

Those who believed themselves to be eligible were consented and invited to stay for a 2-

hour group diet training session which immediately followed the recruitment. The group 

diet training session consisted of detailed diet related information in a power point 

presentation format. It included information on where to find these additives, how to make 

substitutions, tricky places to look for excitotoxins, shopping tips, how to keep costs low, 

and helpful ideas on cooking at home and preparing food to take with them when leaving 

home.  Subjects received a hard copy of all information presented as well as a detailed list 

of food additives that were to be avoided over the month.(Appendix A)  

 

Initial Clinic Visit 

All subjects subsequently had an individual clinic appointment on one of the two following 

days, where baseline anthropometric information was collected (weight, height, tender 

point exam, 24-hour diet recall and baseline forms were filled out); though if subjects were 

taking Pregabalin, Gabapentin or Lamotrigine, they were weaned off these medications 

over one week prior to coming in for this initial clinic visit.  

 

A 24-hour recall was used to guide discussions about foods most commonly consumed by 

each subject. Individual diet counseling was given with recommendations on how to keep 
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their food consumption as similar to their normal diet as possible while making individual 

product substitutions to replace foods with additive excitotoxins. All other medications 

were to be kept consistent throughout the study. Subjects were instructed to open any 

medications or supplements in gelatin capsules and to put the contents in applesauce and 

consume them immediately. Some subjects chose to discontinue all supplements found in 

gelatin capsules for the month rather than opening them. The supplements most frequently 

discontinued by those who finished the one month dietary intervention were fish oil 

capsules, vitamin D and vitamin E (n=12, 32%).   

 

Four Week Dietary Intervention 

All subjects began the diet on the following Monday after the individual appointment, 

having the weekend to shop for groceries and to remove items from the household which 

contained the additives. The diet was followed for 4 weeks, and all subjects had equal 

opportunity for contact with the primary investigator via phone and email to answer any 

questions as they arose. Food and symptom diaries were kept for week 1 and week 4 to 

help with dietary compliance and to limit recall bias of symptoms and pain for the post-diet 

completion of study forms.  

 

Outcome Measures 

Subjects returned to the clinic on Monday of the 5
th

 week to complete post-diet 

questionnaires. All measures except one asked subjects to report on occurrences over the 

prior week. The IBS quality of life questionnaire contained more global questions which 

asked about quality of life over the last month. To minimize variability, subjects were 

asked to still focus on the prior week for the IBS quality of life measure. 
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The primary outcome for this study was a 28-Symptom Checklist which included the 

symptoms of FM, IBS, and “MSG symptom complex” (these last symptoms have been 

associated with the best known excitotoxin, MSG). Four other outcome measures were 

used in this study. These included two 20 cm Visual Analog Pain Scales (VAS), one for 

FM and another for IBS; the Fibromyalgia Impact Questionnaire-Revised, a 100 point 

measure of function, symptoms and overall impact of FM; and an IBS Quality of Life 

measure, a 100 point measure which includes quality of life questions in the following 

domains: dysphoria, interference with activity, body image, health worry, food avoidance, 

social reaction, as well as sexual and relationship issues.  

 

Baseline information was collected on the number of years a person has been affected by 

FM symptoms and time since diagnosis of FM. An excitotoxin food frequency 

questionnaire (FFQ) was created to capture an estimate of baseline excitotoxic load as well 

as to assess dietary compliance during the 4th week of the diet. This measure of dietary 

compliance is reported in Table 1.  Tender point exams were completed at baseline and 

post-diet on all but 2 subjects. The tender point exams included the actual number of tender 

points, as well as a myalgic score, where each tender point location is scored from 0 to 3 

with 0=no pain, 1= mild pain, 2=ouch, and 3=subject physically moves away from pain. 

These scores are then added together, with the greatest possible myalgic score being 54 

(computed as 18 tender points times the rank of 3). 

 

Statistical Methods 

Data were analyzed using SAS 9.1.3 software (SAS Institute Inc., Cary, NC). Pre-post diet 

scores were analyzed with paired t-tests for normally distributed variables or Wilcoxon 

signed rank tests for non-normally distributed measures. Categorical variables were 
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analyzed using Chi-square tests or Fisher‟s exact where appropriate. Since five outcome 

measures were being evaluated in this study, the Bonferroni correction was applied, and a 

more conservative p-value of 0.01 was used for statistical significance. Logistic regression 

with forward selection was used to model the outcome of “diet responder” with the 

independent variables of age, sex, FFQ score post-diet, baseline myalgic score, and 

precipitating onset. This modeling was then re-run for women only, replacing the variable 

sex with menopausal status. In univariate analyses, age, baseline myalgic score, and 

menopausal status were the only variables which trended toward being associated with 

improvement on the diet. 

 

Results 

Fifty-seven eligible subjects were recruited from the greater Portland, OR area. Of those, 

11 refused participation before starting the diet, citing the following reasons:  2(18%) 

wanted to eat out; 3(27%) were not feeling well enough to shop/cook; 2(18%) wanted to 

stay on an exclusionary medication; 2(18%) gave no reason; 1(9%) wanted compensation; 

and 1(9%) felt unable to give up diet soda for one month. Of the 46 subjects who started 

the diet, 9 dropped out during the month due to: schedule conflict, 2(2%); life event, (1%); 

distance, 2(2%); too sick to shop/cook, 2(2%); or too much life stress, 2(2%).  

 

A description of the study group can be found in Table 1. As is found in many FM studies, 

the majority of participants were female (93%). The baseline mean (SD) excitotoxin food 

frequency questionnaire (FFQ) score was 42 (16), which was reduced to 5(6) by the end of 

the month. All subjects reported good (though not perfect) compliance with the diet based 

on the reduction of this excitotoxin FFQ score. Those who completed the diet were similar 

to those who did not in age, BMI, number of medications/supplements used, and duration 
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of symptoms; however, those who completed the diet had been diagnosed with 

fibromyalgia for almost twice as long as those who did not complete the diet (13(7) vs. 7(8) 

years, p<0.03), their visual analog pain scale for FM was lower (13(3) vs. 16(2), p<0.002) 

and they were significantly more likely to have experienced precipitating onset to their 

symptoms from trauma (41% vs. 29%), infection (32% vs. 7%) or major life stress (19% 

vs. 14%) as compared to those who did not finish the diet, who were more likely to report 

no precipitating onset (50% vs. 8%) (p<0.009). 

 

Thirty-seven subjects completed the diet, and 31 (84%) of those reported a greater than 

30% improvement in symptoms by the 4 week mark. Most subjects reported that symptom 

improvement began to be seen by the end of the first week, but continued to increase over 

the following 3 weeks. Significant improvements were seen in all measures, even after 

adjustment for multiple comparisons (Table 2). Unexpectedly, there were 8 people (22%) 

whose number of tender points post-diet were reduced under the FM diagnosis cut-off of 

11 tender points, and thus were no longer considered to have FM.  

 

Subjects who improved on the diet only differed slightly from those who did not improve 

(Table 1). These subjects trended toward having a greater proportion of post-menopausal 

women (75% vs. 33%, p<0.07). When logistic regression was further used to model the 

outcome of “improved” with the independent variables of age, FFQ score post-diet (a 

measure of how closely they were following the diet), baseline myalgic score, precipitating 

onset, and sex (thus, including males), no variables reached significance for inclusion in the 

model. Then the logistic regression was repeated using menopausal status in lieu of sex for 

females only. This also resulted in no variables being left in the model.  
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Those who improved on the diet reported similar baseline symptoms to those with no 

improvement, with the exception of being significantly more likely to report “brain fog” 

(p<0.004) and trending toward being more likely to report urgency with bowel movements 

(p<0.11). The average number of symptoms reported decreased by 11, and every individual 

symptom also showed a decrease in the frequency of reporting. The greatest change in the 

percentage of people reporting symptoms (decrease of 50% or more), was for fatigue, and 

the cognitive symptoms of: “brain fog”; impaired attention span; confusion with words, 

numbers or math; and memory loss. The symptoms of bloating, watery stool, flushing, 

rapid heart beat, joint pain, muscle pain, and problems sleeping also decreased greatly 

(decrease of 40-49%) from the percentage reporting these symptoms at baseline compared 

to the percentage reporting these symptoms at the end of the one month diet.  Table 3 

displays the number and percent of people who improved based on the reporting of each 

symptom pre-post diet. 

 

Subjects were asked to list any other symptoms that they experienced on the “other” line of 

the symptom reporting form. Table 4 lists all the other symptoms reported at baseline as 

compared to those which were reported at the end of the 4-week diet. The most prevalent 

additional symptoms reported at baseline were restless leg syndrome (30%), 

tempomandibular joint disorder (TMD) (19%), muscle cramping or spasms (16%), tinnitus 

(8%) and balance problems (8%). The majority of these „other‟ symptoms were no longer 

reported post-diet. The number of people who still reported the remaining symptoms post-

diet decreased by 64-83%, with only one person (3%) still reporting balance problems and 

one person (3%) reporting muscle cramping, 2 people (5%) still reporting TMD, and 4 

people (11%) still reporting restless leg syndrome post-diet. Interestingly, one man reported 

that his symptoms of Obsessive Compulsive Disorder, which he had experienced for 40 
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years, resolved on the diet. Another woman with bipolar disorder, who had been taken off 

of Lamotrigine so that she could take part in the study, reported that neither her depressive 

nor her manic symptoms reappeared while on the diet, even in the absence of her 

medication. 

 

Table 5 lists the number of people who improved by greater than or equal to 50% for each 

measure, as well as the highest percent improvement noted for each. This table is being 

included for ease of comparison with drug study results. The highest number of people 

reported ≥50% improvement in total symptom score, followed by IBS pain, FM pain, FIQR 

and then the IBS Quality of Life Questionnaire. 

 

Subjects who improved on the diet were emailed 2 months post-study completion and 

queried about whether the diet was still being followed. All but one subject reported that 

they were still following the diet the majority of the time. Additionally, these subjects 

reported that symptoms were still improved and that they only experienced a return of 

symptoms when eating out or eating food prepared by someone else.  

 

Discussion 

This novel dietary intervention examined the effect of removing common additive 

excitotoxins on the symptoms of fibromyalgia and irritable bowel syndrome. The results 

suggest that this dietary intervention can provide significant improvements in overall 

symptom load, pain, and quality of life. This paper is meant to give a detailed description 

of this excitotoxin additive free diet. A secondary aim in this study was to evaluate those 

who improved on the diet, by conducting a randomized, double-blind, placebo controlled, 

cross-over challenge with MSG and placebo to examine whether symptoms returned upon 
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challenge with MSG and not upon placebo challenge. Those results are being reported 

separately from this paper so that a more detailed description of this diet can be given for 

other researchers trying to duplicate these results. Appendix A provides the list of food 

additives containing excitotoxins that were avoided in this study.  Appendix B lists the 

symptoms evaluated in this study using the excitotoxin additive free diet.  

 

Those who finished the one month dietary intervention were more likely than those who 

did not finish it to have been diagnosed longer, to have a lower pain level for FM, and were 

more likely to report a precipitating onset to their symptoms. Subjects who have been 

diagnosed longer may be more likely to have exhausted other possible treatment options, 

making dietary intervention more attractive. It is not surprising that they had lower pain 

levels for FM, as increased disability due to higher pain levels may be a limiting factor for 

changing grocery shopping habits and altering their lifestyle away from convenience foods 

and restaurant meals. Subjects with precipitating onset of trauma, infection, or major life 

stress may have been more likely to improve on the diet than those reporting no onset. If 

benefits were noted earlier in the month, this could have motivated these subjects to 

continue the diet, making it less likely they would drop out; although, most people stopped 

following the diet during the first week before full benefit would have been achieved. 

 

Women who were post-menopausal were also more likely to improve on the diet. This 

suggests a possible hormonal interaction with the glutamatergic pathway. It has been 

hypothesized in the literature that sex hormones may have a distinct role in musculoskeletal 

pain, which has been suggested after observing that some women have onset of 

musculoskeletal pain after abrupt discontinuation of estrogen replacement therapy.
123

  

Interestingly, authors in Denmark have experimented with injecting glutamate into muscle 
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tissue, and have reported not only increased pain levels, but specifically a greater 

susceptibility toward temporal summation of muscle pain in females but not in males.
101

  In 

1977, Nemeroff et al. published a study detailing the endocrine effects of MSG 

administration in rats. All rats in the high MSG group experienced seizures, short stature, 

obesity, hypothyroidism and necrotic arcuate nucleus lesions which were consistent with 

other investigators findings of MSG exposure in rats and mice. However, Nemeroff and 

colleagues also demonstrated that female rats in the high MSG group had even greater 

obesity than the males, were more hypoactive than the males, and had the highest incidence 

of tail automutilation (which only occurred in the MSG group). These female rats in the 

high MSG group also had smaller ovaries, uteri, and pituitaries than saline treated 

controls.
68

  Estrogen has been shown in multiple studies to have the ability to block the N-

methyl-D-aspartate (NMDA) receptor (which is the major receptor for glutamate 

implicated in central sensitization)
124-125

 and appears to be neuroprotective against NMDA-

induced seizures in female ovariectomized rats.
126

  Future research on estrogen‟s effects on 

the glutamatergic pathway is needed. 

 

To date, the dietary research in FM has been sparse. The only dietary studies showing 

improvements in FM were ones using highly restrictive vegan diets.
104-106

  None of these 

studies reported that people continued to follow the diet after the study ended. This is 

probably due to the restricted nature of these diets. One dietary intervention consisted of 

raw fruits, salads, carrot juice, tubers, grain products, nuts, seeds, and a dehydrated barley 

juice product. Alcohol, caffeine, refined foods, dairy, eggs and all meat were restricted. 

This observational study resulted in improvements in quality of life, mobility, flexibility 

and pain perception.
106

 Another was a strict vegan diet with only raw foods and low salt 

content. Significant improvements were noted in pain, morning stiffness, sleep, and 
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subjective health perception as compared to those following their normal omnivorous 

diet.
105

 A third similar raw foods diet consisted of berries, fruit, vegetables, roots, nuts, 

germinated seeds, and shoots; and it resulted in diminished morning stiffness and pain, as 

well as improved self-experienced health as compared to the non-randomized omnivorous 

controls.
104

 All of these restrictive vegan diets likely increased micronutrient intake, as well 

as decreased animal protein, processed foods, and specifically food additives (including 

excitotoxins). Based on the hypothesis for this study, all of the above studies would be 

likely to demonstrate benefit solely by the reduction or elimination of food additives.  

 

Another study by Deuster and Jaffe analyzed immunoreactant load as assessed by a novel 

lymphocyte response assay to test dietary components.
107

 Subjects were assigned to control 

group (normal omnivorous diet, N=11) or to treatment group (N=40). After the assay was 

completed, individualized dietary advice was given to each subject in the treatment group, 

recommending that they remove all substances that were found to be reactive with the 

assay. In addition, all subjects in the treatment group were given supplements. The most 

reactive substance found in the diets of the FM patients was MSG, and 20% of subjects 

also had positive assays for aspartame. After six months, the treatment group reported less 

pain, sleep improvements, 50% improvement in bowel symptoms, reduced stiffness and 

greater energy than the control group. 

 

This dietary intervention would align well with the above quasi-experimental study since 

both suggest reactivity to excitotoxins, but differs significantly from all other dietary 

research in fibromyalgia. Specifically, subjects in this study were asked to only substitute 

out foods with excitotoxins and not to change other aspects of their diet. They were not 

counseled about increasing fruit or vegetable intake and some subjects (32%) chose to 
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discontinue vitamins for the month due to gelatin or free amino acid content in the 

supplements. Therefore, improvements noted from this dietary intervention are less likely 

to be due to an increase in micronutrient content or a change in macronutrient content. 

However, dietary intake was not analyzed specifically to determine if other aspects of the 

diet were also changed during study participation. Moreover, due to the minor changes 

required in diet (direct product substitution) for this study, more FM patients were able to 

adhere to this diet after they finished their study participation. Our preliminary results 

demonstrate that all but one subject (30/31 = 97%) continued to follow this diet two 

months post-study completion. Logically, this would be the result expected if a person truly 

benefited from a dietary change and if that diet was not highly restrictive. This intervention 

is also based on controlling the dietary intake of amino acids which are well researched 

excitatory neurotransmitters whose biochemical pathways have been implicated in the 

process of central sensitization.
127

  

 

To our knowledge, no pharmaceutical or dietary intervention study in fibromyalgia has 

been able to demonstrate a decrease in the number of subjects fulfilling the diagnosis of 

FM based on tender point exam. Therefore, it was unexpected that 8 subjects (22%) no 

longer met FM diagnostic criteria by the end of the one month excitotoxin elimination diet. 

Future larger studies will be needed to determine if this result can be duplicated. 

 

This study had a few limitations. One limitation of this study is its non-blinded 

observational design without a control group. It is possible that some of the effects 

observed were a placebo response from increased attention at the beginning of the month.  

It has been suggested in the literature, that increased attention given to subjects may 

facilitate a placebo response in certain individuals.
128

 Although it is unlikely that this 
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happened in this study, because the majority of the interaction with subjects was done at 

the beginning of the month and was equivalent between subjects (personal attention on one 

clinic day). The only correspondence during the month was done via email once a week to 

all participants where they were asked if they had any questions. When questions did arise, 

the answers were given to all subjects.  So overall, the amount of attention given was 

equivalent to what may be received from a registered dietician and could be easily 

implemented clinically.  

 

A second limitation to this study is its lack of objective measures. Fibromyalgia is 

characterized by subjective symptom and pain reporting, therefore this preliminary study 

was used to examine whether subjective symptom reporting could be altered through diet. 

Due to the significant results in this study, future objective testing using this diet is 

warranted. Many subjects who improved on the diet reported improved balance and a 

newfound ability to exercise due to lack of fatigue and reduced pain. Thus, future studies 

should include pre-post balance and exercise testing as well as searching for appropriate 

biomarkers for this disorder. Additionally, cognitive measures should be used to assess the 

improvements in cognitive function since this group of symptoms is extremely disabling, 

very common in FM patients, and self-report of cognitive symptoms improved in this 

study. Finally, this dietary intervention suffered from a high drop-out rate of 20%; 

however, this percent drop-out is not entirely unexpected in a highly symptomatic 

population which is being required to increase activity level (i.e. shop and cook more) in 

order to follow the dietary intervention. 

 

Future directions should include glutamate kinetics studies in FM patients as compared to 

healthy controls which may shed light on whether there are differences between these 
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groups. Future clinical trials using this diet should include objective measures of function, 

and could also add evaluation of nutrient deficiencies and micronutrient supplementation 

(in a safe form without excitotoxins) to one arm of the study, to examine whether nutrient 

deficiencies could also be playing a role in this possible disordered neurotransmission. Due 

to the observed effects on restless leg syndrome, migraine, and TMD in this study, future 

research should also include a focus on other disorders associated with central sensitivity to 

elucidate whether the excitotoxin elimination diet can affect these symptoms. Additionally, 

more research is needed to adequately quantify the amount of excitotoxins (free forms of 

glutamate, aspartate and L-cysteine combined) consumed on average in the US.    

 

In conclusion, we tested a novel dietary intervention which excluded additive excitotoxins 

including glutamate, aspartate and L-cysteine. Although diagnosis of FM is currently based 

solely on pain and number of tender points, a high symptom load is what best characterizes 

FM patients and also causes great disability. This study demonstrated good compliance 

from free-living individuals; significant improvements in overall symptoms, pain, and 

quality of life; as well as continued use of this diet after study completion, which suggests 

benefit and feasibility. Additionally, the observed effects on other symptoms including 

restless leg syndrome and TMD suggest that these excitotoxins could be the underlying link 

in other disorders of central sensitization as well, and deserve further study.  
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Tables 

 

Table 1. Descriptive characteristics of study population at baseline and relation of measures 

with improvement from dietary intervention 

 All consented  Improved on Diet* 

 Baseline 

N=57 

 No 

N=6 

Yes 

N=31 

P-value** 

 

Characteristic 

 

Mean (sd) 

  

Mean (sd) 

 

Mean (sd) 

 

Age (years) 51 (13)  42.5 (16) 53.4 (13) 0.08 

Height (inches) 65 (3)  66.9 (2) 64.5 (3) 0.06 

Weight (kg) 180 (39)  167 (45) 182 (37) 0.41 

BMI (kg/m
2
) 30.4 (6.9)  26.4 (7) 30.8 (6) 0.12 

#  Medications used 5.5(4.5)  4.8 (2) 5.8 (5) 0.65 

#  Supplements used 2.9 (3.3)  3.5 (3) 2.9 (4) 0.72 

Symptom Duration (yrs) 18 (11)  18.8 (10) 18.1 (11) 0.89 

Time Since Diagnosis (yrs) 12 (8)  17.2 (10) 12.5 (7) 0.19 

Tender Point Number 17 (1.6)  17.3 (1) 16.4 (2) 0.19 

Myalgic Score 36 (7.1)  39.8 (6) 34.3 (7) 0.09 

FFQ score at baseline 42.3 (16)  43.7 (24) 41.0 (15) 0.73 

FFQ score at 4 weeks 4.5 (6)  3.7 (2) 4.7 (6) 0.70 

Total Symptom Score 20 (4)  19.3 (5) 20.5 (4) 0.52 

# of other symptoms  1.2 (1.4)  1.3 (1) 1.4 (1) 0.97 

VAS for FM 5.4 (5.7)  12.1 (4) 13.3 (3) 0.45 

VAS for IBS 4.6 (6.3)  9.6 (4) 10.4 (5) 0.69 

FIQR 59.6 (15.9)  57.0 (22) 58.9 (14) 0.79 

IBS QOL overall score 30.7 (16.9)  30.1 (24) 33.1 (17) 0.72 

 

Characteristic 

 

Number (%) 

  

Number 

(%) 

 

Number 

(%) 

 

Sex      

  Female 53 (93%)  6 (100%) 28 (90%) N/A 

  Male 4 (7%)  0 3 (10%)  

Race/ Ethnicity      

   Caucasian 55 (92%)  6 (100%) 29 (94%) N/A 

   Hispanic   1 (3%)  0 1 (3%)  

   African Amer. 2 (3%)  0 0  

   Native Amer. 2 (3%)  0 1 (3%)  

Menopause Status      

  Pre-menopausal 18 (34%)  4 (67%) 7 (25%) 0.07 

  Post Menopausal 35 (66%)  2 (33%) 21 (75%)  

Type of IBS (n=54)       

  Constipation 8 (15%)  1 (17%) 4 (13%) 0.79† 

  Diarrhea 5 (9%)  1 (17%) 3 (10%)  

  Alternating 41 (76%)  4 (67%) 23 (77%)  

Precipitating Onset (n=51)      

  None Noticed 10 (20%)  0 3 (10%) N/A 

  Trauma 19 (37%)  3 (50%) 12 (39%)  

  Infection 13 (35%)  2 (33%) 10 (32%)  
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  Major Life Stress 9 (18%)  1 (17%) 6 (19%)  

Smoking      

  No 53 (87%)  6 (100%) 26 (84%) N/A 

  Yes 8 (13%)  0 5 (16%)  

Abbreviations: BMI=Body Mass Index, FFQ=Food Frequency Questionnaire, 

VAS=Visual Analog Pain Scale, FM=fibromyalgia, IBS=Irritable Bowel Syndrome, 

FIQR=Fibromyalgia Impact Questionnaire-Revised, QOL=Quality of Life 

*Of the 37 subjects who finished the diet 

** P-values are from t-tests for continuous variables and chi-square tests for categorical 

except for †Fisher‟s Exact where appropriate. After Bonferroni correction, p-values 

considered significant at <0.01. 
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Table 2. Average change in outcome measures from one month excitotoxin  

  additive free dietary intervention 

Measure Change Score* P-value** 

   

Weight Change (kg) 1.9 (4.3) 0.002† 

BMI change (kg/m
2
) 0.3 (0.7) 0.002† 

TP Number Change 2.5 (3.6) 0.0003† 

Myalgic Score change 9.5 (8.6) <0.0001 

Total Symptom Score Change 11.4 (5.2) <0.0001† 

  IBS Symptom Change 3.8 (2.5) <0.0001† 

  FM Symptom Change 5.5 (2.6) <0.0001† 

  CRS Symptom Change 1.7 (1.2) <0.0001† 

VAS for FM change 5.4 (5.7) <0.0001 

VAS for IBS change 4.6 (6.3) <0.0001 

FIQR Change 22.2 (20.6) <0.0001 

IBS Quality of Life Change 12.9 (14.1) <0.0001 

*Change score computed from average baseline minus average post 

diet score 

**T-test or †Wilcoxon signed rank test 
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Table 3. Frequency of symptoms before and after one month excitotoxin additive free 

dietary intervention 

 Dietary Intervention 

Symptom Pre-diet Post-diet Number (%)  

Improved† 

Nausea 16 (44%) 8 (22%) 8 (50%) 

Vomiting 4 (11%) 2 (6%) 2 (50%) 

Hard Stool 30 (81%) 16 (43%) 14 (53%) 

Watery Stool 25 (68%) 8 (22%) 17 (68%) 

Straining with BM 29 (78%) 15 (41%) 14 (48%) 

Urgency (rushing to bathroom)* 28 (76%) 15 (41%) 13 (46%) 

Feeling of incomplete BM 33 (89%) 19 (51%) 14 (42%) 

Mucus in stool 12 (32%) 3 (8%) 9 (75%) 

Bloating 34 (92%) 16 (43%) 18 (53%) 

Pain with diarrhea 23 (62%) 9 (24%) 14 (61%) 

Pain with bloating 29 (78%) 14 (38%) 15 (52%) 

Headache 31 (84%) 22 (59%) 9 (29%) 

Severe fatigue 33 (89%) 12 (32%) 19 (58%) 

Joint pain 35 (95%) 18 (49%) 17 (49%) 

Numbness/Tingling 30 (81%) 16 (43%) 14 (47%) 

Memory loss 33 (89%) 14 (38%) 19 (58%) 

Muscle pain 37 (100%) 22 (59%) 15 (41%) 

Difficulty concentrating 35 (95%) 15 (41%) 20 (57%) 

Problems sleeping 32 (86%) 17 (46%) 15 (47%) 

Sudden hypotension 13 (35%) 1 (3%) 12 (92%) 

Brain fog* 32 (86%) 10 (27%) 22 (69%) 

Impaired attention span 32 (86%) 12 (32%) 20 (63%) 

Confusion with words, numbers, 

math 

33 (89%) 13 (35%) 20 (61%) 

Sweating 28 (76%) 14 (38%) 14 (50%) 

Flushing 21 (57%) 3 (8%) 18 (86%) 

Tightness in chest 15 (41%) 3 (8%) 12 (80%) 

Rapid heartbeat 20 (54%) 2 (5%) 18 (90%) 

Reported other symptoms as well 24 (65%) 9 (24%) 15 (63%) 

†Number (%) of subjects who no longer reported having this symptom in the prior 

week 

*People who improved on the diet were significantly more likely to report brain fog 

(p=0.004) and trended toward reporting more urgency with bowel movements 

(p=0.11) 
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Table 4. Frequency of “other” symptoms reported before and after dietary intervention 

Symptom Pre-Diet Post-Diet 

Restless Leg Syndrome 11 (30%) 4 (11%) 

Tempomandibular Joint Disorder (TMJ/TMD) 7 (19%) 2 (5%) 

Muscle cramping/spasms 6 (16%) 1 (3%) 

Tinnitus (ringing/pressure in the ears) 3 (8%) 0 

Balance problems 3 (8%) 1 (3%) 

Dizziness 2 (5%) 0 

Irritable Bladder 2 (5%) 0 

Chronic stuffy head/ runny nose 2 (5%) 0 

Difficulty regulating body temperature 1 (3%) 0 

Excessive yawning/ shortness of breath 1 (3%) 0 

Gastric Esophageal Reflux Disease (GERD) 1 (3%) 0 

Itching 1 (3%) 0 

OCD symptoms 1 (3%) 0 

Bipolar symptoms 1 (3%) 0 

Lower extremity edema 1 (3%) 0 

Muscle tightness/ stiffness 1 (3%) 0 

Lightheaded/ floaty feeling 1 (3%) 0 

Brief loss of consciousness (possible seizure) 1 (3%) 0 

Decreased Libido 1 (3%) 0 

Esophageal Spasms 1 (3%) 0 

Depression 1 (3%) 0 

  Number of Other Symptoms   

    None 13 (35%) 25 (74%) 

    1-2 16 (43%) 8 (24%) 

    ≥ 3 8 (22%) 1 (3%) 
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Table 5. Number of subjects that were observed to improve by ≥ 50% on the  

  Excitotoxin Elimination Diet and the maximum improvement noted  

  in any subject 

Outcome Measure 

N=37 

Number Reporting ≥ 50% 

Improvement 

N(%) 

Maximum % Improvement 

Reported 

Total Symptom Score 21 (57%) 93% 

VAS for IBS 19 (51%) 100% 

VAS for FM 17 (46%) 97% 

FIQR 15 (41%) 95% 

IBS QOL 12 (32%) 100% 

Tender point number* 3 (12%) 78% 

Myalgic Score* 8 (23%) 84% 

*Tender point exam completed on 35 of 37 subjects.  
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CHAPTER 4 

FIBROMYALGIA SYMPTOMS RETURN AFTER CHALLENGE WITH MSG. 

EVIDENCE OF EFFICACY OF EXCITOTOXIN ELIMINATION DIET 

 

Abstract 

Fibromyalgia is a chronic pain disorder that is characterized by multiple symptoms 

including severe fatigue, headache, muscle pain, cognitive dysfunction, and paresthesias.  

Up to 81% of patients with fibromyalgia (FM) also suffer from irritable bowel syndrome 

(IBS). A 4-week diet that minimized dietary additive excitotoxins including MSG and 

aspartame was tested in 57 patients (age 51±13 years) to examine the effect on FM and IBS 

symptoms. Thirty-seven people completed the diet and 84% of those improved.  Subjects 

who improved on the diet went onto a randomized 2-week double blind crossover 

challenge with MSG or placebo for 3 days each week. We hypothesized a significant return 

of symptoms upon MSG challenge as compared to placebo due to glutamate‟s possible role 

in central sensitivity syndrome. Repeated measures ANOVA was used to analyze crossover 

challenge results. Among participants previously demonstrating improvement on the 

excitotoxin elimination diet, the challenge with MSG as compared to placebo resulted in 

significant worsening of symptoms evaluated (total symptom score, p<0.02;  FIQR, 

p<0.03, VAS for FM, p<0.07). Results suggest that challenge with MSG in those who 

improved on the excitotoxin elimination diet, can elicit a significant return of FM 

symptoms, increase in pain, and decrease in functioning as compared to placebo challenge. 

The excitotoxin elimination diet may be a good choice as an intervention tool with this 

patient population and expanded future research is warranted. 
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Introduction 

Fibromyalgia (FM) is diagnosed using the 1990 ACR criteria of widespread pain in at least 

3 of 4 body quadrants including the axial spine, and by tender point exam, where a person 

is found to have 11 or more of 18 tender points palpated with 4 kg of pressure by a trained 

examiner.
4
  Yet people with FM have multiple symptoms, not just pain.

1
 An internet survey 

of 2596 FM patients by the National Fibromyalgia Association in 2005, demonstrated that 

the rank order of symptoms reported by intensity was: morning stiffness, fatigue, non-

restorative sleep, pain, memory problems, difficulty concentrating, trouble falling asleep, 

and muscle spasms.
2
  Emerging neurological findings have been noted in FM patients 

including sensory, motor, and gait abnormalities.
110

     

 

It is estimated that ~2% of the general US population suffers from FM.
5
  Women are seven 

times more likely to have fibromyalgia than men and onset most commonly occurs in the 

childbearing years.
13

  Fibromyalgia patients tend to report the onset of their symptoms 

following trauma,
14, 129

 infection,
15

 or major life stress.
16

  Economic costs for FM have been 

estimated to be double the typical beneficiary
12

 and a significant number of FM patients 

report losing their job due to the illness.
130

     

 

A single pathological framework for FM is unknown, but hyperexcitation of the central 

nervous system is thought to play a role in the disorder.
24

  Central sensitization is believed 

to be mediated by continued pronociceptive input mediated through glutamate and 

substance P transmission, in addition to other neuromodulators like calcitonin gene-related 

peptide (CGRP), brain derived neurotrophic factor (BDNF) and nitric oxide (NO).
31, 111-112

  

Prolonged firing of nociceptors releases glutamate, which acts on several types of 

glutamate receptors: N-Methyl-D-Aspartate (NMDA), amino-3-hydroxy-5-methyl-4-
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isoxazole propionate (AMPA), kainate and several metabatropic (G-protein coupled) 

glutamate receptors in the spinal cord.
31

  The activation of one of these receptors in 

particular, NMDAR, is thought to play a key role in both the initiation and maintenance of 

central sensitization.
127

  A specific sub-type of this glutamate (and aspartate) receptor, 

specifically NR2D, has been reported to be more highly expressed in the skin of FM 

patients as compared to age and sex matched healthy controls.
131

  

 

Fibromyalgia commonly overlaps with other illnesses which have been linked to central 

sensitization. Some of these overlapping illnesses are irritable bowel syndrome (IBS), 

chronic fatigue syndrome (CFS),  migraine, tempomandibular joint disorder (TMD), and 

restless leg syndrome.
25

  The overlapping symptoms in these disorders suggest a possible 

common causal pathway which may be linked to central sensitization. In fact, up to 81% of 

FM patients suffer from IBS making this the most common co-morbidity in these 

patients.
19

  

 

Glutamate is the most abundant amino acid excitatory neurotransmitter in mammals.
75

 In 

addition to the possible role in central sensitization mentioned above, the glutamatergic 

pathway in the central nervous system has also been implicated in other neurological 

disorders including alzheimers, amyotrophic lateral sclerosis (ALS), multiple sclerosis 

(MS), and epilepsy; 
30

 as well as in depression,
44

 obsessive compulsive disorder (OCD),
132

 

and bipolar disorder.
45

  Increased cerebral spinal fluid glutamate levels have been evaluated 

in those with migraine and FM, comparing them to subjects with only migraine, and to 

controls. Those subjects with both migraine and FM had significantly higher cerebral spinal 

glutamate levels than those who suffered only from migraine, and both groups had 

significantly higher glutamate levels than controls. Moreover, mean pain scores correlated 
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with CSF glutamate levels.
133

 Another study by Sarchielli and colleagues also found 

increased glutamate levels in the cerebrospinal fluid of migraine patients and of 

fibromyalgia patients as compared to controls.
111

 

 

Neuroscience has demonstrated that in high enough amounts, glutamate, aspartate and L-

cysteine have the ability to overexcite a neuron to the point of death. This ability of some 

excitatory neurotransmitters to induce cell death has led to coining of the term 

„excitotoxins‟.
56, 113

 All three of these excitotoxins, specifically glutamate, aspartate, and L-

cysteine, are commonly found in the food supply as flavor enhancing food additives.
65

  

 

Smith et al. published a case series of four patients who reported improvement in FM 

symptoms after removal of two common excitotoxins, monosodium glutamate (MSG) and 

aspartame, from the diet; with a return of symptoms upon reintroduction. Due to the 

observation of these four patients, Smith suggests the need for larger studies which test 

whether removal of these food additives can indeed prevent or diminish FM symptoms.
108

  

Monosodium glutamate is the most well known form of glutamate in the diet, although not 

the most ubiquitous. Aspartame is a dipeptide of phenylalanine and aspartate, and is one of 

the most common sources of aspartate in the diet. Although these are two easily 

recognizable sources of excitotoxins in the diet, excitotoxins are also found under names 

such as hydrolyzed proteins, autolyzed yeast extract, and even natural flavor.
52

  

 

The objective of this study was to use a randomized crossover, double blind, placebo 

controlled challenge series to determine if those who had improved on an excitotoxin-

additive free diet would have significantly more fibromyalgia symptoms return upon MSG 

challenge as compared to placebo challenge.  It was hypothesized that subjects would 
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report a significantly greater return of FM symptoms, increase in pain, and decrease in 

function after MSG challenge than when challenged with placebo. 

 

Methods 

Recruitment 

Male and female subjects age 18-75 with both fibromyalgia and irritable bowel syndrome 

were recruited from the greater Portland, Oregon area. Contact information was retrieved 

from a database of fibromyalgia patients who had given consent to be contacted about 

future FM research. Possible subjects were called and informed of upcoming information 

sessions where study details and inclusion/exclusion criteria were discussed.  Possible 

subjects had to have access to telephone and email throughout the study, had to be willing 

to discontinue medications that affected glutamatergic signaling in the brain (gabapentin, 

pregabalin, and lamotrigine) as well as all IBS medications, and had to be willing to 

consume all food at home for a period of one month. Exclusion criteria included a current 

diagnosis of Crohn‟s disease, colon cancer or endometriosis; current or planned pregnancy; 

asthma requiring hospitalization in the past; alcohol/substance abuse in the prior 2 years; or 

having had an onset of their IBS symptoms directly following major abdominal surgery.  

 

Consent and Group Diet Training 

This research study was approved by the Human Subjects Protection Programs at both 

Oregon Health & Science University and the University of Arizona. 

 

Those who were initially screened and found to be eligible, completed the informed 

consent process and were invited to participate in a 2-hour group diet training session 

immediately following the recruitment. The training session consisted of detailed diet 
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information delivered as a power point presentation. Information included food label 

reviews, guidance for dietary substitutions, unusual sources of excitotoxins, shopping tips, 

food cost controls, and ideas for cooking at home and preparing food to take with them 

when leaving home. Subjects received a hard copy of all information presented as well as a 

detailed list of food additives that were to be avoided over the month. A detailed 

description of the diet has been published elsewhere.(Ref diet paper)  

 

Initial Clinic Visit 

All subjects subsequently had an individual clinic appointment on one of the two days 

following the group diet training session, where baseline anthropometric information was 

collected, and diet and symptom questionnaires were completed. If subjects were taking 

pregabalin, gabapentin or lamotrigine, they were weaned off the medications under the 

supervision of the study physician, over one week prior to coming in for this initial clinic 

visit. Subjects were asked to keep all other medications consistent throughout the study, 

and to report any changes to medications immediately. Only one participant reported a 

change in medication, and that was the addition of a beta-blocker for high blood pressure. 

Since gelatin is a source of these amino acids
134

 subjects were also instructed to open any 

medications or supplements in gelatin capsules and to put the contents in applesauce and 

consume them immediately. Approximately 30% of subjects chose to discontinue all 

supplements found in gelatin capsules for the month rather than opening them. The 

supplements most frequently discontinued were fish oil capsules, vitamin D and vitamin E.  

 

A 24-hour diet recall was used to guide each subject through the reporting of their 

“normal” diet. Individual diet counseling was provided to each study participant including 

recommendations on how to maintain food consumption patterns as similar to their normal 
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diet as possible; and individual product substitution ideas were given for replacing foods 

with additive excitotoxins.  All subjects began the diet on the following Monday after the 

individual appointment, having the weekend to shop for groceries and to remove items 

from the household which contained the additives.  

 

Four Week Dietary Intervention 

The diet was followed for 4 weeks, and all subjects had equal opportunity for contact with 

the principle investigator via telephone and email to answer any questions as they arose. 

Food and symptom diaries were kept for week 1 and week 4 of the diet intervention in 

order to promote dietary compliance and to limit recall bias of symptoms and pain for the 

post-diet completion of study questionnaires. Food and symptom diaries were also kept on 

Monday, Tuesday and Wednesday of both challenge weeks to assure that subjects 

continued to follow the diet during the challenges and to aid them with symptom recording 

over this period. All participants were counseled to continue recording symptoms for the 

entire week if symptoms were still occurring Thursday through Sunday. Additionally, an 

excitotoxin food frequency questionnaire (FFQ) was created and used to measure pre-post 

intervention excitotoxic load, as well as to estimate dietary compliance during the 2 week 

challenge period.  

 

Randomization 

Randomization of subjects as to the order of challenge weeks was completed by a co-

investigator in Arizona who had no contact with subjects. A random numbers table was 

used to create a randomization schedule in Excel which was then sent to a research 

assistant who used the randomization schedule to prepare the juice for the challenges. The 

research assistant also had no contact with any of the subjects. 
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Challenges 

Subjects returned to the clinic on Monday of the 5
th

 week to complete post-diet 

questionnaires. Similar to pharmaceutical research in FM, an apriori cut-off of 30% 

improvement in symptoms was used to try to differentiate placebo responders from “true” 

responders. Those who experienced a greater than 30% improvement in symptoms went 

onto the 2-week challenge period, where they were randomized to receive a mixed flavor 

juice either alone (placebo) or with 5 grams of added monosodium glutamate (MSG) over 3 

days (Monday, Tuesday, Wednesday) of each week. The mixed flavor juice consisted of 

carrot, mango and orange juice and in preliminary testing masked the flavor of MSG well 

due to its unique combination of flavors and generally undesirable taste. The Aji-no-moto 

MSG® used in this study was purchased from a single Chinese supermarket. Five grams 

was chosen as the dose based on previous challenge studies with MSG,
95, 135

 as well as to 

mimic the estimated approximate amount of free glutamate received from three American 

meals over the course of a day or one Chinese restaurant meal with added MSG. Since 

toxicity reactions are based on dose, and it is possible to consistently receive doses of this 

food additive over multiple days, we challenged subjects over three days in order to mimic 

this “real life” exposure pattern.  

 

Subjects came into the clinic on Monday, Tuesday and Wednesday of each challenge week 

having fasted from 9pm the night before. They were given 16 ounces of the mixed flavor 

juice to consume (with or without MSG) and then were monitored for 2 hours. Each subject 

was required to keep a food and symptom diary over the 3 days of challenges, and then 

outcome data was collected on the following Monday after each challenge week.         
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Outcome Measures 

The main outcome for this study was a 28-Symptom Checklist which included the 

symptoms of FM, IBS, and symptoms which have been reported in the literature after MSG 

consumption: rapid heartbeat, flushing, sweating, and tightness in the chest.
94

  This 

symptom checklist also included a frequency column where subjects could write in the 

number of days that a symptom occurred. Two other outcome measures were assessed in 

this study, including a 20 cm Visual Analog Pain Scale (VAS) for FM, and the 

Fibromyalgia Impact Questionnaire-Revised, a 100 point measure of function, symptoms 

and overall impact of FM.   

 

Statistical Methods 

Data were cleaned and analyzed using SAS 9.1.3 software (SAS Institute Inc., Cary, NC). 

Pre-post diet analysis is reported elsewhere.(REF Diet Paper) The main outcomes of the 

crossover challenge (total symptom score, VAS for FM pain, and FIQR) were analyzed 

using repeated measures ANOVA. The food frequency questionnaire scores were non-

normally distributed, so the Friedman test for nonparametric data was used on this measure, 

controlling for person.    

 

Results 

As reported previously (Ref Diet Paper), improvements in outcome measures for the 

excitotoxin additive free diet were all significant. Briefly, thirty-seven subjects completed 

the diet, and 84% (n=31) of those reported a greater than 30% improvement in symptoms 

by the end of the 4 week intervention. Eight study participants (22%) demonstrated a 

reduction in the number of tender points post-diet that would suggest they no longer met 

criteria for fibromyalgia (<11 tender points). Total symptom change scores (11.4, 
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p<0.0001) were significantly reduced, as were FM symptoms more specifically (5.5, 

p<0.0001).  Visual analog pain change scores for FM (5.4, p<0.0001), and the 

Fibromyalgia Impact Questionnaire-Revised change scores (FIQR) (22, p<0.0001) were 

also significantly reduced by the end of the 4-week period. Table 1 reports a description of 

the baseline study population. 

 

The 31 subjects who reported a greater than 30% improvement in symptoms were eligible 

to go onto the double-blind crossover challenge phase of the study.  Seven of these 31 

(23%) had discontinued gabapentin, pregabalin or lamotrigine in order to participate in the 

study. Out of the 31 subjects, one woman (age 70) who had significantly improved on the 

diet (improvement change scores of 48 for FIQR, 8 for symptoms, 13.2 for FM pain), did 

not proceed to the challenges due to needed scheduling for neck and shoulder surgery. Two 

subjects dropped out during the first challenge week, both citing schedule conflict and 

stress issues. One subject refused the final visit due to distance and cost of gas, and asked 

for final study forms to be mailed to him. The questionnaires were not returned for two 

months and were incompletely filled out, so this incomplete data is being excluded from 

the challenge analysis. Finally, a possible juice mix-up was identified for one subject 

during challenges, so this data is also being excluded. 

 

Data was analyzed for 26 subjects who completed both weeks of challenges. Table 1 gives 

a description of the baseline characteristics of these subjects, including the food frequency 

questionnaire scores at baseline and week 4 of the dietary intervention. The excitotoxin 

food frequency questionnaire scores were similar on the MSG challenge week versus 

placebo week respectively ((2.9(3) vs. 3.3(4)), p<0.27)) demonstrating that subjects 

followed the diet similarly both weeks.(Table 2)  Diet and symptom diaries were also 
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reviewed and found to correspond to what was reported on the FFQ. Table 2 lists the 

outcome measures comparing MSG challenge to placebo challenge. The major outcome 

measure for this study, the total symptom score, differed significantly between challenge 

weeks (mean (sd) of 12(6) vs. 9 (5), p<0.02), demonstrating an overall significant 

worsening of symptoms from MSG challenge as compared to placebo. More specifically, 

FM symptoms in particular were reported significantly more frequently during MSG 

challenge as compared to placebo challenge (mean (sd) of 6.3(3) vs. 4.9(3), p<0.04).  The 

only symptoms noted by subjects at the end of the 2-hour observation period on the first 

day of challenges were headache, visual disturbance, dizziness and nausea. Most subjects 

(n=19, 73%) reported that the onset of symptoms occurred in the evening of the first day of 

MSG challenge or on the morning of the second day and that symptoms worsened over the 

3 days. 

 

When subjects in the double-blind crossover portion of the study were challenged with 

MSG and placebo, almost all symptoms returned more frequently during MSG challenge as 

compared to placebo challenge. The only symptoms which did not occur more frequently 

during the MSG dosing week were tightness in the chest and rapid heart beat. The 

following FM symptoms returned more frequently during MSG challenge as compared to 

when challenged with placebo: severe fatigue, headaches, numbness and tingling in 

extremities, problems sleeping, muscle pain, difficulty concentrating, sweating, brain fog, 

and the report of “other” symptoms in addition to the 28 being evaluated. All “other” 

symptoms were reported more frequently during MSG challenge week as compared to 

placebo except for lung congestion and esophageal spasms which were only reported 

during placebo week. The “other” symptoms most frequently reported included restless leg 

syndrome (22%), visual disturbances (17%), tempomandibular joint disorder (TMD) 
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(13%), difficulty regulating body temperature (13%), migraine (13%), balance problems 

(13%), and sensitivity to environmental stimuli (13%). 

 

The FIQR also significantly worsened during MSG challenge week (mean (sd) of 48 (22) 

vs. 36 (19), p<0.03) suggesting a downward trajectory of physical functioning, symptoms, 

and overall impact from FM. Similarly, the visual analog pain scale trended to increase for 

FM pain (10.6 (4.8) vs. 8.1 (4.2), p<0.07) during MSG challenge week as compared to 

placebo challenge. (Table 2) 

 

There were study subjects who had symptoms both weeks, with only an increased 

frequency of symptoms on the MSG week. For example, one man suffered from cyclical 

vomiting which improved, but was not eliminated on the diet. During the MSG challenge 

week, this symptom (and others) worsened greatly, and during the placebo week the 

symptoms were there in milder form.  Although not a major outcome of this study, overall 

symptom frequency was calculated by adding together the number of days each symptom 

occurred over the challenge week (range of 0-7). This FM symptom frequency trended 

toward being higher during the MSG week as compared to placebo (26.6 (17.8) vs.18.9 

(17.2), p<0.10). In a similar manner, symptom severity was not a major outcome evaluated 

in this study, but symptoms which are included in the FIQR are rated on a 10-point scale 

and therefore serve as an example of symptom severity. All symptoms except stiffness 

varied in average score when comparing the two challenge weeks, with MSG averages 

being 1-2 points higher (more severe) than placebo averages. (Table 3) 

 

Discussion 
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We have previously reported that the excitotoxin elimination diet demonstrated significant 

improvements in overall symptoms, FM pain, as well as quality of life and functional 

ability as assessed by the FIQR.(Ref Diet Paper) The current study demonstrates a greater 

return of symptoms after challenge with MSG, a well known excitotoxin, as compared to 

challenge with placebo. These results suggest that excitotoxins have the ability to elicit 

symptoms of FM including severe fatigue, headache, problems sleeping, paresthesias, 

muscle pain, difficulty concentrating, and brain fog. 

 

Only a handful of other dietary intervention studies have been completed in FM,
103-106, 136

 

and most of these were uncontrolled and/or nonrandomized in their design.
104-106, 136

   The 

diets which have shown efficacy were all extremely restrictive vegan diets.
104-106

 No 

biological plausibility for why certain foods were removed from the diet were given;
105-106

 

therefore a challenge, or reintroduction of certain foods, to test for return of symptoms, was 

not plausible. Although one study did hypothesize that increased antioxidant load may have 

been the reason for improvement.
104

 Deuster and Jaffe used a quasi-experimental design 

which utilized novel assay data to identify reactive substances from the diet, which they 

subsequently removed. They found the most reactive substance to be MSG and also noted 

reactivity to Aspartame. Although they did not reintroduce the food items removed, this 

study did follow a biological hypothesis (immunoreactant load) for a possible mechanism 

of action. The authors also reportedly had all subjects in the intervention group take 

supplements, which leaves one to question whether the foods removed, or increased 

micronutrient load from supplementation, was responsible for the improvements noted.
107

  

 

One strength of this excitotoxin elimination dietary intervention is that it is based on 

controlling the intake of excitatory amino acid neurotransmitters whose biochemical 
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pathways have been implicated in the process of central sensitization.
127

 This diet is very 

specific in its focus on removing dietary excitotoxins and is not as restrictive as the raw 

foods or vegan diets previously evaluated. Additionally, since direct substitutions were 

made in the diet with similar food items lacking excitotoxins, it is unlikely that an increase 

in micronutrients could explain or confound the results. Moreover, this double blind re-

challenge with MSG and the return of symptoms noted as compared to placebo, further 

demonstrate that the effects of the excitotoxin elimination diet were due to reduced 

excitotoxic load as opposed to some other mechanism. 

 

The challenge scheme in this study mimics real life exposure where free living people may 

be dosing themselves daily. Since the excitotoxin elimination diet theoretically lowers the 

underlying glutamate level, an induction of a toxicity reaction may necessitate dosing over 

multiple days. Subjects in this study reported increasing symptoms over the three days of 

MSG challenge, which suggest that this 3-day challenge is another strength of this study 

design. 

 

Vitamin C has been suggested to be protective against excitotoxic damage.
137-138

 Moreover, 

it has also been suggested that carbohydrate may mediate some excitotoxic effect.
139

 We 

chose to use a mixed flavor juice which masked the flavor of MSG in preliminary testing, 

but which contained 72 mg of vitamin C and 50 grams of carbohydrate. It is possible that 

some of the excitotoxic effect could have been mediated in these challenges due to the 

vitamin C and carbohydrate content, but it wasn‟t enough to prevent a reaction in most 

people. These published protective effects of vitamin C may also be supportive of a 

possible protective role of antioxidants in FM.  This may have enhanced the effects of the 

above mentioned raw food vegan diets tested in FM, which increased fruit and vegetable 
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consumption. Future studies of this excitotoxin elimination diet may benefit from the 

addition of micronutrient supplementation. 

 

The majority of subjects reported that the juice tasted badly on both weeks and only two 

subjects reported that they thought they could tell which week had MSG added to the juice. 

Of note, one of these two people was a responder and one was not. They both identified 

themselves as “super-tasters” who could pick out specific ingredients in prepared foods.  

Future studies may be enhanced by masking the flavor more thoroughly by matching the 

NaCl content and pH level of both challenge mediums. It is important to note that gelatin 

capsules should not be used to prevent subjects from tasting the MSG in challenge studies. 

Since gelatin contains both glutamate and aspartate, any studies using gelatin capsules are 

likely to bias results toward the null. As an alternative, vegetarian cellulose capsules could 

be used, but this still alters the digestion of the MSG and needs to be tested to make sure 

this does not inappropriately mediate the effect of the excitotoxin on symptom occurrence.   

 

Symptoms of FM are typically treated with a myriad of medications including duloxetine, 

tramadol, milnacipran, pregabalin and amitriptyline. We did not restrict the usage of FM 

medication for this study, except that subjects were not allowed to be taking gabapentin, 

pregabalin or lamotrigine, since all three of these drugs may affect glutamatergic signaling 

in the central nervous system. Subjects were instructed to keep all other medications 

consistent throughout the study. Only one subject who went onto the challenges reported a 

change in medication, which was the addition of a beta blocker for high blood pressure 

prescribed by her physician. The other medications listed here have reported benefit in 

clinical trials, with duloxetine improving pain (P<0.001) and FIQ scores (P<0.001),
140

 

tramadol improving pain (P<0.001) and FIQ scores (P<0.008),
141

 milnacipran improving 
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pain (P<0.004), physical function based on Short Form-36 (P<0.001) and fatigue based on 

Multidimensional Fatigue Inventory (P< 0.04);
142

 and a review of amitriptyline randomized 

controlled clinical trials demonstrating an improvement in pain, sleep and fatigue in 6 

studies, and no therapeutic effect being noted compared to placebo in 4 other trials.
143

 

Since most FM medications affect neurotransmission, there are many side effects which 

mimic the neurological symptoms in fibromyalgia. These include side effect symptoms 

such as blurred vision, dizziness, headache, trouble sleeping, difficulty concentrating, 

flushing, and sweating. It is possible that the remaining symptoms at the end of the one 

month dietary intervention may have been side effects from medications the subjects were 

taking. Future studies should explore taking people off of all FM medications for study 

participation, similar to pharmaceutical studies. Since this dietary intervention does not 

cause side effects and appears to improve a broad number of FM symptoms (possibly 

including comorbidities like restless leg syndrome and tempomandibular joint disorder) 

there is possible significant clinical benefit to using this as a first-line treatment for FM. 

 

Varying sensitivity to the MSG was observed with three subjects unable to finish the full 

three days of MSG challenge due to the severity of their symptoms, but who were able to 

finish all three days of the placebo week. These subjects were unable to return to the clinic 

for the third day of MSG challenge week due to extreme pain including migraine, 

vomiting, and extreme fatigue. Other FM symptoms were present as well, although the 

above symptoms were severe enough to prevent travel to the clinic, and the subjects 

reported “fearing” having another dose. Notably, the five most sensitive subjects to the 

MSG challenge, based on number and severity of symptoms during challenge week, all 

reported the onset of their FM symptoms following multiple head injuries. The connection 

between head injury (or infection/stress) and FM may be mediated through changes in the 
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blood brain barrier (BBB). Glutamate normally crosses the BBB through active transport, 

which restricts it from entering the brain and spinal cord in high amounts, and protects the 

brain from excitotoxic damage.
75

  Fibromyalgia patients frequently report the onset of their 

symptoms after trauma (especially head and neck trauma),
129

 infection,
15

 or severe life 

stress.
144

 We noted a similar pattern in this study, with the majority of subjects reporting 

the onset of symptoms following trauma (39%), infection (32%), or major life stress (19%). 

Blood brain barrier permeability has been demonstrated in animal studies of trauma,
77

 

respiratory stress and increased blood pressure,
79

 and stress induced by immobilization or 

heat.
145-146

  Human studies have also shown effects of infection on blood brain barrier 

function,
78

 and there have been reports of FM symptoms occurring frequently in those with 

post traumatic stress disorder (PTSD).
147

  Enhanced blood brain barrier permeability may 

be allowing increased levels of these excitatory neurotransmitters into the central nervous 

system (CNS) which can then lead to excitotoxic damage. Future studies will be needed in 

order to clarify whether this excitotoxin elimination diet can alter CNS levels of glutamate 

to evaluate whether this hypothesis has merit. 

 

In addition to the ideas mentioned above, another future direction would be to conduct a 

larger clinical trial over a longer time period including tightly controlled challenges that 

incorporate more objective measures of functioning. A larger study would allow a better 

comparison of diet responders versus non-responders which could evaluate whether there 

are sub-groups under the diagnosis of fibromyalgia that may be more reactive to 

excitotoxins. Measures assessing frequency and severity of symptoms in addition to overall 

symptom load are recommended and cognitive testing by blinded examiners are needed in 

future studies as well. 
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In this study, we demonstrated that subjects with both FM and IBS, who had improved on 

an excitotoxin elimination diet, were significantly more likely to report a return of FM 

symptoms upon challenge with MSG as compared to challenge with placebo. This suggests 

that the significant benefit demonstrated from the excitotoxin elimination diet was likely 

related to the removal of excitotoxins rather than from inadvertent removal of other 

additives or other dietary changes. There is biological plausibility for why removal of 

excitotoxins could benefit those with FM, and future larger clinical trials and expanded 

research is warranted. The excitotoxin elimination diet may be a reasonable choice for a 

first-line intervention in fibromyalgia patients. 
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Tables 

 

Table 1. Baseline descriptive characteristics of participants who improved 

 on the Excitotoxin Elimination Diet and whose challenge data was analyzed 

Characteristic 

N=26 

Mean (sd) 

Age (years) 53 (13) 

Height (inches) 65 (3) 

Weight (pounds) 186 (37) 

BMI (kg/m
2
) 31 (6) 

Number of  medications used 6 (5) 

Number of supplements used 3 (4) 

Symptom duration (yrs) 19 (11) 

Time since diagnosis (yrs) 14 (6) 

Tender point number 17 (2) 

Myalgic score 35 (7) 

FFQ score at baseline 43 (15) 

FFQ score at 4 weeks 5 (7) 

Total symptom score 21 (4) 

Number of “other” symptoms  1.3 (1.4) 

VAS for FM 13.1 (3.3) 

VAS for IBS 10.1 (4.5) 

FIQR 59 (15) 

IBS QOL total score 31 (17) 

 

Characteristic 

 

Number (%) 
Sex  

  Female 24 (92%) 

  Male 2 (8%) 

Race/ Ethnicity  

   Caucasian 25 (96%) 

   Hispanic   1 (3%) 

Menopause Status  

  Pre-menopausal 6 (25%) 

  Post Menopausal 18 (75%) 

Type of IBS (n=25)   

  Constipation 2 (8%) 

  Diarrhea 3 (12%) 

  Alternating 20 (80%) 

Precipitating Onset   

  None Noticed 0 (0%) 

  Trauma 10 (38%) 

  Infection 10 (38%) 

  Major Life Stress 6 (23%) 
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Table 2. Challenge results for fibromyalgia measures among those who improved on  

  the Excitotoxin Elimination Diet 

 Challenge  

 MSG Placebo P-value** 

N=26* Mean(sd) Mean(sd)  

FFQ 2.9 (3) 3.3 (4) 0.27*** 

Symptom Score 11.9 (5.5) 8.7 (5.1) 0.02 

  FM symptoms only 6.3 (3.1) 4.9 (3.1) 0.04 

VAS FM 10.6 (4.8) 8.1 (4.2) 0.07 

FIQR Overall 48.0 (22.4) 35.7 (19.4) 0.03 

  Function 13.1 (8.4) 10.3 (7.1)  

  Overall 9.3 (6.0) 5.5 (4.7)  

  Symptoms 25.7 (9.6) 20.0 (9.0)  

*Excluding one possible challenge mix-up and one man‟s missing data 

**Repeated measures ANOVA  

***Friedman test. P-value indicates subjects followed diet similarly both weeks. 
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Table 3. Fibromyalgia Impact Questionnaire-Revised (FIQR) symptom  

  severity differences by challenge week 

Symptom 

N=26 

MSG 

Mean (sd) 

Placebo 

Mean(sd) 

Pain 5(3) 4(2) 

Lack of energy 6(2) 5(3) 

Stiffness 5(3) 5(2) 

Sleep difficulty 7(2) 6(2) 

Depression 4(3) 3(3) 

Memory problems 5(3) 4(3) 

Anxiety 4(3) 2(2) 

Tenderness 5(3) 3(3) 

Balance problems 4(3) 3(3) 

Sensitivity to environment 6(3) 5(3) 
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CHAPTER 5 

EVIDENCE OF THE EFFICACY OF THE EXCITOTOXIN ELIMINATION DIET 

ON IRRITABLE BOWEL SYNDROME  

 

Abstract 

Irritable bowel syndrome (IBS) is characterized by disordered defecation and abdominal 

discomfort lasting more than three months. It is estimated that up to 20% of the US 

population suffers from IBS, yet in those with central sensitivity disorders, the prevalence 

of IBS increases dramatically. In fibromyalgia (FM), up to 81% of patients also suffer from 

irritable bowel syndrome (IBS). We piloted a 4-week diet that minimized dietary additive 

excitotoxins including monosodium glutamate (MSG) and aspartame in 57 FM subjects 

with IBS (age 51±13 years) to examine the effect of the diet on IBS symptom occurrence, 

as well as on quality of life and IBS pain. Thirty-seven people completed the diet and 84% 

of those improved.  Subjects who improved on the diet went onto a 2-week randomized 

double blind crossover challenge series with MSG or placebo for 3 days each week. We 

hypothesized a significant return of IBS symptoms upon MSG challenge as compared to 

placebo due to glutamate‟s possible role in central sensitivity syndrome. Repeated 

measures ANOVA was used to analyze crossover challenge results. Upon challenge with 

MSG, the diet responders got significantly worse in two of three measures evaluated as 

compared to placebo (total symptom score, p<0.02; IBS symptoms, p<0.05, IBS QOL, 

p<0.05). Pain scores for IBS were higher with MSG challenge, but were not statistically 

different (p<0.19) from placebo challenge. Results suggest that the excitotoxin elimination 

diet significantly improves IBS symptoms and quality of life in those with fibromyalgia, 

though future research is needed to evaluate it as an additional dietary intervention tool for 

those with IBS.   
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Introduction 

Irritable bowel syndrome (IBS) is a symptom complex characterized by disordered 

defecation and abdominal discomfort lasting for at least 3 months.
148

  Established 

physiological tests are unavailable to diagnose IBS; therefore, the American College of 

Gastroenterology recommends using a broad definition of IBS defined as “abdominal 

discomfort associated with altered bowel habits” lasting at least 3 months.
149

  There are 

three major types of IBS: constipation-type, diarrhea-type and mixed or alternating-type 

IBS. There is some disagreement about the most prevalent type of IBS with Hungin and 

colleagues reporting alternating-type IBS to be most prevalent
150

 and others reporting 

diarrhea-type IBS to be most prevalent.
151

 

 

Estimated prevalence of IBS is 3-20% in the US with most estimates falling between 10% 

and 15%.
152

  Similar prevalence estimates have been reported for China at 16%
153-154

 and 

even higher estimates of 31% have been reported for Japan.
155

  People with central 

sensitivity disorders have a higher prevalence of IBS than the general population, with a 

reported prevalence up to 63% in chronic fatigue syndrome patients
156

 and up to 81% in 

FM patients.
19

  Similarly, another study estimated an 80% increased prevalence odds of FM 

and a 60% increased prevalence odds of migraine in IBS patients.
27

  Like fibromyalgia,
13

 

IBS also affects more women than men.
20

 

 

Longstreth and colleagues surveyed 6500 gastroenterology clinic patients and compared 

IBS patients to controls. The IBS patients reported significantly more outpatient visits 

(P<0.05), had more prescriptions (P<0.05), and total healthcare costs were 51% higher than 

controls.
157

  Irritable bowel syndrome accounts for 25-50% of referrals to 
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gastroenterologists, 96,000 hospital discharges, 3 million physician visits, and 2.2 million 

prescriptions annually in the US.
158

 

 

It has been noted that many patients with IBS present with co-morbid conditions like 

fibromyalgia (FM), chronic fatigue syndrome (CFS), tempomandibular joint disorder 

(TMD), and chronic pelvic pain.
159

  Yunus and colleagues have suggested that these 

syndromes of unknown etiology may share a common physiological framework based on 

central sensitization.
25

 

 

Bi-directional communication between the central nervous system (CNS) and the enteric 

nervous system (ENS) occurs in both health and disease, and disturbances at every level of 

neural control of the gastrointestinal (GI) tract can affect gastrointestinal motility, 

secretion, immune function, as well as perception of visceral events.
160

 Grundy and 

colleagues have written a thorough neurogastroenterology review suggesting that 

peripheral sensitization in the gut can lead to central sensitization with prolonged 

secondary hyperalgesia. The peripheral sensitization is characterized by a short-lived 

response to algesic mediators. Many sensitizing mediators begin by directly activating 

nerves, but then can also cause a secondary hyperexcitability of afferent terminals, and 

thirdly cause genetic changes to the phenotype of mediators, channels and receptors which 

can promote prolonged central sensitization.
48

 Glutamate and substance P are the main 

neurotransmitters released by primary vagal afferent neurons which play a central role in 

regulating responses in peripheral tissues
47

 and in central sensitization occurring with 

visceral pain.
48
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It has been reported that administering monosodium glutamate (MSG) into the stomach, 

duodenum and portal vein activates vagal afferents of the gastric, celiac, and hepatic 

branches respectively,
161

 suggesting that there are receptors for glutamate in these 

locations. Moreover, glutamate in the form of MSG was found to elicit a response in gastric 

afferents, where as no other amino acid nor sodium chloride had this effect.
162

 

 

Glutamate is the most ubiquitous neurotransmitter in vertebrates and is the key excitatory 

neurotransmitter.
75

 In addition to the possible role in central sensitization mentioned above, 

the glutamatergic pathway in the central nervous system has also been implicated in other 

neurological disorders.
30

  Neuroscience has demonstrated that in high enough amounts, 

dietary glutamate, aspartate and L-cysteine have the ability to overexcite a neuron to the 

point of death.
109

 This ability of some excitatory neurotransmitters to induce cell death has 

led to coining of the term „excitotoxins.‟
56, 113

 All three of these excitotoxins, specifically 

glutamate, aspartate, and L-cysteine, are commonly found in the food supply in their free 

form as flavor enhancers.
65

 

 

The majority of IBS patients report that they believe that diet affects their IBS 

symptoms.
163-166

 A study by Monsbakken in 2006 surveyed 84 Norwegians with IBS and 

reported that 70% perceived their symptoms to be diet-related.
167

 Some randomized 

controlled clinical trials involving diet and IBS have focused on treatment with 

probiotics.
168-169

 or use of the antibiotic Rifaximin.
170

  Observational studies have examined 

the relation of gluten intolerance or celiac sprue to IBS,
171-172

 as well as fiber 

supplementation,
173-181

 lactose intolerance,
182-183

 fructose/sorbitol malabsorption,
184-187

 and 

food allergies
188-189

 to IBS.  Though to date, no studies have been completed examining the 
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effect of removing dietary sources of the excitotoxins glutamate, aspartate, and L-cysteine 

in IBS patients. 

 

The objective of this study was to use a randomized, crossover, double blind, placebo 

controlled challenge series to determine if those who improve on an excitotoxin-additive 

free diet would have a significant increase in IBS symptoms upon challenge with 

monosodium glutamate (MSG) as compared to challenge with placebo. It was hypothesized 

that those who improved on the excitotoxin elimination diet would experience a significant 

worsening of IBS symptoms, pain and quality of life when challenged with MSG as 

compared to placebo. 

 

Methods 

Recruitment 

Male and female subjects age 18-75 with both irritable bowel syndrome and fibromyalgia 

were recruited from the greater Portland, Oregon area. Contact information was retrieved 

from a database of fibromyalgia patients who had given consent to be contacted about 

future research. Possible subjects were called and informed of upcoming information 

sessions where study details and inclusion/exclusion criteria were discussed.  Possible 

subjects had to have access to telephone and email throughout the study, had to be willing 

to discontinue medications that affected glutamatergic signaling in the brain (gabapentin, 

pregabalin, and lamotrigine) as well as all IBS medications, and had to be willing to 

consume all food at home for a period of one month. Exclusion criteria included a current 

diagnosis of Crohn‟s disease, colon cancer or endometriosis; current or planned pregnancy; 

asthma requiring hospitalization in the past; alcohol/substance abuse in the prior 2 years; or 

having had an onset of their IBS symptoms directly following major abdominal surgery. 
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Subjects were allowed in the study without a physician diagnosis of IBS if they fulfilled the 

Rome III criteria, but had to have a physician diagnosis of FM. The IBS module from the 

Rome Criteria website
190

 was used to ensure that subjects fit the symptom criteria for IBS. 

Possible recruits were required to have symptoms at least twice a week for study eligibility.  

 

Consent and Group Diet Training 

This research study was approved by the Human Subjects Protection Programs at both 

Oregon Health & Science University and the University of Arizona. 

 

Those who were initially screened and found to be eligible, completed the informed 

consent process and were invited to participate in a 2-hour group diet training session. The 

training session consisted of detailed diet information delivered as a power point 

presentation. Information included food label reviews, guidance for dietary substitutions, 

unusual sources of excitotoxins, shopping tips, food cost controls, and ideas for cooking at 

home and preparing food to take with them when leaving home. Subjects received a hard 

copy of all information presented as well as a detailed list of food additives that were to be 

avoided over the month. A detailed description of the diet has been published 

elsewhere.(Ref diet paper)  

 

Initial Clinic Visit 

All subjects subsequently had an individual clinic appointment on one of the two following 

days, where baseline anthropometric information was collected, and diet and symptom 

questionnaires were completed.  Individual diet counseling was provided to each study 

participant including recommendations on how to maintain food consumption patterns as 

similar to their normal diet as possible; and individual product substitution ideas were 
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given for replacing foods with additive excitotoxins. If subjects were taking pregabalin, 

gabapentin or lamotrigine, they were weaned off the medications over one week prior to 

coming in for this initial clinic visit. In addition, they had to discontinue all IBS 

medications for the duration of the study. All other medications were to be kept consistent 

throughout the study. Since gelatin is a source of the excitotoxic amino acids being 

studied,
134

 subjects were instructed to open any medications or supplements in gelatin 

capsules, to put the contents in applesauce and then to consume them immediately. Some 

subjects chose to discontinue all supplements found in gelatin capsules for the month rather 

than opening them. The supplements most frequently discontinued (n=12, 32%) were fish 

oil capsules, vitamin D and vitamin E.  All subjects began the diet on the following 

Monday after the individual appointment, having the weekend to shop for groceries and to 

remove items from the household which contained the additives.  

 

Four Week Dietary Intervention 

The diet was followed for 4 weeks, and all subjects had equal opportunity for contact with 

the primary investigator via telephone and email to answer any questions as they arose. 

Food and symptom diaries were kept for week 1 and week 4 of the diet intervention in 

order to promote dietary compliance and to limit recall bias of symptoms and pain for the 

post-diet completion of study questionnaires. Food and symptom diaries were also kept on 

Monday, Tuesday and Wednesday of both challenge weeks to make sure that subjects 

continued to follow the diet during the challenges, and to aid them with symptom recording 

over this period. Participants were counseled to continue recording symptoms for the entire 

week if symptoms were still occurring Thursday through Sunday. Additionally, an 

excitotoxin food frequency questionnaire (FFQ) was used to assess compliance over the 2 

week challenge period.  
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Randomization 

Subjects returned to the clinic on Monday of the 5
th

 week to complete post-diet 

questionnaires. Those who experienced a greater than 30% improvement in symptoms went 

onto the 2-week challenge period, where they were randomized to receive a mixed flavor 

juice either alone (placebo) or with 5 grams of added monosodium glutamate (MSG) over 3 

days (Monday, Tuesday, Wednesday) of each week. Randomization of subjects as to the 

order of challenge weeks was completed by a co-investigator in Arizona who had no 

contact with subjects. A random numbers table was used to create a randomization 

schedule in Excel which was then sent to a research assistant who used the randomization 

schedule to prepare the juice for the challenges. The research assistant also had no contact 

with any of the subjects. 

 

Challenges 

The mixed flavor juice consisted of carrot, mango and orange juice and in preliminary 

testing masked the flavor of MSG well due to its strange combination of flavors and 

generally undesirable taste. Sixteen ounces of juice was given with/without 5 grams of 

added MSG. The MSG was purchased from a Chinese supermarket. Five grams was chosen 

as the dose based on previous challenge studies with MSG,
95, 135

 as well as to mimic the 

estimated approximate amount received from three American meals or one Chinese 

restaurant meal with added MSG per day. Since toxicity reactions are based on dose, and it 

is possible to consistently receive doses of this food additive over multiple days, we 

challenged subjects over three days in order to mimic this “real life” exposure pattern. 
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Subjects came into the clinic in the morning on Monday, Tuesday and Wednesday of each 

challenge week to consume juice after having fasted from 9pm the night before. Pre-

menopausal females were given a pregnancy test before beginning the challenges. Subjects 

were given 16 ounces of the mixed flavor juice to consume (with or without MSG) based 

on the randomization schedule, and then were monitored for 2 hours. The following week 

subjects received the opposite of whatever they had received the first week. Each subject 

was required to keep a food and symptom diary over the 3 days of challenges each week, 

with the instruction to keep recording symptoms over the rest of the week as well if 

symptoms were still occurring after the 3 days. Outcome and dietary adherence data were 

collected on the following Monday after each challenge week.         

 

Outcome Measures 

The main outcome for this study was a 28-symptom checklist which included the 

symptoms of FM, IBS, and symptoms which have been reported in the literature after MSG 

consumption: rapid heartbeat, flushing, sweating, and tightness in the chest.
94

 This 

symptom checklist also included a frequency column where subjects could write in the 

number of days that a symptom occurred. The eleven IBS symptoms included nausea, 

vomiting, hard stools, watery stools, straining with a bowel movement, urgency, feeling of 

incomplete bowel movement, mucus in stool, bloating, pain with diarrhea, and pain with 

bloating. Two other outcome measures were assessed in this study, including a 20 cm 

visual analog pain scale (VAS) for IBS, and the IBS Quality of Life Questionnaire, a 

validated 100 point measure assessing the domains of dysphoria, interference with activity, 

body image, health worry, food avoidance, social reaction, sexual interference, and 

relationships.
191

 In addition, a specially designed food frequency questionnaire was used to 
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gather information on pre-post diet glutamate load, and was also used to measure how well 

they were following the diet during the challenge weeks.  

 

Statistical Methods 

Data were cleaned and analyzed using SAS 9.1.3 software (SAS Institute Inc., Cary, NC). 

The decision was made to code the IBS QOL questionnaire backwards, with a higher score 

being equivalent to a higher quality of life, so that this measure would be consistent with 

another 100-point fibromyalgia measure (FIQR) which was used together with the IBS 

QOL in pre-post diet intervention analysis.(Ref Diet Paper)  Dietary adherence was 

measured using a food frequency questionnaire. This data was skewed and unable to be 

transformed, so the Friedman test for nonparametric data was used, controlling for person. 

Crossover challenge results were analyzed using Repeated Measures ANOVA. The total 

symptom score and VAS for IBS pain were both normally distributed; however, the sub-set 

of IBS symptoms in particular, as well as the IBS Quality of Life Questionnaire (IBS 

QOL), were both skewed, and thus were transformed using a square root transformation 

and then analyzed using repeated measures ANOVA.  

 

Results 

Thirty-seven subjects completed the diet, and 84% (n=31) of those reported a greater than 

30% improvement in symptoms by the 4 week mark. Details of the excitotoxin elimination 

diet and pre-post diet analysis observations are published elsewhere (Ref diet paper), but a 

brief description of the results is given here for clarity. Significant improvements were seen 

in all measures. Total symptom change scores (11.4, p<0.0001) were significantly reduced, 

as was the IBS QOL measure (12.9, p<0.0001) and the visual analog pain (VAS) change 

scores for IBS (4.6, p<0.0001). Irritable bowel syndrome symptoms in particular were also 
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reduced on the diet by an average of 4(3) symptoms (P<0.0001). At baseline, the majority 

of subjects reported alternating-type IBS (76%) and fewer people reported constipation-

type (15%) or diarrhea-type IBS (9%). No difference between these groups was observed 

in improvement on the excitotoxin elimination diet (P<0.79). Those who improved on the 

diet reported less food allergies than those who did not improve on the diet, but these 

results were not statistically different (29% vs.67%, p<0.16). Other gastrointestinal (GI) 

symptoms reported at baseline were gastric esophageal reflux disease (GERD) (n=1, 3%) 

which went away on the diet, and esophageal spasms (n=1, 3%) which did not go away 

during the diet. 

 

The 31 subjects who reported a greater than 30% improvement in symptoms were eligible 

to go onto the double-blind crossover challenge phase of the study. Out of these subjects, 

one woman (age 70) who had significantly improved on the diet (8 less symptoms, 29 point 

improvement on the IBS QOL, and a 13.6 point improvement in IBS pain), did not proceed 

to the challenges due to needing to be scheduled for neck and shoulder surgery. Two 

subjects dropped out during the first challenge week, both citing schedule conflict and 

stress issues. One subject refused the final visit due to distance and cost of gas, and asked 

for final study questionnaires to be mailed to him. The questionnaires were not returned for 

two months and were incompletely filled out, so this incomplete data is being excluded 

from the challenge analysis. Finally, a possible juice mix-up was identified during 

challenges for one subject, so this data is also being excluded. 

 

Data was analyzed for 26 subjects who completed both weeks of challenges. Table 1 gives 

a description of the baseline measures for these subjects, including the excitotoxin food 

frequency questionnaire (FFQ) scores for baseline and week 4 of the diet, illustrating 
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dietary compliance. Table 2 shows all outcome measures as well as the FFQ score for both 

challenge weeks, which indicates that the diet was followed similarly during both weeks of 

challenges. All major outcome measures demonstrate higher mean scores during MSG 

challenge as compared to placebo challenge. The major outcome measure for this study, a 

symptom score consisting of 28 symptoms commonly occurring in FM subjects with IBS, 

differed significantly between challenge weeks (p<0.02), demonstrating a significant 

worsening of symptoms from MSG challenge as compared to placebo. Specifically, the 

IBS symptoms returned slightly more frequently during the MSG challenge as compared to 

placebo (mean (sd) of 4(2) vs. 3(2), p<0.05).  The IBS QOL questionnaire also worsened 

during MSG challenge week (26(20) vs. 18(15), p<0.05) suggesting a downward trajectory 

of quality of life from an IBS perspective. Visual analog pain scales demonstrated an 

increase in pain for IBS, but this difference was not statistically significant (8(5) vs. 6(5), 

p<0.19). (Table 2 lists major outcomes as well as mean (sd) differences for each sub-

domain of the IBS QOL questionnaire.) 

 

When subjects in the double blind crossover portion of the study were challenged with 

MSG and placebo, almost all symptoms returned more frequently during MSG challenge as 

compared to challenge with placebo. The only symptoms which did not occur more 

frequently during the MSG dosing week were straining during a bowel movement, 

tightness in the chest, and rapid heart beat (the latter two being previously reported 

“Chinese Restaurant Syndrome” symptoms). The GI symptoms which tended to return the 

most upon challenge with MSG as compared to placebo were watery stools (57% vs. 17%), 

abdominal fullness/bloating/swelling (57% vs. 33%) and abdominal pain with diarrhea 

(30% vs. 9%).  
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All “other” symptoms were reported more frequently during MSG challenge week as 

compared to placebo, except for lung congestion and esophageal spasms which were only 

reported during placebo week. The “other” symptoms most frequently reported included 

restless leg syndrome (22%), visual disturbances (17%), tempomandibular joint disorder 

(TMD) (13%), difficulty regulating body temperature (13%), migraine (13%), balance 

problems (13%), and sensitivity to environmental stimuli (13%). The two “other” 

gastrointestinal symptoms noted during the MSG challenge week were a return of GERD 

for the one subject who experienced this symptom at baseline (n=1, 3%) and excessive 

flatulence reported by another subject (n=1, 3%).  

 

Discussion 

We have previously reported that the excitotoxin elimination diet demonstrated significant 

improvements in overall symptoms, IBS pain, and IBS quality of life. (Ref Diet Paper)  

This paper reports a return of symptoms after challenge with MSG, a well known 

excitotoxin, as well as a significant decrease in quality of life when challenged with MSG 

as compared to placebo.  

    

This novel dietary intervention was the first to examine the effect of food additives, and 

more specifically excitotoxins, on the symptoms of IBS. Other dietary intervention studies 

in IBS have focused on true elimination diets where subjects eat a single meat, rice, fruit 

and water over 7 days,
192-194

 or focused on an exclusion diet
195-197

  where subjects were 

challenged,
192-193, 196

  or were not challenged,
194-195

 with single foods to monitor for an 

allergic reaction or intolerance to a food item. Exclusion of foods was based on self report 

of reactivity, hydrogen breath testing, or IgG or IgE titres suggesting allergy,
188-189, 198

 and 

common foods implicated included dairy, coffee, wheat, eggs, corn, potatoes, onions, citrus 
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fruit, and yeast. It is important to note that the exclusion of excitotoxins is not based on an 

allergy or immune response to a substance, but rather on a toxicity response. 

 

Some other researchers have focused on lactase deficiency,
182, 199

 fructose or sorbitol 

malabsorption,
185-187

 adding probiotics to the diet,
168, 188, 200

 or on the effects of fiber 

supplementation.
173-177, 179-181

  These studies demonstrate varying beneficial effects, with 

most reporting improvement in a sub-set of IBS subjects in each intervention. A review by 

Heizer in 2009 summarizes the current literature on diet and IBS and concludes that only 

25% of IBS patients are estimated to be likely to improve on the current dietary changes 

recommended.
201

  In another review of the diet and IBS literature, Burden points out the 

need for individualized treatment based on each person‟s eating patterns, since IBS patients 

are a heterogeneous group with varying symptom types which are probably elicited by 

multiple different causes.
202

  The need for referral to registered dieticians in the case of IBS 

is strong. A registered dietician has the ability to spend time analyzing an individual‟s diet, 

searching for signs of allergy or intolerance to foods, and can guide a patient through the 

use of an elimination diet and re-introduction of foods.  This excitotoxin elimination diet 

could be used in a similar manner by registered dieticians to screen for excitotoxin 

sensitivity, and then individual challenges could be used to confirm that symptoms return 

upon re-challenge.  

 

Three subjects were recruited for this study who were already following either a lactose-

free diet for lactose intolerance (n=2), or a gluten free diet for celiac disease (n=1). After 

being consented, these three subjects were screened, and confirmed to have been compliant 

with those diets before starting the study. In addition, it was confirmed that these subjects 

were still experiencing IBS symptoms more than twice per week. Like all subjects, they 
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were asked to keep their diet consistent with their normal eating patterns, with the 

exception that they were to substitute out foods containing the additives. Improvement in 

GI symptoms was noted on the excitotoxin elimination diet in these subjects, suggesting 

that there is the possibility of the co-occurrence of lactose intolerance or celiac sprue with 

excitotoxin sensitivity, and exemplifies the necessity of a multi-faceted approach in the 

dietary treatment of IBS. 

 

Another possible cause of IBS symptoms which is rarely discussed in the literature is 

medication side effects. Table 3 lists the GI side effects of some common FM medications 

based on public drug information.
203

 One limitation of this research is that subjects were 

not taken off of all medications prior to participating in this study, and thus medication side 

effects may have contributed to the Rome III criteria fulfillment. Additionally, remaining 

bowel symptoms at the end of the 4-week intervention may have been due to medication 

side effects. The only medications which were restricted for this study were the anti-

epileptics commonly prescribed for FM (pregabalin and gabapentin) and lamotrigine, due 

to their effect on the glutamatergic pathway in the brain; as well as all IBS medications. 

Poitras and colleagues reported that IBS patients have significantly more drug intolerance 

(41%) than healthy controls (7%) or inflammatory bowel disease (IBD) subjects (27%), 

and that drug intolerance was associated with multiple symptoms including fatigue 

(P<0.001).
204

  Future studies should address this issue by taking subjects off of medications 

prior to dietary intervention, similar to what is done in pharmaceutical research. In the case 

of fibromyalgia, many subjects are unwilling to stop medications due to fear of their 

symptoms worsening. Therefore, future research utilizing this excitotoxin elimination diet 

could have subjects implement the diet for one month; then have subjects noting benefit 

from the diet discontinue medications, to examine whether further symptom reduction is 
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noted. A few subjects in this study have reported discontinuing medications post-study 

completion due to benefits noted on the excitotoxin elimination diet. For example, the 

discontinuation of vicodin post-study has led to the abatement of constipation symptoms.  

Opioids are well known for their ability to cause constipation and work has been done to 

find opioid antagonists which can help counter this side effect without hindering the 

analgesic effects for patients.
205

  Since chronic pain patients, like these subjects with IBS 

and fibromyalgia, are more likely to take opioids for pain relief, they are an important 

group to examine for possible medication side effects. Therefore, outside of the direct IBS 

symptom benefit observed in this trial, there is also the possibility of indirect GI benefit 

through decreasing FM pain, which could subsequently help people discontinue 

medications with bowel altering side effects. 

 

Although most IBS symptoms improved on the diet, the symptoms which tended to return 

the most upon challenge with MSG as compared to placebo were watery stools, abdominal 

fullness/ bloating/ swelling, and abdominal pain with diarrhea. Since glutamate is an 

excitatory neurotransmitter in the enteric nervous system, it is logical that if an effect were 

noted it would be more likely to be an increase in transit time due to hyperexcitation of the 

nerves in the intestine. A slowing of transit time toward constipation-type IBS may be due 

to a secondary down regulation of the glutamate receptor in response to chronic elevated 

dietary excitotoxic load.  In this study, a short-term consumption of MSG subsequent to 

lowering the dietary excitotoxic load, may not have been enough to cause a down 

regulation of glutamate receptors and resultant constipation. This could also be an 

explanation for why subjects report alternating IBS symptoms so frequently. Since this 

study was not designed to test this hypothesis, future studies will be needed to address the 

effects of longer term challenge with excitotoxins and whether constipation symptoms will 
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return. Of note, 3 subjects in this study reported an increase in constipation symptoms 

during the first week after starting the excitotoxin elimination diet, which then resolved and 

never returned during the subsequent three weeks. This would support the idea of a down 

regulation of glutamate receptors in the GI tract, which upon removal of excitotoxins, were 

not stimulated adequately for gut transit to occur, but which subsequently could have been 

upregulated to restore normal gut motility.  

 

The symptom of vomiting was only reported by 3 people in this study. Two of these 

subjects had no vomiting during placebo week and only vomited during the MSG challenge 

week. The other subject suffers from cyclical vomiting which decreased greatly in 

frequency on the diet, happened with low frequency during placebo challenge, and 

increased in frequency greatly during MSG challenge week. Since this symptom is less 

common in IBS subjects, future larger studies will be needed to thoroughly examine the 

effect of excitotoxins on vomiting.  

 

This study is limited by the lack of generalizability outside of patients with fibromyalgia. 

Other studies will be needed to examine the effects of the excitotoxin elimination diet on 

subjects with IBS but without the comorbidity of FM. Due to the nature of IBS symptoms, 

it is likely that the diagnosis of IBS includes multiple causes, including, but not limited to, 

lactose intolerance, gluten intolerance/celiac disease, food allergies, medication side 

effects, inadequate consumption of water, non-compliance with a low-fat diet after gall 

bladder removal, or a prolonged infection with an unidentified virus/bacterium/parasite. 

Thus, it is likely that the excitotoxin elimination diet will only help a sub-set of IBS 

patients when tested in the IBS-only population, similar to what has been demonstrated in 

other IBS diet studies. However, IBS patients with other comorbid central sensitivity 
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disorders like FM may be more likely to benefit from this diet, but additional research will 

be needed to confirm this. 

 

Strengths of this research include the longer 3-day challenge period which mimics real-life 

exposure to these food additives, the biological plausibility for excitotoxins to have an 

effect on the GI tract, and the specific nature of substitution of foods used in this study, 

which when combined with these challenge results, decreases the likelihood that other 

dietary alterations (like reduced allergens or increased fiber) had an influence on the 

results. 

 

Future research should include larger trials of subjects with only IBS as compared to 

subjects with IBS and comorbidities like FM, chronic fatigue syndrome, migraine, restless 

leg syndrome or tempomandibular joint disease. Future clinical trials will need a 

comparison placebo diet group and/or challenge testing to evaluate return of symptoms. A 

research study with a multi-faceted approach to dietary intervention may also be needed to 

address the multiple possible dietary contributors to IBS symptoms. Additionally, future 

studies should explore the discontinuation of medication to remove the influence of side 

effects on the gastrointestinal tract. This is especially important for studies including FM 

patients who take many medications known to affect the GI system.  

 

Results of this study suggest that the excitotoxin elimination diet can significantly improve 

IBS symptoms and quality of life in subjects with fibromyalgia and IBS. This novel 

excitotoxin elimination diet was feasible in free-living adults for one month and follow-up 

data suggest prolonged compliance two months post-study completion; although future 

research is warranted to assess longer-term compliance and to place this diet in the larger 
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context of possible causes of IBS symptoms. This diet holds potential as an additional 

dietary intervention strategy for those presenting with GI symptoms, and especially for IBS 

patients presenting with the comorbidity of fibromyalgia.  
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Tables 

 

Table 1. Baseline descriptive characteristics of participants who improved 

 on the Excitotoxin Elimination Diet and whose challenge data was analyzed 

Characteristic 

N=26 

Mean (sd) 

Age (years) 53 (13) 

Height (inches) 65 (3) 

Weight (pounds) 186 (37) 

BMI (kg/m
2
) 31 (6) 

Number of  medications used 6 (5) 

Number of supplements used 3 (4) 

Symptom duration (yrs) 19 (11) 

Time since diagnosis (yrs) 14 (6) 

Tender point number 17 (2) 

Myalgic score 35 (7) 

FFQ score at baseline 43 (15) 

FFQ score at 4 weeks 5 (7) 

Total symptom score 21 (4) 

Number of “other” symptoms  1.3 (1.4) 

VAS for FM 13.1 (3.3) 

VAS for IBS 10.1 (4.5) 

FIQR 59 (15) 

IBS QOL total score 31 (17) 

 

Characteristic 

 

Number (%) 
Sex  

  Female 24 (92%) 

  Male 2 (8%) 

Race/ Ethnicity  

   Caucasian 25 (96%) 

   Hispanic   1 (3%) 

Menopause Status  

  Pre-menopausal 6 (25%) 

  Post Menopausal 18 (75%) 

Type of IBS (n=25)   

  Constipation 2 (8%) 

  Diarrhea 3 (12%) 

  Alternating 20 (80%) 

Precipitating Onset   

  None Noticed 0 (0%) 

  Trauma 10 (38%) 

  Infection 10 (38%) 

  Major Life Stress 6 (23%) 
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Table 2. Comparison of outcome measures for MSG and placebo challenge weeks 

 Challenge  

 MSG Placebo P-value* 

N=26 Mean(sd) Mean(sd)  

FFQ 2.9 (3) 3.3 (4) 0.27** 

Overall Symptom Score 11.9 (5.5) 8.7 (5.1) 0.02 

  IBS Symptom Score 3.8 (2.1) 2.9 (2.3) 0.05† 

VAS IBS 8.4 (5.3) 6.3 (4.9) 0.19 

IBS QOL Overall Score*** 25.5 (20.4) 17.5 (14.7) 0.05† 

  Dysphoria 23.8 (24.2) 13.8 (14.3)  

  Interference w/ Activity 29.0 (25.0) 20.9 (18.9)  

  Body Image 26.7 (19.8) 19.2 (18.5)  

  Health Worry 21.2 (19.8) 14.1 (16.3)  

  Food avoidance 41.3 (26.4) 29.5 (27.8)  

  Social Reaction 20.4 (21.3) 15.1 (16.9)  

  Sexual 19.0 (26.8) 14.4 (22.3)  

  Relationship 20.8 (18.6) 13.5 (13.8)  

*P-values from repeated measures ANOVA  

**Friedman test 

***IBS QOL questionnaire was coded in reverse with higher score indicating higher QOL   

†Square root transformation of data applied 
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Table 3.  Gastrointestinal side effects reported with common 

                fibromyalgia medications  

 Side Effect Symptom 

 Nausea Vomiting Diarrhea Constipation 

Tramadol X X  X 

Pregabalin    X 

Duloxetine X  X X 

Milnacaprin X   X 

Amitriptyline X X X X 

Trazadone X X X X 

Clonazepam X  X X 

Codeine X X  X 

Cymbalta X X X X 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

 

Many fibromyalgia and irritable bowel syndrome patients report feeling that diet may be 

contributing to their symptoms and that they are seeking non-pharmacological treatment 

strategies to help alleviate their symptoms.
2, 164, 166-167

 In a review of the diet and 

fibromyalgia literature it is clear that few studies have been conducted examining the effect 

of diet in fibromyalgia,
103-107, 136

 and none have examined the effect of dietary change on 

IBS symptoms in FM patients specifically. There are a multitude of diet studies in IBS 

subjects with the majority demonstrating improvement in a sub-set of patients.
167, 172, 175, 177, 

186, 188, 192, 197-198, 200-202
   This research on diet and IBS suggests that there are multiple 

possible causes of GI symptoms and points to how important a multi-faceted approach is in 

the dietary treatment of IBS. 

 

The current study examined the effects of an excitotoxin elimination diet on the symptoms, 

pain and quality of life in FM patients who have the comorbidity of IBS. It has been 

suggested by Yunus that both FM and IBS may be symptoms of central sensitization.
206

 If 

this is true, then it stands to reason that a dietary intervention targeting mediators of central 

sensitization may be able to affect both disorders. This study aimed to alter the amount of 

excitatory neurotransmitters, one of which (glutamate) has been implicated in the process 

of central sensitization.  

 

Conclusion 

Results of the pre-post dietary intervention demonstrated highly significant benefits in 

symptom load, pain, and functional ability based on FIQR; and improvement in IBS quality 
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of life from the excitotoxin elimination diet. The diet was feasible for free living adults to 

follow, and two months post study all but one participant were still following the study diet 

which suggests that the diet is beneficial and that future studies may be able to achieve 

longer term compliance from subjects than the one month that was used for this study.  

 

The results of this research are only generalizable to those with both FM and IBS. Future 

studies will be needed to examine the effects of the excitotoxin elimination diet on those 

who have only IBS symptoms. The extensive diet and IBS literature are suggestive of the 

multi-causative nature of bowel symptoms, so it is likely that there will only be a sub-set of 

IBS-only patients who are reactive to excitotoxins. 

 

The main outcome for this research was a 28-symptom checklist. One of the most striking 

characteristics of subjects with both FM and IBS is their immense symptom load. Many 

pharmacological treatments for each disorder target only one symptom. On average, the 

symptom load after one month of the excitotoxin elimination diet was reduced by 11 

symptoms. This is a striking number of symptoms in which to observe improvement, and 

suggests that greater benefit may be achieved from this dietary intervention than from any 

medication currently used to treat FM, and benefit would come without the common 

medication side effects.  

 

The symptoms reported to return most greatly upon challenge with MSG were: severe 

fatigue, watery stools, headaches, numbness/tingling in extremities, problems sleeping, 

muscle pain, difficulty concentrating, sweating, brain fog, abdominal pain with diarrhea, 

and abdominal fullness/bloating or swelling. Other symptoms were also more significantly 

reported upon challenge with MSG as compared to placebo, with the following “other” 
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symptoms being reported by ≥3 subjects: restless leg syndrome, visual disturbances, 

tempomandibular joint disorder (TMD), difficulty regulating body temperature, migraine, 

balance problems, and sensitivity to environmental stimuli (like light, sound etc.). 

Interestingly, a man with obsessive compulsive disorder (OCD) reported that his OCD 

symptoms went away on the diet and returned upon MSG challenge and not placebo 

challenge. Additionally, a woman with bipolar disorder reported that her bipolar symptoms 

abated on the diet and that only the depression returned upon challenge with MSG and not 

with placebo. Both obsessive compulsive disorder and bipolar disorder have had altered 

glutamatergic transmission in the brain implicated as a possible contributing mechanism.
45, 

132, 207
 These observations suggest that these two mental illnesses, as well as the other 

disorders of unknown etiology which have been associated with central sensitization 

(restless leg syndrome, TMD, and migraine), may be possible future outcomes of interest in 

clinical trials using this excitotoxin elimination diet. 

 

Reduced quality of life is a very important aspect of both FM and IBS. A review of the 

literature by Hoffman and Dukes highlights that people with FM have a worse overall 

health status than those with rheumatoid arthritis, osteoporosis or osteoarthritis; all 

conditions commonly believed to impair quality of life.
208

 In a review of the quality of life 

literature in IBS, El-Serag reports that the literature strongly supports the presence of 

reduced quality of life among those with IBS who seek care for their symptoms.
209

 In 

another review article, Chang points out that quality of life tends to improve along with 

bowel symptoms when effective treatment is instituted, and that the presence of other non-

gastrointestinal symptoms in functional gastrointestinal illnesses tend to have an even 

greater impact on quality of life than the bowel symptoms alone.
210

 Chang‟s review 

demonstrates the importance of studying the concomitant illnesses of FM and IBS together. 
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In this study, significant improvements were noted in IBS quality of life. A specific quality 

of life measure was not used for FM in this study, but the improvement in FIQR scores 

suggest improvements in overall well being and functioning in addition to symptom 

severity. 

 

One hundred percent of subjects in this study reported muscle pain at baseline, as well as 

some reporting joint pain, and headache. In addition, differing levels of GI pain were also 

noted. Gastrointestinal pain in IBS tends to stem from increased gas production and 

bloating, or from cramping associated with diarrhea. Significant reductions in FM and IBS 

pain were noted post-diet when measured with a 20cm visual analog pain scale. Upon 

challenge, the FM pain trended to be worse with MSG challenge as compared to placebo 

challenge (p<0.07), and IBS pain worsened, but the difference was not found to be 

statistically significant (p<0.19). This pilot study may have had insufficient power to detect 

a difference in IBS pain; therefore, larger clinical trials may be needed to fully examine the 

effect of the excitotoxin elimination diet on GI pain.  

 

Future Directions 

This research was intended to garner pilot data which could then be used to design and 

implement a larger study in FM patients with IBS. The following areas were identified as 

key points, areas of improvement and future directions for a larger study: 

 Significant differences were noted in pre-post diet analysis for all outcome 

measures in this study (total symptom score, FIQR, VAS for FM, IBS QOL, VAS 

for IBS) 

 The effect size noted in this pilot study for the main outcome measure, total 

symptom score, was 2.19 
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 Improvement is needed in challenge dosing for future clinical trials. I propose a 

system where 2 to 3 people prepare challenge doses so that double and triple checks 

are done during preparation of each challenge, similar to the process followed for 

dosing in pharmaceutical research. 

 Future studies could use a comparison control diet group during the first phase of 

the study and could follow people for a longer amount of time. An additional 

recommendation would be to add more objective measures of function, cognitive 

testing by a blinded examiner, and another general quality of life measure like the 

SF-36. 

 The excitotoxin FFQ that was developed for this study will need to be validated 

 Those demonstrating improvement on the excitotoxin elimination diet could be 

taken off of all FM medications in future studies to examine whether further 

improvements are noted by removing possible medication side effect symptoms. 

 Future mechanistic research is needed to explore possible reasons for the effect of 

excitotoxins (i.e. testing for possible blood brain barrier permeability, comparing 

cerebral spinal fluid glutamate levels in FM subjects as compared to healthy 

controls, examining glutamate kinetics in FM subjects as compared to healthy 

controls, evaluating presence of nutrient deficiencies, and searching for a biomarker 

for fibromyalgia). 

 Observed effects on restless leg syndrome, tempomandibular joint disorder, 

migraine, obsessive compulsive disorder, and bipolar disorder warrant future testing 

with the excitotoxin elimination diet as well. 

 

Summary Statement 
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In summary, this pilot study demonstrated feasibility and benefit among FM subjects with 

comorbid IBS. This excitotoxin elimination diet may be an option for initial treatment of 

fibromyalgia symptoms. The present study should be expanded upon in future research 

with work to identify the prevalence of excitotoxin sensitivity in FM subjects, and to better 

understand the mechanism of action, which may ultimately lead to a biomarker for this 

disorder of unknown etiology.  
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APPENDIX A 

 

COMMON ADDITIVES CONTAINING EXCITOTOXINS 
 

 

 

- MSG (monosodium glutamate)  

- aspartame 

- sodium guanylate/ inosinate 

- gelatin 

- hydrolyzed vegetable protein 

- hydrolyzed plant protein 

- hydrolyzed oat flour 

- hydrolyzed protein (any kind… soy, corn, wheat, etc)  

- plant protein extract 

- sodium caseinate/ calcium caseinate 

- textured protein 

- autolyzed yeast or yeast extract 

- malt extract (or flavoring), or any kind of modified food starch 

- soy (or whey) protein concentrate or isolate 

- smoke flavoring  

- soy sauce and Asian fish sauces 

- bouillon, broth, stock  

- flavoring, natural flavoring (any kind), seasoning, spices, and carrageenan can  

  all contain excitotoxins (but don't always) 

- Enzymes in cheese release free glutamate, so eat cheese sparingly. 

- L-cysteine (is found in baked goods as a dough conditioner) 

 

 These are all found in processed food items like Asian food, chips, crackers, salad 

dressings, soups, nuts, protein powder, frozen foods, seasonings including spice mixes, 

marinades and sauces; meat (especially lunch meats and seasoned meats), and processed 

baked goods (especially low carb, low fat and low sodium ones).... Do not use any foods 

listed as sugar free or containing artificial sweeteners like aspartame, Splenda, saccharin 

etc.! 
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APPENDIX B 

SYMPTOM CHECKLIST 

 

ID # _________________  Date ______________ 

 

____Nausea 

____Vomiting 

____Hard or lumpy stools           

____Watery stools            

____Straining during a bowel movement (BM)      

____Urgency (having to rush to have a BM)          

____Feeling of incomplete bowel movement        

____Passing mucus (white material) in a BM         

____Abdominal fullness, bloating, or swelling       

____Abdominal Pain with diarrhea                        

____Abdominal Pain with Bloating                       

____Headaches       

____ Severe fatigue                                     

____ Joint pain without redness/ swelling      

____ Numbness/ tingling in extremities         

____ Memory loss                        

____ Muscle pain            

____ Difficulty concentrating                     

____ Problems sleeping         

____ Sudden low blood pressure    

____ Brain fog         

____ Impaired attention span            

____ Confusion with words, numbers, math, etc.  

____ Sweating             

 ____ Flushing                        

____ Tightness in the chest                       

_____Rapid heart beat               _____ Other:  Please list _____________   
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APPENDIX C 

BASELINE ENTRY SURVEY 

Entry Survey to the: 

Clinical Trial Examining the Effects of the Food Additive Glutamate on 

Irritable Bowel Syndrome and Fibromyalgia 

 
Contact Information 

 

Name ________________________________________ ID# __________________ 

Home Phone: ______________________ 

Cell Phone: ________________________ 

Best days and times to reach you: ____________________________________________ 

Address: _________________________________________     Zip Code: ____________ 

 

Please answer the following survey questions to the best of your ability: 

Male____ Female____   Age____ 

Height:  _____ feet _____ inches  Precipitating Onset1___________________ 

Weight:   ______ lbs    Precipitating Onset2___________________ 

Ethnicity that you most associate yourself with:  

Non-Hispanic white______ Hispanic______ African American_____ 

Native American Indian_____ Asian_____ 

 

Family History 

Check if a family member has been diagnosed with any of the following: 

Irritable Bowel Syndrome____ Crohn‟s Disease_____  

Multiple Sclerosis_____ Chronic Fatigue Syndrome_____ 

Fibromyalgia_____ Rheumatoid Arthritis______  Lupus_____ 

Migraines_____ Asthma_______ Diabetes ______ 

 

Diagnosis Info 

Have you ever been diagnosed with Irritable Bowel Syndrome?  ____Yes ____No 

 If yes, which kind?  ______Constipation type         _____Diarrhea type 

    ______ Alternating Type 

 

Have you ever been diagnosed with fibromyalgia?  _____Yes _____No 

 If yes, are you currently taking medication for your symptoms?  

        ____Yes   ____No 
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  If you are taking medications currently, please list them here: 

_________________________________________________________________________

_________________________________________________________________________

______________________________________________________________________ 

  In your opinion, are they working?  ___Yes ___ No    ___ Somewhat 

 

Have you ever been diagnosed with chronic fatigue syndrome?  _____Yes _____No 

Have you ever been diagnosed with asthma?  _____Yes _____No 

Have you ever been diagnosed with food allergies?  _____Yes _____No 

 If so, please list which foods you were shown to be allergic to when tested: 

______________________________________________________________________ 

 

Have you ever been diagnosed with Attention Deficit and Hyperactivity Disorder 

(ADHD)?   _____Yes _____No 

Have you ever been diagnosed with depression?  ____Yes ____ No 

If yes, was it a last resort diagnosis after being unable to discover the cause of your 

symptoms? ____Yes ____ No 

 Are you currently taking depression medication?  ____Yes ____ No 

 

Irritable Bowel Syndrome (IBS) Symptoms 

Please check if you experience any of the following symptoms on a regular or semi-regular 

basis: 

___Fewer than three bowel movements a week 

___More than three bowel movements a day 

___Hard or lumpy stools 

___Watery stools 

___Straining during a bowel movement 

___Urgency (having to rush to have a bowel movement) 

___Feeling of incomplete bowel movement 

___Passing mucus (white material) during a bowel movement 

___Abdominal fullness, bloating, or swelling 

___Abdominal Pain with diarrhea 

___Abdominal Pain with Bloating 
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How frequently do you experience the above checked symptoms? 

___ monthly ___weekly ___daily ___multiple times per day 

How often do you have a bowel movement? 

___ <3 x/ week     ___3-6 x/ week       ___1x/day      ___2-3x/day      ___>3x/ day 

 

How affected is your daily life due to these symptoms? 

___severely affected (daily functioning is impaired) 

___ somewhat affected (my lifestyle has to be changed, but I can still function) 

___ not very affected (mostly bothersome) 

___ Not at all affected 

 

Have you ever noticed a change in bowel habits (frequency) in periods of high stress or 

nervousness?  ___ Yes ___ No 

 If yes, how frequently does this happen? 

 ___ monthly ___weekly ___daily ___multiple times per day 

Are you currently taking any medications that are known to cause stomach disturbance? 

 ___ Yes ___ No 

 

CF/ FM Symptoms 

Please check if you experience any of the following symptoms on a regular or semi-regular 

basis: 

___ headaches     ___Joint pain without redness/ inflammation 

___ numbness/ tingling in extremities ___ memory loss  

___ difficulty concentrating   ___ problems sleeping 

___ muscle pain    ___ severe fatigue 

 

How frequently do you experience the above checked symptoms? 

___ monthly ___weekly ___daily ___multiple times per day 

 

How affected is your daily life due to these symptoms? 

___severely affected (daily functioning is impaired) 

___ somewhat affected (my lifestyle has to be changed, but I can still function) 

___ not very affected (mostly bothersome) 

___ Not at all affected 
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Food Frequency Questionnaire 
For the following food items, please indicate how frequently that food item is consumed: 

 

                1x/yr     1x/mo    1-3x/wk   1x/day   2+x/day 

  

Protein powder/ shakes       

Body building supplements       

Spice mixes or seasoning packets       

Marinades purchased at grocery store      

Boxed foods including seasoning packets       

Canned goods (canned soup, chili etc.)      

Packaged spaghetti/tomato sauce      

Asian pre-packaged foods       

Soy sauce      

Worcestershire Sauce      

Seasoned nuts      

Chips (except plain tortilla or potato chips)      

Crackers (excluding plain Triscuits)      

Salad Dressing or salad dressing mixes       

Caesar salad dressing      

Croutons      

Anchovies      

Parmesan cheese      

Sausage, pepperoni, bacon, ham,  

hot dogs, or deli meat 
     

Equal (aspartame sweetener)      

Diet Soda or other diet drinks      

Chewing gum      

Breath mints      

Vitamins or medication in gelatin capsules      

Vitamins/ medication containing aspartame      

Sugar-free candy      

Jello or Jello pudding      

Gelatin Candy (gummy worms, skittles etc.)      

Sunny Delight      

Reduced calorie yogurt      

Regular yogurt      

 

How frequently do you eat at the following types of restaurants? 

 

Fast food          ___ 1x/yr    ___ 1x/mo   ___ 1x/wk ___2-4x/wk    ___4+/wk 

 

Asian restaurants    ___ 1x/yr   ___ 1x/mo   ___ 1x/wk ___2-4x/wk    ___4+/wk 

(including Chinese,  

Japanese (sushi), Thai etc.) 

 

Have you ever felt sick (excluding food poisoning) after eating the above types of foods? 

___ Yes  ___ No 
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APPENDIX D 

REVISED FIBROMYALGIA IMPACT QUESTIONNAIRE (FIQR) 

Study ID:__________________ 

 

Last Name:                                   First Name:                                Age: 

 
Duration of FM symptoms (years) :           Time since FM was first diagnosed (years): 

 

Directions: For each question, place an “X” in the box that best indicates how much your fibromyalgia 

made it difficult to do each of the following activities during the past 7 days. If you can‟t perform an activity 

place the “X” in the last box”. 

Brush or comb your hair  No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 
 

Walk continuously for 

20 minutes 
 No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

Prepare a homemade 

meal 
 No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

Vacuum, scrub or sweep 

floors 
 No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

Lift and carry a bag full 

of groceries  
 No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

Climb one flight of stairs   No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

Change bed sheets  No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

Sit in a chair for 45 

minutes  
 No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

Go shopping for 

groceries 
 No difficulty      □ □ □ □ □ □ □ □ □  □ □      Very difficult 

 
 

Fibromyalgia prevented me from 

accomplishing goals for the week Never  □ □ □ □ □ □ □ □ □  □ □     Always 

I was completely overwhelmed by 

my fibromyalgia symptoms Never    □ □ □ □ □ □ □ □ □  □ □     Always 
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Please rate your 

level of pain 

 

 

 

No pain                 □ □ □ □ □ □ □ □ □  □ □      Unbearable pain 

Please rate your 

level of energy 

 

Lots of energy     □ □ □ □ □ □ □ □ □  □ □       No energy 

Please rate your  

level of stiffness 

 

No stiffness        □ □ □ □ □ □ □ □ □  □ □      Severe stiffness 

Please rate the 

quality of your 

sleep 

Awoke 
well rested          □ □ □ □ □ □ □ □ □  □ □      Awoke very tired  

Please rate your 

level of  

depression 

 

No depression    □ □ □ □ □ □ □ □ □  □ □      Very depressed 

Please rate your 

level of memory 

problems 

 

Good memory     □ □ □ □ □ □ □ □ □  □ □      Very poor 

memory 

Please rate your 

level of anxiety  

 

 

Not anxious        □ □ □ □ □ □ □ □ □  □ □      Very anxious 

Please rate your 

level of tenderness 

to touch 

 

 

No tenderness    □ □ □ □ □ □ □ □ □  □ □      Very tender 

Please rate your 

level of balance 

problems 

 

No imbalance     □ □ □ □ □ □ □ □ □  □ □      Severe imbalance 

Please rate your 

level of sensitivity 

to loud noises, 

bright lights, cold 

 

No sensitivity     □ □ □ □ □ □ □ □ □  □ □      Extreme 

sensitivity 
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APPENDIX E 

 IBS QUALITY OF LIFE QUESTIONNAIRE 

PLEASE WRITE IN  

 TODAY'S DATE: ______    ____   _____  ID________ 
 MONTH        DAY      YEAR 

 

 

 

 

 

PLEASE READ THIS CAREFULLY 
 

ON THE FOLLOWING PAGES YOU WILL FIND STATEMENTS CONCERNING BOWEL 

PROBLEMS (IRRITABLE BOWEL SYNDROME) AND HOW THEY AFFECT YOU. 

 

FOR EACH STATEMENT, PLEASE CHOOSE THE RESPONSE THAT APPLIES BEST TO YOU AND 

CIRCLE THE NUMBER OF YOUR RESPONSE. 

 

IF YOU ARE UNSURE ABOUT HOW TO RESPOND TO A STATEMENT, PLEASE GIVE THE BEST 

RESPONSE YOU CAN. THERE ARE NO RIGHT OR WRONG RESPONSES.  

 

YOUR RESPONSES WILL BE KEPT STRICTLY CONFIDENTIAL. 

 

 

 

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT: 

 

KATIE HOLTON 

HOLTONK@OHSU.EDU 
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Please think about your life over the past month (last 30 days), and look at the statements 

below.  Each statement has five different responses.  For each statement, please circle the 

response that best describes your feelings. 
 

 

Q1. I feel helpless because of my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 
 

 

Q2. I am embarrassed by the smell caused by my bowel problems. (Please circle one 

number) 
 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 
 

 

Q3. I am bothered by how much time I spend on the toilet. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 
 

 

Q4. I feel vulnerable to other illnesses because of my bowel problems. (Please circle 

one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 
 

 

Q5. I feel fat/bloated because of my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 
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Q6. I feel like I'm losing control of my life because of my bowel problems. (Please 

circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q7. I feel my life is less enjoyable because of my bowel problems. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q8. I feel uncomfortable when I talk about my bowel problems. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q9. I feel depressed about my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q10. I feel isolated from others because of my bowel problems. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 
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Q11. I have to watch the amount of food I eat because of my bowel problems. (Please 

circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q12. Because of my bowel problems, sexual activity is difficult for me. (Please circle 

one number)  

 (If not applicable, please circle “NOT AT ALL”) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q13. I feel angry that I have bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q14. I feel like I irritate others because of my bowel problems. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q15. I worry that my bowel problems will get worse. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 
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Q16. I feel irritable because of my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q17. I worry that people think I exaggerate my bowel problems. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q18. I feel I get less done because of my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q19. I have to avoid stressful situations because of my bowel problems. (Please circle 

one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q20. My bowel problems reduce my sexual desire. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 
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Q21. My bowel problems limit what I can wear. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q22. I have to avoid strenuous activity because of my bowel problems. (Please circle 

one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q23. I have to watch the kind of food I eat because of my bowel problems. (Please circle 

one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q24. Because of my bowel problems, I have difficulty being around people I do not 

know well. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q25. I feel sluggish because of my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 
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Q26. I feel unclean because of my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q27. Long trips are difficult for me because of my bowel problems. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q28. I feel frustrated that I cannot eat when I want because of my bowel problems. 

(Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q29. It is important to be near a toilet because of my bowel problems. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 

 

 

Q30. My life revolves around my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 



   

   

Q31. I worry about losing control of my bowels. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q32. I fear that I won't be able to have a bowel movement. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q33. My bowel problems are affecting my closest relationships. (Please circle one 

number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 A GREAT DEAL 

 

 

Q34. I feel that no one understands my bowel problems. (Please circle one number) 

 

  1 NOT AT ALL 

  2 SLIGHTLY 

  3 MODERATELY 

  4 QUITE A BIT 

  5 EXTREMELY 
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