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ABSTRACT

Purpose: Irritable bowel syndrome (IBS) and gastro-
intestinal (GI) disorders are genuine health problems
that have serious consequences on a patient’s quality
of life (QoL). IBS is a functional disorder character-
ized by chronically recurring symptoms, including
abdominal pain or discomfort, altered stool frequency
and consistency, and abdominal bloating in the ab-
sence of structural or biochemical abnormalities. Stud-
ies have indicated that symptoms and disability re-
lated to IBS and GI disorders correlate with QoL
measures. Additionally, those who respond to therapy
have an improvement in QoL. Therefore, we explored
an open trial of a food elimination diet guided by the
ImmunoBloodprint food sensitivity test and its effect
on QoL in patients self-reporting an unresolved Gl
disorder. Methods: Eighty-four subjects aged 18 and
above participated in the study. Subjects eliminated
all IgG-mediated reactive foods from their diet for 90
days. QoL was assessed with the Irritable Bowel Syn-
drome-36 (IBS-36) and the Medical Outcomes Study
Short Form-36 (SF-36) at baseline and 30-, 60-, and
90-day follow-up. The data were analyzed with linear
mixed models. Results: Subjects had statistically sig-
nificant improvements in all indicators of QoL ac-
cording to the IBS-36 and SF-36 from baseline to 90-
day follow-up. Conclusions: Subjects with unresolved
self-reported Gl disorders were able to improve all
indicators of QoL in response to eliminating 1gG-
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reactive foods from the diet. Given the inconvenience
of keeping track of foods and symptoms to eliminate
intolerant foods, a food sensitivity test combined with
an elimination diet may be an effective method for
improving subjective markers of QoL and health.

Keywords: GI Disorders; Food Sensitivity Testing;
Elimination Diet; Food Intolerance; IBS-36; SF-36

1. INTRODUCTION

Gastrointestinal (GI) disorders, such as irritable bowel
syndrome (IBS), are usually non-life-threatening condi-
tions. Even though they generally do not require surgery
and do not result in increased mortality, these conditions
can cause health problems with serious impairments on a
patient’s quality of life (QoL) [1]. In fact, the general
health status of American and British patients with IBS is
worse compared to that of the general population in each
country [2]. For instance, young American adults with
IBS had a significant reduction in health-related QoL, as
evidenced by lower scores on the SF-36 survey com-
pared to the US population [2]. A systematic review of
IBS patients concluded that those who respond to ther-
apy have a corresponding improvement in health-related
QoL [3]. For example, GI medications, such as Alosetron
and Mebeverine, significantly improve symptoms and
QoL compared to placebo [4-8]. These data support the
view that symptoms and disability related to GI disorders
correlate with QoL, suggesting that those who respond to
therapy have an improvement in QoL.

The decrease in QoL measures also equates to an eco-
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nomic burden on the workplace and healthcare system.
IBS is one of the most frequently diagnosed GI disorders
in primary care and gastroenterology practices [9]. It
affects 3% - 20% of the US population with women af-
fected twice as much as men, and the peak incidence is
between 15 and 34 years of age [10,11]. The total indi-
rect and direct cost of IBS is estimated to be $30 billion
annually, which is higher than that for other chronic con-
ditions such as asthma. Patients with IBS have a ten-
dency to seek medical care for non-GI symptoms more
often than individuals without IBS [9].

Currently, recommendations of the American College
of Gastroenterology and the British Society of Gastroen-
terology for the treatment of functional GI disorders in-
clude an initial step (i.e., diagnosis) followed by three
secondary steps that involve pharmacological treatment
(i.e., antidepressants, antispasmodics, and other medica-
tions that affect bowel movement like anti-diarrheals),
psychological evaluation, and lifestyle/dietary modifica-
tions. Dietary or medical nutrition therapy is usually an
integral part of the approach to treat these conditions,
since the symptoms of GI disorders are typically subse-
quent to food ingestion. Thus, a diet that eliminates in-
tolerant foods is usually beneficial for the patient. How-
ever, detecting intolerant foods usually requires a patient
to record food intake and any symptoms associated with
food ingestion, which may be impractical and inconven-
ient. Therefore, a clinical test detecting intolerant foods
can represent a more efficient approach.

IBS and similar GI disorders may be low-grade in-
flammatory bowel diseases with altered immune activa-
tion. Efforts to test for food intolerance in patients with
functional GI disorders have focused on the Immunoglobu-
lin E (IgE)-mediated food allergy response, but this im-
mediate-type reaction seems to be rare [12-14]. There-
fore, adverse reactions to food observed in patients with
functional GI disorders may be due to a delayed immu-
nological response involving Immunoglobulin G (IgG)
antibodies, which are reported to be causal in several
food hypersensitivities [15-18]. The ImmunoBloodprint
is a novel food sensitivity test that detects the presence of
IgG antibodies to specific foods.

We hypothesized that an individualized elimination diet
based on the IgG-reactive foods detected by the Im-
munoBloodprint would improve QoL and Gl-specific
symptoms in patients with self-reported GI disorders.
Therefore, the purpose of this study was to evaluate
changes in health-related QoL, as assessed by the Irrita-
ble Bowel Syndrome-36 (IBS-36) and the Medical Out-
comes Study Short Form-36 (SF-36) surveys in patients
with unresolved self-reported GI disorders following an
immunologically-reactive food elimination diet based on
the ImmunoBloodprint results.
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2. METHODS
2.1. Subjects

Potential subjects (n = 84) who self-reported an unre-
solved GI disorder lasting more than 6 months, e.g., IBS,
diarrhea, constipation, gas, or bloating, were identified
through referrals and advertisements at the University of
Miami Miller School of Medicine between 2008 and
2010. The study was conducted with the approval of the
Institutional Review Board for human subjects research,
and all participants signed informed consent and HIPAA
forms before commencing in the study. The sample was
comprised of 18% males (n = 15) and 82% females (n =
69) with a mean age of 45.6 years (SD = 12.8; R = 19,
68). The racial/ethnic distribution of the sample was as
follows: 48.1% Hispanic (n = 37), 44.2% white, non-
Hispanic (n = 34), 6.5% black, non-Hispanic (n = 5), and
1.3% other groups (n = 1).

2.2. Study Design

Subjects were enrolled in the study if they were: 1) older
than 18 years of age; 2) not currently participating in
another research trial for GI problems; 3) not suffering
from serious medical complications that might limit their
participation, such as recent heart attack, stroke, or chronic
kidney disease; 4) not pregnant, and/or 5) willing to
eliminate the reactive foods from their diet for 90 days
based on the results of the ImmunoBloodprint test.

Each eligible subject was scheduled for a blood draw,
and the blood sample was sent to Immuno Laboratories,
Inc. (Ft. Lauderdale, FL) for processing and analysis.
Immuno Laboratories, Inc. is accredited by the College
of American Pathologists, licensed federally and in sev-
eral states, and utilizes a proprietary test known as the
ImmunoBloodprint. The ImmunoBloodprint test uses mi-
crotiter plates with tiny wells that hold antigens of 115
commonly eaten foods and ingredients (see Appendix 1).
The blood is tested with each antigen. Laser-like light
beamed on a micro plate reads precisely which foods are
reactive to each participant’s blood based on IgG re-
sponses to each antigen.

Subjects were provided with both the test results and
an individualized dietary plan based on replacing IgG-
reactive foods with non-reactive foods as per the Im-
munoBloodprint results, when they returned to complete
the baseline assessment. A personalized rotation plan of
their non-reactive foods and general information about
healthy eating, food preparation, and shopping were
given to all participants. No other behaviors were ad-
dressed in the instructions. Primarily, participants were
advised to focus as much as possible on eliminating their
reactive foods from the diet for the entire 90-day period.
All participants were encouraged to contact the study
team with any dietary related questions.
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2.3. Outcomes and Assessment Schedule

Each participant completed a basic demographics and
medical history questionnaire at baseline and recorded
any changes in their medications during the course of the
study. Criteria used to select the assessment instruments
included: 1) appropriateness for the population; 2) ease
of administration and scoring; 3) experience administer-
ing these measures, and 4) employment of measures in-
volving a multi-method (i.e., self-report and physical
measures) approach to enhance the validity of the overall
assessment.

The primary outcome of this study was QoL, as meas-
ured by the IBS-36 [19] and the SF-36 [20]. The IBS-36
has high test-retest reliability, internal consistency, con-
tent validity, convergent and divergent construct valid-
ities, sensitivity to changes in symptom severity, and high
correlation with the SF-36 [19]. This test also queries
multiple symptoms for persons suffering from GI disor-
ders and is highly correlated with patient-reported symp-
toms [19]. The IBS-36 provides one total score (possible
range of 0 - 216) with a lower score indicating a better
QoL. The SF-36 provides psychometrically-based physi-
cal and mental health summary measures and a prefer-
ence-based health utility index. The SF-36 includes a
t-score for each scale or domain ranging from 0 - 100
with higher scores representing better perceived QoL.
The SF-36 is a general QoL measure that is commonly
used, but it does not address areas of concern for patients
with GI disorders, like food avoidance and bowel-spe-
cific problems [19]. It also does not target a specific age,
disease, or treatment group [20].

Subjects were instructed on how to complete a 3-day
food record (two weekdays and one weekend day to al-
low for fluctuations over a normal weekly period) at each
assessment in order to list all food and beverage con-
sumption during that particular time. The 3-day food
record was used at each assessment to gauge compliance
to the elimination diet based on a comparison of the
foods eaten during those three days to the ImmunoBlood-
print results of reactive foods for that subject. For exam-
ple, if a subject ate 20 different foods during the 3-day
period and one of the foods was IgG-reactive according
to the ImmunoBloodprint results, then the subject was
95% compliant with the diet for that particular assess-
ment. Subjects were assessed at baseline and 30-, 60-,
and 90-day follow-up.

2.4. Statistical Analysis

Data were analyzed using SPSS 19 (IBM Inc., Chicago,
IL) for Windows. Frequency and descriptive statistics
were calculated on all variables. We utilized linear mixed
modeling (LMM) to assess the fixed effect of time on
changes in our outcome variables from baseline to the
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90-day follow-up period. If the type III test of the fixed
effect of time and the parameter estimate of the baseline
to the 90-day fixed effect were significant, then we used
pairwise comparisons to determine the unique differ-
ences between baseline and follow-up values at 30, 60,
and 90 days. LMM allowed us to account for subject
attrition, inter-correlated responses between time points,
and non-constant variability. The criterion for statistical
significance was o = 0.05.

3. RESULTS
3.1. Prevalence of 1gG-Reactive Foods

For all participants, the average number of IgG-reactive
foods and ingredients was 14.3 (SD = 6.2, R = 5, 31).
Average percent compliance to the diet was as follows:
30-day follow-up, 95.8% (SD = 6.6, R = 76.92, 100);
60-day follow-up, 95.8% (SD = 7.4, R = 71.4, 100); and
90-day follow-up, 95.5% (SD = 5.2, R = 85.7, 100).
Figure 1 shows the top 10 most frequently tested 1gG-
reactive foods and ingredients for all participants.

3.2. Quality of Life

Figure 2 shows the IBS-36 total score at baseline and
30-, 60-, and 90-day follow-up. For the IBS-36 total
score, a significant fixed effect was found for time (F[3,
7.3]1 =24.3, p <0.001), and the parameter estimate be-
tween baseline and 90-day follow-up was also significant
(t[32.8] = 8.5, p < 0.001). Pairwise comparisons revealed
that the IBS-36 total score at baseline was significantly
higher than at 30 days (mean difference = 26.0; SE = 4.6;
95% CI: —12.8, 39.0; p < 0.001), at 60 days (mean dif-
ference = 30.8; SE = 3.8; 95% CI: 20.1, 41.5; p < 0.001),
and at 90 days (mean difference = 44.3; SE = 5.2; 95%
CIL: —29.7, 58.9.0; p < 0.001).

Figure 3 shows the descriptive values of all eight
scales on the SF-36 at baseline and 30-, 60-, and 90-day
follow-up. For physical functioning, a significant fixed
effect was found for time (F[3, 15.8] = 4.9, p = 0.01),
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Figure 1. The top 10 IgG-reactive foods and ingredients among
participants.
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Figure 2. IBS-36 at baseline and 30, 60, and 90 days. Results
of linear mixed modeling; + significantly different from base-
line, p < 0.001.
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Figure 3. SF-36 scales at baseline and 30, 60 and 90 days.
Results of linear mixed modeling; PF-Physical Functioning;
RF-Role Physical; RE-Role Emotional; MH-Mental Health;
SF-Social Functioning; Vit-Vitality; BP-Bodily Pain; GH-Gen-
eral Health.

and the parameter estimate between baseline and 90-day
follow-up was also significant (t[32.3] =—3.6, p = 0.001).
Pairwise comparisons revealed that physical functioning
at baseline was significantly lower than at 30 days (mean
difference = —6.2; SE = 1.8; 95% CI. —11.45, —1.0; p =
0.01), at 60 days (mean difference = —6.2; SE = 1.6; 95%
CI: —10.8, —1.6; p < 0.05), and at 90 days (mean differ-
ence = —8.0; SE = 2.15; 95% CI: —14.0, —1.9; p < 0.01).
For role-physical, a significant fixed effect was found for
time (F[3, 26.4] = 9.7, p < 0.001), and the parameter es-
timate between baseline and 90-day follow-up was also
significant (t[72.1] = =5.0, p < 0.001). Pairwise com-
parisons revealed that role-physical at baseline was sig-
nificantly lower than at 90 days only (mean difference =
—14.4; SE = 2.9; 95% CI: —22.2, —6.5; p < 0.001). For
role-emotional, a significant fixed effect was found for
time (F[3, 21.8] = 14.9, p < 0.001), and the parameter
estimate between baseline and 90-day follow-up was also
significant (t[50.4] = —6.0, p < 0.001). Pairwise com-
parisons revealed that role-emotional at baseline was sig-
nificantly lower at 30 days (mean difference = —8.2; SE
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=2.2;95% CI: —14.0, —2.4; p = 0.001), at 60 days (mean
difference = —16.5; SE = 2.6; 95% CI: —23.6, —9.5; p <
0.001), and at 90 days (mean difference = —15.7; SE =
2.6; 95% CI: —22.9, —8.6; p < 0.001). For mental health,
a significant fixed effect was found for time (F[3, 27.0] =
32.5, p < 0.001), and the parameter estimate between
baseline and 90-day follow-up was also significant (t[65.0]
= —=7.75, p < 0.001). Pairwise comparisons revealed that
mental health at baseline was significantly lower at 60
days (mean difference = —7.8; SE = 2.5; 95% CI: —14.9,
—0.7; p < 0.05) and at 90 days (mean difference = —15.4;
SE = 2.0; 95% CI: —20.8, —10.0; p < 0.001). For social
functioning, a significant fixed effect was found for time
(F[3, 24.6] =22.6, p <0.001), and the parameter estimate
between baseline and 90-day follow-up was also signifi-
cant (t[60.1] = —7.7, p < 0.001). Pairwise comparisons
revealed that social functioning at baseline was signifi-
cantly lower than at 30 days (mean difference = —12.7;
SE = 2.8; 95% CI: —20.5, —4.9; p < 0.001), at 60 days
(mean difference =—19.7; SE =4.3; 95% CI: -32.1, -7.3;
p = 0.001), and at 90 days (mean difference = —18.3; SE
=2.3;95% CI: —24.7, —11.8; p < 0.001). For vitality, a
significant fixed effect was found for time (F[3, 23.9] =
9.2, p <0.001), and the parameter estimate between base-
line and 90-day follow-up was also significant (t[31.5] =
=5.1, p < 0.001). Pairwise comparisons revealed that
vitality at baseline was slightly lower at 30 days (mean
difference = —9.7; SE = 3.7; 95% CI. —20.3, 0.81; p =
0.09), but significantly lower at 60 days (mean difference
=—14.0; SE = 3.1; 95% CI: —22.7, =5.3; p < 0.001) and
at 90 days (mean difference = —18.7; SE = 3.6; 95% CI:
—28.8, —=8.7; p < 0.001). For bodily pain, a significant
fixed effect was found for time (F[3, 28.6] = 23.6, p <
0.001), and the parameter estimate between baseline and
90-day follow-up was also significant (t[59.4] = =7.0, p
< 0.001). Pairwise comparisons revealed that bodily pain
at baseline was significantly lower at 60 days (mean dif-
ference =—10.5; SE =3.3; 95% CI: —19.8, —1.2; p < 0.05)
and at 90 days (mean difference = —17.8; SE = 2.5; 95%
CI: —24.7, —10.9; p < 0.001). For general health, a sig-
nificant fixed effect was found for time (F[3, 19.9]1 = 7.0,
p < 0.01), and the parameter estimate between baseline
and 90-day follow-up was also significant (t[22.7] =—2.9,
p = 0.01). Pairwise comparisons revealed that general
health at baseline was significantly lower than at 30 days
(mean difference = —6.3; SE = 1.4; 95% CI: —10.5, —2.1;
p =0.001) and at 60 days (mean difference = —5.6; SE =
1.8; 95% CI: —10.9, —0.27; p < 0.05) and slightly non-
significant at 90 days (mean difference = —5.9; SE = 2.1;
95% CI: —12.0, 0.1; p = 0.06).

4. DISCUSSION

In this clinic-based study of persons with unresolved GI
disorders, we assessed the effect of an IgG-mediated
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food sensitivity test, the ImmunoBloodprint, combined
with a subsequent elimination diet for 90 days on QoL.
Eliminating foods to which participants were sensitive,
as identified by the IgG-mediated ImmunoBloodprint test,
resulted in clinically-significant improvement in QoL, as
measured by the IBS-36 and the SF-36. The changes
found on the IBS-36 and SF-36 in our study suggest that
not only were our participants making improvements, but
they were subjectively associating those changes with
how they felt in multiple domains. Additionally, the use
of self-report QoL instruments to assess GI disorders is
increasing, given that the patient’s perspective is critical
in any health condition [21]. The reported increase in
QoL may equate to increased productivity, less absent-
teeism from work, less utilization of medical specialists,
and an overall reduction on the economic burden of this
disease.

Although IgE testing is the most commonly recog-
nized method to determine food hypersensitivity [22,23],
the use of IgG testing may also be useful in identifying
foods that are reactive [21,24]. Despite their potential
usefulness as a clinical tool, the medical community does
not universally accept the use of IgG-mediated testing
since IgG has been found in healthy individuals after
ingestion of foods [25-27]. In addition, it is unknown
what percentage of the population with high levels of
IgG food-related antibodies has unhealthy bowel symp-
toms. Furthermore, inter-laboratory reproducibility is lack-
ing, and the sensitivity and specificity of IgG food hy-
persensitivity testing need to be evaluated [21].

Nonetheless, this study demonstrates that eliminating
foods that are IgG-reactive, while replacing them with
similar, non-reactive foods to prevent nutrient deficien-
cies, can be a novel strategy for improving QoL in pa-
tients with unresolved GI disorders. It is possible that
QoL is improved by reducing symptomatology like ab-
normal colonic motility manifested by more frequent and
stronger bowel contractions and shorter colonic transit
time that may be explained by IgG sensitivity exhibited
to certain foods. This method is a relatively low-cost
strategy that may be useful when combined with other
existing approaches to the illness. Food exclusion diets
require strict adherence, changing eating patterns, self-
discipline, will-power, and motivation, but the reported
high compliance to the diet (>95% average compliance)
in our study demonstrates their feasibility. Our high com-
pliance rate may have been due to test results guiding the
food elimination diet [28], instead of trial and error, and/
or immediate positive response as seen in self-reported
QoL. Therefore, IgE and IgG food testing can help direct
the food exclusion diet initially; however, the only mo-
dality for truly identifying a clinical reaction to foods is
through oral food challenge [29,30].

Food challenge follows an elimination diet by adding
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back to the diet the potentially reactive foods. Once the
offending foods have been identified, they may be re-
stored to the diet on a rotation schedule of 3 - 4 days
between ingestion. This rotation method is utilized to
prevent GI symptom reoccurrence, which occurs by pos-
sible accumulation of antibody-antigen complexes due to
reactive foods eaten on successive days [21]. Even though
our study did not employ food challenge after the elimi-
nation diet, as other studies have [21,24], our results pro-
vide evidence that the ImmunoBloodprint could be effec-
tive in guiding exclusion diets for this purpose. Studies
employing blinded food challenges are also necessary to
corroborate IgG testing results and thus aid in overcome-
ing the bias against this potentially useful tool. Hence,
further studies are warranted in which the ImmunoBlood-
print test is used to guide exclusion diets and food chal-
lenges.

5. LIMITATIONS

Limitations of this study include our lack of any addi-
tional biological markers of inflammation, e.g., C-reac-
tive protein, cytokines, or growth factors, to be able to
determine the possible relationship between changes in
QoL with indicators of chronic inflammation. For exam-
ple, the decreased release of inflammatory mediators,
like cytokines and lymphocyte proliferation responses,
can be measured after food elimination diets [31,32].
Some studies have suggested the need to evaluate hista-
mine, substance P, and serotonin production as other key
biological indicators [21]. Another limitation of this
study is the lack of a control group of participants with
unresolved GI disorders on a “sham” diet. Previous food
elimination diets have reported that patients on sham
diets also improved to a lesser extent in QoL measures,
highlighting the importance of performing double-blind,
randomized controlled trials in order to prevent overes-
timation of the potential benefit of the intervention [21].
Participants were not re-assessed with another IgG test at
90 days to determine consistency across the study and/or
to denote any changes in response to the intervention.
Lastly, we included participants who self-reported GI
disorders and were not diagnosed by ROME criteria for
functional GI disorders. However, most patients with GI
disorders, including IBS, are undiagnosed [9], making it
difficult to entirely delineate the population characteris-
tics. While this may call into question the direct clinical
relevance of our findings to a more standardized popula-
tion, our study sample included twice as many females as
males, which is similar to the IBS population.

6. CONCLUSION

The results of our study suggest that utilizing an elimina-
tion diet of IgG-reactive foods, detected with the Im-
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munoBloodprint test, in participants with unresolved
self-reported GI disorders improves QoL measures. Thus,
this trial demonstrated that IgG-mediated testing com-
bined with a subsequent elimination diet may offer the
opportunity for such patients to improve their dietary
behaviors and symptoms by utilizing a tailored, individu-
ally-specific program. This dietary strategy, offering con-
siderable benefit to patients with GI disorders as shown
in this and previous studies [28], can represent a tool
worthy of further clinical and biomedical research. Fu-
ture research should focus on randomized controlled tri-
als using double-blind methods and patients identified
with ROME criteria. Additional studies are necessary to
explore the correlation between IgG food sensitivity and
abnormalities in colonic motility. Finally, future analyses
may determine if improved patient QoL scores translate
into reduced cost of IBS to the patient, employer, and the
overall healthcare system.
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ABBREVIATIONS Short-Form Health Survey 36 (SF-36)
Gastrointestinal (GI) Standard deviation (SD)
. Range (R)
Irritable bowel syndrome (IBS) > . .
. . Statistical package for social sciences (SPSS)
Quality of life (QoL) . . .
) Linear mixed modeling (LMM)
Immunoglobulin E (IgE) .
. Confidence interval (CI)
Immunoglobulin G (IgG) Standard (SE)
Irritable Bowel Syndrome-36 (IBS-36) andard eror
APPENDIX 1. The 115 tested foods comprising the ImmunoBloodprint.
Alfalfa Celery Herring Parsley Seed, Rape (Canola)
Almond Cheese Lamb Pea Sesame
Amaranth Cherry Lemon Peach Shrimp
Apple Chicken Lentil Peanut Snapper
Asparagus Cinnamon Lettuce Pecan Sole
Avocado Clam Lime Pepper, B/'W Soybean
Banana Clove Lobster Pepper, Chili Spinach
Barley Cocoa Mackerel Pepper, Green Strawberry
Bean, Green Chocolate Milk, Cow’s Perch Sugar, Cane
Bean, Kidney Coconut Milk, Goat’s Pineapple Sunflower
Bean, Lima Cod Millet Plum Tangerine
Bean, Mung Coffee Mushroom Pork Tea
Bean, Pinto Corn Mustard Potato, Sweet Tomato
Bean, Yellow Wax Crab Nut, Brazil Potato, White Trout
Beef Cranberry Nut, Cashew Pumpkin Tuna
Beet Egg Nutmeg Quinoa Turkey
Broccoli Eggplant Oat Radish Walnut
Brussels Sprouts Flounder Olive Rice Wheat
Buckwheat Garlic Onion Rye White Fish
Cabbage Ginger Orange Safflower Yam
Cantaloupe Grape Oregano Sage Yeast, Baker’s
Carrot Grapefruit Oyster Salmon Yeast, Brewer’s
Cauliflower Haddock Papaya Scallops Zucchini
Halibut
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